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1. Background

The biggest challenge Malawi has for the aguaculture development is its limited resources. The
Government, though it tries hard, the issue of lacking resources will not be solved in a day.
Considering such situation, farmers should not just wait and depend on the Government to provide
the way for the development, but they themselves need to seek and move forward to the
development partnering with fellow farmers, NGOs and the Government.

The Pilot Project focuses on two approaches, ‘Innovative Farmers Approach’ and ‘Farmer’s Club
Approach’. The Pilot Project was implemented from December, 2003 to February, 2005.
Through the implementation, its effectiveness and feasibility for the aguaculture development are
verified.

This Working Paper explains each approach in Chapter 2 and 3 respectively. Approaches are
verified based on the assumptions set forth at the beginning of the Project.  Chapter 4 discusses the
possibility of application of two approaches into the National Aquaculture Strategic Plan (NASP).

2.  Pilot project Component 1 "Innovative Farmers Approach"

2.1 Objective

‘What is innovative farmers approach?

The objective of the ‘Innovative Farmers Approach’ was to verify the effective technology
development and extension on commercial aquaculture system through capacity building of
so-caled ‘innovative’ farmers. Through frequent communication among farmers, and between
farmers and the Department of Fisheries (DoF) by networking, the Pilot Project aimed to maximise
their capacities on technology development and identify their role in ‘farmer to farmer’ extension.

2.2  Assumptions for the Verification

Three assumptions were set up in order to verify innovative farmers’ potentials as entrepreneurs who
apply new technologies and act as key persons in ‘farmer to farmer’ technology transfer. The
assumptions are:

e Innovative farmers quickly adopt new ideas, therefore they are more productive,
e Innovative farmer’s network leads information and technology transfer among the farmers, and

e Innovative farmers have an influence on their communities, therefore they promote aquaculture
extension.

2.3 How to Verify the Assumptions

In order to verify the above assumptions, the following activities are implemented during the Pilot
Project.

1. ldentification of innovative farmers

2. Creation of farmers’ network

3. Basdine survey

4. Training and visit (needs assessment, national training course, study tour, farmer-to-farmer
visits)

Farmers small project

Evaluation (mid-term evaluation, evaluation survey, and final evaluation)

ou
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Thetime flow of activitiesis described in Figure 2.1.

1. Identification of innovative farmers

2. Creation of farmers’ network

3. Baseline survey

4. Training and visit

[Needs assessment ]

&()[Training in class room ] D RLRLLILE .

&() [Study tour ]

&(}[Farmer to farmer visit ]

5. Farmers' small project

[Submission of proposal ]

&() [Evaluation & selection ] ------------ *

% [Preparation of work plan ]

%[Implementation ]

6. Evaluation

Extension of tech. from farmers to farmers

April 2003

May 2003

Nov. 2003
Jan. 2004

Jan. 2004

Feb. 2004

Dec. 2003

April 2004
July 2004

June 2004

Sept. 2004
Dec. 2004

May 2004

June 2004
Nov. 2004

July 2004
Jan. 2005

Aug. 2004
Feb. 2004

July 2004
Feb. 2005
March 2005

1st National Aquaculture Seminar

Introduction of ‘Farmer Centred Approach’
Socio-economic Survey

Preparation of a short list for innovative farmers

2nd National Aquaculture Seminar
Selection of 25 innovative farmers
Creation of Innovative Fish-Farmers Network

Monitoring & Evaluation Guideline
Set up of hypothesis and indicators

Implementation of Baseline Survey
Creation of Farmer's Profile

Implementation of needs assessment
Participatory planning workshop

1* National training course (at Bunda college)
2" National training course (at Bunda college)

Study tour to Egypt (5 persons)
Study tour to Zambia (8 persons)

Farmer-to-farmer visits (South)
Farmer-to-farmer visits (North)

24 farmers submitted proposals

15 proposals were selected (1% round)
8 proposals were selected (2”d round)

Formation of Action Plans for 15 proposals
Formation of Action Plans for 8 proposals

Implementation of 15 small projects
Implementation of 8 small projects

Implementation of Mid-term Evaluation

Implementation of Evaluation Survey
Implementation of Final Evaluation

Figure2.1 Adctivitiesof the Pilot Project Component 1 and Achievement

1. ldentification of innovative farmers

Prior to the 2™ National Aquaculture Seminar, 25 innovative farmers were identified as ‘innovative
farmers by the ADIM Study team and DoF for the Pilot Project. They are selected from al over
Their names and locations are shown in Attachment 2 and Attachment 3. Their
selection criteriawere listed in Attachment 4.

the nation.

2. Creation of farmers network

In January 2004, al 25 selected members gathered in Lilongwe and agreed to create a farmers
network, so-called ‘Innovative Fish Farmers Network Trust (IFFNT)'.
on their registration to the Government as alegal entity. They have elected 10 committee members

(Attachment 5).
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3. Baselinesurvey

In February 2004, the baseline survey was implemented for all 25 farmers. The baseline survey
aimed to understand their technical abilities and socio-economic status.

4. Training and visit (needs assessment, national training course, study tour, farmer-to-farmer
visits)

After the needs assessment, two national training courses, study tours to Zambia, Egypt, and Japan,

and two farmer-to-farmer visits were implemented. Those technical training activities were

sub-contracted to Bunda College of Agriculture, the only College in Malawi which has Aquaculture

and Fisheries Science Department. Farmers whom participated in each activity are listed in

Attachment 6.

5. Farmers small project

Based on what has been taught, 15 farmers have applied and been accepted their proposals for the
small projects for Phase | and 8 farmers for Phase Il. Farmers have developed action plans together
with the ADIM Study team members, and initiated their small projects. The outline of the small
project implemented by each farmer islisted in Attachment 7.

6. Evauation (mid-term evaluation, evaluation survey, and final evaluation)

The mid-term evaluation workshop was implemented in July 2004 and the results were compiled in
the report called ‘Master Plan Study on Aquaculture Development in Malawi: Field Report The Pilot
Project -Mid-term Evaluation-" (2004). In February 2005, the evaluation survey (technical survey
and socio-economic questionnaire) was carried out and the participatory evaluation workshop was
held in Lilongwe. During the period of the Pilot Project, continuous monitoring was carried out by
both the ADIM Study team and Bunda College of Agriculture. Lastly, follow-up surveys and
interviews were carried out in order to obtain additional information.

The budget allocated for above mentioned activities was US$ 49,000 (Attachment 8).

2.4 Results

Three assumptions were verified through various activities implemented during the Pilot Project.
The specific indicators used for the verification were listed in the Table 2.1.

Table2.1 Assumptions, methods for verification, and indicators

Assumptions Methods for Verification Indicators
Innovative farmers quickly Evaluation Survey 1. Introduction of new technologies through
adopt new ideas, thereforethey | Participatory evaluation trainings
are more productive workshop 2. Record keeping of fish farming activities
3. Drop out rate from the network
4. Changes in fish farming among members
Innovative farmer’s network Participatory evaluation | 1. Amount of information exchanged among
leads information and workshop farmers
technology transfer among the | Monitoring 2. Cost spent for transportation and
farmers communication
Innovative farmers have an Socio-economic 1. Number of visitorsinnovative farmers has
influence on their communities, |questionnaire for the received
therefore they promote evaluation survey 2. Perceptions of farmers towards an
aquaculture extension Follow-up interviews innovative farmer who live vicinity to their
with selected farmers community

Source: Author (2005)
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2.4.1 Innovative farmers quickly adopt new ideas, therefore they are more
productive

Why has this assumption been chosen?

80% of Malawian population consists of farmers.  Under this assumption, the high adoptability of
information and technologies of selected innovative farmers and their potentiality of being a model
farmer are verified.

(1) New ideas will be (2) understood, (3) adopted and then, (4) tested. After itstrial, if thereis any
positive change in (5) production or (6) income, the ideawill be (7) adapted. If there is not positive
change in production or income, the idea is (8) retried with different condition, or otherwise, (9)
rejected. The flow of information is shown in Figure 2.2. However, magjority of farmers in
Malawi neither have much opportunity to be exposed to new ideas, nor have ability to understand.
Even if they manage to understand and adopt new ideas, they cannot go for the trial because they
cannot bear the risk.

The presence of farmers who can adopt and try new ideas opens the possibility of development
among Malawian farmers through providing a model.

It is difficult to observe an increase in both income and production within the period of the Pilot
Project. Often those changes will be seen at |east after one or two agricultural cycles. Therefore,
this assumption is verified through looking at their capacity on adoptability of new ideas.

1. New ideas
-
2. Understanding

g

3. Adoption

4, Tri 8. Retrid

o

5. Change in production

p

6. Change in income

11l g 9. Rejection

7. Adaptation

Source: Author (2005)

Figure2.2 Flow of Information

How hasiit been verified?

Information and ideas are provided to farmers through a series of trainings. Those information and
ideas are listed in Table 2.2. The verification was carried out through the evaluation survey and
participatory evaluation workshop.
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Table2.2 A Series of Trainings and Information and |deas Provided

Trainings Information and Ideas provided

Site tours for Dr. Chinkhuntha' s farm

Needs assessment (Integrated agriculture, water irrigation)

Baseline survey Record keeping (On-the-Job Training)

Basic aquaculture technology

(pond management including pond design, draining and drying, water
& soil chemistry and fertilization, production management including
1% National Training Course brood stock management, stocking & harvesting, husbandry, food &
feeding, pond construction technology, all male technology, challenges
for large-scale commercial aguaculture)

Site tours of facilities of Bunda College

Integrated agquaculture technology

(Integrated Aquaculture and Farm Design and Layout, I ntegration of
2" National Training Course fish farming with livestock including pigs, cattle and poultry, improved
feeding technology including usage of soya and pellet)

Sitetours of facilities of Bunda College

Advanced Aquaculture technology and its policy in Zambia, Egypt and
Japan

(education system on aquaculture, fresh water aquaculture carp & trout,
research & extension at prefecture level, carp cage culture, possibility
of aquarium, lake fisheries & resources management, cage culture
technology on sea bream & yellow tail, fish feeding technology,
fisheries policy at prefecture level, and Japanese fisheries
administration system, etc.)

Study Tour

Innovative ideas from innovative farmers in Southern region (Mr.
Farmer-to-farmer visit (South) | Nikoloma, Mrs. Mkalialinga, Mr. Binali, Mr. Twaibu, and Mr. Mlemba)
and farmers' clubsin Chingale ADP

Innovative ideas from innovative farmersin Northern region (Mr.
Farmer-to-farmer visit (North) | Ngambi, Mrs. Chavula, Mr. Msiska, Mr. Mzimba, Mr. Kamanga and
Mr. Misyali)

Source: Author (2005)

Following indicators are used for the verification.

Indicator 1: Introduction of new technologies through trainings
Indicator 2: Record keeping of fish farming activities

Indicator 3: Drop out rate from the network

Indicator 4: Changesin fish farming among members

Indicator 1: Introduction of new technologies through trainings

Six farmers newly started applying soya for feeding after participating in a series of trainings.
Three farmersinvented their own pellet machines and started pellet feeding.

Number of farmers who apply manure and fertiliser in the ponds has aso increased. The number
of farmers who applied manure has increased from 18 to 24, though the quantity itself has decreased.
The number of farmers who applied fertiliser has aso increased from 4 to 12. The quantity of
fertiliser applied has also increased from the average of 8.58kg/hato 123.44kg/ha (Table 2.3). Ve,
we should note that some farmers were provided fertiliser by the Pilot Project for their small
projects.
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Table2.3 Changesin the Number of farmers who applied Manure and Fertiliser in the Pond
and its Quantities

Manure Fertiliser
2004 2005 2004 2005
Number of farmer adopted 18 24 4 12
Quantity used per farmer (kg) 695.00 541.40 244 17.16
Ave. quantity used kg/ha (kg) 4,954.36 3,428.57 8.58 123.44

Source: Baseline survey (2004) and evaluation survey (2005)

In the participatory evauation workshop, farmers have listed technologies those were newly
introduced and tried at their own ponds. 11 mentioned about feeding technologies whereas 6
mentioned about fertilising and manuring technology. 4 gave an integrated farming technology as
something they have tried at their farm (Table 2.4).

Table2.4 Technologies and the number of farmers that have adopted the technologies

Technol ogies newly introduced and adopted by farmers No. of farmers*

Good feeding practices by developing the good feeding rates and feeding the fish at
one point in the pond

Proper fertilisation of the ponds

Integration of fish farming with livestock to have enough manure for the pond

Growing of leafy vegetables and crops to provide enough greens for feeding Tilapia
rendalli

Use of pulses like soya beans and groundnuts cakes for feeding fish

Introduction of soya beans for the provision of high quality protein feed for feeding
Oreochromis shiranus, Oreochromis karongae and Clarias gariepinus.

Good practices for the establishment of broodstock populations

Fry skimming and stocking them in nursery ponds

Intensification on the use of grass material for composting

RININING DN (N W (O

Dyke reinforcement using grass

* Multi-answer was welcomed, sample number was 16.
Source: Participatory Evaluation Workshop (2005)

Indicator 2: Record keeping of fish farming activities

One of the indicators for measuring the management ability is arecord keeping.  40% of innovative
farmers are keeping good records (10 out of 25). However, 40% keeps no records, or if they do,
very poorly™.

Indicator 3: Drop out rate from the network

There have been two members who dropped out from the network®. 8% of drop out rate is
considered to be low (2 out of 25). In general, innovative farmers are zealous in learning. 20
farmers had over 70% of a participation rate for a series of training (except the study tour) asit is
indicated in Attachment 6.

! Datawere not available from other 20%.
2 Considering those whom had lower than 50% participation rate in trainings provided and did not submit
proposals for the small projects (Attachment 5).
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Indicator 4: Changesin fish farming among members

There observed various changes in fish farming practices among innovative farmers before and after
the implementation of the Pilot Project. It is not a mere technology transfer, however. It is a
change in the mindset of farmers towards aquaculture. It is thought that the new concept of
“aguaculture as a business’ has caused following changesin their fish farming practices.  Yet, those
changes are still at the trial stage reflecting their new mindset and they do not always result in
immediate production or income increase.

Change in species composition on farms—increase of T. rendalli

There was a clear shift in species preference from O. shiranus at baseline to T. rendalli at the
evauation survey. This was an important development which indicated that farmers were shifting
toward producing fish for sale to commercia markets rather than local sales or household
consumption. Farmers believe T. rendalli could be sold at a higher price on the national market
(though it is not proved by the study done by one of the ADIM Study team member). It was also
cheaper to feed and has the potential to integrate well with other farming activities such as vegetable,
sweet potato, cassava, etc. and production.

Change in species composition on farms—increase of O. karongae

The importance of O. karongae which is a commercially most popular species to the farmers was
evident. O. karongae were commonly held in monoculture ponds which were generaly better
fertilized than the ponds of other species. Farmers were feeding high quality, expensive feeds to
their O. karongae.

Changein speciesratio in ponds

The shift toward T. rendalli monoculture in ponds indicated that many of the farmers were managing
their ponds better at the end of the Pilot Project. Many of the ponds dominated by T. Randall at
follow up still had populations of O. shiranus. But many of the farmers were in the process of
eliminating these fish from the ponds. In many cases, farmers did not return O. shiranus caught by
the survey team to the ponds, but kept the fish for household consumption.

Changein size frequency distribution

Narrower size distribution and a more uniform distribution of size frequencies about the mode were
evidence that many of the farmers were practicing better pond management than they were at the
beginning of the Pilot Project. Results implied that farmers were being more careful when stocking
the ponds, were removing fingerlings and were applying some level of grading.

Changein food and feeding

The reduction in use of cheap feeds such as madeya (maize bran) and rice bran and the increased use
of more expensive feed ingredients such as soya® and pellets was a significant development and
demonstrated that farmers were willing to invest more in aquaculture than previousy and were
regarding their fish more as livestock which needed to be fed high quality feeds than as a crop which
could merely be fertilized.

% For example, 50kg bag of madeya, rice bran and soya cost approximately MK 100, MK 50-175, and
MK 1,250-3,500 respectively.
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Table2.5 Food use

Food item Madeya | Ricebran | Mash | Greens | Soya Other | Pellets
Number of farmers
at Baseline survey (2004) 25 6 0 23 4 4 0
Number of farmers
at Evaluation survey (2005) 23 2 1 18 10 3 3

Source: Baseline survey (2004) and evaluation survey (2005)

Changein use of fish

The decrease of sales to villagers on farms and distribution to family and friends linked with an
increase in sales to market, indicated that higher quantity and quality of product was being produced.
This product would have received a higher price in more urban markets. It may also have been an
indication of atrend toward commercial and away from subsi stence aguaculture.

Table2.6 Useof fish

L Saleto other
Use Househqld D'.Str' outi onto villagerson Sale to market
consumption | family and friends farm

Percent use Baseline survey
(2004) 13 9 50 24
Percent use
Evaluation survey (2005) 18 4 33 36
Percent change 5% increase 5% decrease 17% decrease 12% increase

Source: Baseline survey (2004) and evaluation survey (2005)

Result

The evaluation survey clearly indicates that farmers have high motivation towardslearning. Dueto
the limited timeframe, it was difficult to observe a significant increase in fish production among
farmers, but various changes in aquaculture practices were recorded. As to conclude, it is fair to
say that innovative farmers are eager to adopt new ideas, and willing to produce more.

2.4.2 Innovative farmer’s network leads information and technology transfer
among the farmers

Why has this assumption been chosen?

There has not been any network linking fish farmers in Maawi in the past. In the national
socio-economic survey on aquaculture implemented by the ADIM Study team in 2003 shows that
over 50% of information on fish farming is provided by fisheries extension staff to farmers
(Attachment 9). However, as it is described later in this paper, number of fisheries extension staff
islimited and not all farmers have frequent access to those extension staff.

In this assumption, we seek the possibility of the network which links fish farmers in al over
Malawi to provide a new opportunity for them to exchange information and ideas to enhance their
fish farming activities.

How hasit been verified?

Information and ideas exchanged during a series of trainings was discussed in the participatory
evauation workshop. The cost shared for the network activities was calculated through
monitoring.
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Following indicators are used for the verification.

Indicator 1: Amount of information exchanged among farmers
Indicator 2: Cost spent for transportation and communication

Indicator 1: Amount of information exchanged among farmers

The activities of IFFNT in past one year have been the Pilot Project-driven.  Yet, active information
exchange among innovative farmers was observed during a series of trainings, especially during
‘farmer-to-farmer’ visits. Information exchanged includes various integrated agriculture methods,
pond designing, and other aguaculture techniques. Detailed lists of information exchanged is
shown in Table 2.7. Looking at information exchange amongst farmers, over 80% (13 out of 16) of
innovative farmers reports that they have gained new information from peer farmers.  On the other
hand, around 30% (5 out of 16) are listed as ‘teachers. Those 30% are aso active learners
showing those who teach as well as who learn have high motivation on absorbing new information

and ideas.

Table2.7 Information exchanged among innovative farmers
From whom Who learnt I nfor mation exchanged When and how
Mrs. Chavula Mr. Katengeza | How to get rid of tadpoles Reporting of Zambia (during mid-term
using lemons evaluation WS)
Mr. Msiska Pig house, technology which Reporting of Zambia (during mid-term
he learnt from Zambia evaluation WS)
Mr. Msiska Mr. Mukutumula/| Pond layout and general Farmer-to-farmer visit (Northern region)
cleanness
Mr. Kamanga |Mr. Katemango |Planting of maize, Sasakawa | Farmer-to-farmer visit (Northern region)
system
Mr. Chavula Using feed trays Farmer-to-farmer visit (Southern region)
Mr. Mzimba Chicken kola on the pond and a | Farmer-to-farmer visit (Northern region)
bell to scare birds
Mr. Msyali Mr. Sikepe Chicken house and compost for | Farmer-to-farmer visit (Northern region)
banana
Mr. Nikoloma | How to take care of chicken for | Farmer-to-farmer visit (Northern region)
them to produce both eggs and
manure
Dr. Chinkhuntha |Mrs. Chavula Various crops, which can be National Aquaculture Training (visit to Dr.
feed for fish Chinkhuntha's place)
Mr. Twaibu Mr. Mhango His hardworking attitude Farmer-to-farmer visit (Southern region)
Mr. Katemango | Planting trees Farmer-to-farmer visit (Southern region)
Mr. Nikoloma |Mr. Baula How to plant banana Before the project through personal visit
Mr. Muhango Farmer-to-farmer visit (Southern region)
Mr. Chavula Water conservation Farmer-to-farmer visit (Southern region)
Mr. Kamanga Breeding fish in happas and Farmer-to-farmer visit (Southern region)
using traps for otters
Mr. Sikepe Bought atrap from him Farmer-to-farmer visit (Southern region)

Sources: Farmers comments obtained during the Final Evaluation Workshop (March 2005)

Indicator 2: Cost spent for transportation and communication

Communication and transportation cost for innovative farmers to attend a series of trainings shared a

big portion of the budget for the Pilot Project.

For example, for farmers to participate the 1st

National Training Course at Bunda College in Lilongwe District, it cost MK 1,921 in average per
This is because some come from Chitipa District, at the North

farmer for hisher transportation.
end of Malawi, whereas some come from Mulanje District, down South.

shared per diem and accommodation for each farmer.

5-9
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Majority of farmers possesses neither telephone nor PO. box. Dispatching the vicinity extension
staff to inform farmers about the training also generated cost. We had to think out the cheapest
mean to inform farmers e.g. using the community radio.

Result

Though it was not arranged, the Pilot Project provided opportunities for innovative farmers to
integrate and they utilised these opportunities to exchange their information and ideas. The
network does lead information and technology transfer among the farmers. However, there are
several challenges to promote the network including the cost. Those challenges will be discussed
in‘2.5 Lessons Learned'.

2.4.3 Innovative farmers have an influence on their communities, therefore they
promote aquaculture extension

Why has this assumption been chosen?

There is currently 41 aquaculture extension staff in DoF. They are not evenly located to whole
nation whether the area has potential for aguaculture or not. 32% of innovative farmers (8 out of
25) did not receive any visit from aguaculture extension staff past one year. Especially for those
farmers in the Central region, 6 out of 8 are not being visited by extension staff at all. Again, there
are issues of not only lack of resources (e.g. no transportation means to visit framers), but also low
motivation among these extension staff. As to evidence the situation, two farmers in Southern
region who did not receive any extension service live within a diameter of 5km from the nearest
fisheries station.

Looking at such situation of the Government extension system, it is important to think about an
aternative extension system in paralel. Under this assumption, we seek possibility of innovative
farmers being farmer extensionists or farmer trainers.

How hasiit been verified?

The questions on innovative farmer’s influence on their communities were asked in the
socio-economic questionnaire for the evaluation survey. The questions inquire the number of
individual visitors, group visitors and number of community members who adopted innovative
farmers technologies. The follow-up interviews with four selected farmers were also referred.
The follow-up interviews aimed at obtaining the reputation of each innovative farmer within their
community. 16 to 25 farmers who live adjacent to the respective innovative farmer were
interviewed.

Following indicators were used for the verification.

Indicator 1: Number of visitors innovative farmers has received

Indicator 2: Perceptions of farmers towards an innovative farmer who live vicinity to their
community

Indicator 1: Number of visitors innovative farmers has received

The number of new adopters to technologies initiated by the innovative farmers averaged at 89.5
farmers per innovative farmer. Each innovative farmer is receiving an average of 32.8 individual
and 3 group visitors in 2005. We should note that there are big differences in numbers of adopters
and visitors among 25 innovative farmers such that standardisation could result in misconception on
each farmer's abilities (eg. the standard deviation for the number of farmers who adopted
technologies is 398.3. It is Dr. Chinkhuntha who has projected figure. Without him, the average
goes down to 9.9). However, considering all the activities which were carried out by each
innovative farmer’s own initiative on ad hoc basis, they have a huge potential to play a substantial
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role as an information provider.

Table2.8 Number of visitors

2004 2005
Neme Group Inc_ii\_/idual Visits | Adopters Group Ino_li\_/idual Visits | Adopters
visitors visitors visitors visitors
1|Nikoloma 28 500 4 0 7 100 40 50
2|Baula 4 51 2 9 5 10 4 7
3|Twaibu 7 40 3 30 0 6 4 3
4|Binali 6 43 20 30 1 0 4 2
5/Mlemba 2 14 20 40 0 8 6 0
6|Mkaliainga 0 30 0 3 2 0 0 0
7|J. Moyenda 3 12 2 0 1 0 1 0
8|Mkutumula 6 50 0 0 0 14 7 6
9|Matola 4 30 7 5 6 7 20 20
10|Zembere 15 60 3 2 5 100 5 20
11|Kampata 5 20 2 10 1 15 5 25
12|Chokani 0 150 40 40 4 60 11 16
13|Chinkhuntha 40 4,000 2 2,000 12 240 0 2,000
14|Zungulana 6 20 15 20 1 10 2 5
15|Sikepe 7 30 6 12 12 20 3 6
16|Katengeza 10 120 2 2 1 0 0 1
17|Kalembo 5 20 57 57 7 50 0 53
18|Msydli 20 200 5 100 1 50 10 0
19|Ms Msiska 6 100 5 10 1 5 7 9
20]J. Kamanga 2 100 7 4 0 5 6 2
21|Mhango 0 10 8 20 0 0 1 0
22|Ng'ambi 2 0 6 4 0 5 15 0
23|Zimba 0 365 0 2 1 10 0 3
24|Chavula 2 3 75 4 4 100 30 3
25|M.M. Msiska 5 20 14 12 3 5 5 6
Average 7.4 239.5] 122 96.6 3.0 328 74 89.5
Average without
Chinkhuntha 6.0 828 126 17.3 26 242 7.8 9.9
STD 9.39 792.22| 18.61 397.19 354 54.27| 9.73] 398.28

Source: Baseline survey (2004) and evaluation survey (2005)

Indicator 2: Perceptions of farmers towards an innovative

farmer who live vicinity to their

communities (Table 2.8).

community
All four innovative farmers selected in the follow-up interviews are well known by their

All are influential in one way or another. Three had good reputation.

They interact with their communities and exchange knowledge including those on fish farming.
Box 1 describes how Mr. Chokani, one of those three, is perceived by surrounding community

members.

his community members.
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Table2.9 Summary of interview to four prominent innovative farmers

Farmer B
Farmer A (Mr. Chokani) Farmer C Farmer D
No. of farmers 16 23 25 16
interviewed
No. farmers who 16 19 25 16
are aware of IF
No. farmers who not mary (some
. \ worked as labourers,

have visited IF's 16 most of 19 some failed to visit due 16
farm to entrance fee)

-hard working -prominent due to -prominent due to -prominent due to

-advanced practicing integrated/ | practicing farming practicing fish farming

Major positive

opinion given -worth emulating mixed farming with high capital, huge |-his activities are very
-profitable land and hired labour | good and profitable
towards IF -admirable and worth -he integrates crops,
emulating fish and livestock
-not very supportive
Major negative -denies other people
opinion given non non access to water non
towards |F -thinks about his own
profit
-willing to provide any |-very few received -no one received goods | -some farmers received

Providing info./
equipment

info.

-afew were given
fingerlings afew
purchased fingerlings
-learned technologies
and tried on their farms

goods for free, but
purchase banana
suckers & fingerlings
-very good info. flow/
majority received info.
on farming activities

nor information

-does not let anybody
utilise his technologies
but people just
deceptively copy some
of histechnologies

goods & info. (banana
suckers & fingerlings)
-he providesinfo. on
fish farming, pond
construction, and
dimba crop production

-providejob -mobilises a group of

opportunity farmers

-contributed through | -contributed through | -contributed through | -contributed through
Contributionto  |farmers club mobilising of farmers' |introducing irrigation |introduction of

local
development

club
-provideinitiatives to
other farmers

and dimba cropping
-facilitate construction
of abridge

vegetable, banana,
irrigation & fish
farming

Source: Follow-up evaluation survey (2005)
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Box 1: Impact of innovative farmers on other farmers within their area of operation
Case of Mr. Chokani

Backgroud

Mr. Chokani is an innovative farmer based in Mchinji District, Mselera Village. Thirteen farmers from
Mselera and ten from Benjamin villages in the district were interviewed to find out their knowledge and
views about Mr. Chokani’s farming activities. Benjamin village is about 12 km from Mseleravillage.

Results

19 out of the 23 farmers interviewed indicated that they know Mr. Chokani. The respondents indicated
that Mr. Chokani is prominent mainly due practicing integrated/mixed farming as well as growing crops
throughout the year without necessarily depending on rainfall. Their opinions about his farming activities
are that the activities are profitable and earn him more income such that he does not lack anything in his
household. Some respondents indicated that his farming activities are admirable and worth emulating
only that they cannot afford to buy fertilizer as he does.

The respondents a so acknowledged that the farming activities of Mr. Chokani were different from theirs.
His farming activities result in high yields and generate more income. Very few farmers have received
goods from Mr. Chokani. The goods are mainly banana suckers and fingerlings. However there is very
good information flow between Mr. Chokani and other farmers. Most respondents indicated that they
received information on various farming activities from Mr. Chokani. The farmers take an initiative to go
and ask for information or to observe the farming practices so as to learn. Some go to ask for the
information as a group (club) while others as individuals. Mr. Chokani maobilized a group of farmers and
assisted them to receive treadle pumps and get training on mushroom production through EU funding.
Regarding goods, Mr. Chokani mostly sells his goods to the other farmers. Goods sold include banana
suckers and fingerlings.

Technologies that have been introduced from Mr. Chokani include vegetable, rice, banana and irrigated
maize farming. Most respondents from Mselera Village indicated that they wished they could adopt fish
farming. However, fish farming seems to be too labour intensive and hence labelled it as difficult. Others
indicated that they feared that ponds would take over the land for dimba cropping such that they end up
not growing dimba crops. However respondents from Benjamin Village indicated that they are more
interested in fish farming because it is possible. Others even have the opinion that they can gain more
profits from fish farming than tobacco production.

All the respondents that knew Mr. Chokani had an opinion that he had contributed to the development of
their area. His contribution is through mobilization of farming clubs that have assisted farmers to acquire
treadle pumps and go into irrigation farming. Along with that there are increased yields and incomes such
that food security has improved. Through initiatives from Mr. Chokani people work harder and produce
more to improve their nutritional and financial status. Some businesses have also improved. People that
adopted vegetable farming indicated that they generate more income from vegetable selling. One
respondent stated that she has even developed a hawker through capital from vegetable production. There
were no negative impacts from Mr. Chokani’s farming activities that were reported.

Source: Follow-up evaluation survey (2005)

Result

Innovative farmers in general have a good influence on their communities and contribute greatly
towards aquaculture extension as farmer extensionists or ‘farmer trainers’. At the sametime, it is
interesting to notice once one gets more influential, it can cause some friction between him/her and
the community. Though only one case has been observed during the Pilot Project, it is worth
noting for future planning.
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2.5 Lessons Learned
‘Doesthe Innovative Farmer Approach contribute to the Aquaculture Development?’

From the above results, it is assumed that the innovative farmer approach, networking innovative
farmers, building their capacity, and facilitate them as "farmer trainer" for promoting local extension
service innovative farmers, will promote aquaculture development in Malawi.

During the Pilot Project, innovative farmers networked themselves and registered as "Innovative
Fish Farmers Network Trust (IFFNT)". However, they are till immature both as an aguaculture
farmer trainer and as an organisation. IFFNT is planning to meet and discuss way forward.
However it is difficult for them to sustain without a support from DoF at this stage.  Through close
collaboration with DoF, innovative farmers need to recognise IFFNT as THEIR organisation,
identify futurevision, and prepare and implement the action plan for their future activities.

Challenges the Pilot Project confronted during its implementation are described below under
following topics. a) cost; b) aquaculture extension by innovative farmers, c) exchange of
information; and d) contents of capacity building. The countermeasures for future are suggested
for the innovative farmer approach to be more effective, efficient, and sustainable.

a) Cost

Challenges

The total budget for the Pilot Project Component 1 was approximately US$49,000. When the
figure is evenly divided by 25 farmers, the cost shared for one farmer calculates to US$1,960.
In order to evaluate the impact of trainings within the short period, the Pilot Project provided
intensive training with qualified information. At the same time, targeting farmers all over
Malawi resulted with high transportation, per diem and accommodation cost. The Agricultural
Sector Programme Support supported by DANIDA spent about US$60 per person for training
farmer trainers. Comparing both figures, the Pilot Project has spent a lot more and it needs to
be reviewed when future sustainability is concerned.

Suggestions for future

For its sustainable operation and management, the network needs capital. The financial
source, either through joint collaboration with DoF, fund procurement from donors, or
businessimplementation by the network itself, needs to be sought.

At the same time, the network activities will be decentralised and number of national
meetings will be minimised. Cost effective and efficient networking structure needs to be
discussed.

b) Aquaculture extension by innovative farmers

Challenges

The activities of the Pilot Project focused on providing various trainings to enhance innovative
farmer’s capacity. Their ability on extension service was measured through looking at their
impact on surrounding communities. There performance was, therefore, more or less on ad
hoc basis.

Suggestions for future

Under the Agricultural Sector Programme Support, trained farmers have implemented an
extension service to an average of 16 farmers in a period of one-week monitoring. Since
informal extension service highly depends on farmer’s personal ability, a systematic or
structured farmer-to-farmer extension service also needs to be suggested for further
propagating effect.

DANIDA raises limited technical capacity of farmer trainers as one of the chalenges. The
extension service to be implemented by innovative farmers should have a close collaboration
with government extension staff and NGOs that are active in the area. The government
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d)

extension staff can provide technica know-how, where as NGOs are skilled at rural
development. The collaboration with other sectors, such as agriculture, health and education,
can aso enhance the quality of the extension service.

The Pilot Project shows the diversity among innovative farmers not only on their learning
capacity but also geographical conditions and styles of aguaculture implementation. When a
systematic or structured farmer-to-farmer extension service is to be implemented, this
diversification of each farmer needs to be considered and flexibly applied.

Exchange of infor mation

Challenges

There are three ways of information exchange when the innovative farmers approach is to be
implemented. They are information exchange (1) between the government/ NGO/ the private
sector and innovative farmers, (2) among innovative farmers, and (3) between innovative
farmers and their fellow farmers.

Because of limited time and resources, the information tended to flow from the JICA Study
Team to farmers in one way direction during the Pilot Project. The information exchange
among innovative farmers was carried out informally which in result, limited its contents.

Suggestions for future
(1) Between the government/ NGO/ the private sector and innovative farmers

The information between the government/ NGO/ the private sector and innovative farmers
tends to flow from the former to the latter if it is done as training. However, farmers should
not just receive and accept those information, but think, judge, act, and be responsible by their
own. Aquaculture development depends how farmers utilise newly gained information.

(2) Among innovative farmers

Informal information exchange will continuously be encouraged. At the same time, it is
important to note that as a farmer is more inclined to be an entrepreneur, he/she tends to select
knowledge/ information they share with their colleagues. To maintain high quality
information, some rewards should be provided to information providers.

The government can also provide some advises on information to be exchanged among network
members.

(3) Between innovative farmers and their fellow farmers

The information exchange between innovative farmers and their fellow farmers will generally
be based in their local area. When innovative farmers act as farmer trainers, some rewards for
their service need to be considered. Again, fellow farmers should not just receive and accept
those information, but think, judge, act, and be responsible by their own.

Contents of capacity building

Challenges

Because of limited time and resources, the Pilot Project put more emphasis on the capacity
building on technical aspects. However, in the long term, strengthening of not only technical
but also other abilities need to be looked into.

Suggestions for future
The areas for the capacity building for future are suggested as follows.
(1) Capacity to think

As it has been stated already, farmers should learn how to think, judge, act, and be responsible
by their own.

(2) Capacity on aguaculture and integrated agriculture technology
Technology on not only aquaculture but aso integrated agriculture needs to be looked at.
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Current fish farmers as well as potential fish farmers are farmers. Through strengthening
integrated agriculture technologies, they are able to incorporate aquaculture into their other
farming practice which may lead to a synergic effect.

(3) Capacity to manage

For increasing the agricultural productivity, the management skill as well as technical skill is
required.

(4) Capacity to negotiate

Farmers need to have a capacity to talk, discuss and negotiate with the government, donors and
NGOs on the same platform.

(5) Capacity for the extension

Information needs to be passed onto others. Farmers need to learn how to provide the best
extension service astrainers.

Incorporating above suggestions, the innovative farmers approach will surely play an important role
in NASP (National Aquaculture Strategic Plan) especially in the field of aguaculture extension.

For its implementation, it is important to monitor periodically, readdress challenges and suggestions
and improve the approach based on the lesson learned.
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3. Pilot project Component 2 "Farmers’ Club Approach”

3.1 Objective

‘What is the farmers’ club approach?

The ‘Farmers’ Club Approach’ seeks an effectiveness of targeting small-scale farmers in the clubs
for development and extension on small-scal e aquaculture system.
The Pilot Project studies two existing farmers' clubs, Mawila and Limbikani farmers' clubs on their
collective pond management as well as their activities as clubs. The Project also identifies the role
of an NGO, the World Vision Malawi (WVM) as the NGO who initiated those two clubs and seek
possibilities for duplicating the successful clubsto the other areas.

3.2 Assumptions for the Verification

Four assumptions were set up in order to verify the feasibility of the farmers' club approach.
The assumptions are:

1. Farmers benefit household stability by being a member of afarmer club,

2. Aquaculture can contribute subsistence farmers in the club,

3. Successful farmer club will be duplicated in the other area, and

4. NGOs contribute towards the aguaculture devel opment.

3.3 How to Verify the Assumptions

In order to verify the above assumptions, the following activities are implemented during the Pilot
Project.

1. Ildentification of farmers clubs (A. farmers' clubs with collective fish ponds; B. farmers' clubs
wishing to start fish farming)

2. Baseline survey

3. Training and visit (needs assessment, training in class room, study tour, farmer-to-farmer visit)

4. On-farm experiment (A. participatory planning, creation of action plans and implementation; B.
construction of collective fish ponds)

5. Evaluation (mid-term evaluation, evaluation survey, and final evaluation)

1. [Identification of farmers clubs

Through discussion with WVM and DoF, two farmers' clubs that have ‘successfully’ implemented fish
farming were selected, namely Mawila and Limbikani farmers’ clubs’. There were other clubs that
were nominated as newly established clubs wishing to start fish farming. There are total of ten
farmers clubs which have been involved in the Pilot Project at some stage (Attachment 10)°.
Together with WVM, the ADIM Study team held a participatory planning workshop with
representatives from each club to discuss on a detailed action plan for the Pilot Project.

* The identified farmers’ clubs are located in Chingale area, Mlumbe Traditional Authority (TA), Zomba
district (its location is shown in Attachment 9). They have been supported by WVM under the Chingale
Agricultural Development Programme (ADP). Mawila and Limbikani farmers' clubs have introduced
individually owned collective fishponds. They are well maintained and farmers are actively involved in
fish farming. Chingale areais one of the poorest areas in Malawi (64.3-70% of population of Mlumbe TA
is below the poverty linge). Yet, they are managing the fish farming with minimum support from DoF.
The JICA Study Team saw them as a ‘ successful case.’

> Attachment 10 shows the level of involvement of each club within the Pilot Project activities.
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1. Identification of farmers’ clubs April 2003 1st National Aquaculture Seminar
Introduction of ‘Farmer Centred Approach’

] May 2003 Socio-economic Survey

Visiting farmers clubs in Chingale area
Discussion with WVM
Nov. 2003 2nd National Aquaculture Seminar
Dec. 2003 Participatory planning workshop

P
Farmers’ clubs with Farmers’ clubs wishing
Collective fish ponds to start fish farming

(.

- Jan. 2004 Monitoring & Evaluation Guideline
2. Baseline survey Set up of hypothesis and indicators

Feb. 2004 Implementation of Baseline Survey
Creation of profiles for farmers’ clubs

3. Training and visit Dec. 2003 Planning and Training workshop
(Lecture on Basic aquaculture)
[Needs assessment ] April 2004 1% National training course (at Bunda college)
(Lecture on basic aquaculture, a visit to Dr.
%[Training in class room ] Chinkhuntha’s farm)

MStudy tour ] [ Farmer-to-farmer visit May 2004 Follow-up workshop

April 2004 Farmer-to-farmer visit

—
Extension of tech. from Aug. 2004 Study tour
farmers to farmers

>

4. On-farm experiment

June 2004 Participatory planning of experiments

[Partlcmatory planning ] July 2004 Formation of action plans
%[Creaﬁon of action plans ] Aug 2004 Implementation has started
% Implementation Construction
of collective
ponds
Q July 2004 Implementation of Mid-term Evaluation
5 Evaluati Feb. 2005 Implementation of Evaluation Survey
- Evajuation March 2005 Implementation of Final Evaluation

Figure3.1 Activities of the Pilot Project Component 2 and Achievement

2. Baseline survey

In February 2004, the baseline survey was implemented for two pioneer clubs and four other clubs
(Attachment 12). The baseline survey aimed to understand clubs technical abilities and
socio-economic status as well as to identify new clubs to be targeted for the Pilot Project. Further
information on those clubs are described in Working Paper 4.

3. Training and visit

The planning and training workshop was held in December, 2003. The workshop provided a basic
aguaculture lectures and built consensus with club members on the Pilot Project. The needs
assessment was also carried out during the workshop.  In April 2004, a training course was held at
Bunda college together with innovative farmers. The course included a visit to Dr. Chinkhuntha's
farm. For newly established clubs, farmer-to-farmer visit was arranged in April, 2004. In August
2004, representatives of each club participated to the study tour visiting some of innovative farmers
farms and small-scaleirrigation sites.

4. On-farm experiment
Based on what has been taught, 3 farmers' clubs (Mawila, Limbikani, and Mkanwalekani farmers
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clubs) have implemented on-farm experiments. The outline of the experiments are shown in
Attachment 13. One club, Teuka farmers club, was assisted by the Pilot Project for the
construction of collective fish ponds.

5. Evauation (mid-term evaluation, evaluation survey, and final evaluation)

The mid-term evaluation workshop was implemented in July 2004 and the results were compiled in
the report called ‘Master Plan Study on Aquaculture Development in Malawi: Field Report The Pilot
Project -Mid-term Evaluation-' (2004). In February 2005, the evaluation survey (technical survey
and socio-economic questionnaire) was implemented and the participatory evaluation was carried

out at each club site.

by both the ADIM Study team and WV M.

During the period of the Pilot Project, continuous monitoring was carried out

The budget alocated for above mentioned activities was US$ 25,000 (Attachment 14).

Thetime flow of activitiesis described in Figure 3.1.

3.4 Results

Four assumptions were verified through various activities implemented during the Pilot Project.
The specific indicators used for the verification were listed in the Table 3.1.

Table3.1 Assumptions, methods for verification, and indicators

Assumptions

Methods for Verification

Indicators

Farmers benefit household
stability by being a member of
afarmer club

Socio-economic questionnaire
for the evaluation survey

Key informant interview for the
evaluation survey

Monitoring

. Income through collective labour
. Interaction with outsiders
. Time spent for club activities

Aquaculture can contribute
subsistence farmersin the
club

Monitoring and observation
Group discussion and key
informant interview for the
evaluation survey

. Changesin club activities
. Benefit of implementing aquaculture

by aclub

Successful farmer club will be
duplicated in the other area

Monitoring
Key informant interview

. Number of clubs duplicated and clubs

that had an impact through the Pilot
Project

NGOs contribute towards the
aquaculture devel opment

Monitoring
Key informant interview

. Activities of WVM (input, project

duration, etc.)

Source: Author (2005)

3.4.1 Farmers benefit household stability by being a member of a farmer club

Why has this assumption been chosen?

There are both benefits and costs of being a member of a farmers' organisation or a farmers' club

(Noguchi 2003).

The benefits are (1) collective economy, (2) improved accessibility to outsiders,

and (3) socia security. On the other hand, the costs of being a member of a club are (4)
opportunity cost and (5) transaction cost.

