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ACTION NEMORANDU FOR THE ADMINISTRATOR AUG 2 5 1981 

THRU : ES 

THRU : AA/PPC, Larry Smucker (Acting) 

FROM AA/AFR, F. S. Ruddyl/, d,('3 ,1 

SUBJECT Rwanda Fish Culture Project (696-0112) - Project Authorization
 

Problem: Your approval is required to execute a grant of $2,470,000 from the
 
ARDN appropriation for the Rwanda Fish Culture Project (696-0112). It is
 
necessary to seek your approval because, along with the Project, the Africa
 
Bureau isseeking several waivers, one of which - a nationality/non-competitive 
procurement waiver - exceeds the waiver authority of Geographic Bureau
 
Assistant Administrators. 

Subject to the availability of funds, $500,000 will be obligated in FY 1981,
 
$1,165,000 in FY 1982, and $805,000 in FY 1983.
 

Discussion:
 

Project Background and Description 

The possibility of A.I.D. participation in a fish culture project in 
Rwanda was first discussed in early 1977. At that time, the Government of 
Rwanda (GOR) proposed that A.I.D. assist in the construction of a government­
owned fish pond in each of the country's 143 conmmunes. After long negotiations,
the present project has emerged. This project focuses much more on providing
extension assistance and support directly to farmers and places less emphasis 
on construction of government-owned facilities.
 

The purpose of this Project is the development of a fisheries extension 
service in Rwanda that can provide the assistance and advice required by
Rwandan farm families to: 1) bring back into production and effectively 
manage at least 80% of the 3,000 fish ponds which already exist in the country;

and 2) establish 50-100 new ponds per year. The existing ponds were established
 
during the colonial period but, primarily due to the absence of extension
 
assistance, have never been effectively managed or exploited by Rwandan farmers.
 
The majority of the ponds are not inuse at all.
 

Through the Project, A.I.D. will provide assistance inthe following areas:
 

- training of 12 aquaculture supervisors and 50 fish monitors who 
will provide the interaction with the farmers necessary to assure that the 
Project succeeds. 

- renovation of the National Fisheries Training center at Kigembe
and of the ten prefectural fish stations scattered throughout the country.
These facilities will be used for training, for demonstration, for fingerling
production and for research. 



A.I.D. Country Strategy and Beneficiaries
 

The Project conforms to the A.I.D. country strategy as outlined in

USAID/Rianda's most recent CDSS. 
The immediate beneficiaries of the Pro­ject will be the approximately 60 employees in Rwanda's Ministry of Agricul­ture who will receive project-financed training inpond fish culture duringthe life of the Project. The ultimate beneficiaries will be the 2500 farmfamilies who will receive extension assistance in establishing and managingproductive fish ponds during the life of this Project, and the approximately
100 families per year who will receive assistance in establishing fish pondsafter the Project is completed. The indeterminate number of farm familieswho establish fish ponds based on the demonstration effect of successful
 
pond operations of neighbors and relatives can also be considered as bene­
ficiaries of this Project.
 

Financial Summary
 

The total cost of the Project is $3,059,000. Of this amount, A.I.D.
will be providing $2,470,000 over the five-year life of the Project. 
The

GOR will contribute the remaining $589,000. 
Present plans are that $500,000

inAID funds will be obligated in FY 1981.
 

The dollar breakdown of the A.I.D. contribution for the first year and the
 
life of the Project is as indicated below:
 

Item First Year Life of Project
 
($000) _ . ($000) 

Technical Assistance $ 284 $ 1,104 

Construction 
 178 
 338
 

Commodities 
 188
 

Training 97 

Local Support Costs 38 
 157
 

Sub-total 
 1,884
 

Contingency 
 188
 

Inflation 
 398
 

Total 
 $ 500 $ 2,470 

Project Committee Acticn
 

This Project was considered and discussed at an African Bureau Project
Review Meeting (June 13, 1981) and by the Bureau's Executive Committee forProject Review (July 9, 1981).. Approval of the Project was recommended by

both bodies.
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The only substantive issues raised during the review process concerned: 
 a) the
proper specification of the Project's purpose; and b) the mission' 
proposal
that project technical services be procured from the Food and Agriculture
Organization of the U.N. 
(FAO) or.a single source, noncompetitive basis in the
event that no U.S. or other Code 941 firm can provide these services. These

issues were dealt with as follows:
 

- Specification of Project Purpose. When originally submitted, the PP
indicated that the Project's purpose was to "develop the capacity of Rwandan
farm families to build and maintain productive on-farm fish ponds." AID/W
reviewers of the Project thought this purpose was insufficiently specific and
also, more importantly, thought it ignored the essential institution-building
character of this Project. 
It seemed clear that what the Project was really
about was the development of an effective Fisheries Extension Service in
Rwanda. After some discussion, the mission accepted the reviewers' point of
view. 
The PP and the Logical Framework were revised accordingly.
 

- Procurement of Technical Services. 
 Because of concern about the diffi­culty of locating Code 941 firas, institutions, oi individuals capable of and
prepared to provide the technical assistance required for project implementation,
and because of the AAO/Rwanda's extremely limited capabilities to provide
support services to contracted technical assistance personnel, the mission had
proposed that an agreement be concluded with the FAO wherein that agency would
locate and field the required technicians and AID would reimburse the FAO for
costs involved. 
In order for this to occur, a nationality waiver and a single
source, non-coripetitive procu:rement waiver would be required. 
The mission had
requested that these waivers be granted.
 

During the review process it was determined, however, that itmight be
possible to find an eligible firm capable of providing the assistance and that
a search should be made for such a firm. 
As such, itwas also decided that the
requested waiver to allow corLtracting with the FAO should be made conditional
 on the failure of the effort to locate an eligible firm.
 

Analyses and Requirements
 

The AAO/Rwanda has founi this Project to be technically, economically, and
socially sound. The Project Review Committee concurs with this finding.

intent and requirements of Section 611(a) of the FAA have been fulfilled. 

The
 

There are no human rights issues in Rwanda which would preclude approval of this
 
Project.
 

Following an Initial Environmental Examination accomplished at the time the PID
for this Project was prepared, the AAO/Rwanda requested that an Environmental
Assessment be undertaken. 
This assessment has been accomplished and it has
been determined that all environmental issues have been thoroughly addressed.
No further environmental analysis is required. 
A copy of the Environmental Assess­ment is attached as Annex F to the PP.
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Waivers 

The Project Authorization includes the following waivers:
 

- a nationality waiver from Geographic Code 941 and a single­
source, non-competitive procurement waiver to permit a host 
country contract, with/ proximate value of $1,000,000, with the 
Food and Agriculture Organization of the United Nations for the 
provision of the long and short-term technical assistance required
for this Project. 

- a procurement source/origin waiver from Geographic Code 000 
(U.S.) to Geographic Code 935 (Special Free World) and a waiver 
of Section 636(i) of the FAA to allow purchase of project vehicles,
motorcycles, and spare parts with an approximate value of $95,000. 

- a waiver of Section 110(a) of the FAA which requires that the 
cooperating country make a contribution of at least 25% of the 
costs of the Project. 

Justification for these waivers are appended to this memorandum.
 

Conditions and Covenants
 

The Project Agreement will include conditions precedent to disburse­
ment requiring that: (a) the GOR demonstrate that its accounting systems 
are appropriate for effective tracking of local currency expenditures under 
this Project; and b) that the GOR develop the work plans and budgets 
necessary for effective project implementation. 
The Project Agreement will also include covenants covering the assignment,
 

training, and retention of personnel necessary for project implementation.
 

Congressional Apprisement
 

Congress was advised of A.I.D.'s intent to finance this Project in the 
FY 1981 Congressional Presentation. No further notification is required. 

Responsible Officers
 

The officer responsible for backstopping this Project inAID/W is
 
Mr. Robert F. Barnes (AFR/DR/CCVAP). The AAO/Kigali will manage the
 
Project in the field.
 

Recommendation: 

That you sign the attached Project Authorization and thereby approve:

a) a grant from the ARDN appropriation to the Government of Rwanda in the
 
amount of $2,470,000 to finance the Rwanda Fish Culture Project (696-0112);

and b) the waivers as described in this memorandum and its appendices.
 

Attachments:
 
3 Waiver Justifications
 
Project Authorization
 
Project Paper
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Drafted by:AFR/DR/CCWAP:RFBarnes :cel:8/17/81. 

Clearances: 

General Counsel:JBolton 

AAA/PPC/PDPR:JEriksson _- _ 

A 

_ _ _ _ 

Date: 

Date: 

_ _ _/ 



APPENDIX A
 

Justification for a nationality waiver and a single source,
 
noncompetitive procurement waiver to permit a host country
 
contract with the U.N. Food and Agriculture Organization (FAO) for
 
the services listed in the Discussion section below.
 

A. Cooperating Country: 	 Rwanda
 

B. Authorizing Document: 	 Project Authorization
 

C. Project: 	 Rwanda Fish Culture (969-0112)
 

D. Nature of Funding: 	 Grant
 

E. 	 Description of Services: Two long-term technicians (8
 
years total) and twelve months
 
of short-term consultancies
 

F. Approximate Value: 	 $1,000,000
 

G. 	 Probable Source: Food and Agriculture Organi­
zation, U.N.
 

Background: The technical assistance being requested includes
 
both a Fish Culture Extension Specialist and a Fish Culture
 
Training Advisor for the four year life-of-project, and short-term
 
consultancies in such fields as rural engineering, aquaculture,
 
rural economics, sociology, marketing, research and environmental
 
monitoring. The long-term technical assistants will be required
 
to have experience in fish culture programs under conditions which
 
are similar to those which exist in rural Rwanda., and to have
 
French language fluency in order to assist in preparing training
 
curricula and in conducting formal and on-the-job training.
 
Short-term assistants will need to have comparable technical and
 
language skills.
 

The technical assistance team will direct construction and
 
renovation at the National Fisheries Center to permit training of
 
extension workers and farmers, and at each of the ten prefectural
 
fingerling production/demonstration stations.
 

The team will also direct the training of Rwandan extension staff
 
which will be conducted in-country. Training of key personnel
 
will take place in the Ivory Coast and Nigeria.
 



- 2 -


Local costs for in-country procurement and for support to the
 
Extension Service which AID has agreed to bear on a phase-out
 
basis will be released by the technical team to the Rwandan Fish
 
Service, and the use of these funds will be monitored by the team.
 

Discussion:
 

In accordance with AID Handbook 1, Supplement B, Chapter 3,
 
Paragraph 5Alc, Code 941 is the authorized source for grants to
 
RLDC's. Handbook IB, Chapter 5, Section 5C4a(2) permits a waiver
 
of this requirement under "such . . . circumstances as are
 
determined to be critical to the success of the project
 
objectives." AID regulations generally require, also, that
 
competitive procedures be followed in the procurement of project
 
services. Handbook 1B, Chapter 12, Paragraph 12C4a(2) (a)4 permits
 
single source, negotiated procurement, however, if:
 

One institution or firm can be demonstrated to have the
 
unique capability by reason of special experience or
 
facilities, or specialized personnel who are recognized as
 
predominant experts in the particular field, to perform the
 
services required for the project.
 

Nationality and single source, non-competitive procurement waivers
 
to permit a host country contract with the FAO are recommended for
 
the following reasons:
 

(A) AID has hcd little success in recruiting technicians with
 
experience and with French language capability who are prepared to
 
live in rural Rwanda over an extended period of time. Over the
 
past fifteen months efforts have been underway to find technicians
 
for four projects with no one yet in sight. The language require­
ment, the isolation of Rwanda, the lack of education and health
 
facilities for children and employment opportunities for
 
dependents are the most prevalent constraints to recruitment for
 
Rwanda. The AID projects have suffered serious delays in implementa­
tion because of our inability to provide the necessary technical
 
assistance.
 

The Fish Culture Project site, Kigembe, offers even more of an
 
obstacle than usual since it is located one hour from the nearest
 
small town (Butare) and is virtually without basic comforts.
 
Should the technicians live in Butare, the lack of English­
speaking schools realistically limits the field of recruitment to
 
unmarried technicians or childless couples and thus further
 
restricts the possibility of providing experienced and timely
 
technical assistance.
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The FAO, on the other hand, has a wide field for recruitment which
 
includes French speakers. The FAO has fish culture specialists in
 
many countries of the third world, including Africa, and has a
 
pool of well-qualified, experienced technicians from which to
 
draw, technicians who will not find the foreign atmosphere, or the
 
isolation, impediments to accepting a long assignment in Rwanda.
 

(B) Administrative support requirements placed on AID have to be
 
kept to a minimum. The AID mission in Rwanda is small and is
 
likely to remain so. Every attempt has to be made to allow the
 
use of the limited U.S. and Rwandan personnel as effectively as
 
possible, including reduction in the amount of attention given to
 
administrative support of contractors. For AID to support a
 
contract team of two families based in Kigembe,as well as 12
 
months of short-term assistance in four years,will be time­
consuming and difficult. With FAO technicians, administrative
 
actions required of USAID will be substantially reduced. They
 
will find their own housing, purchase furniture and appliances,
 
clear customs, pack and ship their effects, arrange air travel,
 
and use the international mail system.
 

(C) The.FAO is already engaged in a lake fisheries project in
 
Rwanda, the development of which parallels the AID project for
 
pond fish farming. Implementation of both of these elements of
 
fish production by the same agency can result in certain
 
economies, particularly of short-term technical assistance require­
ments, and an interchange of expertise and information. Moreover,
 
the coordination of the two projects which will be essential in
 
later years as increased production from both lakes and ponds
 
demands increasing attention to commercialization, processing and
 
preservation will be assured if the FAO is the single implementing
 
agency.
 

The FAO and AID have long been discussing ways to combine our
 
special strengths and resources for the benefit of the LDC's.
 
Initiatives to enter into a cooperative working relationship with
 
FAO are under way. The arrangement requested herein is clearly in
 
line with the AID policy of "doing more with less" by utilizing
 
the expertise and administrative abilities of international
 
organizations.
 

Recommendation. That you (a) approve a nationality waiver frqm
 
Code 941 to Code 935 to allow procurement of the required
 
technical services from FAO; (b) certify that the interests of the
 
United States are best served by permitting the procurement of
 
these services from Free World Countries other than the
 
Cooperating Country and countries included in Code 941; and (c)
 
approve a waiver permitting single source, non-competitive procure­
ment of FAO's services.
 



APPENDIX B 

Justification for a Procurement Source/Origin Waiver and a 
Waiver of
 
Section 636(i) of the FAA for the Purchase 

of Project Vehicles and Motorcycles
 

A. Cooperating Country : Rwanda 

B. Name of Project : Fish Culture Project 696-0112 

C. Nature of Funding : Grant 

D. Description of. Commodities : 4 light pickup trucks 40,800 

1 small, light passenger 7,300
 
car
 
22 Motorcycles (125cc) 34,100
 
Spare parts (15%) 12,330
 

94,530
 

E. Probable Origin 
 : Japan, Brazil, France
 

F. Source 
 : Rwanda
 

Discussion 

Section 636(i) of the Foreign Assistance Act of 1961, as amended, prohibits
AID from purchasing motor vehicles unless such vehicles are manufactured 
in the United States. Section 636(i) does provide, however, that 
".....
where special circumstances exist, the President isauthorized to waive the

provision of this act in order to carry out the purpose of this act." 
That authority has been delegated to you.
 

Experience with U.S.-manufactured vehicles in Rwanda (afew in the possession

of the U.S. Embassy in Kigali) indicates that frequent breakdowns can prevent
operation of a U.S.-manufactured vehicle for weeks on end while spare parts

are ordered from the United States. 
 Even if the full range of spare parts
required to maintain the vehicles were available, competent repair facilities

outside the U.S. Embassy are non-existent. The situation isexacerbated
 
as vehicles age and are subjected to poor maintenance. On the other hand,

certain European and Japanese vehicle dealerships and many country garagescarry spare parts and maintain acceptable repair facilities for European
and Japanese model trucks and cars. In the case of motorcycles, onlyJapanese dealerships and repair facilities for Japanese products are

available in Rwanda. Most of the European and Japanese model dealerships
have competent mechanics who have been trained in the factories of the respec­
tive manufacturers.
 

Primary Justification
 

The vehicles and motorcycles covered by this waiver request, which can be serviced and repaired locally, are essential to the effective implemen­tation of the Fish Culture Project. The trucks will be used by the technical
assistants in the course of their work, and one for use by the Kigembe Fish

Station. The latter will be replaced in the last year of the project. The
 



small vehicle will be used by the Rwandan on-going evaluation team. The 
motorcycles will be used as transport for the ten Prefectural Fish Station
Managers and one will be purchased for the Kigembe Training Center and will 
be replaced in the last year of the project. As indicated previously,

service capabilities and spare parts are not available for U.S.-manufactured
 
vehicles.
 

Recommendation
 

Based on the foregoing, it is recommended that (1)you conclude that special
circumstances exist which justify the waiver of the requirement of procure­
ment of U.S.-manufactured vehicles and motorcycles under the FAA Section 636(i),
and (2) you certify that exclusion of procurement from the sources requested
herein would seriously impede attainment of United States foreign policy
objectives and objectives of the Foreign Assistance Program. 



APPENDIX C
 

Justification for a Waiver of the Requirement of Section 110(a) of the
 
FAA of a Host Country Contribution of at least 25%
 

of Project Costs
 

A. Cooperating Country Rwanda
 

B. Project 
 Fish Culture (696-0112)
 

C. Nature of Funding Grant
 

Discussion
 

Section 110(a) of the Foreign Assistance Act of 1961, as amended ("FAA"),

provides that: 'No assistance shall be furnished by the United States
 
Government to a country under Section 103 through 106 of this Act until the
country provides assurances to the President, and the President is satisfied,
that such country will provide at least 25% of the costs of the entire program,

project, or activity with respect to which such assistance is to be furnished,

except that such costs borne by such country may be provided on an 'in-kind'
 
basis." 

FAA Section 124(d) authorizes a waiver, on a case-by-case basis, on the require­ment of FAA Section 110(a) for financial or "in-kind" contributions in the case

of progrars, projects or activities in relatively least developed countries.

Rwanda ison the UNCTAD list of relatively least developed countries. A.I.D.

regulations implementing FAA Sections 110(a) and 124(d) are set forth in

A.I.D. Handbook 3, Chapter 3,Appendix 3D. 
With respect to the exercise of

the waiver authority, Appendix 3D, Section B2 provides that it is reasonable
 
to conclude that granting of a waiver is permissible whenever the initiation

and execution of an otherwise desirable project is handicapped primarily by
the 25% contribution requirement. 
Appendix 3D sets forth general considera­
tions which shruld be taken into account indetermining when a waiver of FAA
Section 110(a) would be appropriate. These considerations relate to finan­
cial constraints, country comnitment, nature of the project, phased contri­
bution and other factors. These considerations, as they relate to Rwanda, are
 
set forth hereafter.
 

Financial Const:aints: 
 Since Rwanda is on the UIN's list of least developed

countries and isreported by the World Bank to be one of the six poorest

countries in the world, special consideration is merited with respect to

the required level of GOR support. The GOR's contribution amounts to 19%

of total project costs. Much of this contribution represents human rather

than financial resources. 
The value of this human resource contribution is

understated because of the relatively low salary scales for professional

and skilled workers prevailing in Rwanda. Rwanda's fiscal situation will not
 
permit a greater financial czntribution to the project.
 

Country Commitment: There is strong presidential and partsupport for the
project and its objectives. This high level of commitment on the part of

the GOR is underscored by the government's willingness to provide a generous

amount of very scarce trained human resources to the project.
 



Recommendation 

That you approve the waiver of the FAA Section 110(a) requirement that Rwanda 
contribute 25% or more of the project costs for the Rwanda Fish Culture Project 
(696-0112).
 



UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY 

AGENCY FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON 0 C ZC523 

PROJECT AUTHORIZATION
 

Country: Rwanda 

Project Title: Rwanda Fish Culture Project 

Project No.: 696-0112 

1. Pursuant to Section 103 of the Foreign Assistance Act of 1961,
 
as amended, I hereby authorize the Rwanda Fish Culture Project for
 
Rwanda involving planned obligations of not to exceed $2,470,000

in grant funds over a three year period from the date of authori­
zation, subject to the availability of funds in accordance with
 
the AID OYB/allotment process, to help ..n financing foreign

exchange and local currency costs for tne nroject.
 

2. The purpose of the Rwanda Fish Culture Project is to develop a
 
fisheries extension service in Rwanda that can provide the
 
assistance and advice required by Rwandan farm families to bring

back into production and effectively manage at least 80% of t1he
 
3000 fish poinds which already exist in the country. The projeci

will provide assistance in two areas. First, it will provide

training and supervision for 12 acquaculture supervisors and 50
 
fish monitors who will form the extension link with the local
 
farmers. Second, it will provide for the renovation of the
 
National Fisheries Training Center at Kigembe and of the ten
 
prefectural fish stations scattered throughout the country. These
 
facilities will be used for training, demonstration, fingerling

production, and research.
 

3. The Project Agreement, which may be negotiated and executed by

the officer to whom such authority is delegatedfin accordance with
 
AID regulations and Delegations of Authority, s~iall be subject

the following essential terms and covenants and, major oonditions,

together with such other terms and conditions 6's AID may deem
 
appropriate.
 

4a. Source and Origin of Goods and Services.
 

Goods and services, except for ocean shipping, financed by

AID under the project shall have their source and origin in the
 
Cooperating Country or in countries included in AID Geographic

Code 941, except as AID may otherwise agree in writing. Ocean
 
shipping financed by AID under the project shall, except as AID
 
may otherwise agree in writing, be financed only on flag vessels
 
of the United States or the Cooperating Country.
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b. Waivers
 

(1) Notwithstanding paragraph a. above, the following waivers are
 
hereby approved:
 

A nationality waiver from Geographic Code 941 to Code 935 and a
 
single source, non-competitive procurement waiver, based upon the
 
justification set forth in Appendix A, attached hereto, to permit
 
the procurement of services with an approximate value of
 
$1,000,000 from the Food and Agricultural Organization of the
 
United Nations (F.A.O.). It is hereby determined that the
 
interests of the United States are best served by permitting the
 
procurement of these services from Free World countries other than
 
the Cooperating Country and countries included in Code 941. This
 
waiver is to be exercised only if no satisfactory Code 941 firms
 
can be located after a reasonable search has been made.
 

A vehicle procurement source/origin waiver from Geographic Code
 
000 to Geographic Code 935 and a waiver of Section 636(i) of the
 
Foreign Assistance Act of 1961, as amended, for the purchase of
 
project vehicles, motorcycles, and spare parts with an approximate
 
value of $95,000, based on the justification set forth in Appendix
 
B, attached hereto. It is hereby determined that exclusion of the
 
procurement of the subject vehicles from Free World countries
 
other than the Cooperating Country and countries included in Code
 
941 would seriously impede attainment of U.S. foreign policy
 
objectives and the objectives of the Foreign Assistance program.
 

(2) A waiver of the requirement of Section 110(a) of the Foreign

Assistance Act of 1961, as amended, that the Cooperating Country
 
contribute at least 25% of the total costs of the project is
 
hereby approved, based on the justification set forth in Appendix
 
C, attached hereto.
 

c. Conditions Precedent
 

The following conditions precedent will be included in substance
 
in the Project Agreement:
 

(1) Prior to any disbursement under the Grant, or the issuance of
 
any commitment documents with respect thereto, the Government of
 
Rwanda (GOR) shall furnish, except as the parties may otherwise
 
agree in writing, in form and substance satisfactory to A.I.D.,
 
evidence of the existence of adequate accounting procedures for
 
tracking local currency expenditures.
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(2) Prior to any disbursement under the Grant to finance any item
 
other than technical assistance during the first year of the
 
Project, or the issuance of any commitment documents with respect
 
thereto, the GOR shall furnish, except as the parties may
 
otherwise agree in writing, in form and substance satisfactory to
 
A.I.D., the first annual work plan and a detailed budget setting
 
out expenditures required to carry out the work plan.
 

(3) Prior to any disbursement under the Grant to finance any item
 
other than technical assistance during each year of the Project
 
subsequent to the first, or the issuance of any commitment
 
documents with respect thereto, the GOR shall furnish, except as
 
A.I.D. may otherwise agree in writing, in form and substance
 
satisfactory to A.I.D., the work plan for that year and a detailed
 
budget setting out expenditures required to carry out the work
 
plan.
 

d. Covenants
 

The following covenants will be included in substance in the
 
Project Agreement:
 

(1) The GOR agrees that suitable candidates for project-financed
 
training will be made available on timely basis.
 

(2) The GOR agrees that persons trained under the Project subse­
quently will be assigned or retained in positions with the
 
Ministry of Agriculture commensurate with the nature and level of
 
training received or in such other positions as the parties to the
 
Agreement may agree in writing.
 

(3) The GOR agrees that payment of salaries to staff of the
 
Division of Fisheries and Fish Culture of the Ministry of
 
Agriculture and Animal Husbandry and to prefectural agronomes will
 
commence according to the schedule indicated in the budget section
 
of the Project Agreement.
 

Date: tmnstratorA 

Clearances:
 
GC:JRBolton

PPC:LSmucker
 
AA/AFR:FSRuddy / 
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I. Background*
 

Possibly the single most serious problem facing Rwanda over the next
 
15-20 years will be to maintain levels of food production increases which
 
keep pace with the projected population growth rate. All indications are 
that the population growth rate is in the 4 percentile and that the
 
present population of approximately 5 million people will double in 10-15
 
years. In fact, production increases for both food and industrial crops
 
has been around 3%, not adequate to meet needs. Every effort is being 
made by the government to increase food production and, at the same time, 
to introduce and encourage the production of more nutritious crops. It 
is estimated by the Food and Agriculture Organization that the average 
Rwandan gets less than 80% of minimum calorie v"equirements. 

Production increases in the recent past have been achieved.by putting
 
new land into cultivation, much of it marginally productive, land. The 
government and the donors are optimistic that a coordinated and concerted
 
effort in research, extension and improved cultural techniques can realize 
significant increases in yields per hectare (yields have, in fact, been
 
decreasing), whereas the relatively good soils and the two rainy seasons 
already provide the advantage of two or three crops a year and has allowed 
Rwanda to remain largely food self-sufficient. With the rapidly increasing 
population, however, this food requirement/availability equilibrium cannot
 
.ontinue, hence the concern and the urgency of programs to increase food
 
production.
 

Among a series of steps being taken by the government to improve rural 
production (the reader is again referred to the Rwanda CDSS, particularly 
the sections on Progress and Commitment and Host Country Development Plan) 
is a country-wide program to increase fish production in the many lakes 
which dot Rwanda and in small family or group ponds which are found, and 
can be created, in the extensive valley system. It is this latter effort,
 
fish culture at the family and cooperative level, which the Government of
 
Rwanda has asked AID to finance. 

In the course of preparing this Project Paper, the following studies 
were completed.
 

*The development setting for the proposed Rwanda Fish Culture project is
 
contained in the Rwanda CDSS and is not repeated here.
 

http:achieved.by
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1. 	"Inventaire des Problames Ligs A la Production Piscicole au
 

Rwanda" (a sociocultural study of the possibility of fish culture
 
in rural Rwanda), by NDENGEJEHO Pascal Baylon, IPNR, May 1980.
 
(Available in AFR/DR and REDSO/EA).
 

2. 
"The Technical, Economic, Financial and Social Feasibility of Small­
scale Rural Fish Culture Development in Rwanda," by U.W. Schmidt and
 
M.M.J. Vincke, FAO, December 1980. (Annex E).
 

3. 	Environmental Assessment of Rwanda Fish Culture Project. 
Jerry Hall,

Professional Analysts, Inc., November 1980. 
 (Annex F).
 

4. 	Technical feasibility analysis. 
John Grover and Peter Galbreath,
 
Auburn University, June 1980. (Incorporated into the PP).
 

5. 	 Engineering analysis. (A) Glen Anders, AID/Rwanda. (B) Robert Adams,
REDSO/EA. (C) AIDR, under contract to AID/Rwanda. (Incorporated into 
the PP). 

History of Fish Production in Rwanda 

One can trace the promotion of fish production back to 1935 when theMandate Administration began a program to stock several lakes with Tilapia

negra brought from Lake Bunyone in Uganda and Tilapia nilotica from Lake
Kivu. Records indicate that in 300 fish were1945, tons of pulled from-Lake Muhazi alone, and the level reached 460 tons in 1949. Today, lake- fishproduction country-wide is approximately 700 tons/year, indicating that little 
progress has been made since those early days. 

After the Second World War, when Rwanda came under the protectorshipof the United Nations, a renewed effort at development of the rural economy

included reinforcement of the lake fish production efforts and, for the

first time, encouragement of upland fish culture. 
The Kigembe Center,

which will play a major role in the AID project, was established in 1954,
and 	a large number of small ponds were also created throughout the country.
This program was largely unsuccessful and, for the most part, 
the 	ponds
were abandoned in the early 1960's, but not 
for 	long. With independence,

a new effort was launched which included putting the Kigembe Center back

into production and distributing fingerlings to 270 ponds. The KigembeCenter and the ponds which remain in working condition form the basis for
present-day efforts to reestablish viable on-farm fishponds.
 

A number of reasons are ascribed to the failure of previous efforts at
fish culture--from the fact that, in pre-independence, fish culture was
decreed rather than voluntary, to the fact that the state of the art was 
not sufficiently advanced and that what was known was not adequately trans­mitted to the rural participating population. 
The 	1970's has seen a rebirth

in attempts at 
fish culture. The fact that over 3,000 individual and group
ponds are presently being farmed, even with very low yields, supports the
findings contained in the Ndengejeho study, "Inventaire des Problimes Ligs
a la Production Piscicole," that the anti-colonialist feeling, at least as it
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pertains to fish culture, is no longer a constraint and that the lack of 
an effective extension system is the most important constraint to upland
 
fish culture. Fish culture production in 1978 is estimated at 15 tons.
 

Recent donor financial support for fish production in Rwanda has been
 
rather meager but is on the increase. The most important programs have
 
been a combined FAO-IDRC effort at developing the fishing potential at
 
Lake Kivu.* This project is training and equipping groups of fishermen
 
who will be working on the lake. At the same time, the project is evalua­
ting existing lake stock in order to determine the off-take limitations. 

More important from the point of view of AID, the project is evalua­
ting native species for fish culture. This component of the project has 
renovated the National Center for Fish at Kigembe and provides a Director 
to the Center. The IDRC Assistant Director for Fisheries, W.H.L. Allsopp, 
has indicated DRC's desire to have AID or some other donor build on the 
foundation that IDRC assistance has helped initiate. IDRC thinks that 
further capital development is needed at the Kigembe station as well as 
a meaningful program for use of the facilities in fish culture training 
and outreach. Future IDRC support will be limited to research. 

II. Project Description 

The objectives of the project will be accomplished by support of an
 
extension program to give farmers the necessary skills and fish seed stock
 
to achieve production results based on adoption of technology already
 
demonstrated in other African countries.
 

A. Project Goal. Increase the availability of nutritious food in general-,
 
and the incomes of participating families.
 

B. Project Purpose. Develop the capacity of Rwandan farm families to
 
build and maintain productive on-farm fishponds.
 

Maximizing the use of its limited land resources is absolutely essen­
tial if Rwanda is to avoid massive food assistance and the social and
 
political upheavals which inevitably accompany a potential famine situa­
tion. Alternatives to agriculture simply do not exist for Rwanda. And,
 
while increases in staple grain and tuber crops are very possible, increas­
ing the availability of essential animal fats to the diet is not nearly as
 
encouraging. Livestock production is limited and is not likely to increase,
 
given the scarcity of cultivatable and range land. The average farmer, with
 
less than one hectare, can support, at best, a few goats or sheep.
 

Fish culture, then, can present a real and attractive opportunity to
 
provide nutritious food while using relatively little land. Nutrition is a 
major problem in Rwanda and is directly related to the large population 
vis-A-vis limited agricultural production. Rwandans only receive 70-80% 

*IDRC. International Development Research Centre, Vancouver, Canada.
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of their basic caloric requirement-less than 2,000 calories of which
 
3 grams are of animal protein. Further study would very likely show the
 
trend to be down. Nutrition problems are concentrated in the young.
 
The high under 5 mortality rate and a high maternal child-bearing death
 
rate are partially attributable to weak physical condition and low resis­
tance brought on by mal- and under-nutrition. 

Fish, on the other hand, are an important source of both protein and
 
calories. It is estimated that, within the Rwandan context, adding fish 
to the diet three times per week (50 grams/week) one fish each time for a
 
family of five, will provide roughly 15% of the family's protein require­
ments. Fish are equivalent nutritionally to meat as a source of protein
 
and are high in essential minerals--calcium, phosphorus and iron, as well
 
as a source of niacin.
 

The Rwanda CDSS establishes that one of the principal factors con­
tributing to rural poverty is the lack of access to adequate productive
land. This project cannot overcome that constraint. What the project can 
do is to offer the possibility for participating farmers to increase their
 
income. This will not happen immediately, obviously. It is expected that 
for the first years of the project, Virtually all fish harvested will be 
consumed on the farm or used as an.article of barter for other kinds of 
food and for labor. 

The Ndengejeho study indicated that virtually all families who are 
presently engaged in fish culture choose to sell a portion of their har­
vest in order to purchase other necessities. While this may, in fact, be
 
e barter transaction, it is not clear from the report.
 

As production reaches a certain level (toward the end of the project
 
or even iuto a second phase) both on the farm and in the commune, and as
 
the indigenous marketing system adjusts itself to absorb fish as a regular
 
commodity, cash flow will begin to materialize. (See Economic Analysis,
 
Part III, C. of the PP). Obviously those directing the project will have
 
to keep a close watch on production and demand to determine if an external
 
intervention is necessary. The feasibility of drying and smoking excess 
production, for example, should be assessed as and if the need arises, 
as should the possibility of encouraging cooperative marketing of fish. 

Social soundness studies completed for this project confirm that there
 
is a strong demand for fish throughout the countryside. Ndengej.eho states 
that the generab, demand for fish is much higher than the supply and that 
the requirement for preservation of fish has not yet arisen. He also states 
that there is general knowledge of sun drying, salting and smoking tech­
niques. 

As the project proceeds through its phases, the nature and extent 
of the demand will be retested and as increasing demand is felt, it can be 
met. If, on the other hand, increased demand does not materialize, the 



5
 

phasing of the project offers an opportunity to slow down, to re-trench,
 
or to phase out altogether.
 

C. The AID Project Elements and Related Inputs
 

The most important constraint being addressed by the project is the
 
lack of effective farmer training in the techniques of fish culture.
 
The project seeks to provide that training in several ways.
 

First, the extension service will be strengthened. This will involve 
some additional personnel, training of fish extension agents of all levels, 
and giving them the mobility to get out to farmers. Second, there will be 
strong emphasis on group production. There are already a number of pre­
cooperatives who operate fishponds. This concept will be fostered among 
other potential groups and particularly among women's groups, youth, in 
schools and other institutions, etc. The opportunity will exist for a 
representative of each group to receive training at the Kigembe center or 
at one of the regional centers. 

Third, assistance will be given to agricultural and rural training
 
institutions to incorporate fish culture training into their programs. 
Specifically, the Agricultural School for Women at Nyagahanga, the only 
school in the country which trains women A-2 level extension agents, 
*will be able to put in a fishpond, with necessary equipment, to allow 
practical application of fish culture techniques already a part of class­
room work. The same will be done for the Agriculture School at Butare
 
which trains male A-2's. 

- The Rwandan Scout Association has an impressive and well-organized 
training center at Butare where they offer 6-month training for scout 
leaders and weekend training for scouts. The Scout Center already has an
 
established outreach program and offers an excellent opportunity for
 
training and for group organizations to grow fish.
 

Fourth, AID, under another project, is financing the construction of
 
30 Rural Training Centers and is providing technical assistance to the
 
Ministry of National Education to develop a rural-oriented curricula for
 
the schools. Where appropriate, fishponds can be built close to the schools
 
and fish culture taught as part of the curriculum.
 

Finally, there are other youth training centers operated by the
 
Ministry of Youth, there are correctional institutions for young offenders,
 
and there are numerous mission schools, etc., which offer similar oppor­
tunities to train young men and women in fish culture.
 

The key to success of the project will be the ability of the Fisheries
 
and Fish Culture Service to provide training to its own agents, to train
 
farmers and to provide adequate and timely follow-up to the farm. To 
strengthen the Service in this job, the Ministry of Agriculture and Live­
stock has agreed to provide ten A-2 level agronomes who will be given 
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long-term training in fish culture techniques and, over the life of the
 
project, 50 fish culture monitors who will also be trained, but in-country.
 
AID will provide the following: 

1. Construction and Renovation of Fish Stations
 

(A) Kigembe National Fish Station and Training Center. The project 
will begin with the renovation and supplemental construction, and equip­
ping, of the National Fish Center at Kigembe. This Center, already a 
recipient of Canadian aid, will become a national training center in fish 
culture. The first phase o? the project will also begin working with three 
of the ten prefectural fish stations-Butare, Gikongoro, and Gitarama. The 
ten prefectural stations, of 1-2 hectares each, are to serve as fingerling 
and fish production ponds, as demonstration centers and as sites for 
training of fish monitors and farmers themselves. The extension outreach 
program will be directed from these centers. Renovation, equipping and 
establishing training and outreach programs at the remaining seven pre­
fectural centers will be carried out in phases over the life of the project. 
The three prefectures which border Lake Kivu, Gisenyi, Kibuye and Cyangugu 
enjoy the last priority for development of fish culture in view of the 
possibilities for capture fishing from the lake. The analysis of this PP, 
particularly the Economic Analysis, limits itself to the seven inland pre­
fectures. From the prefectural stations, the prefectural fish culture 
extension programs will be directed by A-2 level* fish specialists trained 
in fish culture, whose sole job will be fish culture in his/her prefecture. 

The Kigembe Center will serve as the main site for training of fish 
monitors (3 months), representatives of farmer groups and farmers themselves 
'(1-5 days), and will provide country specific training to the A-2 fish 
specialists (2 weeks). The Center will also preiare training and exten­
sion materials to be used by the prefectural stc .ions and the extension 
agents. The Center will assist, where necessary and where it can, in 
developing and assisting in training programs for appropriate education 
institutions, youth training centers, etc. 

The Kigembe Center, which was constructed in 1954, is still in good
 
condition. Repairs are necessary and, if the Center is to expand to be
 
used for fish culture training, additional buildings and repairs to exist­
ing buildings will be required. A complete description of the Center,
 
the construction/renovation necessary, the equipment which the project
 
will purchase and the personnel to be provided to operate the Center are 
provided in the Engineering Analysis, Part III, D.
 

(B) Prefectural Fish Stations. These exist in all 10 prefectures
 
but are in varying degrees of operability. Site visits were made to five
 
of the fish stations where it was determined that a minimum amount of
 
work will be needed to bring them up to an acceptable standard. The
 

*A-2 level agents are graduates of an agricultural school. A-3 level
 

agents are primary school graduates with special training.
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description of the five sites visited, the construction and renovation
 
requirements, the equipment needed at the stations, and the personnel
 
needed to operate them are contained in the Engineering Analysis,
 
Part III, D. 

(C) Other Institutions. Small pond construction will be required at
 
those ancillary training institutions which will offer training in fish 
culture and which are suitably located and with the expertise to do so. 
In particular, the Women's Agricultural School at Nyagahanga and the Scout 
Center at Butare have requested such help. While neither of these or other 
institutions are at a stage where their exact requirements can be deter­
mined, a small amount of funding is provided for this purpose, to be 
released upon approval of AID. 

2. Training
 

(A) Prefecture level station managers-supervisors. Eight Rwandans 
have been trained at the Centre de Formation Piscicole at Bouake, Ivory 
Coast, of whom three are already assigned to prefectural fishponds and 
will be incorporated into the AID project. Two additional A-2 agronomes 
are scheduled to be trained at Bouake beginning in September 1981, financed 
under the ANDP project as part of pre-project implementation. The project 
will fund the training of an additional seven agronomes at Bouake or at 
another appropriat_ training center, providing in all, 12 fish culture
 
specialists to staff the 10 prefectural fishponds, the Kigembe Center, and
 
to provide training specialists and supervisors to the institutional 
training program described above.
 

In addition to their duties as managers of the Prefectural Fish Sta­
tions, the A-2 fish culture specialists will have the responsibility of 
supervising the field level extension agents (fish monitors), providing 
deonstration and training opportunities to farmers and collecting data 
on fish production within the prefecture. 

These A-2 agents will participate in an in-country training program of 
short duration which will orient them to the special situation which 
Rwanda presents. The objectives of this training, to be held at the
 
Kigembe Center, will be: 

(1) a review of basic fish culture techniques 

(2) practical exercises in the culture of Tilapia nilotica, the
 
culture species of choice in this project 

(3) training in extension work theory and methodology 

(4) acquaintance with the organization and methods of the extension
 
program in which they will be working
 

(5) acquaintance with the stations, personnel and extension programs
 
in the other prefectures
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(B) Fish Culture Monitors. The monitors are low-level government
 
agents who have direct contact with the farmer. Fifty monitors will be
 
working on the project. Each will be assigned to provide extension ser­
vices to a certain number of farmers in a commune where fish culture
 
potential exists. The qualifications for these agents are that they have
 
a primary school education and have attended several years of intermediate 
vocational training at the Rural Training Centers. They are literate in 
Kinyarwanda and may know some French. 

Special training in fish culture technology and extension work 
methods will be provided to the monitors at the Kigembe Fish Station. The
 
training will be directed by the Center Director with the help of U.S. 
technical assistance. The training will take approximately three months
 
and will be held for groups of up to ten persons. An outline of the sub­
ject matter to be covered 4.n both the theoretical and practical training
 
sessions is contained in Annex J.
 

At the completion of the training, each monitor will be provided a kit 
of basic tools and a bicycle. The basic tools will consist of a handbook
 
containing reference material and forms for recording and reporting activi­
ties, a backpack, fish measuring board, spring scale and small bucket, 
thermometer, and simple tools to maintain his bicyc2.e. 

The monitors will be supervised on a conLinuing basis by the Frefr
 
tural level Fish Station Manager.
 

(C) Farmer Training Programs and Demonstrations. '.'.ning of indivi­
dual farmers, nominated members of feigmer groups, youth groups, etc., will
 
take place both at the Kigembe Center and at the Prefectural fishponds.
 
Training programs of two or three days will be arranged at the Kigembe 
Center where there will be dormitory and eating facilities. Training at
 
the prefectural centers will generally be on a daily basis and serve the 
needs of the farmers within walking distance of the prefectural ponds.
 
Demonstrations will be arranged by the Kigembe Center and by the Prefec­
tural Station Managers. These programs can be presented in.a variety of
 
formats-lectures, method demonstrations, slide shows, short courses with
 
theoretical and practical exercises, etc. The formulation and scheduling
 
of this type of training will be the responsibility of the Kigembe Center
 
and the Prefectural Fish Station Managers. 

(D) Other Training Opportunities. Specialists at the Kigembe Center 
and at the Prefectural Fish Stations will be available'to assist other 
education institutions (Ag schools, CERAI's. Scouts, etL.) in establishing 
training courses and to advise on fishpond c¢nstruction and operation.
 
Training will also be available for fish culture instructors in the train­
ing institutions inntioned above (CERAI's, Scout Center, Youth Centers). 

3. Technical Assistance 

AID will pi:ovide two U.S. experts to the project, a Training Advisor/ 
Team Leader and a Fish Culture Extention Specialist. They will be with the 



9 

project over the life of the project--four year7. In addition, ten
 
months of short-term consultancies are provided, in such fields as
 
rural engineering, marketing, social analysis, etc. The exact nature
 
of the short-term technical assistance will be determined as the project
 
progresses and the need arises. The short-term consultancies will include
 
two months of assistance in the monitoring of the ponds to determine the
 
presence of schistosome snails, as recommended in the Environmental Assess­
ment (Annex F), and two months for project evaluations to be conducted two
 
years into the project and at the end of the project. Funds for a contract 
with a Rwandan sociologist and economist to conduct ongoing project evalua­
tions are also included (See Part III, G, Evaluation Plan). 

The IDRC has provided a Togolese Director for the Center. It is not 
yet certain if the IDRC will be in a position to continue this assistance 
after its present project ends in 1981. In the event that they are 
necessary, funds have been provided in the project to continue the Togo­
lese Director for an additional two years beyond the end of his present 
contract. Sl.-ald it materialize that these funds are not necessary, they
will be re-budgeted into the training component of the project. 

4. Commodities 

*Three small pickup trucks will be required at the beginning of the 
project, one for use by each of the technical assistants in the course of 
his work, and one for use by the KJ.gembe Fish Station. The Kigembe 
Center truck will be replaced in the fourth year of the project. Motor­
cycles will be the mode of transport provided by the project for the ten 
Prefectural Fish Station Managers, and one will be purchased for the 
Kigembe Training Center. Each will be replaced during the fourth year of 
the project. The fish monitors will be provided bicycles, all of which 
will be replaced during the fourth year of the project. A small vehicle 
(VW) will be required for the two-person Rwandan team who will be con­
ducting the on-going evaluation. 

A certain amount of equipment will be required at the Kigembe Center 
and at each of the Prefectural Fish Stations. Dormitory furnishings and 
equipment for the kitchen at the Kigembe Cencer will be provided by the 
project, as will a small 
will also be provided to 

amount of office 
the Center. The 

furniture. 
complete list of 

Training equipment 
commodities to 

be purchased is provided in Annex G. 

5. Local Support Costs 

The project will fund the operation and maintenance of vehicles aad 
motorcycles, including the purchase of spare parts over the life of the
 
project. Certain local employees whose hire is necessitated by the
 
presence of the U.S. technical assistance (chauffeurs, secretaries) will
 
be paid by the project over the life of the project and will not be
 
retained beyond that life. Other local employees of a non-professional
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nature who will be required as essential to the project (laborers and
guards primarily, but also some semi-skilled staff) will be initially paid

by the project but will become a charge on the GOR budget as the project
progresses. 
The formula worked out with the government is that the project
will pay the personnel entirely for the first two years, fifty percent for
the third year and twenty-five percent during the fourth year. A discussion
of recurrent costs, and the possibility of using proceeds from fish produc­
tion at the Kigembe Center and at the Prefectural Fish Stations to 
cover a
portion of the GOR costs for local employees is contained in Part III, F
 
of this PP.
 

D. Research
 

The technical analysis supporting this Project Paper clearly shows

that the technology exists for fish farming under the environmental condi­tions of Rwanda. This technology has been tested under reasonably controlled
 
conditions at the Kigembe National Fish Center, and under actual farmer con­ditions at ponds within the vicinity of Kigembe. More recently, field trials
 on isolated ponds were conducted, particularly to test the utilization of

brewery wastes for fish culture, using the species tilapia nilotica. The
test results indicate that, under present conditions, the utilization of

brewery wastes for pond culture gives reasonable growth rates for this

species. Nonetheless, an on-going technical research element, in the form
of field trials and testing, is included in the project as a means of ascer­
taining the optimum package for the several ecological zones of the country,

given the particular economic and social structure found here.
 

The field trials will be designed by the technical assistance provided
to the project and will be carried out by the Rwandan fish extension service
under the direction of the AID technical assistance. Technical data will
Be compiled and evaluated along with the socioeconomic data to be collected

by the Rwanda evaluation team (see Part III, G. Evaluation Plan). The field"

trial effort will be particularly intensive during the first phase of the

project, as fish culture is reintroduced to the first three prefectures.
 

E. Production Outputs
 

With an adequate number of well-trained extension workers, fully

equipped to carry out their tasks, and with a regular supply of required

fingerlings, the following results are expected one year after project imple­
mentation effectively begins.
 

(i)About 80 percent of the existing ponds in the three concerned
 
prefectures will again be in production;
 

(ii)Average yield will be 500 kg fish per ha/year (5 kg/are/year);
 
(iii) The rate of construction of new ponds will be between three and
 

five percent per twelve months;
 
(iv)The total production of the 1,061 ponds will be 20,095 kg of fish.
 

The inputs/outputs expected at the end of the first year of the program are
 
given in the following table:
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It can be anticipated that the annual increase of the number of ponds

will be around 5 percent during the first years of the programme and will
 
reach 10 percent in the fourth year. Also, with effective and dynamic

extension work, it can be expected that the average pond area will increase
 

2
slowly, year after year, to reach an average of 500 m in the fourth year
 
of the programme.
 

Under intensive management of fish ponds (adequate stocking, required
 
fertilization of the pond and balanced feeding), yields from 30-50 kg

are/year (or 3-5 tons of fish per ha/year) can be obcained in rural aqua­
culture. Experience obtained in other 'frican countries, culturing T.
 
nilotica, shows that:
 

(i) 	 the average yield in rural fish farming is between 18 and 20 kg 
fish/are/year; 

(ii) 	 the average fishpond has a surface of 1.5 ares (150 m2 ), but pro­
gressive fish farmers have ponds measuring up to 10 ares, and that 

(iii) 	 it is possible to divide fish farmers into three groups according 
to the level of fishpond management: 

(a) Grouo I - Consists of owners of ponds who do not take care-of 
their 	ponds and do not feed their fish. Depending on the region,

between 40 and 56% of the farmers belong to this group, and the 
yields in their fishponds are below 15 kg/are/year, with an 
average of 7-8 kg/are/year.
 

(b) Group II - Between 31 and 46Z of the fai=ers belong to this group
with yields between 13 and 39 kg of fish/are/year. Average yield 
is 24 kg/are/year. Farmers take care of and maintain their ponds, 
they fertilize the ponds with compost and feed the fishes several 
times a week. 

(c) 	 Grouv III - Concerns about 10-12% of the farmers who produce 40 kg 
and more fish per are/year, with an average of 55 kg/are/year.
The farmers belonging to this group are maintaining bigger ponds
(8-10 ares), regularly apply compost and manure, and feed their 
fishes daily, using feedstuffs rich in protein such as cil cakes.
 

According to the above findings,. it appears realistic to expect that
 
during a 4-year aquaculture development programme, the average yields with 
typical management of fishponds will be as follows:
 

first year : 5 kg fish/are/year
 
second year: 7 kg fish/are/year
 
third year : 10 kg fish/are/year
 
fourth year: 15 kg fish/are/year
 

Table 2 shows the expected increase, during a 4-year extension programme,
of the number of ponds, the required fingerlings for stocking, and the expec­
ted production. 
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The dimensions of the potential impact of the project on the rural
 
population is discussed in the Beneficiary Analysis, Part III, A. 

III. Project Analyses 

A. Social Soundness and Beneficiary Analysis 

The social structure of a rural society is to be seen, basically, as
 
the organizational reflection of the production structure under which the
 
goods 	and material values necessary for the subsistence of the producers
 
are generated. Any change in the production structure of a social entity 
will change its social organization, while social change may alter the
 
organization of production. To estimate the quality and quantity of socio­
economic change into which the introduction of improved fish culture tech­
niques may result, the existing social, cultural and economic organization
 
must be examined, in order to assess the possible impact of the intervention.
 

1. Present land ownership patterns. In 1975, a total of about 830,000
 
farms 	with a statistical mean land holding of about 1 ha (0.91 in 1979) 
existed in Rwanda.
 

A study undertaken in the Byumba Prefecture in 1973 (IBRD, 1977) iden­
tified three strata of farm sizes:
 

(i) 36% of the farms have less than 80 ares (half the average); 

(ii) 35% of the farms have between 80 and 160 ares (between half
 
the average and the average);
 

(1ii) 	 29% of the farms have more than 160 ares (the average) and
 
the largest are five times the size of the average.
 

The study also showed a fragmentation of the farm into an average of 
five fields, some of which were within 15 to 30 minutes walking distance 
from the homestead. 

Farmers have a habitual rather than a legally-defined right to land 
use. Legally, all land belongs to the government, and transfers of land 
use rights or allocation of newly-cultivated land have to be approved by 
the burgomaster of the respective commune. In some areas, a trend to 
buy land-use rights has been reported in recent years. Financially 
better-off farmers, usually the ones who grow cash crops, thus gain con­
trol of seven or more hectares and employ the former cultivators on a full­
time wage labor basis.
 

With respect to fish culture development, the present land ownership 
structure is not expected to be altered nor does it need to be. On a long­
term basis and if fish culture generates a large cash surplus for some
 
industrious farmers, the trend of land alienation could be affected.
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2. Organizational structures. 
Agricultural production traditionally
has been and still is based oncomprises the farmer, his wife 
the nuclear family. The nuclear family(or wives, for oncethe widespread, butlately diminishing practice of polygamy), and their unmarried children.may also include unmarried Itbrothers or sisters and the old.family produces for subsistence The nuclearand the market,sufficient and forming an ideally self­independent productioni.e., unit. Inheritance is patrilinear,the father will pass on house, land, tools, etc.
caae to his sons. In thethat the land is not sufficient, he has to claim new land for them by
bringing it under cultivation. The role ofpatrilineages which formerl7 had 

larger kinship organizations/a strong influence inbeen increasing7 land allocation, hastaken over by the administration (commune), which now hasto approve any land transfer.
 
Kinship and neighborhood 
 ties within a locality,tance and communal organization based on mutual assis­of public works andremained relatively intact. social functions, haveWithin the family,along sex lines, the farm labor is dividedwith banana cultivation,husbandry, as well as 

cash crop production and animaltasks requiring physical strength being donemen and foodcrop production being done by the 
by the 

women.
 
A proportion of working hours,
is which may be substantialset aside for no-agricultural on some.farms,_activities like handicrafts and trading. 
On the basis of the existing informationit appears on the production structures,that the present socio-economic organization of the family farmand its setting into kinship and administration structures willaffected significantly by the innovation or reactivation of fish culture
in the rural milieu. 


not be
 
The social organizationto be altered of the family doesin order to include not havefish farming in the production pattern.Only the structure of labor inputs will be changed to a limited extent, as
time has to be allocated to construct and operate the fishpond. 
Pond con­struction and management can be integrated into the existing system of
division of labor, with the men doing the earth work,large amount of physical effort, which requires aand the womenwork, composting, doing daily maintenancefeeding,

probably be carried out 
etc. Harvest and post-harvest activities willby both men and women, as it is presently done forother crops.
 

For the collective undertaking of fish farming, within the framework
of the government settlement schemes (paysannats),able organizational efforts will be required. 
for example, consider-

Although mutual aid is
common among farmers and one daywork, collectively planned, 
per week is usual! 7 spent doing communalimplemented and operated fish culture produc­tion represents a new concept of production. The priorities the local
administration attaches to it, the qualities of the extension service and,above all, the innovation potential of the farmers will determine whether
such an approach can be carried through successfully. However,promote a self-supporting organizational context of aquaculture development,
 

in order to 
the formation of groups or collectives should be encouraged. 
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3. Land use pattern, leadership and decision-making. The present
 
land use pattern in rural Rwanda is, apart from ecological parameters
 
(soil quality, altitude, rainfall, etc.), determined by a number of
 
socio-economically and socio-culturally based variables, as: 

(A) Diversification of production. To cultivate a variety of food crops
 
and to achieve self-sufficiency is seen as a risk-minimizing strategy by
 
the farmer. In case one crop fails, the subsistence of the family can be
 
maintained by other crops with similar nutritive value.
 

(B) Traditional influence from suverstructural pcwer groups. Formerly a
 
feudal elite, the cattle-herding Tutsi, ruled, for example, that bottom
 
land was not to be cultivated so that it could be used as grazing grounds
 
for cattle. At present, the government exercises some direct influence
 
on farmers to increase cash crop production.
 

(C) Status. As an inheritance from feudal times, the possession of cattle
 
is still regarded as the highest status symbol. Although cattle yields
 
little economic return, cattle is used as dowry, giving status to both
 
donor and recipient, when exchanged. Banana and sorghum beer also serve 
as an exchange equivalent within social relationships; it is also used to
 
compensate ex-farm labor inputs. By expanding his banana plantation, a 
farmer increases his social status. According to its high-exchange-value, ­
rural people grossly overestimate the nutritional value of beer, as shown
 
by Ndengejeho (1980).
 

(D) Tradition. Traditionally farming people, the majority of the farmers arc 
reluctant to adapt production concepts alien to agriculture. Production 
orientated animal husbandry, for example, plays only a very minor role in 
rural production, because regular feeding of livestock was never practised 
on the traditional farm. A considerable number of Ndengejeho's respondents 
believed that fish, kept in a pond, do not need feeding, or subsist on soil 
or water. Another example is the practice of confining chickens to a cage 
during the sorghum harvest to keep them from feeding on the grain. Being 
given no other food, many chickens starve to death. 

(E) Leadership and decision-making. No pronounced internal leadership
 
pattern exists in the rural society on a meta-family level. Patrilinearly­
organized kinship groups had, and to a lesser degree, still have, influence 
only on land allocation and were the taxable entity during the feudal
 
times. At present, and in line with the atomistic settlement structure, 
only one external authority, the Government, and its administrative bodies, 
exercise leadership above the family level. Within the family, the farm 
head, usually the (male) farmer is formally in cotmnand, followed by his 
son. His wife, however, is rather autonomous in the spheres dominated by
 
her, e.g., food crop production and the household. A farmer would have to
 
ask his wife's permission before taking food from the household storage.
 
In the absence of detailed studies on the present decision-making process,
 
it may be assumed, therefore, that the farmer decides on farm affairs, but
 
that the wife influences his decision considerably.
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With respect to the development of fish farming, the aspects described 
above permit the following conclusions: 

(A) Fish farming may be regarded positively as a further diversification of
 
production by the farmer. Also, Ndengejeho indicates a high degree of
 
interest in fish farming among his respondents; 

(B) Initially, at least, fish farming should be actively promoted by the
 
local governmental authorities;
 

(C) Fish may a(:quzre an acknowledged non-monetary exchange value, with a
 
crop from one :'amily pond being partly distributed among neighbors, and
 
the reverse;
 

(D) Farm management practice should be promoted, at least initially, with 
emphasis on fertilization rather than on feeding, keeping close to known 
farming practices;
 

(E) Promotion of fish farming and extension work should be directed toward 
both the farmer and his wife.
 

4. Motivation and mobility. The basis of a farmer's decision to 
engage the family in fish farming may be formed by pr.imary and secoudary 
motivations. The primary motivation may include the expectation that fish 
farming will diversify production further; that the family achieves a 
higher degree of self-sufficiency; that the nutritional standard of the 
family achieves a higher degree of self-sufficiency; that the nutritional 
standard of the family is raised; that monetary income is raised; and 
that the family's social status is heightened if the farmer can give fish 
to the neighbors, etc. The intensity of primary motivation to produce 
fish will be determined by the value which is commonly attached to fish as 
a produce. In the survey conducted by Ndengejeho in four communes, his 
respondents gave as the principal reason for their interest in fish culture 
the nutritive value of fish, i.e., they were interested in growing fish for 
home consumption. Income creation, by selling fish, was rated as secondary. 
Fish was, according to the survey, thought of as having about the same 
nutritive value as red meat. The principal reasons for not eating fish 
were stated as non-availability and high prices.
 

The same survey indicated the possible secondary motivation of farmers 
to culture fish. After the nutritive value, i.e., their interest in auto­
consumption and income creation, they stated that they would undertake fish
 
farming as a result of promotional efforts and extension work expecting in 
return a positive sanction in the form of extension service and assistance
 
in management and procurement of inputs from the promoting agency.
 

Ndengejeho's survey indicated a considerable degree of occupational
 
mobility among his respondents with regard to fish farming. His sample 
was, however, geographically limited. To what extent the innovative poten­
tial and the occupational mobility of farmers in other areas can be 
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reinforced and directed toward fish farming will depend upon the performance

of fish culture extension and support from Government bodies. Initially
 
successful on-the-spot demonstration in the field and on selected fish farms
 
will be crucial for its diffusion within rural Rwanda.
 

5. Determination of the beneficiary impact of fish culture development.
During the initial phase of fish culture development, only a small group of 
farmers will be affected because infrastructural. support will be limited 
at that stage. The initial 'target group' of farmers, their selection and 
the approach employed to extend assistance to them, will determine the future 
impact of the development effort.
 

The identification of the individual farmer to be approached should
 
involve the following criteria:
 

- whether the environmental conditions necessary for fish culture
 
exist on the land he cultivates;
 

- whether the farmer's personal drive and interest is sufficient to 
cause him/her to commit himself, the family and, for pond construc­
tion, relatives and neighbors, in taking up fish culture successfully;
 

- whether the geographical position and social status justifies the 
aspiration that the fishpond can serve as an bn-the-spot de.nstra­
tion, convincing as many people as possible of the worthiness of 
fish farming. 

A carefully selected target group in the initial phase of development 
will be the most relevant premise for further diffusion of the technological
 

-
concept, as initial and demonE rated success of such 'progressive key ear­
mers' in the rural milieu will je the best means to convince others of the 
worthiness of fish farming. Other measures can be product promotion by
 
government bodies, extension agents and media, media coverage in general,

inclusion of fish culture related courses in the curricula of educational 
institutions, etc. The degree of success to which such strategies can be
 
employed will determine the extent of the impact of fish culture develop­
ment in Rwanda.
 

The quality, socially and culturally, of change which can be expected 
as a result of the development can be assessed here only in the broadest
 
sense. Being closer to farming than to animal husbandry, fish culture 
will not bring forward a considerable difference in the existing behaviour
 
and value patterns. Neither will it require a significant change of 
organizational and production structures. Depending on the extent to
 
which 0.'ey participate and receive extension services, it will better the
 
role and status of rural women in the country. If not extended to a suffi­
cient number of farmers, itmay, however, alter the structure-of income
 
distribution of the rural milieu by increasing considerably the income and
 
monetary potential of the farmers engaging in it successfully.
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6. Beneficiary incidence. Based on the projections made during the pro­
ject analysis, fish culture development can have a direct effect on existing 
production structure in the following dimensions: 

(A) Provision of fish for human consumption - After four years yearly
yield of about 180 tons of fish will provide sufficient animal 
protein for around 2,400 rural families (a twenty-fold increase of
 
present average per capita consumption will still leave 40% of the 
fish to be marketed-around 80 tons). 

(B) 	 Income - 2,400 families engaged in fish culture would increase their 
cash income by 2,000 to 2,500 RwF by selling about 40% of their fish 
production. The estimated combined additional income of 5,000 
families of about RwF six million will strengthen the internal mar­
ket 	of the country. 

(C) Employment - The labor potential of around 2,400 families will be 
used more productively; cooperative production may create self­
employment in government settlement schemes or other rural centres.
 

(D) Diversification of production - The overall agricultural production
 
structure will be diversified by fishpond produc.tion, eliminatin& 

.partly the potential need for animal protein imports.
 

(E) 	 Transfer of technology - Extension, development support and tech­
nical assistance to around 2,400 families, enabling them to operate
fishponds with mainly indigenous resources, can be expected to root 
fish cu.ture in the rural milieu of Rwanda. 

Taking into consideration that the assumed extension program is of
 
small magnitude, and yields have been estimated conservatively, the increase 
in quantity n-d nutritive value of aquaculture production will have a sig­
nificant impact on the overall protein supply. 

The outlined magnitude of production does not consider the probable

spread effect (or multiplier effect) of successfully operating fish culture
 
units which may induce more than the number of farmers or cooperatives
 
estimated to take up fish culture. However, taking into ac,!ount only the
 
above number of production units, the achieved production will, by the
 
fourth year, have already increased the present yearly supply of fish in
 
Rwanda considerably-adding an annual value of almost 11 million to 
the GDP.
 
An annual growth rate of rural fish farming can be expected to be around
 
10%, as long as no presently unpredictable constraints limit expansion.
 

B. 	Economic Feasibility
 

1. Macro-economic aspects. Fish play only a small part in the daily

diet of Rwandans. Total fib, catch in 1979 did not exceed 725 tons. Based
 
on studies of fish consumption carried out in those areas where fish are more
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readily available, it Is conservatively estimated that countrywide demand 
is 100,000 tons. Although capture fisheries can be expanded to meet some 
of this need, it will not be possible to meet total demand. Fish culture 
is one of the promising ways to bridge the gap between supply and demand.
 
Dispersing production into the interior of the country, away from the 
lakes, also substantially reduces the commercialization and distribution
 
problems which reliauce solely on lake fisheries would pose.
 

(A) Marketing. Even with 100% of the cash and industrial crop produc­
tion marketed, less than one-half of total agricultural production enters
 
into the commercialization system. The large majority of food crops are
 
consumed on the farm or are bartered. This is a function of low purchas­
ing power of the rural population and transport/storage difficulties,
 
but primarily because of lack of excess production to be marketed. A
 
similar situation will prevail with fishpond production. Local demand
 
for fish will not begin to be met for a number of years. Fish will be
 
largely consumed on the farm or bartered for work or other agricultural
 
products. Although pond fish culture may result in a higher percentage
 
of market production because of output peaks over the year, no difficul­
ties are foreseen with respect to commercializing a marketable surplus.
 
What marketing there is to be done will be largely carried out by the
 
producers, as the dispersed location of production units will not encourage
 
marketing by intermediaries or traders until and if production reaches a
 
level where there is a marketable excess.
 

Conversely, unless fish culture is introduced into the countryside,
 
there will be little opportunity for the majority of Rwandans to avail
 
themselves of this nutritious food. Planning for increased fish production
 
with the aim of curbing the deficit of animal protein in the rural diet
 
will have to focus on small, family-based units which provide fish for
 
home consumption, barter and, only on a limited scale, the market. Lake 
production will have to increase 100-fold before there is any effect outside
 
of the immediate catch area or the several urban areas to which the lake
 
catch is shipped. With several projects to increase lake fish production,

the government cooperative store has opened a counter for fish sales. With
 
a central location for sale, demand has been generated among a Rwandan
 
clientele that did not look for fish heretofore. While supply is increas­
ing slowly, demand is increasing at a much faster rate.
 

(B) Development infrastructure. Because of the dispersed settlement 
patterns in Rwanda, a decentralized infrastructural system to support 
small-scale fish culture will be put into place. Material inputs which 
are not available on the farm are fingerlings and, to some excent, feed.
 
Feed for the prefectural centers is not available at firsthand, and feed
 
procurement will have to be planned for timely availability and transport.
 
During the initial development phase, producers will require advice and
 
technical assistance in the form of extension agents. Fingerlings can bp

produced centrally, initially, but with the growing geographic coverage f
 
the program, fingerling production and distribution will have to be organ­
ized on the prefectural level. The present transport and comnunication
 
system in rural Rwanda constitutes, in general, no constraint to the
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extension support as most settlements can be reached on earthen roads which
 
are passable most of the year.
 

An effective extension service, trained and with the means to reach
 
their client farmers with the necessary inputs, will be the key to success
 
of the program.
 

2. Financial Analysis. The farm level financial analysis does not 
predict major constraints with respect to basic resources and operational

inputs used for fish culture production in Rwanda. Wherea3 land suitable 
for aquaculture can be assumed to be available and raw materials for com­
post preparation can be found readily, labor and feed inputs can be con­
sidered potential bottlenecks. The labor requirements for fish culture
 
per hectare and per year are lower than for most cash crops and are within 
the range of requirements _or potatoes, sweet potatoes and rice, but, 
except in the case of cinchona the returns from Zish culture are higher 
than for these crops. A 500 m family pond will require only about five 
percent of the labor usually available in an average rural family. Also, 
as much of the day-to-day labor inputs can be provided by children and
 
the aged, the limited family labor capacity is not considered to be a
 
serious obstacle to small-scale rural fish culture. 

Suitable base materials for fish feeds, although seemingly available,.. 
may be limited in some areas, and little is known about their present alter­
native use, as no tradition of semi-intensive or intensive animal husbandry
exIsts in Lural Rwanda. The availability and accessibility of suitable 
foodstuffs will have to be investigated for each concrete case where a
 
medi-scale production unit is planned and feeding is envisaged. 

The input, which is at present not available to many farmers who could 
eventually start fish farming, is stocking material, i.e., fingerlings. 
The development of rural fish culture will depend on the production and 
distribution of fingerlings to the farmers, at prices within their finan­
cial possibilities.
 

Assessing its profitability, fish culture can be predicted to yield a 
net return to the farmer's family if a production of 1.2 tons/ha/year can 
be achieved. This theoretical break-even point was estimated from the 
input/output analysis which valued all operational inputs at their oppor­
tunity costs. In reality, however, the only cash inputs are the fingerlings 
for initial stocking and for the larger production units. 

In order to arrive at a realistic appraisal of the worthiness of rais­
ing fish in the rural areas, present land and labor use and what it produces 
in cash and kind for the farmer's family is compared to the returns result­
ing from projected fish culture operations. For this purpose, present
marshland agriculture was compared with projected fish culture operations
in the same environment. In the case of fish culture, all operational 
inputs were valued according to their projected or opportunity costs and
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depreciation of pond construction costs were added; the outputs were esti­
mated conservatively and valued at presently realized prices. In the case
 
of marshland agLculture, only labor was considered on the cost side, and
 
the produce w-,s valued at 1980 prices.
 

In spite of this bias, which favored agricultural production, fish
 
2culture, projected and calculated for two models (a 500 m family pond with 

compost fertilization and a 5,000 m2 pond with feeding), showed incremental
 
gross returns of 137% and 216% and incremental gross returns per man/day
 
of labor of 90% and 123% respectively.
 

When compared with other food and cash crops presently grown in Rwanda,
 
only banana cultivation yielded a higher return per person/day; only cin­
chona production resulted in a higher gross return.
 

When compared to all the different types of crops which are presently
 
grown on marshland (including tea and rice), projected fish culture showed
 
a higher gross return and higher cash return, assuming only 40% of the
 
production being commercialized (against 80% of rice and 100% of tea mar­
keted). A 500 m2 family pond would generate a cash income of RwF 2,250/year 
if 40% of the fish were sold; 40% of the production marketed would still
 
leave 45 kgs for home consumption, which would represent a 20-fold increase 
of fish consumption per family member as compared to the p'resent average
 
per capita consumption of less than 0.5 kg per year. 

C. Summarv of Technical Findings 

No major technical or biological constraints to fish farming exist in
 
rural Rwanda. The climate, the soils, and the general availability of 
water constitute a sufficient natural resource base for fish cilture.
 
Basic materials (agricultural wastes, agro-industrial byproducts) to 
introduce feeding of fish and fertilization of ponds are, in general,
available. Farmers in Rwanda are not trained in fish farming, though the 
immediate target group is actively involved in attempting to grow fish. If
 
fish culture is to be established in the rural milieu, substantial improve­
ment of the extension service will be required and ready availability of
 
fingerlings assured.
 

A technical, social and economic "Review of Aquaculture Development
 
Activities Central and West Africa" was completed for AID by Auburn Univer­
sity's International Center for Aquaculture in 1979. (Contract AID/DSAN-C­
0053). Many of the observaticns of that report are appropriate to Rwanda.
 
The report suggests that the culture of Tilapia nilotica using natural fish
 
food production stimulated by pond enrichment with locally available organic
 
wastes or crude feed materials offers the best choice of production systems

appropriate for small farmer application. This system has the potential
 
for farmer control of inputs rather than creating an elaborate governmental
 
support structure and is in keeping with the limited financial resources of
 
both the farmers and the government. Tilaoia nilotica culture is also a
 
very versatile system that can easily be adapted to more intensive feeding,
 
should materials be available, or to combined stocking with complementary
 
fish species.
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Adoption of fish culture prior to about 1960 in Rwanda, as well as
 
elsewhere in Africa, was hampered by a-poor understanding of pond ecology
 
that resulted in low fish yields. Ponds were usually stocked with herbi­
vorous fish that required feeding with large quantities of specially
 
grown vegetation if the fish were to grow. Fish yields were seldom worth
 
the effort to grow the feed. Ponds were also frequently set up with deep 
flow-through water systems that diluted and washed out what little fer­
tility might accumulate in the ponds. Wild predatory fish also frequently 
invaded ponds and decimated more productive fish populations, or prolific
 
fish reproduction filled ponds with fish too small to be of much value.
 

More is known about fish culture and technology transfer now that 
should make it possible to overcome many of these earlier problems. There 
are several budding fish culture projects in countries such as Zaire, Came­
roon, and Central African Republic that have potential for lasting impact 
and serve as models upon which the design of this project has been built. 
Fish yields and outreach capacity as used in this Project Paper are gene­
rally commensurate with what has been reported for these other projects.
 
No short cuts have been found to basic farmer extension contacts using
 
result-demonstration techniques and user group involvement. 

Some factors which have hindered fish culture extension in other Afri­
can countries do not seem to be a problem in Rwanda. For example, there is­
not a strong alienation between the government and the people. Governmental
 
extension workers are welcome on farms and would not be expected to use 
their office to exploit the farm family. Fast efforts to introduce new
 
technology, though rather modest, have met with relative success. The 
current setup with selected "lead farmers" and regular citizens' meetings 
in the communes seems like an ideal structure in which to extend fish 
culture technology. Furthermore, there has been relative stability in 
government office. 

The Auburn review of fish culture efforts in Africa noted that 
there is not a strong tradition of animal care in Africa. Cows, goats, 
and chickens are generally expected to forage their own food. &irmers are 
not accustomed tT providing feed and regular care for their animals. 
Cultured fish, although somewhat forgiving when cultured in an extensive 
method as proposed, do need some minimal care such as maintenance of water 
levels and addition of organic enrichment to ponds. Farmers will have to
 
learn that there is more to fish culture than dumping fish into a pool of
 
water and returning a few months later to a glorious 'iarvest. To the
 
extent that farmers are willing to learn and provide the needed care, they 
can beneficially produce fish. 

I. Species recommendations. The main cultural species in Rwanda are 
Tilapia melanopleura (or T. rendalli) and T. macrochir. T. nilotica and 
common carp are also raised in ponds but on a very small scale. Neither 
T. macrochir nor T. rendalli is a fast-growing species, and growth rates, 
even with pond fertilization, are generally only 0.5/g/day and never
 
exceed 1 g/day. T. nilotica will be the recommended species to be raised
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in association with a malacophageous species for biological control of
 
snails. 
 Chinese carp can be raised if they prove well acclimatized to
 
Rwanda and if adequate fingerlings can be obtained.
 

2. Fingerling requirements. Breeding ponds (at Kigembe and at the
 
prefectural ponds) are to be stocked with T. nilotica at 
a density of
 
200 fingerlings/are. Fingerlings are now available at the Ruganwa Fish
 
Station near Kigali and can be transported to any of the other production

ponds without d4fficulty. The number of fingerlings needed during the
 
first year of the project is noted in Table 1.
 

The fingerlings of other species required for polyculture will be pro­
duced in each prefecture according to the needs of the farmers.
 

T. nilotica broodfish will be stocked in spawning ponds of 1 to 4/ares

at a density of 14 females and 6 males/are. The spawning ponds will be
 
fertilized-with manure or compost. When harvesting, the spawning ponds

will be drained after three months and thereafter every one or two months,

though not during the cold season. The small fingerlings will be stocked
 
in fertilized growing ponds for about two months to reach the right size
 
for stocking in the production ponds. They will be fed available food­
stuffs.
 

3. Supplemental feed availability. Feeding fish is beneficial
 
to growth as it supplements the natural food present in the ponds. 
The
 
feasibility of supplementary fish feeding in Africa and especially in
 
Rwanda depends, however, on the availability of cheap foodstuffs and
 
agricultural byproducts with a sufficiently high food conversion rate 
(CR).

Throughout Rwanda, crop residue is in plentiful supply., 
but many of the
 
waste and byproducts potentially suitable 
as feed are grown and processed

in the vicinity of towns such as Gisenyi, Ruhengeri, Kigali, and Butare--far
 
away from most villages. High protein feed ingredients are in short supply,

although small quantities of oilseed cake are available and only a small
 
percentage of the slaughterhouse byproducts are now recovered.
 

For fish farming in Rwanda, using Tilapia species, common carp or
 
Clarias spp., animal protein in diets is not necessarily required and only

vegetable protein can be used. 
 In Rwanda, diets for fish can be prepared
 
using only locally available foodstuffs which can be fed by surface broad­
casting. 
Larger fish farms should, however, be equipped with grinders in
 
preparing foodstuffs such as maize, cotton seed, etc., 
for diets for fish.
 

According to available information, the follbwing agro-industrial

byproducts are actually available in Rwanda.
 

- Draff (beer waste). The present production at the brewery in Gisenyi

is 1,400 tons/year, and it can be obtained free of charge. A new brewery

will soon be established in Kigali. The conversion rate 
(CR) of draff is
 
12:1 (12 kg draff is needed to obtain 1 kg fish growth). T. nilotica
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stocked at a rate of two fingerlings/m2 and fed only with wet draff sup­
plied bi-weekly at a rate of 2.3 of estimated weight of fish population

in the pond will yield an average production of 3,500 to 4,000 kg/fish/ha/
 
year.
 

- Brewer's yeast is an excellent source of protein of high cutritive

value and digestibility. 
The brewery at Gisenyi produces 200,000 litres
 
of yeast (slurry) per year, available free of charge. The total produc­
tion is presently discharged into Lake Kivu.
 

- Draff from banana and sorghum beer. About 87,000 tons of banana draffand 20,000 tons of sorghum draff are available annually with a CR of 10:1. 

- Slaughterhouse wastes. 
 Sheep, goats and cattle are slaughtered in
three large abattoirs, in 28 smaller slaughterhouses, and in 276 small kill­
ing pens throughout the country. bst of the waste (blood, stomach con­
tents, and bones) is discharged into rivers and can be transformed into
 
fish food on a semi-commercial basis.
 

- Byproducts of rice milling. In Rwanda only rice bran and rice
polishing remain after milling. Approximately 2,500 tons of paddy are

produced, giving about 75 
 tons of bran. Rice bran yields a CR of 4:5, and
 
up to 20% can be used in fish feeds at a cost of 2,000 RwF ('23) p-er ton.
 
About 150 tons of rice polishing are available at the same price. The

CR of rice polishings is 3 - 3.5, and up to 35% can be used in fish feeds. 

- Byproducts of wheat milling. Both wheat bran (193 tons) and remould­
ings (262 tons) are available in Ruhengeri and are excellent for use in fish
 
feed composition. 

- Sugar-cane wastes. 
About 14,000 tons of sugar cane are produced

annually with bagasse, molasses, and filter presse mud as wastes available
 
for fish feed.
 

- Coffee byproducts. Large quantities of coffee pulp (about 10,000
tons/year) are available free of charge. Coffee hulls (3,000 T/yr) are
 
also available free.
 

Household scraps such as pot scrapings, vegetable and fruit wastes,
 
cassava offal, etc. are available and can be collected as fish feed. Wastes
 
from markets, restaurants, hospitals, and boarding schools are cow used as

fish feed at the Kigembe fish farm, and the opportunity exists to use them 
elsewhere as well.
 

Table 7, page 47, Annex E, indicates the foodstuffs for use in fish
 
culture that are available in Rwanda most of the year, and quantities are
available in almost all villages. Their appropriate and productive use will

require adequate planning and organization, as well as advice and assistance
 
by extension personnel. 
A detailed inventory of existing agro-industrial

byproducts or wastes suitable as 
feed for fish will be necessary for each
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of the prefectures where fish farming is planned. Such inventory will
 
have to consider the kind of products, location, quantities available,
 
period of availability, competitive use, price and transport costs.
 

4. Pond fertilization. To obtain high yields of T. nilotica, T. machoir,
and common carp, fertilization of ponds has to be carried out regularly.
Either organic or inorganic fertilizers may be used, but recent increases in 
the price of chemical fertilizers and the cost of their transport to 
Rwanda virtually preclude that they be used in Rwanda. Relatively high
production can be obtained, however, by combining organic fertilization of 
the ponds with appropriate fish feeding programs. Cow manure is the most
 
accessible, though the manure is used virtually exclusively as a crop
fertilizer. Other kinds of manure are less readily available, but the 
promotion of the raising of small ruminants and the raising of pigs and 
chickens in conjunction with fish holds promise that more will become
 
available in the countryside.
 

When manures are not steadily available, compost is a viable alterna­
tive for the fertilization of fishponds. Experience in the Central African
 
Republic indicates that the proper preparation and application of compost 
can have very good results. 

Composting is the method of fertilization recommended,for individual
 
farmer ponds. Fodder and common grasses are both suitable for making

compost. If only grasses are available, artificial fertilizer madeby
adding a chemical nitrogen fertilizer can be used.
 

5. Extension services. 
 An effective extension and information program

for fish farmers and their families is essential to the success of the 
project. The program for training of extension agents and for the delivery

of technical inputs which will be created by the project will meet this
 
requirement. Through the program, farmers will be made fully aware of
 
the benefits of careful management of their ponds and will receive full
 
support from the project staff. 
 It is noted that those farmers who 
already are working their ponds, though with little success, will be the 
first recipients of the extension services. There will be little or no
 
encouragement of new farmers to take up fish farming. 
Success on existing

ponds will serve as demonstration and impetus for new farmers to devote a
 
part of their land to fish farmers.
 

Fish service extension and supervisory personnel are to be trained. 
U.S.-financed technical support will assist in the administration and 
implementation of the program and will assist in both formal and on-the­
job training. The financed by AID are atinputs primarily aimed strengthen­
ing the extension service. 

D. Engineering Analysis 

1. Requirements. The project proposes to refurbish and expand
the existing fish center operation at Kigembe to produce fingerling stock 
for distribution and to produce mature fish for market. Renovation of 
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existing housing and construction of new facilities for training and

administration are required there. A dormitory for 20 students, a multi­
purpose hall and a kitchen/store are the major elements of new 
 construc­
tion. In addition, renovation of existing fishponds is required as well as realignment of water supply canals to provide improved water service. 

In addition to wrk at the Kigembe center, the project will improve

facilities at the 10 existing prefectural level fish centers. At these
 
centers, ponds and water supply canals will be improved and small ware­
houses will be constructed for the storage of equipment and supplies.
 

All project facilities at Kigembe and the prefectural centers are

owned by the Government of Rwanda. Existing facilities at both Kigembe

and the prefectures are sound and space is available at 
Kigembe for the
construction of dormitory and training facilities for a group of 20 students. 

The engineering component of the proposed project, therefore, consists
of (1) the renovation of the existing fishery center at Kigembe as well 
as the expansion of facilities already existing at the prefectural level

(2) the construction of new facilities necessary at Kigembe and in the

prefectures, and, (2) the technical means necessary to realize and maintain

the facilities. Since water retention and distribution will be necessary,

pedalogical, hydrological and parasitological factors will have to be
 
examined closely.
 

(A) The Ki~embe Center
 

This facility is located in the southern central highlands in a narrow

but shallow river valley of the Migina River, a tributari of the Akanyaru,

several hundred meters downstream from L:e confluence of t-o smaller

tributaries. The center occupies approximately 310 ha and presently consists
of an office/garage/storage complex, several houses and 10 ha of fishponds
with attendant distribution canals bisected by the river itself (see Site
Plan, Table 3). The center was constructed in 1954 and, although in good
structural condition, must be upgraded and expanded to fulfill the envi­
sioned training and production functions. 

Both buildings for the office, storerooms, workshop and garage are in

good condition, requiring only minor repairs. 
The 35 sq. mt. semi-enclosed
 
garage which is abandoned and adjoins the office will be easily converted

into additional office space for the center's expanded activities. 

The thtee houses at the center of the site are in need of varying
degrees of repair. Plumbing, roofing, painting, doors and windows will
 
all, to some extent, be necessary. The pipe which supplies the center

with potable water from a spring above has deteriorated and must be
 
entirely replaced.
 

A dormitory with sanitary block, a multipurpose hall, and kitchen
 
will have to be constructed to accommodate the 20 trainees expected at 
the
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the office and constructed
center. The buildings will be situated next to 

of readily available materials--brick, mortar, timber, metal roofing,
 

etc., with local craftsman. The multi-purpose hall will serve for dining,
 
will conformclasswork and other group activities, and the building layout 

to the narrow site topography.
 

The fishponds and interior distributiun canals are in good condition. 

Necessary repairs stem from the lack of maintenance over the years 
(e.g.,
 

cave-ins, reed growth, and
broken entrance pipes, leaking drainage monks, 

be easily Wprrected with a well-directed works team on
seepage) and can 
staff at the center.
 