(1) Collective economy

e  collective purchasing power
e  group marketing of agricultural products

(2) Improved accessibility to outsiders
o frequent communication with outsiders
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e improved accessibility to services from outsiders (trainings, loans, etc.)
e improved bargaining power
(3) Socid welfare
e  collective labour
e  mutual support/ social security
e forum for sharing knowledge
(4) Opportunity cost
e Cost for sharing time and labour for club’s activities
(5) Transaction cost
e  Cost for sharing time and labour for building consensus among members

Considering the situation above, we verify whether being a club member will benefit household
stability of each individual farmer in Chingale area, and if so, identify those benefits.

How hasit been verified?

In order to verify the assumption, the indicators listed below were studied through the
socio-economic questionnaires and key informant interviews for the evaluation survey.

Indicator 1: Income through collective labour
Indicator 2: Interaction with outsiders
Indicator 3: Time spent for club activities

Indicator 1: Income through collective labour

Members of both Mawila and Limbikani farmers clubs work together on the club land and
collective fish ponds. In 2004, Mawila Farmers Club raised a profit of MK 12,017 from selling
vegetables in the club land and used for club activities. They have also cultivated maize in club
land and each member received a range of MK 750 to MK 1,750 from its sales. This share from
maize composes from 3.5% to 8.2% of their total average annual cash income (MK 21,296) in 2005.
They also receive a share of vegetables which they cultivate together.

Indicator 2: Interaction with outsiders

Farmers in clubs in Chingale area benefit, if not anything else, from improved accessibility to
outsiders. It is the first condition to be members of the club to be able to access to the loans from
WVM. For example, 96.8% of Mawila farmers' club members are obtaining goats on loans
provided by WVM as of 2005. This Pilot Project also has targeted club members.

They are also benefiting from improved bargaining power. Both Mawila and Limbikani farmers
clubs have discussed and obtained land from village headmen. Especially Limbikani farmers’ club
was newly given additional 6,720m? of land in 2005.

Table3.2 Number of days and hours spent for club activities for four clubsin Chingale area

Mawila* Limbikani* Mkamwal ekani* Teuka
(CF'ES zrga) 35,715 n¥ 25,061 N 5,520 mq N/A
Club area 36,045 m’ 31,781 m 4 20,000 m?for farming
Feb. 2005 (including areathat i (including areathat ig 5,666 m 30,000 M2 for ponds
(Feb. 2005) rented, 924 m?) rented, 924 m?) ’ P

Source: Socio-economic questionnaire for the evaluation survey (2005)
*Attachment 15, 16, and 17 show those changes of Mawila, Limbikani and Mkamwalekani farmers clubs
respectively on the site map
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Indicator 3: Time spent for club activities

Table 3.3 shows number of days and hours spent for club activities for four clubs in Chingale area.
Each club has different duration of hours and days depending on the club’s situation. However,
given information is subjected to change. For Teuka farmers' club, the working days used to be 5
daysaweek. However, members thought it was too much and reduced to two days aweek. They
have a so reduced number of hours for club activities during their farming season.

Data obtained from the socio-economic questionnaire for the evaluation survey shows that 6 out of
31 members from Mawila farmers club in fact feels their commitment to the club is too much.
The chairman, however, is willing to discuss with members and come up with hours to be spent for
the club which al members feel more comfortable with.

Table3.3 Number of days and hours spent for club activities for four clubsin Chingale area

Mawila Limbikani Mkamwal ekani Teuka
1/month for al club members,
. 3/month for committee members
Meeting | 2/month (1st planning, 2nd preparatory for 2/month 1/month
club meeting, and 3rd review)
3/week 3/week
. 2/week
Collective | Mon. 7:30-16:00; Mon. 14:00-17:00: Mon. 14:00-17:00; ﬁltmlljzeekd to be
Work Thurs. 7:30-16:00; Th ' 1 4_'00 17_60 ’ Tue. 7:00-11:00; 5/ week)
Sat. 7:30-16:00 U, L Wed. 14:00-17:00

Source: Socio-economic questionnaire for the evaluation survey (2005)

Result

Clubs certainly provides substantial benefit for subsistence farmers which they as individuals cannot
reach. Though there is a cost, farmers are willing to discuss within themselves to minimise the
Ccost.

3.4.2 Aquaculture can contribute subsistence farmers in the club

Why has this assumption been chosen?

The construction of ponds requires some inputs and often an individual subsistence farmer cannot
afford to pay the cost. However, as a club with collective labour, pond construction can be
achieved within a short period. Once it is constructed, the maintenance of ponds can be managed
by minimum labour of individual farmers and fish farming can further enhance their integrated
farming system. Looking at another aspect, construction of ponds and sharing knowledge on
aguaculture and integrated farming within a club can consolidate further coherence of the club
members.

Considering the situation above, we verify our assumption, whether the aquaculture can contribute
subsistence farmersin the club.

How hasiit been verified?

In order to verify, we look at a synergistic impact on activization of both agquaculture and agriculture
activities through observation and evaluation survey. We also look at an actual benefit farmers are
receiving from aquaculture through clubs.  Indicators used for the verification are listed below.

Indicator 1: Changesin club activities
Indicator 2: Benefit of implementing aquaculture by aclub
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Indicator 1: Changesin club activities

It is difficult to quantify the correlation between aguaculture and the intensity of the club activities.
However, through monitoring, the intervention of the Pilot Project which supported an aguaculture
component of the clubs seems to have raised farmers’ motivation of club activities as whole. As
well as constructing additional ponds with their own initiatives, clubs starting producing compost
after coming back from a site visit from Dr. Chinkhuntha's farm.  The produced compost is used for

both club farm land and collective ponds.
obtained from their livestock to ponds.
increased from 32.24kglyear in 2003 to 248.87kg/year in 2004 in Mawila club®.

Members are started providing manure which they
The average quantity of manure applied to ponds has

Their activities throughout the year are summarised in the table below (change in aquaculture related

activities in Table 3.4 and changes in general is Table 3.5).

Attachment 15, 16, and 17 show those

changes of Mawila, Limbikani and Mkamwalekani farmers’ clubs respectively on the site map.

Table3.4 Changein aguaculture related activities

Mawila Limbikani Mkamwal ekani Teuka
No. of ponds 30| 45 were mapped 6 11
(Feb. 2004) (53 were reported)
No. of ponds (4 new ponds, 2 w::r:z 51 were mapped (2 till need to be filleg (11 newly constructed 213
(Feb. 2005) merged) (6 are new) with water) | owned by farmers when joi n‘ed)
Pond surface area 7,586 13,794 1,446 3,398

(m?) (Feb. 2005)

Table3.5 Changesin activitiesin general

Mawila Limbikani Mkamwal ekani Teuka
Deepened Deepened Deepened /constructed | Constructed ponds
/constructed /constructed ponds | ponds
. . /merged ponds Harvested fish Collected stones for
Fish farming Harvested fish irrigation canal inlet
Drained ponds and
harvest fish
Introduced Irish Planted winter maize | Planted beans & winter
Vegetable potatoes in club land maizein club land
. Planted 300 bananas
Fruits around ponds
Made some compost | Made some Made some compost | Made some compost and
Compost and applied compost and and applied applied
applied
Renovated water Built a shed Started the Gained land
Others canal Gained land construction of akola
Gained land Renovated water canal

Rented land

Source: Group discussion with club members for the eval uation survey (2005)

® The livestock possession rate has not changed drastically in Mawila farmers’ club (12.1 chickens and
2.15 goats per HH in 2004, 11 chickens and 2.65 goats in 2005). An increase of an amount of manure in
fish ponds represents their growing interest for fish farming. However, we should also be aware of that
the Pilot Project had provided manure for their on-farm experiment.
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Indicator 2: Benefit of implementing aquaculture by aclub

Implementing aguaculture as a club provide an opportunity for members to sell their products. A
number of fingerlings harvested from each pond in Mawila and Limbikani farmers' clubs is small.
However once they are gathered, it accumulated to some quantity and they managed to sell those
fingerlings to farmers in Tyolo Digtrict through WVM.  As a result, in Mawila Farmer Club, the
members who raised some money from fish farming increased from 19.4% in 2004 to 43.2% in 2005
and the average income from fish farming has doubled from MK 1,736 to MK 3,583. 50% of fish
were sold through WVM and 77.5% was sales from fingerlings’.

Result

Subsistence farmers are rarely able to maximise the opportunities presented by aquaculture, because
they do not have the assets or the resources required to sustain potential productivity. However, by
forming a group, farmers are able to overcome some of the constraints, such as labour and resource
limitations. Supported by WVM, farmers' clubs are benefiting from fish farming as an integra
component of rural development.

3.4.3 Successful farmer club will be duplicated in the other area

Why has this assumption been chosen?

Though we have seen that farmers can benefit from the club, if a success of the club is spontaneous,
the case in Chingale ADP will remain as an exceptional case and the majority of farmersin Malawi
continues to be poor.

Therefore, it is critical to verify whether the successful farmers club is duplicable in other area for
sustainable and extended prosperity of Malawian farmers.

How hasit been verified?

In order to verify, we look at clubs those are duplicated during the Pilot Project as well as clubs
those had some impact through our intervention. The information was obtained through
monitoring and key informant interview.

Indicator 1: Number of clubs duplicated and clubs that had an impact through the Pilot Project

The Pilot Project, aimed at a duplication of the successful farmer clubs, Mawila and Limbikani
Farmers Club, to other areas. As aresult, one club, Teuka Farmer Club, after visiting Mawila and
Limbikani Farmer Clubs and received a series of training, has gained club land from the village
headman, constructed 11 new collective ponds with communa labour and initiated fish farming
(refer to Table 3.4).

At the same time, the Chingale Integrated Fish Farming Committee (CIFF) initiated by WVM in
2001 activated their activities. The leading actors of CIFF who are also the members of Mawila
and Limbikani Farmers Club trained their member clubs with information they have newly gained
from the Pilot Project. It is interesting to see that CIFF supports Fikira farmers' club which the
Pilot Project initially implemented the baseline survey at, however due to the limitation of the
Project technical and financial capacity, had not continued to support. It suggests the Project has an
impact on the clubsin Chingale ADP even in indirectly.

Result
A duplication of successful farmers’ clubs in the other areas is possible. However, whole process

" Collective fish ponds at the farmer club are constructed and supervised by the club, but are basically
allocated to individual members for daily maintenance.
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requires time, especialy with the current Malawian situation. The limited timeframe of the Pilot
Project alowed only a part of the process to happen.

3.4.4 NGO contribute towards the aguaculture development

Why has this assumption been chosen?

The aquaculture socio-economic survey implemented by the JJCA Study Team in 2003 shows that
NGOs play an important role in aguaculture extension especially in the area where the Government
extension is scarce. Anderson et a. says despite 80% of the world extension service is still
provided by the Government, NGO and the private sector began to take some role in providing the
extension service (2003).

In Chingale area, WV M initiated their programme, Chingale ADP (Area Development Programme)
in 1997. Within their ADP, they have actively involved an aguaculture component. Considering
such situation, we verify the assumption whether NGO contribute towards the aquaculture
development.

How hasit been verified?

Through monitoring and the key informant interview, activities of WVM are studied (Indicator 1).

Indicator 1: Activities of WVM

WVM has initiated the first phase of Chingale ADP from October 1997 to September 2002. They
are currently implementing the second phase which will phase out in 2011. ADP targets
approximately 165 villages with the annual budget of US$382,000°. CIFF falls under Chingale
ADP and therefore is managed in line with other projects under ADP. A WVM development
facilitator was assigned to CIFF. Together with committee members consist of farmers, the
facilitator actively engages in aguaculture development.  CIFF now supports 437 fish farmersin 19
clubsin Chingale area.

Result

Incorporating aquaculture into the programme implemented an NGO with financial and human
resources as well as high skills in rural development, can contribute a lot for aguaculture
development.

At the same time, we should be aware of limited technical skills of NGO on aguaculture. Ponds
constructed under a supervision of the facilitator needs some renovation. To maximise the role of
NGO, the cooperation with DoF and other organisation is necessary which will be discussed in the
conclusion.

3.5 Lessons Learned

From the above results, it is assumed that through the farmer club approach, subsistence farmers can
receive the benefit from aguaculture for their enhancement of their livelihood and therefore, the
approach can contribute NASP which aims at poverty reduction by aguaculture devel opment.

Bearing in mind that aquaculture is one of the components of the integrated agriculture which
enhances subsistence farmers through the club approach, we now focus our discussion on more
general aspects of the approach.

There are three stages for the farmer club approach; namely, the stage of initiation, the stage of

8 Datawas obtained from Mr. Mwendo, the Project Manager for Chingale ADP. Further information is
found in the Working Paper 4.
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growth, and the stage of extension (refer to the figure below). Once one reaches to the extension
stage, the knowledge (including know-how on aquaculture) is passed onto the other group of farmers
which again starts the same process.

Further extension

i | Further growth |

| Further initiation

[,

extension x-::t:,

Source: the author applied an idea from (1987:44)
Figure 3.2 Deveoping stages of the farmer club approach

Initiation and growth of the club

The conditions for the initiation and growth of the club are: (1) farmers motivation, (2)
understanding of the village headman, (3) sustainable support from NGOs, (4) application of
farmer-centred approach, (5) time and (6) farming techniques to be applied. From those six
conditions, latter four, (3), (4), (5), and (6), are discussed in detail.

(3) Sustainable support from NGOs

Mawila and Limbikani Farmer Clubs were initiated as recipients of loans from WVM in 2001.
Since then, WVM has provided not only loans but aso a series of trainings which build farmers
capacities. Subsequently, both clubs are now starting their own activities as well as receiving
further support from WVM. For subsistence farmers to be mobilised and start activities, such
supports from an NGO often holdsakey. At the same time, NGOs are not ailmighty.  Through the
implementation of the Pilot Project, some institutional weakness of WVM was observed. Mutua
monitoring system between farmers and NGOs, or/and peer monitoring system among NGOs can
help to optimise their activities.

At the same time, the support will not continue forever. WVM will phase out from Chingale area
in2011. By then, farmers need to be ready to be handed over the baton and be independent.

(4) Application of farmer-centred approach

Mawila and Fikira Farmer Clubs started as a mere recipient of loans from WVM at the beginning.
However after few years, there is quite a difference in both attitude as well as activities they carry
out. Thedifferenceisaclear reflection of how outsiders approach clubs.  Fikira Farmer Club was
bigger and able to receive continuous donor support which as a result, remained as a support
recipient organisation. On the other hand, Mawila Farmer Club, WVM being a major supporter,
was exposed to WV M'’s farmer-centred approach, which built the club more active by their own.

For the future sustainability of the club, building ownership within the club itself isamust. It is
often influenced great extent how outsiders approach the clubs, especidly at the initial stage.
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(5) Time

Enhanced by WVM and other organisations, farmers are actively engaged in various sorts of new
activities. Yet, they are till at the trial stage, and time is required to absorb any new technologies/
activities. E.g. in Mawila, more seepage was found after deepening the ponds.  They require some
time for ponds to accumulate silts at the bottom and settle down.

Learning process requirestime.  Therefore, when the approach is to be implemented in future, such
timeframe needs to be well thought.

(6) Farming techniques to be applied

Because of our intervention, despite our numerous discussions with farmer clubs on the importance
of integrated agriculture, their activities past one year were prone to fish farming. It isimportant to
reemphasise that aquaculture is only a component of integrated agriculture, and needs to be
integrated with other farming methods.

Draught that attacked Chingale area in the year 2001/ 2002, gave a serious damage to maize.
During that period, relish including fish, chicken and goats were sold at low price since everyone
was rushing to obtain their staple food, maize. Fish, itself cannot make farmers live though such
condition. Aquaculture packaged with the Saving and Credit scheme as well as integrated
agriculture will benefit farmers further.

Extension of the club
Once the club is well established, the successful club can be duplicated to the other areas. In order

to do so, the actor needs to consider the 6 conditions for initiating and fostering clubs described
above. The extension of the club can be further enhanced through collaboration with stakeholders.

Within this framework, aquaculture activities can a so be extended through the extension of the club.

For example, in Zomba district, there are several organisations well acquainted with aguaculture;
namely Zomba District Fisheries Office, National Aquaculture Centre (NAC) and WorldFish Center.
As Zomba digtrict fisheries office is currently establishing an association to coordinate al activities
related in aquaculture in Zomba and WVM can play a significant role in aguaculture extension
through the Farmer Club Approach.
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4.

In the Pilot Project, two approaches, ‘ Innovative Farmers Approach’ and ‘Farmer’s Club Approach’
have been implemented and verified for their applicability for aquaculture development. Both
approaches aim at capacity building of fish farmers to play a role in aquaculture rather than being
mere receiver of services from DoF.  In this Chapter, we look at both approaches within the cotext
of the NASP and see how they can contribute to aquaculture research and extension. The table
below summarises roles of each approach.

Application of two Approaches to NASP

Table4.1 Summary of two farmers approaches in aguaculture research and extension

Potentials

I ssues Partners
Innovative farmers (IF) Farmers’ clubs (FC)

Inappropriate research With high motivation, IFs - Innovative farmers

being implemented at |have willingness to try new -NAC, DoF
NAC. thing. Through ‘farmer - External Research
participatory research,’ IFs Institutions

induce more demand driven
research to be carried out.

Lack of study on FCswith support from |- Farmers' clubs

integration between NGOs, are aiming at NGO

aquaculture and other integrated agricultureto  |. NAC, DoF

agricultura enhance their livelihoods. |. g\,nda Coll ege of

components Learning from FCs can Agriculture
contribute tremendously | £y +ornal Research
to the research on Institutions

agriculture integration.

Limited number of

extension staff

Through ‘farmer to farmer
extension,’ |Fs can be farmer
trainers working together
with aguaculture extension
staff. One of theideasis that
IFsto play an important role
in ‘multi-sectoral farmers
field schools' providing
opportunity for other clubs to
learn integrated livelihoods
approach.

Through ‘farmer to
farmer extension,’ FCs
can act as ' multi-sectoral
farmers’ field schools
providing opportunity for
other clubsto learn
integrated livelihoods
approach.

- Innovative farmers
- Farmers' clubs
NGO

-NAC, DoF

- Bunda College of
Agriculture

- Externa Research
Institutions
-DA

Lack of cross-regional
network

IFs have established a
network, IFFNT, to link fish
farmers throughout the
nation. IFFNT can enhance
further communication and
therefore transfer of
knowledge/ information
among aquaculture
practitioners.

- Innovative farmers
- DoF

Source: Author using information obtained from mentoring (2005)

Either to work on the research or extension, the partnership is always important.
initiative, the involvement of farmers from the planning stage will build ownership for playing arole

dedicated to them.
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Aswe have already discussed on the main report, together with farmers, other stakeholders also need
to beinvolved in the process of the aguaculture development. They are agricultural extension staff,
NGO, research institutions and private sector. DoF needs to identify the role of each actor, and
coordinate in the most efficient and effective way that all actors can benefit from such a partnership.

4.1 Research

4.1.1 Current situation and challenges

(2) Inappropriate research being implemented at NAC

In the past years, research implemented at NAC has not been practical in the real situation especially
considering socio-economic situation of aguaculture practitioners. It often did not reflect real
needs of farmers.

(2) Lack of study on integration between aquaculture and other agricultural components

In order to understand the impact of aquaculture on peopl€'s livelihoods, interdisciplinary studies on
livelihood approaches is necessary. However, there has not much research been implemented in
Malawi.

4.1.2 How can farmers’ approach contribute to research?

During the Pilot Project, the innovative farmers have been identified as farmers who can quickly
adopt new ideas and are more productive. They know what kind of technologies they wish to try
and be further improved. Innovative farmers can, therefore, play an important role in the area of
adoptive or exploratory research which requires on-farm experiments. Together with NAC and
other external research ingtitutions, the farmers can contribute substantially. Strategy 2 under the
NSAP and the complementary project, ‘Chambo research Programme’ further explains about such
‘farmer participatory research’. The ideais also described in Figure 4.1 as one of the components
of farmers’ approach in the NASP.

For the enhancement of aquaculture as a component of integrated agriculture, the experiences NGO
and farmers' clubs can be utilised. It isfurther explained in the Srategy 1.
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4.2 Extension

4.2.1 Current situation and challenges

The extension is defined as "the process of introducing farmers to knowledge, information, and
technologies that can improve their production, income and welfare (Quizon et al. 2001)."

The aguaculture extension, therefore, plays a major role in agquaculture development by introducing
farmers to aquaculture knowledge, information, and technologies that can improve their fish
production, income and welfare. However, current aguaculture extension in Malawi is mainly dealt
by public services and therefore confronts against many challenges. Those challenges are:

¢ limited human resources with wide coverage area,

e |imited financia resources,

e accountability,

e lack of extended knowledge on aquaculture among extension staff,

e low motivation of extension staff, and

e lack of commitment of the Central Government.

(1) Limited human resources with wide coverage area

For aguaculture extension, it is needless to say that the extensionist plays an important role.
However the number of DoF extension staff is limited. Currently, there are 41 so-called
aguaculture extension staff in whole Malawi. All are scattered from North to South, distributing
limited resources thinly which resultsin weak extension impact in any areasin Malawi.

(2) Limited financial resources

The financial constraint is a common challenge in the most of the public sectors in Malawi. The
field of the aquaculture extension is not an exception. However, because it is difficult to trace its
impact, and therefore difficult to appea its importance, the extension tends to be a less powerful
claimant for budget.

(3) Accountability

The real needs of farmers are often neglected when the extension service is provided. It is dueto
the lack of needs assessment of beneficiaries.

(4) Lack of extended knowledge on aguaculture among extension staff

The quality of DoF extension staff is questioned. They are not given enough opportunities to be
trained and the materials they have are often not updated. There is also a big gap between research
and extension.

(5) Low motivation of extension staff

The low motivation of DoF extension staff is often raised as an issue. With low salary and hard
work, extension staff tend to leave extension work till the last.

(6) Lack of commitment of the Central Government

There has been less commitment of the Head Quarters of DoF in extension service despite the fact
there are personnel in charge of the extension in the Head Quarters. Lack of communication with
poor communication infrastructure is one of the reasons.

4.2.2 How can farmers’ approach contribute to extension?

Innovative farmers approach and farmers' club approach can contribute to the current government
extension system through covering some parts in their extension services through farmer to farmer
extension'. Of course farmers approaches themselves are not the only solution for existing
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challenges and most of them explained above needs to be tackled from various directions (Part 1,
Chapter 1V, Final Report -National Aquaculture Strategic Plan (NASP)-).  One of the areas where
the farmers' approaches can come into is, as it has been mentioned earlier, the farmer to farmer
extension' through multi-sectoral farmer's field schools (Figure 4.1). Within the NASP, this idea
comesinto Strategy 1.

Multi-sectoral farmer's field schools

The multi-sectoral farmer’s field school® is one of the most participatory methods of extension
system. Farmers are trained to be the farmer trainers to train other farmers utilising their farms as
demonstration farms. It is seasona and it can be non-formally implemented. It is aso important
to note that this method puts more emphasis on farmers' capacity building on decision making skills
than the adaptation of the high technical skill. Therefore, combining other extension methods with
the farmers field school can further enhance overall impact on the extension system covering a
range of target groups with different technical and socio-economic levels.  Further suggestions of
how the farmer field school to be implemented is described in Attachment 18.

In this way, the effect of the extension where the government extension staff is scarce can be covered
by innovative farmers and farmers clubs. The issue of the limited financial resources is till
present for the implementation of the farmers filed school and it needs to be thought through.

Training for trainers

The farmer trainers do lack enough knowledge on aquaculture which can be overcome by providing
an appropriate training and setting forward a proper institutional system.

However, in order to enhance farmers’ livelihood with acquired aquaculture technology, extension
needs to facilitate not only technical aspects, but also an aspect of management.  For future farmer
trainers, the training for extension methodologies is also important. At the same time, the
extension has to aim at empowering target farmers for them to have an ownership in their activities.
Farmers need to think, judge, act, and be responsible for the information they receive. Otherwise
the extension ends up with mere transfer of information without any impact on aquaculture
development. The training on participatory approach (e.g. PRA) and the Community Driven
Development (CDD) is therefore necessary.

Possible training course is shown in the table below.

Table 4.2 Possible Training Courses

contents Trainer

Basic and Extended aquaculture technology Bunda college/ NAC/ WorldFish Centre

Integrated agriculture technology Ministry of Agriculture, Irrigation and Food
Security (MAIFS)/ Bunda college

Basic business management/ farm management Bunda college/ MAIFS

Extension methodologies (how to farmer school etc.) | Department of Extension, MAIFS

Participatory approach (e.g. PRA)/ Community NGOs

Driven Development (CDD)

Source: Author using information obtained from mentoring (2005)

Cross-regional network

In the past, there was no network linking fish farmersin Malawi. During the Pilot Project, farmers
have established the Innovative Fish Farmers Network (IFFNT) as a first fish farmers’ organisation

® There are various ways of extension asit isintroduced in the main report.
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officialy registered to the government. As it has been discussed in Chapter 2, though there are
challenges, IFFNT does have a potentia to link farmers and other stakeholders across the regions
and contribute to aguaculture extension. Strategy 9 in the NASP proposes to support such IFFNT.
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Attachment 2

Names and locations of Innovative Farmers and Fisheries Extension Staff in

Charge
TA (Traditional
_ Authorities Extension Officer I
Name District C (Sub-chit)af Responsible Affiliation and base
Authorities)
South
1 |Mr. Nikoloma Thyolo TA Changata Mr. Munthali DoF, Chisitu
2 |Mr. Baula Mulanje TA Nthiramanja Mr. Somanje DoF, Chisitu
3 |Mr. Twaibu Zomba TA Mlumbe Mr. Mtegha DoF, Zomba
4 [Mr. Bindi Zomba TA Mdemia Mr. Bato DoF, Zomba
5 |Mr. Mulemba Zomba TA Mlumbe Mr. Mtegha DoF, Zomba
6 |Mrs. Mkaliainga Zomba TA Mwambo Mr. Bato DoF, Zomba
7 |Mr. Moyenda Mwanza TA Nthache Mr. Malizeni DoF, Kunenekude
8 |Mr. Mkhutumula Mwanza TA Dambe Mr. Malizeni DoF, Kunenekude
9 [Mr. IM Kaemango Mangochi TA Chimwala Mr. Saukani DoF, Mangochi
Central
10 [Mr. Zembere Mchinji SC Mavwere Mr. Chisdle/Sidira | CARD, Mchinji/ DoF LLW
11 |Mr. M. Kampata Mchinji SC Mavwere Mr. Chisdle/Sidira | CARD, Mchinji/ DoF LLW
12 | Mr. Ron Chokani Mchinji TA Mlonyeni Mr. Chisale/Sidira | CARD, Mchinji/ DoF LLW
13 | Dr. G. Chinkhuntha Dowa TA Mkukula Mr. Chimangeni DoF, LLW
14 |Mr. Zungaana Dowa Mr. Chimangeni DoF, LLW
15 |Mr. L. Sikepe Nchisi TA Kalumo Mr. Katunga DoF, LLW
16 |Mr. M. Katengeza Lilongwe TA Chimutu Mr. Chimangeni DoF, LLW
17 |Mr. U.S. Kalembo Lilongwe TA Malili Mr. Chimangeni DoF, LLW
18 |Mr. B.F.P.K. Msyai | Nkhotakota |TA MalengaChanzi Mr. Chizute DoF, Nkhotakota
North
19 |Mr. S. Msiska Rumphi SC Mwahenga Mr. Lungu DoF, Nchenachena
20 |Mr. J. Kamanga Rumphi TA Chikulamayembe | Mr. Lungu DoF, Nchenachena
21 |Mr. W. Mahango Rumphi TA Mwankhunikira Mr. Mkandawa DoF, Mphompa
22 |Mr. J.J. Ngambi Chitipa TA Mwenewenya Mr. Ziyete DoF, Chisenga
23 |Mr. Austin Zimba NkhataBay | TA Mankhambira Mr. Munthali DoF, Limphasa
24 |Mrs. Chavula Mzimba SC Kampingo Sibande Ms. Msukwa DoF, Mzuzu
25 |Mr. Mavumbanya Rumphi TA Kachulu Mr. Lungu DoF, Nchenachena
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Attachment 3

Names and locations of Innovative Farmers
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Attachment 4

Selection Criteria of innovative farmers

Current, active fish production aimed at the sale of fish

A leve of food security that would allow pond inputs to be available

Active pond management

A desire to improve and intensify fish farming operations

A level of farm integration that alows a variety of farm by-products to be available for pond
inputs

The innovative use of water resources

A general philosophy of independence rather that one of project dependence
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Attachment 5

List of Committee members

Title Name
Chairperson Dr. G. Chinkhuntha
Vice chairperson Mrs. Mkalialinga
Secretary Mr. M. Katengeza
Vice secretary Mrs. Chavula
Treasurer Mr. R. Chokani
Vice Treasurer Mr. J. N’ gambi
Publicity secretary Mr. Mshali
Committee members Mr. F. Nikoloma
Mr. C. Zembere
Mr. U. Kalembo
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Master Plan Study on Aquaculture Development in Malawi

ADIM Working Paper 5

Attachment 7

Small projects implemented by 15 farmers (1st round)

Total Farm Area: 3 ha

Major on-farm resources: Cow (6), Poultry (75)

Experience in Fish farming: 19 years

No. of Ponds: 9 ponds

Total size of ponds (Average size of ponds): 1,359m? (150m?2)
Small project

Fingerling production technology of indigenous tilapia
1. Mr. F. Nikoloma (O. karongae)
(43) Fingerling marketing strategy
Committee member
Tyolo, South region

To raise O.karongae broodstock to supply fingerlings to other farmers, :
: to promote integrated fish farming, to demonstrate to other farmers
i good farming practices.

Total Farm Area: 2 ha

Major on-farm resources: Poultry (10)

Experience in Fish farming: 20 years

No. of Ponds: 5 ponds

Total size of ponds (Average size of ponds): 2293m? (458m?2)

\\l Small project
- i . Vegetable/maize-fish integrated farming technology
4. Mr. Binali i
(58)
Zomba,
South region

To investigate superior feeding regime between vegetables and
: madeya in fish production

Total Farm Area: 7 ha

Major on-farm resources: Cow (4), Goat (5), Poultry (20)
Experience in Fish farming: 26 years

No. of Ponds: 2 ponds

Total size of ponds (Average size of ponds): 820m?2 (410m2)
Small project

Chicken/Duck/Goat-fish integrated farming technology

6. Mrs. Mkaliainga 7o integrate fish farming with different types of livestock (goats,
(64) : chicken) as source of manure, increase income and feed availability
Zomba, for fish

South region

Total Farm Area: 8 ha

Major on-farm resources: Goat (9), Poultry (10)

Experience in Fish farming: 22 years

No. of Ponds: 2 ponds

Total size of ponds (Average size of ponds): 853m2 (427m?2)1
i Small project

i { The use of alternative on farm resources as fish feeds

7. Mr. Moyenda To examine the use and value of alternative on farm resources such
(69) . as cowpeas, beans and groundnuts as fish food to enhance fish
Mwanza, - growth and production.

South region
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8. Mr. Mkutumula
(69)
Mwanza,
South region

Total Farm Area: 6 ha

Major on-farm resources: Poultry (35)

Experience in Fish farming: 19 years

No. of Ponds: 12 ponds

Total size of ponds (Average size of ponds): 1845m?2 (154m?2)
Small project

Tilapia rendalii -vegetable integrated farming technology

The best vegetable feed to rendalli production will be known

9. Mr. Kalemango
Matola (55)
Mangochi,

South reaion

Total Farm Area: 6 ha

Major on-farm resources: Poultry (10)

Experience in Fish farming: 5 years

No. of Ponds: 6 ponds

Total size of ponds (Average size of ponds): 1126m?2 (188m?2)
Small project

Chicken/Duck-fish integrated farming technology

Productive use of bio-resources in integrated farming as a means o
cost reduction experimented

12. Mr. R. Chokani
(47)
Treasurer
Mchinji, Central region

Total Farm Area: 13 ha

Major on-farm resources: Goat (2), Poultry (200)

Experience in Fish farming: 6 years

No. of Ponds: 17 ponds

Total size of ponds (Average size of ponds): 11,354m?2 (667m?2)
Small project

Pig-fish integrated farming technology
Fingerling production technology of indigenous tilapia

To develop a basis for sustainable fish farming by using demonstrated
technologies which are cost-effective-improved fingerling supply,
develop feeding technologies, promotion of linkages, enrich
information base for farmer to farmer extension
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13. Dr. G. Chinkhntha
(60)
Chairperson
Dowa, Central region

Total Farm Area: 20 ha

Major on-farm resources: Poultry (206)

Experience in Fish farming: 9 years

No. of Ponds: 7 ponds

Total size of ponds (Average size of ponds): 2,109m? (301m2)
Small project

Pen/cage -cum-pond culture technology
Pig-fish integrated farming technology

To intensify fish production through intensive feeding in cages with
concentrated feeds supplemented with high energy animal manure
from poultry and piggery, facilitate programmed production for the
market, saving on feeds in as much as only those caged fish will be
subjected to intensive feeding, facilitate isolation, monitoring,
interpond transfer and harvesting, enhance on farm research and
extension service, maximising returns through minimising waste on
account of integration and protection of fish from predators, ease of
management and capability for graduating to commercial
production

15. Mr. L. Sikepe
(49)
Ntchisi,
Central region

Total Farm Area: 3.5 ha

Major on-farm resources: Cow (10), Goat (12), Poultry (12)
Experience in Fish farming: 18 years

No. of Ponds: 4 ponds

Total size of ponds (Average size of ponds): 991m?2 (248m?2)1

Small project
Chicken-fish integrated farming technology

More fingerlings will be produced and fingerling production
techniques will be promoted among small scale fish farmers

16. Mr. Katengeza
(33)
Lilongwe,
Central region

Total Farm Area: 13.76 ha

Major on-farm resources: Poultry (400)

Experience in Fish farming: 9 years

No. of Ponds: 3 ponds

Total size of ponds (Average size of ponds): 954m?2 (318m2)

Small project

Integration of pig farming with T. rendalli (TR) monoculture and
polyculture of Clarias gariepinus (CG)/0O. shiranus (OS), and TR/OS

1. To maximize economic returns from pig farming

2. Optimise fish production using on-farm resources by integration
3. Compare economic returns of fish under monoculture and
nolvculture conditions

18. Mr. B. Msyali
(46)
Nkhotakota,
Central region

Total Farm Area: 13.76 ha

Major on-farm resources: Poultry (400)

Experience in Fish farming: 9 years

No. of Ponds: 3 ponds

Total size of ponds (Average size of ponds): 954m?2 (318m2)

Small project
Cow-fish integrated farming technology
To know or search which is better than the other for the best result in

rendalli production between cattle & chicken manure, organic &
inorganic fertiliser, in integrated aquaculture-agriculture
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19. Mr. Msiska
(61)
Rumphi,
North region

Total Farm Area: 15 ha

Major on-farm resources: Goat (7), Poultry (22)

Experience in Fish farming: 15 years

No. of Ponds: 6 ponds

Total size of ponds (Average size of ponds): 2,790m?2 (465m?2)1

Small project

Effect of different feeds and pond depth on fish production

The project aims to improving growth and production of T.rendalli
‘and C.gariepinus.

20. Mr. Kamanga
47
Rumphi,
North reaion

Total Farm Area: 5 ha

Major on-farm resources: Poultry (20)

Experience in Fish farming: 18 years

No. of Ponds: 3 ponds

Total size of ponds (Average size of ponds): 820m?2 (274m?)1

Small project

Effect of pond depth on fish growth and producton

‘ The project will focus on increasing production by comparing three
‘scenarios — deep pond T.rendalli monoculture, cf. deep pond :
: polyculture of O.shiranus and T.rendalli, cf., shallow pond polyculture
ofOshranusandTrendalli. ...

22. Mr. J. Ng'ambi
(51)
Committee member
Chitipa, North region

Total Farm Area: 4 ha

Major on-farm resources: Poultry (40)

Experience in Fish farming: 10 years

No. of Ponds: 8 ponds

Total size of ponds (Average size of ponds): 1,275m?2 (159m32)

Small project

Water fertilization technology by organic & inorganic manure
Feeding technology for T.rendalii

To experiment with organic manure, inorganic fertiliser, green
 compost, vegetable feed to rendalli, madeya (maize bran) feed to
: shiranus and local river fish

24. Mrs. Chavula
(31)
Mzimba,
North region

Total Farm Area: 10 ha

Major on-farm resources: Goat (4), Poultry (500)

Experience in Fish farming: 4 years

No. of Ponds: 2 ponds

Total size of ponds (Average size of ponds): 700m?2 (442m?2)1

Small project

Pig-fish integrated farming technology

To find high yielding feeding method of rendalli between vegetables
¢ & manure application vs manure application only to ponds {
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Small projects implemented by 8 farmers (2nd round)

Total Farm Area: 2 ha

Major on-farm resources: Cow (1), Goat (6), Poultry (13)
Experience in Fish farming: 24 years

No. of Ponds: 3 ponds

Total size of ponds (Average size of ponds): 708m2 (236m2)

Small project

T.rendalli production using potato leaves
2. Mr. Baula

(43) The project aims to increase production of T. rendalli production
Mulanje, South region through best feed practices using potato leaves.

Total Farm Area: 4 ha

Major on-farm resources: Goat (5)

Experience in Fish farming: 33 years

No. of Ponds: 10 ponds

Total size of ponds (Average size of ponds): 2,467m?2 (247m?)1
Small project

Effect of pond depth on fish production

3. Mr. Twaibu
(81)
Zomba, South region

The project aims to test the difference in growth and production of
: O. shiranus (or O .karongae) and T. rendalli/ O. shiranus (or O.
- karongae) in deep and shallow ponds, with C. gariepinus.

Total Farm Area: 16 ha

Major on-farm resources: Poultry (5)

Experience in Fish farming: 59 years

No. of Ponds: 6 ponds

Total size of ponds (Average size of ponds): 4,789m? (798m2)
Small project

Improved T. rendalli and O. karongae fingerling production

5. Mr. gg;emba The aim of this project is to enhance T. rendalli and O. karonage

i fingerling production capacity, since his pond layout provides
- suitable infrastructure for broodstock rearing and fingerling
¢ production for both species.

Zomba, South region

Total Farm Area: 10 ha

Major on-farm resources: Cow (1), Gloat (11), Poultry (16)
Experience in Fish farming: 4 years

No. of Ponds: 5 ponds

Total size of ponds (Average size of ponds): 1,721m?2 (344m?2)

Small project

Controlled breeding of T. rendalli and testing natural and artificial

10. Mr. Zembere

(39) feeds
Committee member : 1. To set up and develop T. rendalli fingerling production system in
Mchinii. Central region | happas to improve fingerling production.

: 2. To compare fish production (T. rendalli and O. shiranus) using
. artificial and natural feeds.
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Total Farm Area: 3.5 ha

Major on-farm resources: Cow (3), Poultry (30)

Experience in Fish farming: 20 years

No. of Ponds: 4 ponds

Total size of ponds (Average size of ponds): 1,359m? (340m32)1
Small project

- Growth and production of O. shiranus under best feeding

11. Mr. Kampata 14 gssess the effect of optimal feeding (madeya, soya, pigeon pea

o (64) ) flour) and manuring on growth of O. shiranus under local conditions.
Mchinji, Central region :

Total Farm Area: 7.5 ha

Major on-farm resources: Cow (6), Goat (5), Poultry (20)
Experience in Fish farming: 6 years

No. of Ponds: 1 ponds

Total size of ponds (Average size of ponds): 966m?2 (966m?2)1
Small project

. Use of heavily fertilized pond water for vegetable farming
14. Mr. Zungalana ' yse of heavily fertilized pond water for vegetable farming since the

(42) ~ farmer has one large pond under polyculture (O. shiranus, T. rendalli
Dowa, Central region - and C. gariepinus), which he is able to fertilise intensively using cattle
‘manure. :

Total Farm Area: 20 ha

Major on-farm resources: Goat (3), Poultry (68)
Experience in Fish farming: 2 years

No. of Ponds: 3 ponds

Total size of ponds (Average size of ponds): 620m?2 (206m2)
Small project

. Comparison of production - T. rendalli monoculture vs. O. shiranus
21. Mr. W. Mahango - andT. rendalli polyculture
(54) The project will focus on increasing production by comparing two

Rumphi, North region  scenarios - T. rendalli monoculture, cf. polyculture of O. shiranus and
- T. rendalli under optimal local feeding and manuring conditions.

Total Farm Area: 18 ha

Major on-farm resources: non

Experience in Fish farming: 2 years

No. of Ponds: 3 ponds

Total size of ponds (Average size of ponds): 1,306m?2 (435m?)1
Small project

Growth and production of wild versus station fingerlings

23. Mr. Zimba : Compare growth and production of wild fingerlings to station

(62) ' fingerlings. The aim of the project is to compare growth of wild
Nkhata Bay, - fingerlings to station fingerlings. Farmer initiated this idea himself in
North region © 2002 and has shown good results. He now wishes to improve growth

of the fish and this must be encouraged.
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Attachment 8

Budget for Pilot Project Component 1

Activities Cost (US$)

(1) | Identification of innovative farmers 500
(2) | Creation of farmers network 2,600
(3) | Training and visit 25,920
National training course 1,540

Study tour 18,600

Farmer to farmer visit 5,780

(4) | Farmerssmall project 10,000
(5) | Evaluation 9,980
Monitoring and evaluation guideline 550

Baseline survey 8,330
Mid-term and final evaluation 1,100

TOTAL 49,000
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Attachment 9

Sources of information for fish farming by category
(% of respondents per category per source of information)

Status o | 019 | 2089 60+ New '?;‘”';'g" Average
Family member 6.3 5.7 8.5 20 45 59 8.5
Neighbours 304 24.1 319 40 9.1 5.9 23.6
Observation 34.2 424 44.7 25 318 26.5 34.1
Farmers club 215 139 21.3 25 136 0 15.9
Extension 57 52.2 72.3 70 63.6 29.4 57.4
Project 16.5 28.2 14.9 25 27.3 0 18.7
Reading material 0 2 6.4 0 4.5 0 22
Radio 25.3 22 31.9 40 9.1 2.9 219
School 38 24 0 5 9.1 29 39
Training 13.9 14.3 34 30 13.6 29 181

Source: ADIM Working Paper 3
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Attachment 10

List of clubs in Chingale ADP

Names of the clubs Status on fish farming

1 | Mawila Ponds already established

2 | Limbikani Ponds already established

3 | Teuka Ponds newly established

4 | Mkamwalekani Ponds newly established

5 | Namilola Ponds newly established

6 | Fikira Ponds newly established

7 | Nakatope 1 Wishing to establish ponds

8 | Nakatope 2 Wishing to establish ponds

9 | Chombe 1 Wishing to establish ponds
10 | Mlemba Wishing to establish ponds

Location of Chingale ADP (L.Scott, 2004)
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Attachment 11

Process of Pilot Project Component 2
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Attachment 13

On-farm research for three farmers’ clubs in Chingale ADP

Mawila farmers’ club

1.
2.

Project title: Tilapia rendalli production and O. karongae broodstock population.
Sub-projects:

() Establish T.rendalli broodstock population

(i) Establish best feeding practices for increased T.rendalli production in ponds
(i) Establish O.karongae broodstock population

Project period: August 2004 to end May 2005
Objectives: To establish Mawila Club as a centre for T.rendalli production.

Justification:
a. T.rendalli was identified as the most preferred candidate species by club

members.

b. Pond fertilization techniques were identified as the 2"d most important need
of the club

c. The club has the necessary pond infrastructure and resources to undertake
this project.

Expected outputs:

a. Controlled production of T.rendalli fingerlings.

b. Increased T.rendalli yield from ponds.

c. Most economic on-farm practices for enhanced fish production.

Limbikani farmers’ club

1.

Project title: O. karongae broodstock rearing, and improved production of T.
rendalli and C. gariepinus.

Sub-projects:

() Establish high quality O.karongae broodstock population

(i) Establish best feeding practices for increased T.rendalli production in ponds

(i) Increase growth and production of C gariepinus in ponds through
polyculture with O.shiranus

Project period: August 2004 to end May 2005 (broodstock rearing to continue
after this)

Obijectives: To establish Limbikani as a regional producer of O. karongae
fingerlings, and to improve production practices for T. rendalli and C. gariepinus.
Justification:

a. O.karongae was identified as the most preferred candidate species by club
members.

b. Club members also expressed a high interest in improving growth
performance of T. rendalli and C. gariepinus, and have some experience
with the latter two species.

c. There is currently inadequate supply of O.karongae fingerlings in the region.

d. The club has the necessary pond infrastucture and resources to undertake
this project.

Expected outputs:

a. Production of good quality O.karongae broodstock

b. Increased T.rendalli yield from ponds.

c. Rearing practices for C gariepinus established on the farm.
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Location of six Farmer Clubs
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Mkamwalekani farmers’ club

1. Projecttitle: T. rendalli broodstock rearing and production of T. rendalli under
monoculture and polyculture conditions with O.shiranus
2. Sub-projects:

() Establish best practice for T. rendalli production under monoculture
conditions and polyculture with O.shiranus

(i) Establish a high quality T.rendalli broodstock population

3. Project period: August 2004 to end May 2005 (broodstock rearing to continue
after this)

4. Objectives: To develop Mkamwalekani into a T. rendalli production unit

5. Justification:

a. T.rendalliwas identified as the most preferred candidate species by club
members.

b. The club will be able to provide a portion of the fingerlings of both species
required for the experiments.

c. The club has relatively few ponds but enough of similar size to allow
comparison between treatments.

d. The club members have land available to increase pond numbers and to
grow food for fish. They need the information that will come from these
experiments to decide how they will use these proposed ponds in the future.

6. Expected outputs:

a. Increased T.rendalli/ O.shiranus yield from ponds.

b. Production of good quality T. rendalli broodstock.

c. Potential to supply good quality T. rendalli fingerlings to other farmers
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Attachment 14

Budget for Pilot Project Component 2

Activities Cost (US$)
(1D | ldentification of farmers club 500
(2) | Training and visit 970
(3) | On-farm experiment 4,600
(4) | Copying best practiceto new farmers club 6,800
(5) | Evaluation 12,130
Monitoring and evaluation guideline 620
Baseline survey 10,100
Mid-term and final evaluation 1,410
TOTAL 25,000
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Mawila farmers’ club in February, 2005

(Changes observed after the Pilot Project implementation)
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Attachment 16

Limbikani farmers’ club in February, 2005

(Changes observed after the Pilot Project implementation)
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Attachment 17

Mkamwalekani farmers’ club in February, 2005

(Changes observed after the Pilot Project implementation)
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Farmers’ Field school

Steps for the Farmer Field School

1

2.
3.
4.

Sensitisation of the target farmer club, in this case, Mawila Farmer Club

Developing an action plan in participatory way

Construction of simple accommodation and a lecture room within the Club land

Training for farmer trainers (5 members of Mawila Farmer Club, Development Facilitator from
WVM, innovative farmersin the vicinity area, the government extensionists)
The table below shows possible training subjects for farmer trainers.
implemented at Bunda college for aweek intensively with some field visits.

Training can be

Possible training subjects for farmer trainers

Contents Trainer

Basic aquaculture technology Bunda college/ NAC/ WorldFish Centre

Integrated agriculture technology Ministry of Agriculture, Irrigation and Food

Security (MAIFS)/ Bunda college

Basic business management/ farm management | Bunda college/ MAIFS/ Private sector

Extension methodologies Department of Extension, MAIFS

Participatory approach (e.g. PRA)/ Community | NGOs

Driven Development (CDD)

Selection of the target farmers within the District

Implementation of the farmer field school

The farmer field school will target approximately 20 farmers for 3 full days during dry season
and 1 and half day during wet season. The reason of having a shorter period during the wet
season is not to burden farmer trainers' own activities too much.  For the same reason, three
groups are the maximum to be targeted for ayear for at least first several years, and utilise local
extension staff and NGO as invited trainer.

The proposed curriculum for the framer field school is shown in the table below.

The proposed curriculum for the farmer field school

Time schedule Contents Trainer
DAY 1 (dry season) | AM | The purpose of farmer field school Mawila Club
Discuss on expected output of the school Participants
PM | Visit sites and learn about dry season farming, Mawila Club
water management, and pond management
DAY2 (dry season) | AM | Technical know-how on dry season farming, water | Invited trainer
management, and pond management
PM | Record keeping and business management Invited trainer
DAY 3 (dry season) | AM | Develop their own farm design Participants
PM | Discuss with what they have designed Participants
DAY 4 (wet AM | Discuss on any adaptation of what they have learnt | Participants
Season) from previous session
Visit sites and learn about wet season farming, Mawila Club
water management, and pond management
PM | Technical know-how on wet season farming, water | Invited trainer
management, and pond management
DAY 5 (wet AM | Discuss on the output from the school Mawila Club
season) Way forward Participants
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Below figure is to show how Mawila Farmer Club can act as a campus for the farmer field
school.

Mawila Farmer Club with concept of the farmer field school
When the farmer field school isimplemented, following challenges need to be considered.
1. High cost per trained farmer
2.  Thefunding isrequired for asignificant farmer outreach
3. Areaspecificity

Financial sustainability therefore needs to be fully thought through.
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l. COMMERCIAL AQUACULTURE DEVELOPMENT

1. Background

1.1 Objective and Rationale

The objective of this study is to review the potential in terms of technical and non-technical aspects
and the risks associated in pursuit to develop profit and market oriented commercial aquaculture.
Aquaculture development is still in its infant stage and it is essentially urgent that the commercial
aguaculture be promoted and developed for the following rationale or reasoning:

e To supplement the fish supply in view of the declining fish production from capture fisheries;

e Toinspire and develop the present aquaculture practices whose efforts are mainly concentrated
on small-scale, to acommercial level or more profit-oriented;

e To trandate its past efforts in research and technology in small-scale aquaculture to a
commercial level;

e To diffuse the knowledge from commercial aguaculture farms to rural aguaculture farms
through on-site training, technology transfer; and

e toputinto effective use of its water resources;

1.2 Study Methodology

The study period was about three months (February 01 - April 27, 2004) in Malawi; during which
period a two-week trip was made to Zambia. The methodology included: collection and review of
datal/information, past reports, statistics; visits to aguaculture farms; interviews of fisheries officers
and relevant government officers at headquarters and regional offices; interviews of relevant people
in private sector (producers, feed manufacturers s, etc,).

In Zambia, the offices and farms visited are Chilanga Aquaculture Center in Lusaka, NARDC in
Kitwe, aguaculture farms (in Kitwe, Macadamia Farm Ltd., Johnken Friendship Farm; near Lusaka,
Kafue Fish Farm; in Chirundu, Chirundu Bream Farm; in Siavonga, Tune Enterprise, Trans-national
Enterprise and Lake Safari, all conducting cage culture of Nile Tilapia); and two fish feed producers
(Tiger Feed Ltd. and Amanita Feed Company).

2. Introduction

Aquaculture in Africais insignificant in comparison to the rest of the world; the African continent
has contributed slightly more than 400,000 tons, a mere 1.85 percent to the total world aquaculture
production in 2001.

Aquaculture has been oriented to domestic markets and is mostly practiced by small-scale farmers. It
has always been stressed that the African countries have tremendous potential for inland fisheries
and aguaculture development and it is expected to play an important role in future by providing food
and employment for people in Africa.

Aquaculture has been highlighted and emphasized on many occasions by policy-makers and
development agents as an important initiative for Africa’s economic development. For example; to
emphasis the importance of aquaculture in Africa’' s economic devel opment there has been a number
workshops, technical consultations and meetings among the countries such as indicated below.

e Fourth Session of the Committee for Inland Fisheries of Africa (CIFA) (two decades ago in
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Blantyre, Malawi)
e AfricaRegiona Aquaculture Review (1999, Accra, Ghana)
e Eleventh Session of CIFA (2000, Abuja, Nigeria)
e Twenty fourth Session of the Committee on Fisheries (COFI) (2001, Rome, Italy)

e Technical Consultation on Legal Frameworks and Economic Policy Instruments for
Sustainable Commercial Aquaculture in Africa South of the Sahara (2001, Tanzania)

e Workshop on the Promation of Sustainable Commercial Aquaculture in Zambia and Malawi
(October 2002, Lusaka, Zambia)

As recent as in October 2002 “a workshop on the promotion of sustainable commercia aquaculture
in Zambia and Malawi” has recognized and underscored the potential and a cataytic role
aquaculture can play in food security, hunger reduction and poverty alleviation. The workshop had
examined issues related to commercial aquaculture, identified the causes of the slow development
and proposed possible strategies to ensure its successful expansion. The Workshop noted

e Great potential for commercial aguaculture
e Need to tackle the issue of feed, seed and access to capital

e Needto remind farmers to conduct aguaculture as a private business activity (where role the
public sector needs to be clarified and kept at the very minimum).

e Need for collaboration between the public and private sector involved in commercial
aguaculture in identifying positive and negative experiencesin commercial aquaculture

e Policy to alow small-scale and commercia aquaculture to co-exist

The participants noted, among others, the following main constraints as always identified in African
countries.

e A serious shortage of good quality fingerlings and feed

e Most aguaculture development projects implemented have targeted small-scale and
emergent fish farmers and neglecting commercial fish farmers

e Extension and research agents are in most cases not conversant with complex production
systems often imported by commercia fish farmers thereby providing little or no help to
these farmers

e Commercia fish farmers lack an official forum for exchanging information and sharing
experiences and the lack of national database on aguaculture which makes planning in
aquaculture difficult.

e Lack of aguaculture investment policy
e Lack of specific credit facilities for aquaculture enterprises
e Very high interest rates (35-40 percent)

In context with Malawi, the mgjor constraints to development identified especialy for Malawi were
species choice; availability and high cost of fish feed; limited modern technology; inadequate
collaboration among donors supporting aquaculture; inadequate policy direction on specific issues
and lack of appreciation by policy-makers of the ability of aquaculture to contribute significantly to
the economy.

One of the major impediments to the development of sustainable commercial aquaculture that was
focused in the workshop and that need immediate mitigating strategies is the difficulty of
entrepreneurs gaining access to capital. Like in the rest of sub-Saharan countries, the problem in
Malawi stems from lack of adequate collateral; prohibitively high interest rates being charged for
loans; bankers perceptions that commercial aquaculture carries high risk of failure; lack of
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knowledge, on the part of farmers, of the modalities of approaching financial institutions for a loan;
and limited knowledge, on the part of lenders, of commercially successful aquaculture enterprises.

The workshop noted that enabling policies should be in place for the promotion of sustainable
commercial aguaculture, the workshop participants had stressed the requirement of sound enabling
government policies for commercial aquaculture to take off and/or develop; with the following
suggestions (that FAO could provide assistance in promoting commercia aguaculture in Zambia and
Malawi.

e Capacity building

e Training in aguaculture management

e Transfer of technology through demonstration projects

e Ingtitutional strengthening

e Defining aquaculture development zones

e Deveop clear investment policiesincluding investment incentives

e Tacklethe problem of high interest rates (preferential ratesin aguaculture)

In addition to above, legal framework conducive to promote aquaculture should be in place with
aguaculture law that provides a secure right to conduct aquaculture operations, to the property on
which the fish farm will be located, to water of the necessary quality and to the produce, and that the
law also should establish control over the business through a permit or license system that ensure the
environmental sustainability of aguaculture by examining the suitability of the proposed location of
fish farms and potential environmental effects of the operations, subject the aquaculture operation to
an EIA; supervision control over the use of exotic fish species, modern technology (including
genetically modified organisms), and to any water quality concerns.

The workshop recognized that in spite of much unrealized potential for economically viable and
sustainable commercia aguaculture in Zambia and Malawi, it is developing at a very slow pace and
there is a growing interest that needs support. The recommendations, among others, addressed to
Zambia and Malawi are: to speed up the preparation of clear national policies, strategies, plans and
legal, regulatory and institutional frameworks with full participation of all stakeholders (feed
manufacturing, hatcheries, processing and marketing, etc.); to support start-up aquaculture and
related industries (such as private hatcheries and feed mills in their pilot stage with clear and simple
regulations as well as fiscal incentives (tax exemptions, tax holidays, exemptions of import duty on
machinery, and other inputs; to facilitate the establishment of models of economic and financial
feasibility of commercial aguaculture ventures (these models would allow financia institutions to
evauate objectively investment proposals in aguaculture); to facilitate access to loans for
commercial operators; to promote and support research and preservation of indigenous species; to
strengthen the research-extension farmer linkages to ensure a proper and effective dissemination if
research findings; to designate Aquaculture Development Zones with fast track mechanisms in place
for investors.

The recommendations to FAO to assist are to urgently document and disseminate the sources of
financing and existing funding mechanisms; to assist in the establishment or strengthening of
commercial fish farmers associations, lobby force and linkages of existing regional networks of
commercial fish farmers; to create awareness among NGOs, donors, funding ingtitutions and
investors on the role aquaculture in supporting economic growth; to assist in the establishment of
national aquaculture technical information resource centres (will provide fee-for-service
extension/technical support and information); to regularly monitor, review and anayze the
operational status of commercial aguaculture in Africa and disseminate success stories of
aguaculture investment including policy development and implementation, and financial and
economic successes and failures; and to assist the government to work on the necessary attributes for
Zambiaand Malawi to be able to export aquaculture products to the EU.

6-3
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3. Development of Aquaculture in Malawi

3.1 Definition of Commercial Aquaculture

When is Aquaculture Commercia? It can be rather difficult when one categorizes fish farms and
fish farmers according to relative sizes, degree of capitalization and profit motivation. The
Committee for Inland Fisheries of Africa, CIFA (2000) defines commercia aguaculture as the
rearing of aguatic organisms with the goal of maximizing profit (profit-oriented), where profits are
revenues minus costs. Such operations may in fact not be profitable in the short run, but their
behaviour is determined by the profit-maximizing goal, if unprofitable they will minimize losses. A
commercial aguaculture producer can be small medium or large-scale, and is active participant in the
market; he purchases inputs (including capital and labour) and engage in off-farm sales of the fish
produced. Aquaculture, for him/her, is a principal economic activity.

Commercial aquaculture is done mainly by the private sector and without direct financial assistance
from donor or government sources.

The prime objective of commercial operation is to grow fish for maximum profit, in contrast non-
commercial aquaculture operation in which the producer may also purchase inputs, mainly seed and
feed but relies chiefly on family labour and on-farm sales of the produce. Aquaculture could be one
of the activities comprising the farming system undertaken to diversify production, improve
resources use and reduce risk in the event of crop or market failure.

Therefore, a fish farm is not classified as commercia merely because it sells fish (it should
maximize profit, be business-oriented and use hired labor). Commercial fish farming can emerge
aong a continuum from subsistence operations to genuinely commercia farms

Whereas, rura aguaculture as observed in Malawi, in which most of the output or harvest is
consumed by the producer and his or her family, can be defined as carried out by small-scae
farming or farmer household or communities; uses production technology appropriate for the area
and the species; does not result in additional pressure on local resources, and helps to alleviate
poverty. Commercial aquaculture is not an alternative to rural development, but rather a complement.

3.2 Present Situation of Commercial Aquaculture

Malawi, in reality has no commercial aguaculture activity, although it has been yearning for a
commercial aguaculture venture while the same was sprouting in the neighbouring countries.
Malawi can never claim or be proud to say it has a commercia aquaculture, while its policy clearly
desires to establish and develop large-scale fish farming. In spite of a number of symposiums and
workshops and technical consultations encouraging aquaculture development in the sub-Saharan
African countries, aguaculture has not developed to the status or condition observed in Asia.

Malawi started to develop aquaculture technol ogies through research and development. Mgjor efforts
were made in the late 1980s; the policy then emphasized on the development and transfer of
technologies appropriate for small-scale aguaculture. Most donors supported research and
development but targeted the small-scale fish farmers who are considered the poorest of the poor in
the society.

On the other hand, while the government was assisting and developing the small-scale fish farmers,
the private sector began fish farming initiatives in sugarcane and tea estates and plantation since
1978 (FD classified them as commercial aquaculture), and several studies have been undertaken on
the viability of commercial fish farming in Malawi (Balarin & Hecht 1991, Brooks 1992, Balarin
1997). The conclusion reached by Balarin & Hecht (1991) was that the price of fish at that time was
too low for commercia aquaculture to be a viable proposition in addition to the technical and non-
technical constraints facing aguaculture.

The most recent commercial trialsis by Madeco Fisheries on cage culture of Chambo, O. karongae.
This initiative should be strongly supported as its success and failure could provide lessons for
further expansion of commercial aguaculture. It also has important implications for the “Save the
Chambo” campaign of the Department of Fisheries.
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Some previous efforts to develop commercial aquaculture in Malawi are outlined below.
Aquaculture activities by the private sector were on estates specialized in commercial crop
cultivation (sugar cane plantation, tea estates). These estates began aguaculture because they had the
resources, (pre-existing physical infrastructure of roads, irrigation as well as to their ability to
borrow or use heavy, mechanized earth moving egquipment from the estate) namely land, water
supply, machinery, infrastructure. Their main objective was to provide fish to their workers, and to
recruit l[abour force. These estate farms were stocked with fingerlings of selected indigenous species
purchased from the national aguaculture stations.

D SUCOMA farm (Sugar Corporation of Malawi)

SUCOMA fish farm is located on a sugar estate near Nchalo in Chikwawa district in the Southern
Region. The farm covers about 17.2 ha consisting of 28 ponds ranging in size from 0.1to 1.0 ha. It
was supposedly the largest commercial farm; the species farmed are O. mossambicus, T. rendalli,
Clarius gariepinus, and including Cyprinus carpio with special permission from the Fisheries
Department and average productivity ranged 3.1 to 3.6 tonghalyear. The farm used to produce
substantial quantity of fish from agquaculture and operated at a profit because most of the inputs into
fish farm were re-circulated from factory wastes such as molasses. The SUCOMA fish farm, despite
its low production was one of the most successful producing around 49 tons from 17 hectares.
However, fish produced was not available to the general public as it was used to feed plantation
workers on the sugar estate. The estate saved on production costs and improved profit by feeding the
workers on the farm.

Currently, the farm operating at minimal activity only stocking fingerlings of common carp
purchased from Kasinthula; this may stop as Kasinthula station has been leased to a private fish
farmer. Also an interview with the farm manager indicated the estimated revenue (market value of
fish produced) did not even break with the production cost due to lack of proper pond management
practices, low stocking, high cost of labour; and in addition the new ILLOVO management is not
serious about continuing the aquaculture activity.

)] Dwangwa Sugar Estate Fish Farm

This estate fish farm was located in the Nkhotakota District in the Central region and covered about
3.2 ha. The produced around 94 tons in 1990 in both normal and sewage ponds, and the fish were
produced the feeding of crocodiles whose skins were exported abroad. Fish produced was not
available for the consumption to the general public. However, high value export product (crocodile
skins) was produced from the fish. The Dwangwa Sugar Company has stopped aquaculture
operation and a private individual other than the sugar estate was operating running the farm. At the
time my visit the farm has closed down.

3 Liwonde fish farm (Nu-Line Foods Fish Farm)

The farm located at Liwonde near the bridge, next to the Hippo View Lodge in the Southern Region.
The total area developed was more than 10 hectares, with a concrete catfish hatchery. They had
plans to develop further the farm to produce fish for sale in schools and other institutions of higher
learning. The farm has closed down and the ponds are lying idle and derelict, and there was no sign
of any hatchery facility.

(@] Benthosfish farm

This farm was established near Club Makokola in Mangochi. The farm had integrated ducks and
horticulture farming and used to sell fish to the general public on daily basis at the farm gate, but has
now closed down.

The Fisheries Department has categorized these estate farms as commercia farms; however, in red
sense their operations did not resemble a business-oriented activity to make profit as well as to
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improve technical ability to produce efficiently. The fundamenta reason is the priority of these
farms was not fish farming; there was no interest to introduce technically skilled management.
Therefore, these estate ponds did not progress to achieve to be a commercial-oriented enterprise, and
most of them have been stopped aguaculture operation and closed down, and had no intention from
the beginning to improve technical ability to produce efficiently.

The contribution by these “commercial” farms to the total aquaculture production figures remains
small. Of the estimated 490 tons produced in 2000 only 120 tons was produced by the commercial
sector (NAC 2001) at Kasinthulaand SUCOMA.

The reasons for failure are many and include the lack of commercial fish farming expertise,
inadequate fingerling production (quality and quantity), problems relating to the importation of
inputs and equipment, infrastructural problems, lack of adequately equipped feed mills or expertise
in feed mills to produce quality fish pellets, and fish farming not being the core business of the
entrepreneur. Most importantly perhaps is the failure of Government fish farming stations to produce
reasonable quantities of fish, which has sent the signal to business that fish farming is commercially
non viable. The end effect isinvestor hesitancy.

A golden opportunity was lost; these estate ponds and aguaculture practices in the estates could have
been developed and guided to a commercia entity if the government had encouraged and provided
appropriate technical assistance.

3.3 Government’s Effort to Develop Commercial Fish Farm

The government, in its effort to demonstrate commercia viability of fish farming, established a
model commercial fish farm in 1969 as a component of the Shire valley Agricultural Development
Project that was funded by the FAO/UNDP. The fish farm was allocated 30ha; out of the 30 ha, the
Fisheries Department constructed ponds on 24 ha. The total number of ponds is 25 with the
following areas: 9 x 300 m2 and 3 x 1,000 m2 for breeding fishand 1 x 3.5 ha, 10 x 1 haand 2 x 6
hafor growing fish to table size.

During the project time, indigenous tilapias and catfishes were screened for suitability in aquaculture.
Exotic species of Chinese carps and common carp were introduced in Malawi. The Kasinthula
station at its peak supposedly had produced up to 98 tons of fish a year, and it was known to have
produced tilapias in the range of 8-10 tons per hectare through semi-intensive farming system. Since
the project was phased out in 1977, its activities on research and development and supply of
fingerlings to interested fish farmers continued on a slower phase due to low government funding
and lack of proper policies for promotion of commercial aquaculture. In the end the station did not
emerge as a demonstration or model farm to attract investors. It was commented during the regional
workshop (at Mangochi on August 3-6, 2004) that the station was earning substantial revenue from
its sales of fingerlings and fish; however, the government did not allocate adequate budget for
operation and maintenance. Likewise, another opportunity to develop and sustain commercial
aquaculture was lost.

3.4 Policy and Legal Framework for Commercial Aquaculture
D Fisheries Policy

The National Fisheries and Aquaculture Policy 2002 of the Department of Fisheries has a
principal goa for fish farming to increase and sustain fish production from smallholder and large
fish farming operation (it infers to commercia aquaculture); the policy proposes a three-specific

objective for fish farming development and associated strategies to achieve the objectives. The
objectives and strategies are outlined below.

Objective 1: To solve problems related to fish farming and the management of small water
bodies through biotechnical research.

Strategies:
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e Recommend suitable management strategies for achieving optimum fish growth and fish
production at different production intensities.

e Recommend brood stock and hatchery management strategies.

e Develop protocols for the management and conservation of the genetic diversity of farmed
fish.

e Improve existing species through genetic selection, in breeding and cross breeding.

e Establish collaboration between agquaculture and capture fisheries extension and research to
exchange information and experiences.

e Develop protocolsto integrate fish farming into agriculture.

Objective 2: To devel op adaptive/appropriate recommendations for fish farming

Strategies:

e Identify indigenous species for different climatic as well as agro-ecological zones for
different scale of operations through on-farm research.

e Prepare economic analysis for different scales of fish farming enterprises and advise farmers
accordingly.

e Assess productivity of reservoirs and small water bodies and test stock enhancement,
management and utilization.

e Investigate socio-economic feasibility of the management of reservoirs and small water
bodies.

Objective 3: To encourage farmers to adopt fish farming as source of subsistence and income
Strategies:

e Create awareness about potential of and encourage fish farming.

e Establish demonstration farms for integrated fish farming.

e Cooperate with agricultural extension officers to broaden knowledge about target group
behaviour.

e Introduce and support participatory extension.

e Monitor and evaluate fish farming extension regularly to analyze limitations and constraints
in fish farming practice.

e Cooperate closely and regularly with research projects and programme on fish farming and
exchange findings.

An analysis of the policy and relevant comments are provided in Section of 4.3.1 of the Interim
Report (November 2003). From the perspective of commercial fish farming, the policy needs
additional objectives for institutional and manpower capacity building and a clear goal and objective
for the NAC and other field stations. It is also imperative that the policies incorporate strategies for
enabling policies at the overal level to include appropriate legal and regulatory and administrative
frameworks and encouraging pioneer associations, and at the farm level to promote commercial
aguaculture policies that could attract foreign investment, influence availability or provide start-up
funding. In addition, it is also important the policy include strategies for the dissemination of on-
station R & D regularly and effectively to smallholders and prospective investors for
commercialization of aquaculture, and to conduct joint-collaborate aquaculture research or on-farm
trials with private fish farmers.

6-7
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2 Fisheries Conservation and Management Act

The Fisheries Conservation and Management Act (No. 25 of 1997), passed in 1997, deals primarily
with capture fisheries and contain excellent background provisions for administration, community
involvement and enforcement that are equally useful in the long term in aguaculture regulation. Part
VIl of the Act contains some useful building blocks for a modern aquaculture law, but it provides
no more than the very first stage of the legisation that is necessary to encourage the development of
sustainable commercia aquaculture.

The Fisheries Act contains four essential elements relating to aquaculture. It states the principle that
no person shall set up or operate an aquaculture establishment without a permit and without a water
right issued under the Water Resources Act. It grants the Director of Fisheries wide powers to
impose conditions where an aquaculture permit is granted. It contains useful prohibitions against the
transfer of fish, the introduction of non-indigenous species and the stocking of water with fish unless
a permit is first obtained, and it enables the Minister, on the recommendation of the Fisheries
Advisory Board, to make regulations for a variety of purposes, including the promotion and control
of the cultivation of fish and the issue by the Director of a Code of Practice for the maintenance and
operation of aquaculture establishments.

The provisions of the Fisheries Act are important, because they allow the government to establish its
authority over the aguaculture industry and to exercise a measure of regulatory control through the
power to impose conditions in a permit. Section 20 of the Act establishes that a permit is required in
order to operate an aquaculture establishment and that any necessary water right must be obtained
under the Water Resources Act (No. 15 of 1969). The section is specifically stated to apply only to
such aquaculture establishments as are prescribed by the Minister in the official Gazette. Indeed, the
provision in Section 20 (1)(b) of the Fisheries Act that the operator must acquire awater right isaso
inoperable until an establishment is prescribed in the Gazette.

Section 21 of the Act establishes the criteria for granting Aquaculture permits, and the criteria are:
(1) an application for an aguaculture permit shall be made to the Director in the prescribed form and
shall be accompanied by the prescribed fees; and (2) An aguaculture permit shall (a) not be
transferred without the prior written consent of the Director; (b) confer on the permit holder
exclusive rights to harvest the products of the aguaculture establishment within the area specified in
the permit; (c) be subject to such conditions as appear to the Director to be necessary or expedient
for the regulation of aguaculture, the management of fisheries or the economic benefit of Malawi
and, without prejudice to the generality of the foregoing, may conditions relating to — (i) the siting,
design and materials used in the construction of aquaculture establishment; (ii) sanitary conditions of
fish and fish products; (iii) measures for the prevention of the escape of fish farmed for aguaculture;
(iv) measures for the prevention of fish diseases; (v) the marketing of fish and fish products of the
aguaculture establishment; and (vi) measures to be taken to minimize the escape of waste products
and the pollution of land and water.

3 Environmental Act and EIA System

Environment Management Act of 1996 (Act 23 of 1996): provides an adequate basis for ensuring
that proper environmental controls are imposed on aguaculture operations. Those who wish to
discharge effluent into public waters must apply for a ministerial consent, though this provision
appears to be aimed at a planned source of water pollution, such as a sewage plant, rather than to the
unintended pollution that might be produced by a fish farm. The Fisheries Act also contains a
prohibition against disturbing or injuring fish by any one of alist of activities, though none of the
listed activities relate directly to water problems that might be produced by aguaculture.

The main protection against pollution resulting from future commercial aquaculture operations is
found in the Act. This Act also makes it an offence to discharge or emit a pollutant into the
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environment and could apply to any pollution resulting from aguaculture that was not directly
covered by the Fisheries Act. However, the main importance of the Act in relation to aquaculture lies
in its environmental assessment provisions.

The Act states that an EIA must be carried out in relation to all projects of the types and sizes listed
in the official Gazette. The listed projects include: a pond fish farm with a capacity of more than 100
cubic meters; a pond fish farm which will result in a direct discharge into a receiving water body;
any proposal to introduce speciesinto an area where they presently do not exist.

The EIA provisions offer some assurance that all future aguaculture projects of any significant size
will be properly screened. However, the first two threshold tests seem unusually rigid. Many small
fish farms may exceed 100 cubic metersin size, or may result in a minor discharge into a water body,
but pose no significant threat to the environment. Yet under the legislation, they must undergo a
potentially costly EIA.

These stringent provisions are intended to act as screening devices and that, after the submission of a
project brief, the Director would determine whether an individual application would be required to
undergo a full EIA. Under Section 24, proponents of all projects of the type and size listed in the
Gazette must submit a brief and, under section 26 (3), no license can be issued for the project until it
has been approved by the Minister. Once the Director has received a complete project brief, section
25 states that he shall require the devel oper to conduct an EIA.

Malawi thus certainly has in place effective procedures to screen the environmental acceptability of
future aguaculture projects. However, those procedures may unintentionally subject some
commercial projects to a full EIA, although they do not pose any significant environmental threat.
This danger could be minimized if Section 25 were amended to enable the Director (or preferably
the Aquaculture Agency) to waive the requirement of an EIA where the brief indicates that the
project poses no significant threat to the environment. The Director/Agency's decision should be
made public and subjected to an appeal by affected parties.

The “Guidelines for Environmental I|mpact Assessment, December 1997” provides the guidelines to
regulate the EIA process. This guideline provides the types of projects for which an EIA may be
required. A guideline on formulation of the EIA in Aquaculture is outlined Appendix-1.

A case study in Zambia: Conflict between ECZ and Cage Culture Operators

A conflict between Environment Council of Zambia (ECZ) and Aquaculture Operators (in Siavonga-
Lake Kariba Using Floating Cage for culture of Nile Tilapia) is introduced here as lessons to be
learned.

Aquaculture operations are subjected to the Environmental Protection and Pollution Control Act (No.
12 of 1990), which contains in Part IV adequate provisions for dealing with any water pollution that
may result from the operations. The Environmental Impact Assessment Regulations made under that
Act (1997, S.I. No. 28) set out the rules for when an environmental impact assessment is required for
a proposed aquaculture project. The general rule is that a project brief is required for any fish farm
which will have a production of more than 100 tons per year. A brief can also be required if the
project will be located in or near an environmentally sensitive area, such as an area which supports
rare or endangered species or amgjor water catchment area. If the brief indicates to the Environment
Council of Zambia that the project is likely to have a significant impact on the environment, then the
Council can require afull EIA.

The upper limit requirement for submitting a project brief means that most large-scale aquaculture
proposal would be subjected to an EIA. However, most non-intensive smaller projects are free of
that requirement, unless they are located in environmentally sensitive areas. The approach of

6-9



Master Plan Study on Agquaculture Development in Malawi

ADIM Working Paper 6

defining the need for an EIA by the size of expected output from the project courageously prevents
non-intensive small-scale proposals from incurring the unnecessary costs of submitting a project
brief, but it does not guarantee that al potentially harmful projects will be screened. For example, a
proposal for cage culture of exotic species in a lake would not be subjected to automatic screening
unless its annual production exceeded 100 tons or unless the lake is classified as environmentally
sensitive.

Therefore, four cage culture operators of Nile Tilapia, who had the approval of the Fisheries
Department to conduct aquaculture operations, did no through the process of submitting project brief
to ECZ for a EIA requirement as they are to understand that there is no need for a EIA and further
FD did not advise them. Each operator’s production output did not exceed 100 tons ayear (in fact it
was less than 30 tons ayear). Late last year (2003) ECZ gave a notice with an ultimatum that their
cage culture operations have to be terminated and dismantled unless they are subjected to EIA. With
this ultimatum, a conflict arose between them and ECZ; and the Fisheries Department that issued the
permit could not be of any assistance in solving the issue. Finally, it seems the entire cage culture
facilities were dismantled and destroyed by ECZ.

The lesson learned here is that there is no proper channel of procedures and communication among
relevant authorities (i.e. Environment Council of Zambia, Fisheries Department and local
government). There was no system that could provide legal channels through which the operators
could express themselves and solve the issue. There is a need for a single agency or a single window
(that controls all aspects of aguaculture) as afacilitator for acquisition of the rights that are necessary
in order to operate a fish farm. The aguaculture operators had become victims due to lack or
absence of proper or enabling policies and regulations that would have guided them smoothly.

4 FAO Code of Conduct of Responsible Fisheries

FAO Governing Bodies recommended and formulated a global Code of Conduct for Responsible
Fisheries that would establish principles and standards applicable to the conservation, management
and development of all fisheries. The Code was unanimously adopted on 31 October 1995, provides
a necessary framework for national and international efforts to ensure sustainable exploitation of
aguatic living resources in harmony with the environment. The Code is voluntary and is global in
scope, and it sets out principles and international standards of behaviour for responsible practices
with a view to ensuring the effective conservation, management and development of living agquatic
resources, with due respect for the ecosystem and biodiversity.

The FAO Code of Conduct for Responsible Fisheries, under Article 9, urges responsible aquaculture
development. Therefore, national and regiona implementation of the FAO Code, the Convention on
Biological Diversity and other existing laws and policies, must be pursued in a manner which
ensures that unsustainable aquaculture is prohibited, before there is more irreversible damage, 1oss of
biodiversity, or harm to communities.

The Article 9 of the Code refers specialy to aguaculture development (including culture-based
fisheries) with four sub-articles, namely responsible development of aquaculture under nationa
jurisdiction; responsible development within transboundry aquatic ecosystems,; use of aquatic
genetic resources; and responsible aguaculture at the production level.

The necessity for aquaculture to develop in a responsible manner is supposedly generally well
accepted and understood in government and academic circles in member countries, that is including
Malawi. Aquaculture on a commercial oriented approach is relatively a new concept in Malawi;
therefore precautionary approach and code of practices have to be incorporated in commercia
aguaculture. It is perceived that awareness of the concept of responsibility has to be instilled among
owners and operators of large-scale and intensive farms. However, small-scale and traditional fish
farmers would generally be ignorant of the concept, and some resistance would be expected due to
higher costs.
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The concept of code of responsible aguaculture has not been adequately incorporated in the current
legiglation, regulations and policies, although there is generally a positive attitude and recognition of
the concept within the relevant authorities. Therefore, special provision are taken by the public
sector to make aguaculture producers and suppliers aware of the potential risks and irreversible
adverse changes that may occur if the concept of code of practices for responsible aguaculture and
sustainable resource use is made to be recognized by the public and the concerned. Refer appendix-
2 for detail provisions (Article 9) on the Aquaculture Development.

5) Investment Law and Relevant Regulation

Malawi has adopted a position which encourages investment in aquaculture projects and there are no
particular restrictions on aguaculture investment. Indeed, the publications of the Malawi Investment
Promotion Agency highlight investment in aquaculture and the Cabinet is reported to have approved
the removal of duties on imported equipment. This change will place aquaculture on the same
commercial footing as agriculture. A ministerial committee is reported to use an informal single
window approach to the approval of foreign investment applications.

4. Opportunity and Limiting Factors of Commercial Aquaculture

An anadysis of the strengths and limiting factors (weakness) or problem areas that are critical to
aquaculture development was addressed that can prompt actions and responses in order to recommend an
effective strategic planning.

4.1 Factors Limiting the Development (Emergence) of Commercial
Aquaculture

What are the factors and situation limiting the development of commercial aquaculture and not
encouraging or attracting private investors to embark on commercial aquaculture? The prevailing
situation with respect to technical and biological aspects in the sector is not conducive or attractive
for prospective private investors to embark even on a small-scale profit-oriented aquaculture.

Some of the factors and situation (contentious and debatable) limiting the development of
commercial aguaculture and not encouraging or attracting private investors to embark on
commercial aguaculture are addressed below.

(1) The indigenous species suitable for culture have not shown that the species would be easily
reproducible with low mortality and low feed conversion ratios on a commercial operation
(economic viahility), athough substantial research and on-station trials have been conducted.
Indigenous tilapia species. namely Oreochromis niloticus, Oreochromis shiranus, Tilapia
rendalli, and Oreochromis Karongae, have not been adequately domesticated for commercial
aquaculture.

(2) Absence of proven technology for commercia culture of indigenous fish species. The
indigenous species, especialy O. karongae, O. shiranus and T. rendalli have not shown good
“commercia” performance, athough considerable research and extension in small-scale
aquaculture have been done for these species, but not for commercial aguaculture.

(3) Availahility of seed (fry and fingerlings): Sufficient good quality seed (fry and fingerling) are
also lacking in Malawi. Aquaculture stations are technicaly not producing seeds due to
shortage of operational budget. A good example is the problem encountered by Maldeco
Aquaculture Ltd. in its effort to collect brood stock and fingerlings of O. karongae for its cage
culture. Technically, it can be said that the selected indigenous species have not been
adequately domesticated to produce and supply quality fingerlings.
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(4)

(®)

(6)

()

(8)

4.2

Availability of quality feed at low cost: Feed normally accounts for more than half of the
operating cost in most commercial operations. No fish feed making experience even on a
small scale in Maawi. JCA Technical Cooperation had conducted formulated feed trails
using local ingredients; supposedly it had low feed conversion ratio and the estimated feed
cost was about Kw80 per kg. This price is relatively very high. In general, in most African
countries there is limited demand for fish feed and high cost of agricultural by-products have
handicapped the development of fish feed industry.

Status of Existing Fish Farms: Existing fish farming are not model of commercial operation or
have shown good track record. Most farms have terminated their operations or never
progressed or developed to a sustainable business enterprise for various reasons. It should be
noted that these farms never in the real sense embark on a commercial-oriented venture. These
farms were merely started fish culture activities because it had the resources, such as water
bodies or reservoirs, by-products of the estates, etc. in order to supply fish to their workers.
Therefore, the limited development of the farms did not exhibit any vibrancy or attractiveness
for other to embark on commercial aquaculture.

Entrepreneurial motivation and managerial expertise isalso lacking in Malawi. A case in point
is the SUCOMA fish farm; with 17 ha of fish pond embarked on fish culture and it could
never emerge to a commercial-oriented activity due to absence of dedicated farm personnel
with aguaculture expertise. (Lack of entrepreneurial dedicated farm managers)

Results and activities of research and development activities at National Aquaculture Center
(Domasi) that could be referred to by prospective investors are not disseminated either
through annual reports or other means. In other words, there is poor centralized information
sharing or dissemination. Therefore, the impact of current research and development is not
reflected in output as commercial aguaculture has been limited or none. Research is not
oriented to demand-driven.

There is no clear policy on the use of exotic fish species in aguaculture. At one time exotic
fish species were introduced to promote aquaculture development; namely common carp
exhibited very good growth performance, and later in 1991 it was banned in to conserve the
biodiversity.

Prevailing Situations (Strengths and Opportunities) Conducive to
Aquaculture Development.

What are the prevailing situations with respect to technical and biological aspects in the sector is
conducive and attractive for prospective private investors to embark even on a small-scale profit-
oriented aquaculture? They are:

Strengths

D

)

©)

The government has finally acknowledged the importance of aquaculture in the food security
and poverty aleviation. So, in this context, it is expected that the government would adopt
enabling aquaculture policies that would entice investors who are reluctant and hesitated to
take up aguaculture.

The aguaculture facilities include a national center (NAC) and two fish farming stations
(Kasinthula and M zuzu) and extension stations; al are strategically located and well equipped,
including the regional research station of World Fish Center (Domasi). Considerable research
and development works on breeding, fingerling production and grow-out on-station levels;
these research and aquaculture techniques (are encouraging) know-how have not been
adequately utilized in aguaculture commercial development.

Past projects (GTZ/EU) have identified a potential indigenous candidate “Chambo” (O.
karongae), which has low fecundity, late in maturing and also popular among Maawians, for
fish farming development, especially for commercial sector. This fish Chambo has not been
explored for commercial aguaculture.
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(4) The on-going ADIM project (JCA) with various activities and pilot projects including
technical training to stakeholders (fisheries officers and innovative fish farmers) is expected to
strengthen the capability and ability and to inspire them to commercial aquaculture venture.

Opportunities

(1) Malawi has high potential for aguaculture as the country is endowed with suitable land and
water, and relatively cheap labour, and cumulative technology know-how acquired from about
40 years of research and technology development with donors’ technical assistance.

(2) There are four suitable indigenous fish species that are culturable but not adequately tried at
commercial level, and are popularly accepted by consumers.

(3) There is a high demand for fish both in rural and urban area due to decline in landing of
capture fishery; presently fish price is high, on average it is about US$1.80 to US$2.00/kg.
Hence, there is an unsatisfied domestic demand for fish.

(4) There is tremendous opportunity for fish feed development. Local ingredients of cereal- and
pulse-based are ingredients including by-products are available locally, such as soya beans,
pigeon pesas, peanuts, etc. In fact some of these are imported by processors/manufacturers of
feed in neighbouring countries. Adequate efforts have been made in Malawi to source these
materials for feed formulation.

(5) Government has realized the need for reforming and setting enabling aquaculture policies to
involve more private sector role to promote commercial aquaculture. It has set up an
aquaculture task body consisting of researchers, policy makers, and private commercial
aquaculturists to trash out the issues/problems and formulates priority areas for development.

(6) Depending on the policy change on the use of exotic fish species in aquaculture, there are fish
species with track record (fast growth and low feed conversion) in commercial aquaculture;
another opportunity to consider.

Threats

There are threats that would hinder the promation and development, though these threats could be
overcome to some extent with the government cooperation in setting in place enabling policies and
legal framework and encouraging environment that would inspire the private sector participation.
The threats noted are:

(1) Government is heavily relying on external funding and it may hinder long-term devel opment.

(2) Hesitancy of private sector to venture into commercial aquaculture on preconceived idea that
risks are high.

(3) Lack/absence of experience in commercial aquaculture, including no entrepreneurial skill and
expertisein large-scale fish farming.

(4) Slow and poor growth performance of local culturable fish species unless selective breeding,
genetic improvement, etc. of the species.

(5) Adverse ecological impacts of escapees of exotic species, if introduced to Malawi for
aquaculture use.

4.3 SWOT Analysis of Commercial Aquaculture

SWOT analysis with reference to identified strategic areas, namely, commercial aquaculture
technology, choice of suitable indigenous fish species, inputs (seed and feed), market and use of
exotic fish species are summarized below. From the analysisit is noted that promoting commercial
aguaculture has a strong point in view of the availability of research experience and know-how
technique that should be immediately put to viable use (to achieve profit oriented fish farming). The
availability of local resources, especially ingredients for fish feed adds strength to the aguaculture
development. The government is serious and willing to enact policies and set legal framework in
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order to promote large-scale fish farming. The weaknesses are expected to be gradually phased out
with the implementation of the priority projects and recommendation that are being formulated in the

on-going master plan study.

The introduction of an exotic fish species could be preferred by some policy makers as it is most
sought after fish by entrepreneurs; but Malawi is signatory of international conventions and

agreements, and it is legal obliged to adhere to international standards and principles.

If DoF

proposes to introduce an alien species, it should consider carefully as there will be international
outcry and if it is still wantsto use in aguaculture, Malawi should follow precautionary approach and
implement arisk analysis strictly before making hasty decision.