The water needs (evaporation plus seepage) of these 10 ha of ponds
 

can be estimated at 2000 m
3/day which is presently supplied by upstream
 

supply canals which take water from the river by means of small 
cross
 

This system will require fundamental modification.
channel diversion dams. 

dams are of flimsy wickerwork which must be reconstructed after each

The 
canals parallel the unstable, meandering riverbank

flood flow. The supply 
for several hundred meters and transversing and sometimes inundating pasture 

cleaned out
and crop lands and must 1e re-excavated, shored-up and/or 

and 900 m, respectively), present land use
frequently. The distance (600 
pattern, and nature of the soils (an argrillic horizon resting on a heavy 

The

sand base) make the present configuration difficult to maintain. 


weir considerably-further downstream
desired alternative is to provide a 

rivers providing the

towards the center. As shown on the site plan, the 
masonry bridge situated on a rock out-cropping. At 

water pass beneath a 
this point, within a hundred meters of the pond complex, the river level
 

be raised by means of a weir (l.50m above present levels, based on

could 

take-off pipes or canals to supply the 
recent .irvcv at the site) with 

The eroject proposes to fund the final design and construction 
of 

ponds. 

Care should be taken to assure adequate overflow during flood
this weir. 


flows and for periodic flushing of abrasive sediments. Upstream flooding
 
and will not dis­

by the weir will be limited to the actual river channel 
If the weir design proves impractical, the exist­

place agricultural land. 
and alignment of existing canals also

ing diversion weirs will be improved 

improved.
 

a rainy season flow of approxi­yieldedRudimentary on-site measurement 
of which 0.023 m3 /sec or 1.3% is required for pond

mately 1.76 m3/sec, 
maintenance. A hydrological station is situated at the bridge and past
 

minima and river slope (estimated at 0.02-.03) must be
flow maxima and can be ser­
verified before detailed design.to determine amount of ponds that 


viced.
 
lined both to minimize scour and seepage losses 

Supply canals will be 
All canals should be designed with sufficient

and to prevent reed growth. 
Dryingto minimize snail habitat. cycles

water velocities and sideslopes 
should be employed, as necessary, as further assurance 

against parasite
 

proli:feration.
 

the center are suitableriver aboveThe topography and hydrology of the 
Raising the upstream river level as
 for hydroelectric power production. 


http:design.to
http:0.02-.03
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proposed above for better water supply makes conditions ideal for the
 
installation of a small station (pelton wheel or similar) at the bridge
site where the water will fall about 4 meters. The present net head is
 
estimated at 2.5 m and would be increased to 4.0 with the weir. This
 
could produce approximately 3-7 kw of electric power, or enough for center 
lighting and small appliance use. In collaboration with the nearby AID­
funded Alternative Energy Project (CEAER), a more precise study of the site 
and hydrological data would be made before the final choice and design of 
a system. Funding for a mini-hydroelectric urLt is not included in the 
project. Should it prove feasible, funding would be requested at a later
 
time or would come from the AID alternate energy project. 

(B) The Prefectural Stations
 

The project will construct, expand and renovate existing fish farming 
centers in each prefecture. Each center consists of approximately 1 ha of
 
fishponds and a small 50m 2 warehouse for storage of tools, nets, etc., and
 
a guard. Existing pond complexes in all prefectures can be readily uti­
lized for the demonstration and production activities proposed by the pro­
ject. In these cases, modification to ponds and canals will be made to
 
assure optimal and replicable design, with special emphasis on public health
 
safeguards. (Pollution, reed growth, sanitation, etc.).
 

Special consideration should be given to seepage and soil permeability
 
and the costly, but effective, possibility of stabilization with lime,
 
clay or other admixture treatments. Renovation and maintenance of ponds

and canals must ensure the optimal use of water supplied and minimum snail 
and mosquito habitats. Linings, side slopes, water velocities, drying
 
cycles and adequate fish stocks are important design and operational ele­
ments.
 

Small 60m2 warehouses of simple brick, mortar, wood and roofing sheet 
construction will be built for storage adjoining each site. Design should 
include skylighting, ventilation and security. All design work 
will be accomplished by a firm in Rwanda. All construction and 
major renovation will be done by contract. Inspection will be performed by
 
the TA team and a representative of the GOR. Minor renovation will be done 
by the maintenance crews over a period of time. REDSO engineers will review 
design work and make regular inspections to monitor construction. 

2. Personnel and Equipment. The proposed design and construction
 
involves no techniques more sophisticated than standard rural engineering

practices. However, as the deteriorating capital investment at the Kigembe

Center illustrates, a well-directed and budgeted maintenance team is a 
basic component in the operation of existing facilities. Therefore, no
 
capital improvements will be financed without firm guarantees of the
 
recruitment and payment of a competent works chief and team by the GOR. The
 
GOR will organize and train such a team to properly maintain existing new 
facilities under the counsel of the project-funded technical assistance 
team. In light of the environmental consequences of poor maintenance of
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systems involving water retention, the technical assistance package will
include engineering services to organize and direct the maintenance team.
Equipment for the renovation and maintenance proposed consistteam wouldof one !-con flatbed truck and one 
set of basic excavation and construction
tools (shovels, picks, wheelbarrows, etc.) 
for each of the 11 centers.
 

3. Proposed Construction and Renovation (See Table 4).
 

E. Environmental Concerns
 

An Initial Environmental Examination was conducted at the time of thePID preparation and recommended that a more complete assessment of theenvironmental impact of the project be carried out, particularly to deter­mine the potentially significant impact on the health status of farmersand fish service personnel working in fishponds. The Environmental Assess­ment was completed in November 1980, and is attached as Annex F to this
Project Paper. 

The conclusions of the EA are that no significant environmentalproblems will. result if the recommendations of the EA are followed. Tomeet potential health problems which could result from fish culture
(increases in the incidence of schistosomiasis and malaria) the EA recom­
mends the following:
 

1. Elimination of vegetation extending into the pond which Would
provide breeding ground for schistosome-bearing snails. 

2. 
Inclusion of a snail-eating species of fish in the ponds in
 
polyculture fish production.
 

3. A program of monitoring of the ponds to assure that snail andmosquito larvae populations remain low. 

F. Administrative Analvsis 

1. Organizational Setting. 
Rwandan fish culture activities are
directed by the Division of Fisheries and Fish Culture in the Ministry.of
Agriculture and Animal Husbandry (MINAGRI). An organigram illustratingthe division of responsibilities within the MINAGRI is shown on Table 5.Field activities of the Service are primarily concerned with the monitor­ing of the fish harvest from the numerous lakes in the country, the manage­ment of government fish stations, the training of fisheren, the creation
of fisher cooperatives, the direction of the extension services to fisher
cooperatives and farmers, and participation in donor-funded projects for
fish production. The Service is seriously understaffed and undertrainedand, as a result, their input into donor-funded projects has been minimal. 

The number of agents in the Serv7ice totalled 51 in 1979, and includedone A-1 technician (a graduate of the Universit-i of Toulouse, France, witha degree in fisheries) who is Chief of the ELADEP Project. 
 There are nine
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Table 4
 

Pro-posed Construction and Renovation
 

IT SIZE 	 WORK UNIT COST TOTAL COST
 
KI ME2 

O
house n 1 200m2 plumbing and misc. repairs - $1,200 
house no 2 sOm 2 renovation of kitchen, bathroom, 

plumbing and misc. repairs - 2,000 

Office/sto- 2
 
rage/garage 3Sm enclosed garage and add door
 

and windows 850
 

water supp. 2
 

pipe 600m 	 replace and cover 4/m 2,400
 

house n0 3 70m2 	 complete renovation 80/m2 5,600
 

dorm/sanitary 2 2
 
block loom construct 400/m 2 40,000
 

multipurpose rn22
 
hall s0m construct 350/m 2 28,000
 

kitchen/store 40m 2 	 construct 350/m 2 14,000
 

ponds n/a add pipes and repair leaks
 
at monks 2,500
 

main canals 200m2 excavate and line with
 
brick or stone 3/m 6,000 

weir 60m 3 construct 12.50/m 3 7,500 
erosion 
constrol n/a bamboo planting on river - 300 

2drying pads 200m2 	 construct 10/m 2,000
 

PREFEC TUFhAL CE ES
 
ponds 10 1 ha, expand and/or
 
canals renovate (5 prefectures) 500 ha 5,000
 

hangars 	 10 50m, construct (10 of 2
 
10 prefectures) 300/m 150,000
 

Sub-total 267,350
 
Engineering services (10 ) 26,750
 

Contingency (15%) 	 294,100
 
44,100
 

Total 	 338,200
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Table 4 (page 2) 

EOUIPNIM 

truck 1 ton purchase with spares (15,000) 
tools 11 sets purchase 100/set (11,000) 
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A-2 level agronomes, graduates of scondary school and of the Agricul­
tural School at Butare; three of these A-2 agronomes have been trained at
 
the National Fisheries Center at Bouake, Ivory Coast. The 23 fish monitors,
 
field-level fish extension agents, comprise the most numerous level of
 
Fish Service agents. They have completed the six years of primary school
 
and two-three years at the post-primary centers for Rural and Artisanal
 
Training. None of them has yet had special training in fish culture, but
 
all will be trained at the Kigembe Center. Remaining personnel are guards
 
at the fish stA.ions and helpers on lake-harvests.
 

The majority of Fisheries Service resources, financial and personnel, 
have been directed toward lake fisheries activities. There is every ind:.­
cation, however, that fish culture is being given increased emphasis and 
resources. The government has directed personnel and financing to the 
ELADEP project, which includes research in fish culture and training of 
fish monitors. The government has also agreed to put additional personnel 
into fish culture, and, in fact, has already begun to do so on the basis 
of the AID agreement, in principle, to finance a major fish culture program. 
Positions have been reserved for ten A-2 agronomes, trained in fish culture, 
to work exclusively on the AID project. AID has already received the names
 
of five candidates for training at the Bouake Center, and three are
 
scheduled to depart in October as part of pre-project financing. In addi­
tion, the government has agreed to take on 50 fish monitors to work on the-

AID project.
 

Rwanda is divided into 10 political subdivisions called prefectures. 
Each prefecture is further subdivided into an average of 14 communes, the
 
communes into an average of 13 sectors, and the sectors into numerous 
"colliaes," or hillside community groups. The planning teams for the pro­
posed AID fish culture project have identified three prefectures--Butaie,
 
Gikwngoro, and Gitarama--as being the target areas for the initial phase of
 
the project. Three more prefectures--Byumba, Iibungo, and Ruhengeri--have 
been chosen for the second phase. During the planned training of the moni­
teurs for each phase, priority communes within the given prefectures will 
be identified as posts cf assignment for the monitors. The priority of the 
different prefectures and communes chosen as target areas for the extension
 
program has been/will be based on the following criteria:
 

- number of functionig or abandoned private fishponds
 

- number and area of sites amenable to fishpond construction
 

- proximity of ponds and sites to prefectural fish stations and
 
road systems
 

- amount of interest in fish culture expressed by local government 
officials and farmers 

- relative need for animal protein--scarcity of fish produced from
 
the lakes
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Each of the chosen prefectures will be assigned an A-2 Specialized

DFF agent and five monitors. The A-2 agent will be responsible for manag­ing the prefectural fish station and supervising the extension efforts

of the five monitors. Each monitor will concentrate his efforts in a
single commune, with the option to expand his work into neighboring com­
munes as the case may warrant.
 

The commune structure in Rwanda is 
one that lends itself very well
to extension work. Meetings for all adults in the commune are held on amonthly basis at the communal center. Similar meetings for each sector are
held every two weeks. The meetings are chaired by the burgomaster, the 
governmental head of the commune. 

The GOR relies heavily on the communes for promotion of developmentefforts within the country, and the community meetings thus provide a forumto 
communicate and discuss governmental policy decisions in these matters.

The meetings also provide the opportunity for the commune's various

social and agricultural extension workers to communicate information and
make short presentations. A fish culture extension agent could in turn
 use these gatherings for the similar purpose of information presentation

as well as to organize and announce special meetings and visits of exten­
sion personnel to particular sectors of collines.
 

Demands on the fish service budget will obviously increase by imple­
mentation of this project, particularly following the project's termination.
The number of A-2 Specialized agents will increase. 
Maintenance of vehicles,
of facilities at the various stations, and of continued special training

and extension activities by service personnel will also require additional
funds. These increases, however, will not be extreme. 
In light of the

well-documented increase in fish production that should result from this
project, the MINAGRI should be convinced of the importance of this produc­
tion and of the need to increase the fish service budget as required to 
maintain the extension program. 

2. Financial Plan. Total AM contribution to this project will be
$2,470,000 in grant funds over the four-year life of the project.includes a 10% contingency factor, as well as 
This 

inflation allowance of 15% per annum, compounded. The Government of Rwanda will be expected to con­
tribute the equivalent of about $589,000 in salaries of Rwandan staff and
in the value of infrastructure being made available to the project.GOR's share is equal to 19% of 

The 
the total project cost of $3,059,000.

The Project Budget is shown in Annex D.
 

Waiver of Section 110 (a)-
Since the expected GOR contribution of

approximately 20% of total project costs falls below the 25% level required

by Section 110(a) of the FAA, a Waiver will be required and is hereby
requested. As 
a nation near the bottom of the UN's list of least developed

countries, Rwanda is eligible for this special consideration. The GOR isactually making a major contribution to this project in terms of human 
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resources (7 ASAU professional staff and 5 clericals; 10 prefectural
 
supervisors; and 143 commune agronomes, one-third to one-sixth time).
 
Even with the relatively low salary scale in Rwanda as compared to inter­
national standards, the GOR contribution still amounts tc 19% of the 
total project cost, a more than respectable showing for a least developed
 
country.
 

3. Recurrent Cost Implications for the GOR. The total operating
 
budget for the MINAGRI in 1979 was the equivalent of $4.1 million. This
 
represents an increase of 27% over the 1978 budget and 40% over the 1977
 
budget. It is not clear how much of that increase represerns inflation,
 
so in order to project a real increase for 1980, an enumerative figure of
 
5% has been used, which means that at 1979 prices the 1980 budget would be 
on the order of $4.3 million equivalent. The costs to the Government of
 
Rwanda required to continue the project in the state in which AID expects 
to leave it four years hence will be as follows:
 

(A) The cost of personnel will be 
A-2 fish specialists 12 x $2,000/yr 	 $ 24,000
 
Fish monitors 50 x $600/yr 50,000
 
Guards/chauffeur 50 x $300/yr 15,000
 

Sub-total cost of personnel 	 89,000
 

(B) Replacement of equipment amortized over an average 
5-.year life (not including vehicles and motorcycles)
 
Prefectural stations ($1,000 x 10) 2,000
 
Kigembe center - fish-handling equipment (6,800) 567
 

- training equipment (8,200) 683
 
- hand tools, etc. (3,000) 	 250 

Fish monitors (bicycles, scale, etc.) $210 x 50 2,100
 

Sub-total equipment 	 5,600
 

(C) 	Training Costs - In-country (Estimated at $2,000/yr for
 
transportation and per diem of trainees) 2,000
 

Sub-total training 	 2,000 

(D) Amortization of Kigembe Center and Prefectural Stations 
over 	25 years
 

Kigembe center ($141,000) 	 5,600 
Prefectural stations ($100,000) 	 4,000
 

Sub-total structures 	 9,600
 

(E) Amortization over 4-year life 
vehicles (12,000 x 2) 6,000
 
motorcycles (1,200 x 10) 3,000
 

Sub-total 	 9,000
 

(F) Miscellaneous and Administrative 	 4,000
 

Total recurrent costs 	 S119,500
 



39
 

This total represents the maximum recurrent costs to 
the project,

including amortization of buildings and vehicles and is approximately 29%
 
of the MINAGRI budget.
 

This figure does not represent entirely new costs to the GOR necessi­
tated by the AID project. Approximately one-third of the personnel required

in the project are already on-board and included in the present MINAGRI 
budget. This is also true for the maintenance of the Kigembe Center and
 
the prefectural fish stations. 

It is likely, however, that recurrent costs would not reach even
 
these levels. Rwanda is one of the poorest countries in the world. It
 
can be expected to receive assistance for a number of years. In all like­
lihood, the costs of building and pond renovation, and the purchase of

replacement vehicles and motorcycles, will be covered by financing either
 
from a second phase of the AID project (if evaluation and need determine
 
that it is justified) or from other donor sources. 

More important, however, is the distinct possibility that the Kigembe

Center and the prefectural stations can become virtually self-sustaining

through the sale of fish produced at these stations and through the sale

of fingerlings. It is estimated that the sale of fingerlings and of produc­
tion can realize approximately $15,000/yr to Kigembe and the fish stations-to
 
help cover the costs of guards, minor renovations of .the center and operating
 
expenses for the station supervisor and for the monitors operating in the 
prefecture. 
These costs are estimated to be $40,000 and $2,400 respectively-


Future possibilities for decreasing recurrent costs to the central
 
government are to shift the salaries of fish monitors to the comunes in
 
which they work. This will be feasible only where there are numerous,

farmers in the commune who are engaged in fish culture and w.ere production

has reached the stage where the excess is marketed. The decision to pay

field technicians is one that communes can make, and one which has been
 
made in the past. Communes hire their own health workers, etc.
 

4. Summary Financial Plan ($000's)
 

Category FX Total
LC 

Technical Assistance 
 1077 27 $1,104
 
Construction 
 - 338 338 
Commodities 
 25 163 188
 
Training 70 27 97 
-Local Support Costs - 157 157 

Sub-total 
 1172 712 1,884
 
Contingency 117 71 188 
Inflation 266 132 398 

Total 1555 915 $2,470 
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GOR Contributions over Life of Project ($000's):
 

Personnel
 

Headquarters Staff (3, 1/4 time) 
Kigembe Center (2 A-2 agents, $3,000 x 4 yr x 
Prefecture Stations (10 A-2 agents, 3,000 x 

2) 
10 
24 

4 yr x 10)
Fish Monitors and Support Staff 

120 
35 

Installations
 

Kigembe Center (est. value) 
 '.00
 
Prefecture Stations (est. value) 
 200
 

589
 

5. Procurement Plan. 
The control of goods and services financed
under this project will be the responsibility of the Water and Forest
Service of the Ministry of Agriculture and Animal Husbandry. All commo­dity procurement in the U.S. will be accomplished through a Procurement

Supply Agent authorized by the MINAGRI. Afro-American Purchasing Center

is currently acting as PSA for projects funded through AID/R-anda-and can­be contracted to provide purchasing agent services fror this project.AID/Rwanda has established a UnitProject Support under the direction of
the mission Management Officer, which will assist the Water and Forest
Service in preparation of documents for overseas procurementin in local 
procurement, and in maintaining property financialand records. 

Three small pick-up trucks will be required for the U.S. technical

assistance and for the Kigembe Center. 
Motorcycles will be required for
the 10 prefectural fish stations and one for the Kigembe Center. 
One of

the pick-up trucks and all of the motorcycles will be replaced during the
last year of the project. Bicycles will be purchased for the 50 fish

monitors, and these too will be replaced in the fourth year of the pro­ject. Because of the lack of maintenance facilities and spare parts for
U.S. vehicles and motorcycles in Rwanda, a waiver request is submitted
 
as an annex to this paper to permit local procurement of vehicles of
Code 935 origin (Western Europe or Japan). 
 POL and spare parts for allof the vehicles and motorcycles, estimated at $8,000/year, will be pur­chased locally. The remaining equipment, totalling an estimated $102,000,
will be purchased in Rwanda, either as local source and origin, or 
under the shelf-item procurement provision.
 

6. Financial Procedures. Financial procedures will be detailed in
Project Implementation Letters to be issued by AID/Rwanda. The procedurewhich has been approved by both the GOR and AID on other projects is to
provide an advance sufficient for approximately one month, to be replen­
ished upon receipt from the MINAGRI of report the use ofa on funds alreadyadvanced, and a request detailing expenditures to be covered by the 
replenishment. 
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7. Contracting for Technical Assistance. AID will finance two long­
term technicians for the four-year life-of-project and ten months of short­
term consultancies, two months of which will be for monitoring and surveil­
lance of the environmental (health) factors surrounding the ponds and one
 
month for project evaluation.
 

In line with recent initiatives by AID to establish more formal

working arrangements with the Food and Agriculture Organization (FAO) of

the U.N., as reported in 80 Rome 26758 and 80 Rome 27941, 
 Annex K includes 
a request for waiver to permit a host country contract with the FAO to 
provide the required technical assistance, both long-term and short-term,
directly related to fish production. An arrangement with the FAO is 
recommended for the following reasons: 

(A) Difficulty in locating technicians with experience and with French
 
language capability who are prepared 
 to live in rural Rwanda for four years.
AID success in recruiting technicians to live in the Capital or in semi­
urban areas has been dismal. Kigembe offers more of an obstacle since it
is located one hour from Butare (in the south of the country) and is with­
out electricity and other basic comforts. 
Should the technicians live in
 
Butare, the lack of English-speaking schools limits the field of recruit­
ment to single technicians or childless couples.
 

The FAO, on the other hand, has a wide field for recruitment which

includes French speakers. The FAO has fish culture specialists in many

other countries of the third world, including Africa, and has a pool of

well-qualified experienced technicians to technicians
from which draw, who 
will not find the foreign atmosphere, the isolation, and the different
 
culture an impediment to accepting a long assignment in Rwanda.
 

(B) Administrative support requirements. 
The AID Mission in Rwanda is
 
small and is likely to remain so. Every attempt has to be made to allow

the use of the limited USDH personnel as effectively as possible, including

the reduction in the amount of attention given to administrative support of
 
contractors. 
For AID to support a contract team based in Kigembe, even a
 
contract team of two people, will be time-consuming and difficult. With
 
FAO technicians, administrative actions will be substantially reduced.

They will find their own housing, purchase furniture and appliances, clear 
customs, pack and ship their effects, arrange air travel, use international 
mail and generally live off of the economy.
 

G. Evaluation Plan
 

1. Continuing project evaluation will be carried out by a Rwandan
sociologist and an economist from the National University at 
Butare. The
 
Rwandan team will work with the U.S. technical assistance team and the
 
fish extension service to evaluate whether the recommendations of the
 
extension service are being accepted by farmers and the benefits which are
 
accruing to farmers because of the project. The Rwandan team will be able
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to 'feed back' their findings to the project management team tomodifications permitin the extension program, and in the project,
necessary. to be made as
REDSO will be requested to assist in preparing the terms of
reference for the Rwandan evaluation team and willthe evaluation assist in monitoringprocess and the findings and evaluations of the team. 
2. The Project is phased, i.e. the first year of
concentrate on establishing an extension service in three 

the project will
 
prefectures.technical assistance team, working The

with the Rwandan sociologist and economist;
will determine at which stage project activities should be expanded to thesecond three prefectures, and later, to the remaining prefectures, and pre­sent their recommendations to AID/Rwanda. AID/Rwanda, consulting withREDSO, will determine whether the project should be expanded to ocher
regions. 

3. At the beginning of the third year of project activity, an assess­ment of the project will be made by an outside review team consisting of a
representative of the GOR and two AID consultants.
various The team will visit
project sites and interview individuals related to project activi­ties. 
The team will assess the overall progress being made to achieve
project objectives and will be able to suggest changes in project objec­tives and operations which their evaluation deems necessary.
expected that the AID It isconsultants will spend 7-10 daysone of them in country. At leastshould have fisheries extension experience from third worlda 
country. 

4. Near the end of the project, a major evaluationThis evaluation will assist AID 
wil" take place.

in determining whether a second phase
project is necessary and justified.
 

H. Status of Negotiations Conditions and Covenants
 

The possibilit7 of AID financing a fish culture project in Rwanda has
been under discussion 
 since early 1977 (See Section A, of the PID). Thepresent PP is the result of close and frequent collaboration with the
Ministr for Agriculture and Livestock, particularly theFisheries Division ofand Fish Culture. 
GOR is 

It is the opinion of the design team that thecommitted to program increasethrough a fish culture 
a to nutrition levels in rural Rwandaprogram, and that the required counterpartwill be forthcoming resourcesfrom the Government.

assessed Government commitment can beat the beginning of each phase of the project and subsequent phasesdelayed or modified if Government contributions are not forthcoming.
 

There are no 
special host country actions which must be taken prior to
execution of the Project Agreement. 
 There are no proposed conditions pre­cedent to disbursement. The following covenants will be included in theProject Agreement: 

1. A-2-level agricultural agents, training in fish culture, will beassigned to each of the prefectural fish stations included Ln the
project. 
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2. The GOR will progressively assume the cost of fish monitors

according to the formula worked out in the course of project
design. 
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Annex B. Statutory Checklist
 

SC(1) - COUNTRY CHECKLIST
 

Listed below are, first, statutory criteria applicable generally to FAA funds, and then criteriaapplicable to individual fund sources: Development Asistance and Economic Support Fund. 

A. GENERAL CRITERIA FOR COUNTRY ELIGIBILITY
 

The Social Sounaness and Economic Analyses1. FAA Sec. 17. Cin it be demonstrated thatcontemplate 'assistnce will demonstrate tnat the airactdirectly benefit beneficiaries 
the needy? If not. has the Department of of the project wiL. be the rural poor.
State det.mined that this government has 
engaged in a consistent pattern of gross
violations of Internationally recognized

hLman rights? 

2. FAA Sec. 481. Has it been determined that No narcotic drugs or other crnt-oj 1 edthe government of recipient country has failed rubqtance- ar shipped f-om Rwanda
to take adequate steps to prevent narcotics the U.S. Tt has not 
to
 

been determineddrugs and other controlled substances (as tnat Rwanda has failed to take thedefined by the Comprehensive Orug AbusePrevention and Control Act of 1970) produced necessary steps to .prevent such shipmentor processed, in whole or in part, in such in the future..country, or transported through such country.
from being sold illegally within the juris­
diction of such country to U.S. Government
 
personnel or their dependents, or from
 
entering the United States unlawfully?
 
3. FAA Sec'. 62O(b). Ifassistance is to The Secretcary oz State has so determined. 
a government, has the Secretary of State

determined that it is not controlled by the
 
international Commurist movement?
 

4. FAA Sec. 620(c). Ifassistance is to 
 No. 
government., is te government liable as 
debtor or unconditional guarantor on any

debt to a U.S. citizen for goods or services
 
furnished or ordered where (a) such citizen

has exhausted available legal remedies and
(b) debt is not denied or contested by such
 
government?
 

5. . !. 620(e)Il). If as5istance is to No. a govenment, hasit including government

agencies or subdivisions) taken any action
 
which has the effect of nationalizing,
 
expropriating, or otherwise seizing owner­
ship or control nf property of U.S. citizens
 
or'entities beneficially owned by them with­
out taking steps to discharge its obligations

toward such citizens or entities?
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A.
 

6. FA SeFY.62(a), 620tf)i FY 79 App. Act,Sec.108 w, 114 and bob. Is recipient country 
a cmunnlst country? Will assistalce be pro­
vided to the Socialist Republic of Vietnam,

Cambodia, Laos, Cuba, Uganda, Mozambique, or
 
Angola?
 

7. FA Sec. 620(1). Is recipient country 
inany way involved in (a)subversion of, or 
military aggression against, the United States
 
or any country receiving U.S. assistance, or
(b)the planning of such subversion or 
aggression?
 

8. F68 Sec. 620 (1). Has the country permitted, 
or failed to take adequate measures to prevent,
the damge or destruction, by mob action, of 
U.S. property?
 

9. FAA Sec. 620(1). If the country has failed 
to inst1tute the investment guaranty program
for the specific risks of expropriation, Incon­
vertibility or confiscation, has the AID

Administrator within the past year considered 
denying assistance to such government for this 
reason? 

10. FAA Sec. 620(o); Fshermen's Protective

Act oT 17o/. as amenea. Sec. 0. -i country
has seized, or imposed any penalty or sanction

against, Any U.S. fishing activities In 
international waters:
 

a. has any deduction required by the
 
Fishermen's Protective Act been made?
 

b. has complete denial of assistance
 
bee considered by AID A ministrator?
 

11. FAA Sec. 620: FY 79 Apo. Act.Sec. 603. 
(a) Isthe government of the recipient country
in default for more than 6 months on interest 
or principal of any AID loan to the country?
(b)Iscountry in default exceeding one year

on Interest or principal on U.S. loan under
 
program for which App. Act appropriates

funds?
 

12. FAA Sec, 620W. If contemplated
assistance isdevelopment loan or from 

Economic Support Fund, has the Administrator
taken into account the percentage of the
country's budget which Is for military

expenditures, the Amount of foreign exchange

spent on military equipment and the
 

No. 

NO. 

No.
 

lot anp]icable. 

Not am,1.iclole. 

Not applicable.
 

Not anwlicable. 
*
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amount spent for the purchase of sophisticated
 
weapons systems? (An affirmative answer may
 
refer to the record of the annual "Taking Into
 
Consideration" memo: "Yes, as reported In
 
annual report on implementation of Sec. 620(s)."
 
This report isprepared at time of approval by

the Administrator of the Operational Year Budget
 
and can be the basis for an affirmatlve answer
 
luring the fiscal yar unless significant changes

incircumstances occur.)
 

No. 
13. FA Sec. 620(t). Has the country severed
 
diplomatic relations with the United States?
 
Ifso, have they been resumed and have new
 
bilateral assistance agreements been negotiated
 
and entered into since such resumptlon?
 

•here "s no chronic ax-eagesiut m 
14. FAA Sec. 620(u). What Is the payment status hna e to time, 
of the country's U.N. obligations? Ifthe country tnough Rwana. has, from time to time,

slow in meetina its U.N. ublizations.is inarrears, were such arreerages taken into oeen 

account by tho AID Administrator indetermining
 
the curret AID Operational Year Budget?
 

15. FAA Sec. 620A, FY 79 App.Act. Sec. 607. Has No.
 
the country granted sanctuary trom prosecution to
 
any individual or group which has committed an
 
act of international terrorism?
 

16. FAA Sec. 666. Does the country object, on No.
 
basis of race, re igirl, national origin or
 
sex, to the presenct J any officer or employee
 
of the U.S. there to carry out economic
 
development program under FAA?
 

17. FAA Sec. 669 670. Has the country, after No.
 

August 3.1977, aette .dor received nuclear
 
enricrment or reprocessino eauipmnt.,matetials.
 
or technology, without specified arrangenents or
 
safeguards? Has itdetonated a nuclear device
 
after August 3, 1977, although not a "nuclear­
weapon State" under the nonproliferation treaty?
 

B. FUNDING CRITERIA FOR COUNTRY ELIGIBILITY
 

1. Develooment Assistance Country Criteria Criteria on ;ozmitment to -nvolving the 

a. FAA Sec. 102(b)(4). Have criteria been noor in development have been establisned
 
estatlisneg ana taKen into account to assess and it. has been u.eterm-fned that Rwanda's 
camtaeat progress of country ineffectively
Involving the poor in development. on such co=mitmenc in this regard meets
 

indexes as: (1)increase Inagricultural snandaxds. See Rwanaa CflSS.
 
productivity through small-farm labor intensive
 
agriculture, (2) reduced Infant mortality, 
(3)control of population growth, (4)ouality
 
of income distribution, (5)reduction of
 
unemployment, and (6)increased literacy?
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b. FAA Sec. 104()L11. If appropriate, is 
this dvielopnt (lncluding Sahel) activity designed 
to build motivation for smaller families through 
modification of economic and social conditions 
supportive of the desire for large families in 
programs such as education in and out of school, 
nutrition, disease control, maternal and child 
health services, agricultural production, rural 
development, and assistance to urban poor? 

Not aplicable. 

2. Economic Support Fund Country Criteria 

a. FAA Sec. 5028. Has the country engaged 
in a consistent pattern of gross violations of 
internationally recognized hum rights? 

Nut amnlL.cabl e. 

b. FAA Sec. 533(b). Will assistance under 
the Soutern Africa program be provided to 
Mozambique. Angola, Tanzania, or Zambia? If so, 
has President determined (and reported to the 
Congress) that such assistance will further U.S. 
foreign policy interests? 

Now aoplicable. 

c. FAA Sec. 609. If comoodities are to be 
granted so that sale proceeds will accrue to the 
recipient country, have Spectlil Account (counter­
part) arrangements been made? 

vot applicable. 

d. FY 79 App. ActSec. 11:3. Will assistance 
be provide for the purpo-se-ofIdng directly the 
efforts of the government of such country to 
repress the legitimate rights df the population
of such country contrary to the Universal 
Declaration of Human Rights? 

Not apmolcable.. 

e. FA Sec. 6208. Will security supporting 
assistance be furnished to Argentina after 
September 30, 1978? 

Not applicable. 



B/ 5 

5C(2) - PROJECT CHECKLIST 

Listed below are statutory criteria applicable generally to projects with FAA funds and project
criteria applicable to individual fund sources: Development Assistance (with a subcategory for 
criteria applicable only to loans); and Economic Support Fund. 

CROSS REFERENCES: 	 IS COUNTRY CHECKLIST UP TO DATE? 
HAS STANDARD ITEM CHECKLIST BEEN REVIEWED FOR THIS PRODUCT? 

A. GENERA!. CRITERIA FOR PROJECT 

1. F! 79 App. Act Unnumbered- FAA Sec. 653 (b); -he Project has becn included in 6he :Y

Sec. 634A. (a) Dscribe how &vrmittees on 198± ana 19b2 Congressional Presentations.
 
Appropriations of Senate and House have been or
 
will be notified concerning the project;
 
(b) Is assistance within (Operational Year
 
Budget) country or International organization

allocation reported to Congress (or not more
 
than $1 million over that igure)?
 

2. FAA Sec. 611LI). Prior to obligation The reauired nlans nave been completed
In excess of $100,000, will there be (a) engi- and ar- discussed in thL PP. 
neering, financial, and other plans necessary 
to carry out the assistance and (b) a reasonably 
firm estimate of the cost to the U.S. of the 
assistance? 

3. FAA Sec. 611(IL2J. If further legislative No further legislative action is
 
action is required within recipient country, required.
 
what is basis for reasonable expectation that
 
such action will be comleted In time to permit

orderly accomplisment of purpose of the 
assistance? -

4. FAA Sec. 611(b); FY 79 Apo. Act Sec. 101.
 
If for-ater or water-related land resource Not arplicable.
 
construction, has project met the standards
 
and criteria as per the Principles and Standards
 
for Planning Water and Related Land Resources
 
dated October 25, 1973?
 

5. FAA Sec. 611(el. If project is capital Yes. Certification is included in
 
assistance (e.g., construction), and all this Pr.
 
U.S. assistance for It will exceed $1 million,
 
has Mission Director certified and Regional
 
Assistant Administrator taken into consideration
 
the country's capability effectively to maintain
 
and utilize the project?
 

6. FAA Sec. 209. Is project susceptible of Tae project is not suscetible of execution 
excuuo is part of regional nr multilateral as a regional or mu.ti-lateral project.
project? If so why is project not so executed? However, experience gained under this 
Information and conclusion whether assistance 
will 	encourage regional development programs. project will have applicability 

for future, similar nrojects in neignbor­
in7 countries. 
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7. FA Sec. 601(a). Informtion and conclusions 
whether project wl encourage efforts of the 
country to: (a) increase the flow of international 
trade; (b) foster private Initiative and competi' 
tion; () encourage development and use of 
cooperatives, credit unions, and savings and loan 
associations; (d) discourage monopolistic practices; 
(e) improve technit-3 efficiency of industry, agri­
culture and cmerce; and (f)strengthen free 
labor unions. 

8. FAA Sec. 601(b). information and conclusion 
on how project -ill encourage U.S. private trade 
and investment abroad and encourage private U.S. 
participation in foreign assistance programs 
(including use of private trade channels and the 
services of U.S. private enterprise). 

9. FAA Sec. 612(b); Sec. 636(h). Describe steps 
taken P assure that, to the maximum extant possi­
ble, the country is contributing local currencies 
to met the cost of contractual and other services, 
and foreign currencies owned by the U.S. are 
utilized to meet the cost of contractual and 
other services. 

10. FM S. 12d. Dies the U.S. own excess 
foreign Currmcy of-the country and, if so, what 
arrungemnts have been made for -its release? 

11. FAA Sec 601 e). Will the project utilize 
cmpetitie ese ,on procedures for the awarding 
of contracts, except where applicable procurement
rules allow otherwise? 

12. FY 79 Asp. Act Sec. 608. If assistance Is 
for the proucton o any cmmodity for ezport, 
fs the commdity likely to be-in surplus on world 
markets at the time the resulting productive 
capacity bacones operative, and is such assistance 
likely to cause substantial injury to U.S. 
producers of the same, similar, or cometing 
cmdi ty? 

8. FUNDING CRITERIA FOR PPQJECT 

1. Development Assistance Prolect Criteria 

a. FM Sec. 102(b)e 111. 113; 281a. 
Etant to w ic ctlvity Wi1l Ja) effectively
involve the por indevelopment, by extendingb 
access to econom at local level, Increasing 
labor-intensive production and the use of 
appropriate technology, spreeding Investment 
out fr cities to smell tows and rural areas, 
and Insuring wide participation of the poor in 
am benefits of development on a sustained 

'310 

ihe project will encourage the devel­
orment of fish production cooperatives 
-.hough this is not a primary 
'roject objective. Other factors 

are not applicable. 

Not applicable.
 

Not aplicable. 

Not applicable. 

A vaiver for sole source contracting ith 
the FAO for technicas. assistance is 
being requested. Comietitive mrciirement 
prncedures ,ill1 be. ap.ied in all other 

amlicablp caqes. 

ot aP-licabl e. 

Poor r'xral farmers are the primary7 bent­

ficiaries of the extension services to 
be aided by the prolect. Arpropriate 

technoloixy for fish culture will be 
transmitted to interested farmers. 
Succe.ss'.u.L fish nonds -will enable farmers 

to imnruve tLe nutritional levels of the._ 
families and, over time, increase tneir 
incomes. Major investment is not rt-.uire
 
of farmers other tnan labor. telr-help
 
effurt3 are reinfurced both at farm and 
Liatinnal levels vy increasina' tota. 
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basis, using the appropriate U.S. institutions; 
(b) help develop cooperatives, especially by tech-
nical assistance, to assist rural, and urban poor oond

better life, and otherwisehelp themselves toward 
encourage democratic private and local governmental 
Institutions; (c) support the self-help efforts of 
developing countries; (d) promote the participation of 
women in the national economies of developing countries 
and the improvement of women's status; and (e) utilize 
and encourage regional cooperation by developing 
countries? 

b. FA. Sec. 103. 103A. 104. 105. 106, 107. 
is assistance being made available: (Include only 
applicable paragraph which corresponds to sourco 
of funds used. If more than one fund source is 
used for project, include relevant paragraph for 
each fund source.) 

(1) E103) for agriculture, rural development 
or nutrition; ifso, extent to which activity is
 
specifically designed to Increase productivity and 
Income of rural poor; [103A] If for agricultural 
research, is full account taken of nerds of sall 
farmers; 


(2) E104) for population planning under sec. 
104(b) or health under sec. 104(c ; if so, extent 
to Witch activity emphasizes low-cost, integrated 
delivery systems for health, nutrition and family
 
planning for the poorest people, with particular
 
attention to the needs of mothers and young 
children, using paramedical and auxiliary medical 
personnel, clinics and health posts, commercial 
distribution systems and other modes of community 
research.
 

(3) E1053 for education, public admini­
atration, or human resources development; if so,
 
extent to which activity strenothens nonfomml
 
education, makes formal education more r l vant,
 
especially for rural families and urban poor, or
 
strengthens management capability of institutions
 
enabling the poor to participate in development;
 

(4) [106] fr technical assistance, energy, 
research, reconstruction, and selected development 
problems; if so, extent activity is: 

() tchntical cooperation and develop­
ment, especially with U.S. private and voluntary,
 
or regional and international development,
 
organizations;
 

(11) to help alleviate energy problems; 

(ill) research into, and evaluation of, 
econoic development processes and techniques; 

(tv) reconstruction after natural or
 
mamade disaster;
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food sunplv anr reducing import 
requirements. As the member of the 
family who wil. contrupo te crre 

use of tue fish, women wilL be prime 
targets of extension services, and w-ill 
ue hired ns extension aents. 

(lu3)The project is soecifically
 
designed to reinforce an extcnsion 
servic -o Provide tecbnica advise 

anc needea inputs (fingerlings) to 
rural rarmers. The project des4.gn "as 
considered alternative ways to reach the 

farmer and has determined thaT the 

assistance described in the PP is tne 
must anpropriate and has the best chaic= 
for success and revlcaion.
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(v) for special developinent problm,

and to enable proper utilization of earlier U.S.
 
Infrastructure, etc., assistancs;
 

(v) for progreas of urban development,
especially =all labor-Intensive enterprises,
marketing systos, and financial or other Insti­tutions to help urban poor participate in econmic 
and social developimnt.
 

c. (107] Isappropriate effort placed on use 
of appropriate technology? 

d. FAA Sec. 110(al. Will the recipientcountr provlde at least 2S% of e costs of theprogran. project, or activity with respect towach the assistance Is to be furnished (or has 
the lattar cost-saring resquiraent been waived
for a *rlatlvely least-daveloped" country)? 


a. FAA See. 1DLbl. Will grant capital
assistanc-e isorsed for project over moreythan 3 years? If so, has Justification satis-

factory to the Congress been made, and efforts
for other financing, or is the recipient country

relatively least developed'?
 

f. FAA Sec, 281(b). Descri extent to 

icn progrm recognizes the particular needs.
desires, and capacities of the people of'tecountry; 

resources utilizes the country's intellectualto encourage institutional developmet;

and supports civil education and training in

skills required for effective Participation ingovermental and political proces.es essential 

to seif-govermsenit.
 

g. FAA.Se. 122(b). Does the activity

give reasonale pro ise of contributing to the
developmnt of economic resources, or to the

increase or productive capacities and self-

sustaining ecomic growth? 

2. Develoosent Ais-stslane Project Criteria 

[Loans On1ly)
 

a. FAA S4c 122 U. Infomation and 

cOW usan onoWp ltiy of the country to repay
the loan, including reasonableness of
repa'ment p~ospects. 

b. FA $ec,_S(d1. If assistance Is for 
any produc:ve enarpri-se wifch will co ets inthle U.S. with U.S. enterprise, is there an
agremmit by the recipient country to prevent
exort to the U.S. of more than 201 of the
lterpsise's annual productlion during the life
 
of the loan?
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Eanca will cn-ricut appox .eelv
 
2.4 of the cost of the rrolect. LtwandkL
is a "relatively least developed"

country ana a waiver from this Section
 
counthe a ci
has e 

o: the FA has been recuested. 

w-anda is a relatvery least develored"
 

COUflLry.
 