Market/Demand, 5) Exotic fish species

1) Commercial Aquaculture Technology, 2) Choice of suitable native fish species, 3) Inputs (Seed and Feed), 4)

Strengths

Weakness

o Aquacultureis recognized as important to food
security

o DoF with strategically located aquaculture facilities
(NAC); two farming stations (Mzuzu and
Kasinthula); World Fish Center Research Facilities,
and Bunda College (Aquaculture and Fisheries
Dept.)

o Considerable research on breeding & fingerling
production has been conducted at on-station level.

o Past projects (GTZ/EU) indicated O. karongae a
candidate for commercial aquaculture.

o Pilot projects (ADiM) are foreseen as an important
contributor to the various activities that encompass a
viable commercial aguaculture.

o Field research and extension stations are strategically
located.

e Technical training imparted to farmers and DoF staff
(ADiM)

o Trained staff (research and extension) available

o Desire to adopt enabling aguaculture policies.

» No long tradition of fish culture

e R & D not tested at farm level for economic viability.

o Limited research activity at field stations
(insufficient budget)

o Field stations could not supply needed fingerlings
(limited financial means and/or neglect)

o Lack of quality fry & fingerlings (inadequate
research & limited budget)

o Poor centralized information therefore lack of
information sharing

o No clear palicy on the use of exotic fish species.

« Prohibition on introduction or transfer of exotic fish
species (Fisheries Act)

Opportunities

Threats

o Malawi endowed with land & water, relatively cheap
labour.

o Four indigenous species are culturable and have high
demand

o Natural and wild broodstocks available.

Local raw materials available (including by-

products)

High fish price and demand

Existence of an unsatisfied domestic market for fish

Urban domestic market for farmed fish

Good performance (fast growth & low FCR) of

exotic fish species

Adoption of enabling aguaculture policies.

« Shift in the public sector’ s role in aguaculture
development.

o Encourage private sector’srole in supply of inputs
(seed and feed).

o Introduce fish species with track record in
commercial aquaculture (fast growth and high feed
conversion)

o Relies heavily on external funding and it hinders
long-term establishment

o Poor management leading to low yield and not suited
for commercial

o Lack of manageria skill and expertise (for
commercial aquaculture farm management

¢ Slow and poor growth performance and not attractive
to investors (unsuitable culture species or inbred
stock)

o Nolocally produced feed (no demand)

o High feed cost (imported)

 Investors are hesitant to venture due to (more
unknowns than known in technical / biological pre-
requisites) and inadequate enabling policies

o Lack of private sector involvement, including
insufficient supply of inputs by the private sector

o Accidental escape or release of introduced exotic fish
species, and may establish in natural environment.

o Likely to become a pest; damaging to environment
and the farming of other species

o Ecological dangers from the import of exotic fish
species (biodiversity of Lake Malawi needs
protection conservation)
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5. What Approach to Take for Commercial Aquaculture

5.1 Pre-requisites and Policy Considerations

Development of profit-oriented aquaculture either on a small-scale or large-scale is the purview of
the private sector. While Malawi may have high development potential for aquaculture in view of
the rich freshwater resource, high demand and high price of fish, but any prospective investor or
emerging fish farmer would only embark or initiate aquaculture unless the investor is secure a quick
return on investment. It is one of the externa threats as pointed out in the SWOT analysis, i.e.
prospective investors are hesitant to take up aquaculture due to (more unknowns than known in
technical / biological pre-requisites) and inadequate enabling policies.

Therefore, it is understandable that before one takes an approach for commercia fish farming in
Malawi, it is necessary to confirm that the prerequisites for successful commercia aquaculture or
fish farming are in place, as it is the fundamental goa of any investor to make as much profit as
possible from investment.

Technica pre-requisites

The prerequisites at the technical level are: the ability to produce at a low cost which is primarily
determined by fish species, location and feed. The species selected should meet certain biological
pre-requisites; that are the ability to cultivate a species from fry and harvest is not critical and easily
reproducible with low mortality and low feed conversion ratios. Site selection is another critical
factor that influences the profitability; the choice of location affects fixed costs such as construction,
operating and distribution costs, and the topography where water is available regularly at suitable
temperatures lower operating costs. Availability of quality feed and seed are also critical; feed
accounts for more than half the operating costs in most commercial operations. In most African
countries, limited demand for fish feed and high value of agricultural by-products have handicapped
or hindered the development of fish feed industry (there are exceptions). Adequate good quality
seeds are also lacking in many countries including Malawi.

Non-technical pre-requisites

As important as biological and technical feasibility is economic viability. There must be a demand
for the product for aguaculture to develop; in addition to existing demand there should be the
potential for increased demand in future. Other requirements are willing to take risks such as
meteorological shocks (seasonal flooding, drought, etc.), political risks (government interference
with business operation, uncertainty over property rights, weakening institutional factors), and socid
uncertainties; accessibility to financial resources (in addition to capital cost, for most commercial
fish farming variable or operating are a major component of total costs, that can cause imbalance in
cash flow). Entrepreneurial motivation and managerial expertise is also important because it
reguires perseverance and an ability to take risks.

Policy and legal pre-requisites

In addition to the above pre-requisites, which are outside the control of government and policy
makers, there are conditions that have bearing on aquaculture development and can be influenced by
the government; they are policy variables. Therefore, enabling policies which government can
implement to promote the sector should be in place, and should be designed to reduce risk and lower
costs for all business activities by creating a climate conducive to private emergent commercial fish
farmers. In other word, these policies are “business-friendly” and are referred to as non-sector
specific policies and sector specific policies. Non-sector specific policies are good governance,
openness to trade and macro-economic growth and emphasis on private investment. On the other
hand, sector-specific policies are specific to aguaculture and which are meant to guide the
development of aquaculture sector. The policies are regulatory/legal, administrative and aguaculture
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laws/regulations that would provide an orderly and sustainable environment for development to
reduce negative externalities such as pollution or conflicts over water rights, land rights, property
rights, licenses, permits; introduction of alien species policies, privatization of hatchery and
extension services, marketing policies, promotion of fish farmers associations, research and
technical development policies, etc.

Prevailing Situations

Under the current situation in Malawi in terms of technical and non-technical pre-requisites,
launching or start-up of commercial aguaculture is a serious and challenging issue in view of the
absence of suitable proven technology for indigenous species coupled with slow growth performance
and other factors that have kept investors away. There are more unknowns than known (refer
constraints/issues described in Section 4.1.3 of Interim Report.

Aquaculture is il initsinfancy in Malawi and it plays only aminor role in the country’s economy.
Despite the prevailing constraintsin technical and non-technical aspects, there are two investors who
have recently taken a bold approach to launch commercia aguaculture: Madeco Aquaculture Ltd (a
parastal company) has plan to grow-out local indigenous species known as “Chambo” (Oreochromis
karongae) in floating cages in Lake Malawi, and it has begun to construct hatchery, breeding,
nursery ponds and raceways. The other new investor is GK Aquafarms Ltd (a private fish farmer)
has taken a lease of the Kasinthula Fisheries Station in Chikwawa (lower Shire) for commercial
pond culture; the investor has begun clearing site and rehabilitating the ponds and plans to use
indigenous tilapia species and common carp (Cyprinus carpio) for the time being. The bold
approach and pioneering efforts of both is considered a research and development phase towards
commercial aguaculture as they are willing to undertake the initiative as an “infant industry” on a
species that has not been adequately domesticated.

5.2 Development Approach

With the two emerging fish farming ventures cited above, it does not pave the way for other
prospective investors to embark or initiate aguaculture. As discussed above what is keeping away or
not attractive to the prospective investors is absence of suitable proven technology for indigenous
fish species, sound government policy including institutional and legal framework for aquaculture.
There are investors willing to initiate aguaculture on a commercial scale if the use of an alien fish
species that have shown good track record in terms of growth and marketability, is permitted.

Malawi, like in other African countries, is too under increase pressure to maximize food production,
rapidly and cheaply due to growing poverty and population, and this includes for the fisheries sector
too wherein the fish supply from capture fisheries is declining; the importance of aguaculture as a
contributor to food security and poverty aleviation is emphasized. More emphasisis placed in the
promotion of fish production from smallholder and large fish farming operation in line with stated
objective and guiding principles in the National Fisheries and Aquaculture Policy (October 2001).
Therefore, policy or decision makers trying feed hungry people and investors seeking quick returns
are strongly compelled to use or introduce exotic fish species that have proven its worth in other
countries. There are two schools of thoughts among the policy makers in Malawi that is indigenous
Species versus exotic species on the use in commercial aquaculture.

In view of this circumstance, two options are suggested for the promotion or emergence of
commercial aguaculture. The first option is the use of only indigenous fish species and the other
option is to consider the introduction of exotic (alien) fish species only after adequate risk analysis
(assessment) is conducted.
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(€N} Option -1: Use of Only Indigenous Species

Given the past research that has been undertaken, it is clear that the most suitable indigenous species
that have been identified for aquaculture in Malawi are cichlids O. shiranus and O. karongae, T.
rendalli and an African catfish (Clarias gariepinus). These species currently are the mainstay of
small holder fish farming. However, knowledge and information on high yield production
technology of these species is still poor. Although substantial research and development at on-
station level have been conducted, it has not been translated or tested on afarm level or commercia
level to show technical and economic viability. Hence, if the government policy does not alow the
use of exotic species in aguaculture, for example the commonly sought after fish species, namely
common carp and Nile tilapia, research and development on commercia culture technology and
operation and management need to be immediately carried out.

e Conduct on-farm operation of selected indigenous species (translate the on-station research
and development that have been conducted so far at NAC and other field stations to
commercial operation). Thiswill ensure economic and financial viability.

e Conduct joint feasibility studies (joint on-farm research) with private sector (possibly with
Maldeco Aquaculture and/or GK Aquafarms in Kasinthula) to verify and evaluate the
technical data and information gained from on-station research trials and activities.

e To lessen the burden on fingerling production by the fisheries stations to reduce cost,
encourage production of fingerlings from fry stage by small-scale fish farmers (technology
transfer).

e To initiate and conduct immediately selective breeding and genetic improvement of
indigenous fish species.

()] Option —2: Use of Exotic Species

Why would any prospective investor consider an exotic fish species? What species to be farmed is
an important question among prospective investors, and it depends on three factors that guide the
choice of species for commercial aguaculture: the market, technology and a species selection
between a native (endemic) and an introduced (alien) species. Cultivable indigenous fish species are
not good candidates among the investors, and if a commercial fish farm is to succeed, investors or
fish farmers would always consider the use of an alien species in commercia aguaculture, namely
common carp and Niletilapia. Their keen interest stems from the successful commercial farming of
introduced species, especially in Africaand Asia.

The introduction of exotic species in Maawi is banned by the Fisheries Conservation and
Management Act 1997. They are well aware of the fact that exotic species particularly common
carp and Nile tilapia have been introduced in the neighbouring countries and are being used
successfully in commercia aguaculture. Common carps and Chinese carps (grass and silver carps)
were introduced in Maawi the 1980s for aguaculture use, and later banned in 1991. A hybrid of
tilapia (red tilapia) was brought into Malawi in 2002 from Malaysia; but it was confiscated and not
alowed to be used in aquaculture.

Introducing an alien species is a two-edged sword; it can replenish fish supply or devastate a habitat
or environment. Alien species are recognized as one of the most significant threats to natural aguatic
ecosystems. Although introduction of alien species has usually resulted in ecosystem disruption
everywhere it has been tried, these species are a valid means to improve production and economic
benefit from aguaculture. A balance must be struck between the ecological dangers from
introduction of alien species and potential benefits. Therefore, policy makers must weigh the costs
and benefits in their decision whether to introduce a new species or review on the use of common
carp (an introduced species in Malawi) after giving due attention to a thorough and proper risk
assessment according to recommended rules.
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Why indigenous species should be encouraged or promoted in Malawi? Advantage of encouraging
or promoting indigenous speciesis as follows:

e About 90 percent of the African farming sector is small-holders and to be viable and self-
sustaining, small-holders need species that can be reproduced without complicated and
expensive interventions.

e Promoting or encouraging dependence on non-native species will require hatchery facilities
for propagation and will also exacerbate the fingerling supply problem.

e |nadequate hatchery reserve of brood stock (exotic species) will a major cause of inbreeding
in cultured stock, whereas for indigenous species there is ready supply or reserves of brood
stock that are already adapted to local environmental and climatic conditions for their
reproduction.

¢ New feeds, disease therapies, reproduction techniques and sometimes even pond designs are
needed when new species are introduced.

e Skilled stientists and extension personnel are needed to support the aquaculture
development, and this may limit or put pressure on the number of researchers, whereas with
the indigenous species, any student, experienced fish farmers or extension agent can get
involved.

5.3 Research and Technology Development at NAC

National Aquaculture Center (NAC) and the field aguaculture stations are conducting research and
development mainly oriented towards small scale aquaculture. It istime NAC identify and prioritize
research issues that are more demand-driven for the development of commercial aquaculture. In
order for aguaculture to meet the requirement of commercial operations or activities, the direction on
research and technology should refocus and explore in a wider range in production systems, culture
species and feed development to assist commercia farmers.

Efforts should be made to develop production and management technologies for local indigenous
fish species. Substantial R & D have been conducted by NAC in the past on native fish species.
These results of R & D should be commercialy tested or transferred to evaluate economic and
financia viahility.

Local native fish species used in Malawi are in early stage of domestication, and therefore, their
response to improved management or commercial fish farming is limited. Research and technology
should emphasize on developing better performing strains through genetic enhancement methods
and selective breeding methods.

Research should be conducted on development and application of improved broodstocks and
hatchery management techniques to avoid inbreeding, hybridization, etc. Particularly, there is a
need for more scientific research on O. karongae and O. mossambicus (a native fish in the Lower
Shire area) as potential fish species for commercial fish farming.

Feed is crucial to successful development and commerciaization of aguaculture. NAC should put
more effort on important issues. efficiency in feed conversion; substitution of inexpensive locally
available feed ingredients; recycling of by-products as well as waste materials.

NAC has identified development process and methodology for research (please refer Appendix-3).

6-18



Master Plan Study on Agquaculture Development in Malawi

ADIM Working Paper 6

54 Promotion of “Government — Private” joint research and technology
development

One of the major constraints of NAC is availability of adequate fund for research and development;
thisis a common issue in most developing countries. Whenever possible, research and devel opment
should be conducted by the private sector. The advantages of promoting joint government-private
sector research are achieving higher efficiency in existing research and development activities and
that the results can be disseminated to all members, thereby giving incentive to contribute research
fund. Private sector is composed of commercia fish farmers (producers), and service providers
(feed makers), etc. Some of the areas for research and technology development are:

e Field trials of on-station experimental results for commercial viability
e Selective breeding and production of quality fish seed
e Formulation and development of domestic feed using local raw materials

5.5 Develop National Policy to Use Alien Species and Improved Strains for
Aquaculture

Malawi is the only country in the sub-Saharan countries can safely claim has somewhat a clean date
in terms of absence of aien fish in the country, except for the common carp, in spite of the ban,
fingerlings are still being produced and farmed on a experimental basis in Domas and Kasinthula
and some small holder farms in Lower Shire are still keeping and breeding and farming for sales.
Otherwise, there are officially no alien fish species in Malawi, in comparison to the neighbouring
countries (Zambia, Mozambique and Tanzania) that have introduced Nile Tilapia and Common carp
for aguaculture use. By virtue of the Fisheries Act, introduction or transfers of alien fish speciesis
prohibited officially. The National Fisheries and Aquaculture Policy (October 2001) too states that
“to prohibit the introduction of live exotic fish species unless and until scientific evidence justifies
otherwise”. However, in view of the country’s fisheries policy to promote and develop large fish
farming, policy makers are also of the opinion why not introduce an alien fish species solely for
aguaculture use? In addition, some investors are aware that the common carp is aready in the
country and is still being bred and farmed, and then what is the validity of the clause on prohibition
inthe Act?

There is a need for Malawi to develop a national policy on the use of aien fish species in
aguaculture; a clear policy and legal framework will assist prospective investors in their decision.
Therefore, Malawi must make it clear on its policy on the introduction, transfers and trans-border
crossing of alien fish species in the interest of protection of biological diversity and of endemic
(native) fish species as well as prospective investors wanting to enter into commercial aguaculture.
In formulating the policies, the competent authorities must bear in mind or consider the international
conventions and agreements as well as code of responsible fisheries for aguaculture. The proposed
policies should include:

Appropriate policies should be in place for responsible development of aquaculture, in case Malawi
decides to allow restricted use of exotic fish species in aguaculture (i.e. opton-2). The policy must
be formulated within the national jurisdiction and legislations (Fisheries Act, Environment Act,
Water Act, etc.), and to use international mechanisms for the control, movement and responsible use
of alien speciesin aquatic system. The policy must include:

e appropriate legal administrative framework that facilitates the aquaculture devel opment;
e type of fish for introduction;

e theareaor sitewhereit shall be farmed;

e process and procedure for risk analysis prior to approval
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e the need to impart awareness to the genera public and fisheries officers on the adverse
impacts or consequences of exotic species with wild species

5.6 Develop National Guidelines of Commercial Aquaculture for Investors

An investor intending to take up or start-up commercial aguaculture needs to go through a process of
getting property right, water right, aguaculture permit, import permit, tax exemption according the
stipulated laws and legislation. This may take considerable time and cost on the part of the investor.
Itis, therefore, important to get these processes under a one-stop-shop or a single window approach.

For example, under Section 20 of the Fisheries Act a permit is required to operate an aquaculture
establishment; then water right must be obtained under the Water Resources Act (No. 15 of 1969).
The section is specifically stated to apply only to such aguaculture establishments as are prescribed
by the Minister in the officia Gazette. So if no establishments have yet been prescribed in the
Gazette, there is no legal basis for requiring any permits. Currently, it seems there is no prescribed
form for making an application. Then, for ensuring that proper environmental controls are imposed
on aguaculture operations, an environmental impact assessment is required. These are
fundamentally required for an operator to establish an aguaculture establishment. These process or
steps would take considerable time and cost before the necessary papers and permits are ready for
approval.

In order to ease the decision-making process, the competent authorities must formulate national
guideline for commercial aquaculture that could easily followed and “business friendly” and all
decisions relating to the grant of permit be subject to the discretion of the individual person
(director). It isrecommended the DoF should create a single window agency (one-stop-shop).

In a single window approach, the approval of an aguaculture project can request the applicant to
satisfy the requirements of a number of different departments such as aguaculture permit under
Fisheries Act, water right under Water Resource Act, an EIA under the Environment Management
Act. By ingtituting a single window system to process the applications that require multiple
approvals, it will prevent the applicant from being forced to bear unnecessary costs
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Il RISK ASSESSMENT AND MANAGEMENT

1. Introduction of Alien Species and Risk Management in Malawi
11 Historical Background and Present Situation of Alien Species

In 1972 a pilot commercia fish farm was built at Kasinthula in the Lower Shire Valley. Growth
trials were initiated with indigenous species, Oreochromis shiranus, Tilapia rendalli, and
Serranochromis robustus. Yields of these species were so poor that in April 1975 a UNDP/FAO
project entitled “Promotion of Integrated Fisheries Development” was presented to the Secretary
for Agriculture and Natural Resources. The project’s objective was to design commercia systems
utilizing exotic fish species such as common carp, Chinese carp and Oreochromis mossambicusin
polyculture with indigenous species. The Ministry expressed some concerns over introduction of
exotic species but permission was granted contingent on assurances that Malawian fish species
were not at risk. Concern over exatic fish species was reflected in the Malawian Fisheries Act,
which discourages fish importations.

The Fisheries Department applied to the Secretary for Trade and Industry to import from Israel
100 common carp (a variety known as mirror carp)(Cyprinus carpio), 100 grass carp
(Ctenopharyngodon idella), 100 silver carp (Hypophthal michthys molitrix), and from South Africa,
100 O. mossambicus. On 24 April 1976, permission was granted, “Provided the importer will
ensure that the named fish will not enter the natural waters/lakes of Malawi.”

By June 1976, at Kasinthula, fish growth rates averaging in excess of 8 g/day for silver carp and 4
g/day for common carp (mirror carp) during a 150-day culture period were obtained. The Ministry
agreed that research should continue and more fish be imported. Exotic tilapia (O. mossambicus)
performed poorly and further trials were abandoned. Other tilapia species such as O. niloticus
were reguested for experimentation but no efforts were made to bring them into the country.

The need to introduce exotic fish species arose from strong pressure to make Kasinthula Fish Farm
financialy viable. Although an active national and international debate occurred over exotic fish
species in Malawi, little thought was given by the consultant to the possible impact of carp to
Malawi’'s natural ecosystem if the fish were distributed to farmers.

In 1984, the FD formulated conditions for distribution of common carp to farmers: no farmer
would be alowed to breed the fish; and al carp fingerlings were to be supplied from government
fisheries stations (Domasi and Kasinthula) at a nominal price.

The decision to import carp was influenced by the perceived absence of a fast-growing loca
species and a strong need to provide protein and farm employment where incomes and food
production were low.

1.2 Situation in Regional Countries

Africa's fish genetic resources are important internationally. Cichlid fishes endemic to Africa
comprise the foundation stocks of the world's growing tilapia aquaculture production. Many
tilapia stocks have deteriorated, and need fresh input from Africa, which holds the gene bank for
the future of tilapia aquaculture.

According to FAO database some 139 species have been introduced into 42 African countries
consisting of 79% of finfish, 7% mollusks and 9% crustaceans. The most often introduced species
are common carp with 28 records, rainbow trout 19 records, large mouth bass 19 records, Nile
tilapia 17 records and grass carp 15 records. Nile tilapia and common carp have been introduced in
Zambia, Zimbabwe, Mozambique, and Tanzania. The reason for introduction is mainly for
aguaculture use and their status on establishment in the wild including on the ecological effect is
not clear due to absence of data. In the case of Maawi, common carp was introduced in 1979
from Israel for aquaculture use, and it is not established in the wild athough there are rumors of
escape from farms in the Lower Shire area.
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Some 20 African countries have introduced common carp for aquaculture since the 1940s. Carp
were introduced for culture in cooler areas and for supplementing tilapia yields. Initialy carp
introductions to sub-Saharan Africa were banned because of danger to endemic species if carp
escaped. With rapid development of aquaculture in the 1980s, donor agencies and consultants
promoted known species mainly because of the low cost for development compared with that of
developing new systems for little known indigenous species. Hence, common carp was introduced
to Malawi despite the country’s having the world's most diverse freshwater fish fauna.

A review of exotic fish species introduced for aquaculture use in the regional countries, namely
Zambia, Zimbabwe and Mozambique is outlined below. Refer Figure -1 on the presence of alien
fish species in some sub-Saharan countries.

@ Zambia

The aquaculture in Zambia is comprised of commercial scale farmers with strong financial
backing often owned by multi-national corporations and operated by expatriates, mid-level
farmers, and small-scale village and family farms. Aquaculture involves mainly the farming of
cichlids; Oreochromis andersonii, O. macrochir and Tilapia rendalli using integrated system.
Aquaculture production estimated at 4,200 tons annually and this accounts for about 6 percent of
the national fish catch. In order to improve the general performance of aquaculture, exotic species
have been introduced and these are the common carp, Cyprinus carpio and Nile tilapia,
Oreochromis niloticus. The common carp has fast growth rate and can reach table size after three
months where as the local species can reach table size after six months. The Nile Tilapiais one of
the most investigated species in aguaculture and the conditions required for its culture are well
known. This appears to be the main reason for its introduction and culture in Zambia. The
fisheries department does not keep accurate data and information on the aquaculture production.
According to FAO fisheries statistics, the aquaculture production in 2001 was 4,200 tons; of
which Nile tilapia and common carp accounted for 220 tons and 220 tons, respectively.

Common carp (mirror carp) was introduced in Zambia from Malawi and are farmed in severa
areas. Fry and fingerlings of common carp are produced and distributed by the NARDC in
Mwekera in the Copper belt region, while there are farms that conduct selective breeding and
produces their own fry and fingerlings. Chinese carp, namely grass carp is not widely cultured and
it is only seen as an activity for the commercial scale fish farmers. It was introduced in the 1980s
with the purpose of meeting market demand for large fish and introducing into production ponds
would improve water quality and remove some aguatic vegetation. The commercial sector is able
to manage artificial spawning procedures, marketing and distribution of new species such as
Chinese carps. Nile tilapia, introduced in 1980, is being widely cultured. Besides the indigenous
tilapia species, Oreochromis andersonii that is cultured by many, Oreochromis niloticus is much
sought after fish not only by commercial investors but also by mid-level farmers and small-scale
farmers because of its long tradition of domestication and desirable growth traits. According to
FAO statistics, 220 tons were produced in 2001; it could be even more as fisheries department is
lacking in data collection of aquaculture production.

Kafue Fish Farm Ltd., located in Lusaka region, cultures common carp in addition to O.
andersonii, Ctenopharyngodon idella. This farm does not culture Nile tilapia. The farm produces
fingerlings for its own use and sells surplus to other farms. The farm produces in a year about 40
tons of common carp and aton of grass carp.

Macadamia Farms, located in Kitwe, Copperbelt, also cultures common carp in addition to O.
andersonii, and its production volume depends on the availability of fingerlings; the farm gets
fingerlings from NARDC. The farm has keen interest to increase common carp production, but
there is a shortage of carp fingerlings.
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Chrindue Bream Farm: Located in Chrindue about 100 km from Lake Kariba, specializesin the
selective breeding and production of fry and fingerlings of Nile tilapia. The farm distributes
fingerlings to commercial and mid-level farmers.

Floating cage production: Severa floating cage operators have emerged in recent years, each
operator produces less than 100 tons a year. These operators are diversifying from other activity
mainly from Kapenta fishing. Their interest into culturing of Nile tilapia is attributed to high
market demand for fish in Zambia as well as good growth performance.

NARDC of Fisheries Department, located in Mwekera in Copperbelt, conducts research, training
and produces fry and fingerlings for distribution. The Center has broodstocks of grass carp,
common carp and Nile tilapia besides the indigenous fish species for research and seed production.
Although there is a high demand for fish seed including the Nile tilapia and common carp, the
center is not operating and producing according to its capacity due to budgetary constraints. There
is not much demand for grass carp from mid-level and small-scale farmers. The center has
currently 300 names on its distribution list for not only common carps but also for O. andersonii
and O. niloticus.

Rural Aquaculture Project (USAID)

US Peace Corp/Zambia developed Rural Aquaculture Promaotion (RAP) in response to a request
from the Zambian Department of Fisheries fro human resource assistance in the aquaculture sector.
The assistance began in June 1996 with a needs assessment. Based on the positive and
encouraging results of this assessment, and in December 1997, 20 RAP volunteers were posted in
five provinces in Zambia except the Eastern. In 2004, 53 volunteers are serving the project,
working mainly with individua rural farming families, DoF staff and farmer associations. These
volunteers are offered three-month training at NARDC in Mwekera (Kitwe, Copperbelt) before
assigning them to respective rural areas.

How Nile tilapia got selected for the RAP? RAP is based its aguaculture technica standards on the
experiences gained from similar projectsin West and Central Africa. The basic standard called the
“Zaire Model” involved the monoculture of the most productive tilapia fish species available.
RAP researched into existing information and experiences to compare the productive potential of
existing species as a basis for making decision on which to promote. However, the existing body
of knowledge and information was not helpful to make objective comparisons of the species.
Therefore, in 1997, RAP prepared guidelines for trials aimed at comparing the total production
(harvestable weight) and number of fingerlings produced among the four available tilapias. O.
machrochir, O. niloticus, O. andersonii and T. rendalli. This experiment was implemented at a
government station in Northern Province. Unfortunately, due to some unknown circumstance, the
trials were not executed according to the planned experimental conditions and the results obtained
were unreliable. Despite this shortcoming, RAP and the Fisheries Department decided to promote
O. nilaticus.

An international group of concerned scientists raised the issue on the introduction of non-native
fish into Zambia to Peace Corps in Washington and further stated that introduced fish have caused
a tremendous loss of freshwater biodiversity worldwide. This group advised US Peace Corps to
eliminate the introduction of exotic species in future, and recommended Peace Corps to promote
and conduct responsible aguaculture practices and to use only native fish.

On the status of introduced and trans-located species in Zambia, there are about 26 introduced fish
species in Zambia; among which the species that play a significant role in aquaculture are
Oreochromis nilaticus (Nile tilapia), Cyprinus carpio (Common carp) and Ctenopharyngodon
idella (grass carp).
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Fish species introductions have played a significant role in the Zambian fisheries. Severa
introductions have taken place; some of these introductions have been successful with record of
significant increases in fish production, particularly Nile tilapia and common carp. There are also
fish species introductions that have caused ecological damage. Oreochromis niloticus, a widely
used in aquaculture, is reported to have been accidentally in the Kafue Floodplain from
aguaculture activities. It is certain that there is competition between the new species with other
cichlid speciesin the fishery. Oreochromis niloticus farmed in Mazabuka area has escaped into the
Kafue River and is spreading westwards along the Kafue Flats. There may not only be competition
between this species and the indigenous species of the area but hybridization can not be ruled out
and this can alter the genetic composition of the cichlid species of the Kafue Flats and the
catchment areas.

Although farmers and fisheries officers have reported that no common carp are present in natural
water bodies and rivers including the Lake Kariba, and that this species, in case of escape or
accidental release, would probably not establish reproducing population in Zambian waters and
that it could not reproduce an assisted in ponds, there are cases of self reproducing populations of
mirror carps in the pond St. Joseph Mission in the Copperbelt). This calls for a precautionary
approach to fisheries management and development and implementation of studies aimed at
assessing the impacts of introduced species.

()] Zimbabwe

Several aguaculture activities using tilapia and carps are established. Commercial fish farming of
Oreochromis niloticus is established especially around Lake Kariba on the Zimbabwean side. The
Lake Kariba Fisheries Research Institute had discouraged the use of Oreochromis niloticus in
Lake Kariba area and recommended the use of local tilapia species. Local species of tilapia were
tried in Kariba Bream Farm, but given up in favour of Nile tilapia. FAO statistics shows a total
aguaculture production of 200 tons in 2001, of which Nile tilapia comprises 80 tons. In fact the
tilapia production should be more as Lake Harvest's floating cage culture of Nile tilapia amounts
to about 3,000 tons a year.

Two species of Chinese carp (big head and silver carp) have been introduced in farms along Lake
Kariba. These carps had limited use in aquaculture because of problems with hatching rate and
mortality of broodstocks. In addition, it was also doubted that local people would accept carp as
food, but there is a desire by farms to use grass carps to clean up pond vegetation.

Common carp was introduced in the 1920s and are supposed to be prevalent in fish farms.
However, none are thought to be in Lake Kariba. According to FAO Fisheries Circular No. 863
(1993) common carp are continued to be stocked occasionally by government agencies in the
reservoirs, but are not extremely prolific and not thought to be spreading outside of the areas of
their original introductions.

3 Mozambique

Nile tilapia and common carp have been introduced in Mozambique; especially Nile tilapia for
aguaculture (source is unknown). Common carps were known to have been produced for stocking
and dispersal to interested farmers by the fisheries department; original introduction of common
carp was probably from South Africa. Common carps appeared to have been established in many
of rivers; but how prolific they are in rivers is unclear. Chinese carps were introduced in 1991
from Cuba; which had its introduction from the former Soviet Union during the mid 1960’'s
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1.3 Fisheries Legislation Concerning the Introduction and Transfer of Live
Aquatic Species, with reference to Malawi and neighbours

The existing legislation and associated regulations concerning the transfer and introduction of
aguatic species at international, regional, bilateral and national level are discussed here asto
whether enacted, enforced or not, with specific reference to Malawi.

(D) I nter national Agreement

The International Convention on Biodiversity, which went into force in December 1993, is
probably the most relevant piece of international legislation. Malawi and Zambia are the only two
SADC countries to have ratified the Convention. This convention recognizes the value of natural
and domesticated biologica diversity and acknowledges the sovereignty of countries over their
Species.

The Convention also addresses the issues of the introduction and transfer of species. Article 8 ()
states that “Each party ..... shall Establish or maintain means to regulate, manage or control the
risks associated with the use and release of living modified organisms resulting from
biotechnology .. and (h) Prevention the introduction of, control or eradicate those alien species
which threaten ecosystems, habitats or species’. In addition, the Treaty (Convention) provides for
cooperation “in respect of areas beyond national jurisdiction and on other matters of mutual
interest, for the conservation and sustainable use of biological diversity”. The mechanisms of
such cooperation have to be worked out by the countries concerned.

2 Regional Agreements

SADC (Southern African Development Cooperation) was set up by treaty in 1980, and Malawi is
a party to the treaty. One of the main objectives of the Treaty is to ensure that development does
not impair the diversity and richness of the region’s natural resource base and the environment.
Article 5.1.g of the Treaty provides for the achievement of “sustainable utilization of natural
resources and effective protection of the environment”.

(©)] Bilateral Agreements

Bilateral agreements concerning the management of the resources in shared rivers, lakes, water
bodies, and the river basins offer the opportunity for countries within the region to regulate or
prohibit the introduction and transfer of aquatic species. Cooperation mechanisms and/or joint
commissions exist for most of the shared lakes in the region i.e. Lake Tanganyika, Lake Mweru,
Lake Kariba, and Lake Nyssa/Malawi. These mechanisms enable those countries bordering the
lakes, to collaborate in activities and cooperate over management of the resources of the lake.
However, there are no legally binding agreements for Lake Kariba (Zambia and Zimbabwe), Lake
Nyssa/Malawi (Tanzania, Mozambique and Malawi).

(@] Malawi’s Obligation to International Agreements & National L egislation

Malawi adheres to the international principles of agreements and conventions. The government
has signed and ratified the Convention on Biological Diversity (CBD) whose objectives are the
conservation of biodiversity, sustainable use of its components and the fair and equitable sharing
of the benefits arising from the utilization of the genetic resources. In addition, Malawi is a
signatory of the following conventions related to biological diversity.

e Convention of Wetlands of International Importance (RAMSAR) (ratified in 1997, and
since then Lake Chilwa has been declared a Ramsar Site)

e Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES)

e Convention on the World Heritage Sites (Lake Malawi Nationa Park isaWorld Heritage
Site

e United Nations Framework Convention on Climate Change (UNFCCC)

e The Convention of Desertification and Drought (CCD)

e FAO International undertaking on Plant Genetic Resources
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e Montreal Protocol for the Protection of the Ozone Layer
e Convention of International Plant Protection
e United Nations Convention on the Law of the Sea

There are legidations at the national level governing the import, export and transfer of species for
most of the countries in the SADC region, and that includes live fish. For the countries
surrounding Malawi, namely, Zambia, Mozambique and Tanzania, the nationa legisations
indicate the requirement of permits of import and transfer of agquatic species. The fisheries sector
including aquaculture operates within the Fisheries Management and Conservation Act (No 25 of
1997); and Fisheries Conservation and Management Regulations 1999.

Although the legal framework isin place to control the introduction and transfer of fish, there are
difficulties with enforcing legislation in the region, including Malawi whose department lack
resources to carry out the duties. The difficulties include lack of qualified personnel, lack of
resources to monitor fish farming and stocking activitiesin private water bodies (ponds).

1.4 Risk Management and Quarantine System in Malawi

Under Part XI, section 41: Prohibition of transfer, etc. of fish, of the Fisheries Conservation and
Management Act states that no person shall, without a permit granted by the Director — (@) transfer
fish from an aguacultural establishment or any other water to any different aquacultural
establishment or water; (b) stock any water with fish; or (c) introduce into any water any fish not
indigenous thereto. By virtue of this section, it implies that any importation or introduction of
aien fish species is prohibited. It could aso imply that any trandocation or transfer within
Malawi of any fish (alien) already in the country.

In addition Section 35(1) of the Environmental Management Act stipulates that the actions that
Minister of Environment should undertake to ensure that Malawi’'s biological diversity is
conserved.  Section 35(2) gives the guidelines that should be followed in protecting and
conserving indigenous biodiversity including that of aquatic ecosystems in subsection (2)(b) and
points to the need to control the importation of alien speciesin subsection (2)(e).

In both Acts the Director of Fisheries (Fisheries Conservation and Management Act) and the
Minister (Environmental Management Act) are the authoritative bodies that issue permits based on
the availability of relevant information for decision making. This means that in making such a
decision relevant codes or practices, international conventions and protocols to which Maawi isa
signatory party, would be adhered to. Therefore, regulatory mechanisms to ensure compliance
should bein place.

Currently there is no risk management and quarantine system in Malawi; it is not stipulated in
both Acts. There is also no regulatory mechanisms (no clear code of practice on growing,
handling and management of fish species) in place in case a permit is issued for an import of live
aguatic organisms, although the current facilities at NAC would be used for quarantining.

15 Risk Management in Other Countries

There is no risk management and quarantine system in the immediate surrounding countries,
although the commercial fish farming of exotic fish species (Nile tilapia and common carp) is
developed in comparison to Malawi.

Zambia is governed by the Fisheries Act of 1974 (Zambia Fisheries Act, chapter No. 314 of the
Laws of Zambia). This legislation is based on the colonial Fisheries Ordinance of 1962 and dates
from a time when commercia aquaculture was not contemplated. Therefore, the Fisheries Act
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does not contain any substantive provisions relating to aguaculture, though the Minister is granted
apower under section 21.2 (k) of the Act to regulate and control fish culture. Incidentally, the Act
affects the aquaculture industry through a prohibition against the introduction of any species of
fish or importation of any live fish without the written permission of the Minster. The
development of the aguaculture industry so far has not been facilitated by the legidlation.
However, a new Fisheries Legidation has been drafted and it is expected to be introduced in
Parliament any time. There is no risk management and quarantine system athough the
commercial fish farming of exotic fish species (Nile tilapia and common carp) is developed in
comparison to Malawi.

2. Precautionary Approach to Use of Exotic Fish Species

There are two schools of thoughtsin Malawi currently as explained earlier whether to introduce an
aien fish species or to encourage the use of local native culturable fish speciesin aquaculture. No
doubt introduced fish species are an established means to increase productivity and generate
income in aguaculture. However, both the intentional and accidental introductions are recognized
as serious threats to aguatic biological diversity. Therefore, management must address both
beneficial and negative aspects of species introductions. However, there is an inadequate
knowledge base on which to base policy and management decisions. Two basic unknowns exist
concerning an introduced species: i) its impact on the receiving ecosystem and ii) its performance
in the new ecosystem. Related to these unknowns are three general levels of uncertainty: i)
uncertainty that arises from a lack of basic information; ii) uncertainty that arises from unknown
interactions within a given system; iii) uncertainty that arises from shifts and interactions in
physical, biological, social and political systems.

What needs to be done before making a hasty decision and regret later?

There are several precautionary approaches that may help minimize adverse effects from exotic
species. These range from getting policy and decision-makers to think about an introduction
through education and use of a code of practice, documenting native resources that may be
affected, maintaining registries of exotic species and their effects, up to incorporation of protocols
and guidelines for implementing codes of practice and environmental impact assessments in
legislation. Guidelines and codes of practice represent one of the best precautionary activities
available for speciesintroductions.

2.1 Apply the ICES/EIFAC Code of Practices

Prior to making decision especialy on introduction of the alien species (say common carp and
Nile tilapia), an effort must be made to apply alogical framework using the ICES/EIFAC Code of
Practice (Turner 1988), and this code recommends the use of a decision tree and rating system,
and is one of the means of evaluating a proposed introduction or transfer. As a model case,
attempt on use of common carp in aguaculture was made as indicated below.
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Figure 2.1 Flowchart showing steps on proposal for introduction
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Table 2.1 Timeframe of activities

Review Level-1

Decision

1. Isthe need to use or introduce
common carp valid and there
are no native species available
that could serve the stated
need?

- The need to increase fish supply as
capture fish production is declining

- Current aquaculture productivity of
native speciesislow

- Native species are suited for
commercial scale culture

Proposed use of common carp
appearsto “probably” satisfy a
valid need in terms of fish
production.

2. Iscommon carp safe from
over-exploitation in its native
range?

- Common carp has been introduced
and farmed extensively in many
countries.

- It was introduced in Malawi and
exists in some fish farms (but
banned).

3. Are safeguards adequate to
guard against importation of
disease / parasites?

- No quarantine system or measures
for importation of organisms

- Safeguards are non-existent at
airports or borders

- Preliminary screening of samples

could be undertaken at NAC.
4. Would the introduction be - Usewould bein aclosed system
limited to closed system? - pond based culture

- Fry and fingerlings produced would
be used

Review Level-2

Decision

5. Would the common carp be
unable to establish a self-
sustaining population in the
range of habitats that would
be available

- Common carps are known to
reproduce naturally in the wild if
preci se requirements for
reproduction.

Review Level-3

Decision

6. Would the common carp
have mostly positive
ecological impacts?

7. Would most consequences
of the introduction be
beneficial to humans?

Review Level-4

Decision

8. Is data base adequate to
develop complete species
Synopsis?

9. Does data base indicate
desirability for introduction?

10. Would benefits exceed
risks?
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2.2 What is the Government Policy of the Introduction or Transfer or
Commitment or Obligation to International Conventions and
Agreements?

The government’s policy has a bearing on the international conventions and agreements to which
it has agreed and signed; International instruments (conventions) and Code of Practices to which
Malawi isasignatory areindicated below.

D Binding Instruments
e Convention on Biologica Diversity (CBD)
e Cartagena Protocol on Biosafety

e Convention of Wetlands of International Importance (RAMSAR) (ratified in 1997, and
since then Lake Chilwa has been declared a Ramsar Site)

e Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES)

e United Nations Convention on the Law of the Sea

2 Non-Binding (Voluntary) I nstruments
e |CES Code of Practice on the Introductions and Transfers of Marine Organisms (1994)
e FAO Code of Conduct for Responsible Fisheries (1995) Art. 9 (Aquaculture)

e [UCN Guidelinesfor the Prevention of Biodiversity Loss dueto Biologica Invasion
(1995)

e |UCN/SSC Guidelines for the Re-introductions (1995)

e CBD Subsidiary Body on Scientific, Technical & Technological Advice Guidelines
(1999)

The binding conventions have legal status, and Malawi has an obligation to adhere and abide to
the international principles of the conventions signed when it formulates policy on the use of alien
species. The “Code of Practices’ has no lega status in most countries and is regulations but a
voluntary system which can be adopted to address a particular problem. In addition, there are
existing laws, Fisheries Conservation and Management Act and Environmental Management Act
to which policy makers had to consider.

The fundamental objectives to follow these conventions and code of practices are to conserve
biologica biodiversity; sustainable use of resources;, to limit the impacts of the
introduction/transfer on biodiversity (to ensure the resident fauna/florais not adversely impacted);
to ensure the introduction/transfer meets the socio-economic development goal. In other words,
Malawi, particularly as a signatory of CBD, is committed to developing national strategies, plans
or programmes for the conservation and sustainable use of biological diversity. The
Environmental Affairs Department has prepared and reviewing National Biodiversity Action Plan;
once it is finalized the respective departments including the Fisheries Department will have to
appropriately formulate policy and prepare action plans.
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2.3 What Steps to Take?

The recommended procedure involves four steps and they are inter-related (PROPOSAL
—>EVALUATION -> REVIEW - DECISION). The principle of the procedure is quite simple.
When there is a proposal to introduce or transfer an aguatic organism it is subjected to evaluation
(before it occurs) followed by an independent review of the evaluation and a decision on whether
or not to proceed with the introduction or transfer (and by what means, eg. quarantine
considerations, etc.

PROPOSAL
to introduce or transfer
(what specied/strain, where, why, how, anticipated impacts)

|

EVALUATION
In depth analysis of the benefits
and risks in ecological, genetic and socioeconomic terms and proposed quarantine arrangements

|

INDEPENDENT REVIEW
Review of the proposal and evaluation, checking its
thoroughness, accuracy, advising on the
appropriateness of the proposal and making
recommendations as to how to proceed

|

DECISION
adecision by the appropriate decision making
authority on whether to proceed and under what conditions
(quarantine, containment, monitoring and reporting)

3. Risk Assessment

There is aways a risk associated with the introductions or movements of aquatic animals
including fish. Risks should be assessed using scientific data and information. In the event that
thereis alack of sufficient scientific data, the precautionary approach should be used.