Farmers have been trying to raise fish
 
for the las4 20 years Vi.hout smccess.
Studies carrie out in cojunctior wth
 

the PP design have ueterm.ned that far-ierswanT advise on the right wfy to raise zis'h
and want access to fingerlings. Theproiect will rovie that. -.
he project
 

has a larxe traininz com~onet for fishculture smecia.Lists aud for low-level
 
extension workers who will 
ork
 
eutlo wr 
 fer s.direutly with tue farmers.
 

Yes.
 

Not appl.Lcable.
 

'To, aprmlcable.
 

http:proces.es
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3. Proiect Criteria Solely for Economic 

Support Fund 

a. FAA Sec. 531(aI . Will this assistance 
support prooto aconomic or political stability? 
.o the extent possible, does it reflect the 
policy directions of section 102? 

Nnt aPplicable 
"" 

b. E8A Se. 533. Will assistance 
this chapter be used for military, or 
paramilitary activities? 

under 
No. 



ANNEX C
 

Responses to REDSO/EA and AID/W PID Review Cables
 

The PID was reviewed by REDSO/EA on January 24, 1980, and the
 
Review Committee comments forwarded to AID/Rwanda by 80 Nairobi 2028.
 
The AID/W PID review was conducted on February 20 and reported to the
 
field in 80 State 07]483. Copies of both cables are attached. The
 
Project Paper has addressed the comments/recommendations of both 
reviews. Below is presented a brief summary of these responses.
 

1. 80 Nairobi 2028 (REDSO/EA) 

A. The economics of small farmer fish culture. 

(1) Cost to-the small farmer of building and maintaining small 
ponds. The AID project will involve little if any new pond construction.
 
There are approximately 3,000 ponds already in existence and being worked, 
but with very little yield. These ponds will be the focal point of
 
extension services. New ponds to be constructed will be at farmer ini­
tiative but only after farmers have been shown that a viable return is
 
possible from fish culture. 

Maintenance of ponds is a labor cost to be incurred by the farmers. 
While some labor is already allotted to the ponds,. more will be required,
 
particularly maintaining the ponds free of weeds at the edges. This is
 
labor which will be given to the young members of the family since it is 
not strenuous, only time consuming.
 

Supplemental feed availability is discussed in the FAO report. Feed 
is available and the technical assistance team will have to establish a 
mechanism for systematically assuring that it is reserved for fish cul­
ture and is delivered.
 

(2) Cost to the GOR. The recurrent cost burden of the entire
 
project is $120,000/yr., including the cost of amortizing the government­
owned installations and for personnel. It should be noted, however, that 
all of the A-2 technicians are already on board and assigned to the pre­
fectural fish stations and that 20 fish monitors are already on govern­
ment rolls, as are a number of laborers. The project will result in an 
estimated increase in personnel of approximately 50, including 30 fish
 
monitors and 20 laborers and guardians. Possibilities for self-financing,
 
at least of the day-to-day costs at Kigembe and at the fish stations, will 
be examined, particularly that of using proceeds from the sale of finger­
lings to cover some costs. Other options include putting the fish moni­
tors at the charge of the communes and, ultimately, the farmers who 
benefit from their services. These options will be examined over the life 
of the project. 
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(3) Marketing costs. The project analyses have determined that 
marketing of fi-h will not enter into the equation during the firb; chree 
years of the project--that fish grown will be consumed at home and/or will 
be bartered for other goods and services. What little may enter into the 
commercial system will be marketed to neighbors. Should production reach 
the level where personnel needs are exceeded, the marketing system being 
developed for the lake fisheries program can be brought into play. The 
technical assistance team will be responsible for making reconuindations 
for future assistance in marketing, should the need arise. 

(4) Cost to AID. The project costs have been determined by the
 
design team and are presented in the PP.
 

B. Land allocation. The project will work with ponds already in
 
existence. The question of allocating new land for ponds will not arise
 
over the near term.
 

C. Update on existing pond situation. The PP analyses have deter­
mined that production is not maximized due principally to a total lack
 
of extension services to participating farmers. The IDRC research project
 
has concerned itself entirely with lake fisheries. Very little of their
 
experience is transferable to the fish culture project.
 

D. Possibility of joint project with Burundi. This possibility was­
explored and rejected. The Rwanda program is ahead of the proposed
 
Burundi project. Certainly, the experience in Rwanda will prove
 
extremely valuable for Burundi and the possibility of coordination and
 
collaboration in the future should be retained.
 

2. 80 State 071483
 

A. Self-financing. See remarks para A (2) above.
 

B. Comparative returns from use of manure. According to the
 
Auburn team, studies on comparative returns from manure for fishponds
 
versus use of manure on food crops have never been carried out.
 

C. Costs and returns from using chemical fertilizer. The PP design
 
team determined that the use of chemical fertilizer was not possible.
 

D. The use of formal or informal credit. The design team saw no
 
instance where the use of credit would be required either by individual
 
farmers or by groups of farmers. The scale of production will be too
 
small. Should groups of farmers reach the scale of production where
 
credit for the purchase of feed or fertilizer becomes possible, the
 
Banques Populaires (People's Banks) are available and ready to extend
 
credit.
 

E. Fish grown in rotation with rice. It has been determined that,
 
because of the limited rice production in Rwanda, the project would not
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consider this possibility. The only rice projects are Chinese financed, 
and a fish/rice program would probably involve co-mingling of funds. 
Further, chemical fertilizer and pesticides are used on the rice paddies.
 
Since we are unaware of the kinds being used, environmental issues cannot
 
be easily addressed. Finally, it was determined advantageous to concen­
trate the project on the types of fish culture with which farmers are 
familiar. 

F. Alternative crops and effective land use. New pond construction
 
will not be the target of the project. The extension services will
 
concentrate on farmers who already have ponds but are getting little or
 
no yield from them. If new land is brought into fish production, it will
 
be the farmers' decision based on his perception of what is being

achieved on other ponds. The construction of new ponds is not likely
 
to occur until substantial production increases are felt on existing ponds.
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FROM REDSO/EA Sit-


E.O. 12065:N/A

SUBJ: RWANDA FISH CULTURE (696-0112) - PID SRB,ISION
 

REF NAIROBI 1153
 

1. REDSO/EA COMMITTFE REVIEW OF SUBJECT PID 9AS aTrD

JANUARY 24. PID WAS WELL-RECEIVED, ALTHOUGR 
SOME POINTS
WERE RAISED DURING THE DISCUSSION WHICH wE FEEL 
(A) WILL
PROBABLY ALSO BE RAISED IN THE AID/W REVIEW 
PROCESS AND (B)
MAY JUSTIFY REVISION OF SOME SECTIONS OF THE PID PRIOR
SUBMISSION TO AID/W. THESE POINTS ARE RIGHLI;HTED BELOW:
 

2. THE ECONOMICS OF SMALL FARMER FISH CULTURE. THIS QUESTION
MUST BE EXAMINED ON FOUR LEVELS: 
(A) COST TO THE SMALL FARYER
OF BUILDING AND MAINTAINING 1-2 SMALL PONDS. EIGFTY MAN-DAYS
OF LABOR TO BUILD EACH POND REPRESENTS A CONSIDERABLE LEVEL
OF EFFORT TO BE EITHER HIRED (FINANCIAL COST) OR PERFORMED BY
THE-SMALL FARMER (COST OF EFFORT). 
TO THIS INITIAL COST MUST
BE ADDED THE COST OF FEEDING THE FISH AND MAINTENANCE.
SOURCE AND COST OF FEED AND ITS TRANSPORT TO PONDS 4AS
A MAJOR QUESTION RAISED BY AUBURN TEAM IN RURUNDI. SINCE THE
QUESTION OF FEED WILL DIRECTLY IMPACT ON YIELD (AND PREFITABILITY),
BELIMY THIS DESERVES PARTICIULAR ATTENTION. COPY OF AUSURN REPORT
WAS POUCHED TO AAO LAST WEEK. (B) COST TO TRE 1OR. 2OR PERSONNEL
COSTS SEEM UNDERESTIMATED AND REPRESENT A SIZEABLE RECURRZINT
COST BURDEN. THE COST OF FINGERLINGS ALSO REPRESENTS A RECURRENT
COST BURDEN. WILL THE COST BE SUSIDIZED BY TH"E GOR? IF SO,
ESTIMATED COST SHOULD BE INCLUDED !N GOR CONTRIBUTION TO THE
PROJECT. (C) MARKETING COSTS. 
IF PONDS ARE H..VESTED 1-2
TIMES PER YEAR, YIELD IS LIKELY TO REQUIRE SOME MARK-zTING.
(IS IT FEASIBLE FOR SUBSISTANCE FARMTRS TO STOCK PONDS MONTBtY
SO THAT MATUR.E FISH CAN BE HARVESTED THROUGHOUT EACE *'IONrH
TO AVOID MARKETING?) PID IMPLIES THAT MAR.:FTING-R,LATED QUESTIONS
(CAN FARMERS AFFORD TO BUY 
FISH? ARE THERF LOCAL 
IARKETS? WHAT
ARE IMPLICATIONS OF TRANSPORTING FISH TO NEIGHBORING OR URBA.N
MARKETS?) WILL BE ADDRESSED DURING PP DESIGN. AT
MINIMUM, BELIEVE OUESTIONS SHOULD BE RAIS7D IN PID AND EXTENT
OF OUR KNOWLEDGE OF ANSWERS ACKNOWLEDGED, INCLUDING IDEA THAT
*SOCIAL SCIENTIST 'ILL 7.AMINE UNANSWERED QUESTIONS PRIOR TO PP
DrSIGN EFFORT. 
(n) COST TO AID. COST OF CONTP.UrTION OF
TRAINING CENTZR AND DORMITORY SEEMS5 UNDER ES,'IMAEn IM 7IEV OUR
PREVIOUS EXPERIENCE IN RdANDA, AT LEAST WITHOUT EXPLANATION OF
WHY IT IS SO INEXPENSIVE.
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3. LAND ALLOCATION, THERE APE TWO ASPECTS OF ...(A) ALLOCATION S InU3TINON: C/5OF LAND FOR FISH PON-S, WHICH IS BEINI, AIDRE9SED
IN PDS STUDY, AND (B) ALTERNATIVE USES FOR LAND BASED ON
rPRODUCTION REVENUE. CRITERIA MUST BE ESTiBLISHED ON BASIS
OF WHICH FARMER CAN REpADVISED ON MOST PROFITABLE USE OF
AVAILABLE LAND. THIS ASPECT OF LAND ALLOCATION SHOULD 
 PERHAPS
ALSO BE ACKNOWLEDGED IN PID WITTH STATEMENT THAT I FILL BEADDRESSED FULLY IN PP DZiSIGN EFFORT. 
4.UPDATE ON EXISTING POND SITUATION. OBVIOUS QUESTION IS
WHT ARE FARMIRS NOT MAXIMIZING PRODUCTION FROM EXISTING PONDS?
IS IT ONLY BASED ON A LACK OF TECHNICAL (NOW-HOW? PERIRPAS MORF
FUNDAMENTAL PROBLEM IS COST AND SOURCE OF-SUPPLPMENrAL FFED FORFISH WHICH, AGAIN, AUBURN RAISED IN BURUNDI SITUATION, IT 1OULD
ALSO BE. HELPFUL TO 
FAVE MORE OF A DESCRIPTION OF IDRC RSEARCE.
PROJECT AT BUTARE. ARE TH.'1RE RESULTS AND EXPERIENCES IWHI-CH
ARE APPLICABLE TO THIS PROJECT?
 

5. POSSIBILITY OF JbINT PROJECT WITH BURUNDI 
 RED:O.FA
COMMITTEE"RAISED QUESTION OF WHY AUBURN TEAM 
(GROVER AND P.LM)
DID NOT RAISE/ACrNOWLEDGE SAME TECHNICAL AND .ECONOMIC
PROBLEMS WHICH GROVER RAISED IN BURUNDI. ASSUMING AUBTTRN 
IS
ALSO SELECTED FOR RWANDA PROJECT, IT SEE:IS REASONIBLF TO
IMPLENT THE PROJECT IN CONCERT WITH RURUNDI PR.OJECT - HAT.WIS AUBURN WILL UNDEPTAKE RESEARCH ON 
IS. CULJTURE IN BURUNDI
fCH WOULD CONPLEMENT ON-FARM.FFORTPRODUCTIO1. 
 INR'NDA.
 

6. ALSO, REDSO/EA WOULD APPR.ECIATE R7CEIVING A COPY OF
AUBURN 'S9TATE OF THE ART STUDY OF, FISH CULTUREr IN 'WEST AND
ANCENTRAL AFRICA.
 

7. REDSO/EA APPR.CIATES AAO'S DESIRE TO FO.-L;cD PID ASAP TOAID/W AND INABILITY TO ANSWER MUST OF QUESTIONS RAISED ABOVE
WITHOUT TECHNICAL TFAM TO BE FIELDED FOR PP n"S TGN. ONE THE~
OTHER HAND, QUESTINS ON ECONOMICS OF FISH CTTTNrTRDE SEEM SERIOUS
ENOUGH TO REQUIRE ANALYSIS PRIORTO P? -IJ F,FORT. ShOULD
FISH CULTURE PROVE AN UNECONOMIC VFNTO' iR
IT IS UNFW T TT BOTH GOR AND AID PF SmALL FAIER,TO 0 ozrl ")'?STACGF ATWHICH POINT BOTH PARTIES 'FEEL COMMrTT'r-l, P' '")0JECT AN, .EKAPEOTATTONS ARE HIGH. WTE ARE WILLIWI TO ~T'79~ POSSI3ILITY'OF CONTRACTING WITH LOC&LLY-BASFD ECONO9llS 
 T3 CONDQCTt IN
EFFECT, A FEASIBILITY SUTDY OF PCNTSMALL 6'Cov4,ICNSoARE IN AGREENIENT. IF YOU~IF AAO WISHES TO DISC!'-; pI'TIN GREATER DETAIL O/EA S C0NC 1RNSAND/REAYE ASSISPAlCr It0 .'9 I; 
 D BLAN
AVAILABLE FOIR TDY NEXT
REDSO/EA 

W!Zk OR IN N':F'TTP,,' . L?'FRNkIVF~r~Y,CAN POUCH COLLETIVE COMMENT-3 TO) AAO '0 DVyRYQUEST AAO COMMENTS AND PROPOSED NbXT ST?,PS.
 

8. FYI. RED.O/EA IS 0BTAINING I ORkTID F 
 FEACE COPPS/
KENYA ON FISH CUTTNP PROGRAM
LSRET)SO/rA ECONkOMIST (6 PCVS) Il itANV:k pRnCE.IS STU.DYING BOTF t~iD AND AL1BTTR ,kREPORT ON PURUNDIf IN GREATER DETAIL IN )PrMIORE SUBSTANTIVE THAN THOSE OUTLINED P P.A, 
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Annex D 
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: Il 1 YR 2 YR 3 Ilt 4 TOTAL 
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Short-term Technical consultants (8 mos) 

Environmentary monitoring (2 mos) 
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Local contract for evaluation 

Kigembe Center Director (2 years) 

g 285 

: 220 

: 20 

: 5 

s10 

t 

: 40 

305 

220 

20 

5 

10 

40 

252 

120 

20 

5 

7 

262 

220 

20 

5 

10 

7 

1.104 

800 

80 

20 

20 

24 

80 

Construction 

Kigembo Center 

Prefectural fish stations 

Engineering services 

a178 

: 93 

a 70 

a 15 

95 

36 

51 

8 

44 

40 

4 

21 

17 

4 

338 

129 

178 

31 

Commodity Procurement 

1 ton vehicles (4 at $II.000) 

Vw (1) 

Motorcycles (22 - $1550) 

Bicycles (50 - $i20) 

Maintenance equipment for Kigembe and fish 
stations (11 - $1,000) 

a 103 

a 33 

a 17 

: 3 

a 

: 11 

55 

8 

3 

2 28 

11 

17 
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44 

8 

34 

6 

11 
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YU1I Y11 2 YR 3 Yl14 TOTAL 
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I1 
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2 

23 

1 
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Local support costs 

Vehicle/motorcycle spare parts, repairs, maintenance 
and operation 

Personnel costs (fish monitors, secretary, chauffeurs, 
guards etc.) 

Kigembe center 
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Fish monitors 
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:38 

a 

a 8 

: 

. 20 

:(12) 

a (4) 

a (4) 
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28 

B 

20 

(12) 

(4) 

(4) 

30 

38 

8 

10 

(6) 

(2) 

(2) 

20 

23 

8 

5 

(3) 

(1) 

(1) 

10 

157 

32 

55 

70 

Sub-total 
S 
:630' 551 364 339 1 884 
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_ _YR I YR 2 YR 3 
 Y11 4 
 TOTAL
 

Continge. cy (iOc) 
 :6. 55 37 34 
 188
 

Sub-total 
 : 692 606 401 373 
 2 072
 
Inflation (15i compounded) 
 a - 85 139 174 398
 

692 691 540 547 2 470
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INTRODUCTIO" 

Fish culture was introduced in Rwanda by the Belgian colonial
 

administration in 1948, and by 1960 a considerable number of family-size
 

ponds existed in the country. During the post-colonial years, most of these
 

ponds have been abandoned, however, and it is only in recent years that the
 

people and the Government of Rwanda have again become interested in reactivaing
 

and expanding fish farting in the country.
 

Responding to this revived interest, USAID Rwanda proposed a fish culture
 

project to the Government of Rwanda, with major emphasis on extension training
 

and technical assistance.
 

To undertake some of the necessary background studies,.USAI.D Rwanda
 

requested FAO assistance. The request was forwarded to the FAO/Uh'DP interregional
 

Aquaculture Development and Coordination Programoe, (ADCP), which, after a
 

respective agreement between USAID and FAO had been reached with regard to
 

financing the assistance, sent an aquaculture socio-economist, Mr. U.W. Schmidt
 

to Rwanda in June 1980. A second mission, comprising Mr Y.M.J. Vincke,
 

Senior Aquaculturist of the AflCP and Mr U.W. Schmidt, was fielded in September
 

1960. assesses
 

The following report is a result of these visits and/the technical, economic,
 

financial and social feasibility of rural fish culture development in Rwanda.
 

The authors express their gratitude for the active cooperation and valuable
 

assistance of Mr. E. Chiavaroli and Mr. T. Barker of the Rwanda USAID Bureau.
 

Valuable information was obtained in discussions with Dr.G.Hahy and/Tr.Pascal Bayor
 

of the National University of Rwanda in Butare and Mr. M. Monnon, at that time
 

member of a U,.DP/ADB Mission to Rwanda.
 



-. ~ ~ .LTD?AN RDDS ECNATICNS 

.. Su r* of -ininszs
 

The present sca;nant situation of fish culture in Rwanda is 
a result of the
 

almost com.lece lack of extension of fish farming tecmology. .lot -eceiving :echnic.al­

assistance, fingerlings, motivational support, etc., 
-farmershave abandoned =anv .3onds 

and others have not been harvested for years. 

!= spite of the present situation, incorest in fish culture has remained high 

among rural people. However, reactivating and upgrading fish pond production will 

require promocion of fish farming, as far-rs have become reluctant to invest labour
 

and time, due to disappointing yields during the Last -.'o decades. 

The mission found no major technical and biological constraints to fish farming
 

in rural Rwanda. 
 The cli=ate, the available soils and the. general availability of
 

water constitute a sufficient 
natural resource base for fish culture. 
Basic aceTial 

(agricultural wastes, agro-industrial by-products) to introduca feeding of fish and 

fertilization of ponds in general available, although their feasable use willare 

have to be evaluated in particular for every production unit. 

To establish fish culture in the rural milieu will require substantial effort 
to strengthen the development infrastructure, i.e., research,training and extension. 

With respect to the national economy, fish farming can be expected to yield a 

significant and positive impact, as in will provide much-needed protein for humr'i
 

consumption, increase incomes and employment opportunities, diversi!fy production, 

and strengthen and diversify Che internal market. 

Based on the assum.cion of a hypothetical development support project providing 
about 1 400 rural families with technical assistance and advice in operating fish
 

ponds, a yearly production of about 180 tons of fish is estimated, which 

should add a value of about 
LI million Rw.F to the overall agricultural production.
 

This estimate assumes, however,only low yields and does not consider the probable
 

spread effect of successfully operating fish culture units.
 

http:echnic.al
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On the farm-level fish farming is more profitable to the farmer than most other
 

agricultural undertakings.
 
when properly managed, 

A 500 m 2 family pond is expecred/:o yield a minimum gross return of Rw.F 6 000 

per year, with a considerable potential for increase. Using, except for fingerlings 

to initially stock the ponds, available resources (mainly family labour and agricultural 

wastes), a rural family can derive a minimum cash income of Rw.F 2 250 per year from 

2~ old 
a 500 m pond, while still consuming 45 kg of fish per year (a 20 percent increase over
 

the present average Der caput (consumption).
 

Rural fish culture development will not alter the socio-economic ownership and
 

production structures. Fish culture is technologically within the reach of the
 

farming population; as a technology it ,can be expected to be assimilated more readily
 

as, for example, animal husbandry, because it ressembles farming more closely. There
 

is already a significant interest in taking up fish farming among rural people.
 

Socially and culturally, fish farming will not disrupt existing social
 

structures and behaviour or value patterns, and can be integrated into the existing
 

rural life.
 

Considering the predicted technical feasibility of fish culture in Rwanda, the
 

probable positive and significant economic impact, the projected profitability for
 

farming families and the apparent absence of major socially or culturally based
 

constraints, the provision of the necessary development infrastructure and support
 

to upgrade or innovate fish culture in Rwanda appears to be thus both justified and
 

desirable.
 



1.2 	 Reco-endaticns
 

On the basis of the above findings the following is recommended:
 

(i) 	to establish a development support structure to 
facilitate the reactivatio=
 

and expansion of fish culture, as a family venture or a group undertakin*,
 

in the rural areas of Rwanda. The major elements of such support should he: 

training of national staff, extension work and fingerling production;
 

(ii) 	to organize the development support through one national centre (for training,
 

research, initial fingerling production, etc.), and prefectural centres
 

(as basis for extension work and fingerling production and distribution).
 

At the initial stage of fish culture development (approximately four years) ex­

patriate expertise shouldb!e considered necessary;
 

(iii) 
 To carry out limited applied research in order to adapt established fish
 

culture practices to local conditions. Special emphasis should be on the
 

rational use of existing materials as feeds and fertilizers,in order to
 

reach 	a high degree of self-reliance in fish farming;
 

(iv) 	to monitor the performance of rural fish culture on the farm level, 
to
 

establish feed--back mechanisms between fish farmers and the develo.ment
 

support structure 
and to evaluate the overall impact of the development
 

effort, periodically;
 

(v) to provide motivational support to farmers to induce them to take up or
 

intensify fish culture, to 
propagate the consumption of fish among the
 

populatio; and to include fish farming in the curriculae of schools, youth
 

training cencres, etc.
 

(vi) 	to desing the development support activities and the direct assistance to
 

farmers with the objectives of nakir2 fish farming an integral element of
 

rural production, taking available means and aspiration of 
the rural people
 

into account.
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2. TECHNICAL FEASIBILITY ANALYSIS 

2.1 INTRODUCTION 

In Rwanda, as in most of the developing countries, there is an acute
 

shortage of animal protein in the population's diet.
 

The regular sources of animal protein are animal husbandry, fish
 

(cattle, caprines, ovines, porcines and poultry), dairy products, fish
 

(from inland fisheries or from aquaculture), and to a limited extent, game.
 

According to Morris (1979), consumption of animal protein-rich foods in
 

Rwanda is as follows: meat, bet, een 0.5 and 18.9 kg Der caput per year;
 

fish, between 0.0 and 5.6 kg per caput per year; milk, between 0.8 and
 

17.8 1 Der caput per year.
 

In general the daily protein requirements are taken to be as follo'ws:
 

- for light work: 90 g proteins/day, including 30 g of animal protein;
 

- for medium hard work: 100 g protein/day, including 33 g to 35 g of
 

animal protein;
 

- for heavy work: 125 g protein/day including 40 to 45 g of animal
 

protein.
 

Given that 100 g of fresh meat (beef, pork) contains between 16 and
 

21 g of protein (average 18 g) and that 100 g of fresh fish contains between
 

14 and 20 g of protein (average 17 g) it is obvious that the ration which is
 

consumed daily in Rwanda is insufficient, as shown in Table 1.
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Table 1: Meat and fish prcduc-jcn in R.'anda (1977)
 

Average 
 Average
 
Annual 
 Daily


Production Consumption Consumption
ITem (toes) (kg/capita/yr) 
 (gm/capica/yr.
 

Meat 14 000 3.365 9
 

Fish
 

Cap ture
 
Fisheries 
 710
 

Aquaculture
 

729 
 -0.175 
 0.48
 

As it is very difficult, for several 
reasons (especially lack
 

of adeqwre and sufficient pasture land), 
to improve the meat production 

in the country, the government of Rwanda has given fish production a
 

high priorict, with the aim of overcoming the scarcity if animal protein
 

in the population's diet.
 

There ate two ways 
to improve fish production: development of the
 

capture fisheries in the country's lakes, 
rivers and marshes and
 

develovment of aquaculture.
 

2.1.1 Situation of the cature fisheries in Rwanda
 

The total production for 1977 was estimated at 1 4 55 tons and the 

total potential of the lakes at 16 857 cons/year (Many, 1979).
 

According to the Ministry of Agriculture and Animal Husbandry (Rapport
 

Annuel 1978), the production of 
tne capture fisheries in 1978 was only 

709 T. 

The fisneries lake outputs can certainly be increased but it will
 
require larie investment and will take many years. 
Even if the production
 



could reach the substainable potential of 16 857 cons/year, the gap between
 

demand and supply would still be about 70 000 tons/year, considering a total
 

demand of 87 000 tons/year. Part of this gap could be filled by fish faming,
 

particularly in the prefectures with no or little potential for capture
 

fisheries, and in regions with a particularly high animal protein deficit.
 

These are, according to Reizer (1975) the following seven prifectures, in order
 

of priority: Byumba, Butare, Gikongoro, Kigali, Ruhengeri, Gitara-a and Kibungo.
 

2.1.2 Situation of Fish Farmine in Rwanda
 

Fish farming started in Rwanda at the end of the fourties, under the Felgian
 

colonial administration. At the end of the fifties the total pond area under
 

production was about 450 ha (Aubray, 1976). The total production from these
 

ponds was 180 tons/year approximately, with an average yield of about 400 kg/ha/year.
 

Two main fingerling and production centres were constructed during this period;
 

the fish farm at l'Ecc.e des Assistants Agricoles at Butare in 1952, and the Kieemhe
 

Station in 1954.
 

During the years 196D-65, most of the rural ponds were completely abandoned and
 

fish culture in Rwanda came to a standstill. The main reasons for this were the lack
 

of a government initiative to continue support to rural fish farming and a consecuent
 

inadequacy of government-support activities (extension service, fingerling production,
 

training, etc.).
 

In 1966, it was estimated that 448 ponds still existed in Rwanda, with a total
 

surface of 84 ha approximately (Meschkat, 1967), but eventually these ponds were also
 

abandoned.
 

Due to the inability of natural fisheries to fill the widening gap between supply
 

and demand for fish, the Rwandan Government rivived its interest.in small-scale fish
 

faming during the years 1967-73. During the same years two 'uNP/FAOProjects were
 

implemented with the aim of reactivating the Kigembe Centre and of carrying out trials o
 

culture o! cormnon carp, T. macrochir, T. rendalli and Clarias carsonii. Tilapia
 

areas have been stocked again.

fingerlings were produced and several ponds in rural 
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In 1975, FAO assisted the Government in preparing an overall
 

development plan for fisheries and aquaculture.
 

The number of ponds, surface area and producticn for 1978 are given in
 

table 2. According to those figures, the yields are approximately
 

196 kg fish per ha/year. The average surface of the ponas is 2.92 ares...
 

Table 2
 

Census of Fish Ponds (1978)
 

Pifectures No. of ponds 

Kigali 653 

Girarama 626 

Butare 541 
I Gikongoro 160 

Cyangugu 32 

Kibuye 151 

Gisenyi 183 

Ruhengeri 93 

Byumba 183 

Kibungo 40 

TOTAL 2662 j 

Total surface 


(ha) 


12.91 


12.57 


23.16 


. 4.54 

0.94 


2.03 


9.96 


2.16 


8.31 


1.06 


77.64 


Average pond area 


(ares) 


1.97 


2.00 


4.28 


2.83 

2.93 


1.34 


5.44 


2.32 


4.54 


2.65 


Production Average yield 

(kg) (kg/ha/year) 

1 500 116.2 

690 54.9 

9 696 

1 105 ( a ) 

229 (a) 

604 

. 

41.8 

243.3 

243.3 

297.5 

42 

2 745 

2 022(a) 

25 8(a) 

4.2 

1 270,8 

243.3 

243.3 

- j18891 

Source: Ministire de l'Agriculture et de l'Elevage - Rapport Annuel 1978
 

(a) Production figures not quoted, but calculated by the Mission on the average yield

obtained in the ponds in the other prefectures (243.3 kg fish/ha/year). The annual
 
estimated production is thus 18 891 kg instead of 15 277 kg
 



-On 5 April 1970 an agreement between the Ministire de l'Agriculture et de
 

1'-ievage and CRDI (Centre de Recherches pour le Developpement International,
 

Ottawa, Canada) was signed to 
implement the EUDEP Project ('Epoisonnement des lacs 

du Pays et Developpement de la Piche'). The headouarters of this project are at the 

Ruganwa Fish Station at Kigali. According to ELADEP's programme, this project
 

should be only involved in inland fisheries (stocking of the lakes and development
 

of lake fisheries), but in fact, 
ELADEP's main activities are growing experiments
 

of different species in aquaria and ponds at 
the Ruzanwa Fish Station and the Kigembe
 

Centre and the training of extension workers (Moniteurs piscicoles) at Kigembe.
 

ELADEP has also activities at the Rusumo Fish Station (Karang a, 1979). 
 All personnel
 

who has been trained in fish farming and fisheries at the 'Centre de Formation' in
 

Bouake, Ivory Coast, has been assigned .to this project up to 
now.
 

At present only two species are commonly cultured: Tilapia melanople?%ra (itmay 

be T. rendalli and not the true . elanovleura) and T. macrochir. T. nilotica is 

also raised, but only in Kigali. 

Occassionally one can find in some ponds Clarias carsonii, 
C. mossanbica, 

Serranochromis Macrocephala and CNvDrinus carpio (carpe commune). 

Fingerlings of grass :carp (CtenoDharvneodon idella) and maybe other chinese 

carps, such as silver carp (Hyophthalmichthys molitrix) were introduced in 

December 1979 at the :Rulanwa Fish Station in Kigali by a North Korean Mission. 
of the mission carp


The 
 plan/is to let the! mature and try to spawn them for fingerling production.
 

Trials on induced spawning will start in December 1980. 
 The average weight of the
 

grass carps waa around 2 kg in September 1980.
 

Presentnlans for future develoDmen:
 

According to Mahy (1979), Reizer (1975), Dunn (1974), De Vries (1971) 
 and
 

Huet (1957), average yields in fish pond in Rwanda are low, between 200 kg and 2 000
 
kg/ha/year. The latterkiew.as oi n
obtained with T. nilorica.
 

2.1.3 
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in 1979 the Ministere de l'Ariculcure at de 1'Elevage prepared a progra-e
 

for aquaculture development to be carried out in each of the prefectures and communes 

of the country. 

Rwanda is divided in ten prifectures. Each prefecture is sub-divided in sous­

prefectures and communes. The progra-e of the Ministry of Agriculture and Livestock 

consists in (Minagri, 1979):
 

- building of one prefectoral fish breeding station composed of 16 ponds 

of 15 ares each, total - 240 ares, in each of the ten prefectures; 

- building of one comunnal fish breeding station in 100 co=unes. 

Each centre will consist of 12 ponds of 10 ares each, total - 120 ares per every 

centre/co unes'.. 

The total area of these stations will be:
 

ares ha
 

Pr~fectures 10 stations x 240 ares 2 400 24
 

Communes 100 stations x 120 ares 12 000 120
 

TOTALS 14 400 144
 

Estimated cost of construction (included excavation works, construction materials, 

etc.) is estimated to be Rw.F 2 000 000 (U.S.S 21 978) per ha. Total cost for 

144 ha would be Rw.F 288 million (U.S.S 3 169 230). As no detailed cost estimates were 
available, the mission could not assess the validity of those figures.
 

According to the Annual Report (1978) of the Ministry of Agriculture and
 

Livestock, seven prefectoral fish breeding stations have already been constructed:
 

Gitarama: Rugeramigozi swamp near Kabgayi (co =une Gitarama)
 

Gikongoro: Nkungu
 

Cyangugu: Ncendezi (comune kagano)
 

Kibuye: Rehabilitation of the Fisheries Station at Nyamishaba
 

Gisen7i: Kazaae
 

Kibunwo: Rusuo
 

Runenceri: Rehabilitation of the Fisheries Station at Mukc
 

Due to lack of time the Mission could not visit. these :ations.
 



.or the purpose of breeding mostly T. nilotica fingerlings, it seems not
 

realistic to build ponds as big as 10 and 15 ares in the prefectoral and co=una"
 

breeding stations. The programme proposed by the Ministry should be adapted
 

to the required standards for T. nilotica breeding (see section 2.5).
 

Basic information concerning the situation of fish farming in the seven
 

pr~fectures where development of aquaculture has to be considered as a priority
 

is given in Table 3.
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Table 3 

Basic Information on Aquaculture in the Seven Prefectures where 
Development of Aquaculture is Considered as a Priority 

Density of Situation of existing ponds (1978) lnhabitaiatn 

Prefecture nlmabi~antl population 2 NumLer Total area Total production Average production Averuge ari Il[ Involved 

(1974) (inhabitants/kmn (ares) (kg) (kg/are/year) ponds (are) iin) 

Kigali 445 425 137 653 1 291 1 500 1.162 1.97 0.14 

Gitarama 532 599 237.7 626 1 257 690 0.549 2.00 0.12 

iLutare 606 589 331.5 541 2 316 9 696 4.1O 4.28 (1.09 

Gikongoro 367 886 167.8 160 454 1 105 2.433 2.81 0.04, 

i[uhengeri 517 171 293.5 93 216 2 745 12.700 2.32 0.010 

hyuiuba 411 858 82.6 183 .. 831 2 022 2.433 4.54 0.04 

ibungu 219 641 67.6 40 106 258 2.433 2.65 0.015 

'O'CALS 3 161 169 - 2 296 6 471 18 016 - -
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2_1 Suuary and Conclusions
 

Rural fish farming can be undertaken almost anywhere in rwanda, because:
 

i) climatic conditions (air and water temperature) are suitable for rearing
 

of Tilapia and other associated species;
 

(ii) 	 land with suitable soils and adequate water supply is available. Most of
 

the existing ponds have been built in marshland and peaty soils. It is
 

foreseen that almost all the new ponds will be established in the same
 

sites where acid waters are predominant. Complete surveys of the sites
 

where ponds will be constructed have to be carried out (suil and water
 

analysis) to allow correct evaluation of the needs for liming and
 

fertilization of the fish ponds;
 

(iii) 	Agro-industrial by-products are available, mostly all year round, and they
 

can be used as fertilizers for the ponds and as feeds for fishes. Their
 

appropriate and productive use will require adequate planning and organizatioi
 

as well as advice and assistance by extension personnel. A detailed inven­

tory of existing agro-industrial by-products or wastes suitable as fertilizer.
 

for ponds (composting) and as feed for fish is necessary, not only 'or each
 

of the prefectures where fish arming is planned, but also for each group of
 

farmers involved in fish culture. Such inventory has to consider the kind
 

of products, location available quantities., period of availability,
 

competitive use, nutritional value, price and transport costs.
 

Farmers in Rwanda are not yet trained and not well accuscomed to fish farming.
 

To develop fish farming in the country, an adequate extension service for fish farming
 

has to be established. Therefore, the training of technicians (A-2 level) and extensio
 

workers in aquaculture (moniteurs piscicoles) is indispensable. This training can be
 

carried out at the Kigembe Centre.
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One of the botlenecks in aquaculcure development in Rwanda is the non­

availability of fingerlings of suitables species all year round, It is very
 

important to reactivate the existing fish culture stations in the concerned
 

This stations
prifectures, and to establish the new stations already planned. 


have to produce the fingerlings of the recommended species and make th­

available to the farmers.
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2.3 PRINCIPAL ENWIRONMENTAL PARAMETERS FOR SMALL-SCALE RURAL FISH CULTURE 

Rural, small-scale fish farming can be undertaken anywhere in
 

Rwanda if:­

- land with suitable soils and adequate water supply is available 

- climatic conditions are not harmful to cultivated fish species 

- the farmer (and his family) can spend the necessary time to 

operate the pond.
 

More intensive, commercially oriented fish farming is also
 

possible, but can only be undertaken, with success, if enough and
 

suitable agro-industrial by-products are locally available (ir
 

radius of about 50 km from the fish farm). This seems now only possible
 

around Kigali, Butare, Ruhengeri and Gisenyi.
 

In order to determine the possibilities of raising fish and to
 

choose the sitable species it is necessary to study the climatic
 

conditions (air and water temperature), the rainfall, the physico­

chemical conditions of soils and water and also the water supply.
 

2.3.1 Climatic conditions
 

According mMorris (1979), there are two major types of climate
 

in Rwanda and they are closely associated with elevation:
 

(a) a dry season tropical climate, which covers the land ranging
 

between 1 300 and 1 400m in altitude (mostly 1 500 to 1 900m),
 

with an average annual rainfall of 1 000 - 1 100 = and an
 

average annual temperature of 200 C. There are two rainy seasons.
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(b) an isothermal climate, tempered by altitude, located along
 

the Zaire-Nile ridge and the Volcanic slopes above 1 900=
 

and reaching to 2 500 m or more. Rainfall is around 1 200­

1 400 mm a ye-ar and even higher on the volcanic slopes, and
 

the average annual temperature is 160C. The lower part of
 

this area has a 2-3 month dry season, but the higher part 

has no dry season. 

The eastern fringe of the country and the southeast have
 

an altitude below 1 000m with a rainfall dropping to below 

800 mm in the southeast. 

Following those facts we can distinguish between four agricultural 

zones:­

- the low lying land to the east and southeast (Bujvutba, Kibungo 

and Kigali);
 

- the Central Plateau (Byumba, Kibungo, Kigali, Gitarama and Butare
 

where more than half of the population lives;
 

- the high lands (Gikongoro, Kibuye and Cyangugu);
 

- the western plateau (Gisenyi, Kibuye and Cyaugugu).
 

No complete data is available concerning the water temperatures.
 

The extreme air temperatures and average air temperature for some of the
 

areas are shown in Table 4.
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Table 4
 

Extreme Air Temperacure and Average Annual Air TemDerature (0C)
 

Tx Tn TM TA TaLocality 


Kigali-Agro 26.3 15.5 20.8 30.7 10.8
 

26.3 15.5 20.8 30.7 10.8
Kigembe 


19.7 11.4
Butare - Aero 25.1 14.0 29.7 


Gikongoro 23.0 13.8 18.4 26.3 11.2
 

Ruhengeri - Aero 23.7 11.1 17.5 27.1 7.5
 

Tx - average maximum temperature
 

Tn - average minimum temperature
 

TM = average temperature
 

TA absolute maximum
 

Ta - absolute minimum
 

Source : Bulletin Climatologique du Rwanda - Annee 1977
 

Minimum air temperatures around 1.2
0 C are recorded
 

at Ruhengeri and Kigembe. These low temperatures may occasionaly provoke
 

the death of fishes in the Cichid family i.e. Tilapia rendalli, T.
 

mossambica and also T. nilotica in regions where water temperature drops
 

below 10-120 C for a long time. This seems not to be the case in the areas
 

by the mission
 
had been reported
visited/since no mortalities due tolow water temperatures 


Because of the climatic conditions prevailing in some areas of the
 

country, spawning of different species of tilavia will not occur in the
 

cold season, when water temperature is below 17-18
0C (generally June, July
 

and August). Fingerlings can be produced only during the warm season
 

alsc 
(fro=


(9 months per year). The growing season will/be about nine months 


the end of May), as growth is poor during the cold season.
September to 




2.3.2 Rainfall and water supply
 

According to the information detailed in Table 4 we can consider that with
 

rainfall between 1 000 and 1 400 mm and raking into account the average volume
 

of water in the rivers, evaporation and seepage, thera will be enough water all
 

year round to meet the water requirements of fish pond culture in the valleys
 

and marshlands.
 

2.3.3 Phvsico-chemical conditions of soils and water
 

Soils in Rwanda are generally poor and mostly acid especially in the
 

marshlands, where almost all existing ponds have been constructed. The pH of the
 

soils is generally between 4.8 and 6.5.
 

As in most of the tropical countries, the soils of Rwanda are lacking 

phosphorus and nitrogen and, as they are generally acid, there is also a lack 

of calcium. As the waters in contact with these soils are generally also lacking­

the same nutrients, it will be absolutely necessary to compensate this lack of
 

nutrients by fertilizing the fish ponds.
 

Most of the existipg ponds have been constructed in valleys. In Rwanda,
 

organic soils occupy numerous large valleys with very slight slopes, topographic
 

conditions which are suitable for pond construction. But the soils of these
 

valleys are generally swampy and peaty (turf-moor), with acid soils and acid water.
 

As it can be foreseen, most of the new ponds will have to be constructed
 

in marshlands where peaty soils are prevailing. According to Morris (1979) there are
 

48 000 ha of marshland in Rwanda.
 

The development of the 48 000 ha in marshland has been considered for a long
 

time and studies on the development of 3/4 of this land have been undertaken,
 

(Table 5). Clearly, this represents a valuable resource for Rwandan agriculture but
 

the costs of development per ha are relatively high. Recently, there has been
 

experience of rapid acidification of drained sails in one of the marsh areas, caused
 

by draining marshes high in sulphates. So marshland development must be approached
 

with care (Morris, 1979), because oxidation of the sulphates causes production of
 

more aggressive sulphur compounds (S2 as end product).
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Table 5
 

.MarshLand and Develo~men: Studies
 

Name 


Rugenzi, Kamizanzovo 


N'Dongozi 


Isumo 

Migina 


Kagitumba, Muvumbu 


Mukunuri 


Nyubugogo 

Nyaborongo 


Mivongo 

Buganya 


Gasyata 


Rwasave 


Small valleys in
 
Gitaram 


TOTAL 

Source: Morris (1979)
 

a/ In operation
 

b/ Development funded 

i 

Marsh Year study 

7 000 1970 

5 700 1972 

2 000 1974 

1 900 1973 

8 900 / 1971 

350!/ 1960 
1968 

750 -i / 1969 

7 700 1961 

619= 

a/ 

a/ 

a/ 

900 1973 
7i 5 811 

Activities proposed
 

Tea, milkproduction
 

Tea
 

Milk production, oil seeds
 

Oil seeds, export crops
 

Rice, vegetables
 

Rice, sugar cane
 

Livestock
 

Various
 

The fringes of many marshes are already being used by farmers as a
 

valuable complement to their rain-fed farm land on.the colline. In this way, the
 

farming system has a better use of labour in the dry seasons at a very low
 

investment cost (Morris, 1979).
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2.3.3.1 Peacy soils
 

Peat consists of organic black deposits composed of the remaining parts of 

plants, partiilly decomposed, and accumulated due to bad drainage conditions which
 

completely stop their decomposition. Hydrophile plants develop on peat. The value
 

of peat as a combustible is about 4 200 calories because peat contains about 55 percent 

carbon (Lozet, 1956). 

Meyer, quoted by Van Wambeke (1961), has studied the problems concerning the 

reclamation of peaty soils as a whole. His main conclusions are as follows:­

,here 
(i) In the large marshes, Ipeat up to several metres, sometimes even more than 

10 m is present, the main problems are of a technical, hydrologic and economic mature. 

The hydrologic problems are complicated by the irreversible settling (compression)
 

which occurs during drying.
 

Except for peaty soils enriched locally by volcanic ashes in North Rwanda, peat 

is an inert, organic matter, of poor quality and withIvery low mineralisation 

capacity. As such, peat is of no interest in agronomy and fish farming, both because 
a 

of its very low mineral content, and for the organic material with/C/N ratio, of
 

between 20 and 30. This is especially true for the swamps situated ar high and 

medium high. altitudes. 

(ii) With regard to the swamps with a peaty layer, which is limited to a depth 

of 1 to 2 m, or where settlinghas occured anteriorely, the problems are very different 

according to the natural regions: 

(a) In the high altitude swamps, surrounded by very desaturated and poor 

grasslands, the only actual economic technique which assures the rapid mineralisation 

of peat is the "veenbrandkultuur", or caicination of neat. 

l/ 	Mineralisation: the change from the organic state to the mineral state is,
 
for example, the case in the nitrogen cycle, when nitrogenous organic material
 
is transformed into a=onia 
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Fertilizing with manure gives good results and liming has irregular effects.
 

Those marshiands have a double disadvantage: the soils are cold (11 to 150C) and very
 

poor. They are generally covered by a vegetation composed of Miscanthidium violaceum.
 

(b) In the swamps of medium altitude, incineration seems not necessary. However,
 

the yields decrease rapidly 18 months after clearing. Trials have shown positive results 

witht the use of manure. 

(c) As for regions of low altitude, trials carried out in the Lugoma Swamp
 

have clearly demonstrated that with a well regulated water level, a strong incineration
 

of all aeral vegetation and rhizomes and good cultural practices, these organic soils
 

(depth of peat between 70 and 80 cm; loss after calcination of 50 to 65%) can be
 

productive.
 

(d) The histosoils (or organic and peat soils) of the volcanic'zones are more
 

fertile and regulating the water level is until now the main problem. One admits 

generally a depth of 60 cm for perennial plants and about 30 = for annual plants. 

Different types of peat can be distinguished according to the degree of decomposition
 

of their organic matters. They are also different depending on the type of vegetation
 

at the origin of the peat.
 

Three groups of peats can be distinguished:
 

(i) Coarse peat. Dark maroon coloured materials, formed by the accumulation of
 

vegetal wastes, not or slightly decomposed, fibrous or spongy, with numerous alive roots,
 

gorged with water (80 to 90%) and fluent. Total organic matter content: 85 to 98:.
 

Coarse peat is acid and the DH is between 3.5 and 5 (SCET COOP, 1970). The coarse peat
 

is generally sub-divided in two sub-groups:
 

(a) Fibrous Dea: consistine of reeds or of cyperaceae: Formed of a felting of
 

frarments of reeds or cyperaceae, slightly alterated, is found generally in the axial
 

part of the swamps, where water depth is over 3-4 m. Sometimes a floating mat is
 

deveioping a: the surface.
 



After drainage, settling of these kind of peat will be the more important as the
 

peat is rich in rough vegetable fibres and by consequence will not be easily recuperated
 

This peat is acid, with pH between 4 and 5.
for agriculture. 


(b) Peat consisting of sphagnum. Is a very porous tissue, stuffed with water,
 

forming a thick vegetal carpet, continuous and flexible. This peat has a high acidity
 

and its pH is between 3.4 and 4.
 

The peat consisting of sphagnum can be recovered for culture after drainage,
 

the waterwithout excessive -settling,btut if the drains are not regularly cleaned, 

table will rise again and the vegetal mat will grow again.
 

(ii) Semi-coarse peat. Dark maroon coloured material formed by a mixture of
 

coarse, vegetal wastes and, between a third to a half part of adulterated peat. It is 

a very humid material, stuffed up to 80-90% with water, fluent to soft in the 10-12 first 

met'ers, and more and more compact and with a low water content between 10 and 20 m. 

Total -organic matter content of semi-coarse peat is between 60 and 85%, with a pH 

between 4 and 5. 

This kind of peat is better for agriculture than coarse peat. Semi-coarse peat is 

he water table (maximum I m). The reclamationrecoverable for culture after lowering 


is very superficial and affects only the 5-10 first centimeters.
 

Semi-coarse peat is cultivated in ridgej ('billons'), generally on the edges of
 

the valleys where water table has been lowered between 0.40 and 0.80 m and no noticeable
 

settling is observed. 

4istes almost completely
(iii) 	 Adulterated peat. Black material form by vegetal 


Total

decomposed, oily on the touch and very soft, stuffed to 70-80% with water. 


organic matter is between 40 and 60g.
 

Adulterated peat is acid (pH 4.5 to 5) and contains a fraction of organic matter
 

partly humificard, formed by black humic acids having a strong reduction capacity.
 

This ty.pe of peat is frequently cultivated when found on the surface, but most of the
 

rime adulterated peat is situated in the depth and not accessible.
 



2.3.3.2 Conseauences of reclamation of Deatv soils
 

Reclamation of peaty soils and swamps can only be undertaken after drainini
 

of the land and controlled evacuation of a part of the waters of the peat-bog.
 

One has to study the consequences of eventual reclamation on the evolution of
 

peat. Drainage of peaty soils modifies deeply the nature of the material;
 

physically, chemically and biologically.
 

(a)Modification of the physical state of peat
 

The modifications are due to desiccation and settling:
 

(i) Desiccation - is a result of rapid lowering of the water table, provoking
 

the production of -not moistable products (resins, waxes, fatty acid-) around the
 

radicles and the organic wastes.* The capilarity of the radicle felting is so
 

.suppressed that the water does not penetrate anymore and the plant- die by lack
 

of it.
 

Thus, a too rapid and excessive drainage transforms the peat in a hydrophobic
 

-material and thedesiccation is considered as irreversible. Peat is considered
 

dry when it contains only 30% of its weight.
 

(ii) Settling (compression or 'tassement'): after dehydration the volume
 

of peat diminishes very much and the peat becomes a hydrophobe material with
 

low water jetention cpacity. Settling is all the more important as the volume of
 

peat increases; as the peat is less decomposed and rich in coarse vegetable fi-bres
 

and as the depth of drainage increases.
 

With fibrousprat after drying, incineration and rehydratation conserves only
 

14% of its inital volume. The combustion of 50 cm of fibrous peat leaves about
 

15 cm of fine ash. 

In drained peat a relative enrichment of the mineral fraction occurs, as
 

well as a diminuition of water reserve and original excessive permeability.
 

The content of organic elements in the ashes are still good but the
 

microbian activities are reduced. The fire increases the pH and produces an
 

enrickrient in exchaneeable bases.
 



oeat during drainage

:he chemical properties of 
(b) 	Modifications of 


the pH in the superficial
increase of
main =difications are an 


Excessive acidity
 
The tr.'o 


layers and partially humidification of the organic 
matters. 


Nitrogen in the soil is then only partially
 of peat restrains the nitrification. 


utilized and nitrogen deficit occurs.
 

When drainage and aeration are sufficient, 
the fibrous organic matters are"
 

(humification).

decomposed (microflora) and become humus 


(c) Modifications of the biological oro-o.rties
 

Peat is biologically inactive because of the asphyxiating 
conditions of the
 

a progressive increase of the
 
environment. The drainage of peaty soils leads to 


activities of micro-organisms favouring 
the nitrification in the surface layers
 

the
 
Peat changes from*the particularly inactive fibrous phase to 


of the peat. 


semi-fibrous stage which facilitates a greater 
microbian activity.
 

soils for auaculture
 
2.3.3.3 Reco-endations concerning reclamation 

of Deaty 

When peaty soils have to be reclaimed for fish farming, 
the drainage has to 

in roder to avoid problems. The water talbe may 
bedone slowly and progressively 


1.00 m below .roupd surfac.
 not be lowered more ;han 0.80 to 


fibrous pea-t occurs, the incineration of the superficial layers is
 
When 

These fibrous materials will be transformed
 
reco-ended before or during drainage. 


in ash, and when mixed with the other layers 
the acidity will be slightly reduced.
 

The correction of excessive acidity of 
peat by liming facilitates the humi­

of the organic matters and the nitrification. 
Application of assimilable
 

fication 

nitrogen fertilizers can correct nitrogen 
deficit in peaty soils.
 

The ideal solution would be to lime the 
fish ponds constructed in peaty
 

apply a nitrogenous fertilizer, but-due to the high costs given in
 
soils and to 


These
 
Rwanda, it is not certain that such 

action would be financially viable. 


more detail in Section 2.5.3.
 problems will be dealt with in 


soils, it is absolutely necessary to
 
Before planning aquaculture in peat: 


allow
 
carry out a complete soil survey, including soil and water analysis, to 


the fish ponds.
 
correct evaluation of the needs for liming and fertilization of 
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One 	should avoid fish farming in coarse peat (fibrous peat of reeds or
 

of cyperacae) as much as possible.
 

2.4 	 Culture Technicues Suitable for Rural Fish Culture
 

In Rwanda fish culture can be based on the following culturp aechniques: mono?. ­

culture of T. nilotica (at least at the initial stage of rehabilitation of the existinj 

ponds'?; (ii) polyculture with T. nilotica as the main species, and with various
 

other Tilapia and with Clarias and snail eating fishes (Haplochromis mellandi,
 

and A-statoreochromis alluaudi) as secondary species; and, (iii) associated
 

animal husbandry. Rice-cum-fishculture and cage culture should also be carried
 

out, but only on an experimental scale.
 

2.4.1 Monoculture
 

At the initial stage of rehabilitation of the existing ponds, and as farmers
 

are not yet trained and not well accustomed to fish farming, it is foreseen that
 

farmers will raise T. nilotica in monoculture, going progressively over to poly­

culture and integration of fish farming and animal husbandy (pig-cum-fish culture).
 

2.4.2 	 Polvculture
 

Natural food in ponds (increased by fertilization) and supplemental feeds
 

are not completely consumed if only one species is cultured in the pond and better
 

yields are obtained with polycul..ure. Actually T. rendalli (T. melanopleura)
 

(herbivor), and '. macrochir (plancton eater and browser) are generally cultured
 

together in the same pond.
 

The technique to be adopted for rural fish culture should be polyculture with
 

T. nilotica as main specie. and T. rendalli and T. macrochir as secondary species.
 

Coraon carp, silver carp and grass carp can also be used if fingerlings
 

of these species are available in adequate quantities.
 

The 	 following combination in polyculture are reco=ended: 
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(i) T. t.iotica (phytoplancton feeder), 2 fingerlings/m" (200 fingerlings/are +
 

of" . rendalli (herbivor) + 1 Eingeriingi/1 fingerling/m" (100/are) 

(lO0/are)of. macrochir (plancton eater and browser).
 

(ii) T. nilotica: 200 fingerlings/are + Clarias lazera (predator) or
 

C. mossambica - 100 fingerlings/are;
 

T. nilotica: 200 fingerlings/are + T. rendalli: 100 fingerlings/are,­(iii) 


To all these combinations, one should add about 10 Haplochromis mellandi
 

or Astatoreochromis alluaudi fingerlings/are.
 

The Production targets in polyculture during the proposed 4-year extension
 

programme are as follows:
 

Typical management Advanced management of
 

Year of fish ponds fish ponds
 

(kg/ha/year) (kg/ha/year)
 

1 500
First 500 

2 000
Second 700 


Third 1 000 2 500
 
3 000
Fourth 1 500 


According to thi local conditions and with an efficient extension service,
 

these production targets seem very realistic and are not above the capacity of
 

the farmers.
 

2.4.3 Inteeration of fish farming and animal husbandry
 

Associated animal husbandry has proven to be the most practical and economical
 

system for commercial and economical fish production. The raising of pigs,
 

ducks or chickens in pens beside or over fish ponds provides a source of
 

continuous organic fertilization. It works very well, not only in polyculture
 

of T. nilotica and common carp, but also in other combinations. This practice
 

increases the efficiency and rentability of both animal farming and fish culture
 

through the profitable utilization of animal and feed wastes and has riven some
 

of the highest fish yields in Africa (Vincke, 1976).
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Fish-cum-Dip culture: Pigs are reared in pens built over the ponds on
 

piles at a density of 100 pigs/ha (I pig/are). Normally one sow produces
 

three broods of 6 to 8 piglets each in two years. Thus, one can sell an
 

average of 8 to 10 pigs/year/sow in reproduction. The piglets are weaned at two
 

months (weight between 12 and 15 kg) and are ready for fattening. Castration
 

has to be done at one month. With proper feeding the average weight of market
 

pigs is 70 to 72 kg after six months and 85 kg at seven months.
 

In ponds stocked with T. nilotica at a rate of two fingerlings/md, the
 
can reach
 

average production of fish / between 8 000 and 10 000 kg/ha/year and 6 000 to
 

9 000 kg of pigs (on the hoof) per ha/year (Vincke, 1976).
 

-Fish-cum-duck culture: Ducks are reared in pens over the ponds at a
 

-density of 1 000-5 000 ducklings/ha (10-50/are). Peking and Mosc6vy ducks -are
 

generally cultured in Africa. The shelter where ducks are fed and spend the
 

night is built over the pond on poles. The floor'is made of lattice.work to
 

permit droppings and feed wastes to fall into the water. Under good conditions
 

ducks reach 2 kg after 8-9 weeks.
 

Ponds are stocked with fish at the usual rate of 2-3 fingerlings/m 2 and
 

production can reach 2 500 to 4 500 kg fish/ha/year and 1 500 kg of duck per
 

ha/year.
 

For large-scale fish-cum-duck culture, a well-operated breeding and duckling
 

distribution centre is needed. The production of ducklings is, of course,
 

dependent upon the maintenance of an adequate brood stock (one male to 4-6 females)
 

o a selected strain. During one laying season and under good conditions a
 

Peking duck will lay 120-160 eggs. During peak production, two eggs are laid
 

every three days. One female duck will produce 70-80 one-day-old duckling
 

during a laying period of eight months under suitable conditions of brood keeping
 

and hatching (Woynarovilh, 197).
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Fish-cum-chicken culture: Chickens are reared in pens over the ponds in 

roughly the same conditions as ducks, at a density of 10 to 30 chickens per
 

100 m of ponds (1 000 to 3 000 chickens/ha). After a rearing period of 4 to 5
 

months, the production of fish can be between 3 500 and 5 000 kg/ha/year. At
 

each harvest of the ponds the chicken yield can reach between 6 000 and
 

8 000 kg/ha/year (Vincke, 1176). In some regions egg production can provide
 

supplementary income.
 

As associated animal husbandry has not yet been practised in Rwanda, it
 

would be very interesting to implement some trials at the Kigembe Centre as
 

demonstration to the fish farmers.,
 

2.5 Technical Considerations Concerning Production Inputs 

The natural productivity of waters in Rwanda is between-100 and 300 kg fish
 

per ha/year. To increase the natural production in ponds the suitable species
 

of fishes have to be selected; fingerlings of those species have to be made
 

available in sufficient quantities to the farmers, fishes should be-e i-herfed..
 
gn
 

artificially and/onds should be fertilized. These different means of increasing
 

production are explained below.
 

2.5.1 Choice of snecies to be cultivated and fingerling production
 

At nresent. the main cultured species in Rwanda are: tilapia melanopleura 

(or T. rendalli) and T. macrochir. T. nilotica and co-o . car are also raised 

in ponds, but on a very small-scale. T. macrochir and T. rendalli are not fast­

growing species and growth rate increments, even with fertilization of the ponds
 

and artificial feeding, are generally only 0.5 g/day and never exceed 1 g/day.
 

These tilapia can only be considered suitable for farming in polyculture
 

with fast-growing species such as T. nilotica, comon carp (Cvmrinus carpio),
 

Clarias mossambica, C. lazera. Eventually, grass carp (Ctenooharynoodon idella)
 

and silver carp (Hvmonhtalmichthys molitrix) can be raised if these Chinese carp are
 

well acclimatized in Rwanda, and if adequate quatities of fingerlings can be obtaine
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without problems. Clarias mossambica can be used as predator, but if, for
 

different reasons, natural spawning 
does not occur in ponds or if induced
 

spawning is not successful, one could utilize Clarias lazera which has been
 

cultured successfully, as predator, in the Central African Republic and in
 

Ivory Coast.
 

C. carsonii occurs sometimes in ponds, but it is a relatively slow growing
 

omnivorous growing species which never reaches more than 20 
cm.
 

Growth rate increments, under good conditions (fertilization of the ponds
 

and artificial feeding) are between 1 and 2 g/day for T. nilotica; 
 2-4 g/day
 

for C. lazera; 8-14g/day for common carp; and, 6-8 g/day for silver and grass
 

carp.
 

As bilharzia (schistosomiasis) is a common disease in Rwanda, a snail eating 

fish should be raised in the ponds, for biological control of snails and to avoid
 

further spread of bilharzia. In the case of co-production of irrigated rice and
 

fish, farmers spend considerable time in water where they are in close contact
 

with snails or molluscs, the intermediate host of bilharzia (Schistosomia mamsdnii
 

and S. haematobium).
 

A survey carried out in Liberia by Dr. Noamesi, Biologist of WHO, showed
 

a high infection rate amongst workers of all ages working in rice fields. 
Dr.
 

Noamesi recommended strongly that all fish ponds, dams, rice fields and swamps
 

should be stocked with the malacophageous species Astatoreochromis alluaudi and
 

HaDlochromis mellandi (Vincke, 1972).
 

Trials carried out in 1970-71 in Madagascar and Ivory Coast have proven that
 

ocher species, which are not snail eaters, but selective plancton eaters or
 

feeding only on periphyton (biota growing on stems and leaves of submerged aquatic
 

weeds) are also very efficient in reducing the number of snails because they destroy
 

the eggs of snails which often adhere on the stems of submerged plants, such as
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?otamozeton, Mvriophyllum and Ceratophvlhum, on the lower face of the floating
 

leaves of Nvmphea, Azolla, Pistia straciotes or Salvinia natans, or on the roots
 

and leaves of the water hyacinth (Eichornia crassioes). Species feeding on peri­

phyton are T. nilotica, T. mossambica and T. zilii. Herbivours as T. rendalli and
 

grass carp destroy also a lot of eggs when they eat aquatic plants.
 

2.5.1.1 Fingerlinz reauirements for stocking the rural ponds
 

One of the main bottlenecks in development of aquaculture in Rwanda is the
 

all year round availability of fingerlings of suitable species (fast growing and
 

aceepting artificial feeds) for pond culture. At present only few fingerlings of
 

T. rendalli and T. macrochir are available at the Kigembe Centre.
 

As T. nilotica is recommended to be the main species, breeding.ponds should be 

2stocked, in monoculture, at a density of 2 fingerlings/m (or 00 fingerlings/are).
 

The number of T. nilotica fingerlings required during the first year of a project
 

to develop fish culture are given in Table 6.
 

The fingerlings of the other species, required for polyculture, will have
 

to be produced in each'pr fecture, according to the needs of the farmers.
 



Table 6 

Requirement for Fingerlings and Correspondinj Pond Area 

No. of fingerlings needed Broodstock needed No. of fingerlings Surface of retsuired:
 
Prefecture (end of the 1st year) produced/year 

Females Hales Breeding ponds Fry rearing pond:. 
(a) (b) (c) (d) (are) (are)
 

Kigali 328 800 183 79 329 400 14 150
 

Gita,,ara 315 000 176 76 316 800 13 145
 

Btitare 409 400 228 98 410 400 17 115 

Gikongoro 79 800 45 19 81 000 4 37 

Ruliengeri 46 200 26 II 46 800 2 21 

Byumba 151 000 84 36 151 200 6 70 

Kibungo 19 800 it 5 19 800 I 9 

TOTAL- 1 350 000 753 329 1 355 400 57 017 

Notes:
 
rate of 2 T. nilotica fingerlings/n 2 

(a) Fingerling requirements: calculations based on a stocking 

(b) Nutmber of r. nilotica females needed to produce the required fingerl ings 

(c) Number of T. nilotica males according to a ratio of 1 male for 2 females 

(d) Number of fingerlings calculated as follows: from each femnale' one obtain annually 2 000 fry. WiLh a 10% 
mortaiity rate during a two-months roaring period, about 1 800 fingerlings per female will be available
 
for stocking purposes
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..5..2 Fingeriing =roduccicn
 

Fingerlings of the following species should be produced in the breeding stations
 

and made available to the farmers: T. nilotica, T. rendalli (or so named T. Melanopoeura),
 

T. macrochir, Clarias lazera. C. mossambica, HaDlochromis mellandi, Astatoreochromis
 

alluaudi and, eventually, common carp, grass carp and silver carp.
 

Fingerlings of the different species will be produced using small ponds
 
2 

(100 to 400 m ponds) which can be drained quickly and easily.
 

(a) T. nilotica
 

Fingerling production of T. nilotica (natural spawning in ponds) is relatively
 

easy and can be carried out in all breeding stationuiin the country.
 

T. nilotica fingerlings are now dnly available at the Ruganwa Fish Station near
 

Kigali. Unfortunately no fingerlings of this species have transferred to
 

other stations in the country. According to Mr. Body-Lawson, RCID Conselor, T. nilotica
 

fingerlings will be transported to the'Kigembe Fish Station in October 1980.
 

It is now extremely urgent to transfer, from Kigali, stocks of T. 'iilotica
 

fingerlings to all the prefectoral fish stations. These fingerlings have to be cultivate,
 

at a stocking rate of 2 fingerlings/m', to become the broodscock for fingerling productio"
 

in the different prefectoral fish stations,
 

Under Rwandese conditions each T. nilotica female will spawn about 5 times a year
 

with an average of 400 fry per spawn. Each female will thus produce about 2 000 fry/year
 

Assuming a mortality rate of 10% during a .wo-month rearing period, fingerling productioh
 

of one female will be 1 800 one-month old fingerlings per female and per year.
 

T. nilotica broodfishes will be stocked in spawning ponds of i to 4 ares 

100-400 m2) at a density of 
o 
14 females and 6 males /are, or 20 broodfishes per 100 m 22 -

Average individual weight of females will be around 150 g and for the males between
 

150 and 200 g.
 

Spawning ponds will be fertilized using manure (3-5 kg/are every two weeks) Cr
 

well decomposed compost (20-30 k2/are/month).
 

Mhen harvesting the fingerlings, the spawning ponds will be drained the first
 

time after three months and every one or two months afterwards, but not during the ccld 
season. 
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The small fingerlings should be stocked in fertilized growing ponds to reach
 

the right sizefor stocking in the production ponds (8 - 10 g). The following
 

fertilization can be applied:
 

- manure: 5 kg/are every two weeks, or
 

- compost: 20-30 kg/are/month.
 

If inorganic (chemical) fertilizers are available at competitive prices, one
 

could apply the following, monthly: superphosphate 0.+00 kg/are + ammonia sulphate:
 

0.200 to 0.400 kg/are or urea: 0.100 to 0.200 kg/are + agricultural lime: I kg/are.
 

Stocking densities in growing ponds will be 500 fingerlings/are (or 5 fingerlings
 

per m2). Fingerlings will stay about 2 months in the growing ponds and will be fed
 

daily using available feed stuff. Some diets are described in Section 2.5.2.
 

(b) T. macrochir and T. rendal-li (T.melano~leura)
 

Reproduction of these two species has to be done in the. same way as for T. nilotica.
 

T. macrochir will spawn 4-5 times a year with an average of'500 fry per spawn.
 

T. rendalli is more prolific than the microphagous and planctonophagous T. macrochir
 

and T'nilotica,1ll spawn 5-7 times a year with an average of 2 000 fingerlings/span.
 

(c) Clarias lazera and C. mossambica
 

If the various species of clarias do not spawn naturally in ponds, induced
 

spawning should be tried using hypophysis and Doca (desoxycorticosterone acetate).
 

(d) Haplochromis mellandi and Astatoreochromis alluaudi
 

For reproduction, these species have to be kept in separate spawning ponds to
 

avoid cannibalism. Stocking rates for genitors of these species are around 20 adults
 

•(10 males and 10 females) per are.
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2.3.2 Supplementary feeding
 

2.5.2.1 General
 

Feeding fish at any level is beneficial to growth as it supplements the natural
 

food present 1i the ponds. The feasibility of supplementary fish feeding in Africa and
 

especially in Rwanda depends, however, on the availability of cheap foodstuffs and
 

agricultural by-products with a sufficiently high food conversion rate (or CR).
 

Throughout Rwanda, crop residue are in plentiful supply but many of the waste
 

and by-products potent4.ally suitable as feed are grown and processed in the vicinity
 

of towns such as Gisenyi, Ruhengeri, Kigali aad Butare, far away from most villages.
 

High protein feed ingredients are in short supply, although small quantities of
 

oilseed caka are availabie and only a small percentage of the slaughterhouse by­

products are now recovered.
 

For fish farming in Rwanda, using Tilania species, co=on carp or Clarias spp.,
 

animal protein in diets is not necessarilly required and only veggtable protein can
 

be used. During trials carried out in the Central African Republic with Tilapia
 

nilotica and Clarias lazera, using two different rations of 30 percent protein ­

one with only vegetable protein sources and the other with one quarter of the protein
 

from animal sources - greener production was obtained in feeding the vegetable protein
 

diet (7 167 kg/ha/year with vegetable protein and 4 718 kg/ba/year with animal protein)
 

(Hastings, 1973; Miller and Maletoungou, 1976). Similar growth of 8.4 g/day/fish was
 

obtained with common carp (Cvprinus carpio) feeding pellets containing 30 percent
 

vegetable protein (VTncke, 1975). Animal protein feed inputs will be necessary only
 

for pigs and ducks in combined animal husbandry and fish farming.
 

For storing, transporting and dispensing fish feed in automatic feeders and
 

self-feeders, many fish feeds are prepared in pellet form, which also prevents sorting
 

and selection of ingredients by the fish, resulting in many particles settling at
 

the bottom of the pond where they remain uneaten (Hastings, 1979). It was
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demonstrated by Swingle (1968) that there was significant benefit to feed
 

conversion for chanrl catfish (Ictalurus punctatus) and common carp (Cynrinus cario)
 

when feed stuffs were pelleted. This, however, is not the case for T. nilotica, as
 

shown by Miller (1977), and for T. aurea as demonstrated by Allison et al., (1976)).
 

In Rwanda diets for fish can be prepared using only. locally available feed stuffs,
 

which can be fed by surface braodcasting. Fish farms should however be equipped with
 

grinders to allow the grinding of feed stuffs such as 
maize, cotton seed, etc. for
 

preparing practical diets for fish.
 

2.5.2.2 Availability and use of wastes and by-products
 

According to available information the following agro-industrial by-products 

are actually available in Rwanda: draff (brewery waste), brewery yeast, draff from 

banana beer aud sorghum beer, slaughter waste (blood, stomach contents and bones),
 

rice brans and rice polishings, wheat brans and regrindings, sugar cane waste-and
 

molasses, household scraps, cassavn waste, soyabean cake, maize (grains, meal and
 

bran) and coffee pulp. 

- Dr:ff (beer waste): is produced as a by-product in the brewerey industry in 

Gisenyi. The present pioduction is 1 4 00 tons/year approx, and draff can be 

obtained free of charge. A new brewery will be established soon at Kigali, and
 

future available quantities of draff have to be assessed. The conversion rate
 

(CR) of draff is 12:1 (i2 kg draff is needed to obtain 1 kg fish). Up to 20 percent 

of draff can be used in fish feed, and up to 15 percent can be fed to pigs and 

ducks if associated animal husbandries and fish farming is envisaged. T. nilotica 

stocked at a rate of 2 fingerlings/m 2 and fed only with wet draff supplied bi-weekly 

at a rate of 2/3 of estimated weight of fish population in the pond will yield an 

average production of 3 5 00 to 4 000 kg fish/ha/year. 
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- Brewer's yeasz:, is an excellent source of protein of high nutritive value and
 

dizestibility. In poultry and pig rations it is generally included at levels of
 

2-5 percent (Gohl, 1975). Usually available as slurry it has to be dried or cooked
 

to de-activate the yeast cells. The brewery at Gisenyi produces 200 000 litres
 

approximately of yeast (slurry) per annum, available free of charge. The total
 

production is presently discharged in lake Kivu.
 

- Draff from banana beer: According to Morris (1979), the total banana production
 

of Rwanda was 1 896 253 tons in 1978, at an average price of Rw.F 7 00/kg. Between
 

36 and 100 percent (average 76.9 percent) of the banana production is utilized for
 

the preparation of banana beer (The average consumption of banana beer is 281 kg
 

per caput/year (Mfrris, 1979). One needs 2.5 to 3 kg of bananas to obtain 1 litre
 

of beer. Banana beer is prepared in jaImost all villages, all the year round. About
 

987 000 000 cons of banana draff is available annually in the country, with a CR of
 

10:1 (10 kg of draff needed to produce 1 kg of fish). A 200 litre-petrol drum,
 

containing about 180 kg draff of locally made beer (banana or sorghum beer) is bought
 

in Butare for Rw.F 300, and in Kigembe for Rw.F 400 (between Rw.F 1.67 and 2.22/kg
 

draff).
 

- Draff from sorghum beer-: The sorghum product *nreached 163 776 tons in 1977
 

(Morris, 1979). When preparing beer 84.7 percent of the harvest is used.
 

(1 kg sorghum - 2 litres beer). The annual production of sorghum beer draff is about 

20 800 tons, with a CR of 10:1. Draff of sorghum beer and banana beer is available, 

all the year round, in almost all villages at little or no charge. 

- Slaughterhouse wastes: Sheep, goats and cattle are presently comercialised in
 

60 traditional markets. They are slaughtered in 3 abbatoirs (Kigali, Butare and
 

Rusumo), 28 slaughter house and 276 slaughter places (Morris, 1979). Most of the
 

used
 waste is rarely collected and seldomly/to feed animals, but discharged into rivers.
 

Slaughterhouse by-products or wastes can be animals that have died from diseases,
 

carcasses, or parts of carcasses that do not pass the meat inspection, fresh blood,
 

inedible parts of the digestive tract, reproductive organs and bones and other 

trimmings not suitable as feed for aesthetic reasons: In some developing 
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countries slaughterhouse by-products are not easily obtainable if, 
for example,
 

all the slaughcerad animal is eaten except the blood, 
some bones, skin, hooves
 

and stomach content. In most of the African countries, and also in Rwanda,
 

only blood, stomach contents and bones are available.
 

It is possible to utilize offals from slaughterhouses and slaughter places 
to
 

feed fishes, pigs and poultry. In diets based on cereal grains and other plant 


products, it is difficult to avoid a deficiency in essential amino acids and in some
 

vitamins. Slaughterhouse waste can supply these amino acids and vitamins. 
 Even when
value
 
used in small amounts, they vastly improve the nutritive/of the entire fish feed diet
 

(Gohl, 1975).
 

(a) Blood meal: contains only small amounts of minerals but is very rich in
 

protein which. However, it is of a rather inferior amino acid composition 

The digestibility of raw blood is very high.
 

Approximately 390 000 kg of raw blood is available annually in Rwanda. 
This
 

quantity, if recovered,could be used as 
food for fishes, pigs and poultry.
 

Modern methods of prodcuing blood meal are not yet applied in Rwanda. 
But blood
 

meal can easily be produced on a semi-co=ercial scale. The blood is collected at the
 

abattoir and boiled very slowly in a large pot over an open fire until the blood has
 

coagulated and the water has evaporated. Continuous stirring is necessary. 
When
 

coagulated, the blood is then spread on a concrete floor or on galvanized sheets, diied
 

in the sun 
and then cooled off and dried completely in a well-ventilated shed. Whe=
 

completely dry, the blood meal is scrapped off with a shovel and milled to obtain a
 

black meal. According to Gohl (1975), 
1 000 kg of liveweight carcass yields about
 

6 kg of blood meal.
 

Another way to utilize blood is to absorb it on wheat middlings, rice bran or
 

citrus meal and then spread it out on trays heated from below or dried in the 
sun.
 

in this way, the low protein vegetable matter is enriched with protein. 
The process
 

may be repeated several times.
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Blood can also be coagulated by the addition of I percent of unslaked or 3 percent 

of slaked Lime and the coagulate then dried. Many minerals and 10-15 percent of the 

dry matter are lost i4 the coagulate is used rather than the whole blood for production 

Blood meal made from whole blood will contain more isoleucine, oneof blood meal. 


of the essential amino acids (Gohl, 1975).
 

Raw blood can be preserved by the addition of 0.7 percent firmic acid or sulpHuric
 

If 0.3 percent
acid. Blood treated in this way may be stored for about one week. 


potassium metabisulphite is added to sulphuric acid treated blood, it may be kept
 

for a few months before feeding (GohU, 1975).
 

Fresh blood can be used to fted .fstes
(weekly application of 5 to 10 litres/are)
 

but it is generally mixed with stomach contents or with brans.
 
I
 

Feeding trials c--ried out by FAD in Central African Republic have shown the
 

viability of using locally produced blood meal, e.g. in diets for T. nilotica and
 

Clarias lazera. Using a ration composed of 15 percent draff, 20 percent. wheat bran,
 

15 percent rice bran, 30 percent cotton seed ca4e, 7.7. -ercent sesame cake, 5 percent
 

fish-meal, 5 percent blood meal , 2 percent bone meal and 0.25 percent vitamin mix,
 

with T. nilotica at a stoccing density of 20 000 fingerlings/ha, the net production
 

was 6 180 kg/ha/year, with-a CR-of 1.63 (Miller, 1976). Protein content of the feed
 

A wet combination of cow stomach contents, coarse-ground cotton
was 35.72 percent. 

seed meal and fresh blood in a proportion of 2:1.5:1, yielded a mean net peoduction 

of 4 309 kg/ha/year with T. iilotic stocked at 20 000 fingerlings/ha. The costs per 

k; were CFA.F 37.6 (- U.S.$ 0.16/ke) and a mean feed conversion of 9.4 was achieved 

in ponds ranging from 31 to 48 ares in area (Miller, 1976). 

(b) Stomach contents: are composed of undigested feeds present in the rumen
 

22 kg for a 240 kg animal scarved
of cattle at slaughter. Rumen contents, about 20 to 


normally before slaughter, presents a large disposal problem for abattoirs. This
 

as a feed for fishes, pigs, poultry and cattle, is usually
material, which can be used 


washed into rivers or piled and allowed to decompose thus causing concern to more than
 

just theabbattoir. Rumen content contains not only the vitamins present in t., feed
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inces:ed before slaughter, but is enriched with B vitamins from the reen flora 

(Goh!, 1975). The composition of fresh rumen contents is as follows:- carbohydrates 

36.2 percent; fats 1.0 percent; total protein 11.6 percent and fibre 37.8 percent
 

(1Miller, 1976). 

About 800 cons of stomach contents are annually available in Rwanda and this
 

material, yet not utilized, can be collected and used as feed for fishes, at almost
 

next to nothing for the farmer, except transport costs (45 Rw.Fper ton/km). Stomach
 

contents can also be used to prepare compost, mixed with grasses and farm wastes
 

The rumen contents can be preserved by. addition ,of sulphuric acid to reach a
 

pH 3.0 by ensiling together with molasses or by drying, either in the sun or on trays
 

heated from under-ath." If used for feeding, it is important that the material is
 

dried immediately. Rumen content silage is palatable to pigs and they can consume up
 

to 0.5 kg per day when they have become accustomed to it. It has also been used mixed
 

with"blood in poultry diets (Gohl, 1975).
 

In fish farming, stomach contents can be mixed with rice bran, wneat bran, draff,
 

blood etc.
 

(c) Bone meal: is used as a source of phosphorous and calcium in fish diets,
 

It also Drovides. trace elements. There are different types of bone meal, 

according to their processing: green bone meal, steamed bone meal, raw bone meal, 

calcinated bone meal, etc. With simple equipment, bones can be processed either into. 

raw bone meal or calcinated bone meal; steamed bone meal requires more expensive 

equipment. 

Raw bone meal is made by boiling fresh bones in open kettles until all adhering
 

material is freed. The bones are then dried in the sun and ground.
 

Calcinated bone meal or bone ash is made by piling the bones on a metal frame
 

and burning the=. Burning sterilizes the bones and deprives them of all organic
 

matter. This is the only recommendable method of utilizing bones. The
 

charcoal-like bone ash is friable and can easily be pulverized (Gol, 1975).
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Raw bone meal contains between 15 and 20 percent crude protein, calcinaced bone 

meal is rich in calcium (34 percent Ca of dry matter) aind phosphorous (16 percent P of 

dry matter). (Gohl, 1975). Bone meal is added up to 5 percent in diets for fishes. 

Bones are in plentiful supply in Rwanda, in the abattoirs and slaughterhouses, 

generally free of charge. 

- By-products of rice-milling 

rice or 
Threshed/ paddy, or rough rice has to be processed. This is done to free the 

paddy from the hull, germ and bran. In many countries this process is carried out in 

a one-stage mill. The by-product from these mills is a mixture of hulls and bran. 

In large-scale mills the paddy passes through several processes in the mill, 

viz. cleaning, parboiling, hulling, pearling, polishing and grading. (Gohl, 1975). 

In Rwanda, only rice bran and rice polishings are available. 

(a) Rice bran: represents between 2 and 4 percent of the weight of paddy.
 

In 1975, 2 480 tons of paddy were-produced in Rwanda, giving about 74 tons of rice bran.
 

Irrigated rice is produced in Rwanda in Kabuye (10 km from Kigali) and in the
 

?rgfectures 
 Cyangugu, Butare and Gitarama. Rice is harvested in August/Sepcember
 

and February/March. Husking is done in Butare and Kigali in September and March.
 

Rice bran yields a CR of 4.5 and up to 20 percent can be used in fish feeds at a cost
 

of 2 000 Rwf per ton. For pigs, rice bran should not exceed 30 to 40 percent of the
 

total ration to avoid soft pork. Up to 25 percent can be included in rations for
 

poultry and double that amount has successfully been used in experiments (Gohl, 1975)
 

(b) Rice aolishinzs ("rarine basse") represent about 6% of the paddy
 

weight. About 149 t of rice polishings were available in Rwanda in 1975, at 
a cost
 
The
 

of Rwf 2 000 per ton. /CR of rice polishings is between 3 and 3.5 and up to 35% can
 

be used in fish feeds.
 

- Bv-Droducts of wheat milline
 

The wheat grain (or endosperm) is covered with two kinds of fibrous coatings:
 

the coarsest outer one is called bran and under this one is a less fibrous aleurone
 

layer ( albumen of cereals). During milling, the starchy endosperm is separated from
 

the other part of the grain.
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-Wholewheat, after milling yields between 70 and 80 percent white flocr and
 

20 to 30 percent offal consisting of coarse bran, fine bran (aleurone) and germ.
 

The offal consists generally of 2.5% of coarse bran, 40% of fine bran and 57.5%
 

remouldings or regrindings ('remoulages').
 

In the Ruhengeri area 2 300 tons of wheat were produced in 1975,
 

leaving about 460 tons of sharps (issues de ble'), of which 193 tons are bran and
 

262 t are remouldings.
 

(a) Wheat bran: is excellent for fishes as well as for pigs and poultry. There
 

is no sharp difference uetween fine bran and coarse bran and these two by-products
 

are generally mixed. The bran fractions contain most of the vitamins and protein
 
The
 

of the wheat grain. Protein content of bran is between 14.5 (Hastings, 1973), and
 

16.9% (Gohl, 1975). Up to 35 percent of wheat bran can be used in.fish diets; up to
 

30 percent in pig diets and up to 15 percent in poultry diets. Wheat bran costs
 

Rwf 2 000 per ton in Ruhengeri.
 

(b) Remouldinzs: are the most common by-product from the flour mills, and.up
 

to 45 percent can be used'for fattening up pigs. Up to 10 percent can be used for
 

poultry and up to 20 percent can be utilized in fish feeds. Remouldings contain
 
Rw.F 

between 15 and 19 percent protein. The cost per ton in Ruhengeri is/2 000 - 2 500 

- Sugar-cane wastes 

About 14 000t ugar cane was produced ir 1975 in the Kabuye area. The by-products 

of the sugar-cane industry are bagasse, molasses and filter-press mud. 

(a) Ba2asse : is the cane waste after it has passed through the crusher where
 

sugar sap is extracted. It represents about 15 percent of the whole sugar-cane plant.
 

An average of 60 percent of bagasse produced is generally used as fuel in the sugar =ill!
 

There are two kinds of bagasse fibres:- (a) fine, strong and flexible fibres
 

tnat are suitable for the manufacture of high grade pulp and paper, and (b) short fibres
 

or pithy material (bagasse pulp), which are used as animal feed.
 