Risk assessment is a part of overal risk analysis, which consists of 4 interrelated components:
e Hazard identification
e Risk assessment
¢ Risk management
e Risk communication

Hazard identification, risk assessment and risk management form the CORE of the risk analysis,
while risk communication is a continuous activity.
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Hazard identification: What is hazard? As an example “Introduction of alien fish speciesin to
Malawi” isahazard.

Risk Assessment: is “the process of identifying and estimating the risks associated with the
importation (introduction) of a commodity and evaluating the
consequences of taking those risks.”

Once the potential hazards associated with the introduction fish species have been identified, the
next step is to estimate, for each hazard, the likelihood of entry, establishment and spread as well
as likely biological and economic consegquences that would resuilt.

Potential hazard Likelihood of Likelihood of Likelihood of Biological and
entry establishment spreading economical
consequences

Risk Assessment is comprised of four components:
¢ Release assessment
e EXxposure assessment
e Consequence assessment
e Risk estimation

Release assessment — describes biological pathway(s) necessary for an_introduced activity to
“release” ahazard into a particular environment and estimates the likelihood of that complete
process occurring.

Exposure assessment - describes biological pathway(s) necessary for exposure of humans
and aguatic and terrestrial animals in the imported country to the hazards and estimates the
likelihood of the exposure(s) occurring and of the spread or establishment of the hazard.

Consequence assessment — identifies the potential biological, environmental and economic
consequences. (or exposure to a hazard result in adverse, health, environmental or socio-
€CcoNnomic consequences.).

Risk estimation — integrates the results of the release assessment, exposure assessment and
consequence assessment to produce overall measures of risks associated with the hazards
identified.

Risk M anagement:

Risk management is ... “the process of identifying, selecting and implementing measures that can
be applied to reduce the leve of risk.” Risk Management consists of four components:

e Riskevauation
e Option evaluation

e Implementation
e Monitoring and review
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Risk evaluation — comparing the unmitigated risk as estimated in the risk assessment with the
importing country’s appropriate level of protection (ALOP). Each hazard is compared with
the ALOP which isthe level or risk considered acceptable to the country.

Option evaluation — identify, evaluate the efficacy and feasibility of, and select measures to
reduce the risk associated with the introduction to below the importing country’s ALOP.

The measures could be importing eggs only, requiring quarantine and inspection at origin,
requiring use of specific diagnostic tests and standards, requiring pre-shipment and / or post-
shipment treatments

Implementation and Monitoring and Review — follow through the risk management
decision and ensure that the risk management measure are in place while monitoring and
review is the on-going process by which the risk management measures are continuously
audited to ensure that the results are achieved.

A scenario of risk analysis, incase of introduction of common carp, is shown in the following
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Table 3.1 Risk Analysis of Common Carp (An example)

HAZARD IDENTIFICATION

RISK ASSESSMENT

RISK MANAGMENT

What Hazards? Risk (Who will be How? Degree Precautions/Measures
harmed?)
Introduction of Exotic species |Existing in Zambia, |Lake Malawi Existing native cichlid |High/low/medium Legal requirementson
(Common carp in Aquaculture) |Zimbabwe, Lake Chilwa species (potential (based on the cases or prevention of
Mozambique Other water bodies threat to biodiversity) |consequences observed in |introductions and
(possibility of Ecological / biological |other countries) transfers
transfer impact - FisheriesAct
intentionally or Likely to be pest / - Common carp is - Strict legidation to
accidentaly) nuisance species (like present in some farms check/enforce
in Australia by and fingerlings are - Indtitute quarantine
Common carp common carp) being produced. - Ingtitute cross-border
introduced in - Fingerlingsare control on movements

1980s; banned in
1992; currently
farmed in some
locations)

distributed farmer to
farmer (extent of
distribution is not
known.)

- Highrisk of
uncontrolled
movement or
distribution.

- Highrisk of escaping
to the wild

of live organisms
Reasonable practicable
measuresin FA
Application of Code of
Practices for Transfer /
Introduction of Exotic
Species
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. RECOMMENDATIONS TO MASTER PLAN

The government has recognized and underscored the potential and catalytic role aguaculture can
play in food security and poverty aleviation and contribute also to the country economic
development. It is therefore expected the aquaculture production would augment the domestic fish
supply which is on a declining trend since late 1970s, and it has resulted in high fish price and high
fish demand in both rural and urban areas. Against the many issues and problems in both technical
and non-technical areas facing the aguaculture sector, it is highly recommended the Malawi initiate
the path to promote and develop the commercial aquaculture. The recommendations to master plan
are:

e To conduct aguaculture technology development immediately on the local culturable
indigenous fish species for commercial fish farming (recommended the use of on-station R
& D obtained so far) in collaboration with commercial fish farmer.

e To conduct more applied scientific research on O. karongae and O. mossambicus as
potentia indigenous species for commercial fish farming (collaborative research with
commercial fish farmers highly recommended).

e To conduct research and trial on formulated fish feed using local ingredients, as feed is the
critical factor in production cost.

e For the above, promote and conduct ‘ government-private” joint research and technology
development using the facilities and equipment at NAC and other field stations (even to the
extent of leasing the facilities to private commercia farmer).

e Toformulate and enact enabling aguaculture policies and legal framework that are
“business friendly” and conducive to private sector; develop anationa guideline for
commercial aguaculture that will guide prospective investors to aguaculture without causing
much time and money and a single window agency to process application requiring multiple
approvals.

e Ontheuseof aien (non-native) fish species in aquaculture, the DoF should as far as
possible avoid the introduction of alien fish species, and instead encourage the use of only
indigenous fish speciesin view of the protection of biodiversity of Lake Malawi and other
water bodies. Document the information on the impact of alien fish species that are farmed
in bordering countries, and formulate measures to prevent cross-border transfer or
movement of live fish species, and strictly follow the international conventions and
protocols, and conduct risk analysis prior to approval.

e The presence of common carp in Maawi (alien fish species) needs to be reviewed and
conduct risk analysis on its future status in Malawi.

e  Oreochromis mossambicus, an indigenous fish speciesin the Lower Shire, should be
considered for aguaculture especially in the lower shire in view of the recent advancesin the
proved strains of the species
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Attachment 1

GUIDELINE ON THE FORMULATION OF THE ENVIRONMENTAL IMPACT
ASSESSMENT IN AQUACULTURE

Qualification

Any aguaculture establishment that occupies more than 4 hectares or a production whose output
exceeds 4 tonnes per hectare should have an EIA.

The EIA should comprise the following;

Introduction

The introduction contains the following information

a Promoter (s)
Indicate the owner (s) of the enterprise.

b. Background

The background must describe the whole project, starting from production, facilities, equipment,
markets and marketing and administration. The background must also justify the importance of the
project and how it fits to the national goas such as poverty aleviation, import substitution,
employment generation, women empowerment etc.

C. Current Environmental Situation

This section must contain the following: wildlife, fisheries, forestry, soils, temperature / climate,
river and their flow variability, water quality and quantity, noise, agriculture, flora/ fauna; and the
socio-economic situation (active population, employment, education, public health, quality of life,
culture and religion, gender development, local |eaders and their environmental concerns towards the
project). And any other environmental factorsin the area

d. Potential impact identification and their mitigation measures

This section must contain project inputs; project activities; management activities; and project
outputs

e Environmental Management plan
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MODEL OF TERMS OF REFERENCE FOR EIA IN AQUACULTURE

The EIA must contain the following:

e A brief description of the project including a detailed description of the facilities.
e A review of relevant background information and references.

e A summary of the environmental baseline data.

e A concise and accurate description of the features of the project and its structures.

e A qualitative and quantitative evaluation of the potential environmental impacts identified
as direct, indirect, short and long term and cumulative effects, according to the best
information available.

e A description of the structures and management measures needed to ensure minimum
impact throughout the life of the project. Thisisthe ‘Core' of the report and should include
consideration of all reasonable aternatives and the extent to which public consultation is
used in the management measures.

e Undertake public consultation to ensure that all stakeholders, interested and affected parties
are consulted. Consultations must include stakeholders at the site and those surrounding the
site. Government line Ministries that are affected, NGOs and local |eaders.

e A cost benefit analysis of the recommended structures and mismanagement measures
needed to make the project environmentally acceptable.

The structure of the report should follow the guidelines provided in the Maawi EIA guidelines. It
will basically consist of an Environment Impact Assessment (EIA) and Environment Management
Plan (EMP). The EMP must be practical and cost effective. It must identify the information needed
to guide management decisions and the current costs and sources of financing for the EMP and its
monitoring tasks. It should clearly indicate the responsibilities for lead agencies, stakeholders and
any training needs that should be undertaken to ensure its proper implementation.

Ten draft copies are submitted to the Environmental Affairs Department (EAD). The EAD circulates
to experts that review the draft and make recommendations.

The recommendations are incorporated into the report and the final document is submitted to EAD
which presents the report to the Taskforce on Conservation of the Environment (TCE) that finaly
approves the project and a certificate isissued by the Director of EAD.
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Attachment 2
Article 9 of FAO Code of Responsible Fisheries

Article9: AQUACULTURE DEVELOPMENT

9.1 Responsible development of aquaculture, including culture-based fisheries, in areas
under national jurisdiction

9.1.1 States should establish, maintain and develop an appropriate legal and administrative
framework which facilitates the devel opment of responsible aguaculture.

9.1.2 States should promote responsible development and management of aquaculture,
including an advance evaluation of the effects of aguaculture development on genetic
diversity and ecosystem integrity, based on the best available scientific information.

9.1.3 States should produce and regularly update aquaculture devel opment strategies and
plans, as required, to ensure that aquaculture development is ecologically sustainable and to
alow therational use of resources shared by aquaculture and other activities.

9.1.4 States should ensure that the livelihoods of local communities, and their accessto
fishing grounds, are not negatively affected by aquaculture developments.

9.1.5 States should establish effective procedures specific to aguaculture to undertake
appropriate environmental assessment and monitoring with the aim of minimizing adverse
ecological changes and related economic and social consequences resulting from water
extraction, land use, discharge of effluents, use of drugs and chemicals, and other
aguaculture activities.

9.2 Responsible development of aquaculture including culture-based fisheries within
transboundary aquatic ecosystems

9.2.1 States should protect transboundary aquatic ecosystems by supporting responsible
aguaculture practices within their national jurisdiction and by cooperation in the promotion
of sustainable aquaculture practices.

9.2.2 States should, with due respect to their neighbouring States, and in accordance with
international law, ensure responsible choice of species, siting and management of
aquaculture activities which could affect transboundary aguatic ecosystems.

9.2.3 States should consult with their neighbouring States, as appropriate, before introducing
non-indigenous species into transboundary aguatic ecosystems.

9.2.4 States should establish appropriate mechanisms, such as databases and information
networks to collect, share and disseminate data related to their aguaculture activities to
facilitate cooperation on planning for aguaculture development at the national, subregional,
regional and global level.

9.2.5 States should cooperate in the development of appropriate mechanisms, when required,
to monitor the impacts of inputs used in agaculture.

9.3 Use of aquatic genetic resources for the purposes of aquaculture including culture-based
fisheries
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9.3.1 States should conserve genetic diversity and maintain integrity of aquatic communities
and ecosystems by appropriate management. In particular, efforts should be undertaken to
minimize the harmful effects of introducing non-native species or genetically altered stocks
used for aguaculture including culture-based fisheriesinto waters, especially where thereis
asignificant potential for the spread of such non-native species or genetically altered stocks
into waters under the jurisdiction of other States as well as waters under the jurisdiction of
the State of origin. States should, whenever possible, promote steps to minimize adverse
genetic, disease and other effects of escaped farmed fish on wild stocks.

9.3.2 States should cooperate in the el aboration, adoption and implementation of
international codes of practice and procedures for introductions and transfers of aquatic
organisms.

9.3.3 States should, in order to minimize risks of disease transfer and other adverse effects
on wild and cultured stocks, encourage adoption of appropriate practices in the genetic
improvement of broodstocks, the introduction of non-native species, and in the production,
sale and transport of eggs, larvae or fry, broodstock or other live materials. States should
facilitate the preparation and i mplementation of appropriate national codes of practice and
procedures to this effect.

9.3.4 States should promote the use of appropriate procedures for the selection of
broodstock and the production of eggs, larvae and fry.

9.3.5 States should, where appropriate, promote research and, when feasible, the
development of culture techniques for endangered species to protect, rehabilitate and
enhance their stocks, taking into account the critical need to conserve genetic diversity of
endangered species.

9.4 Responsible aquaculture at the production level

9.4.1 States should promote responsi ble aguaculture practices in support of rura
communities, producer organizations and fish farmers.

9.4.2 States should promote active participation of fishfarmers and their communitiesin the
development of responsible aguaculture management practices.

9.4.3 States should promote efforts which improve selection and use of appropriate feeds,
feed additives and fertilizers, including manures.

9.4.4 States should promote effective farm and fish health management practices favouring
hygienic measures and vaccines. Safe, effective and minimal use of therapeutants, hormones
and drugs, antibiotics and other disease control chemicals should be ensured.

9.4.5 States should regulate the use of chemical inputs in aguaculture which are hazardous
to human hedth and the environment.

9.4.6 States should require that the disposal of wastes such as offal, dudge, dead or diseased
fish, excess veterinary drugs and other hazardous chemical inputs does not constitute a
hazard to human health and the environment.

9.4.7 States should ensure the food safety of aguaculture products and promote efforts

which maintain product quality and improve their value through particular care before and
during harvesting and on-site processing and in storage and transport of the products.
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Attachment 3
DEVELOPMENT PROCESS OF RESEARCH MASTER PLAN AND ITS METHOD

Concept Paper
By
The National Aquaculture Centre
Authors
A.O. Mauwa, S. Unyolo, F. Kapute, H. Zidana, G. Ntenjeraand G. Khota.

The selected species are Oreochromis mossambicus and Oreochromis karongae. There is quite alot
of information on O. mossambicus as a candidate species for commercial and intensive aguaculture,
however, information on O. karongae as a species for commercial aguaculture under intensive
systems is limited. This concept paper has outlines the areas that need further research for the
speciesto be farmed at commercial levels under intensive systems.

1 Biology and Taxonomy

Introduction

Oreochromis karongae is a known as Lake Malawi Chambo, is one of a group of four closely related
tilapias of the genus Oreochromis (Nyasalapia) flock that was described by Trewavas in 1983. This
fish occur only in Lakes Malawi and Malombe. There are other related species which are O.
squampinnis, O. lidole and O. saka, according to the classification by Trewavas, 1983, which all
belong to the Chambo group. However, Turner and Robinson (1990) reported that O. saka is
synonymous to O. karongae and that there are only 3 species within the Chambo group, namely, O.
karongae, O. lidole and O. sgquamipinnis.

Biology

In nature, O. karongae breeds from August to November (in hot weather before rains) on weedy
inshore areas. The minimum and average breeding sizes are 25cm and 27.5cm respectively and
breeding is observed after three years of age (Lowe 1952). Average period from egg laying to
release of young is about four weeks. Ovaries for spent females are dark brown and degenerate after
spawning suggesting that all eggs are shed at once. The fecundity is between 276-330 eggs. Fish take
about a month from the time that they start to devel op the breeding color to the time that they
become fully ripe.

In ponds, O. karongae has been reported to breed from September to March and the latest results
from Maldeco show that in ponds along the lakeshore, O. karongae breeds even in the cool months
of the year, (May to August). This seems to suggest that temperature is the most important water
quality parameter in order to optimize fry production from the species. As a mouth brooder with
large eggs, O. karongae has low fecundity, therefore more broodstock should used to maximize
fingerling production.

2. Research Areas

Taxonomy

The most difficult time to distinguish the species within the Chambo group is when they are less that
15 cm and when they are not breeding. During breeding, there is a problem to distinguish between
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females of O. karongae and O. squamipinnis. A guide on the classification of the Chambo speciesis
shown intable 1.

Table 1 below compares morphological characteristics of the three species.

Table 1. Morphological characteristics that are used to identify the three Oreochromis species

O. lidole O. sgquamipinnis O. karongae

Ripe male color Black Blue or white head Black

Female/juvenile color Dark Grey Silver Grey Brownish (often yellow dorsal
margin)

Body shape Slim, big head | Deep-bodied Slim, except in Lake
Maombe

Jaws Large Small-Medium Small

Teeth 34 (5) 3-7 rows 3-14 rows

Pharyngeal toothed area | Small Medium Medium-large

Minimum size for 15cm 20cm 20cm

accurate identification

Source: Turner et al. (1992)

There is a need for a study that can recruit the broodstock of the species and use the morphometric
classification (Staff at the Malawi Fisheries Research Institute in Monkey bay have basic knowledge
on the classification). Once the species have been classified, there is need to carryout molecular
genetics to confirm the morphometric classification. (The biology Department at Chancellor College
has equipment for the molecular genetics work). Once identified, the O. karongae can be subjected
to various research works and the other Chambo species could also be tested for their aguaculture
potential.

Nutrition

The Chambo are both phytophagous and zoophagous in diet when in the wild (Mwanyama 1993).
This feature makes them switch from one food type to another depending upon abundance and size.
When the phytoplankton is in abundance, the Chambo specializes on phytoplankton feeding,
preferring the small sized phytoplankton such as melosira. When zooplankton is in abundance, the
Chambo switch to zooplankton feeding, preferring the slow moving zooplankton such as copepods
and rotifers. This means that pond fertilization is very important in aquaculture.

The Chambo being a tilapia, which generally are optunistic in nature, also feeds on food particles
and can ingest food that is artificially supplied. Maldeco has been able to grow the Chambo in cages
using artificially formulated feeds in pellet form. Most of the formulated pellets use fishmeal, blood
meal, meat and bone meal as a source of protein and these materials are expensive and scarce. There
isaneed for research into least cost combinations of feed ingredients especially protein sources from
materials of plant origin which are less costly. These materials could be used to produce cheaper fish
feeds in combination with the animal sources of protein. These plant sources are; soya beans,
cottonseed cake, lecaena, groundnut cake and others.

The National Aquaculture Center has the machinery necessary for feed formulation, tanks for growth
testing and the supporting laboratories for this research work.
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Genetics

Genetic selection has improved the performance of the Oreochromis niloticus and has resulted to
60% growth rate and improved feed utilization efficiency (Eknath et al. 1990). The tilapia selective
breeding program at the National Aquaculture Centre was initiated in 1996 on Tilapia rendalli and
Oreochromis shiranus and the work is in progress. The O. shiranus selection work is at the 3
generation and that of T. rendalli is at the 2 generation. There has been no genetic improvement
program on O. karongae until most recently when broodstock recruitment work has commenced.
The selection program for O. karongae should involve collection of more broodstock from the Shire
river, Mangochi, Cape Maclear, Salima, Nkhotakota, Nkhatabay (Kachere and Chiwana beaches)
and Karonga. This broodstock should be identified using the methods devel oped on the biology and
taxonomy section. The fish should be bred using single pair matings in concrete tanks and hapas and
after estimating the genetic parameters such as heterosis and genetic variance, a base population will
be formed from which generations of selection will be done.

The National Aquaculture Center has the tank and pond facilities but there is a need to procure more
hapas and tags. Thereis staff that is aready trained on these techniques.

Growth, Reproduction and Sex reversal

Tilapias have been the mgjor cultured species in the world due to their desirable traits, however, one
of the most important problem is stunting. With stunting, an individual switches from growth to
reproduction at a small size. Research has been conducted to solve the precacious breeding problem
in tilapia worldwide and these include; Sex chromosome manipulation, hormonal sex reversal,
production of super or YY males and manual hand sexing.

a. Hormonal sex manipulation

This results in the production of triploids or tetraploids. It involves subjecting the developing fish
eggs to either a cold or heat shock. The polypoids grow fast but they are sterile and hence there is
shortage of seed. This method would make farmers to continuously rely on the government stations
to supply them with fingerlings.

b. Sexreversa

Sex reversal techniques are responsible for the thriving tilapia industry worldwide. The technique is
based on the fact that males grow faster than females. Sex reversal involves the feeding of the fry
during the first 14 days in life, a feed containing the male hormone, testosterone. This results in the
production of all-male (above 90% males) population. This technique has not been adopted in
Malawi because there is a problem to source the hormones. In addition, the hormones are very
expensive to be affordable by farmers. Most people in the west are now reluctant to eat fish that has
been sex reversed by hormones, so the market is rather limited for the sex-reversed fish.

¢. Production of super males

Through the sex reversal technique, it is possible to mate sex reversed females (XY) and normal
males (XY) with the possibility of having a YY chromosome combination in the offspring with a
frequency of 0.25%. These YY males produce all males offspring when mated to normal females.
This would be a sustained way of improving the growth performance of the Chambo in aquaculture,
because once the super males are produced, they can be used for along time. These males could aso
be distributed to seed producing farmers so that other farmers could be buying the seed from these
producers right there in the villages.
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The production of super males would not be a very big problem at the National Aquaculture Center
because the facilities were already established under the JICA Aquaculture Project and there is
technical staff that is already trained in the techniques.

d. Manua or hand sexing

This involves the growing of tilapia fry scooped from the breeding ponds to 15-20 g and manually
sex them by observing the genital area. The males are separated from the females and al male
populations are raised separately in ponds. This technique is not accurate because it is prone to
human error. Besides, for commercial fish farmers with alarge number of ponds, this method istime
consuming and hence not practical for commercial fish farmers.

On-farm trids

The on-farm trials involve the carrying out of research in farmers’ ponds. It is a very good tool in
technology transfer with small-scale fish farmers. However, if commercial aguaculture is being
promoted, there is no need to conduct on-farm trials as such, but model farmers and farms could be
identified where on-farm demonstration of techniques could be done to the new and would be
farmers. The Department can also lease some of its infrastructure to the private sector for joint trials
in the aquaculture.

On farm trias constraints.

a. Water availahility

With reliance to water from streams and rivers for filling aguaculture ponds and availability of
pumps non-existence for smallholder farmers, the demand for water is clearly in excess of
availability especially during the dry season. As a result, most of the ponds cannot be harvested by
draining completely. This reduces the number of production cycles a farmer can have to less than
two ayear. This can affect seasonality of conducting on farm trials to the wetter seasons of the year
depicting afalse impression of the real scenario of fish farming in Malawi.

b. Farmers Satisfaction of On Farm Trials

As trials are conducted with the farmer’s participation, the farmers have their own timetable that
does not tally with extension workers. This forces the farmers in partly harvesting the fish forcing
researchers to collect false data at the end of the trial. This comes as a result that a farmer cannot
wait when his family has no food but has a pond with fish until the scheduled date for harvesting.

c. Researcher managed research versus farmer managed research

Most of the on—farm research activities are planned by the researchers with little involvement of the
farmers. Farmers are only taken on board during the implementation of the experiments. This has
resulted in farmers losing track of the objectives and overall goa of the on-farm research activities.

d. Time/land availability

Most of the fish farmers have either one or two ponds. These farmers are reluctant to put aside some
of their land to be put to aquaculture because the suitable land is used for staple crop cultivation. In
order to carry out trials, replicates are done at fish farmers located far away and have different sized
ponds. To conduct trials using these farmers' ponds, it involves considerable amount of time and
trials are usually unsynchronized.
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e. Species Preference

Most of the On Farm trials carried out involve Oreochromis shiranus and Tilapia rendalli. Much
research has been conducted using O. shiranus which is not preferred to by farmersin terms of poor
growth. However the species can recover quickly in times of drought, which frequently occur. The
reason is that this species is self sustainable in terms of fingerling source. Farmers show a
preferenceto T. rendalli.

f.  Open field days

Farmer to farmer contacts is reported to be weak especially to farmers who reside in areas not visited
by extension workers. The problem becomes more to those farmers who do not belong to any club.
Information of better fish husbandry becomes very limited. When open field days are conducted, it is
the extension worker who nominates participating farmers and this selectivity considers those
farmers who are doing better in fish farming.

Way forward for undertaking on-farm research

e Thereisneedto carefully analyze the farmer’s priority problems, needs and opportunities
before an on-farm research is conducted with the farmers.

e Thereisneed to target on-farm research with appropriate technol ogies which can address
the needs of the farmers with their full involvement of the farmers from planning,
implementation and evaluation.

e Theexisting technologies need to be fully appraised by reviewing all the existing data from
local experimental stations as well asregiona and international research which can be
incorporated in the on-farm research.

e Therole of NAC in conducting on-farm research should be clearly defined in the context of
its capabilities and resources.

Economics and marketing

This area has not been tackled in detail because most of the farmers are small scale where al the
production is sold at the pond site. However, with commercial aguaculture where more fish is
produced, there is need to establish markets where the fish will be sold. There are several potential
markets for aquaculture products which are;

a.  Supermarkets

Initial surveys conducted by the National Aquaculture Center show that most supermarkets such as
PTC, Shoprite etc, would like to sale aquaculture products in their shops. The problem is that they
require a steady and regular supply for example 500 kg/ week, for the whole year. The problem has
been that fish production from small scale aquaculture has been too little to satisfy that huge demand.

b. Institutions

Training ingtitutions such as secondary schools, seminaries, teachers' and nurses' training colleges
would like to have a regular supply of fish in a given time period such as weekly or monthly. Small
scale aguaculture cannot supply this fish, but the market is till there and is not tapped at all.

c. Export

There is a huge domestic demand which is not satisfied with the current supply of fish from both
capture fisheries and aguaculture. When this demand is satisfied, the export market could be
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explored. There are a lot of requests being received by the Nationa Aquaculture Center from
neighboring countries such as Zambia, Zimbabwe and South Africa for the export of Chambo to
these countries.

d. Economics

The economic issues are cross cutting at each production technology, where the costs of inputs, labor
and capital should be considered in relation to the anticipated output.

There is need for the department of fisheries to undertake research in economics and marketing to
develop appropriate recommendations for fish farming. This can be done through the preparation of
economic analysis at different levels of fish farming enterprises (small to large) and advise farmers
accordingly.

This can be done through the collection of data on quantities of physical inputs and outputs, revenue
and costs to anayze the prevailing farm and management practices and to indicate the most
profitable way of farming under improved circumstances.

3. CONSTRAINTS

Opportunity cost

There is always a conflict on the use of resources for other agricultural activities such as land, labor,
water and agricultural wastes which could aso be used for the production of other agricultura
enterprises. Aquaculturists therefore need to take a careful economic analysis of the benefits of
embarking on different enterprises as they relate to fish farming.

Economics of production

While the farmers embark on fish farming there is need to assess the economics of production to
determine the optimal production practices for different species at different levels.

Key areas of research

e  Production cycles:

At present the department of fisheries recommend a production cycle of is six months but there is
need to analyze the potential of shortening or lengthening the production and its economic impact
for different species at different levels.

e  Production practices:

There is need to economically assess different management practices at different levels for the
department to make proper recommendations. Some of the practices which need economic analyses
include the polyculture versus monoculture of different species; the use of external inputs versus the
use of on-farm inputs.

e  Monitoring:

For the aquaculturist to make proper economic analyses of different farms at different levelsthereis
need to train the farmers on how they can monitor their farm activities through proper record

keeping.
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e  Marketing:

Most of the fish in aquaculture is aways sold fresh but the prices at which fresh fish is sold is not as
competitive as other livestock products. Fish products are relatively cheap yet they have high
nutritive value. There is lack of exchange of information on pricing of aquaculture products in
different areas.

There is no processing of fish produced in aguaculture for marketing. There is therefore need to
conduct research on how aguaculture products can be presented in different forms by processing to
add value to the products.

Another mechanism that is required for the efficient marketing of fishisto ensure a

ayear-round supply of cultured fish. This calls for ajoint research effort of production and its impact
on the marketing of such fish.

A6-11



Development of aquaculture research plan, National Aquaculture Center
(Main fish species: Oreochromis Karongae and Oreochromis Mossambicus Control species: Oreochromis Shiranus and Tilapia Rendalli)

Research Programme Expected output (Projects) Research Institution Time frame Funding source
1: Information 1.1: Information System 1.1.1: NAC,WFC Jan 2005 - Dec | JCA, WFC, COMPASS,
Communication (Database/Webbased) 2007 DOF
Technology (ICT) | 1.2: Information reviewed 1.2.1: NAC, WFC
1.3: Networking 1.3.1: WFC, NAC
1.4: Publications /Dessemination 14.1: WFC NAC
1.5: Policy reviewed 1.5.1: DOF
2: Breeding 2.1: Broodstock selected and managed 2.1.1: NAC, FRU,Comm. Farmers Jan 2005 - Dec | JCA, GKL, MALDECO,
2009 RPC,
2.2: Sex ratios determined 2.2.1: NAC Bunda DOF, GOM
2.3: Stocking densities determined 2.3.1: NAC, Bunda, Comm. farmers
2.4: Breeding cycles established 2.4.1: NAC, Bunda, Comm, farmers
2.5: Predation in nursery ponds controlled 25.1:NAC
2.6: Fry feed determined 2.6.1: NAC, Bunda
2.7: Fry production established 2.7.1: NAC, Comm farmers, Bunda
2.8: Hatchery managed 2.8.1: NAC Comm farmers
2.9: Genetically improved breeds selected 2.9.1: NAC, Chanco, NLH, Bunda Jan 2005- Dec JCA,MAROP, NRCM,
2010 USAID (Nature) WFC/UNDP
3: Growth and 3.1: Appropriate feeds devel oped 3.1.1: NAC, Bunda, WFC, Comm Jan 2005 - Dec | JCA, WFC, Comm farms
Production farms 2007

3.2: Sex reversal technology developed

3.3: Appropriate production systems
established

3.2.1: NAC, Bunda, WFC

3.3.1: NAC, Rhodes, AIT, WFC/USM

DBSA, USAID, NRCM,
RPC,
MAROP, DoF/GOM
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3.4: Optimum fish stocking densities
established

3.4.1: NAC, Bunda, WFC, Comm
farm

3.5: Fish production cycles for different
markets established

3.5.1: NAC, Bunda, WFC, Comm
farm

4: Sociol-economic and
Marketing

4.1: Economic and Financial Analysis of all
production

technologies carried out

4.2: Fish Market structure, conduct,
performance determined

4.3: Fish supply and trends established

4.4: Consumer preferences established

4.5: Fish quality standards established
(Processing, value

adding, product development)

4.6: Tenure systems for the development of
aquaculture

defined

4.1.1: DoF/EP&D, Bunda, Chancellor
College

4.2.1: Chancellor college, DoF, Bunda

4.3.1: DoF, Bunda, Chanco

4.4.1: DoF, Econ. Dept., WFC,
APRU, NSO,

4.5.1: DoF, MBS, WFC

4.6.1: DoF, Bunda, NSO

Jan 2005-Dec
2008

UNDP, NEPAD, FAO, GOM,
JCA

COMESA, EU,
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Attachment 4

Extract from DIAS showing species introduced in Zambia, Mozambique, Tanzania, Malawi and Zimbabwe

Species Introduced from Year Reason Established Established Usefor Ecological Socio
Introduced inthewild through Aquaculture impact economic
impact
Zambia
Aspathara wahlber gi Lake Kariba 1980 | Aquaculture | Unknown No data No data Unknown Unknown
Astatoreochromis Uganda 1979 | Snail control | Not No data No data Unknown No data
alluaudi established
Bagrus meridionalis Malawi 1971 | Fill Not No data No data Unknown No data
ecological established
niche
Boulengerochromis Tazania (Lake 1989 | Aquaculture | Probably not | No data No data Unknown Unknown
microlepis Tanganyika) established
Cherax albidus South Africa 1992 | Aquaculture | Probably not | No data rarely used Unknown No data
established
Cherax quadricarinatus | South Africa 1992 | Aquaculture | Probably not | No data rarely used Unknown No data
established
Ctenopharyngodon Israel, Mauritus 1980s | Aquaculture | Not No data No data Unknown No data
idellus established
Cyprinus carpio carpio | South Africa, Malawi, 1946 | Aquaculture | Not No data Widely used | Unknown Probably
Israel established some
Gambusia affinis affinis | South Africa 1940s | Mosquito Not No data No data Unknown No data
control established
Hypophthalmichthys Unknown Unknown | Aquaculture | Unknown No data No data Unknown No data
molitrix
Lepomis cyanellus USA Unknown | Aquaculture | Probably Natural No data Unknown Unknown
established reproduction
Lepomis macrochirus USA 1946 | Aquaculture | Not No data No data Unknown Unknown
established
Limnothrissa miodon Tazania 1992 | Fisheries Unknown No data No data Unknown Unknown
(Lake Tanganyika)
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Species Introduced from Year Reason Established Established Usefor Ecological Socio
Introduced inthewild through Aquaculture impact economic
impact
Limnothrissa miodon TanzanialZaire 1967-1968 | Fisheries and | Established Natural No data Unknown Some
fill ecological reproduction
niche
Micropterus dolomieu South Africa 1947 | Aquaculture | Probably not | No data No data Unknown No data
established
Micropterus punctulatus | South Africa 1945 | Unknown Not No data No data Unknown No data
established
Oncorhynchus mykiss South Africa 1942 | Unknown Not No data No data Unknown No data
established
Oreochromis aureus | srael/Scotland 1980s | Aquaculture | Probably No data No data Unknown No data
established
Oreochromismortimeri | Zimbabwe 1991 | Unknown Unknown No data No data Unknown No data
Oreochromis  niloticus | Germany 1991 | Unknown Unknown No data No data Unknown No data
niloticus
Oreochromis niloticus | Scotland 1983 | Unknown Established Natural No data Unknown No data
niloticus reproduction
Poecilia reticulata Unknown Unknown | Unknown Established No data No data Unknown No data
Procambarus clarkii Kenya 1978 | Aquaculture | Probably not | No data Rarely used Unknown No data
established
Serranochromis Zaire (probably Lake 1980s | Unknown Unknown No data No data Unknown No data
robustus robustus Chilanga)
Tilapia rendalli Zaire 1948 | Unknown Established No data No data Unknown No data
Tincatinca USA 1946 | Snail control | Not No data No data Unknown No data
established
Xiphophorus hellerii Unknown Unknown | Ornamental Unknown No data No data Unknown No data
M ozambique
Ctenopharyngodon Cuba 1991 | Aquaculture | Not No data Rarely used None Probably
idellus and Fisheries | established none
Cyprinus carpio South Africa Unknown | Diffused Unknown No data No data Unknown No data
from  other
countries
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Species Introduced from Year Reason Established Established Usefor Ecological Socio
Introduced inthewild through Aquaculture impact economic
impact
Hypophthalmichthys Cuba 1991 | Aquaculture | Not No data Rarely used None Probably
molitrix and Fisheries | established none
Hypophthalmichthys Cuba 1991 | Aquaculture | Not No data Rarely used None Probably
nobilis and Fisheries | established none
Limnothrissa miodon Tanzania 1970s | Diffused Established No data No data Unknown No data
from  other
countries
Micropterus salmoides | Swaziland 1947 | Angling/ Unknown No data No data Unknown No data
Sport
Oncorhynchus mykiss Zimbabwe Unknown | Unknown Unknown No data No data Unknown No data
Oreochromis niloticus Unknown Unknown | Aquaculture | Unknown No data No data Unknown Probably
some
Oreochromis spilurus Unknown Unknown | Unknown Unknown No data No data Unknown No data
Perna perna Unknown 1970s-80s | Aquaculture | Unknown No data No data Unknown No data
Tanzania
Ctenopharyngodon India 1981 | Aquaculture | Not No data No data Unknown Probably
idellus established none
Cyprinus carpio Unknown Unknown | Aquaculture | Unknown No data No data Unknown No data
Hypophthalmichthys India 1981 | Aquaculture | Not No data No data Unknown No data
molitrix established
Lates niloticus Uganda 1954 | Fll Established Natural No data Some Some
ecological reproduction
niche
Oncorhynchus mykiss Scotland 1927 | Angling/ Probably Natural No data Unknown No data
Sport established reproduction
Oreochromis andersonii | Zambia 1968 | Aquaculture | Established Natural Rarely used | Unknown No data
reproduction
Oreochromis esculentus | Lake Victoria 1950s | Fill Established Natural No data Unknown No data
ecological reproduction
niche
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Species Introduced from Year Reason Established Established Usefor Ecological Socio
Introduced inthewild through Aquaculture impact economic
impact
Oreochromis Lake Albert 1954 | Unknown Established Natural No data Unknown No data
leucostictus reproduction
Oreochromis  niloticus | Unknown 1950s-60s | Fisheries Established Natural Widely used | Some Some
niloticus reproduction
Tilapia rendalli Unknown 1962 | Aquaculture | Established Natural No data Unknown No data
reproduction
Tilapia sparrmanii Unknown Unknown | Unknown Probably not | No data No data Unknown No data
established
Tilapia zllii Unknown 1965 | Aquaculture | Established Natural No data Unknown No data
reproduction
M alawi
Ctenopharyngodon Israel 1976 | Aquaculture | Not No data No data Unknown Probably
idellus established none
Cyprinus carpio Israel 1970 | Aquaculture | Not No data Rarely used Probably Probably
established some some
Hypophthalmichthys Israel 1970 | Aquaculture | Not No data No data Unknown No data
molitrix established
Lepomis macrochirus Unknown Unknown | Forage and | Probably Natural No data Probably Unknown
angling/sport | established reproduction none
Micropterus salmoides | Zimbabwe Unknown | Angling/ Established Natural No data Probably Probably
Sport reproduction some some
Oncorhynchus mykiss England 1906 | Angling/ Established Natural No data Probably Probably
Sport reproduction some some
Phalloceros Unknown 1951 | Mosquito Established Natural No data Probably Unknown
caudimaculatus control reproduction some
Phalloceros Brazil 1956 | Mosquito Established Natural No data No data Unknown
caudimaculatus control reproduction
Poecilia reticulata Unknown 1984 | Accidental Probably not | No data No data Probably Probably
established some some
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Species Introduced from Year Reason Established Established Usefor Ecological Socio
Introduced inthewild through Aquaculture impact economic
impact
Salmo trutta trutta England/South Africa 1906 | Angling/ Probably not | No data No data Unknown Unknown
Sport established
Zimbabwe
Bagrus meridionalis Malawi 1971 | Fill Probably not | No data No data Unknown No data
ecological established
niche
Barbus aeneus South Africa 1927 | Angling/ Probably not | No data No data Unknown Unknown
Sport established
Barbus kimberleyensis | South Africa 1928 | Angling/ Not No data No data Unknown No data
Sport established
Barbus natalensis South Africa 1960 | Angling/ Not No data No data Unknown No data
Sport established
Carassius auratus Unknown Unknown | Unknown Established Natural No data Unknown No data
reproduction
Catla catla India 1966 | Unknown Probably not | No data No data Unknown No data
established
Cirrhinus mrigala India 1966 | Aquaculture | Not No data No data Unknown No data
established
Ctenopharyngodon Unknown 1995 | Weed control | Not No data No data Unknown No data
idellus established
Cyprinus carpio carpio | South Africa 1925 | Aquaculture | Probably Natural Rarely used | Unknown Unknown
established reproduction
Gambusia affinis affinis | USA 1925 | Mosquito Established Natural No data Unknown No data
control reproduction
Hypophthal michthys Unknown Unknown | Aquaculture | Unknown No data No data Unknown Probably
molitrix some
Labeo rohita India 1965 Not No data No data Unknown Unknown
established
Lepomis cyanellus South Africa 1940 | Forage Not No data No data Unknown Unknown
established
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Species Introduced from Year Reason Established Established Usefor Ecological Socio
Introduced inthewild through Aquaculture impact economic
impact
Lepomis macrochirus USA 1940 | Forage Established Natural No data Unknown Unknown
reproduction
Limnocaridina Tazania 1967/ 68 | Forage Unknown No data No data Unknown Unknown
tanganicae (Lake Tanganyika)
Limnothrissa miodon Tazania 1967/ 68 | Fill Established Natural No data Unknown Some
(Lake Tanganyika) ecological reproduction
niche
Macrobrachium Unknown 1980 | Aquaculture | Probably not | No data No data Unknown Unknown
rosenbergii established
Micropterus dolomieu South Africa 1942 | Angling/ Not Continuous No data Unknown No data
Sport established restocking
Micropterus punctulatus | South Africa 1945 | Angling/ Established Natural No data Unknown No data
Sport reproduction
Micropterus salmoides | South Africa 1932 | Angling/ Established Natural No data Unknown No data
Sport reproduction
Oncorhynchus mykiss South Africa 1910 | Angling/ Established Natural No data Unknown No data
Sport reproduction
Oreochromis aureus Unknown Unknown | Aquaculture | Unknown No data Widely used | Unknown Probably
some
Oreochromisniloticus | Scotland, Kenya 1986 | Aquaculture | Probably not | No data Widely used | Some Probably
established some
Oreochromis niloticus | Kenya 1990 | Unknown Unknown No data No data Unknown No data
niloticus
Procambarus spp Unknown Unknown | Aquaculture | Unknown No data No data Unknown No data
Salmo trutta trutta South Africa 1927 | Angling/ Established Natural No data Unknown No data
Sport reproduction
Salvelinus fontinalis South Africa 1955 | Unknown Established Natural No data Unknown No data
reproduction
Tincatinca South Africa 1920 | Angling/ Established Natural No data Unknown No data
Sport reproduction
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1. Introduction

Tilapia culture is one of the most rapidly growing components in aguaculture, and it is a major
component of global food fish production. Tilapia production contributes about 5 percent of the total
farmed freshwater fish (in 2001 about 6 percent); it is second only to the group of carps. More than
90 percent of tilapia production is outside their native range (Africa). The Nile tilapia, Oreochromis
niloticus, is the predominant species of al the tilapia grown (it represented about 1,109,412 tons
(80%) of total tilapia & other cichlids in 2001); the Mozambique tilapia, Oreochromis mossambicus,
accounted for a mere 4 percent (59,294 tons).

2. Why the tilapias?

Tilapias are one of the most widely introduced species groups and they are cultured worldwide in
about 70 countries, being exotic everywhere outside of Africa and the adjacent middle-east.

Tilapia is the common name applied to three genera and species of fish in the family Cichlidae:
Oreochromis, Sarotherodon, and Tilapia. Tilapia species that refer to three genera and species of
fish in the family Cichlidae: Oreochromis, Sarotherodon, and Tilapia, are native to Africa and the
Middle East, and these species have been distributed throughout the world and have become the
second most important food species in the world. The species that are most important to aguaculture
are in the genus Oreochromis, including the Nile tilapia, O. nilaticus, the Mozambique tilapia, O.
mossambicus, and the blue tilapia, O. aureus.

Tilapias have a range of attributes that are suited for aguaculture; they have white flesh meat and
widely accepted as food fish, their consumption is not restricted by religious observances. They
breed freely in captivity without the need for hormonal induction of spawning; most are mouth
brooders and provide a high level of parental care; eggs are large and produce large fry that are hardy
and omnivorous at first feeding. They reach sexual maturity in less than 6 months which is
advantageous for selective breeding; they tolerate a wide range of environmental conditions
including low dissolved oxygen levels.

In summary the fundamental advantages of tilapia for aquaculture are:

o feedonalow trophic level;

e members of genus Oreochromis are all omnivores (feeding on algae, aquatic;

e plants, small invertebrates, detritus, etc.;

e relatively inexpensive to feed;

e suitable for rearing under extensive and semi-intensive conditions;

e asomnivore, ableto grow on lower protein levels and tolerate higher carbohydrate;

e under intensive systems, can be fed a prepared feed that includes a high percentage of plant
proteins;

o relatively disease resistant.

In view of the above advantages, athough tilapia are relatively simple to cultivate, resistant to poor
water quality and diseases, and able to efficiently convert many organic anima and agricultura
waste materials into high quality protein, these advantages are offset by excessive reproduction in
culture ponds.
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The hope that tilapia culture would make a significant contribution to protein production soon turned
to disillusionment, especially in Africa, as the problems associated with its husbandry became
apparent.