The bagasse production in Rwanda is about 2 100 tons/year. Bagasse or portions
 

of bagasse can be used as 
roughage for pigs and cattle, or as a carrier for molasses.
 



Bagasse and bagasse pith are good carriers of molasses (four parts bagasse pith
 

and 10 parts of molasses cane). Bagasse can also be used for compost.
 

(b) Molasse : is a liquid by-product (80 percent dry matter) containing sugar
 

and non-protein nitrogen. 
There are many kinds of molasses. Final molasses is the
 

by-product of the sugar industry from which a 
maximum amount of sugar has been
 

extracted. 
Molasses represents about 2.5Z of the whole sugar-cane plant. 
About
 

350 tons of molasses are presently available in Rwanda. 
There are different ways in
 

which molasses can be utilized (Gohl, 1975):­

(i) in.dry feeds:- molasses have to be absorbed to simplify their transport
 

and handling. Used as a 
binding product, molasses can replace other more expensive
 

carbohydrates in feeds. Percentages.of molasses absorbed by some 
feed ingredients
 

are as 
follows: wheat middlings - 19%; maize meal - 15Z; draff 
- 9%. Up to 15Z of
 

molasses can be fed to pigs, and to poultry, and 10-15% can be included in fish diets.
 

The maximum amount of molasses used is often determined by the absorbability of
 

molasses by the other ingredients in the diet.
 

Trials undertaken in the Ivory Coast, with 30 gm fingerlings of T. nilotica
 

(stocking density: 1.3/m 2), feeding a mixture of 60Z molasses and 40% rice bran have
 

given the followinz results: yield: 3 649 kg fish/ha/year; average daily growth
 

increment: 0.78 gm per fish/day; CR ­ 8 (Lazard, 1980).
 

(ii) in sila2e makine:- molasses is quickly fermented and is, at a 5% level
 

sometimes added to grass during the ensiling process to act 
as a preservative on the 

nutrient value and palatability factor is a bonus. 

(c) Filter Dress mud: 
 (or scum, 'toueteaux de filtration', 'ecmesde defication') 

represents about 2.5% 
of the whole of the sugar cane 
(as it stands before harvesting)
 

This product is obtained when the chopped cane is pressed and the sugar is extracted
 

with water. 
Filter press mud contains many of the impurities of the sugar cane juice
 

and includes organic comrounds mainly calcium sulphate and calcium phosphate. The 

protein content is between 10 and 15Z (Gohl, 1975). 

Filter press mud is generally used as a fertilizer for sugar-cane cultivation
 

but it can also be used as a fertilizer in ponds, and to feed fish when mixed with 
bran or drafi. 

http:Percentages.of
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Maize and bv-vroducts
 

77 166 tons of maize was produced in Rwanda in 1977 (Morris, 1979).
 

(a) Maize (grain ): is a staplefood for the population and its possible
 

use as a fish feed is questionnable from the socio-economic point of view. The
 

majority of the maize milling capacity is concentrated in centres and the cost of
 

transport to remote areas is high. If used, and to avoid prohibitive costs, maize
 

should be milled at the fish farms, using a commercial hammer-mill. Maize (grains)
 

cost Rw.F1000C per ton.
 

(b) Maize meal: is available in almost all the prefectures and costs about
 

Rw.F 17 000 per ton. Maize meal levels of 15 to 30% are used in fish feeds and 15 to
 

70 percent in pig and duck feeds. In fish culture the CR of maize meal is 3.5 - 3.9Z.
 

(c) Maize bran:. is available in some villages, but in small quantities. -The 

optimum level in pig rations is between 20 to 25 percent and about 30 percent in fish 

diets. Maize bran costs' Rw.F2 000 per ton and the CP is between 4..5 and 5.5. 

Groundnuts: between 12. and 14 000 tons (in hulls) were produced in 1975,
 

mainly in the Cyangugu, Kibuye, Gisenyi, Gitarama, and Kigali prefectures, as well
 

as in the Eastern plateau'and the eastern savanna. According to Morris (1979), some
 

peanuts, perhaps 50 percent of the supply, are available for oil extraction.
 

Groundnut cakes are available in only very small quantities and prices fluctuate
 

from year to year. Shelled weight of peanuts is 70 percent of the weight in the shell.
 

Oil is 50 percent of the shelled weight and the other 50 percent is cake (Morris, 1979).
 

The groundnut cake content may be 30 to 45 percent in fish feed, 23 to 27 percent in
 

pig feed and 5 to 7 percent in duck feed. Groundnut cake contains 53.5 percent protein.
 

- Soya bean: the production for 1975 was 2 700 tons, mainly produced for human
 
prefectures


consumption in the Kibuye (Gitesi), Cyangugu (Bugarema) and Kibrungo (Kayonza)i. Soya
 

is mainly grown between 1 400 and 1 800 = of altitudE.
 

Soya beans are the richest by far in protein of all the common seeds used i=
 

feeds. Soya seeds have a low oil content (maximu= 20 percent). Beans are 72 percent
 

of the pod weight. When Dressed, the oil cake represents about 80 to 82 percent of
 
the seeds and 18 to 20 percent is o;.
 



Locally produced soya beans sell at Rw.F 25 000 per ton and imported
 

soya is processed in Kigali. 15 300 tons of soya bean were pressed in 1973,
 

producing about 10 000 t of soya oil cake.
 

- Coffee by-products
 

The coffee production ("caf' marchand") in Rwanda was 24 385 t in 1975.'"
 

The by-products of coffee are pulp and coffee hulls.
 

(a) Coffee pulp: represents about 26% of the whole coffee fruit
 

("therrv"or "cerise de cafr"). The coffee fruit can be processed either
 

by the simple dry method or by the more advanced wet method, to liberate the
 

seeds ("coffee beans"), from the fleshy wet pulp. Large quantities of coffee
 

pulp (about 10 000 tons/year) are available in Rwanda, free of charge. Coffee
 

pulp can be used as a roughage for cattle and for pigs and also as fish feed,
 

after drying. Wet pulp should be dried immediately (in the sun, as described
 

for brewer-'s yeast), as it spoils very quickly. Coffee pulp contains between
 

7 and 9 percent protein (Mongodin, 1977).
 

Up to 16% dehydrated coffee pulp can be included in' pig rations
 

(Gohl, 1975), and ui to 25% in fish diets.
 

(b) Coffee hulls: ("parches de cafe"): are obtained during the decortication 

process of the coffee beans, and they represent 15% of the "cafr parche". About 

3 000 t coffee hulls are available in Rwanda, free of charge./
The

protein content 

of coffee hulls is between 6 and 12%. Coffee hulls have to be mixed in diets 

and can be used up to 20%. If used as a single feed, CR of coffee hulls 

ii 40 (Lazard, 1980).
 

Cassava offals: In 1977, 414 326 tons of cassava were produced in Rwanda,
 

at a value (market price) of Rw.F 8 000 per ton. The average consu=nion of
 

manioc (Prefecture Cyangueu) is about 113.2 kg/capita/year (Morris, 1979'.
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Cassava tubers or roots have 
a poor protein content (about 3.6%), butiprotein
 

content in the peel is relatively high, as in the external parts of the root too.
 

By retting cassava, a necessary practice to liberate the cyanhydric acid of the
 

tubers, some of the nutrients are dissolved in the water.
 

Peeled cassava 
("manioc peli"), after rering, represents about 68% of the
 

fresh tubers. Offals are about 32% of the fresh 
roots. "Cossettes" are 33% and
 

flour 31% of the fresh root weight (Morris, 1979).
 

Cyanhydric acid can cause fish mortality, if too much cassava is retted in
 

a small water area. According to FAO trials set up in the Central African Republic
 

(CTFT, 1972), 
the fish mortality (T. nilotica) it as follows:­

- peelings of 10 kg raw cassava tubers in 100 1 water: 
fish
 

total mortality
 

occurs 
after 24 hours (density not precised).
 

-
 peelings of 5 kg raw cassava tubers in 100 1 water: high mortality occurs af.ter 

48 hours. 

- peelings of 1 and 2 kg raw cassava tubers in 100 1 water: no mortality
 

occurs.
 

Trials 
on cassava reting in fish ponds were undertaken in Gabon with the
 

following results (CTFT, 1972):
 

Retting of: 
 Yield (T. nilotica):
 

10 kg raw cassava tubers per are /week 
 2 400 kg Fish per ha/year
 

100 kg 
 4 280 kg
 

200 kg 
 4 000 kg
 

One snould note that large quantities of cassava tubers which are 
to be retted
 

to obtain only a few kilograzmes of fish can still be economical. Since retting
 

bitter cassava is absolutely necessary before consumption, it is generally done in
 

brooks and rivers instead of ponCS.
 

As cassava is a stafDlefood in almost the whole country,. re:ing cassava tubers
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is carried out in many villages. It can also be carried out in fishponds, using approx
 

100 kg tubers/week per are. With this method, the average yield can reach between
 

3 000 and 4 000 kg fish per ha/year.
 

Household scraps: are very nutritious, but are not always collected and
 

utilized as fish feeds. Pot scrapings, vegetable wastes and fruits (mango, papaya,
 

etc), cassava offal, rice, maize, etc are availabel daily in all families and can
 

be collected as fish feed. Depending upon the composition of the scraps, CR is
 

between 8 and 20.
 

Wastes from markets, restaurants, hosnitals and boarding-schools: are now
 

used as fish feed at the Kigembe fish farm. They are collected, free of charge,
 

mostly in Butare, and transported (19 km) to the station, whed the pick-up and
 

petrol are available.
 

The cost of these ingredients rendered at Kigembe is about Rw.F0.85 per kg.
 

The conversion race (CR), of these wastes is between 6 and 25 (6 to 25 kg wastes;
 

depending on their nature and average composition, needed to produce 1 kg fish).
 

Wastes from markets, because of their nature (leaves, stalks, bunches of bananas,
 

spoiled fruits, sweepings, etc.), are sometimes better for composting than for
 

direct feeding in ponds.
 

A summary of available wastes and by-products is presented in Table 7.
 

http:Rw.F0.85


- 47 -
Table 7 

Availabilitv of Azro-Industrial By-Products
 

"c-industrial 
 Localities Availability Period of 
 Cost
-products 
 (tons/year) availability (Rwf)
 

iff (wet) Gisenyi (a) 
 1 400 all year free of charge
!r yeast 
 " (a) 200 000 litres " 

iff from banana beer all country 

idem
 
87 000 idem 2 per kg
iff from sorghym beer idem 20 800 I ,,


)od meal (b) 390 
 idem free of charge
3mach contents (b) 800 
 "4 idemie meal (b) (c) 
 " of -. ze brans 
 Kigali 74 Sept-Oct & 2 000 per ton 
March-e polishings Kigali 
 149 idem 2 000 per ton
aat brans Ruhengeri (d) 
 193 all year 2 000 per ton
aouldings (wheat) 
 " " 262 idem 2 000-2 500/ton
,asse Kabuye 2 100 
 all year free of charge
lasses 
 "o 
 350 " 
 to be assessed
Icer press mud (cane) " (c) " idemize bran all country (e) " 2 000 per ton
iundnut cake (f) (c) t
to be assessed
:a oil cake Kigali 1
10 000 
 " to be assessed'
ffee pulp 
 all country 100 000 
 " to be assessedffee hu'lls idem 3 000 " idem ssava offals 
 idem (c) 
 "" idem
asehold scraps idem (c) 
 " idem
ier wastes idem (c) 
 iden
 

-es: Ca) A new brewery will be established presently in Kigali
 
(b) Available in the three abattoirs (Kigali, Butare and Rusu-'u), 28 slaughterhouses and


276 unimproved slaughter places
 
(c) Figure not available.. Quaitities should be assessed
 
(d) A new wheat mill will be installed soon at Adikongoro
 
(e) Available in almost every village, but in small quantities
 
(f) Available in Cyangugu, Kibuye, Gisenyi, Citarama and Kigali prefectures
 

The above data show that various ingredients and feedstuffs for use in fish
 

culture are available in Rwanda, mostly all the year round and quantities are available
 

in almost all villages. Their appropriate and productive use will require adequate
 

planning and organization, as well as advice and assistance by extesion personne:.
 

A detailed inventory of existing agro-industrial by-products or wastes suitable as
 

fed for fish will be necessary for each of the prefectures where fish fa-inz is
 

planned. 
 Such inventory will have to consider the kind of products, locatior.,
 

auantities available, period of availability, competitive use, price and transport costs.
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2.5.2.3 Diet formula
 

Suitable diet formula, using locally available ingredients, are given in
 

Annex I. Diets with 25 percent protein will be used for fingerlings and spawners
 

as high protein irgredients are expensive and not always readily available. The,
 

30 percent protein diets should be used only for fry.
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2.5.3 	 Fertilizaticn of the Ponds
 

To obtain high yields with T. nilotica (micro-planctonophageous), T. macrochir
 

(micro-plancton eater and browser), and common carp (C. carpio, omnivorous),
 

fertilization of the ponds has to be carried out regularly. Either organic or
 

inorganic fertilizers may be used, but recent increases in the price of chemical
 

fertilizers may greatly limit their use in Rwanda, taking also intoaccount local
 

transport problems, especially in remote areas.
 

2.5.3.1 Chemical fertilizers
 

When using chemical (inorganic) fertilizers, such as superphosphate, triple
 

superphosphate, a-onium and urea, it is recommended to apply these fertilizers
 

every two weeks. It has been proven that applications of phosphates and nitrogen,
 

in.tropical waters, had effects lasting for only two or three weeks (Miller, 1976).
 

While awaiting the results of new trials to be undertaken at the Kigembe Centre,
 

the following rates of application of inorganic fertilizers are recommended:
 

- Superphosphate (18% P, 0.): 0.300-0.400 kg/are, fortnight
 

- Triple superphosphate (457 1 05): 0.150 kg/are, fortnight
 

- Ammonium suffate (20% N): 0.200-0.300 kg/are, fortnight
 

- Urea (46% N): 0.100-0.200 kg/are, fortnight
 

Using only superphosphate and anmonium sulfate at the above rates, the cost of
 

fertilization, including application, will be about Rw.F 980 per are/year or
 

Rw.F 98 000 per ha/year.
 

2.5.3.2 Calcareous fertilizers
 

Liming is indispensable when the pP. of the water is too low (below 6.0-6.5). The
 

best water for fish cultivation is that with a pH between 7.0 and 8.0. As already
 

explained, marshy and peaty water with weak alcalinity have an acid pH.
 

The nitrification of ammonium compounds into nitrites and nitrates demands the
 

presence of sufficient quantities of lime.
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The principal fertilizers containing lime to be used for liming the ponds are:
 

powdered limestone, marl, quicklime, caustic lime and calcium cyanamide. At present,
 

only powdered limestone is available at Rubona and costs Rw.F 16/kg.
 

For the purpose of controlling the acidity of the water, one can use powdered
 

limestone at the following rates of application:
 

- In new ponds with acid water (pH between 4.0 and 6.5): 15-20 kg/are 

(1 500-2 000 kg/ha) on the bottom when the pond is dry. After spreading 

out, powdered limestone has to be lightly worked in and the pond can 

be filled. The cost of such application is estimated to be Rw.F 240-300 

per application And per are. 

- Other ponds: monthly application of 1.5 to 2 kg/are, at a cost of
 

Rw.F 288-384 per are/year (Rw.F 28 800-38 400 per ha/year)
 

2.5.3.3 Manures
 

Relatively high production can be obtained combining organic fertilization
 

of the ponds and supplying supplemental feed. The following is a brief sumary of
 

the availability and application of various manures:
 

-	 Cow manure. Is relatively easy to obtain in the country. One cow produces 

annually about 16 tons of manure, which can be used to fertilize a 1-ha pond 

at a rate of 300 kg manure/ha/week (or 3 kg/are/week). 
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is often not available in large
Horse manure. May also be used, but 


quantities. Recomended application rate: 20 to 30 kg/are, monthly.
 

Piz manure. Raising of pigs in pens and beside or over fish ponds, per=its
 

continual organic fertilization of the ponds and appears to 
work very well
 

with T. nilotica as well as other tilapia species, and comn 
carp. This
 

culture system (associated animal husbandry) is reco=ended 
in the different
 

areas visited.
 

(1966) recomended the
 
- Poultry manure. In Central East Africa, Maar et al., 

use of poultry manures at a weekly application rate of 120-220 
kg/ha (6.240-

The manure obtained per year by 100 chickens is about 11.440 kg/ha/year). 

2
 

In tilapia culture (T.nilotica, two fingerlings/m ) with artificial
 1 900 kg. 


initial rate of 2 500 kg/ha,
feeding, the application of poultry manure at an 


followed by montly applications of 1 000 kg/ha (12 000 kg/year) gives an
 

additional production of about 1.5 t tilapia/ha/year. This manure can only
 

be used if there are poultry farms near the ponds.
 

some manures is presented in Table 8.
The composition of 


Table 8
 

Composition of Various Manures
 

P 0 K0 Cao (:),N(Z) 


fCow manure 0.3 0.15 0.10 0,45 I 

IHorse manure 1 0.45 0.35 0.35 0.15 

0.10
Pig manure 0.6 0.40 0.25 


2.40
1.7 0.85
Poultry manure 1.7 
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2.5.3.4 Comnos:
 

when manures are not steadily available one can utilize compost for the
 

fertilization of the ponds, as it is practised in rural ponds in the Central African
 

Republic. Natural productivity in ponds in Central Africa. is-around 200 kg fish
 

per ha/year. in monoculture of T. nilotica stocked with two fingerlings/m 2 , the
 

average production from ponds where compost is used is 1 500 kg fish/ha/year. The
 

compost is stacked underwater in a I m2 pile in the corner of the filled pond, with
 

weekly doses of 9-10 kg organic matter (grasses, spoiled fruits, wastes from soaking
 

cassava and some cattle or chicken manure) theu being added to the pile. To collect,
 
2
 

transport and pile the organic matter for composting a 100 m pond, the farmer may
 

spend and average of 28 hours a year,
 

With aerobic prepared compost, production can reach 3 000 kg of fish/ha/year
 

an application rate of 20-30 tons compost per ha/year (C.T.F.T., 1-972).
 

The fertility of compost depends broadly on the mineral content of the used
 

grasses and organic matters to prepare the compost, and the method of preparation
 

(aerobic or anaerobic methods). Organic matters, stacked underwater in piles
 

scattered around the edges of filled ponds generally produce relatively low fertility,
 

because decomposition is anaerobic and slow. Decomposition (rotting) of organic
 

matters in compost piles (aerobic conditions) is more rapid and more complete,
 

giving a richer fertilizer than the anaerobic prepared compost.
 

Preparation of compost under aerobic conditions is easy. A trench of about
 

1.20 m wide and 0.50 m deep is dug. The length of the trench depends on the quantity
 

of compost needed. A trench of 1.20 x 0.50 x 5 m is needed to prepare a pile of
 

9 m compost. To obtain good fermentation, it is necessary to apply alternatively
 

a layer of fresh fodder, rich in nitrogen and then a layer of dried organic matter.
 

Fresh fodder can be composed of all kinds of organic wastes (spoiled fruits,
 

vegetable wastes, garbage, household refuse, bweepings, etc.).
 

3 
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.h. .riea orlanic =a::er is =ade from grass ann is arranged in piles of 20-30 c= 

:::ak ayirs in :he trench to a height of 1.50 m. The layers should be compressed
 

iih:l: and, if available, some =anure or ash (rich in minerals) 
can be added
 

.:"-".aen :he layers. Coarse =aterials should be chopped before piling.
 

e-ween 5 and 7 tons of organic =atter is needed to prepare a 9 m3 co=most
 

:L'e. e 'a the best cocmosts is prepared with a mixture of green fodder and
 

..... refuse, garbage fro= tows and night soil. When the pile is =ade up,
 

has
-:er:o be sprayed on it to initiate the fermentation process (about 30 1 wazerlday
 

Is needed far a 9 m3
 pile, except during the- rainy season). . Approximately one month 

a::ar o--~mpe:ing the pile it is necessary to mix and turn over the co=post and then 

;lace I: im another trench. Only during the dry season should watering be continued, 

ez---os_i=.-is comnlete about two =onths after the turning over of'the -pile;- Thus, 

zznozs- can 'e prepared every three months, giving each tire about 2 800 kg co=post 

far a pile. ?reparation of such co=post is eszi=ated at = p Rw.F 400/ton. At
 
4oses of 20-30 :ons/ha/year, compost ponds cost between .Rw.F 8 000 and 12 000 per 
ha/year. 

The bes: fodlars are =ade from leguminous plants rich in protein and minerals, 

iuch as aerial portions of peanut (Arachis hvyozaea), Calapogonium mucono~des, 

Cr:e~r =u=rona:a, Dolichos lablab, Soya, Leucaena elauca, Pueraria thunberizanz
 

Kum) X na utilis (Velvet bean), Stvlosantes sp., Vicia sativa and Voandzeia
 

su::erranea.
 

Grass has to be cut from natural (or artificial) grasslands around the fish
 

:" if zha cuttings from grasses on 
the dikes of the ponds are not sufficient to
 

rke up :-e cc=mos: piles. 'Cc-on grasses, such as Brachiaria ruziziensis,
 

$:l.ris covna, Cvnodon dactvlon, FvDoarrhenia rufa, imnerata cylindrica,
 

.'ular:i a undinaceaPasnalum spp., ?ennisetum elaucu= and P. Durure-
 are very
 

_ui-le for =aking co=post. Also aquatic grasses growing along rivers, in
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swamps and in ponds are suitable, such as Echinochloa ovramidalis, E. stazinina and
 

Leersia hexandra, containing between 5.8 and 11 percent crude protein (C?) and
 

between 8.6 and 16 percent ash (G~hl, 1975).
 

2.5.3.5 Artificial manure
 

If only grasses and a few organic matters are available, artificial manure can
 

be used to fertilize the ponds. The preparation of artificial manure is roughly the
 

same as that for compost, but chemical nitrogen fertilizer (generally urea) is added
 

to the grasses and organic matter during the preparation of the manure. Artificial
 

manure of good quality is as rich as farmyard manure and one ton contains approximately
 

150-180 kg organic matter, 4.5-5.4 kg nitrogen, 2.0-2.5 kg phosphoric acid, 6-7 kg
 

potassium and 4-5 kg of calcium, depending on the mineral content of the grasses and
 

organic matter used to prepare the artificial manure, the fertilizers used and the
 

methods of preparation.
 

The following method of preparation of artificial manure was suggested during
 

1972-73 at the Agriculture Section of the Institut Technique Agricole du Buzundi
 

(ITAB) (De Valck, person.comun., 1978).
 

In a trench of 4 x 4 m and 1.75 m deep (28 m3) fresh chopped fooder is placed
 

in 20-30 cm thick, not compressed, layers. Between each layer urea should be sprayed
 

(46 percent N). To fill the 28 m3 trench, about 17 tons of green organic matter is
 

iieeded, together with 8 kg of urea. The pit, after filling, has to be covered by earth
 

and water and sprayed (about 60-70 1/day), except during the rainy season). After
 

one month the trench has to be e=ptied for aeration of the manure. The manure has to
 

be turned over and replaced in the same pit for one more month. Generally after two
 

months, 9 tons of manure is ready for use. Application rate of artificial manure in
 

ponds is between 20 and 30 tons/ha/year at a cost of Rw.F 7 500-11 300/ha/year.
 



3. MACRO-ECONOMIC ASPECTS
 

3.1 Introduction
 

The Rwandese economy is based on agricultural production,which creates more than
 

half of the Gross Domestic Product and generates 75 percent of export revenues. Because
 

of limited land resources the Government has given priority to development progr-es
 

which aim at the intensification and diversification of both food and export crop
 

production in order to meet the nutritional demands of the increasing population, to
 

raise rural incomes, and to generate rural employment.
 

The development of small scale rural fish culture would be in line with these
 

objectives, but the implementation of such development requires infrastructural support
 

and assistance in the field of extension, training and research.
 

The following part of the report assesses the present situation of the local
 

infrastructure, and the existing development support services, and identifies further
 

requirements. In addition the demand and supply situation with re-pect to fish production
 

is outlined and the future demand estimated.
 

an
The last chapter attempts, on the basis of assumed fish culture development
 

and support project, to predict the economic input/output dynamics of such developmemt
 

assistance and project the:possible impact on the national socio-economy.
 

3.2 St-ar, and Conclusions
 

From examining the Rwandan fish supply situation, it is apparent that at present
 

fish plays only a minor role in the local diet. A
Assessing the potential future
 

demand for fish, i.e. more than 100 000 tons, 
it becomes evident that a tremendous
 

gap between supply and demand exists.
 

Fish culture development is one of the most promising ways of bridging this
 
p I 

gap, and it is only possible with the help of an adequate -4, .. " -

The emphasis of the respective development assistance will have to be mainly or 

trainine low and medium level extension worers as well as on the ==power anz 

financial Drovisons necessary for an adenuate extension service.
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An appropriate extension service and other development support activities are
 

estimated tn promote small-scale fish culture in the country to the extent that approx.
 

.2400 families could be operating a fish pond after 4 years. Apart from raising
 

family incomes and improving the overall animal protein supply such development would
 

add approx. 10 million Rwf to the Gross Domestic Product annually.
 

Because of the dispersed location of fish culture production units, there are
 

no forseen difficulties with regard to marketing. Because of the low purchasing power
 

of the rural people, which will in itself limit the fish sales, it is recommended that
 

family size ponds are aimed at, so promoting home consumption of fish, and leaving only
 

part 	of the harvest to be marketed.
 

3.3 	 Demand and Supply
 

The Ministry of Agriculture and Livestock, in their 1978 Annual Report-


The

estimated the output of lake fisheries during that year at 709 256 k2. 


existing 2 662 fish ponds (see Table 9) produced an additional 15 277 kg during
 

that 	year.
 

1/ 	Ministire de l'Agriculture et de l'Elevage. Rapport annuel 1978,
 

Kigali, Ripublique Rwandaise, 1979
 



- 57 -
Table 9
 

Number of Fish Ponds, Surface and Yields, by Prefectures
 
(1978)
 

No. 	of Total Surface Production
 
refecure fish ponds (ha) 	 (kg) I 

Kigali 653 12.91 1 500
 

Gitarama 626 12.57 690
 

Butare 541 23.16 9 696
 
- a/
4.54
160
Gikongoro 

a/


Cyangugu 32 0.94
 

Kibuye 151 2.03 604
 

Gisenyi 183 9.96 42
 

Ruhengeri 93 2.16 2 745
 

Byumba 183 8.31 - a/
 

Kibungo 40 1.06 - T1
 

Total 2 662 	 77.64 15 277
 

a/ 	Production figures were not given in the report, an extrapolation of theses figures
 
as attempted by the mission is given in Table NO.2, Section 2.1.2
 

Source: Rapport annuel, 1978
 

These production figures, to which riverine fisheries and imports may indicate
 

an extremely low Der canut consumption - mostly estimated to be below 3 g Der caput and
 

per day (Aubray, 1976), the overall protein consumption being 46.8 g Der caut and per
 

day in 1978, according to the 1978 annual report of the Ministire de l'Agriculture et
 

de l'Elevage.
 

This significant lack of animal protein indicates a substantial potential
 

demand for fish in Rwanda, in spite of the fact that fish is not part of the traditional
 

local diet in the country (see section 5.3.4). Reizer (1975) observed a daily per canu
 

fish consumption of 50 g in a government settlement scheme (paysannat) close to Lake
 

Kirimbi and used this figure as the basis for the potential fish consumption in Rwanda.
 

He estimated the potential demand at four levels, at 63 g/day (his estimate of
 

the optinal intaite level to compensate for the overall protein deficiency) a:
 

50 z per day, at 100 g/week (to allow two meals comprisine fish), and at 5C 2/wee:
 

(to allow one meal with fish). His demand projections are surmarized belo::
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Table 10
 

Potential Demand for Fish according to differen
 
Consumption Levels and by Prefecture
 

(in metric tons)
 

Individual Demand 
Year Prefecture Inhabitants __________

I 63g/day 50 g/day 
 100 S/week 150 g/week
 

1973 Butare 594 836 13 700 10 700 3 000 1 500
 
2 800 1 400
Gitarama 524 830 12 100 9 400 


Ruhengeri 505 806 IL 6bO 9 100 2 600 1 300
 

Kigali 460 281 10 600 8 300 2 400 1 200
 

Gisenyi 406 710 9 400 7 300 2 200 1 100
 

•Byumba 405 075 9 300 7 300 2 200 1 100
 
1 800 900
Gikongoro 344 480 7 900. 6 200 


6 800 5 300 1 600 800
Cyangugu 295 038 

271 068 6 200 4 900 1 400 700
Kibungo 


Kibuye 250 476 5 800 4 500 1 400 700
 

4 058 600 93 400 7 000 21 400 10 700
I-Rwanda 


19801 Butare 721 6B7 16 600- 13 000 3 800 1 900
 

IGitarama I 636 752 14 600 11 500 3 400 1 700
 
3 200 1 600
Ruhengeri 613 671 14 100 11 000 


Kigali 558 438 12 800 10 100 3 000 1 500
 
2 600 1 300
Gisenyi 493 443 11 300 8 900 


IByumba 491 459 11 300 8 800 2 600 1 300
 

IGikongoro 417 942 9 600 7 300 2 200 1 100
 
1 800 900
I Cyangugu 357 956 8 200 6 400 

Kibungo 328 874 7 600 5 900 1 800 900 
7 000 5 500 1 600 i 800*Kibuye 303 891 


Rwanda 4 924 113 1113 100 88 600 1 26 000 13 000 

Source: Reizer, 1975
 

Although a part of the total potential future demand for fish could be satisfied
 

by the expansion and intensification of capture fisheries, the possible contribution
 

of the lake fisheries is considered finite, according to various studies (Reizer,
 

1975; Aubray, 1976). Therefore a saturation of the potential market for fish, as shown
 

in the table, cannot be expected in the foresseable future.
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A serious constraint to an increased per caput consumption of fish - the
 

low purchasing power of the rural population - remains, however. The comer­

cialisation of fish in rural markets, via monetary exchange, will be limited in
 

the near future, as rural incomes cannot be expected to increase dramatically.
 

Therefore planning for fish culture developjent with the aim of curbing the
 

deficit of animal proteins in the rural diet will have to aim at small, family
 

based units, which provide fish for home consumption, barter and, only on a limited
 

scale, the market. Any marketable surplus, will, at least in the near future, be
 

readily absorbed by the urban markets and rural centres. The urban population
 

was an estimated 217 000 in 1979 (Rwanda, 1980), with more than double the monetary
 

income of the rural population. Assm=Ing a consumption level of 5 kg per caput
 

per annum (as compared to national averages of 4-5 kg for Burundi, 15 kg for Uganda
 

and 13 kg for Tanzania), the urban population alone would create an annual demand
 

of over 1 000 tons.
 

3.4 	 Marketing and Prices
 

Based mainly on subsistence agriculture, only 41.9 percent of the total
 

ruTal production is estimated to be marketed in Rwanda. The following table gives
 

an overview of the scale of marketing according to the sectors of the economy.
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Table 11 

Scale of Marketine 

Sector Percentage marketed
 

Foodcrop production 30.8 

Industrial and export crops 1100.0 

Livestock 35.1 

Forest products 59.5 

Fish 19.4 

Total rural production 41.9 

Mines and industries 87.2 

Tertiary activities 
t 

100.0 

Total GN 69.5 

Souice: Ministire du Plan, annie 1976, Projections, In: IBRD (1977) 

There are 275 permanent markets in Rwanda, frequented daily by about
 

60 000 people (Aubray, 1976). The accessibility of markets is illustrated in the
 

following tabl,:
 

Table 12
 

Time to Reach Nearest YMarket-


Travel time Families 
(hours) No. z 

less than half 169 14
 

1/2 - 1 1/2 617 51
 

1 1/2 - 2 1/2 282 23
 

2 1/2 - 3 1/2 130 11
 

3 1/2 - 4 1/2 6
 
4 1
 over 4 1/2 


1 208 100
 

1/ Sample survey by Leurquin (1960) quoted in !iorris (1979)
 

Source: Morris, 1978
 



Considering the degree to which farm produce may be consumed on the farm
 

(although pond fish culture may result in a higher percentage of market production
 

because of output peaks two or three times a year) and the relatively developed
 

accessibility of rural markets, no difficulties can be foreseen at the moment
 

with respect to commercializing a marketable surplus accruing to the farmer
 

after harvesting his fish pond.
 

Bulk harvests achieved in larger scale cooperatively undertaken pond culture
 

operations may acquire the organization of transport to urban markets.
 

Fish is consumed fresh, dried and smoked a;fresh fish yields the highest
 

price. The Workd Bank reported a controlled price for fresh fish of Rw.F 53/kg
 

in 1975 (IBRD, 1977). At present the price of fish to the consumer fluctuates between
 

Rw.F 60-140/kg. For the financial analysis (next chapter) a medium price of
 

Rw.F 75/kg of fish was assumed, a very conservative estimate considering a price
 

increase for food items of up to 18.'5 percent in 1979Z
 

For both family based and cooperatively organized production, commercialization­

of the marketable surplus will be, at least in the near future, carried out by the
 

producers, as the magnitude of production, as well as the dispersed locations of
 

production units, will probably not encourage marketing by intermediates or traders.
 

At present an averiige of 1.2 percent of all economic activities of a family
 

is allocated to marketing, with men and women equally involved (IBRD, 1977).
 

3.5 Develovment Infrastructure
 

3.5.1 Physical infrastructure
 

Because of the dispersed settlement structure in Rwanda, it will not be feasible
 

to organize a centralized infrastructural development support for the development
 

of small-scale rural fish culture with respect to operational inputs. Material inputs
 

which are not available on the farm comprise feed and fingerling. Feed procurement,
 

where planned, will have to be organized, for timely availability and transport, by the
 

respective production units, and during the initial development phase, producers will
 

require advice and technical assistance form extension agents. Fingerlings can be
 

initially produced centrally, but with a growing geographical coverage of a programme
 

to develop fish culture, fingerling prodt:--ion and distribution will have to be organize 

I/ Consumer price increase for medium level government officials, December 1978 tc
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on the prefectural level. The present transport and comunication system in rural
 

Rwanda constitutes, in general, no 
constraint to the physical infrastructural suppor,
 

as most settlements can be reached by earthen roads which are passable most of the
 
year.
 

3.3.2 Extension
 

Administratively, Rwanda is organized in prefectures, communes, sectors and
 

collines. 
 Table 23
 

Administrative Organization
 

Approximate size Number in Administrative
unit (persons) country 
 Head
 

Prefecture 400 000 
 10 Prefect
 
(Province) 
 (appointed)
 

Commune 30 000 
 143 Burgomaster

(District) 
 (appointed)
 

Sector 
 3 000 1 600 Chairman
 

(elected)
 
Colline 300 
 16 000 Chef de Colline
 

(elected)
 

Source: USAID, 1978
 
Agricultural extension is organized in the same way, with prefectural and
 

communal extension workers (Agronomists,A2), sectoral extension workers
 

(Agronomists, A3) and extension workers who act on -1
the colline level (moniteurs)..


Extension personnel officially working for fisheries and fish culture
 

comprised, in 1978, four specialized A2 agronomists (working mainly in
 

lake fisheries), two other A2 agronomists, four A3 agronomists and
 

23 extension staff without special training. A prefectural breakdown is given
 

as follows:
 

l! A2 agronomists have usually graduated from the Agricultural University,
 
A3 Agronomists from acricultural colleges; moniceurs have little or nc
 
educational background above that of basic schooling
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Table 14
 

Fisheries Extension Personuel,1978
 

Assistan vugarsat Moniteurs Agentsi

Prefectures Agronomist Agriculturist 


Pisc. Pisc. pche

AZ A2 Agricuituris 


Kigali 1 .... 4 4
 

- - 1 - - -
Gitarama -


Butare - 1 - - 2 - -


Gikongoro .- - 1
 

Cyargugu - - 1 - - - 1
 
Kibuye - 1 1 ... .
 

Gisenvi 1 - 1 
 - - 1.. 

Ruhengeri I .-.. 2 

Byumbe -.... 1 

Kibungo 1 - 1 - - 1 5 

Total 4 2 4 12 5 1 5 

Source: Rapport annuel, 1978, Rwanda (1979)
 

The scarcity of extension personnel, trained at different levels, constitutes
 

one of the major constraints to fish culture development in Rwanda.
 

An adequately staffed, trained and equipped fish culture extension service has
 

to be considered a pre-requisite with respect to reaching a take-off phase of
 

self-reliant, rurally based,production of fish in ponds.
 

3.5.3 Trainine and research
 

There are four institutions in Rwanda which could carry out training and
 

research in fish culture:
 

- the 'Institut des Sciences Aeronomique' at Rubono/Ki2ali; 
- the 'Institut National de la Recherche Scientifique at Butare; 
- the 'Universiti National de la Recherche Scientifique'at Butare; 

- the 'Institut National de Pedagogie' at Butare.
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At present, however, training and research efforts by these institutions
 

are insignificant, the National University at Butari being the only one which
 

offers specialized courses in Fisheries Biology and Fish Culture; in 1980 only
 

four students received a degree in this discipline.
 

External training and research facilities, as the FAO/UNDP Regional •
 

Aquaculture Centre in Nigeria or the Fisheries School in Ivory Coast, have been
 

'and can be expected to be frequented by Rwandans with adequate qualifications. H1wever,
 

chis will result in an output of only a limited number of highly trained specialists.
 

specialists.
 

The major constraint to the development of rural fish culture - sufficient
 

numbers of extension personnel with medium-level and practical training - will
 

remain. To overcome this constraint a centralized in-country training will be
 

most feasible, because resource limitations will not allow dispersed installationsi.
 

Centralized research facilities, capable of supporting applied research in order
 

to adapt established fish culture technologies to local conditions, will be the
 

most feasible for the same reason.
 

The existing fish culture centre in Kigembe near Butari, seems to be
 

potentially suitable for the purpose of establishing a national centre for
 

fish culture training and applied.research.
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3.6 	 Recuirements and Economic Impact of-Fish Culture Development
 

Economic and social costs ertd benefits accruing to the Rwandan national econoy
 

through the development of rural fish culture cannot be assessed here comprehensively,
 

as in the form of an economic feasibility analysis. The necessary data are in part
 

unavailable and many indirect effects are difficult to quantify.
 

A project to initiate and support such development is still in formulation
i4ie 


phase, which makes it difficult to project it's inputs and outputs. To outline the
 

already predictable direct and indirect effects of a future development effort to
 

reactivate and innovate rural fish culture in the country we shall attempt, however,
 

to estimate possible input/output dynamics and indirect effects.
 

3.6.1 	 Direct Development Support
 

For viable fish culture development in Rwanda, the training of technicians
 

and extension workers in aquaculture is indispensable. An extension service for
 

fish farming has to bestablished. The necessary transport and equipment for
 

the extension workers to carry out their job must be made available. And finally,
 

some form of applied research procrane must be developed.
 

3.6.1 Traininc
 

Countepart personnel will play a key-role in the implementation of a project
 

to develop fish culture. These nationals have to be well trained technicians. There
 

are now three Rwandans in the Bureau of Fisheries and Fish Culture of the Ministry of
 

Agriculture and Livestock who have been trained (one year) in fish culture and
 

fisheries at the CFP (Centre de Formation Piscicole) in Bouakg, Ivory Coast. They
 

are now assigned to the ELADEP Project and are thus not available for other assignments.
 

For the implementation of a project to develop fish culture the following
 

personnel is required:
 

(a) Nine Agronomes (A-2 level): two at the Kigembe Station, (one as an
 

instructor and one as chief of the station) and seven will be responsible
 

for the management of one prifectoral fish farming station, and the
 

technical supervision of the extension workers (Moniteurs) assigned in
 

the prefecture.
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The nine agronomes have to be trained during 5-6 months at the Kigembe Station. 

The training should start at the beginning of the project and should be as 

practical as possible, and adapted to the local conditions. 

(b) 	Sixty extension workers (moniceurs piscicoles): they have to be^selected
 

before their acceptance to follow a 4-month special training in fish culture and
 

extension. Monitors are low level government agents who have direct contacts
 
will 

with the farmer. These agents/have a primary school education and have attended 

several years of intermediate vocational training at Rural Training Centres. They 

are literate in Kinyarwanda and may know some Freneh. The training of the 

moniteurs will be provided at the Kigembe Fish Station. The training will be 

held in groups of 15 to 20 people. 

The already existing facilities at the Kigembe Centre must be upgraded and 

expanded to accommodate 20 trainees. A dormitory with sanitary block (100 m), a 

multi-purpose hall (80 m") and a kitchen (40 m 2) will have to be constructed. The 

multi-purpose hall will ierve for classwork, eating and other group activities. 

3.6.3 Extension
 

The existing extension service has to be strengthened and established at the
 

Kigembe Centre. Sixty extension workers have to be trained during the 4 years of
 

the project, to overcome the lack of effective farmer training in the techniques
 

of fish culture.
 

At the completion of the training, each moniteur has to be provided a kit of
 

basic tools- and means of transport (bycicle or motorbike) to.visit the farmers.
 

The basic tools will consist of: one 20 m-survey tape (to measure and to peg the
 

ponds), one 10-Litre bucket, one spring scale (10 kg), note books, pencils, etc.,
 

one scoope net, one beach seine (10 m long) or a cast net, one rope (100 m) for
 

pegging the ponds, one masone's level, boots and audio-Aisual aids.
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The 	audio-visual aids will consist of: one 	slide projector, one screen, series of
 

slides, one small power plant, 
one bookiet, one 
fanellograph and posters. 
The audio­visual equipment will be used under the direct supervision of the extension expert and
 
his 	counterpart.
 

The moniteurs will be supervised 
on a continuing basis by the Prefectural Level
 
Fish 	7tation Manager.
 

3.6.4 	 e,earch
 
It will be necessary to 
carry outnon-sophisticated 


applied research concerning the
following aquaculture techniques: (i) polyculture in ponds of T. nilotica, T. rendalli,
T. melanopleura and T. macrochir at different densities with artificial feeds andfertilization of ponds; 
(ii) 	polyculture in ponds of T. nilotica + T. rendalli
 

T. Eacrochir + Clarias mossambicus as
the ponds; (iii) trials, 
predator with artificial feeds and fertilization of
in polyculture, of. application of lime at different rates;
(iv) 
 trials, in polyculture, of application of'compost; 
(v) trials, in polyculture,
of application of inorganic fertilizeri such as 
triple superphosphate, ammonium sulfati
and urea; 
(vi) trials concerning associated animal husbandry (fish-cum-pig culture,


fish-cum-duck culture and fish-cum-chicken culture).

The results of these investigations whould be applied on the rural level to 
improve
the production of the fish farmers, if conditions permit.
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3.6..5 	 Extraoolation of Potentially Obtainable Production
 

With an adequate number of well-trained extension workers, fully equipped 

to carry out their tasks, and with a regular supply of required fingerlings, 

the following situation is expected at the end of the first year: 

(i) About 80 percent of the existing ponds in the seven concerned pre­

fectures will again be in production;
 

(ii) 	Average yield will be 500 kg fish per ha/year _(5 kg/are/year);
 

(iii) 	The rate of construction of new ponds will be between 3 and 5 percent
 

per 12 months;
 

(iv) The average surface of the ponds will be 3.5 ares;
 

(v) "The. total production of the 1 922 ponds will be 33 750 1g of fish;" 

The inputs/outputs expected at the end of the first year of the progra-e is 

given 	in the following table:
 



Table 15
 

Fish Culture Proranivine at tie End of the First Year
 

No. of Rehabili ated Rate of Ponds and product ion,
Prefecture existing ponds- construction end of the first year No. (if fingerlings

ponds No. Surface of net, ' needed for stocking­

(1978) (are) ponds 	 (are) (kg)
 

Kigali 653 522 1 028 * 5% 548 1 644 8 220 	 328 800
 

Citarama 626 500 1 005 + 5Z 525 1 575 7 875 315 000 

Blutare 541 433 1 853 + 51 455 2 047 10 235 409 000 

Cikongoro 160 128 362 + 4% 133 399 1 995 79 8100 

Ruliengeri 93 74 162 + 3% 
 77 231 1 155 4b 2010 

Byumba 183 146 663 + 4% 151 755 3 775 151 000 

Kibtango 40 32 85 + 32 33 99 495 	 19 8(10 

TOTALS 2 296 1 835 5 158 - 1 922 6 750 33 750 	 i 350 000 

Notes: 

a/ It is assomed that after time first year of tile project B0Z df Clie exist Ing puoitis will Ihave Iecuo relia bi i ii itd, d al 
stocked with fingerlings. 

b)/ Estimates, taking into account percentage of inhabitants, involved in fish farming in each prefectumre, situationl 
of existing ponds (see Table 3) and number of extension workers assigned in each prefecture. 

c/ 	 Estimated as follows: average area of one pond is 3 ares in tite prefectires of Kigali, Citarama, (;i ongt ro, 
Ruhengeri and Kibungo; 4.5 ares in the Butare Prefecture an'd 5 ares in the Prefectue of Bytmba. 

d/ Production based on an average yield of 5 kg fish./are/year (or 500 kg/la/year).
 

e/ Calculation based on a stocking rate of 2 Tilapia nilotica fingerlings per m 2 , or 200 fingerlings/are.
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It can be anticipated that the annual increase of the number of ponds will
 

be around 5 percent during the first years of the programme and will reach 10 percent
 

in the fourth year.
 

With 	effective and dynamic extension work, it can be expected that the average
 
2

reach 	an average of 500 m
pond area will increase slowly, year after year, to 


in the fourth year of the programme
 

Under intensive management of fish ponds (adetuate stocking, required fertilizatior
 

of the pond and balanced feeding), yields from 30-50 kg are/year (or 3-5 tons of fish
 

per ha/year) can be obtained in rural aquaculture. Experience obtained in other
 

African countries, cultiring T. nilotica, shows that:
 

(i) 	the average yield in rural fish farming is between 18 and 20 kg fish/are/year;
 

(ii) the average fish pond has a surface of 1.5 ares (150 m2), but progressive
 

fish 	farmers have ponds measuring up to 10 ares, and that, 

(iii) 	 it is possible to divide fish farmers into three groups according to the
 

level of fish pond management:
 

(a) Group I - Consists of owners.f ponds who do not take care of their ponds 

and do not feed their fish. Depending on the region, between 40 and 56Z 

of the farmers belong-. to this group and the yields" in their fish ponds are 

below 15 kg/are/year, with an average of 7-8 kg/are/year. 

(b) 	Group II - Between 31 and 46% of the farmers belong to this group with
 

yields between 15 and 39 kg of fish/are/year. Average yield is 24 kg/are/yea:
 

Farmers take care and maintain their ponds, they fertilize the ponds with
 

compost and feed the fishes several times a week.
 

(c) 	Croup III - Concerns about 10-12% of the farmers who produces 40 kg and 

more fish per are/year, with an average of 55 kg/are/year. The farmers 

belonging to this group are maintaining bigger ponds (8-10 ares), 

regularly apply compost and manure, and they feed their fishes daily, using 

protein feedstuffs rich in protein such as oil cakes. 
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According to the above findings, it appears realistic to expect that during
 

a 4-year aquaculture development progra-e, the average yields with typical
 

management of fish ponds will be as follows:
 

first year: 5 kg fish/are/year
 

second year: 7 kg fish/are/year
 

Third year: 10 kg fish/are/year
 

fourth year: 15 kg fish/are/year
 

Table 16 shows the expected increase,during a 4-year extension programe, of
 

the number of ponds, the required fingerlings for stocking, and the expected
 

prdouction.
 



Table 16 

Expected Increase during a 4-year Extension Prugraimi 

i.End of First Yeara! Second Year 

No. of Surfa, Fingerling Expected No. of Surface Fingerling I'xpt:tted 

Prefectures ponds (are)- requirements production pondsd/ (are)b requirements production 
(kg/year )!z- (kg/year)"I 

Kigali 548 1 644 328 800 8 220 575 1 725 345 000 12 075 

Gitarama 525 1 575 315 000 7 875 551 1 653 330 61)0 11 571 

Butare 455 2 047 409 400 10 235 478 2 151 410 200 IS OWi 

Gikouguro 133 399 79 800 1 995 140 420 84 000 2 940 

Rulengeri 77 231 46 200 1 155 81 243 48 600 I 701 
o.j 

Byumba 151 755 151 000 3 775 159 795 159 000 5 565 

Kibungo 33 99 19 800 495 35 105 21 000 715 

TOTALS 1 922 6 750 1 350 000 33 750 2 019 7 092 1 418 400 49 644 

Notes:
 

al 	 It is assniued that after the first year of tie project 80% of tie existing ponds will have beent rehabilihat:d, 
stocked and again in production.
 

b/ 	 The surface is estimated as follows: average area of one ponds is 3 ares in the prefectures if Kig-ali, Citaram.,, 
Gikongoro. Rhengeri and Kibungo; 4.5 ares in tie Butara Prefecture, and 5 arcs in the Plrefecture of BytIIIbhaI (sue 
Table 3). 

c/ 	 Production targets are as follows: first year, 5 kg fishperare/year; second year. 7 kg fish per are/year; 
third year, 10 kg lish per are/year; fourth year, 15 kg fish per are/year (see section 2.4.2). 



Table IG (continued)
 

Fourth Year
Third Year 


rdc!i
Surface Fierig Expected No. of 	 Finger]ing EXpeC LtedPrefectures No. of o Sufc Fingerling product	ion. Surface 

c pondsL/ (are)D& req irenents (kgryc.mr)Etponds!/ (are)e/ requirements (kg/year) 	
/ 


49 b10
Kigali 604 2 416 	 483 200 24 160 664 3 320 664 000 


405 400 20 270 637 3 185 637 000 47 7/5
Citarama 579 2 027 


552 2 760 552 000 41 400
Buitare 502 2 510 	 502 000 25 100 


Gikongoro 147 51.5 103 000 5 150 162 810 162 000 12 150
 

94 470 94 000 7 050
RuhengeLi 85 255 51 000 2 550 


I1yumba 167 835 167 000 8 350 184 920 184 OO 13 800
 

41 000 3 015
Kibungo 37 Ill 22 200 1 110 41 205 


1 733 800 86 690 2 334 I1 670 2 334 000 175 050
TOTALS 2 121 8 669 

Notes: (continued) 

d/ 	Annual increase is assumed to be 5%. 

c/ 	Average area of one pond is 3 ares in the Iluhengeri and K'ibungo Prefectnres; 3.5 ares in the Gilarama and 

Gikongoro Prefectures; 4 ares in the Kigali Prefecture,and 5 ares in the Butare and Byumha Prefectures. 

f/ Annual increase is assumed to be 10%.
 
(= 500 ni2)
the 	ponds is 5 are 


DI 	 It is assumed that the surface of all 
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3.7 	 ImDact of the Develonment Effort
 

Based on the projections which have been very roughly estimated above,
 

fish culture development would have a direct effect on existing production structure
 

of the following dimensions:
 

(i) 	Provision of fish for human consumption - After four years yearly yield
 

of about 180 tons of fish will provide sufficient animal protein for around
 

2 400 rural families (a 20 fold increase of present average per caDut
 

consumption will still leave 40% of the fish to be marketed (around 80.0 tons)
 

(ii) Income - 2 400 families engaged in fish culture would increase their cash
 

income by 2 000 to 2 500 Rw..F, by selling about 40% of their fish production.
 

The estimated combined additional income of 5 000 families of about Rw.F 6
 

million will strengthen the internal market of the coantry.
 

(iii) 	 Employment - The labour potential of around 2 400 families will be used more 

productively, cooperative production may create self employment in government 

settlement schem.os or other rural centres. 

(iv) 	 Diversification bf production - The overall agricultural production structure
 

will be diversified by fish pond production eliminating partly the potential
 

need for animal .protein imports.
 

(v) 	Transfer of technology - Extension, development support and technical
 

assistance to around 2 400 families, enabling them to operate fish ponds
 

with mainly indigeneous resources can be expected to root fish culture in the
 

rural milieu of Rwanda.
 

http:schem.os


Considering that the assumed extension progra-e is of small magnitude, and yields
 

have been estimated conservatively, the increase in quantity and nutritive value of
 

aquaculture production will already have a significant impact on the overall
 

protein supply.
 

The outlined magnitude of production does not consider the probable spread
 

effect (or multiplier effect) of successfully operating fishculture units, which
 

may induce more 
than the number of farmers or cooperatives estimated to take
 

up fishculture. 
However, taking into account only the above number of production
 

unlts, the achieved production will, by the, fourth year, have already increased
 

the present yearly supply of fin 
in Rwanda considerably,adding an annual value
 

of almost 11 million to the GDP. 
 An annual growth rate of rural'fish farming
 

can be expected to be around 10%, 
as long as no presently unpredictable constraints
 

limit expansion.
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4. FARM LEVEL FNANCL AVALYSIS
 

4.1 Introduction
 

Aquaculture, unlike capture fisheries, allows the relating of operational
 

inputs to expected outputs with a reasonable probability. Assessing the financial
 

feasibility of aquaculture development on a micro, i.e., farm level, the
 

production factors have to be analyzed. The factor analysis assesses
 

the general and seasonal availability and costs of the projected inputs.
 

In order to analyse the financial implications of fish culture operations,
 

input-output dynamics and expenditures versus revenues are projected. Projected
 

revenues are compared to benefits which could be derived from alternative farm
 

operations in order to arrive at the qualitative and quantitative appraisal of
 

aquaculture producticu.
 

An ex-ante financial appraisal of fish culture must necessarily be
 

reduced to the evaluation of assumed production, a rather abstract exercise.
 

Nevertheless it will predict, if the assumptions used are realistic, whether
 

or not it will be beneficial for the farmer to undertake fish farming.
 

The decision to culture fish, as well as its consequences, has however,
 

to be borne by the farmer and his family, and their value pattern is usually
 

different from that of an economic analyst. This should be taken into account
 

while planning for a technological innovation,
 

While it is still useful to discuss fish culture development on a micro­

economic level, one should be aware of the non-empirical nature of the data
 

presented in the following. For the success of such a development in the
 

concrete case of Rwanda, the socio-economic and socio-cultural variables,
 

which will be discussed later in this report, will be of at least equal
 

importance.
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3,--ary and Conclusions
 

farm level financial analysis does not predict =ajor constraints 
with
 

.e 

basic resources ann operational inputs used for
 

land suitable for
 resoect cc dish culture proauction in Rwanda. Whereas 


aquacuiture can be assumed to be available with regard co the 20-30 000 ha of
 

for compost preparation can be found readily,
zarshlands, and raw materials 


can be considered potential bottlenecks. The labour
labour and feed inputs 


requirements for fish culture per hectare and per year are lower than for most
 

cash crops and are within the same range as for potatoes, sweet potatoes and rice;
 

but the returns from fish culture are higher than for these crops (except in 
the case
 

require only about 5 percent of the
 of cinchona). A 500 m2 family pond will 


Also, as mich of the day-to-day

labour usually available in an average rural family. 


labour inputs can be provided by children and the aged, the limited family labour
 

capacity is not considered to be a serious obstacle to, small-scale rural fish culture.
 

Suitable base-materials for fish feeds, although 
assumingly available,-may be
 

limited in some areas, and little is known about their present alternative 
use,
 

as no tradition of semi-intensive or intensive animal husbandry exists 
in rural
 

The availability and accessibility of suitable 
feedstuffs will have
 

Rwanda. 


to be investigated for each concrete case where 
a mediu=-scale production uuit is
 

planned and feeding is envisaged.
 

Theinput which is at present not available to many farmers who could eventually
 

start fish farming, is stocking material, i.e. fingerlings. 
The development of
 

rural fish culture will depend on the production and distribution 
of fingerlings to
 

the farmers, at prices within their financial possibilities.
 

Assessing its profitability, fish culture can be predicted to yield a net return
 

This

the farmer's family if a production of 1.2 tons/ha/year can be achieved. 
to 


theoretical break-even point was estimated from the input/output analysis which valuec
 

In reality, however, the only casi
 all operational inputs at their opportunicy costs. 


inputs are the fingerlings for initial stocking and, for the larger production 
units,
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7n order to arrive at a realisCic appraisai f :,he worthiness o raising :ish 

in the rural areas, present Lana and Labour use and -hat it produces in cash ann 

kind for :ne farer's family, as comparea to the returns resulting from 

projected fizh zul:urc zveracions. Tcr this pur;ose, present =arsnland agriculture 

was compared with projected fish culture operations in the same environment. Ln the 

case of fish culture, all operational inputs were valued according to their projected 

or opportunity costs and depreciation of pond construction costs were added; the 

outputs were estimated conservatively and valued at presently realized price­

:n the case of marshland agriculcure, only labour was considered on the cost side 

and the produce was valued at 1980 prices. 

In spice of this bias, which favoured agriculcural production, fish culture,
 

projected and calculated for two =odels ( a 500 m" family pond with comvost
 

fertilization and a 5 000 m pond with feeding) showed incremental gross returns
 

of + 137 percent and + 216 percent and incremental gross returns per man/day of
 

labour of + 90 percent and + 123 percent respectively.
 

'When compared with ocher food and cash-crops presently grown in Rwanda,
 

only banana cultivation yielded a higher return per man/day; only cinchona
 

production resulted in a higher gross return.
 

When compared to all the different types of crops which are presently grown
 

on marshland (including tea and rice), projected fish culture showed a higher gross
 

return and higher cash return, assuming only 40 percent of the production being
 

commercialized (against 80 percent of rice and 100 percent of tea marketed). A
 
2
 

500 m family pond would generate a cash income of Rw.F. 2 250/year, if 40 percent
 

of the fish were sold; 40 percent of the production marketed would still leave
 

45 kg for home consumption, which would represent a 20-fold increase of fish
 

consumption per family member as compared to the present average cer cau
 

consumption of less than 0.5 kg per year.
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4.3 	 Factor Analysis
 

4.3.1 	 Land and water
 

In the case of fish culture, land and water are the mate.ial basis of
 

production which will determine, for each individual case, whether and to what
 

extent fish culture is possible. For a general assessment, one has to evaluate
 

the availability in quality and quantity and the opportunity costs (revenues
 

generated if used alternatively), as it is not assumed that farmers buy or lease
 
additi.nal land to construct fish ponds.
 

- Availability (quantity)
 

For the scope of this report, it is not necessary to evaluate in detail the
 

potentially available'land and water for fish culture on a national basis, as
 

6,cisions on land-use will be made by thf farmers on an individual basis.
 

To havc a rough idea of land resources the following figures may be useful:
 

- Of 1 250 000 ha of potential farm land (Delepiarre and Prefol, 1972), 

102 000 ha were not cultivated in 1974 (IBRD, 1976). As agricultural land
 

use increased by 3.5 percent annually (IBRD, 1976), this potential should
 

have decreased accordingly by now.
 

- Land unsuitable for agticulture was estimated at 525 000 ha (Delepierre and 

Prefol, 1972).
 

- The land surface occupied by marshes was estimated at 84 000 ha (IBED, 1976),
 
personal communication
 

of which 20 to 30 000 ha (Monnon,/1980) could potentially be used for fish
 

culture.
 

Rainfall can be used as an indicator for water availability (see Table 17).
 

However, water availability should be assessed individually for each envisaged
 

operation. I / 

- Quality of land and water 

No overall statement on the quality of available land and water can be made 

here. For each envisaged fish pond topography, soil and water quality and 

accessibility have to be studied. Decisive factors are usually PH value, minera. 

contents and the capability of the soil to hold water. Particularly the available 

marshland, as an obvious potential for pond culture, will have to be examined 

carefully in this respect (acidity). 

l,' As a xeneral rule, porH culture of fish required a water inflow of 9 I/sec 
- for a pond of I ha with an average depth of 1 m. 
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Table 17 allows a'general overview of soil qualities in Rwanda:
 

Table 17
 

Agricultural Regions of Rwanda (after Delepierre)
 
in Morris (1979)
 

REGION AVM. 

ELEVATION M 

Imbo 1100 

Impara 1700 

.Boros of 1600 
Lake Kiva 

J -va area 2200 

Congo-Nile 2100 
ridge 

Buberuka 2000 

Central 1700 
plateau 

Dorsals 1500 
2ranitic 

Mvaza 1450 


AVER. 

RAINFALL 

1200 


1400 


1200 


1500 


1600 


1200 


1200 


1100 


1050 


SOIL POP 2 LAND 

alluvial .5 .7 


heavy red 3.6 6.8 

basaltic 


shallow 3.9 2.7 

silty-

clay 


volcanic 4.1 3.5 


acid 14.2 17.0 

organic 


laterised 9.2 7.0 


organic 21.5 13.2 

various 


light, 15.4 6.8 

gravely 


clay froml3.3 14.1 

schists 


PRINCIPAL 

,% TROPS OUALITY 

Banana, manioc excellent
 
bean,peanut,
 
sweet potato,
 
cotton, rice,
 
su2arcane,citrus
 

banana,beans, good
 
maize,sorghum,
 
sweet potato,
 
maniocpeanuts,
 
coffee,teaouinchona
 

banana-beans, good to ­
maize,sorghum, excellen.
 
sweet potato,
 
maniuc,peanuts,
 
coffee
 

banana,beans, excellent
 
maize,sweet
 
potato,sorghum,
 
peas,ootato,
 
uvrethrum,tobacco
 

oeas,=aize, average
 
pocato,eleusine,
 
wtieat,t ea, su3.­
flowe wood
 

banana,bean, good
 
sorghum,sweet
 
potato,maize,
 
potatopeaswhea.,
 
barlev
 

beans,sorghum, good
 
maize,sweet
 
ootato,banana,taro,
 
yam,coffee,soybean
 

banana,beans, average
 
sorghum,maize,

sweet Dotato,yams,
 

taro,peanuts.manloc,
 
coffee.livestock
 

coffee,beans, very zood
 
sorghum,maize,
 
banana swee:
 
potatomanioc,pea­
nuts,soybean
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.esera 1400 900 strongly 1.9 5.3 beans,sorghum, poor
 
altered maize,bananas,

clays sweet potato,
 

manioc,peanuts,
 
livestock
 

Eastern 1500 950 later- 9.1 13.4 	 beans,sorghum, average N
 
plateau ised 	 maize,bananas, good S
 

sweet potato,
 
manioc,peanuts,
 
coffee
 

Eastern 1400 850 old soils 3.4 19.6 manioc,peanuts very good
 
savanna 
 variable beans,sorghum,
 

texture maize,sweet
 
potato,livestock,
 

i
.-	 National Park
 

Source: Morris, 1979
 

- Opportunity costs of land 

No general assessment of opportunity cost of land used for fish culture can 

be attempted for Rwanda. Froam an economic, as well as from a-financial 

point of view, it would be ideal to use land which is not or less 
suitable for agriculture as no or little opportunity costs arise in such 

cases. For reason implied before (soil quality, water availability) fish cultue
 

will often have to compete with agriculture for land, however.
 

The specific opportunity cost of a land area considered for pond construction
 

have to take the alternative possible and probable land use under the prevail­

ing production structure into account. Swampy marshlands (marais) for ex­

ample, will have the opportunity cost of the gross value of crops presentl
 

grown minus inputsfor the respective land area and over a given time.
 

The "marais" are ty.pically farmed under the following production pattern (for
 

one ha/year) Table 18 
/" Structure, Ourout and Value of Present Marshland Production 

Area rrocuction Fr~ce Val ue 
(M') (kg) K2 (RwF) (RwF) 

Sweet potatoes 6000 60 2700 13 35,100
 

Beans, interplanted 270 30 8,100
 
with maize 000 30 300 10 3,000
 

Green fodder 	 100C IC 600 2 1,200
 

Total 
 47,400
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Inputs to be deducted from the total value created by marshlands cultivated
 

in the way shown above are almost inclusively farm labour. Farm labour is
 

difficult to value for rural subsistence production, ranging from zero (when
 

no alternative production is possible) to the monetary return on labour for
 

an alternative activity, which can be as high as Rw.F. 528/man/day (IBRD, 1977)
 

in the case of bananas.
 

For the opportunity cost of marshlands considered for fish culture, the
 

labour input which has to be subtracted from the total value of production should
 

be calculated according to the key used for the estimate of the farm value of
 

production (per ha/year).
 

Table 19' 

Labour requirements of present marshland production 

Area Labour input Returns Total 
(in2 ) of area (m/d/y) per mid) (Rw.F.)

Rw.F. 

Sweet potatoes 6"000 60 180 103 IS 540 

ean, interplanted 3 000 30 35 97 4 000 
with maize 

reen fodder 1 000 10 20 40 800 

Total 235 23 340 

Source: own estimates, TBRD 1977
 

Assuming these premises, the opportunity cost of marshlands can be roughly
 

estimated at Rw.F. 24 000/ha/year (total production - labour inputs).
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4..3.2 Labour
 

a crucial factor for aoua-
Next to the availability of land and water labour is 


culture development. For an assessment of the labour available for fish culture 
in
 

evaluate the present structure of labour inputs in agriculture,

Rwanda one has to 


i.e.,labour potential, seasonality, labour inputs, division of labour, and 
opportunity
 

costs of labour.
 

- Labour potential
 

The dominant agricultural production unit is the 
nucleus family (parents, children)
 

Average

wi;h acditiuaal inputs from the aged and the unmarried 

brothers or sisters. 


an average of
 
family size is about five persons (4.71 in 1970, 4.97 in 1973); 


economically active persons per family constitute 
a total labour potential per family
 

(Delepierre et a.., 1978).
or 660 man-woman/days/yearI/per year of about 4 000 hours 

- Seasonality of farm labour inputs 

Because of the variety of food and cash crops cultivated simultaneously by the
 

average Rwandan familylabour inputs are spread relatively 
evenly throughout the year
 

Occasional labour peaks occur, however, but usually 
neighbourhood


(see Table 20Y. 


and kinship help are available in such 
cases.
 

For marshland cultivation the key used in calcuLatLng 
opportunity costs of land
 

would produce the following seasonality diagram:
 

sweet potatoes
 

beans
 

maize
 

ereen fodder
 
I I I I I I I I I I I 

J F M A X . A S 0 N -. D. 

1/ Delepierre et al., 197E 

I 
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Fish culture operations will have co be timed in order to avoid coinciding
 

labour peaks. This implies planning for major labour inputs in fish culture during 
the mouths January .to MaY, and, to a lesser extent, October and November, in order 
to prevent labour peaks coinciding with present 'marais' cultivation patterns. An 
indication of the seasonality of labour inputs for the overall farm production 

pattern is given, for one region, in the table presented below. 

Table 20
 

Annual Calendar of Farm Work at Butare
 

.September 	 Sowing of beans and gourds. Cultivation of the hillsides
 
October 	 Further sowings of beans, planting of potatoes and-sweet potatoes,
 

ha -. esting of beans and sweet potatoes grown in the marshes
 

November Weeding work in the banana groves, 'harvesting the leaves of beans 
and pulses, planting of banana trees 

.December Harvesting the first potatoes and the first green beans 

January 	 Bean harvest; preparation of the mixed crops of sorghum, beans, 
maize, and sweet potatoes under the banana trees and of the fields 
of peas, beans, and sorghum in the open air 

February 	 Potato harvesting. Continuation of the sowing of beans, peanuts
 
and sorghum, etc. Planting of sweet potatoes and pulses,
 
harvest of gourds
 

March Planting of potatoes and sweet potatoes 

ApriL Green beans harvest 

May Bean and maize harvest 

June Preparation of the marshes for the planting of sweet potatoes, 
the beginning of the sorghum anc coffee harvest 

July Harvesting of peas, potatoes, coffee. Storage of sorghumjthreshing 
of dried beans, mulching of coffee trees
 

August Reconstruction of huts, brewing, marriages
 

All year Care of banana groves, preparation of banana beer and harvest of
 
around 	 fruits, harvest and preparation of manioc, harvest of sweet
 

potatoes, care of animals
 

Source: Leurquin, 1960'
 



- Division of Labour
 

As for the qualitative division of labour between the sexes the men. usually
 

perform the heavy works such as land preparation, they are also dominant in ar-imal
 

husbandry and take care of cash crops like coffee and (except for composting)
 

banana cultivation. Women are mainly responsible for the daily labour for food crop
 

production and the household. Harvesting and post-harvest activities are generally
 

shared between the sexes. A quantitative breakdown of total weekly labour inputs is 

given below.
 
Table.21
 

Average Hours Worked/Week
 

Farm and Off-farm 
associated paid not paid Household Total/Week 

Household head 35.2 10.2 3.3 2.6 51.3
 

Wife 38.1 1.4 1.0 16.7 54.8
 

Son 25.4 11.4 2.1 5.6 '44.3
 

Daughter 29.4 3.6 1.7 17.5 52.2
 

Source: Delepierre et al... 1978
 

For fish culture operations these data suggest labour inputs in pond construction 

and pond maintenance (earth work) for the male family members and feeding/fertilizing 

by the women. Stocking, harvesting and post-harvest activities will probably be 

shared between the men and women. 

- Opportunity cost of labour 

The family labour inputs of 4 000 men/hours/year/family indicate a high degree of11 
utilization of overall available labour.- It appears to be advisable, therefore,
 

to attach a value to labour input projections for fish culture.
 

From the calculation of opportunity costs for marshlands, as shown in the former
 

chapter one can deduct a return on labour per day of about Rw.F. 100 for marshland
 

cultivatiot. and this figure will be assumed fbr the micro-economic analysis presented here.
 

/. Brand (1979) estimates an African average of 900-1 100 men/hours per economically
 
active person in agriculture per year.
 

http:Table.21
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Ta*.e 22 

Returns :o _:/.-iav (i-..-. of Differe-: :ro i -


Crop Reve.as/' n/ ca,y 
unaiscouted 

3ananas 
 528
 
Peas 
 ,107
 
Grounrfuuzs 166
 
Soybeans 
 9
 
Sorghum 
 '.:7
 

Ri c e 
 -


?ozatoes
 

Cassava 
 - : 

Scuas- 123
 

Cof-ee 
 79
 
:ea 
 96
 

Py~ethru= 
 57 
Cinchona 363
 

Source: 3BRZ, .77, 
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4.3.3 	Capital
 

For small-scale family based pond culture little or no capital investment
 

is required. Pond construction will be done by manual labour provided by
 

the family, relatives or neighbours, in which case no monetary compensation
 

is usually given. No concrete is usually used in pond construction at
 

present. Operational inputs as labour, compo-st and green manure will, in
 

most cases, come from internal sources without monetary exchange. Only
 

fingerlings and, in the case of integrated production, livestock will possible
 

have to be purchased, but expenditure will be minimal (at present a nominal
 

price of 1 Rw.F per fingerling is considered justified by-the Departement
 

des Eaux et Forits). For larger production units, managed by groups and
 

cooperatives, locally produced bricks and clay pipes canbe used-and only little
 

concrete is needed. Eventually purchased operational inputs will be discussed
 

in the next chapter: Infrastructural capital costs are not envisaged to be
 

extended to farmers and groups.
 

4.3.4 	Operational Inputs 

Inputs,other than the already discussed in the factor-analysis,will consist 

mainly of feeds (for larger production units) and fertilizers, for which 

availability and costs have to be discussed. 

- Eeeds 

Family based small-scale fish culture will in most cases use feeds available 

on the farm, i.e., kitchen scraps, food crop and cash crop, draff from 

banana and sorthum beer. non edible uarts of farm grown eeptahles, etc., 

with no coxts to the former. The rrocurement of nurcRsed feed inruts 
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should be considered only for large-scale fish culture operations because
 

transport will be feasible only for large amounts and feedstuffs exist only 

to a limited extent in Rwanda. At present, mainly rice bran and slaughterhouse 

wastes are used in the few cases where fish are being fed. Alternative potentially 

suitable agro-industrial wastes and by-products are however obtainable. Little 

information on quantities, alternative uses, seasonality and prices is presently 

available, accordingly the possibilities to use feed in fish culture will have 

to be evaluated for each production unit. 

Present available information indicate a cost price for the majority of brans 

of a maximum of 2 Rwf/kg, while slaughterhouse and ocher wastes can be obtained 

free of charge. Accordingly, fish feed based agro-industrial by-products and..­

wastes, including transport, is assumed to have a cost price of about 2 If/kg, if 

available withl radius of no more than 50 km. 
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Fertilizer
 

Chemical fertilizer is presently not, or only marginally, available in
 

Rwanda. Therefore, green manure and compost will have to be used for
 

fertilizing the fish ponds; the availability of livestock manure will
 

have to be assessed for each individual site.
 

For green manure, i.e., grasses, vegetable residues, other plants,
 

which are available on a normal farm in Rwanda, no specific costs
 

are assumed. The labour necessary to collect and apply it is part of
 

operational labour inputs. for compost, which requires considerable
 

labour inputs to prepare but is also more productive, costs hbave to be
 

applied. Such calculations can be based on the opportunity cost of the
 

labour necessary for compost produdtion. For fertilizing a 1-ha popd,
 

20 to 30 tons of compost ar,. necessary and the preparation requires
 

120 m/day approximately. Assuming that the raw material for compost
 

preparation, i.e.; all kinde of crganic matters , grasses and crop
 

wastes, is available on the average farms at no extra cost, fertiliza­

tion of 1-ha of pdnd for one year would cost about Rw.F 12 000.
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4.4 	 Exoenditure-revenue Proiections
 

The factor-analysis has, apart from discussing the general availability of the
 

necessary production factors, assumed values (opportunity costs) for the different
 

inputs. Relating projected inputs to estimated outputs will allow the assessment
 

of the rentability of fish culture operations under local conditions. As the
 

productivity of pond culture will vary from case to case, according to the expertise
 

of the farmer, the efficiency of the extension service and the specific availability
 

of inputs, different output levels have been taken into consideration.
 

All inputs/outputs are expressed in monetary terms, according to their assumed
 
rresent values,
 

opportunity costs or/ abstracting from thi largely non-monetary nature of exchange
 

in rural Rwandai Although this reduces the complexity of agricultural production
 

within the rural milieu to mere cost benefits, it will indicate whether, financially,
 

fish culture is profitable to the small-scale farmer.
 

Expenditures and revenues are projected for two types of model operation:
 
2 2
 

a 500 m family run pond undir fertilization with compost and a 5 000 m collectively
 

managed pond with feeding. Tilapia nilotica in polyculture with T. macrochir and T.
 

melanopleura, stocked twice a year at a density of 2 fingerlings/=2 , is assumed to be
 

cultured. Fertilizer and feed inputs are projected according to the factor analysis;
 

for feed inputs a food conversion rate (C.R.) of 10:1 was assumed, i.e., 10 kg of feed
 

would produce I kg of fish.
 

Expenditures arising from pond construction are not included in this calculation.
 

Table 23
 

Revenue-expenditure Projections for a 500 m2 Family Pond
 

Production levels (ha/year) 1 060 kg I E00 kg 2 000 k2
 

(a) 	Revenues
 

-	 production per 500 m-/year 50kg 75kg 100kg 

value per 500 m (Rw.r. 7i5/kg) 3 750 5 625 7 500 
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(b) Expenditures (Rw.F.)
 

- opportunity costs of land 1 200 1 200 1 200 

- opportunity costs of labour 
(stocking, maintenance, harvesting) 1 500 1 500 1 500 

- fingemiings 1 000 1 000 1 000 

- compost 600 600 600 

total 4 300 4 300 4 300 

c) Net return - 550 1 325 3 200
 

It should be noted that the only cash expenditures accruing to the family use 

are the cost of fingerlings. In the desirable case where the farmer can be given sufficient 

training to keep the necessary number of lingerlings from the previous harvest, this would 

arise only once for initial stocking. Under the assumed conditions, i.e.., valuin&
 

all inputaccording to their opportun %C7 costs and purchasing fingerlings once a
 

year, family fish farming of a 500 m pond will break even at a production level
 

of 57 kg/year (1 150 kg/ha/year).
 

2
 

For a 5 000 m pond stocked with T. nilotica, with feeding of rice bran and
 

slaughterhouse wastes, a higher productivity can be assumed.
 

Table. 24
 
Revenue-expenditure Projections for a 500 m2 collectively
 

operated pond with feeding
 

Production levels (ha/year) 
..­__ 

I 
1 500 kz 

II 
2 000 k 

III 
2 500 ke 

IV 
3000 kS 

(a) Revenues 

- production per 5 000 m2/year 750 kg 1 000 kg 1 250 kg 1 500 kg 

- value per 5 000 m2 (Rw.F. 75/kg) 55 250 75 000 93 750 127 500 

(b) Exnenditures (Rw.F.) 

- opportunity costs of land 12 000 12 000 12 000 12 000 

- opportunity costs of labour 15 000 17 000 19 000 21 000 
(stocking, maintenance, feeding, 
harvesting) 

- fingerlings 10 000 10 000 10 000 10 000 

- feeds (including transpor:, 15 000 20 000 25 000 30 00.. 
C.R. 1:10) 

52 000 59 000 66 000 '3 000 

c! Net return 3 235 16 000 27 75C 54 50C 
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Under the assumec 
con ithe-. . 'ereae-eve.n: would be at a
 
production level of 690 kg (leve: :), 
 786 kg (level 
 ), 888 kg (leve -tII)
 
and 973 kg (level IV), 
accurcrtz 
:c the increased inputs. 

The calculation o0 projec:ed operational costs and returns, which assumes values
 
!or al: inputs, shows that alsc under these hypothetical conditions, which have been 
purposely biased toward the most unfavourable, fish farming will be profitable in 
itself if a production of about 1.: :/year/ha can be achieved. 
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4.5 	 Comparison of Production from Marshland Cultivation with and without project
 

The comparison of marshland cultivation under the present production pattern and when
 

used for fish culture allows a quantitative judgement on whether the latter offers
 

a better return on land and labour to the farmer. For the 'with and without project'
 
in either case,
 

comparison,no opportunity cost for land is considered/ but depreciation of initial
 

investment for pond construction over 25 years is included. Initial investment for
 

pond construction is depreciated linearly but no interest is added as inputs are almost
 

entirely non-monetary, i.e., manual labour is provided by the family or the cooperative
 

members. Table 25
 

Volume and value of marshland production
 
with and.rithout project
 

(yearly cost/benefits for 500 m? with fertilization)
 

With Project
 
Without Project 	 (at medium productivity,

1 500 kg/ha/year)
 

unit unit.
 
area 	volume price value u area volume price value


Prouction m) (kg) (Rw.F.) (RwF.)Production (m2) (kg) r(Rw.F.)
 

sweet 
potatoes 300 135 13; 1 755 fish 500 75 75 5 625
 

beans 13,5 30 405
 
interplanted 150 
with maize 15 10 150
 

green
 
fodder 50 30 2 60
 

total 2 370 total 5 625
 

quant-t unit value Quantity unit value
 
Expenses price Expenses 	 price


of inputs rieF.F. 	 of inputs (Rw.F.) F.)

(Rw.F.)*(w..
 

seeds seeds 1 000 finger- 1 1 000
 

lings
 

fertilizer - - - fertilizer 1.5 tons 400 600
 

labour 12 m/d 100 1 200 labour 15 M/d 100 1 500
 

doprecia- - . . devrecia- - ­

tion tion
 

total 1 200 total 3 540
 

/Continued
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Table 25 (continued)
 

Without Project (Rw.F.) With Project (Rw.F.) 

Gross return . 370 Gross return 5 62z
 
Net return 
 1 170 Net return 2 083
 

Gross return per m/d 197.5 
 Gross return per m/d 375
 
Net return per m/d 97.5 
 Net return per m/d 139 

Rate of return - Rate of97% return - 59% 

Gross return per ha 47 400 Gross return per ha 112 500
 

Net return per ha 
 23 400 Net return per ha 41 700
 

Table 26
 

Volume and value of marshland production
 
with and without projIct
 

(yearly cost/benefits for 5 000 m with feeding)
 

Without Project 
 With Project

(at medium productivity, 2 000 kg/ha/yepr)
 

production aria volume unit value area unit
(mc) (kg) value
price (Rw.F.) Production (m) 
 price (Rw.F.)
 
(Rw.F.) 
 (Rw.F.)
 

9-eer 3 000 1 350 13 17 550 fish 5 000 1 000" 75 75 000
 
potatoes
 

beans, 150 30
135 4 050
 
incerplanted
 
with maize 150 
 10 1 500
 

green fodder 500 300 2 600
 

total 
 23 700 total 
 75 000
 

qxese
uantityui unit 
 price
of inputs price value 
 quantity unit value
 
(Rw.F.) (Rw.F.) 
 of inputs (Rw.F.)
 

feeds 
 - - seeds 10 000 1 10 000 

fingerlings
 
feed 
 - - feed 10 000 k& 2 20 000
 
labour 120 m/d 100 12 000 labour 170 m/d 100 17 000
 

depreciation - ­ - depreciation - - 4 400 

total 
 12 000 total 
 A-1 4I 

gross return 23 700 gross return 75 000
 
net return 
 11 700 net return :3 6CO
 
gross return per m/d 
 197.3 gross return per m/4 

net return per m/d 97.5 net return per m/d 
 q-,
 
rate of return 
 - 972- rate of return ­
gross return per ha 47 400 gross return per ha 150 On­
net return per ha 
 23 400 net return per ha 47 2,"
 

441.2 
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Although these figures are self-explanatory, it should be noted that
 

for the 'with project' calculations, all inputs have been valued according
 

to their real or opportunity costs and only a moderate output is assumed.
 

For the 'without project' only the operational labour inputs are inserted
 

as costs. In spite of this purposely applied bias, projected fish culture
 

compares favourably with present marshland production, namely by producing
 

more value from, except for fingerlings and feeds, existing resources
 

(land, water, labour,etc.1 as demonstrated by the incz'-riented values shown below. 

Table 27 

Incremental values produced by projected fish pond operations
 
as compared to present marshland cultivation
 

(Rw.F./h/y)
 

gross return net return gross return net returnm/d m/d 

family units 65 100 18 300 177.5 441.5 

cooperative units + 102 6Q0 -r23 800 4243.7 +41.3 
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4.6 	Additional parametric comparisons between agriculture and
 
fi.sh far-inz
 

As shown in the last chapters, under tha present pattern, fish farming
 

compares mostly favourably with production from marshlands. in the following
 

table the projections of fish culture operation under local conditions will be
 
benefit-costs
 

compared with the average/performance of food and cash crops presently grown
 

in Rwanda. In the case of most of these crops, no competition for land use
 

with fish culture will emerge. The relatively high grade of utilization of
 

the labour potential of the family indicates, however, a possible conflict
 

with respect to labour use. Therefore,,ccmparing yields, returns, labour
 

requirements and returns to labour, will allow to estimate whether, and to
 

what extent, fish farming is beneficial to the farmer.
 

Table 28
 

Economic performance of different food and cash crops
 
as compared to fish raised in a 500 m2 family pond and
 

in a 	5 000 m- cooperative pond
 

fish 2 fisn
 
500 i" 5 000 m- banana beans peas cassava potatoes
 

Gross production 1 500 2 000 9 10C 800 800 4 100 6 600
 
(kg/ha/y)
 

Gross return 112 500 150 000 58 130 16 000 1& 000 28 700 46 200
 
(Rw.F./ha/y)
 

Labour 	 300 340 110 150 150 250 320
 
requirements (m/d)
 

Gross return to 375 441 528 107 107 115 144
 
labour (m/d/Rw.F.)
 

sweet
 
potatoes yams sorghum maize millet wheat rice cinchona tea coffee cotton pyre­

thrur
 

7 750 5 620 1 080 1 070 560 840 2 480 2 129 3 518 610 626 2 27: 

31 000 39 340 19 850 8 560 5 600 12600 42 160 248 417 31 670 39 676 9 390 27 30( 

300 320 170 100 100 130 400 684 323 501 130 47S 

103 123 117 86 56 97 105 363 98 79 72 5-

Source: IBRD 1977 and own estimates
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The table shows that only banana production would yield a better return per man
 

per day than fish culture and that only cinchona production would result in gross
 

returns superior to fish culture.
 
With respect to the income generating capacity of fish culture it is useful
 

to compare net return and cash return (percentage of return commercialized) of
 

sweet potatoes, cassava, maize and beans, which are presently grown in marshy
 

land, with the corresponding figures estimated for fish culture. In addition,
 

the following table shows the respective figures for rice and tea, cash crops
 

which are to a very limited degree grown in the same environment at the moment and can be
 

considered as possible alternatives to fish culture.
 