3. History of Mozambique tilapia (Oreochromis mossambicus)

Mozambique tilapiais distributed naturally in Lower Zambezi, Lower Shire and coastal plains from
Zambezi deltato Algoa Bay. Country-wise it is endemic (native) to Lesotho, Malawi, Mozambique,
South Africa, Swaziland and Zimbabwe. In Malawi it is restricted to the southern part of Malawi
(Lower Shire); fairly common in Chikwawa and Lower Mwanza River.

In early years, Mozambique tilapia was a widely sought after fish for culture. It was distributed
widely in the tropics and was promoted as food fish for farming, and being exotic it was regarded as
a high-priced fish. It had escaped and established itself in the wild in many countries, often
competing with local species. It was aso stocked in reservoirs to supplement capture fisheriesin the
1950s and 1960sin Indiaand Sri Lanka, and actually improved the local fisheries.

During the 1960s and 1970s many efforts were spent in many countries at developing the tilapia
culture industry with O. mossambicus, as means for improving the nutrition of the rura poor.
However, the Mozambique tilapia was poorly accepted and commercia culture never materialized
for a number of reasons, such as muddy taste and dark colour of these fish discouraged customers,
uncontrolled reproduction and mixed sex culture resulted in numerous stunted and unmarketabl e fish.
Furthermore, it was also raised concern about possible negative impacts of the Mozambique tilapia
on native fish fauna and on the freshwater capture fishery. All these cumulated to resistance by
prospective commercial fish producers. Currently, this species is not considered for large-scale
culture. In 2001, Mozambique tilapia contributed a mere 4% (59,294 tons) of tilapia aguaculture
total of 1,385,223; of which about 80% or 1,109,412 tons were Nile tilapia.

Nevertheless, it had played considerable role in aquaculture in few countries prior to introduction of
Nile tilapia; particularly in the Philippines, Indonesia, Malaysia, Indiaand Sri Lanka. When cultured
in ponds and due to lack of culture technology, excessive reproduction became uncontrollable
resulting in low economic return for those in the culture business. The poor performance of O.
mossambicus in aquaculture in most Asian countries was also attributed to a small number of
origina straing/stocks and lack of stock management that led to loss of genetic diversity and
inbreeding. As a result, the Asian strains of O. mossambicus are known to be genetically
depauperate. A species shift in aguaculture occurred in the 1960s to a better domesticated and faster
growing North African tilapia O. niloticus (Nile tilapia) which displaced O. mossambicus from the
majority of aguaculture. For example, the Nile tilapia is now the most important freshwater fish in
the Philippines; it essentially replaced the culture of Mozambique tilapia. Nile tilapia became a
much sought after fish by aquaculture farmers worldwide. The tilapiafarming, especially Niletilapia
has progressed (Nile tilapia has taken the lead as the principal species for aquaculture needs)
tremendously with further developments of the sex-reversed tilapia and mono-sex culture, the
genetically improved tilapia, improvement of culture techniques, the genetically enhanced tilapia,
and (with the GIFT program and the Y Y-male technology to produce Genetically All-Male Tilapia
(GMT)
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4. Aquaculture of O. mossambicus in Southern Africa

It is generally said that there is a significant potential for aquaculture in Africa at various different
levels from intensive commercial production to more extensive, low-input and subsistence
production with available and underexploited or unexploited resources. Past attempts (except in
some isolated cases) at aquaculture development have met limited success either due to limited
resources and/or the extension of inappropriate or unsustainable aguaculture technologies and
practices.

O. niloticus as the main aquaculture species has not penetrated widely and intensively in Africawith
the exception of Egypt, athough to some extent being cultured in some countries namely, Zambia,
Zimbabwe, Tanzania, etc. Nile tilapia is not endemic in many African countries, and one of the
congtraints to the development in Southern Africa is the risks associated with its introduction; for
example evidence in Lake Victoria the eventual disappearance of weaker species, indicating the Nile
tilapiais the more aggressive species.

Conversely, O. mossambicus, existing in their native range in Southern Africa, has seldom been
considered as an aquaculture species to play arole in aquaculture development. Early attempts with
this species were hampered by technical and environmental factors; one of the main obstacles was
the prolific breeding achieved through precocious maturity (high fecundity) leading to the
production of small fish (greater tendency to stunting) of little market value. In addition, its poor
performance as an aguaculture species in most Asian countries is aso not attractive to aquaculture.

However, O. mossambicus has its admirers who have not given up in their attempt to adopt this
species in aquaculture. Supposedly, undisturbed wild populations of O. mossambicus tilapia are
known to still exist in their native range in Southern Africa, and these wild O. mossambicus from
Southern Africa can serve as a source of genetic material for developing and supplementing new
aguaculture strains. The growth performance and appearance of wild O. mossambicus in Southern
Africa were quoted as being superior to those introduced in Asia. Therefore, O. mossambicus did
receive some interest for aquaculture in Southern Africa due to its favorable growth compared to
other indigenous tilapia species in the region.

5. Suitable fish species for aquaculture in Malawi

The suitable indigenous tilapia fish species for aguaculture in Malawi are O. shiranus, O. karongae,
T. rendalli, and given the research that has been undertaken for these species, it is really uncertain
whether commercial fish farming or aquaculture can be developed with O. shiranus and T. rendalli
when one sees the results of trials carried out in Malawi so far. Nevertheless, the Chambo, O.
karongae, a native and endemic only in Malawi, is currently a candidate for commercial aquaculture;
an attempt is being made to culture in cages in Lake Malawi. Its direction to commercial venture or
successis yet to be seen.

The Nile tilapia (Oreochromis niloticus) is an ideal choice species for aguaculture. It is undoubtedly
a much sought after fish for fish farming; it has been introduced in the neighbouring countries,
Zambia, Tanzania, Mozambique and Zimbabwe, and successfully cultured and marketed. Much
interest has been shown by some prospective fish farmers to use Nile tilapia for fish farming.
However, it is not a candidate to be considered in Malawi in view of the legal ban on the import or
introduction of exotic fish species and to preserve and conserve the country’s priceless aquatic
biodiversity. A consensus was also reached at a regiona workshop held in August of 2004 that
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Malawi should once again take a look more closely to the true potential of the existing fish species,
especially Oreochromis mossambicus, and to observe the legal ban on alien species.

Under this circumstance, Mozambique tilapia, O. mossambicus, is an ideal choice fish species for
fish farming which is native in Malawi; it occurs naturally in the Shire River in the south, and is not
seen to play any role in fish farming. But it does contribute substantially to capture fishery
production. A question was raised at a regional workshop conducted in August 2004, why this
particular fish is not considered for fish farming in Maawi? Mozambique tilapia is a domesticated
fish and was widely cultured in many countries prior to the use of Nile tilapia, for fish farming.
M ozambique tilapia has the following advantages:

e  Mozambique tilapia has exhibited or shown to be a candidate for commercial fish farming in
other countries, to name a few countries, namely, Indonesia, Philippines, Thailand, Maaysia,
India, etc. Therefore, there are quality wild broodstocks and fingerlings, production system,
husbandry, feed, and relevant practices that could be considered and easily adapted to Malawi.

e  Useof Mozambique tilapia (a native in Malawi aswell asin Southern Africa) will avoid or will
not invite any public outcry or opposition from international scientists and donors in view of
their concern for conservation for the biodiversity of Lake Malawi and other water bodies.

e Use of Mozambique tilapia will be in line with the adapted “Nairobi Declaration” by SADC
countries as a basis for formulating strategies and policy for sustainable development of
indigenous aguatic resources.

In fact in the 1980s, attempts were made to demonstrate of commercial viability of native strains as
well as imported strains of Mozambique tilapia in polyculture with grass carp and silver carp at
Kasinthula Fisheries Experimental Station (Chikwawa-Lower Shire region). The growth rate was
slow and no further attempt was made serioudly.

In view of the research and development on the Mozambique tilapia since then or in recent years, an
attempt on introducing the species for small-scale commercial aquaculture in a designated area
(Lower Shire) isrecommended. In this context, areview of the R&D of the speciesis presented here
for the attention or perusal by relevant agencies and authorities
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0. Review of Information on Oreochromis mossambicus

6.1 Purpose of the Review

This review is undertaken in line with the recommendation at the regional workshop to look into the
possibility of using Mozambique tilapia in fish farming. Additionally this review would save time
and limited resources at disposal to relevant institutions in Malawi; otherwise it has to render
substantial resources and personnel to conduct a program of applied research and investigations on
the Mozambique tilapia. Therefore, this review is an attempt to collect and compile the data and
information available on the species.

Leading internationa journals on aquaculture and fisheries were consulted and reviewed for
information on genetics, improved strains, pond management, production system, feed, etc. The list
of publications on Oreochromis mossambicus in the recent bibliography published by World Fish
Center (Attachment-4) is aso browsed through to identify articles that could be sourced for this
report.

6.2 Review Result

Abstracts of the relevant articles, not the full texts, are compiled in this report (Attacment-1). The
sources or references of the articles are included in case the user needs to access the full texts. The
information included here may not be of much use now in Malawi under current circumstance; but it
hoped that some of them could be easily adopted and applied in Malawi.

A considerable work has been done on Nile tilapia and its improved strains (GIFT super tilapia)
rather than on Mozambique tilapia. Therefore, with the Nile tilapiain the lime light due to its good
growth performance and other attributes, Mozambique tilapia has lost its charm among commercial
fish farmers. The research works on this species is more or less focused on pure research whose
application could be elsawhere rather than directly for commercial aguaculture in Malawi. The
information sought here is on the production systems, growth performance and improved strains that
could be easily adapted to the Malawian scene.

Nevertheless, due to commercia interest or secrecy, data and information on the rearing
temperatures, site-specific conditions including the genetic growth potential of the strain, dietary
influences, culture conditions, etc., with reference to the Mozambique tilapia could be closely
guarded and not distributed by commercial fish farmers. Like in any industry including commercial
farming of Nile tilapia, it could be that commercial operators are reluctant and unwilling to share
with others; therefore, they are not published in leading and popular scientific journals. Nonetheless,
it could have been reported in newsdletters of commercial farmers association or clubs and so on and
circulated among the members.

6.3 Present status of O. mossambicus in fish farming/aquaculture

In spite of paradigm shift in tilapia farming to Nile tilapia, there is a growing body of supporters or
sympathizers to Mozambique tilapia, which was once a pioneer species in fish farming and fisheries
(Attachment-3). The general opinion is this species has never been properly evaluated or put to trial
evauations of growth performance in wild species neither under commercial conditions nor on a
small-scale (homestead ponds) subsistence level.

A casein point is aproject conducted with wild strains of O. mossambicus in its native range namely
Southern Malawi, South Africa, and Mozambique from December 1998 to June 2002. This project
was implemented under the DFID Aquaculture and Fish Genetics Programme, with an overall
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purpose was to develop a higher yielding genetically maletilapia (GMT) for improved livelihoods in
small-scale aguaculture in Southern Africa. It was a collaborative research activity between the
University of Stellenbosch in the Western Cape Province of South Africa and the University of
Wales Swansea in UK. For more detail, please refer “Genetic Improvement and Utilization of
Indigenous Tilapia in Southern Africa’ — a DFID Aquaculture and Fish Genetics Programme (R
7284) by D. Brink, G.C. Mair, L. Hoffman and J.A. Beardmore.

The project had the following specific project research objectives.

To develop as assembly of accession of up to 15 strains of O. mossambicus from throughout
Southern Africa; to conduct growth trials for a minimum of eight strains under communal
stocking in two environments to include farm cages and earthen ponds to determine the relative
culture performance of the strains.

To undertake genetic characterization of available strains of O. mossambicus using molecular
techniques; strains are to be characterized for strain specific markers, levels of genetic
variability and population structure.

Adaptation of the YY male technology to strains of O. mossambicus chosen on the basis of
growth data and species purity, and development of GMT (genetically maletilapia).

On-farm trials of GMT are to be conducted in the fina year of the Project in both cages and
ponds. Comparisons are to be made with non-improved, locally available O. mossambicus as
controls.

The research output highlights are briefly provided below.

12 populations of O. mossambicus were assembled their accessions maintained and reared
through several cyclesin capacity; these strains are being maintained as a live gene bank at the
University of Stellenbosch. Among the 12 populations, two were from locations at Kasinthula
and Sucomain Lower Shire (Malawi).

Excellent broodstock conditioning, egg incubation and nursery facilities have been developed
for tilapia breeding and for conduct of various types of genetic work

Relative growth performance of 10 of the O. mossambicus accessions was characterized
through different phases of the life cycle. Four strains identified having superior growth
performance; these four strains are recommended to form the basis of future breeding
programmes for the improvement of the species. Three of these faster growing strains were
incorporated into the programme for Y'Y -male production and were bred to provide fingerlings
for field trials and pilot projects. Among the faster-growing strains, the Kasinthula strain was
one of them that was consistently fastest growing at all stages of the culture cycle.

Transfer of YY technology from O. niloticus to O. mossambicus had been relatively successful
at all stages of application.

Transfer of molecular technology from O. niloticus to O. mossambicus had aso been proved to
be highly successful.

A series of pilot studies implemented to evaluate the potential and impact of tilapia aguaculture
as a component of rural development projects with the Western Cape Department of
Agriculture as a research partner.
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A summary of the on-farm trials/pilot studies of the GMT (O. mossambicus) under different
operating conditions is listed below.

Table 6.1 Fish categories discussed in this report and their associated species groups

Location

Operating System

Data

Leliefontein, Namakwaland
Northern Cape Province

Open water system,
irrigation dam

15,000 fingerlings were stocked in
October 2000; fishin asize range of
180 to 400 g harvested in March 2001

Matjiesrivier, Oudshoorn,
South Western Cape

Pond systems, 4 x 600 m3

6000 fingerlings (15 g) were stocked in
Sept. 2000; pond fertilization with
supplementary feeding at latter stages;
fishin asizerange of 250t0 450 g
harvested in March to May 2001. A
total harvest of 1,830 kg recorded.

Elsenburg, Stellenbosch,
Western Cape

Pond systems, 10 x 250 m2

1200 fingerlings (2g) were stocked in
October 2000; pond fertilization with
supplementary feeding of commercial
from early stages (>5g); fishinasize
range of 160 to 380 g harvested in
March to May 2001. A total harvest of
2,130 kg recorded.

Worcester, Western Cape

Cage farming, irrigation dam
(2 x 400 m3 cages)

4000 fingerlings (20g) were stocked in
October 2000; fed with artificial feeds;
fishin asizerange of 230t0 420 g
harvested during March to May 2001.
A total harvest of 1,460 kg recorded.

Elsenburg, Stellenbosch,
Western Cape

Cage farming, irrigation dam
(2 x 400 m3 cages)

4000 fingerlings (18g) were stocked in
October 2000; fed with artificial feeds;
fishin asizerange of 200to 470 g
harvested during March to May 2001.
A total harvest of 1,350 kg recorded.

Elsenburg, Stellenbosch,
Western Cape

Pond systems, 10 x 250 m2

1200 fingerlings (2g) were stocked in
October 2000; pond fertilization with
supplementary feeding of commercial
from early stages (>5g); fishin asize
range of 160 to 380 g harvested in
March to May 2001. A total harvest of
2,130 kg recorded.

6.4

Where to Procure Improved Strains of O mossambicus?

Fishgen Ltd. (the University of Wales, Swansea) A British company established in 1996 and based
at the University of Wales Swansea (UWS). The company has the objective of commercializing and
promoting technologies and products developed under research programmes on genetic

improvement of fish species for aguaculture worldwide. Its mandate is to promote these technologies

and to generate income for funding further research.

Fishgen is bringing to the market place the outputs of more than 16 years of active research in fish
genetics, particularly with the freshwater tropical fish, the tilapia. At present Fishgen’s main product

is “supermale” broodstock for the production of monosex male tilapia known as Genetically Male
Tilapia (GMT®). GMT® address the problem of early sexual maturation, poor growth of females

and unwanted reproduction that plagues the culture of normal, mixed-sex tilapia, significantly
enhancing yields from aquaculture production.
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GMT® has grown out of the research carried out by scientists at the University of Wales Swansea
(UWS) and its collaborators, including the Freshwater Aquaculture Center (FAC) of Central Luzon
State University (CLSU), in the Philippines. The majority of this research has been carried out under
funding from the British Department for International Development - DFID'sFish Genetics
Programme managed by UWS (1990 - 2001).

Fishgen has produced YY males in two strains of wild caught O. mossambicus (known as the black
tilapia) in South Africa. These O. mossambicus seem to have considerably more genetic variance
those used in aguaculture today and are anticipated to have much superior growth rates to current
aguaculture stocks of this species. For further information to procures supply of the strains, please
contact :

Mr. Eric Roderick (UWS)

Fishgen Ltd.

Rom 19, NSBW

University of Wales Swansea
Singleton Park

SWANSEA SA2 8PP

United Kingdom

Tel.: (44) (0) 1792 295382

Fax.: (44) (0) 1792 513030

Email: E.E.Roderick@swansea.ac.uk

7. Bibliography on Oreochromis mossambicus (World Fish Center)

A considerable enthusiasm and research efforts have been given to tilapias, as they have become as
the second most important fish produced in aquaculture after the carps, their importance as a source
of protein for the poor people from developing countries and globally traded commaodity recently.

The WorldFish Center library has been acquiring documentation on the subject as part of its efforts
to serve the information needs of its staff as well as other external users worldwide. Such
documentation ranges from published/unpublished documents, theses, journal articles, to reports and
conference papers. The latest bibliography is entitled “A Selected Bibliography on Tilapia (Pisces:
Cichlidae)” published in 2003 based on a list of documents available in the WorldFish Center
Library. From this selected bibliography, a bibliographic list on Oreochromis mossambicus was
extracted and compiled here as shown in Annex-4.
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Attachment 1
List of Abstracts

(A)

Aquaculture

1

10.

11

Farmed tilapia Oreochromis mossambicusinvolved in transport and biouptake of arsenic
in aquacultural ecosystems

Aquaculture, Volume 242, Issues 1-4, 20 December 2004, Pages 365-380

Bo-Ching Chen and Chung-Min Liao

Genetic diversity in farmed Asian Nile and red hybrid tilapia stocks evaluated from
micr osatellite and mitochondrial DNA analysis

Aquaculture, Volume 236, I ssues 1-4, 14 June 2004, Pages 131-150

Maria Rowena R. Romana-Eguia, Minoru Ikeda, Zubaida U. Basiao and Nobuhiko Taniguchi

Effects of bamboo substrate and supplemental feeding on growth and production of hybrid
red tilapia fingerlings (Oreochromis mossambicusxOreochromis niloticus)

Aquaculture, Volume 235, Issues 1-4, 1 June 2004, Pages 303-314

P. Keshavanath, B. Gangadhar, T. J. Ramesh, A. A. van Dam, M. C. M. Beveridge and M. C. J.
Verdegem

Cloning, tissue distribution and hormonal regulation of stearoyl-CoA desaturasein tilapia,
Oreochromis mossambicus

Aquaculture, Volume 230, Issues 1-4, 16 February 2004, Pages 527-546

S. L. Hsieh, H. T. Chang, C. H. Wu and C. M. Kuo

Detection of a chromosomal region with two quantitative trait loci, affecting cold tolerance
and fish size, in an F; tilapia hybrid

Aquaculture, Volume 223, Issues 1-4, 2 June 2003, Pages 117-128

Avner Cnaani, Eric M. Hallerman, Micha Ron, Joel |. Weller, Margarita Indelman, Y echezkel
Kashi, Graham A. E. Gall and Gideon Hulata

An investigation of sex determination in the M ozambique tilapia, Oreochromis
mossambicus, using synaptonemal complex analysis, FI SH, sex reversal and gynogenesis
Aquaculture, Volume 221, Issues 1-4, 1 May 2003, Pages 125-140

Rafael Campos-Ramos, Simon C. Harvey, Brendan J. McAndrew and David J. Penman

Recombinant bovine growth hormone treatment of tilapia: growth response, metabolic
clearance, receptor binding and immunoglobulin production

Aquaculture, Volume 207, I ssues 3-4, 24 May 2002, Pages 359-380

Thomas A. Leedom, Katsuhisa Uchida, Takashi Yada, N. Harold Richman, |11, John C. Byatt,
Raobert J. Collier, Tetsuya Hirano and E. Gordon Grau

An evaluation of co-extruded poultry silage and culled jewel sweet potatoes as a feed
ingredient for hybrid Tilapia (Oreochromis niloticusxO. mossambicus)

Aqguaculture, Volume 198, Issues 3-4, 2 July 2001, Pages 269-280

T. F. Middleton, P. R. Ferket, L. C. Boyd, H. V. Danielsand M. L. Gallagher

Monosex male production in finfish as exemplified by tilapia: applications, problems, and
prospects

Aquaculture, Volume 197, Issues 1-4, 1 June 2001, Pages 283-301

JA. Beardmore, G.C. Mair and R.l. Lewis

Compensatory growth in hybrid tilapia, Oreochromis mossambicusxO. niloticus, reared in
seawater

Aquaculture, Volume 189, Issues 1-2, 25 September 2000, Pages 101-108

Yan Wang, Yibo Cui, Yunxia Yang and Fasheng Cai

Breeding new strains of tilapia: development of an artificial center of origin and linkage
map based on AFL P and microsatdlite loci
Aquaculture, Volume 185, Issues 1-2, 2 May 2000, Pages 43-56
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jeremy J. Agresti, Shingo Seki, Avner Cnaani, Supawadee Poompuang, Eric M. Hallerman,
Nakdimon Umiel, Gideon Hulata, Graham A. E. Gall and Bernie May

Expression of recombinant tilapiainsulin-like growth factor-1 and stimulation of juvenile
tilapia growth by injection of recombinant | GFs polypeptides ¢

Aquaculture, Volume 181, Issues 3-4, 15 January 2000, Pages 347-360

Jyh-Yih Chen, Jian-Chyi Chen, Chi-Yao Chang, Shih-Chieh Shen, Meng-Shu Chen and Jen-
Leih Wu

Ambient salinity modulatesthe response of thetilapia, Oreochromis mossambicus (Peter s),
to net confinement

Aquaculture, Volume 177, Issues 1-4, 1 July 1999, Pages 297-309

D.T.Nolan,R.L.J M. Op't Veld, P. H. M. Bam and S. E. Wendelaar Bonga

Growth of five Asian red tilapia strainsin saline environments
Aquaculture, Volume 173, Issues 1-4, 30 March 1999, Pages 161-170
Maria Rowena R. Romana-Eguiaand Ruel V. Eguia

Experimental studies on polyculturein closed shrimp ponds: I. Intensive polycultur e of
Chinese shrimp (Penaeus chinensis) with tilapia hybrids

Aquaculture, Volume 163, Issues 1-2, 1 April 1998, Pages 11-27

Ji-Qiao Wang, Deshang Li, Shuanglin Dong, Kexing Wang and Xiangli Tian

Changesin thefatty acid profiles of hybrid red tilapia, Oreochromis mossambicus X O.
niloticus, subjected to short-term starvation, and a comparison with changesin seawater
raised fish

Aquaculture, Volume 153, Issues 3-4, 1 July 1997, Pages 273-290

Sena S. De Silva, Rasanthi M. Gunasekeraand C. M. Austin

Genotype and environment: A comparative evaluation of four tilapia stocksin Fiji
Aquaculture, Volume 150, Issues 1-2, 15 April 1997, Pages 11-24

Julie M. Macaranas, Peter B. Mather, SatyaN. La, TavenisaVereivalu, Maciu Lagibalavu and
Michad F. Capra

Acute and chronic toxicity of tannic acid and spent bark of cinchona to tilapia
Oreochromis mossambicus

Aquaculture, Volume 145, Issues 1-4, 15 October 1996, Pages 119-127

N. C. Sahaand A. Kavirg]

Evaluation of three species of tilapia, red tilapia and a hybrid tilapia as culture speciesin
Saudi Arabia

Aquaculture, Volume 138, Issues 1-4, 15 December 1995, Pages 145-157

Abdul Qayyum Siddiqui and Ahmed H. Al-Harbi

Relationships among ration, salinity, 17tk-methyltestoster one and growth in the euryhaline
tilapia, Oreochromis mossambicus

Aquaculture, Volume 135, Issues 1-3, 1 October 1995, Pages 185-193

Benny Ron, Steve K. Shimoda, George K. Iwama and E. Gordon Grau

Effects of dorsal aorta cannulation on cortisol and other stress parametersin the
euryhalinetilapia, Oreochromis mossambicus

Aquaculture, Volume 135, Issues 1-3, 1 October 1995, Page 216

Benny Ron, Y onathan Zohar, Russell Borski, Graham Y oung and E. Gordon Grau
Changesin an immunoglobulin M (IgM)-like protein during larval stagesin tilapia,
Oreochromis mossambicus

Aquaculture, Volume 115, Issues 3-4, 1 September 1993, Pages 233-241

Akihiro Takemura

Retardation of ovarian growth and depression of serum steroid levelsin thetilapia,
Oreochromis mossambicus, by cortisol implantation

Aquaculture, Volume 115, Issues 1-2, 15 August 1993, Pages 133-143

JT.W.Fooand T. J. Lam
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Serum cortisol response to handling stress and the effect of cortisol implantation on
testosterone level in thetilapia, Oreochromis mossambicus

Aquaculture, Volume 115, Issues 1-2, 15 August 1993, Pages 145-158

JT.W.Fooand T. J. Lam

Effect of 17tx-methyltestosterone on the growth of the euryhalinetilapia, Oreochromis
mossambicus, in fresh water and in sea water

Aquaculture, Volume 113, Issues 1-2, 1 June 1993, Pages 137-152

Todd T. Kuwaye, Darren K. Okimoto, Steven K. Shimoda, Robert D. Howerton, Hao-Ren Lin,
Peter K. T. Pang and E. Gordon Grau

The effects of temperature and salinity on growth and feed utilization of juvenile, sex-
rever sed male Floridared tilapia cultured in arecirculating system

Aquaculture, Volume 112, Issue 4, 15 May 1993, Pages 309-320

Wade O. Watanabe, Douglas H.Ernst, Michael P. Chasar, Robert I. Wicklund and Bori L. Olla

Brackishwater tolerance of some species and hybrids of Oreochromisfor usein lagoon
aquaculture (Ivory Coast)

Aquaculture, Volume 102, Issue 3, 15 March 1992, Pages 275-288

Thierry Doudet

Interactions of varying dietary protein and lipid levelsin young red tilapia: Evidence of
protein sparing

Aquaculture, Volume 95, Issues 3-4, 15 June 1991, Pages 305-318

Sena S. De Silva, Rasanthi M. Gunasekeraand K. F. Shim

Effects of dietary tx-cellulose levels on the juvenile tilapia, Oreochromis mossambicus
(Peters)

Aquaculture, Volume 91, Issues 3-4, 15 December 1990, Pages 311-315

O. B. Dioundick and D. I. Stom

Theinfluence of mater nal age and delayed initial feeding on the survival and growth of
previously unfed O. niloticus (L) and O. mossambicus (Peters) fry

Aquaculture, Volume 91, Issues 3-4, 15 December 1990, Pages 295-310

K.J. Rana

The use of alfalfa leaf protein concentratesasa protein sourcein dietsfor tilapia
(Oreochromis mossambicus)

Aquaculture, Volume 90, Issues 3-4, November 1990, Pages 291-302

Miguel A. Olvera-Novoa, Silvia G. Campos, Mirna G. Sabido and Carlos A. Martinez Palacios

Growth, feed conversionand protein utilization of Floridared tilapia fed isocaloric diets
with different protein levelsin seawater pools

Aquaculture, Volume 88, Issue 1, 1 July 1990, Pages 75-85
Ann E. Clark, Wade O. Watanabe, Bori L. Ollaand Robert |. Wicklund

Potential of rapeseed meal as an alter native protein sourcein complete dietsfor tilapia
(Oreochromis mossambicus Peters)

Aquaculture, Volume 87, Issue 2, 1 June 1990, Pages 145-154

Simon J. Davies, Stuart McConnell and Robert |. Bateson

Interaction between test and reference populations when tilapia strains are compar ed by
the"internal control" technique

Aquaculture, Volume 85, Issues 1-4, March 1990, Pages 207-214

Zubaida U. Basiao and Roger W. Doyle

Cold tolerancein mater nal mouthbrooding tilapias: Phenotypic variation among species
and hybrids

Aquaculture, Volume 85, Issues 1-4, March 1990, Pages 271-280

Ledlie L. Behrends, John B. Kingsley and Michael J. Bulls
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36.

38.

42.

46.

47.

49,

50.

Evaluation of the salinity tolerance of Oreochromis mossambicus, O. niloticus and their F;
hybrids

Aquaculture, Volume 85, Issues 1-4, March 1990, Pages 281-292

C.T.Villegas37. Inheritance of red body coloration in Taiwanese tilapiasand in
Oreochromis mossambicus

Aquaculture, Volume 84, Issues 3-4, February 1990, Pages 219-234

G. W. Wohlfarth, S. Rothbard, G. Hulataand D. Szweigman

Production of all-female sterile-triploid Oreochromis mossambicus

Aquaculture, Volume 84, Issue 2, 15 January 1990, Pages 117-123

K. Varadarg and T. J. Pandian39. Thedietary protein requirements of young tilapia and
an evaluation of the least cost dietary protein levels

Aquaculture, Volume 80, Issues 3-4, 1 September 1989, Pages 271-284

Sena S. De Silva, Rasanthi M. Gunasekera and D. Atapattu

Feminization of Oreochromis mossambicus by the administration of diethylstilbestrol
Aquaculture, Volume 80, Issues 3-4, 1 September 1989, Pages 337-341

K. Varadarg41. Single geneinheritance of red body coloration in Taiwanese red tilapia
Aquaculture, Volume 74, Issues 3-4, 15 November 1988, Pages 227-232

C. M. Huang, S. L. Chang, H. J. Chengand I. C. Liao

A preliminary evaluation of an industrial single cell protein in practical dietsfor tilapia
(Oreochromis mossambicus Peters)

Aquaculture, Volume 73, Issues 1-4, October 1988, Pages 189-199

S. J. Davies and H. Wareham

. The use of seed of the leguminous plant Sesbania grandiflora asa partial replacement for

fish meal in dietsfor tilapia (Oreochromis mossambicus)
Aquaculture, Volume 71, Issues 1-2, 15 June 1988, Pages 51-60
Miguel A. OlveraN., Carlos A. Martinez P., Reyna Galvan C. and Cristina Chavez S.

. The use of jack bean (Canavalia ensiformis L eguminosae) meal as a partial substitute for

fish meal in dietsfor tilapia (Oreochromis mossambicus Cichlidae)

Aquaculture, Volume 68, Issue 2, 1 February 1988, Pages 165-175

Carlos A. Martinez-Palacios, Reyna Galvan Cruz, Miguel A. Olvera Novoa and Cristina
Chavez-Martinez

. Acclimation of commer cially cultured Oreochromis speciesto sea water — an experimental

study
Aquaculture, Volume 65, Issues 3-4, 15 September 1987, Pages 333-342
M. M. Al-Amoudi

The effect of high salt diet on the direct transfer of Oreochromis mossambicus, O. spilurus
and O. aureus/O. niloticus hybridsto sea water

Aquaculture, Volume 64, Issue 4, 1 August 1987, Pages 333-338

M. M. Al-Amoudi

Changesin steroid concentrations during sexual ontogenesisin tilapia
Aquaculture, Volume 61, Issue 1, 1 March 1987, Pages 59-74
S. Rothbard, B. Moav and Z. Y aron

. The effect of dietary ascorbic acid supplementation on hatchability, survival rate and fry

performancein Oreochromis mossambicus (Peters)
Aquaculture, Volume 59, Issues 3-4, 31 December 1986, Pages 197-208
A. K. Soliman, K. Jauncey and R. J. Roberts

Duration of feeding and indirect selection for growth of tilapia
Aquaculture, Volume 57, Issues 1-4, 15 October 1986, Pages 89-92
C.T.Villegasand R. W. Doyle

Tetraploid induction in Oreochromis spp
Aquaculture, Volume 57, Issues 1-4, 15 October 1986, Pages 281-287
James M. Myers
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51.

52.

53.

55.

56.

57.

58.

59.

60.

(B)

Chlorinated secondary domestic sewage effluent as a fertilizer for marine aquaculture: I1.
Protein-supplemented prawn culture

Aquaculture, Volume 53, Issue 2, 15 April 1986, Pages 145-155

J. W.D. Turner, R. R. Sibbald and J. Hemens

The ontogeny of salinity tolerancein thetilapias Oreochromis aureus, O. niloticus, and an
0. mossambicus x O. niloticus hybrid, spawned and reared in freshwater

Aquaculture, Volume 47, Issue 4, 1 August 1985, Pages 353-367

Wade O. Watanabe, Ching-Ming Kuo and Mei-Chan Huang

Influence of egg size on the growth, onset of feeding, point-of-no-return, and survival of
unfed Oreochromis mossambicus fry

Aquaculture, Volume 46, Issue 2, 15 May 1985, Pages 119-131

K. J Rana

Theinfluence of stocking density and food ration on fry survival and growth in
Oreochromis mossambicus and O. niloticus female x O. aureusmale hybridsreared in a
closed circulated system

Aquaculture, Volume 41, Issue 4, 15 October 1984, Pages 345-358

D. J Macintosh and S. S. De Silva

The use of lidocaine-sodium bicar bonate as anaesthetic in fish

Aquaculture, Volume 41, Issue 4, 15 October 1984, Pages 395-398
S. Carrasco, H. Sumano and R. Navarro-Fierro

Biochemical investigationsinto the influence of environmental salinity on starvation of the
tilapia, Oreochromis mossambicus

Aquaculture, Volume 40, Issue 2, 15 July 1984, Pages 171-182

K. Jurss, Th. Bittorf, Th. Vokler and R. Wacke

Growth rates of M ozambique tilapia (Oreochromis mossambicus) and silver carp
(Hypophthalmichthys molitrix) without artificial feeding in floating cagesin plankton-rich
waste water

Aquaculture, Volume 31, Issues 2-4, March 1983, Pages 361-367

I. G. Gaigher and J. B. Krause

Evaluation of nitrofurazone bathsin the treatment of bacterial infections of Sparus aurata
and Oreochromis mossambicus

Aquaculture, Volume 35, 1983, Pages 181-186

A. Colorni and |. Paperna

Elimination of orally administered 17rx-methyltestoster one by Oreochromis mossambicus
(tilapia) and Salmo gairdneri (rainbow trout) juveniles

Aquaculture, Volume 35, 1983, Pages 249-257

R. Johnstone, D. J. Macintosh and R. S. Wright

Genetic groupings of Tilapiini used in aquaculture SHORT COMMUNICATION
Aquaculture, Volume 27, Issue 1, February 1982, Pages 79-81
E. Trewavas

Aquaculture Nutrition

61.

62.

Partial and completereplacement of fish meal with gambusia meal in dietsfor red tilapia
*Oreochromis niloticus X O. mossambicus *

Aquaculture Nutrition, Volume 9, Issue 3, Page 145- June 2003
A. E. Abdelghany

Utilization of torula yeast (Candida utilis) asa protein sourcein dietsfor tilapia
(Oreochromis mossambicus Peters) fry
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Aquaculture Nutrition, Volume 8, Issue 4, Page 257- December 2002
M. A. Olvera-Novoa, C. A. Martinez-Palacios & L. Olivera-Castillo

63. Growth, feed utilization and body composition of tilapia (Oreochromis sp.) fed with
cottonseed meal-based dietsin a recirculating system

Aquaculture Nutrition, Volume 7, Issue 3, Page 189- September 2001
Mbahinzireki, Dabrowski, Lee, EI-Saidy & Wisner

(Q) Aquaculture Research

64. Compar ative study of biochemical parametersin response to stressin Oreochromis aureus,
O. mossambicus and two strains of O. niloticus
Aquaculture Research, Volume 35, Issue 15, Pages 1434- December 2004
Avner Cnaani, Simon Tinman, Y aacov Avidar, Micha Ron & Gideon Hulata

65. Experimental evaluation of mass selection to improvered body colour in Fijian hybrid
tilapia (Oreochromis niloticus X, Oreochromis mossambicus)
Aquaculture Research, Volume 32, Issue 5, Pages 329- May 2001
P B Mather, SN La & JWilson

66. Contamination of palm kernel meal with Aspergillus flavus affectsits nutritive valuein
pelleted feed for tilapia, Oreochromis mossambicus
Agquaculture Research, Volume 32, Issue 11, Pages 895- November 2001
H-A Lim, W-K Ng, S-.L Lim & C O Ibrahim

67. Investigation into the mode of inheritance of allozyme and random amplified polymor phic
DNA markersin tilapia Oreochromis mossambicus (Peter s)
Aquaculture Research, Volume 31, Issue 5, Page 435- May 2000
SA. Appleyard & P B. Mather

68. Effect of the use of the microalga Spirulina maxima as fish meal replacement in dietsfor
tilapia Oreochromis mossambicus (Peters), fry
Aquaculture Research, Volume 29, Issue 10, Page 709- October 1998
M A Olvera-Novoa, L J Dominguez-Cen & L Olivera-Castillo Carlos A Martinez-Palacios

69. Influence of salinity and dietary composition on blood parameter values of hybrid red
tilapia Oreochromis niloticus (Linnaeus) X O. mossambicus (Peters)
Aquaculture Research, Volume 28, Issue 6, Page 453- June 1997
M C JVerdegem, A D Hibrands & JH Boon

70. Pink body colour in Tilapia shows single gene inheritance
Aquaculture Research, Volume 28, Issue 8, Page 582- August 1997
N. C. Sahaand A. Kavirg

71. Thediet of hybrid red tilapia Oreochromis niloticus (L.) X Oreochromis mossambicus
(Peters) reared in the freshwater ponds of north-eastern Brazil
Aquaculture Research, Volume 27, Issue 12, Page 945- December 1996
S. Chellappa, N. T. Chellappa, E A Silva, F.A. Huntingford & M.C.M. Beveridge

(D) Agricultural Wastes

72. Recycling of poultry droppings through tilapia fish culture. Effect of monsex and mixed-
sex culture on production
Agricultural Wastes, Volume 12, Issue 1, 1985, Pages 29-36
M. Natargjan

73. Preliminary studies on the treatment of sorghum beer brewery effluent in an integrated
bacterial/algal/fish/macrophyte culture system
Agricultural Wastes, Volume 12, Issue 3, 1985, Pages 207-224
|.G. Gaigher, D.F. Toerien and J.U. Grobbelaar
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(E) Biochemical and Biophysical Research Communications

74. EST-based identification of genes expressed in the hypothalamus of adult tilapia,
Oreochromis mossambicus

Biochemical and Biophysical Research Communications, Volume 316, Issue 2, 2 April 2004,
Pages 523-527

Y ow-Ling Shiue, Li-Hsueh Wang, Ting-Ying Chao, Chorng-Horng Lin and Ching-Lin Tsai

75. Hepatocyte Nuclear Factors-1tx, -1‘3, and -30 Expressed in the Gonad of Tilapia
(Oreochromis mossambicus)

Biochemical and Biophysical Research Communications, Volume 288, |ssue 4, November 2001,
Pages 833-840

Wei-Tung Huang, Hong-Yi Gong, Cliff Ji-Fan Lin, Ching-Feng Weng, Mark Hung-Chih Chenb,
and Jen-Leih Wua,

76. Molecular Cloning of CLC Chloride Channelsin Oreochromis mossambicus and Their
Functional Complementation of Yeast CL C Gene Mutant
Biochemical and Biophysical Research Communications, Volume 255, Issue 1, 5 February 1999,
Pages 175-181
Hiroaki Miyazaki, Shinichi Uchida, Y oshio Takel, Tesuya Hirano, Fumiaki Marumo and Sei
Sasaki

(F) Bior esour ce Technology

77. Biogas plant-effluent as an organic fertilizer in monosex, monoculture of fish (Oreochromis
mossambicus)
Bioresource Technology, Volume 55, Issue 2, February 1996, Pages 119-124
P.R. Balasubramanian and R. Kasturi Bai

78. Effect of a Biogas-plant-effluent-based pelleted diet on the growth of Oreochromis
mossambicus fingerlings
Bioresource Technology, Volume 58, Issue 3, December 1996, Pages 315-317
V. Gopal, S. Prabakaran and P.R. Balasubramanian

(G) Developmental Brain Resear ch

79. Effects of photoperiod on the development of the central glutamate system in tilapia,
Oreochromis mossambicus
Developmental rain Research, Volume 152, Issue 1, 18 August 20044, Pages 79-82
Li-Hsueh Wang and Ching-Lin Tsai

(H) General and Comparative Endocrinology80.  Dietary supplementation with
arachidonic acid in tilapia, (Oreochromis mossambicus) reveals physiological effects not
mediated by prostaglandins

General and Comparative Endocrinology, Volume 139, Issue 3, December 2004, Pages 215-226
R.D. Van Anholt, F.A.T. Spanings, W.M. Koven and S.E. Wendelaar Bonga

81. Ontogeny of corticotrophin-releasing factor and of hypothalamic-pituitary-interrenal axis
responsivenessto stressin tilapia (Oreochromis mossambicus; Teleostei)

General and Comparative Endocrinology, Volume 139, Issue 3, December 2004, Pages 251-265
Peter P.L.M Pepels and Paul H.M Balm

82. Hormonereleaseistied to changesin cell sizein the osomor eceptive prolactin cell of a
euryhalineteleost fish, thetilapia (Oreochromis mossambicus)
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83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

General and Comparative Endocrinology, Volume 138, Issue 1, August 2004, Pages 8-13
Gregory M. Weber, Andre P. Seale, N. Harold Richman |11, M.H. Stetson, Tesuya Hirano and E.
Gordon Grau

Development and validation of a radioimmunoassay for fish insulin-like growth factor |
(IGF-I) and the effect of aquaculturerelated stressorson circulating |GF-1 levels

General and Comparative Endocrinology, Volume 135, Issue 3, February 2004, Pages 268-275

Anthony R. Dyer, Zee Upton, David Stone, Philip M. Thomas, Kathleen L. Soole, Naomi Higgs,
Kirsty Quinn and John F. Carragher

Changesin plasma concentrations of immunor eactive ouabain in thetilapiain response to
changing salinity: isouabin a hormonein fish?

General and Comparative Endocrinology, Volume 135, Issue 1, 1 January 2004, Pages 90-99
S. Kgjimura, T. Hirano, S. Moriyama, O. Vakkuri, J. Leppaluoto and E.G. Grau

In vitro effects of cortisol on the release and gene expression of prolactin and growth
hormonein thetilapia, Oreochromis mossambicus

General and Comparative Endocrinology, Volume 135, Issue 1, 1 January 2004, Pages 116-
125

Katsuhisa Uchida, Joanne S.M. Y oshikawa-Ebesu, Shingo Kajimura, Takashi Y ada, Tetsuya
Hirano and E. Gordon Grau

Hormonereleaseistied to changesin cell sizein the osomor eceptive prolactin cell of a
euryhalineteleost fish, thetilapia (Oreochromis mossambicus)

General and Comparative Endocrinology, Volume 138, Issue 1, August 2004, Pages 8-13
Gregory M. Weber, Andre P. Seale, N. Harold Richman |11, M.H. Stetson, Tesuya Hirano and E.
Gordon Grau

Glucocorticoid receptor upregulation during seawater adaptation in a euryhaline teleost,
thetilapia (Oreochromis mossambicus)

General and Comparative Endocrinology, Volume 132, Issue 1, 1 June 2003, Pages 112-118
D. Brian Dean, ZackaryW. Whitlow and Russell J. Borski

Vitellogenin synthesis via androgensin primary cultures of tilapia hepatocytes

General and Comparative Endocrinology, Volume 132, Issue 2, 15 June 2003, Pages 248-255
Byung-Ho Kim, Akihiro Takemura, Se Jae Lim and Y oung-Don Lee

Effects of angiotensin |1 andnatriuretic peptides of the eel on prolactin and growth
hormonerelease in thetilapia Oreochromis mossambicus

General and Comparative Endocrinology, Volume 130, Issue 3, 15 February 2003, Pages 333-
339
Steve M. Eckert, Tetsuya Hirano, Thomas A. leedom, Y oshio Takei and E. Gordon Grau

Effects of Glucocorticoids on Cartilage Growth and Responseto | GF-1 in the Tilapia,
(Oreochromis mossambicus)

General and Comparative Endocrinology, Volume 121, Issue 3, March 2001, Pages 287-294
Jason P. Datuin, Kevin P. Ng, Tyrone B. Hayes and Howard A. Bern

Effects of Estrogensin Vitro and in Vivo on Cartilage Growth in the Tilapia, (Oreochromis
mossambicus)

General and Comparative Endocrinology, Volume 121, Issue 3, March 2001, Pages 295-304
Kevin P. Ng, Jason P. Datuin, and Howard A. Bern

The Effects of Cortisol on Heat Shock Protein 70 Levelsin Two Fish Species

General and Comparative Endocrinology, Volume 124, Issue 1, October 2001, Pages 97-105
N. Basu, T. Nakano, E. G. Grau and G. K. lwama

Evidence for an Osmoregulatory Role of Thyroid Hormonesin the Freshwater
Mozambique Tilapia, Oreochromis mossambicus
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General and Comparative Endocrinology, Volume 120, Issue 2, November 2000, Pages 157-167
Aja K. Srivastav, Gert Flik and S. E. Wendelaar Bonga94. Plasma Calcium and
Stanniocalcin Levels of Male Tilapia, Oreochromis mossambicus, Fed Calcium-Deficient
Food and Treated with 1,25 Dihydroxyvitamin D3

General and Comparative Endocrinology, Volume 110, Issue 3, June 1998, Pages 290-294

Ajai K. Srivastav, Gert Flik and S. E. Wendelaar Bonga95s. Partial Cloning of the

Hor mone-Binding Domain of the Cortisol Receptor in Tilapia, Oreochromis mossambicus,
and Changesin the mRNA Level during Embryonic Development

General and Comparative Endocrinology, Volume 108, Issue 1, October 1997, Pages 132-140
M. Tagawa, H. Hagiwara, A. Takemura, S. Hirose and T. Hirano96. Effects of Estradiol on
the Serotonin Secretion and Turnover in the Hypothalamus of Male Tilapia, Oreochromis
mossambicus, in Vitro

General and Comparative Endocrinology, Volume 106, Issue 2, May1997, Pages 175-180
Ching-Lin Tsai, and Li-Hsueh Wang97. Hypothalamic Regulation of the Pituitary-
Thyroid Axisin the Tilapia, Oreochromis mossambicus ¢

General and Comparative Endocrinology, Volume 106, Issue 1, April 1997, Pages 73-84

P. Sukumar, A. D. Munro, E. Y. M. Mok, S. Subburguand T. J. Lam

98. Osmoregulatory Actions of Growth Hormone and Prolactin in an Advanced Teleost ¢
General and Comparative Endocrinology, Volume 106, Issue 1, April 1997, Pages 95-101
Tatsuya Sakamoto, Brian S. Shepherd, Steffen S. Madsen, Richard S. Nishioka, Kimmakone
Siharath, N. Harold Richman, Howard A. Bern and E. Gordon Grau

99. Effect of thyroid hormones on hatching in thetilapia, Oreochromis mossambicus ¢
General and Comparative Endocrinology, Volume 81, Issue 3, March 1991, Pages 484-491
P.K.Reddy and T. J. Lam

100.Ster oid profiles of the female tilapia, Oreochromis mossambicus, and correlation with
oocyte growth and mouth brooding behavior «
General and Comparative Endocrinology, Volume 69, Issue 1, January 1988, Pages 88-98
Carol Johnson Smith and Samuel R. Haley101.1n vitro release of growth hormone from the
pituitary gland of tilapia, Oreochromis mossambicus
General and Comparative Endocrinology, Volume 60, Issue 1, October 1985, Pages 90-94
Richard S. Nishioka, E. Gordon Grau, and Howard A. Bern

(D) Journal of Fish Biology
102.  Androgen levels and energy metabolism in Oreochromis mossambicus

Journal of Fish Biology, Volume 65, Issue 4, Page 895- October 2004
A. F. H. Ros, K. Becker, A. V.M. Canarios and R. F. Oliveira
103. Temperature sensitivity of skeletal ontogeny in Oreochromis mossambicus
Journal of Fish Biology, Volume 65, Issue 4, Page 1003- October 2004
M. A. Campinho, K. A. Moutou and D. M.Power
104.  Sound production during courtship and spawning of Oreochromis mossambicus: male-
female and male-male interactions

Journal of Fish Biology, Volume 62, Issue 3, Page 658- March 2003
M. C. P. Amorim, P. J. Fonsecaand V. C. Almada

(J) Resour ce and Conservation

105.  An experimental study on the culture of fry of Oreochromis mossambicus (Peters) in a
peaty swamp in Sri Lanka using cowdung and poultry manure asfertilizer
Resource and Conservation, Volume 13, I ssues 2-4, February 1987, Pages 247-254
H.H. Costaand C.N. Keembiahetty

A7-9



Attachment 2
Fact Sheet on Oreochromis mossambicus

I

Available online at www.sclencedirect.com
m‘@w -
SGIENOEC DIRECT®*
K ' Aguaculture
ELSBV]ER Aquaculhue xx (2004} %x% ~xxx

www.elsevier.com/locale/aqua-online

Farmed tilapia Oreochromis mossambicus
involved in transport and biouptake of arsenic
in aquacultural ec‘osystems -

Bo-Ching Chen Chung—Mm Llao

"Depmmwn! of Posf-ModemAgncuhure, Mingdao Unwemry Chaughua, Taiwan 52345, ROC
"Depm :.'nentaf Bioenvironmental Systems Engineering, Natfonal Taiwan University, Taipei, Teiwan 10617, ROC

" Received 26 May 2004; received in revised form 7 September 2004; m:cepted 9 September 2004

Abstract

The present study couples the Michaelis-Menten (M-M) type flux and the Fick’s type of dynamic
mass fransfer flux to arrive at the Best equation fo quantitatively model the transport and bisuptake
mechanism' of the gills of freshwater tilapin {Oreochromis mossambicus) exposed to waterbome

" arsenic (A%). We conducted a 15-day uptake/depuration bioassay to examine the nccumulation kinetics
‘of As in tilapia gills by incorporating a biocoricentration model'to obtain the steady—state and dynarnic

bioconcentration factors. A diffusion-based permeability can be calculated nsing the physiological and
allometric-related parameters. The bioafl inity parameéter and the miting uptake flux in M-M egbation

“are acqlured 'by fitting the experimental values from published literature.. The -biouptake rate

incorporating with bjodvailability number is examined to better understand the effects of variabilities
of field c1rcumstances on b:ouptnke flux, A linear relationship between As bicuptake rate and As
concentrahon it ambient water is obtained, The fitted bioaffinity parameter and limiting uptake flux
were 3.07mg 1 Vand 2,17 mg 1™ day", respectively, suggesting a Joiv As binding affinity of tilapia
gills yet a relative high binding capac:ly was obtained. The As permeability’ lhrough tilapia giils
membrane decreased from 1.42 pm day™' to a steady-state value of 0.82 pm day™! after 2 months,
indicating the nonequilibriun aspects of biouptake processes 1nvolwd.~ .

© '1004 E]sev:er B V A]I nghts reser\red -

Keywords: Tl]npm; A.rsemc, Blouptnke, Bloa\'llnbilily :

. * Comesponding suthor. Tel.: +886 2 2363 4512; fax: +886 2 2362 6433,
E-mrail address: emliso@ntu.edu.tw (C.-M. Lino).

0044-8486/3 - see front matier & 2004 Elsevier BV, All righls reserved.
doit10.101 6/j.0quacultire,2004.09,009
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Genetic diversity in farmed Asian Nile and red
hybrid tilapia stocks evaluated from microsatellite
and mitochondrial DNA analysis

Maria Rowena R. Romana-Egma" ¥ Minoru Ikeda
Zubaida U. Basiao®, Nobuhiko Tanlguchl

® Southeast Asian F:shef fes Development Center, Aquacadfure Depariment, Binangonan, 1840 Rizal, Philippines
¥ Laboratory of Applied Population Genetics, Faculty of Agriculture, Tohoku University,
Sendal, Mivegt 985-8553, Jopan

’

Received 3 Seplember 2003; received in revised form 23 January 2004; accepted 25 January 2004

Abstract

We analyzed microsatellite and mitochondrial DNA restriction fragment length polymorphism
(mtDNA-RFLP) in two domesticated (NIFI and Israel) and four genetically improved (GIFT, GMT,
FAC-selected and SEAFDEC-salected) Nile tilapia (Or eoch! ‘omiy niloticus) as well as five red hybrd
tilapia (Oreochromis mossambicusXO. niloticus) stocks (BFS, FACred, NIFlred, HL, and PF)
farmed in Asia. Microsatellite variation.at five. loci (UNH216 UNH172, UNHJ 23, UNHI147,
UNK222) was more informative in characterizing stock differences than the mtDNA-RFLP markers
that were based only.on 14 restriction mowhs. Contemporary microsatellite data showed that GIFT
Nile tilapia had the highest mean expected heterozygosity (H.=0.813), while GMT, had the lowest
(H,=0.666). The unselecied NIFI stock and SEAFDEC-selected were genetically, similar, while
GMT. differed s:gmf jeantly from the other Nile tilapia stocks, Among the red tilapias, NIFIred had
the highest H, (0.715), while BFS had the lowest varjability (#.=0.567). The Taiwanese red tilapia
HL and Thai NIFlred were genetically similar. Except for NIFI, most of the Nile and red tilapia
stocks exhibited remarkably significant homozygote excess relative to Hardy— Wemberg Equilibrium
(HWE), suggesting some degree of inbreeding. Asian Nile tilapias were more genetically diverse
(pooled H=0,791; mtDNA nucleotide divergence value d4=0.009) than the red tilapias; (poolad

H_,=0,697; mean d,=0.004), This slight divergence between the Nile and red tilapias was also seen in
the analysis of molectuar variance {AMOVA, Fr=0,0018) and in genetic distance and nucleotide
divergence dendrograms, However, the AMOVA revealed that the greater percentage of variation
(99.33%) in the total genetic diversity of the swveyed stocks is principally due to differences at the

individual level and not between nor within groups. The significance of these results is that they
reflect and lead to new inferences regarding the selective breeding and cuiture methods used in -

managing these farmed stocks. _
© 2004 Elsevier B.V. All rights reserved.

Keywaords: Mitochondris]l DNA-RFLP; Micrasatellite; Tilapia; Oreochromis niloticus; Genetically improved
slocks

* Corresponding author. Southeast Asian Fisheries Development Center, Aquncullure Department,

Binangonan Freshwater Station, 1940 Rizal, Philippines. Tel./ffax: +63.2-6520077,
E-mail addresses: mreguia@aqd.seafdec.org.ph, rowena@bios.tohoku.ac,jp (M.R.R. Romane-Eguia),

0044-8486/% - see fronl matter © 2004 Elsevier B.V. All rights reserved,
doi:10.101 6/, aquaculture.2004.01.026
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Effects of bamboo substrate and
supplemental feeding on growth and
production of hybrid red tilapia fingerlings
(Oreochromis mossambicus X Oreochromis n iloticus)

P. Keshavanath® B. Gangadhar®, T.J. Ramesh® A.A. van Dam®
M.C.M. Bevendge"2 M.CJ. Verdegemb *

®College of Fisheries, University of Agricltural Stiences, Bangalore, P.B. 527,
Mangalore-575 602, Karnataka, India
Y Fish Cidture and Fisherles Group, Depariment of Animal Sciences, Wageningen Institute of Animal Sciences,
Wageningen University, RO.B, 338, 6700 AH, Wageningen, The Netherlands
EInstitute of Aguecuiture, University of Stivling, Stirling FX 9 4 L4, Scodand, UK

Received 12 April 2003; received in revised form 19 September 2003; accepled 9 December 2003

Abstract

-Periphyfon growing on arificial substrates can increase the production of herbivorous fish in
aqiiaculture ponds. Periphyton may be an alternative or a complement for supplemental feed in
fingerling production. Growth and production of hybrid red tilapia (Orecchromis mossambi-
eus X Oreochromis niloticus) were evaluated in twelve 5 X5 X 1-m® concrete mud-bottoiried tanks
witly bamboo poles for periphyton production. Submerged tank wa]] surface was 16 m®, There were
three densities of 1,5-m bamboo poles: 0, 98 and 196 poles/25 m* , resulting in 0,18.5 and 37 m® of
addjtional pole surface per tank, Tanks were stocked with red n!apxa fry (averige weight 1.2 g) at 25
fish tank™ . At each substrate density, half of the tanks were fed with a fishmeal-based 35% protein
‘diet at 5% body weight doy™ ', Fish were harvested after 75 days. During the experiment, periphyton
density on the substrates (ash-free dry motler [AFDM], ash-and chiorophyll g) and water qunhty
were monitored regularly, Water quality was favourable for fish growth and there were only minor
dlfferences between Lhe n'entments Penphyton b:omass densny on the snbstmtes mma]]y mcreased

and was subsequent]y reduced dunng the expenmem due to fish grazing. Fmal mean ( + 8. E) gross
fish yields (g/25 m*) without substrates were 850.3 g (& 73.7) without and 1225.7 ( + 193.7) with
feeding, With 98 poles tank™’, gross y:elds increased to 1803.8. (£ 79.1) without and 2141.8
(& 221.7) with feeding. With 196 poles tank™ !, yields were not or only marginally h:gher Although
more experiments are needed to optimize periphyton density in relation to fish size and stocking
density, the results show that periphyton can replace or complement supplemental feeding in tilapia .
fingerling culture.

© 2004 Elsevier BV, All rights reserved.

Keywords: Tilapin; Periphyton; Aquaculture; Tanks; Feeding

* Comesponding suthor. Tel.: +31-317-483307; fax; +31-317-483937.

E-mail address: marc.verdegem@wurnl (M.C.J, Verdegem). -
.} Present address: Departmem of Envizonmental Resources, UNESCO-IHE Institute for Wates Education,

P.O. Box 3015, 2601 DA Delf, The Netheriands,
% Present address; FRS Freshwater Laboraiory, Faskally, Pilochry, Perthshire PH16 5LB, Scolland, United

Kingdom,

0044-8486/% - see front matier © 2004 Elsevier B.V. All rights reserved. .
doi:§0.10) 6/f.aquaculture.2003.12.0)7
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Cloning, tissue distribution and hormonal regulation
of stearoyl-CoA desaturase in tilapia,
Oreochromis mossambicus

S.L. Hsieh®, H.T. Chang®, C.H. Wu®, C.M. Kuo®*

°®Marine Research Station, Insrr:mre of Zoology, Academia Sinica, Ilan 262, Talwan
b Department of Aquaciiture, National Pingtung University of Science and Technology, Pingnung 912, Taiwan
2 g
¢ Institutes of Information Science, Academia Sinica, Nankang, Taipel 113, Taiwan
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Abstract

The stearoyl-CoA desatirase cDNA in tilapia (Oreochromis mossambicus) was cloned by RT-PCR
and RACE, and it was compared with those in grass carp, common carp and milkfish. Nucleotide
sequence analysis revenled that the full length of cDNA (1172 bp) clone encompasses 1008 bp open
reading frame (ORF) encoding 336 amino acid residues. The deduced amino acid sequence shares
78-82% identity with the teleosts and 64~ 66% with mammals compared, and like these fish, the
cloned tilapia stearoyl-CoA. dessturase amino acid sequence conserves three histidine cluster matifs
(one HXXXH and two HXO{HH), which functioned as non-heme iron binding sites, essential for
stearoyl-CoA desaturase activity. RT-PCR and Norther blot analysis reveal that tilapin stearoyl-CoA
desatwrase is expressed only in liver, but the stearpyl-CoA desnhwase expression in multiple tissues
was observed jn milkfish, gross carp and carp. Further, the ormonal regulation of stearoy-CoA
desafirase gene expression was investigated by a single injection of 17p-estradio] and testosterone,
The results showed that; the administration of 17@-estradiol to tilapia led to a greater increase in
desaturnse  activity. than -testosterone, and higher. doses of steroids produced greater increases in
enzyme activity, The comparative RT-PCR. analysis showed that the stearoyl-CoA desaturase mRNA
level inereased significantly in 17B-estradiol treated animals, especially in the groups receiving a
single injection of 50 mg 17@-estradiol. This was reflected in the decrease in the saturated fatty acids

and the increase in the monounsatur'ned fatty acids, The propomon of the polyunsaturated faﬂy aCldS

was not affected. :
© 2004 Elsevier B.V, All nghts reserved

Keywords: Slearoyl-CoA desaturnse; RACE; PCR,; Tilapia; Expression; Regulation
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Detection of a chromosomal regiali:ﬁfith fWo qli'antifative trait loci, affecting cold
tolerance and fish size, in an F2 tilépia hybrid
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i

. Abstract

We searched for genet:c l:nkage between Imcrosatellltc DNA. markers and quanutatwe trait
loci {QTL) for cold iolerance and fish size (body weight and standard length) in two '
unrelated Fy families of interspecific tilapia hybrids (Oreochromis

mossambicusx Oreochromis aureus). The first experiment was based on a farmly of 60 fish
scanned for 20 microsatellites. A second expenment was conducted with a family of 114 fish
scanned for 6 microsatellites in one linkage group, in order to test for QTL found in the first
experiment. This two-step experimental design was sed in order to protect against “false |
positive" associations, In both families, significant associations were found for two loci
within the same lmkage group, The two QTL, near UNHE79 for cold tolerance, and near
UNH1 30 for body size, were estimated to be 22 ¢M distant from each other, with no
interaction found between the two traits. One of these loci, UNH879, was also associated
with sex determination. Distortion from the expected Mendelian genotypic ratio was
observed for three markers: UNH130, UNH180 and UNH907, suggesting linkage with a QTL
affecting survival. These results identify a chromosomal region in the tilapia genome

harboring several QTL affecting fitness traits.

Author Keywords: Tilapia; QTL; Cold iolerance; Body weight; Standard length;
Microsatellites
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An investigation of sex determination in the
Mozambique tilapia, Oreochromis mossambicus,
using synaptonemal complex analysis, FISH,

sex reversal and gynogenesis

' Rafael Campos-Rainaos, Simon C. Harvey,
Brendan J. McAndrew, David J. Penman®

Institle of Aguaculture, University of Stirling, Stirling FK9 4L4, Seotland, UK
Recejved 5 July 2002; accepted 3 Jawuary 2003

Abstract

Oreochiomis mossambicus, is known to have an XX female/XY male
sex determination system. Analysis of the pachytene meiotic chromosomes in O. mossambicus and
hybrids with Oreochromis niloticus demonsirated a region of diffuse Jateral elements and differential
staining in the long arm of bivalent 1 that was present only in heterogametic fish. Homology was also
demonstrated between the chromosome pair 1 of O. niloticus (which has been previously
demonstrated to be the sex chromosomes) and the same chromosome pair of O. mossambicus
through fluorescent in situ hybridisation using probes prepared from the O. niloticus chromesome 1,
This suggests that chromosomes in pair 1 are the sex chromosomes of the Mozambique tilapia,
Meiotic gynogenetic progeny from Q. mossambicis XY. neofemales consisted of both YY and XY
males but ne females, in contrast 1o a previous stidy in which only YY male and XX female meiotic
gynogenetics were produced in similar experiments. Autosomal genetic effects on sex determination

were detected for the first time in this species.
© 2003 Elsevier Science B.V. All rights ;e;erved.

The Mozambiqué filnpia,

Keywords: anﬁhnbiq\}e iilapia,' F]SH;O:'eochmr»fs messambleus; Sex chromosomes; Synaptonemal complex;

Gynogenesis
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Recombinant bovine growth hdrmdne treatment of tilapia: growth response, metabolic
clearance, receptor binding and immunoglobulin production
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Abstract .

Experiments were performed to examine the growth-promoting effects of recombinant bovine
growth hormone (rbGH) in the euryhaline tilapia (Oreochromis messambicus). A ‘
radioreceptor assay using a crude membrane preparation of tilapia liver revealed that tbGH
was sbout 100-fold less potent than native tilapia GH (tGH) In displacing 12:SI-Jxab_a]t:d tGH.
Bovine prolactin (bPRL) was equipotent to bovine GH indicating that the GH receptor of .
tilapia does not distinguish mammealian GH from mammalian PRL. When juvenile tilapia,
weighing 1 g, were maintained at 28 °C and received intraperitoneal injection of rbGH at
doses of 0.1, 1 or 10 Mg/g weeldy for 8 weeks, no significant effect on growth ‘y&ra‘s observed,
A second experiment examined weekly doses ranging from 1 10 50 Hp/p for 16 weeks, using 1
g fish maintained at 23 °C. /bGH (50 Hg/g) significantly increased growth afier 14 and 16
wezks, although the growth Tate Was significantly Jess thian those held at 28 °C, More *+ -
pronounced growth-promoting effects were observed, however, when fish weighing 5 g and -
held at 29 °C were injected with rbGH at doses of 100 and-1000 Hg/g once a week for 4 .
weeks. A single injection of a sustained-release formulation of TbGH (Posilac®, 100 and 1600
Hg/e) also elicited growth-promoting effects in fish weighing 4 g and kept at 29 °C. Treatment
with tbGH, Posilac® or bovine serum albumin (BSA) elicited significant increases in plasma
levels of immunoglobulin (IgM) in a dose-dependent mauner. By contrast, there was no
change in plasma levels of lysozyme activity in rbGH-or Posilac®-injected fish compared
with controls. An uptake and clearance study confirmed a slower decline in circulating levels’ .
of tbGH folléwing Posilac® injection compared with rbGH in saline, There was no change in
plasma cancentration of tGH after rbGH treatment, indicating that GH secretion from the
tilapia pituitary was unaffected by high plasma 1evels of rtbGH. The relative refractoriness of
juvenile tilapia to growth-promoting effects of tbGH compared with that of other species may
be due to the specific nature of the tGH receptor in recognizing the homologous hormone.

Author Keywords: Tilzpia; Plasma growth hormone; Plasma immunoglobulin; Récéptor
assay; Posilac; Plasma lysozyme
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An evaluation of co-extruded poultry silage
and culled jewel sweet potatoes as
a feed ingredient for hybrid Tilapia
(Oreochromis niloticiis X O. ‘massambicus)”

T.F. Middleton®, P.R. Ferket**, L.C. Boydb H.V. Daniels ©
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Abstract

Two experiments were conducted with hybrid tilapia to evaluate a meal made by extrusion
co-processing culled sweet potatoes and ponltry mortality silage (ESPFP). In both experiments,
dried, cull sweet potatoes and fermented whole turkey carcasses {60:40 ratio, w/w wet basis)
were co-extruded, dried, and hammer-milled to make the ESPFP test ingredient. The resulting
ESPFP meal was included at 0%, 11%, 22%; and:33% by weight in isocaloric,. isonitrogenous
pelleted diets. In an 87-doy growth trial, no significant.differences were found in the growih
paramelers or carcass (market) yields among the treatment groups. Tank water quality paramieters
were also unaf'fected by Jnc]us:on of the expenmental ingredient. A consumer panel found no
significant dlfferences in the sensory ‘indices’ (aroma, flavor, ‘and textiire) of the fillets froh fish
fed with the graded levels of ESPFP in the diet versus'those frori fi sh fed the coritro] diet. The
digestibility of the diets containing the, ESPFP meal was evaluated in & second trial, The npparenl
dry matter (DM), gross energy (GE), and. grude protein (CP) d.tgesnbmty coefficients were
reduced linearly with increasing levels of the ESPFP mea] in the diels (P<0. 019) However, the
Jevel of inclusion of the ESPFP meal. had no.effect on, the apparent organic matter (OM)
digestibility coefficient vahies among the diets. Acid detergent fiber (ADF) and acid detergent
insoluble nitrogen (ADIN) increased linearly (P < 0.00]) with- increasing Jevels of ESPFP in the
diets, indicating significant heat damage had occurred diring manufacture of the test ingredient.
The indigestible Majllard polymers formed during extrusion co-pmcessmg and drying of these two
ingredients accounted for 93% of the reduction in protein digestibility in the diets and were ‘3
contributing factor to the reductions in DM and GE digestibility, Extrusion cn—processmg of culled
sweet potatoes and poulry mortality silage produces an acceptable feed ingredient for hybrid
tilapia that can be included ot up to 33% of the diet without adversely affecting growth, market
yield, sensory indices, or water qualily as compared to a slandord tilapia diet. ©2001 Elsevier

Science B.Y. All rights reserved.

N

Keywords: Tilapia; Pouliry carcasses; Sweel polatoes; Extrusion; Wasle management
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Monosex male production in finfish as exemplified
by tilapia: applications, problems, and prospects

7. A. Beardmore® 2 G. C. Mair® L and R. L. Lewis®
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Abstracf;li |

The use of monosex fish is intrinsically desirable in a variety of fish species in a range of
aquaculture production systems. The potential advantages sou ght from their use may include
one or more of the following features: achievement of higher average growth rate, '
elimination of reproduction, reduction of sexual/territorial behaviour, reduction of variation .
in harvest size, and reduction of risk of environmental impact resulting from escapes of
exotic species. IR TR

Fish as a group have systems of sex determination which are of cpri‘siderable biological
interest and significance for studies in evolutionary biology. However, they are very variable,
relatively poorly understood and give rise to much variation in sex ratio between, and within,
species. Enough is known, however, 1o enable us to say that these systems are often
employed in ways which sharply distinguish the fishes from groups such as mammals, birds
and reptiles, As a consequence, manipulations of sexual phenotype designed to produce
monosex populations are not straightforward and the results are not necessarily predictable. .
This paper reviews the techniques for production of monosex males, and considers in detail
the case of the YY/GMT technology in the Nile tilapia, which is the only example of a
genetic technology for the production of monosex males so far widely adopted by the
aquaculture industry. The considerable benefits accruing from the use of GMT are described.
AT attempt at projecting future developments in this area of aquaculture is made.

Author Keywords: Tilapia; Monosex; GMT
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Compensatory growth in hybrid tilapia,
Oreochromzs mossambzcus X O mloz‘:cus
" rea1ed in seawatel

Yan Wang *, Yibo Cui®*, Yunxia Yang ", Fasheng Cai®

! Marine Biology Laboratory, University of Shantou, Shanfou,
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Abstract

Hybrid tilapia weighing 4.34 £ 0.03 g (mean & SE) were reared in seawater at 23.8 1o 27.0°C
for 8 weéeks, The control group was fed o satiation twice a day throughout the experiment. The
other three groups were deprived of feed for I, 2, and 4 weeks, respectively, and then fed 1o
satiation during the refeeding period. At the end of the experiment, fish deprived for 1 week had
similar body weights to the controls, whereas fish deprived for 2 and 4 weeks had significantly
lower body wa;ghls thén the controls. During the refeeding period, sxze-adjnsted feed intakes and
specific ‘growth rates were significantly higher in deprived fish then in the controls, indicating
some compensatory responses in these fish. Feed intake and growth rate upon refeeding were
higher the longer the duration of deprivation. No significant differences were found in digestibil- -
ity, feed efficiency or protein and energy retention efficiency between the deprived and control
fish during refeeding, suggesting that hyperphagia was the mechanism resyonsible for increased
growih rates during compensatory growth. Dwing refeeding, relative gains in protein, lipid and
ash, as proportions of total body weight gain, did not differ significantly among treatment groups.

© 2000 Elsevier Science B.V. All rights reserved.

Kejwoad:: Compé’nsnlory grth; Feed deprivation; Feod co_risumplibn; Feed utilisation; Hybrid lilapia
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Breeding new straing of tilapia: development of an
artificial center of origin and linkage map based on
AFLP and microsatellite loci
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'Abstracl

Based on idens from plant breeding and the opportunities offered by mblecu]ar. biology, a
program was initiated in 1995 1o derive genetically superior tilapia from a synthetic stock
(artificial center of origin, ACO) produced by inter-crossing five groups of fish: Oreochromis
niloticns Twild-type (On) end red (ROn) strains), O. aurens (Oa), O. mossambicus (Om), and
Sarotherodon galilaes (Sg). Three-way cross families (3WC) and four-way cross families (4WC)
have been produced, so that all four species dre represented in the ACO. A genomic map has been
created for each of the parents in an Om % (Oa X ROn) family using microsatellite end AFLP

(amplified fragment length polymorphism) DNA markers. The female { Q) parent had a total of
78" segregating markers (17 microsatellites, 61 AFLPs). Of these, 62 (13 microsatellites, 49
AFLPs) were linked in 14 linkage groups covering a total of 514 centimorgans (eM). The first
generation (F,) iybrid male parent had a total of 229 segregating markers (62 microsate]lites, 167
AFLPs), of which 214 (60 microsatellites, 154 AFLPs) were linked in 24 linkage groups covering
a tolal of 1632 ¢M. The construction of these maps is a key step in a molecular marker-assisted
breeding program to detect quantitative trait loc (QTL) for cold and salinity tolerance and carcass
quality in tilapia. © 2000 Elsevier Science B.V, All rights reserved.

Kepvords: Tilapia; Oreochromis; Genetic map; AFLP; Microsateflile; Cichlidae; Imerspecific hybridization
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Expression of recombinant tilapia insulin-like
“growth factor-I and stimulation of juvenile tilapia
growth by injection of recombinant IGFs
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Absiract

Mafire recombinant tilapia insvlin-like growth factor-I (IGF-]) polypeptide was produced in
Escherichi¢ coli by cloning the IGF-1 B to D domains with glutathione-S-transferase (GST,
pGEX-2T vector). The recombinant JGF-I fusion protein, preduced lollowing induction of E. coli
with IPTG induction and digestion with thrombin, appeared as a major protein band with a
molecular mass of 7 kDa. Recombinant tilapia IGF-] ({GSPGIHM]-IGF-I) polypeptide bioactivity,
as measured in a homologous [3 Hlthymidine incorporation assay assessing concentralions ranging
from 0 to 120 nM, was found to significantly stimulate cell uptake of [*Hlthymidine. The
stimulatory effect of recombinant tilapia 1GF-I polypeptide is suggested to be dose dependent.
Recombinant tlapia IGF-] and IGF-II polypeptides at doses of 0.1, 0.5, 1 and 2 pg (g body
weight per fish)™' were injected into juvenile tilapia once a week. At doses of 2 pg IGF-] (g
body. weight per fish)™ ! ‘end doses of 2 jug IGF-II (g body weight per fish)~!, there were
significant increases (**P < 0.01) from week 5 onwards in both body weight (73% for IGF-1,
72% for 1GP-11), weight gain (270% for IGF-1, 260% for IGF-11), and body length (33% for IGF-I,

34% for JGF-11) relative to a sinﬁlarly treated GST protein contral group and untreated group.

© 2000 Elsevier Seience B.V. All rights reserved.

Keywords: Oreochromis mossambicus; Insulin-like growih faclor; Protein expression; Growth promotion
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Ambient salinity modulates the response of the tilapia, Oreochromis
mossambicus (Peters), to net confinement

D.T. Nolan’—]:, R.L. J. M. Op't Veid, P. H. M. Balm and S. E. \Nfende}aa1' Bonga

Department of Animal Physiology, Faculty of Science, University of Nijmegen, Toernooiveld 1, 6525 ED
Nijmegen, Netherlands
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: Abstracf

The stress response of the euryhaline tilapia Oreochromis mossambicus adapted to either
fresh water (FW) or salt water (Instant Ocean™, 950 mosm; (SW)) was investigated to
establish the influences of ambient salinity in this species. The fish were considered to be
adapted to the salinities as pre-confinement plasma cortisol and glucose levels were typical for
unstressed fish. Two hour net confinement increased plasma cortisol and glucose to 2 similar
extent in both FW and SW. Individual plasma sodium and chloride levels were unaffected by
confinement, although plasma Na;C) ratio increased in FW, Confinement increased intestinal

Nat/K -ATPase activity in FW, but not in SW, In contrast, kidney Na*/K*-ATPase actjvity

increased in SW only. Branchial Na® /1.t -ATPase activity decreased with confinement in SW,
but not in FW. In SW, confinement reduced the numbers of opercular chloride cells. Increased
aging of the branchial chloride celi (CC) population of SW-confined fish was indicated by
large numbers of apoptotic CCs in the interlamellar areas. This effect on the CC population
was absent in FW-confined fish. Overall, confinement in SW-adapted fish had a more
profound impact than confinement in FW-adapted fish. This is Likely to have associated
energetic consequences in terms of branchial oxygen and ATP consumption. Therefore,
results suggest the possibility of different effects of confinement on subseguent growth in FW

and SW.

Author Keywords: Tilapia; Stress response; Confinement; Jonoregulation; Na/K~ATPase;
Cortisol; Glucose; Salt water; Electron microscopy; Gill ultrastructure; Chloride cells
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Growth of five Asian red tilapia strains in saline
environments -

Maria Rowena R. Romana-Eguia *, Ruel V. Eguia
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Accepted 14 Oclober 1998

Abstract

Growth of five Asian red (ilapie strains (BFS, NIF], FAC, PF and HI..) were evaluated in
brackish and seawater. Eight-week-old juveniles from ihe five test strains were size-matched with
similarly aged Oreochiromis mo.sjmmbfcu.r which served as intemal reference. Fish were stocked at
aratio of 15 lest;15 reference in 100-1 tanks supported by a recireulating system. Commercial feed -
was given twice daily at 10-20% of the {ish biomass. Growth, measured from Jength and weight
increment at 10 weeks, was recorded. Slatistical analyses on mean specific growth rates showed
significant differences among the strains reared in seawater, The Philippine strain PF grew best in
seawater while the Thai strain NIFI performed well in brackishwater. In the Philippines, red
tilapias are farmed in inlensive freshwater culture systems by few aquaculturists, Results of this
study indicate that some Asian strains can be developed for use in more sustainable brackish and
seawaler culture systems, © 1999 Elsevier Science B.V, All rights reserved,

Keywords: Red lilapia; Strain comparison; Seawaler cullure
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Experimental studies on polyculture in closed
‘shrimp ponds ¢
I. Intensive polyculture of Chinese shrimp (Penaeus
" chinensis) with tilapia hybrids
Ji-Qiao Wang ", Deshang Li, Shuanglin Dong, Kexing Wang,
' - Xiangli Tian :
" Ocean University of Qingdao, Qingdao 266003, China
Receivad 9 March 1997; nceepled 30 November 1997

Abslratt

Stocking performance and production in polyeulture of Chinese shrimp (Penaeus chinensis)
with red Taiwanese tilapia hybrids (Oreochromis mossambicus X O, niloticus) were determined
by using 26 enclosures, each 5.0 X 5.0°% 1.8 m placed in a closed 1.7-ha seawater pond. In two
factorial design (3 X 4), shrimp juveniles (body length 2.85 & 0.16 cm) and tilapia- hybrids
~weighing [rom 79.0 g 1o 193.8 g reared in nel cages were stocked into 24 enclosures at a rate of
4.5, 6.0 and 7.5 shrimp/m? and 0, 0.16, 0.24 and 0,32 fish/m?, respectively and reared by
feeding commercial feed and by administration of chicken mannre and chemical feniliser, To
‘evaltiate cultural pattern on tilapia, the shrimp juveniles and the tilapia juveniles were stocked into
two ericlostres at a rate of 6.0 shrimp /m? and 0.24 fish/m® (outsile the cages), Tespectively.
" Overall survival sate of shrimp was 78.6% and did not differ among treatments, Mean final sizes
of shrimp decreased with increase in its stocking' density. As stocking density of’the shrimp
increased from 4.5 shrimp,/m? 1o 6.0 sluimp/ m?, mean shrimp yield increased from 325.4 & 15.3
kg/ha to 522.2 &+ 54.9 kg/ha. There ‘was & pronounced influence of tilapia density on growth,
survival and yields of shrimp at 6.0 shrimp /m?. At 0.32 tilapia/m?, survival rate (96.67%), final
body length (10,40 cm) and yield (585.5 kg/he) of shrimp were' high. The optimum stocking
density of shrimp and tilapia was 60,000 shrimp/ha and some 400 kg tilapia/ha, réspectively.
Ecological role and cultural pattern (in or outside a net cage) of tilapia in shrimp polyculture was
discussed. © 1998 Published by Elsevier Science B.V. All rights reserved, ‘ -

Keywords: Polyculture; Shrimp culture; Pond; Tilopia; Enclosure; Chinese shrimp { Penaeus chinensis)

* Comesponding author, Dalian Fisheries University, Dalian 116023, China.
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Changes in the fatty acid profiles of hybrid red
tilapia, Oreochromis mossambicus X 0. niloticus,
subjected to short- term starvatlon and a comparison
‘with changes in seawater raised fish

- Sena S. De Silva ae Rasanth Gunasekera C.M. Austin ®

! School of Aquotic Science and Natural Resources Mana gr.-mem' Deakin University, PO, Box 423,
Warniumnbool, Yic. 3280, Austrolia
b Depariment of Zovlogy, Netienal University of Singapore, Lower Kent Ridge Rond, S‘mga,uorc 11v260,
.'ungapnre
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Abstract :

- Juvenile hybrid red tilapia of mean weight 52.9 4 2.80 g were siarved for 45 days, and the
liver and muscle faity acid profiles of fed and starved fish determined on Days 0, 24 and 45, A
eortesponding group of fish were seawaler adapled and were sampled on Day 45.

.In fed.fish the total fatty acids in the livers (expressed in wg mg~' lipid) decreased with
growth (45 days), from 816 16 10 600 & 7 and 821 £ 25 to 589 :: 23 in females and males,
rcspacuvely This decrease was. s1gmf icant by the 24th day. In muscle, howaver, the amount of
. falty acids in total lipid increased.with growth, in females from 365 + 2] to 489 +6 nnd in males
~ « from. 387 17 1o 480. 17 -ug rng" lipid, Compared ‘with fcd fish, dijﬁng starvation the

. proportion of fatty acids in tolal hpld increased in both types of l1ssues but was snll lower than at
the initial Jevel, significantly so in the liver.

. Twenty individual fatty acids were. quanur ied as percent of total fa!ty aclds in Iwer and muscle
tissues of fish from different treatments during this study. In starved fi sh liver monoenes
decreased significantly (P < 0.05), from 33.0 to 16.3% and 35.6 to 9.5%, and the percentage of
polyunsaturated fatty acids (PUFA) increased mgmf' cam]y from 18.3 to 39, 9% and 16.9 10 46.2%
in females and males, respectively, Comparable frends were also observed m muscle, bul in
muscle the percentage of PUFA tended to be higher than in the liver.

The faity acids that occtrred in the highest proportion were oleic acid (18:1n ~ 9), followed by-
palmitic acid (16:0) and docosahexaenoic acid (DHA; 22:6n — 3), collectively accounting for

" Comesponding avthor. E-mail: sena @deakin.edu.au,
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Genotype and environment: A comparative
‘evaluation of four tilapia stocks in Fiji
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Abélract

]

The rcproducuve. survwa] ‘and growth performance of four lilapia strains in Fiji, namely
Oreochromis mossambicus M), 'lsrael’ Oréochromis niloticus (NI), *Chitralada’ -0, niloticus
. (NC) and Red u]ap:a hybnd (R) were evaluated in ‘two cu]ture environments currently used in Fiji

(mtegrated and non- 1n1egrated farmmg) Tor lhree gencratmns Resulls showed significant differ-
ences among strains in all traits. Overall, the M strain had the highest breeding efficiency and
_average fecundity. but the poorest growth rnte The NI sirain showed the highest survival and a
good growth rate bul Jow breeding efficiency and fecundity, Although the R strain showed a good
growth rate in favorable environments, it was prone to stress under less optimal condilions and
had a relatively Jow survival rate and only average fecundity. The NC strain showed the best
growth rate and feed conversion efficiency, rélatively good breeding efficiency but average
fecundity and survival, Based on a weighted performance across all traits, the NC strain was
identified as the best performing strain in Fijian conditions.

Significant genotype—environment interactions estimated during harvest were due to a strong
rank interaction in the R strain and also magnitude interactions in the NC and NI strains. Growth
performanee of the M strain showed the lowest response to quality of culture environment.

Future approsches to improving tilapia production in Fiji are discussed. ® 1997 Elsevier

Science B.V.

»

Keywords: Tilapia; Genolype and environment; Strain evaluation; Cullure lrails

* Correspondence address: Evolutionary Biology Unil, Australian Museum, 6 College S1., Sydney, N.5.W.
2000, Australia, Tel, (6]2) 9320 6252; fax: (612) 9320 6059,
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Acute and chronic toxicity of tannic acid and spent
bark of cinchona to tilapia Oreochromis
mossambicus
N.C. Saha, A. Kaviraj ’

‘ Department of Zoology, University of Kalyani, Kalyani 741235, India
Accepled 2 May 1996

Abstract

Spent barks of cinchons, left afier extraction of quinine and quinidine released tannic acid and
colour in aguecus solution. The maximum amount of wannic acid and colour was recorded in
72120 h. After 144 h tannic acid concentration of water ranged 0.01-0.015% of the dry spent
bark, Static bioassay with analytical grade (AG) tannic acid and spent bark of cinchona showed
that 96 h LCS0 of tannic acid lo tlapia ( Oreochromis mossambicus) was 107.2 mg 17! as AG

tannic acid and 55 mg 1= " as spent bark (SB) tannic acid. The concentration of tannie acid having
a significant cffect on the opercular movements of tiapia were 85 mg 17! as AG tannic acid and
30 mg |~ as SB tannic acid, A concentration of 0.3 mg 17" of SB tannic acid reduced the feeding
rate of- fish. Chronic toxicity testing showed that this dose also reduced the growth and

reproduction of tilapia, Similer l1] effects were produced 'by AQG tannic acid only at a concentration

of 10 mg 1™,

K eyn;or't‘!s.-"“ll‘qx;‘rciiy; Tannic acid; Oreochromis maossombicus
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Evaluation of three species of tilapia, red tilapia and
a hybrid tilapia as culture species in Saudi Arabia
‘Abdul Qayyum Siddiqui *, Ahmed H. Al-Harbi

" Research Instinte of Natwral Resources and Environment, P.0.Box 6086, Riyadh, Saudi Arabia

Accepled 6 July 1995

Abslract

The culture potential of three pure lilapia species, Oreochromis nifoticus, O. aurets, 0. mossam-
bicus, hybrid tilapia (0. niloticus X O. aureus) progeny and Taiwanese red tilapia (O, mossamnbi-
cus X 0. niloticus) was evalualed in 10 m? concrete tanks receiving freshwaler, Tilapia were compared
for growth, survival, yield, and feed conversionratio. The different lines investigaled showed different
_ responses during different growing phases (fry, fingerling, sub-adult and adult). Final mean weights

after 392 days rearing were higher for hybrid tilapia (327 g) than those of O. niloticus (293 g), red
tilapia (264 g), O..aureus (234 g) and O. mossambicus ( 168 g). Yield ranged from 6.5 kg m™* (O.
. mogsambicuy) to 13.0 kgm” 3 (hybrid tilapia) and 2.2 to 4.4 kg 17" of water used, respectively, The
feeding of lilapia up o satiation within 30 min twice daily gave 'very good feed conversion ratios; the
_overall average ranged from 1.24 (O, niloficus) to 1,63 (red tilapia). Survival after four growing
.. phases was 80% (hybrid tilapia}, 7‘4%;(0. piloticus), 72% (O, aiireus), 61%. (0. mossambicus)
coand 7% (red tilapia), . L T T
... Overall performance, based on fry, fingerling, sub-adult and adult rearirig and the'ranking based

on final mean weight, specific growth rate, survival, and yield proved hybrid tilapia Lo be the besl
candidate for intensive tank culture, closely followed by O. niloticus and O. aureus. O. mossambicits
+ showed poor performance, and red tilapia gave very low survival during the Iry and larval rearing

phases.

vawérdx: Tilapias; Tank culture; Growth; Yield
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~'Relationships among ration, salinity, 17a-
methyltestosterone and growth in the euryhaline
tilapia, Oreochromis mossambicis

Benny Ron %, Steve K.'Shi'm‘ocla 2 George K. Twama ®, E.
Gordon Grau ™*

* Department of Zoology and the Howail Insiitute of Marine Binlagy, University of Hawaii, Honolulu, HI 96744
USA C
® Deprarnnent of Animal Sviénce, University of British Columbia, Vancouver, B.C. V6T 12+ Conada

e

.Abs'lrai_:,l-_: . L

“The effects of long-term 17a-methyltestosterone (MT) trealment (10 mg MT kg~" feed) and ration
. size on the growth of the euryhaline tilapia, Oreochromis mossambicus, in fresh water (FW) and
scawater (SW).were examined, Tilapia were fed a limited daily ration, starting iniiially at 18% of
- body, weight for yolk-sac fry and decreasing gradually to 4% at 126 days, Eight treatments were
. employed. Control and MT {reatment groups were replicated in FW and SW using ‘either fish fed the
limited daily ration described above or fish fed twice thal ration, On limited ration, control fish in SW
grew 1o twice the size of their FW counterparts. Treatment with MT increased growth in both' FW
and in SW tilapia. Doubling the fecding ration produced a significant increase in growth in SW, bul
not in FW fish, The grealest growih was observed in SW, MT-irealed fish on double fatioi'which

Lo

_ grew to > 4.2 the size of FW conirol fish on a limited ralion.

. Routine metabolic rate was measured in tilapia reared from the’ y_nik-'sac fry stage in FW or SW.
The rate of oxygen consumption in the W tilapia was 72.4 113 mg kg™ I'h=V{mean4 SE, n=6)
and 148.2+9.2 mg kg=! h™' in FW fish (n=6). These dala suggest that the reduclion in routine

metabolist In O. mossambicits in SW may account for the increase in growth of the SW animals over
their FW counterparts. o e

* Corresponding author at: Hawail Institute of Marine Biology, P.O. Box 1346, Kaneohe, H1 96744, USA.
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Effects of dorsal aorta cannulauon on cortisol and
other stress parametess in the eu1yhalme t11ap1a Oreo—
chromis mossambicus

Benny Ron?, Yonathan Zohar®, Russell Borski®, Graham Young®,
E. Gordon Grau®
*Department of Zoology and the Howaii Institute of Marine Biology, School of Ocean and Earih Science and
Technology, University of Hawaii, PO Box 1346, Kaneoke, HI 96744, USA

“Cenfer fa.r Marine Biotechnology, University of Maryland, 600 E, Lombard St., Baltimore, MD 2]202, USA
tDepartinent of Zoology, University of Otago, Dunedin, New Zealand

Abstract

In tilapia that are reared from yolk-sac fry in fresh water (FW), the mean level of plasma cortisol
was 22.9 + 3.4 ng per ml, For seawater-reared fish (SW), cortisol was 55.8.£ 5.5 ng per ml, For these
measuretnents, blood was collected by vascular puncture in the hemal arch within 1-4 min afier netting
end anesthesia. It is likely that the difference in cortisol levels observed in FW- and SW-reared tilapia

under these conditions reflects the established osmoregulatory function of this hormone in seawaler .

“in this species, Nevertheless, afler 4 min we found that plasma cortisol rises two-foid in both FW and,

SW hlapla, most likely as a result of stress indveed by the dlsturbance of neltmg and handlmg Similar

rcSponses have been rcporled in a varietly of teleosls subsequent to netting, handling, and the admin-
istration of anesthesia, In spite of the facl that these procedures may ‘be undertaken quickly and

- efficiently, ‘The elevation of cortisol, as well as ather associated changes, may limit.the utility of .
protocols that involve repeuuvc blood samp]mg eu.hcr from unc;ndmdual or from scrcral mdmduals ""

sharing the same lank

For” l.hcse reasons, we have dcveloped 2 procedure using ‘2 vascular cinnula to:study various . -

. endocrine phenoména including time-course relations, circadian rhythms and hormone ciearance.in |
the tilapia. In order to clarify the utility of this procedure for physiolog:ca] s!ud:cs. we undcrtook E
measurements of plasma cortisol, leucocrit, hcmalocnland resumptlon of feeding in FW-rearedtilapla ©

that were cannulaled through the dorsal aoria for up to 40 days, Fish were snmp]ed serially as follows;

10 min prior to the operation, during the surgery, and posloperatively at 30 min, 1'h, 6 b, and daily ...

up Lo 40 days afler surgery. In most animals, cortisol levels returned lo basal levels and feeding was
restored within 2-3 days after canpulation. Nevertheless, a few individuals showed irregularly high
cortisol levels, accompanied by a chronic loss of appelile. Afier cannulation, all fish showed 2
significantly depressed leucocrit until 24 h. Thereafter, the leucocrit recovered in all individuals,
Surgery resulied in a decline in hematocrit, In most fish, hematocrit recovered within 2-3 days, In a
few individuals, however, hemalocrt declined continuously, suggesting inadequale erythrocyle

replacement. The results of this study show that cannulated lilapia can be obtained which display .

characteristics, including plasma cortisol levels, which are similar 10 those observed in the stable

unsiressed animal.
Supported by University of Hawaii Sea Grant Coilege Program NA36RG0507/Y26/R/AQ-37,

Hawaii Aquaculture Development Program no. 35965, NSF DCB 9104494 and Edwin W, Pavley
Foundalion grants to E. Gordon Grau.
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Changes'in an 111111111110g10bu1111 M
(IgM)like protein during larval stages in
tilapia, Oreochromis mossambicus,

Akihiro Takemura™
Sesoko Marine Science Cériter, Univ'ersity of the Ryukyus, Mcitobu,' Okinawa, Japan

Accepted 19 April 1993. ; Available online 2 October 2003

Abstract

Changes in an mlmunoglobuhn (IgM)—hke protem (MLP) were measur ed using an .
enzyme-lmked Jmmunosorbent assay (ELISA) in larval tilapia, 4Oreochromis mossambicus
r, obtained from a non-lmmumzed mother. MLP levels durmg prearval stages decreased
gradually, as yolk was absorbed. At 12 days after hatchmg, all yolk had been utilized, and
the onset of feeding and free swimming was observed. About this time, MLP dropped to its
Jowest levels. The MLP levels durin g post-larval stages increased rapidly. These findings
suggest that the MLP detected in the pre-Jarval stages is derived from maternal fish, and that
its antx-pathogemc role, if-any, lasts until the onset of feeding. Moreovel it is likely that the
MLP detected during t the post-larval stages was IgM produced by larvae themselves. The
transition from rnaternally—der:ved substances to autogenous humoral defence molecules is

discussed inirespect of non-specific defence processes in the serum.

Ly -

Coxrespondix-ig‘r author, Correspbﬁdénce 10: Dr. Akihiro Takemura, Sesoko Marine Science
Center, Uni_yersity of the R)mk)ms, Motobu, , Okinawa 905-02, , Japan. . '
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Retardation of ovarian growth and

depression of serum steroid levels inthe .~
tilapia, Oreochromis mossambicus: o .
, by corticol implantatien .

J. T.W.FooandT.J. Lam

Department of Zoology, National University of Sing_apore, Singapore

Accepted 5 October 1992, ; Available online 3 October 2003.

Abstract

~ Female “Oreochromis mossambicusi- were implanted with cortisol suspended in
cocoa-butter for the evaluation of the chronic effects of cortisol on reproduction. Implant
doses of 1.5 and 3.0 mg/g body weight, rmrmckmg the effects of long-term chronic stress,
suppressed various reproductive pa1amete1s over the 18-day treatment period. Most fish -
treated with cortisol showed reductions in body weight. Oocyte size and gonadosomatic
index of tr eated fish became significantly lower than the ¢ontrol after 9 and 12 days of

freatment, respectively. The retardation of oocyte growth' was accompanied by depress:on of

serum testosterone and oestxadwl-—l?ﬁ levels,

@Cm'responding author. Correspondence to! Prof. T.J. Lam, Departnient of Zoology, .
National University of Singapore, Faculty of Science, 10 Kent Ridge Crescent, 0511,

Singapore.

A7-32




T

Aguaculture
Volume 115, Issues 1-2, 15 August 1993, Pages 145-158

dol:10.1016/0044-8486(93)00365-6 (7} Clle o Link Using DO
Copyright © 1993 Published by Elsevier Science B.V.

Serum cortisol response to handling
stress and the effect of cortisol
implantation on testosterone level in the
tilapia, Oreochromis mossambicus

J. T.W.Fooand T, J. Lam

Department of Zoology, National University of Singépore, Singapore

Accepted 2 January 1993, ; Available online 3 October 2003.

Abstract

A tropical fish species (Oreochromis mossambicust) was used to study cortisol respohse _fo
handling stress, Unstressed fish were found to have ver y low (<10 ng/ml) seram cortisol
levels, Stressed fish showed a rap1d and significant rise in cortisol levels within 4 min, The
peak level, reached within 30 min of stress, was dependent on the seveuty of the str essor,
being lower (about 64 ng/ml) in fish disturbed by netting, and h1ghe1 (about 119 ng/ml) in

fish captured and confined. Removal. of the stressor resulted in a rapid retum of cortisol to a
normal level, Cortisol cocoa-butter implants were successfully used to elevate and maintain
cortisol at a level characteristic of a stressed fish for 19 days. Cortisol implants of 1.5 and
3.0 mg/g body weight were found to depress testosterone levels significantly over the study

period.

Corresponding author, Correspondence ro. Prof. T.J. Lam, Department of Zoology,
National University of Singapore, Faculty of Science, 10 Kent Ridge Crescent, , Singapore

0511.
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Effect of 17a-methyltestosterone on the growth of the
euryhaline tilapia, Oreochromis mossambicus, in fresh

water and in sea water
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Accepted-17 July 1992. ; Available online 3 October 2003,

Abstract

These studies were aimed at determining whether: (1) rearing salinity influenced the growth
of the tilapia, Oreochromis mossambicus, and (2) Jong~term 1 7a-methyltestosterone (MT)

. treatment of tilapia enhanced growth beyond that produced by masculinization alone, These
studies showed that tilapia raised in sea water (34-36 ppt) grew to twice the size attained by
freshwater fish under the conditions of our experiment (P<0.01), To evaluate the optimal
pattern of MT treatment, four treatments identified as control, continuous, early, and delayed
were employed. Barly and delayed MT-treated fish grew significantly faster than controls in .
both salinities (P<0.001), The growth of tilapia continuously treated with MT exceeded that
of all other treatments in both fresh water and in sea water and was three times higher than
that of the controls (P<0.001). Most importantly, the growth of ponti_nuousljv treated tilapia
exceeded the growth of early treatment tilapia by 30-50% despite the fact thatboth

treatments induced nearly complete sex reversal ("99%). A

These findings suggest that continuotis treatment with MT offers considerable advantage -

over sex reversal alone in the commiercial culture of the tilapia; Overall, the greatest growth

was observed in seawater-reared tilapia which were continuously treated with MT and, these

fish were 5-7-fold larger than freshwater controls. The practical applicability of the findings o
from our tank investigations was evaluated in full-scale pond studies in which tilapia were

cultivated in freshwater polyculture with common carp {Cyprins carpio), grass carp

(Crenopharyngdon idellus), mud carp {Cirrkina molirorella), silver carp

(Hypophthalmichthys molitrix), and bighead carp (Arisrichthys nobilis), The administration

of 17a-methyltestosterone consistently and significantly av gmented the growth of tilapia

(22%) and the carp species as well.

I@Conjesponding author, Correspondence to: Professor E. Gordon Grau, Hawaii Institute of
Marine Biology, P.O. Box 1346, , Keneohe, H1 96744, , USA.
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The effects of temperature and salinity on growth
and feed utilization of juvenile, sex-reversed male
Florida red tilapia cultured in a recirculating
system

Wade O, Watanabe® , Douglas H, Ernst?, Michael P. Chasar?, Robert 1. Wicklund® and Borj L. Ollal
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Abstract

In two experiments, juvenile, sex-yeversed male Florida red tilapia (avg. wt.=0.56-1.20 g)
33-m° indoor tanks at a density of 74 fish m 3 and growth and
feed utilization compared for 54-58 days at temperatures of 22, 27 and 32°C and at salinities
of 0 and 18 ppt (experiment one) or at 18 and 36 ppt (experiment two) undera 121 12D
photoperjod. Fish were fed twice dzily to satiation a 32% protein diet. Each treatment . .
consisted of seven replicate tanks supported by recirculating water system. While growth
rates generally increased with increasing temperature and were markedly lower at 22°C than
at 27 and 32°C, salinity modified the effects of temperature on growth: at 0 ppt, feed *
consumption and growth reached a maximum at 27°C, while at 18 and 36 ppt, consumption
and growth were highest at 32°C. Under all temperatures, feed consumption and growth were
higher at 18 ppt than at 0 or 36 ppt. The results suggesied that, in freshwater, heating water to
temperatures above 27°C is not justifiable, while at 18 or 36 ppt, heating water to 32°C can
maximize growth rates without lowering growth efficiency. An important advantage of- .
brackishwater (18 ppt) rearing under conditions of suboptimum temperatures was further

suggested.

were stocked into forty-two 0.

Watanabe, Caribbean Marine Research

-

IEZ?Corresponding author. Correspondence to: W.0O.
Center, 805 Bast 46th Place, , Vero Beach, FL. 32963, , USA.
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Brackishwater tolerance of some species and hybrids of
Oreochromis for use in lagoon aquaculture (Ivory Coast)

Thierry Doudel@

Ministére de la Produclion Animale, Direction des Péches, Projet Pilote de Déveldppe.ment de I'Aquaculture Lagunaire,
Abidjan, Ivory Coast, USA
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Abstract

For a decade, the Ivory Coast has undertaken the promotion of its large lagoons by
developing aquaculture in general and the culture of tilapia in particular. Thus far, only the
feasibility of Oreochromis niloticus culture in freshwater has been demonstrated, Since only
a very small area of the Jagoon netwark is freshwater, any significant increase in tilapia
productmn depends on their culture in brackishwater under sausfactory technical and
economic conditions. Neither O, niloticus nor the lagoon species, Sarotherodon '
melanotheron and Tilapia guineensis, are suitable for culture under these conditions. An
experiniéntal progtam was set up to select a n]apna ‘with high survival rate and fast growth in

" brackishwater. This program involved the species O, aureus, O. mossambicus, 0. urolepis
hornorum, and the hybrids O, niloricus * O, aureus, O. mossambicus * O. mloncus, 0. ‘
niloticus * O.n, hornorum and O, mossambicus x O.u. hornorum. The trials were held in
lagoon watcr with a sahmty of up to 15 ppt, the maximum valie recorded for the zones
suitable for aquactlture in the lagoon. These trials allowed the selection of one species, 0.
‘auireris; and two hybrids, O, niloticus x O, auireus and O. mossambicus * O, niloticus with -
survival rates significantly hlgher than those of the other groups tested

Comparison of the performances and respective advantages of these three groups Jeads to the
choice of 0. aureus in preference to the hybrids for bracklshwater culture, The results of the
present study are discussed in relation to salinity tolerance and growth data found in the.

literature about the species and hybrids tested.

Corresponding author, Correspondence o Dr. T, Doundet, Centre Technique Forestier
Tropical, Dépariement du Centre de Coopération Internationale en Recherche Agronomique
pour Je Développement (CTFT/ CIRAD), 45 bis avenue de l2 Belle Gabrielle, 94736 ,
Nogent-sur-Marne Cedex, , France.
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Interactions of Varying diétéry protein
and lipid levels in young red tilapia:
Evidence of protein sparing

Sena S. De SilvaZ, Rasanthi M, Gunasekera and K. F Shim
Department onoo‘Iogy, National University of Singapore, Singapore 0511

Accepted 12 November 1990. ; Available online 3 October 2003.

Abstract

A 12-week feeding trial was carried out with young red tilapia, a hybrid of OJ'éochr'aifzis
mossambicust and O. miloticus, with a mean weight of 1,185 g. Three series of isocaloric,
experimental diets of 15%, 20% and 30%. protein content (by dry weight) and for each series,
four diets of 6%, 12%, 18% and 24% lipid content were tested. At all three protein levels the
best growth was obtained with diets of 18% lipid. Daily consumption (in mg/g fish day™)
was correlated negatively to the digestible energy conterit of the diets, and overall rate of
growth positively to the mean daily protein consumption (per g fish per day). The food '
conversion ratio ranged from 1.10 (PygL,,) t02.32 (P, sLy,), the protein effi ciency ratio from
2.18 (Pyolg) 10 3.56 (PygLyg) and apparent net protein utilization from 19.9% (PjsL¢) to
42.95% (P3oL,g), where P and L refer to dietary protein and lipid, and the subscripts to the
approximate percentage. The carcass lipid and protein reflected the dietary regimes.

The study indicates the protein-sparing capabilities of young red tilapia. The protein-sparing
capability increased with increasing dietary lipid content up to 18% and decreased thereafter.

% Present address: Faéultjf of Aquatic Science; Deakin University, Warrnamb‘ool, ‘P..O. Box
423, Victoria 3280, Australia, '
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Effects of dietary o-cellulose levels on the juvenile

tilapia, Oreochromis mossambicus- (Peters) - L

O, B. Dioundick and D. 1, Stom

Institute of Biology, Irkutsk State University, P.O. Box 24, Irkutsk-3, USSR

Accepted 12 March 1990, ; Available online 2 October 2003.

Abstract

Five artificial diets with dietary ci-cellulose levels of 0%, 2.5%, 5%, 7.5% and 10% were
prepared and their effects on growth, survival, food conversion rate, protein efficiency ratio,
body condition factor and hepatosomatic index were evaluated for juvenile (2.55 g) O. +
mossambicust. The best growth rate, survival, FCR and PER were obtained with 2.5-5%

supplemental fibre. Tilapia fed with the 10% cellulose—supplemented diet demonstrated
depressed growth Just as did fish fed the ceIlu]ose-free diet. . :
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The influence of maternal age and delayed initial
feeding on the survival and growth of previously
unfed 0. niloticus (L.) and O. mossambzcus

(Peters) fry

9

K. J. Rana

Institute of Aquaculture, University of Stirling, Stirling FK9 4LA, Great Britain

Accepted 16 May 1990. ; Available online 2 October 2003.

Abstract

Naturally femhzed eggs from four 0+, 1+ énd 2+ 0 mlancus and O mos.sambzcus females
were artificially incubated at 28°C, All growth and survival trials were conducted at 28°C
and to 20 days post-hatch in a recirculatory system containing 48 2- compartments, Five
samples, each of twenty 5-day-old fry representing each fernale were transferred to separate
containers and the age of initial feeding of fry in each compartment progressively delayed.
Fry were fed to excess at either 6, 9, 12, 15 or 18 days post-hatching four times a day. In
both species feeding at 6 days (10 days post-spawn) resuited in maximum sized 20-day-old
fry. Within each species and age-class and further delay in feeding resulted in a significant
(P<0.05) reduction in size. The vulnerability of fry growth to delayed initial feeding varied
significantly (P<0.05) between the species. When feeding commenced at 12 days post-hatch,
20-day-old fry from O+, 1+ and 2+ O. niloticus females only realized 15, 25 and 36% of their
maximum growth potential when compared with 38, 67 and 86% in O. mossambicus. Similar
trends were noted for their specific growth rates and body condition. The longest delay in
initial feeding to obtain a 50% probability of survival of fry from O+, 1+ and 2+ broodstock-
at 20 days was 11, 5, 15 and 17 days for O. niloticus and 10, 11 and 16 days for 0.
mossambicus, respectively. The implications of the above findings are discussed with respect

to the natural and artificial rearing of mouth-brooding tilapias.
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The use of alfalfa leaf protein
concentrates as a protein source in diets
for tilapia (Oreochromis mossambicus:)

Miguel A, Olvera-Novoa, Silvia G. Campos, Mirna G. Sabido and Carlos A, Martinez Palacios
Centro de Investigacién y de Estudios Avanzados del LP.N. (CINVESTAYV), Unidad Mérida, Apdo.
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Abstract

Chloroplastic and cytoplasmic alfalfa (Medicago sativa) leaf protein concentrates were tested
as dietary replacements for fish meal in practical diets for tilapia fingerlings. Each *
concentrate was used to replace 15, 23, 35, 45 and 55% of the fish meal protein in diets
containing 40% protein, Diets containing cytoplasmic leaf protein gave the best results, with
growth rates higher than those obtained with a fish meal-based diet when the plant protein
replaced up.to 35% of the fish meal protein in the diet; higher inclusion levels of plant
protein depressed growth. No mortalities were recorded during the 9-week test period with
any of the experimental diets. It was concluded that the alfalfa leaf protein could be included
atlevels of up to 35% of the dietary protein in feeds for tilapia. ' = :
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Growth, feed conversion and protein utilization of
Florida red tilapia fed isocaloric diets with
different protein levels in seawater pools

Ann E. Clark® 2 Wade O. Waianébé‘s; , Bori L. Olla8 and Robert I, Wicklundb: 2

3 Carjbbean Marine Research Center, 100 East 17th Stréet, Riviera Beach, FL 33404, U.S.A,
blee Stocking Island, Exuma Cays, Bahamas
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d Cooperative Institute for marine Resources Studies, Northwest and Alaska Fisheries Center, National Marine
Fisheries Service, Hatfield Marine Science Center, Newport, OR 97365, U.S.A.

Accepted 7 September 1989, ; Available online 6 October 2003,

Abstract

Twelve outdoor pools (10 m?) receiving flow-through seawater (37 ppt) were stocked with
*sexreversed.male Florida red tilapia fingerlings (10.6 g mean wt.) at a density of 25 fish/m?,
Three isocaloric diets, containing 20%, 25% and 30% protein of equal quality were tested for
. effects on fish growth, feed and protein utilization, and carcass composition'during growout

. through full marketable size. Growth rate was high for' all diets, with mean weight rangiiig
from 440 to 464 g afier 120 days, and survival raiiging from 97.0 t0 97.5%. There were no -
significant differences among diets in survival, specific growth rate, daily weight gain, feed
consumption and conversion, carcass composition, and fish condition. However, protein
efficiency ratio was significantly higher for the 20% protein diet than for diets with higher
protein levels. The results demonstrate that Florida red tilapia can be reared in seawater from
fingerling through marketable sizes more economically on a 20% protein diet than on diets

containing higher protein levels,

C‘orresponding author.
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Potential of rapeseed meal as an

alternative protein source in complete

diets for tilapia (Oreochromis. s
mossambicus: Peters)

Simon J. Davies, Stuart McConnell and Robert L. Bﬁteson

Fish Feed Technology/Nutrition Unit, Department of Biological Sciences, Polytechnic South West
(Plymouth Campus), Drake Circus, Plymouth, Devon PL4 8AA, Great Britain
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Abstract .

A 56-day feed trial was conducted to investigate the potential of rapeseed meal in practical
diets for juvenile tilapias, Six isonitrogenous (38% crude protein) and lipid and carbohydrate
balariced diets were formulated: The control diet contained fish and soyabean meals ds -
principal protein sources, these were progressively substituted with rapeseed meal. .

eed meal effectively replaced soyabean meal whilst higher inclusion
levels led to progressively poorer feed performance. Levels of glucosinolate in the rapeseed
meal were measured and effects on thyroid histology observed, The central colloid regionsin
thyroid follicles of fish receiving high rapeseed diets were found to be eroded or completely

absent from the lumen.

Fifteen per cent rapes

This study indicated a practical inclusion limit of 15% rapeseed meal in tilapid feeds. Various
approaches towards the possible improvement of the nutritional value of rapeseed meal

products for use in fish diets are also discussed.
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Interaction between test and reference
populations when tilapia strains are compared
by the "internal control" technique

Zubaida U. BaSJao— and Roger W. Doyle—

2 SEAFDEC Adquaculture Department Bmangonan, Rlzal 1803, The Phlllppmes
b Department of Biology, Dalhousie University, Halifax, N.S. B3H 471, Canada
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Abstract

‘Several strains of Oréochromis niloticis, O. mossambicus and their hybrids occur in the
Philippines, and others are likely to be introduced or developed locally in. the near future, Our
“objective was 1o study biological interaction. The paper reports on an expenmental demgn in
which "feference! fish are included in each replicate to provide _mtern_a_l statistical control.

Growth of 10 full-sib families from each of two domestic strains was compared. A third
. strain of red tilapia was mass spawned to prowde reference fish. Thmy equal-sized fry from -
_each famjly were matched with 30 red tilapia fry and reared for 8 weeks in laboratory
aquaria. The fish were dehberately crowded to prowde a worst-case scenario” for the
application of the reference-strain technique. The objective was to see whether behavioural
interaction causes statistical or genotype x environment interactions that create problems in

the analysis. .

-

The test strains interacted biologically with the reference strain in different ways: the growth
(change in length) of strain 1 only was negatively correlated with reference growth, Statistical
interaction did occur in this extreme situation. We speculate that the reference-fish technique
will be more useful in experiments in ponds or cages, where variable environmental factors
induce positive, rather than negative, correlations between reference and test strains.

-
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Cold tolerance in matérna]
mouthbrooding tilapias: Phenotypic
variation among species and hybrids

Leslie L. Behrends, John B, Kingsley and Michael J. Bulls
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Abstract

Cold tolerance in the tropical-subtropical tilapias (genus Oreochronis®) is atrait of
_economic importance in temperate climates where growing seasons are 6-8 months Jong and
overwintering of stocks is a necessity. Standardized short- and long-term cold-tolerance tests
have been evaluated for quantifying cold tolerance within and among populatidns.' These
tests will allow selection of superior individuals and/or families which can subsequently be

‘evaluated for their breeding value.

The short-term test can be conducted in 8-12 h compared with conventional and-ambient
cooling methods which require several days to several weeks, Rank-order.of phenotypic
means among species was identical for short- and Jong-term cold-tolerance methods.
Irrespective of testing method. O. aurens was most cold tolerant, followed by C. niloticus
(Egypt strain), O. “mossambicus¥, and O. hornorum. Cold-tolerance means for hybrid
populations were intermediate to the respective parental means, indicating no significant

heterosis. .

Body weight (range=2-90 g), gender, or color phenotype within populations were not
significant factors affecting cold tolerance. Genetic and environmental factors influencing the

phenotypic expression of cold tolerance are discussed.
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Evaluation of the salinity tolerance of
Oreochromis mossambicus,» O. mloncus

and their ¥, hybrlds—

C. T. Villegas

Department of Aquaculture, Southeast Asian Fisheries Development Center, Tigbauan, lloilo, The
Philippines
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Abstract

The salinity tolerance of freshwater—spawned and reared €Oreochromis mossambicus, O,
niloticus and their F, hybrids of various ages was studied. Several tests were conducted using

o thres indices as pract1 cal measures of salinity tolerance: (1) mean survival time (MST); (2)
o medlan surwva] time (STSO) and (3) median letha] sahmty 96 hours (MLS-96).

Interspeclﬂc and age-speclﬁc differences (£<0.01) i in sa]mlty to]erance were observed in
these species and their F, hybrids on the basis of MST and ST, indices, with salinity -
- - tolerance generally increasing with age of brood. No significant age-specific differences (P >
+-0,05) in salinity tolerance were observed in all four groups on the ba51s of MLS-96 index. At
‘the same salinity O: niloticus fry at ages from 15 to 90 days post-hatch exhibited
significantly Jower (P<0.05) sa]:mty to] erance than Q. Ymossambicust and F, hybrids,

‘iChanoes in salinity tolerance were determined to be more closely related to body size than
age.

£

¥ Cdntribution No. 230 of the Aquaculture Department, Southeast Asian Fisheries
Development Center (SEAFDEC).
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Inheritance of red body coloration in
Tajwanese tilapias and in Oreochromis

nossambicisy
G. W. Woh]fnrthl, S. .Rothbnrdz’ l, G. Hulatal and D. Szweigmnn-Z

] Agricultu‘ra] Research Organization, Fish and Aquaculture Research Station, Dor, D.N, Hof
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Abstract

The 1nher1tance of red body co]oratlon has been investi oated in different tilapia species. This
coloration has become fashionable in recent years due to the increased price of red tilapias.
Different genetic mechanisms were ‘discovered i in different species and even among different
genetic groups of the same species. In Taiwanese tilapias, apparently descended from hybrids
between 4Oreochromis mossambicusy and O. niloticus, red body coloration appears to result
from heterozygosity between two partially dominant alleles at oné Jocus. The non-wild-type
homozygote "white" is subvital and difficult to distinguish from red individuals. Red X red
spawns are not true breeding in this group of tilapias. All-red progenies have been produced
by crossing wild-type colored to "white" individuals. Red body coloration in O.

4mossambicust was found to be a simple Mendelian recessive.
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Production of all-female sterile-triploid
Oreochromis mossambicusy | '

K. Varadaraj and T. J. Pandian
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Abstract

All-female triploids were produced by heat shocking 2.5-min-old eggs which had been
fertilized with sperm from a masculinized female (XX-). Induction of triploidy was

confirmed using the estimates of re
diploids were packed with oocytes,
developed oocytes, thus indicating t

. normal triploidization is the inadvert
* undo all the labour involved in the tr
problems associated with nornial tripl
potential for tilapia aquaculture. | '

ent introduction of a few diploids (¥ + &), which can
iploidization; but all-female triploidization avoids the
oidization. This technique may have considerable
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The dietary protein requiremeits of 'yming'ti]apia and an -
evaluation of the least cost dietary protein levels -

Sena S, De Silva2 23, Rasanthi M. Gunasekera 2 and D, Atapattul
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Abstract

_In this stidy our goal was to establish the most economica) dietary protein content for tilapia
* " culture. To this end. we assessed the relationship of growth, measured as percent average
daily gain (% ADG), food conversion ratio (FCR) and protein efficiency ratio (PER) of
young of four tilapiine species, Oreochromis mossambicus, O. niloticus, O. aureus and
Tilapia zillii, for which experimental growth data were available, in relation to body weight

and dietary protein content (% protein}.

The relationship of % ADG to % protein in young tilapia weighing less than 1 g or 1-5 g was
found to be a second order polynomial quadratic function whereas FCR and PER were
Jinearly related to % protein. % ADG, FCR and PER were correlated better to body weight
(curvilinearly) than % protein in both size groups, and multiple regressions were derived

between the above parameters.

The most economical dietary protein content was evaluated from the polynomia) quadratic
function utilizing 95% confidence limits and also from the multiple regressions incorporating
FCR and % ADG for a set of nearly isocaloric diets (gross energy) of different protein
content ranging from 12% to 44 %, Data derived from the foregoing approaches showed that
young tilapia weighing between 1 and 5 g require 28% of the diet as protein. This dietary
protein content, however, is considerably less than the protein Jevel which supports maximum

growih, namely 34 %.

3 Presently on 1-year attachment to the Department of Zoology, National University of -
Singapore, Kent Ridge 0511 (Singapore)

A7-48




-Aquactltiire:/

“Volime 80, Issues 3-4 , 1 September 1989, Pages 337-341

dol+10.1016/0044-3486(89)00180-4 (£} Cile or Link Using Lol
Copyright © 1289 Published by Elsevier Science B.V.
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Abstract

Gonadally undifferentiated €Oreo
11 or 15 days and reared for 70 days. All-female

diethylstilbestrol (DES) orally for
populations were produced at doses >100 Hg DES/g diet in both treatments. Mortality
increased at higher doses (>500 Hg/g). The hormone treatment significantly (7>0.0005)

improved the growth performance of the sex-reversed fish.
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Single gene inheritance of red body
coloration in Taiwanese red tilapia=
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I Institute of Fisheries Science, National Taiwan University, Taipei, Taiwan

2 Tungkang Marine Laboratory, Tun gkang, Pingtung, 92804, Taiwan
3 Taiwan Fisheries Research Institute, 199 Hou-lh Rd,, Keelung 20220, Taiwan

Accepted 21 April 1988. ; Available online 6 October 2003,

Abstract

Randomly selected red tilapia (Oreochromis mossambicus® XO. niloticus) broodfish were

mited in aquaria and small ‘concrefe ponds at a ratio of one male to three females. Eggs were
collected from individual females and artificially incubated: Body color was examined when
the fry were 2 weeks old. A phenotypic ratio of three red to one black colored tilapia was
obtained. Results of F2 progeny obtained from crosses of various body color combinations of
the F1 progeny showed that red body coloration was inherited as a single gene with. ‘
incomplete dominance. The study demonsirated that of the six possible matings, pink X pink,

" pink X red, pink X black, red X red, red X black, and black X black, the first three produce only
pink orred tilapia. Thus, it is suggested that RR is the genotype for pink color, Rr for red
color, and rr for black color. ' DR S

"
Correspondin g author. To whom correspondence should be addressed

1 Contribution No. 76 from Tungkang Marine Laboratory.
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A preliminary evaluation of an .
industrial single cell protein in practical
diets for tilapia (Oreochromis

mossambicusy Peters)
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Abstract
A 56-day feeding trial was conducted with juvenile tilapia (¢Oreochromis mossambicust), to
evaluate an industrial single cell protein (Eurolysine Fodder Protein, E.F.P.) as an alternative
- component to fishmeal in complete diets. A control diet without EF.P. served as a reference
from which inclusion levels of 5, 10,15 and 20% E.F.P. were investigated by the
replacement of fishmeal. All diets were formulated to be jsonitrogenous and isocalorific in
" terms of crude protein and digestible energy. On the basis of these feeding trials, Burolysine
. Fodder Protein was found to successfully replace up to 40% of the fishmeal in the practical
diet. However, fish fed 15 and 20% B.F.P, displayed a signifi cant reduction in growth rate.
At these levels, poor food conversion ratio, reduced net protein utilization and feed intake
were aitributed to an amino acid imbalance, the absence of attractants or possible déleterious

effects of high nucleic acid levels.
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The use of seed of the legummous plant

Sesbania grandiflora as a pal tial
lep]acement for fish meal in diets for
tilapia (Oreochromis mossambicus»)
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Abstract

Two trials were conducted with fingerling tilapia to ascertain the nutritive value of Sesbania
grandiflora seed meal as a dietary replacement for fish meal in a practical ration. For the first
‘experiment, autoclaved sesbania seed was used in the diets to replace 10, 15, 25 and 35% of
"the fish meal protein. In the second experiment the seed was used to replace '25% of the
dietary protein after four aqueous treatments, designed to remove compounds toxic to. tilapia.
The survival, growth, and feed utilization efficiency were adversely affected as the level of
heat-treated seed meal was increased in the food. The aqueous treatments improved the
quality of the seed as food, but not to a level of performance obtained with fish meal,
Apparently the séed contains non-thermolabile toxins that produce hrgh mortality and .

severely reduce fish growth and feed utlhzatlon
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The use of jack bean (Canavalia_
ensiformis Leguminosae) meal as a
partial substitute for fish meal in diets
for tilapia (Oreochromis mossambicuss
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"Abstract

The use of jack bean (C. ensiformis) meal in diets for O. <mossambicust was tested in two
experiments. The first was designed to determine the effects of protein from jack bean meal

. {reated by autoclaving for 30 min at 125° - Cand 15 psi, as a partial substitute for protein
from fish meal. The percentages of dietary protein from jack bean meal were 0 (diet 1), 10
(diet 2), 25 (diet 3), and 35 (diets 4 and 5). Diet 5 was also-supplemented with the amino
acids lysine, arginine and threonine. The results showed a direct relationship between fish
mortality and the increment of jack bean meal. In the second experiment, three methods were
tested 1o extract the non-thermolabile toxins from jack beans using 25% canavalia seed
protein as a partial substitute of the total protein in diets for tilapia. The results showed no
significant differences in growth (weight gain, final weight) and food conversion rate
between fish ingesting the diets containing the treated jack bean and the control diet (P <
0.01). It is concluded that canavalia seed meal is potentially useful as a partial substitute for
fish meal in tilapia diets, However, caution must be exercised when using this protein source
becavse of the presence of residues of non-thermolabile toxins in the meal. '

-
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Acclimation of commercially cultured .
Oreochromis» species to sea water —an .
experimental study

M. M. Al-Amoudi
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Abstract

An experimental study was conducted on the acclimation of fresh water 40reochromis?
species to sea water in order to evaluate the possible marine culture of the species in the
subtropical Red Sea waters of Saudi Arabia. Although O. aureus, O. “mossambicus,t O.
spihurus, O, niloticys and O. cnreus/O. niloticus hybrids withstand direct transfer to 18%
. ; salinity, the species exhibit different mortality rates when transferred directly to higher
. salinities (>21.6%0). The salinity range of 23.4%0-30.6%o is the critical tolerance level for all
. the fish, Pre-acclimation to salt water and-gradual transfer o hi gher salinities produced better
survival rates. The species O. qureus, O. tmossambicust and 0. spilurus required a Shorter
acclimation time (4 days) than O. niloticus and O. aureus/O. niloticus hybrids (8 days) fora
_transfer to fu,ll-_'strelngth's‘édjwater. T T ey
A biphasic osmolality response with a sharp increase in ‘the,plasma‘osmotic‘ concentration
(within 6-12 h) and gradual return to equilibrium were recorded in the fish directly
“transferred to 21.6%o salinity sea water. - - D P
The body water content of the hybrids O. aureus/O. miloticus dropped to 72.2% from about
78% within 12 h after the transfer to sea water. The dehydration coincides with the increase
in the plasma osmotic concentration of the fish.

Among the species tested, O, qurets, 0. mossabicus and O. spilurus prove to be the more
suitable for marine culture upon gradual transfer. R
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 Abstract

The effect of feeding a'high salt diet on the, surviva] rates of some fresh water <Oreochromis
'} (formetly Sarotherodon) species-in marine. culture was experimentally investigated. High
salt diet (10% NaCl) was fed to O. <mossambiciis,’ O. spilurus and O, aureus/O. niloticus
" "hybrids for a'period of 4 weeks:and the survival rates were estimated after each week by
directly transferiing the species to various salinity levels, Fecding of dietary sodium chloride
considerably enhanced the survival rates of 0. imossambicusk Up to 84%, and the O.
aureus/O. niloticus hybrids and 0. spilurus up to 62% and 50%, respectively, in sea water.
Best survival rates were recorded after 2 weeks of feeding the salt diet for O. smossambicus
v and O. aureus/O. niloticis hybrids, whereas in O. spilurus best survival was not achieved
until 3 weeks. Contrary to the sudden increase in plasma osmotic. concentration recorded in
the fish transferred directly from fresh water to 60% sea water, high salt diet feeding prior to
the transfer resulted in only a slight increase in the plasma osmotic concentration in sea

walter.
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sexual ontogenesis in tilapia
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Abstract
. Testosterone, estradiol and 11-ketotestosterone were determined by radioimmunoassay in

whole body extracts of tilapia at various stages of ontogenesis: before, during and after
sexual differentiation, The study was conducted on Tilapia nilotica (= Oreochromisk
niloticus), T. mossambica (= O, ¢mossambicust) and T. hornorum in a series of intraspecific
and interspecific spawn combinations. The concentrations of testosterone and cs_iréﬂibl

_measured in homogenatés prepared from groups of individuals just after. fertilization weére
relatively high (c. 1 ng/individual) and declined t6 undetectable levels in 3—4-week-old fry.
In older fry (4—6 weeks), the concentrations of both steroids started to incrqase;hovie\'rer, the
testosterone increase was tenfold that of estradiol. In 6-8-week-old fry measured .
individually, the testosterone concentrations in intraspecific spawns showed a clear tendency
toward two peaks of distribution. This bimodality in testostercne concentrations probably
reflects the presence of males and females with different testosterone contents in the
population. In interspecific crosses characterized by 100% male progeny, the distribution
pattern of testosterone was unimodal, which would be expected in a monoxexual population.
Estradiol and 11-ketotestosterone concentrations in the young differentiated fry at this age
were low in all cases. It is suggested, therefore, that, of the steroids examined in tilapia at the
age of 6-8 weeks, only testosterone reflects the processes of sex differentiation.

-
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Abstract

The role of dietary ascorbic acid in the reproduction of tilapias, 4Qreochromis mossambicus
ts. The first showed that ascorbic acid :

¥ (Peters), was investi gated in three experimen

 supplementation of broodstock feed (125 mg ascorbic acid per 100 g dry diet) improved
hatchability and fry condition. In the second experiment, fry produced from broodstock fed a
diet W,‘i‘t_hopt' supplemental ascorbic acid and themselves fed the same diet performed poorly
in respect of growth, food utilization and survival rate. A third experiment was conducted in
wli_i(i_h':‘brb_o,détock'Wéré'fed"the'—diet‘ supplemented with ascorbic acid ‘and their progeny were

 fed the uhsupplemented-diet. These fry-showed improved performance, in terms of growth,
food utilization and survival rate ¢ompared to fry from the second experiment. This suggests
‘that ascorbic acid supplementation of broodstock diets results in some transfer of the vitamin
via the eggs to newly hatched fry resulting in some amelioration of ascorbic acid deficiency
during the early stages of life. . - LT e

1 present address: Department of Animal Production, Faculty of Agriculture, University of
~ Alexandria, Alexandria (Egypt) - : o - :
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Abstract

Duration of spontaneous feeding was observed at three times each dayina Iab'ora‘tdli'yf

population of nine juvenile tilapia (Oreochromis mqssmr’zbims*-). Growth of the fish was
ht, and also as uptake of *4C-labelled glycine by -

measured as change in length and weig
isolated scales. Duration of the first morning feeding was highly correlated with all measures

of growth and was independent of initial size. Later feedings were not correlated with . -

growth, Selection on feeding duration could beused to select indirectly for growth rate; this
might be a valuable procedure where individuals in the population are not exactly the same

age (i.e., where size-at-age is an inaccurate measure of growth),

*1 Contribution No. 155 of the SEAFDEC Aquaculture Department.
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Abstract

The use of tetrapoleid broodstock in tetraploid » diploid matings has been sugge'stec.l asa

method of circumventing de novo triploid induction. Eggs from female tetraploids may also
correct inherent developmental imbalances created by inducing polyploidy in diploid derived

eggs. Tetraploid induction, usinga combination of pressure and cold treatments, was -
attempted on two species of tilapia, O.-niloticus and O. “mossambicus?, and their hybrid.

The three genotypes were used in a full-factorial mating design under different induction -
regimes. Results indicated-that allotetraploids were markedly more viablethan ~ © -
autotetraploids.in early development, yet both tetraploid types were subvital when compared
to their diploid counterparts. .. . ' G e s .

I
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aquaculture o

II. Protein-supplemented prawn culture

J. W._D. Turner, R, R.'Sibbald and J. Hemens

Council for Scientific and Industrial Research, National Institute for Water Research, P.0. Box
17001, Congella, Durban, 4013 Natal, Republic of South Africa

Accepted 21 January 1986. ; Available online 3 October 2003.

Abstract

The possibility- of culturing Penaeus indicus and P. miohodon on in situ production’
supplemented by protein addition in chiorinated secondary sewage effluent fertilized
seawater ponds was investigated. The protein supplement was produced on site in the form of
tilapia (Oreochromis mossambicust) cultured in similar effluent-fertilized seawater ponds
using a continuous stocking/multiple cropping system. The projected production of 101 ha™?
o~ tilapia has the potential to supplement the production of 1.05 t Penaeys monodon a~*
resulting in an overall yield of about 500 kg prawns haj'] per growing season: A major -
drawback of the system is the accumulation of toxic sludge on the pond bottom which
adversely affects prawn growth and survival. P. monodon is better able to utilize the in situ
pond production, particularly Enteromorpha sp., than P. indicus. B

t
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