Table 29
 

Comparison of income generating performance of
 
fish culture and alternative marshland cropi
 

(ha/y) 

net gross Icoer- cash respective respective
n cash returns cash returns
 
return return cializedl return from 20 from two


I _f a~Ilv nonds coolcrative* 

fish culture 41 700 ;112 500 40 45 000
 

sweet 28 500* 58 500 10 5 850 11 250 15 000
 
potatoes
 

cassava 3 700* 28 700 6 1 722 6 750 9 000
 

maize - * 8 560 9 770.4 10 125 13 500
 

beans 1 000* 16 000 12 1 920 13 500 18 000
 

rice 2 160* 42 160 80 33 728 90 000 120 000
 

tea - * 31 6701 100 31 670 112 500 I150 000
 

Source: IBRD 1977 and own estimates
 

• gross return minus labour inputs valued at Rw.F. 100/m/day
 

As inputs subtracted from the gross return in order to arrive at the net return
 

are almost entirely non-wa2e labour, i.e. non-monetary inputs, net returns indicate 

mainly the profitability of the different operations. For an indication of thetotal, 

potential income the gross return is significant; for an indication of the probable dash­

income the value of the average percentage of the production marketed respectively projected 
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to be marketed (for fish) should be consulted. What percentage of the yearly
 

fish production will be marketed by the farmer or the cooperative is difficult
 

to project, therefore different degrees of commercialization are assumed,
 

corresponding with the respective percentage of the alternative crop.
 

By allowing the farmer's family to eat 50 g of fresh fish twice iweek, the yearly
 

consumption.per family would be 26 kg, leaving about 65 percent of the assumed production
 

from a 500 m pond to be marketed. If each family member consumed 50 gof fresh fish (or its
 

processed equivalent) five times a week (per caput yearly consumption of
 

13 kg/y), still 15 percent of the totai production could be marketed.
 
2
 

-Assuming a medium degree of commercialization of 40 percent, a 500 m2ond,
 

covering 5 percent of an average farm would yield a cash income of Rw.F. 2 250,
 

using about 4 percent of the available labour.
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4.7 Cash ilow of the two assumed production units ever 25 years
 

For the calculation of the cash flow the cost for pond construction can also be 

estimated, although the non-monetar.y nature of inputs and the only partly monetary 

nature of output limits its significance. Here again labour, which is the only 

significant input, will be valued according to its oppirtunity cost, i.e. Rw.F. 100/man/day. 

For a rough estimate of.the labour effort needed for pond construction, 20 man/days to 

build 100 m2 of pond with a medium depth of 1 m is assumed, plus 10 percent (2 man/days) 

for feeder canals. According to this estimate a hectare of fish pond would cost 

2 2approximately Rw.F. 220 000 (Rw.F. 11 000/500 m , Rw.F. 110 000/5 000 m2), which
 

corresponds with pond construction costs in similar areas of Central Africa.
 

Table 30
 

Cash Flow of Rural Fish Culture Over 25 Years
 
(Rw.F) 

500 m2 pond 5 000 M pond 

benefits costs j cash flow benefits costs cash flow 

1st. year 2 812.5 12 550 -9 737.5 37 500 133 500 -96 000
 

Znd.-25th15 625 3 100 2 525 75 000 47 000 28 000 
year 1 

The cash flow analysis shows an Internal Rate of Return of 25.8% for P family unit
 

and 29.1% for thd 5 000 m" unit. The initial investment for pond construction would
 

be recuperated within the fifth year of production.
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5. SOCIAL FEASIBILITY ANALYSIS 

5.1 Introduction
 

If, for the farm-level financial analysis, we have emphasized the abstract nature
 

of projected cost-beneftis, assumed opportunity costs and the resulting conclusions,
 

the following assessement of selected variables which determine the socio-economic and
 

socio-cultural context into which fish culture is envisaged to be introduced, has to 

be considered similarly theoretical, as the author was not able to conduct a field
 

level survey or an extensive socio-cutural study on rural Rwanda. The variables
 

discussed here have been deducted from the few available studies and from personal
 

communications with persons familiar with local rural dynamics. Before discussing
 

selected variables which will be relevant to the development of fish culture in
 

Rwanda, some general remarks on the present rural structure are .useful.
 

The central constraint to a dynamic rural development is the discrepancy between 

an increasing population and finite land resources. The population growth rate over 

the last 10 years is estimated at 3.8 percent/annum, including in=igration (0.4 percent). 

The total population in 1978 was 4.8 million, of which more thaa 95 percent live in 
2 

the rural areas. The overall population density is 182 persons/km , making Rwanda the mos 

densely populated country in Africa. The total population is envisaged to have doubled 

by the end of the century (Rwanda, 1980). In 1970, 5 percent of. the economically 

active population were engaged in wage labour. Between 1970 and 1976 the Ministry of 

Planning estimated 43 000 newly created jobs, while 258 000 new job seekers were believed
 

to have entered the market (IBRD, 1977).
 

Against this population explosion the land resource base of 2 559 500 h is poor.
 

Of the total surface, 50 percent were available, 30 percent unavailable and 20 percent
 

unsuited for agriculture in 1970 (Delepierre and Prefol, 1972).
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The absolute poverty level is estimated, per caput, at U.S.$ 65/year
 

for the rural and U.S.$ 120/year for the urban population. An estimated
 

60 percent of the urban and 30 percent of the rural inhabitants receive an
 

income below this level (IBD, 1977).
 

Socio-culturally Rwanda is a relatively homogeneous conglomerate
 

with about 90 percent of the people being of Bantu.origin, about 9 percent
 

Nilocic origin and less than 1 percent Pygmies, all speaking one language,
 

Kiniarwanda.
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3.2 Summary and Conclusions
 

On the basis of the background iniormation used for this report, 
the
 

innovation or upgrading of fish culture in Rwanda will not face any
 

significant socio-economic and socio-cultural constraints. 
 Rural fish
 

culture, designed as an appropriate tachnology, using mainly local resources
 

and operating on a technological level within reach of traditional farming
 

populations, does not require major cognitive efforts. 
The existing socio­

economy, i.e. land ownership pattern, social organization and the pre =nt
 

mode of production, will not be altered. 
 Fish culture can, socio-culturally,
 

be integrated within the organization of production on the family levdl;
 

socio-economically it does not require structural change on the farm level, except
 

an insignificant shift in labour allocation.
 

Its impact will aim primarily at improving nutrition, incomes and general
 

wellbeing of the f.amilies involved. It will not require nor promote structural
 
the
 

change above/farm level unless, as a technological means to intensify production,
 

it remains accessible only to afewfarmers, thus polarizing income distribution . Thedegree
 

diffusion of fish culture in the rural milieu will determine the quantity of its
 

impact and the degree to whic.h it can be assimilated into existing structure
 

will determine the rule it may take in the overall integrated development.
 

Although fish culture development will require considerable promotion and
 

assistance from outside initiallyin order to activate the innovative potential
 

of farmers, their active participation and self-determination must be sought from
 

the beginning in order to make fish farming an 
integral element of their productive
 
ano social organization. 
To focus innovative efforts on existing organizations tas the
 
government induced settlements) or to encourage groups of farmers to form self-he!;
 
orientaced aquaculture interest grouDs is therefore desirabl.
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5.3 	 Socio-economic and Socio-cultural Aspects
 

The social structure of a rural society is to be seen, basically, as
 

the organizational reflection of the prodtction structure under which the
 

goods and material values necessary for the subsistence of the producemare
 

generated. Any change in the production structure of a social entity will
 

change its social organization, while social change may alter the organization
 

of production. To estimatethe quality and quantity of socio-economic change into
 

which the introduction of improved fish culture techniques may result, the
 
cultural
 

existing social/and economic organization must be examined, in order to assess
 

the possible impact of the intervention.
 

5.3.1 	 Present land ownership patterns
 

in 1975, a total of about 830 000 farms with a statistical mean land holding
 

of about I ha (0.91 ha in 1979) existed in Rwanda. Broken down by geographic locations,tbi
 

;tatistical average converts into more differentiated land holding sizes:
 

Table .31
 

Areas of Family Farms by Prefecture
 

Prefecture 	 Family Far 15: marginal error
(ares) 

Butare 78.4' 66.6 90.2 

Byumba 83.8 71.2 96.4 

Cyangugu 101.8 86.5 117.1 

Gikongoro 99.3 84.4 114.2 

Gisenyi 79.5 67.6 91.4 

!'Gitarama 98.7 83.9 113.5 

Kibungo 210.3 178.8 241.8 

IKibuye 102.0 86.7 117.3 

Kizali 135.0 114.8 155.3 

Ruhengeri 115.0 97.8 132.3 

Rwanda 103.6 88.1 119.1 
IS 

Source: IBRfl, 19""
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A study undertaken in the Bvumba Prefecture in 1973 (IBRD, 1977) identified
 

three strata of farm sizes:
 

i) 36% of the farms have less than 80 ares (half the average);
 

(ii) 	35% of the farms have between 80 and 160 ares (between half
 
the average and the average);
 

(iii) 	 29% of the farms have more than 160 ares (the average) and
 
the largest are Zive times the size of the average.
 

The study also showed a fragmentation of the farm into an average of
 

five fields, some of which were within 15 to 30 minutes walking distance
 

from the homestead.
 

Farmers have a habitual rather than a legally defined right to land use.
 

Legally all land belongs to the governent and transfers of land use rights
 

or allocation of newly cultivated land have to be approved by the Burgomaster of
 

the respective commune. Ip some areas a trend to buy land-use rights has been reported
 

in recent years. Ma.i .Jinanciallybetter-off farmers, usually the ones
 

who grow . cash crops, thus gain control of seven or more hectares and
 

employ the former cultivatorton a full-time wage labour basis.
 

With respect to fish culture development, the present land ownership
 

structure is not expcted to be altered nor does it need tc be. On a long-term
 

basis and if fish culture generates a large cash surplus for some industrious
 

farmers, this could, however, accelerate the above mentioned trend of land
 

alienacion.
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E.3.2 Organizational structures
 

Agricultural production has been traditionally and still is based on the
 

nucle" family. The nucleus family comprises the farmer, his wife (or wives,
 

for the once widespread, but lately diminishing practice of polygamy), and
 

their unmarried children. It may also include unmarried brothers or sisters
 

and the old. The nucleus family produces for subsistence and the market,
 

forming an ideally self-sufficient and independent production unit.
 

Inheritance is patrilinear, i.e., the father will pass on house, land, tools, etc.
 

to his sons. In the case that the land is not sufficient, he has to claim new
 

-land for them by bringing it under cultivation. The role of larger kinship organizationg
 

patrilineages which formerly had a strong influence in land allocation, has
 

been increasingly taken over by the administration (communes), which now has
 

-to approve any land transfer.
 

Kinship and neighbourhood ties within a locality, based on mutual assis­

tance and comunal organization of public works and social functions, have
 

remained relatively intact. Within the family the farm labour is divided
 

along sex lines, with banana cultivation, cash crop production and animal
 

husbandry, as well as tasks requiring physical strength being done by the men
 

and foodcrop production being done by women. The World Bank quantified the
 

system of division of labour as shown in the following table, stressing, however:
 

'that in practice there is no such thing as a homogeneous farm but merely a series
 

of overlapping suo-systems (IBRD, 1977).
 

A case study on the division of labour in the Byuma Prefecture produced the
 

following break-down.
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Table 32
 

Division of Labour
 

Relative importance Division between
 
(total %) men women
 

a) Domestic activities 15.5 10 90 

b) Processing activities 5.1 5 95 
c) Marketing (markets) 1.2 51 49 

)'Handicrafts 1.7 1 99 
Animal husbandry 10.7 44 56 

) Food crops 34.5 21 79 
g) Banana plantation 0.7 93 7 

) Coffee trees (some 200) 23.0 30 70 
i) Outside work 7.6 66 34 

Total (all work) 100.0 27 73
 
Sub total (f+g+) 58.2 25 75
 

The Bank remarks further that:
 

'Even if the work force is provided primarily by the family, the extent to
 

which outside labour is obtained in the traditional form of mutual aid or on a
 

wage-paying basis is by no means negligible (at Byumba 33 percent of families
 

avail themselves of outside workers, averaging 34 days per production unit
 

per annum), especially at the time of the principal bottleneck in the
 

agricultural year, i.e., at plowing time in the main growing season September-


October. Mutual aid is practised both amongst relatives and amongst neighbours.
 

A proportion of working hours, which may be substantial on some farms, is
 

set aside for non-agricultural activitier like handicrafts and trading (IBRD, 1977).
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Delepierre (1973) classified the activities of 
an averaze family as follows:
 

1. 	Non-productive activities:
 

(i) regular or cyclic; eating meals, religious or administrative
 
activities, rest, personal care, entertainment;
 

(ii) 	chance events; illness and transport of the sick, voyages.
 

2. 	Housework:
 

(i) 	kitchen work, fetching wood and water, care of children,
 
making the fire, cleaning house;
 

(ii) 	 doing hair, repair or making of clothes.
 

3. 	Work that is supplementary to farming:
 

i) livestock producticn activities including beekeeping;
 

(ii) 	 anti-erosive measures, manure production, woodlot planting
 
and maintenance;
 

(iii) 	 building and maintenance of housing.
 

4. 	Post-harvest work on farm crops:
 

(i) 	marketing, buying and selling;
 

(ii) 	 beer making (banana and sorghum);
 

(iii) milling ma4ioc or sorghum.
 

5 Farm work by crop and activity
 

6. 	Off-farm work for.pay
 
Crafts, work on other farms, building work, etc.
 

7. 	Off-farm work unpaid
 

Collaborative work for the comne (umuganda)
 

According to the 
same author, the following time (in hours) was allocated to
 

the different activities per week: Table.3
 

Allocati.on of time per week
 

non- House- Anrex Post Exterior Acriculture,
 
productive work to fa harvest 
 not Agric. Total house, and
 

work work 
paid paid exterior
 

IHousehold head 32.1 2.6 10.5 
 3.2 10.2 3.3 21.5 83.3 48.7
 
IWife of household 26.8 16.7 1.7 
 4.2 l.4 1.0 31.5 83.2 54.8
 

head
 

tSot 
 38.3 5.6 16.8 1.8 11.4 2.1 6.8 82.9 44.5
 
IDaughter 31.0 17.5 2.3 3.3 3.6 1.7 
 23.8 	 83.2 52.2
 

128.2 42.4 31.3 12.5 26.6 8.1 
 83.6 	 332.6 20,'.2
 

http:Allocati.on
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On the basis of the existing information on the production structures it appears 
that
 

the present socio-economic organization of the family farm and its setting
 
into kinship and administration structirps will not be affected significantly by
 

or reactivation
 
the innovation/of fish culture in the rural milieu. 
The social organization of
 

the family does not have to be altered in order to include fish farming in the
 

production pattern. Only the structure of labour inputs will be changed to a
 

limited ctent, as time has to be allocated to construct and operate the fish pond
 

Pond construction and management can be integrated into the existing system of
 

division of labour, with the men doing the earth work, which requires a large
 

amount of physical effort, and the women doing daily maintenance work, composting,
 

feeding, etc. Harvest and post-harvest activities will probably be carried out by
 
it


both men and women, as/is presently done for other crops.
 

For the collective undertaking of fish farming, within the framework of the
 

government settlement schemes (paysannats) for example considerable organizational
 

efforts will be required. Although mutual aid is common among farmers and one
 

day per week is usually spent.doing communal work, collectively planned,
 

implemented and operated fish culture production represents a new concept of
 

production. The priorities of the local administration attaches to it, the
 

qualities of the extension service and above all, the innovation potential of
 

the farmers will determine whetner sucn an approach can be carried through successfully.
 

However, in order to promote a self-supporting organizational context of aquaculture
 
development, the formation of groups cr collectives should be encouraged.
 

5.3.3 Land use pattern, leadership and decision making
 

The present land use pattern in rural Rwanda is, apart from ecological
 

parameters (soil quality, altitude, rainfall, etc.), 
determined by a number
 

of socio-economically and socio-culturally based variables, as:
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(i) Diversificauion of production
 

To cultivate a variety of food crops and to achieve self-sufficiency
 

is seen as a risk-minimizing strategy by the farmer. In case one crop
 

fails, the subsist~nce of the family can be maintained by other crops
 

with similar nutritive value.
 

(ii) 	 Traditional influence from superstructural power groups
 

Formerly a .feudal elite, the cattle-herding Tutsi, ruled, for example,
 

that bottom land was not to be cultivated so that it could be used
 

as grazing grounds for cattle.' At present the government exercises
 

direct influence on farmers to increase cash crop production. In the
 

gover ment organized settlement schemes, farmers are obliged, to produce
 

a certain quota of cash crops, otherwise their land-use right is
 

threatened.
 

(iii) 	 Status
 

As an inheritage from feudal times, the possession of cattle is still
 

regarded as the highest status symbol. Although cattle yields little
 

economical return, it is used as dowry, giving status to both donor
 

and recipient, when exchanged. Banana and sorghum beer also serve as
 

an exchange equivalent within social relationships; it is also used
 

to compensate ex-farm labour inputs. By expanding his banana
 

plantation a farmer thus increases his social status. According to
 

its high exchange value, rural people grossly overestimate the
 

nutritional value of beer, as shown by Bayon (1980).
 

(iv) 	 Tradition
 

Traditionally farming people, the majority of the farmers are reluctan:
 

to adapt production concepts alien to acriculture. Production orientated ani=al
 

husbandry, for example, plays only a very minor role in rural production,
 

because reeular feeding of livestock was never practised on the traditional
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farm. According to the survey of Bayon (1980) a considerable number of his 

respondents believed that fish, kept in a pond, do not need alimentation 

or subsist on soil or water. Another example is the practice of confining 

chickens to a cage during the sorghum harvest, to keep them from feeding 

on the grains. Being given no other food many chickens starve to death 

during this time. 

(v) 	 Leadeship and decision making 

No pronounced internal leadership pattern exists in the rural society on a 

meta-family level. Patrilinearly organized kinship groups had, and to a lesser 

degree, still have, influence onlyon land allocation and were the taxable
 

entityduring the feudal times. At present, and in line with the atomistic 

settlement structure, only one external authority, the Government, and its 

administrative bodies, exercise leadership above the family level. Within the 

family the farm head, usu ally the (male) farmer is formally in command, followed
 

by his son. His wife, however, is rather autonomous in the spheres dominated
 

by her, e.g., food crop production and the household. A farmer would have to ask
 

his wife's permission before taking food from the household storage. In the
 

absence of detailed studies on the present decision-making process, it may be
 

assumed, therefore, that the farmer decides on farm affairs, but that the wife
 

influences his decision considerably.
 

With respect to the development of fish farming, the aspects described above allow
 

the 	following assumptions:
 

- fish farming may regarded postively as a further diversification of produc:ion
 

by the farmer. Also the study of Bayon (1980) indicates a high degree of
 

interest in fish farming among his respondents;
 

-	 initially, at least, fish &rming should be actively promoted by the local
 

governmental authorities:
 

- fish may accuire an acknowledged non-monecarv exchange value, with a crop fro="
 

one family pond being partly distributed a=ong neighbours, and reverse;
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- farm management practice should be promoted, at least initially, with 

emphasis on fertilization rather than on feeding, keeping close to known 

farming practices; 

- promotion of fish farming and extension work should be directed toward 

both the farmer and his wife. 



3.3.4 Motivation and mobilic-


The basis of a farmer's decision to engage himself and his family in fish
 

farming may be formed by primary and secondary motivations. The primary motivation
 

may include the expectation that fish farming will diversify his production further;
 

that he achieves a higher degree of self-sufficiency; that the nutritional standard
 

of his family is raised; that his monetary income is raised, and that his social
 

status is,heightened if he can give fish to his neighbours, etc. The intensity
 

of primary motivation to produce fish will be determined by the value which is
 

commonly attached to fish as a produce. In the survey conducted by Bayon (1980) in
 

four communes, his respondents gave as ;hh principal reason for their interest in
 

fish culture the nutritive value of fish, i.e., they were interested to grow
 

fish for home consumption. Income creation, by selling fish, was rated is secondary.
 

Fish was, according to the survey, thought of as having about the same nutritive value
 

as red meat. The principal reasons for not eating fish were stated as non-availability
 

and high prices.
 

The same survey indiLcated the possible secondary motivation of farmers to culture
 
i.e. 
 thev stated
 

fish. After the nutritive value, /their interest in auto-consumption and income creation,/
 

that they vould undertake fish farming as a result of p:omotional efforts and extension
 

work expecting, in return, a positive sanction in the form of extension service and
 

assistance in management and procurement of inputs from the promoting agency.
 

Bayon's survey indicated a considerable degree of occupational mobility among
 

his respondents with regard to fish farming. His sample was, however, geographically
 

limited. To what extent the innovative potential and the occupational mobility of
 

farmers in other areas can be reinforced and directed toward fish farming will depend
 

upon the performance of fish culture extension and support from Government bodies.
 

Initially successful on-the-spot demonstration in the field and on selecte selected fish
 

fars will be crucial for its diffusion within rural Rwanda
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5.3.5 Determination of the socio-economic impact of fish culture development
 

During the initial phase df fish culture development, only a small group-­

of farmers will be affected, because infrastructural support will be limited
 

at that stage, requiring time to be formed and developed. Nevertheless, the
 

initial 'target group' of farmers, their selection and the approach employed
 

to extend assistance to them, will determine the future impact of the develop­

ment effort.
 

The identification of the.ildividual farmer to be approached should involve
 

the following ;piteria:
 

- whether the environmental conditions necessary for fish culture
 

exist on the land he cultivates;
 

- whether his personal drive and interest is sufficient to engage him­

self, his family and, for pond construction, relatives and neighbors-,
 

in taking up-fish culture successfully;
 

- whether his geographical position and social status justifies the
 

aspiration that his fish pond can serve as an on-the-spot demonstration,
 

convincing as many people as possible of the worthiness of fish farm­

ing.
 

A carefully selected target group in the initial phase of developmen:
 

will be the most relevant premises for further diffusion of the technological
 

concept, as initial and demonstrated success of such 'progressive key far­

mers' in the rural milieu will be the best means to convince others of the
 

worthiness of fish-farming. Other measures can be product promotion by
 

Government bodies, extension a2ents and media, media coverage in general,
 

inclusion of fish culture related courses in the curriculae of educationa:
 

institutions, etc. The degree of success to which such strategies can be
 

employed will determine the quantity of the impact of fish culture develc7­

ment in Rwanda.
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The quality, socially and culturally, of change which can be expected as a
 

result of the development, can be assessed here only in the broadest 
sense.
 

Being closer to farming than to animal husbandry, fish culture will not bring
 

forward a considerable difference in the existing behaviour and value patterns.
 

Neither will it require a significant change of organizational and production
 

structures. 
Depending on the extent to which they participate, it may better
 

the r~le and status of rural women in the country. If not extended to a
 

sufficient number of farmers, it may, however, alter the structure of income
 

distribution by the rural milieu by increasing considerably the income and monetary 

potential of the farmers engaging in it successfully. 
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ANNEX I 

Diet Formtula for Fish Farming In Rwanda 

A. Diets with 25Z Protein (quantity of ingredients in kg) 

No. of Formtula 

Ingredients ... .... ........ 

25-1 25-10 25-IOA 25-12 25-12A 25-13 25-13A 25-14 25-15 25-15A 25-16 25-16A 25-17 25-1/A 

Groundnut cake 48 30 30 80 - 20 20 . ... . 

Rice bran 50 40 40 18.5 80 60.5 60.5 - -

i.iauestone 1.5 1.5 1.5 1 1 1 1 ...... 

Vitawin premix- 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0J.5 01.5 1.2 

Beery waste, dry - 28 - - - 9 - - - - 9 - 21 

Beery waste, wet - - 80 .- - 37 - - - 3 -

Blood, fresh - - - 83 - 40 - - L6 - 40 -

Blood meal - - - 9 - - 19 - 9 -- -

Soyabatt cake -- - r 46 - - 20 21 M )a 

Maize bran - - 52 79 79 60 60 41) 40 

Bone meal - - .15 1.5 1.5 1.5 1.') 1.) i 

/ t:t1 'i"I/|Il 



B. 

ANNEiX I (continued) 

Diet Formula for Fish Farming in Rwanda 

Diets with 30X Protein (quantity of ingredit-nts ini kg) 

Ingredients 

30-1 30-10 30-IOA 30-11 30-IIA 10-12 

No. of Formula 

30-12A 30-13 30-14 30-14A 30-15 30-15A 10-1b 30-16iA 

Grova'dnut cake 

Rice bran 

Limestone 

S1/
Vitamin premix-

Brewery waste, dry 

Brewery waste. wet 

Blood, fresh 

Blood meal 

65 

33 

1.5 

0.5 

-

-

-

-

47.5 

22.5 

1.5 

0.5 

28 

-

-

-

47.5 

22.5 

1.5 

0.5 

80 

-

-

-

18 

58 

1.5 

0.5 

--

-

18 

18 

-58 

1.5 

0.5 

-

81 

-

37.5 

43 

1 

0.5 

9 

-

-

9 

37.5 

43 

1-. 

0.5 

-

37 

40 

. 

. 

0.5 

-

-

-

-

. 

. 

. 

0.5 

-

-

-

19 

.. 

... 

... 

0.5 

-

--

86 

-9 

0.5 

9 

-

... 

0.5 

-

'36 

40 

-

0.5 

20 

-

-

-

0.') 

-

i 

-

-

I 

Soyabean cake 

Haize bran 

-

-

-

-

-

-

62 

36 

17 

62 

17 

62 

36 

44 

36 

44 

54 

24 

54 

24 

Bone meal - - 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

1/ It is doubtful wether the use of 'premix', a prefabricateol mixture of vitamins, is feasable for r,,ral ih frar,,rs, 
it's use should, therefore, be considered optional 

Source: K.W. Chow (personal communication, 1980) 
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Scope of the Environmental Assessment
 

Rwanda Fish Culture (696-0112)
 

Scoping Statement
 

The data for the proposed assessment will be collected from literature,
 
by interviews with knowledgeable experts, field visits, and.,analysis of
 
data collected during the field visits.
 

Great importance will be attached to the opinions of officials and experts
 
working for the Government of Rwanda and medical institutions. Extensive
 
visits will be made to the pond sites to collect data to be included in
 
the assessment. Village chiefs, local people and officials will be con­
sulted. Relevant data from ponds in operation will be used to help assess
 
the environmental impacts of proposed project. 

The EA will generally describe the present health conditions in operational
 
ponds and will address and consider the following topics: 

- any advexse environmental effects which cannot be. avoided 
should the proposal be implemented. 

- alternatives to the proposed action.
 

- the relationship between local short-term uses and-the
 
enhancement of long-term productivity.
 

- any irreversible and irretrievable commitments of resources
 
whic.i would be involved in the proposed action should it be 
implemented. 

Specifically, the EA will focus on the environmental impacts listed
 
below, which were considered to be the most significant and recommend
 
actions for mitigation of their adverse effects.
 

It 	will identify more environmentally acceptable alternatives. Discussion
 
of these and other topics will also ensure that present environmental and 
cultural values will be given appropriate consideration in decision-making 
along with economic and technical considerations.
 

1. Collect and organize detailed data on water-borne disease vectors 
and habitats. Of special importance are schistosomiasis, malaria 
dengue/hemorrhagic fever and other communicable diseases. 

2. 	 Assess potential health hazards associated with occasional drainage
 
of the ponds and the use of animal manure or plant materials as fish
 
food.
 

3. 	Assess GOR institutional capabilities in public health and communicable
 
disease control. 

_' i
 



4. 	Assess potential preventative measures to prevent or mitigate disease
 
problems associated with local fish ponds.
 

5. 	Make recommendations on how any deleterious environmental effects of
 
the project can be eliminated or mitigated.
 

Five to six weeks will be required to complete the EA. A general sphedule
 
is proposed as follows:
 

WEEK 1 : 	 Field trips to collect ecological data from existing ponds 
and 	site inspections
 

WEEK 2 : 	 Gathering of environmental data and review of existing data 

WEEK 3-4: 	 Field trips to gather medical information from completed
 
laboratory analyses
 

WEEK 5 : 	 Rough draft based on local environmental and medical 
information
 

WEEK 6 : Complete EA 

No significant environmental problems are anticipated that dannot be pre­
vented or minimized to acceptable levels. Fish are currently-being

cultured in various ponds in the country. The specific issues listed 
above are considered to represent the primary environmental problems. They

will be studied in detail and practical alternatives will be considereld. 

Apped: a, 

Gene Chiaj'roli, AID Affairs Officer
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ENVIRONMENTAL ASSESSMENT OF
 
RWANDA FISH CULTURE PROJECT 696-0112
 

SECTION I
 
Introduction and General Environmental Impacts
 

1.1 	Introduction
 

The proposed action is a national fish culture program which
 

has as its overall goal an increase in (a) the availability of
 

nutritious food and 
(b) the income of farm families. It proposes
 

to achieve this goal in a highly efficient way through the intro­

duction and 
extension of small fishponds (approximately 20 m
 

square and 1 m deep) 
which rural farm families can easily
 

construct and manage in valleys throughout Rwanda. By the end.of
 

the project, (a) an estimated 1,200-1,600 fishponds will be 

producing approximately 36 metric tons of fish on 600 farms in 

-Rwanda's ten prefectures, and (b) a national extension program
 

will be established to support the development of on-farm fish
 

production throughout Rwanda. The specific purpose of this
 

project is to develop the capacity of Rwandan farmers to build
 

and maintain productive on-farm fishponds. The project is more
 

fully described 
in the Rwanda Fish Culture Project Implementation
 

Document (PID).
 

The environment which this project will affect is bottomland
 

with a year-round water supply, usually a small stream. This 

bottomland was traditionally preserved by pastoralists for 

grazing. Farmers often grow vegetables on this land by con­
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structing long series of 
raised beds alternating with ditches,
 

both to provide adequate drainage and 
to preserve moisture during
 

the dry season. Much of it, however, consists of marsh or valley
 

grasses.
 

The 	 primary objective of this report is to evaluate the 

impact of the fish culture project on public health. The
 

detailed impacts on human health are 	 indescribed Section II 

which is entitled "Relationship of Fish Culture to Schistoso­

miasis and Malaria in Rwanda". 
 The present section consists of
 

an introduction and discussion of the general environmental
 

impacts.
 

1.2 	 Impact on Plans for Land and Resource Us.e Policies and 
Controls 

The proposed projec.t should harve no impact on plans for land
 

and resource use policies and controls. This is because 2,a0­

3,000 small rural fishponds already exist in Rwanda but 
ar.e not
 

currently in production. Consequently, the project will involve
 

construction of very few new ponds. 
 Furthermore, land is owned
 

by the government while individuals or families have the right to 
farm 	parcels of land. 
 Farms have an average area of one hectare.
 

Small fishponds easily fit 
within the farm. Additionally, land
 

not farmed and which must be reclaimed from marsh or grassy
 

bottomland, can be allocated to individuals or families by normal
 

administrative processes. 

1.3 	 Impact on Ruman Environment
 

The impact of the proposed project on the human environment 
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is adequately discussed 
in the Initial Environmental Evaluation
 

(IEE) of the PID with a few exceptions. We have based the follow­
ing assessments 
on the discussions in the 1EE, but have made
 
additions in several 
areas. 
 The single outstanding deficiency in
 
the IEE concerns 
the Public Health aspect of the 
human environ­

ment, and we have discussed this aspect fully in Section II.
 

1.3.1 Land Use
 

As described in the introduction, the land this project will
 

use 
is primarily bottomland with a year-round water supply. 
 Pas­
toralists traditionally preserved it for grazing, and much of it
 

still consists of sedge marshes or 
lowland grasses. Since 2-3000
 
small rural fishponds already exist throughout. RwandaL..very .­few
 

new ponds will be constructed under this project. 
 In those few
 
cases, small unitt ( 10 ares the
) of above-described land will
 

be converted to ponds. Comparison of resulting fish production
 
with traditional meat production from grazing 
of cattle, sheep,
 

and goats is viewed as highly favorable for fish production (see
 
study by U. W. Schmidt). Although the sedges from 
the marshes
 

are used in basket-making, apparently a very small percentage of
 
seige marsh 
area is utilized for this activity, and the marsh
 

area lost to 
fishponds will not affect basket-making. Conversion
 

of marsh to properly managed fishponds may reduce mosquito habi­

tat and hence the danger from malaria (see Section II).
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4o factors are involved in the project which will lerd to
 

any unusual increase in the population of people or animals in a
 

particular area.
 

Pond sites are generally in bottomlands, often in narrow
 

valleys between hills. In the 
construction of a few new
 

fishponds, ground cover removed may consist of marsh or valley
 

grasses or some cultivated land. Disturbance of the soil during
 

construction 
might cause some loss of fertility, but, in turn,
 

the accumulation of silt and residues from fish culture usually
 

results in increased fertility. Feeding fish and fertilizing
 

ponds will also increase soil fertility because many nutrients
 

become bound up in the pond mud.
 

The training and technical services provided under the
 

project will have no 
direct impacts on land use. Facilities for
 

the ten fish production centers for 
the most part already exist.
 

Any additional land required for 
renovation or construction will
 

be designated by the GOR Ministry of Agriculture so as to avoid 

productive, inaccessible or unsuitable sites. 

1.3.2 Water Quality 

Impounding water and enriching it for fish production will 

probably result in reduced 
silt loads, but also in increased
 

temperatures and nutrient levels. 
 Downstream water flow patterns
 

may also be altered slightly. Overall, the negative impact in
 

terms of total runoff will be slight. Stream flows appear to be
 

ample year-round; 
a reduced silt load will, if anything, improve
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the water quality. Unless excessive (an 	unilikely event) , in­

load will generallycreased temperatures and plant nutrient 


way as 


enhance fish productivity in receiving waters. Furthermore, many 

areas where ponds will be built are currently farmed in such a 

to retain the water and impede runoff (see 1.1 Introduc­

tion) so that any temperature or stream flow impact will b
 

results of farms, and any increase in
indistinguishable from the 


plant nutrients should be beneficial.
 

There is some danger that dams will wash out during heavy
 

runoff, but the capacity of any one pond is small enough so that
 

system should handle it. Proper construc­the normal drainage 


tion, using mainstream diversion, should make .the danger very
 

low. The potential sites for pond construction are dispersed
 

enough in the countryside so that no significant impact on
 

groundwater tables is foreseen as a result of seepage.
 

1.3.3 	 Atmospheric
 

there will be short-term
During the construction activities 


and noise. Such impacts are
environmental impacts from dust 


As most of the construction has already been
unavoidable. 


completed and because any additional construction and renovation
 

will be very small-scale and labor-intensive over a short time
 

frame, these impacts will be marginal.
 

1.3.4 Natural Resources
 

involve some diversion ofAlthough the use of ponds will 

water, the amount of water required is minimal because a "closed 
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system" approach will be used. 
 This means that, after initially
 
filling 
a pond (which can be coordinated with 
water availabili­
ty) , water will be diverted to the pond only occasionally to
 
replace 
water lost through evaporation 
and a small amount of
 
seepage. 
This may not even be necessary during rainy periods.
 

Although presence 
of fishponds will 
not foreclose certain
 
other agricultural uses, 
for example, it is a reversible process
 
because pond areas 
can be returned to crop land.
 

Use of existing fishponds or construction 
of new ones may
 
result in a of
change wildlife 
habitat by clearing brush or
 
slowing streamflow periodically, but generally the area of impact
 
is so small that negligible losses or 
climatic- alterations are
 
involved. Since many ponds have been 
or will be constructed in
 
cultivated 
land where wildlife habitat is. chang ing, 
additional
 

impact by ponds should be negligible. rare species should be
No 

endangered as 
 could happen with 
huge reservoir construction.
 
Ponds do serve 
as new habitats for ducks and migratory water fowl
 
and a variety of other 
small wildlife. 
 The location of large
 
game in Rwanda (elephants, 
lions, gorillas, buffalo) 
is re­
stricted to 
the Kagera and Volcanos National Park.
 

Widespread development of fish 
farming will probably result
 
in the moving 
of fish seed of different species around 
the
 
country and 
the possible accidental 
seeding of natural waters.
 
To the extent 
that the culture 
is with the native species,
 
however, this should present little problem. 
 In the case of fish
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culture in Rwanda, it is proposed to farm with indigenous "cich­

lids" or with species, such as Serotherodon nilotica, already
 

widely introduced in Rwandan waters.
 

1.3.5 Cultural and Socio-economic
 

A complete socio-economic and cultural analysis of the
 

impact of the fish culture project in Rwanda has been completed
 

by U. W. Schmidt of the Aquaculture Development and Coordination
 

Programme, Fisheries Department, FAO, Rome. This report entitled
 

"The Economic and Social Feasibility of Small-Scale Rural Fish 

Culture Development in Rwanda" was published by FAO in Rome. A 

copy is available from AID in Kigali, Rwaoda. 

1.3.6 Health 

Water-related diseases include schistosomiasis (bilharzia
 

malaria, Dengue/hemorrhagic fever, onchocerciasis, cholera, and
 

typhoid. Control of cholera and typhoid is principally a
 

question of sanitation and not particularly dependent on the
 

presence or absence of ponds. Onchocerciasis is transmitted by
 

simulid vectors whose larvae require rapidly flowing water. The
 

disease is, therefore, not associated with fishponds. Dengue/
 

hemorrhagic fever, fortunately, does not occur in Rwanda (per­

sonal communication from Dr. Molubu, Director of the Expanded
 

Program for Vaccination, Ministry of Public Health, Rwanda).
 

Furthermore, it is transmitted by culicid vectors which can be
 

controlled in the same fashion as those of malaria.
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Diseases which construction of cishponds may impact unfavor­

ably are schistosomiasis and 
malaria. Section Ii, "Relationship
 

of Fish Culture to Schistosomiasis and 
 Malaria in Rwanda",
 

discusses in detail the potential impacts and possible mitigation
 

and alternative actions, and presents appropriate recommendations
 

to decisicn-makers.
 

1.4. 	 Alternatives to Proposed Action
 

Alternatives to the proposed action may 
be of two types.
 

Alternative action in regard to fish culture, including 
the
 

alternative of "no action", are adequately discussed 
in Section
 

I1. Alternative action to achieve the overall project goal, an
 

increase in (a) the availability of nutritious-food and (b) the
 

incomes of farm 
families, could include such alternatives as
 

poultry or rabbit production, introduction of improved crop
 

varieties, or improvement of marketing procedures. However,
 

consideration of such alternatives 
was taken up in earlier stages
 

of project development and is not discussed here.
 

1.5. 	 Unavoidable Adverse Environmental Inoacts
 

The only significant adverse environmental impacts the
 

proposed project presents are health-related and these impacts
 

can be avoided. They are adequately discussed in Section II.
 

1.6. 	 Trade-offs 3etween Short-term Environmental Gains and
 
Long-term Losses
 

The proposed project presents no significant long-term
 

environmental losses except those associated with the potential
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impact on heaich and such impacts can be prevented, as discussed
 

in Section iI.
 

1.7. 	 Irreversible or irretrievable Commitment of Natural or
 
Cultural Resources
 

The proposed action involves no irreversible or irretriev­

able commitment of natural or cultural resources. The fishoonds
 

can at any time be drained and filled and the land returned to
 

agricultural or other uses. The training and technical services
 

provided under the project will have no direct impacts on land
 

use (see Section 1.3.1) or cultural resources (see sections 1.3.1
 

and 1.3.5).
 

1.8. 	 Amelioration of Adverse Environmental Effect by Other SAID
 
or LCD Activity
 

Health care activities of the GOR wili offset any adverse
 

effect on human health due to the Rwanda Fish Culture project, as
 

discussed in Section II. Other USAID or LCD activities are
 

likely to influence or be influenced by the fish culture project,
 

but there are no significant adverse environmental effects other
 

than those related to public health.
 

1.9. 	 Recommendations
 

Recommendations to decision-makers resulting from this envi­

ronmental assessment are presented in Section II.
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Relationship of Fish Culture to 
Schistosomiasis and Malar a
 

in Rwanda 

1. 	 Introduction
 

The purpose of this report is 
 to assess the impact of a national fish 

culture program on the public health environment in Rwanda. The overall
 

goal of the fish culture project is 
an increase in (a) the availability of
 

nutritious food and (b) the income of farm families. 
 Its specific purpose
 

is to develop the capacity of Rwandan farmers 
to build and maintain productive
 

on-farm fishpands. The project is 
more fully described in the accompanying
 

environmental assessmeLt and in the PID. 

Water-related diseases include schistosomiasis (bilharzia), malaria,.
 

Dengue/hemorrhagic fever, onchocerciasis, cholera and typhoid. 
 In addition,
 

a variety of parasites have eggs or cysts which readily survive aquatic condi­

tions. 
 Control of such parasites and also of cholera and typhoid is princi­

pally 	a question of sanitation and not particularly dependent on the presence
 

or absence of ponds. Onchocerciasis is transmitted by simulid vectors whose
 

larvae require rapidly flowing water. 
The disease is, therefore, not associat­

ed with fishponds. Dengue/hemorrhagic fever is transmitted by culicid vectors
 

which can be controlled in the same fashion as 
those of malaria. Fortunately,
 

Dengue/hemorrhagic fever does not occur in Rwanda (personal communication
 

from Dr. Moluba, Director of the Expanded Program for Vaccination, Zlinist:r 
 of
 

Public Health, Rwanda; 1979 Annual Report of the Ministry of Public Health,
 

Republic of Rwanda). 
 The remaining two diseases, schistosomiasis and malaria,
 

may receive impact from implementation of the fish culture project.
 

This report includes, in Part 2, a brief description of the life cycles 

of schistosome and malaria organisms as they relate to humans. It presents an
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evaluation, in Part 3, of the influence of fish culture on incidence in
 

htan populations of these two diseases, and, in part 4, an evaluation of
 

Rwandan institutional capabilities to treat or prevent the same diseases.
 

In Part 5, it discusses measures to prevent or ameliorate any fish culture
 

influence on disease incidences presented in Part 3. Finally, in Part 5,
 

it presents recommendations appropriate for decision makers regarding the
 

influence of a national fish culture program on public health and includes
 

consideration of the alternatives of (1)no changes in the fish culture pro­

ject, (2)modifications in the project to prevent or reduce impacts, and (3)
 

cancellation of the project.
 

2. Life Cycles 

2.1. Schistosomiasis 

Schistosomiasis is caused by a trematode parasite, a blood fluke, with: 

a complex life cycle requiring both a definitive and an intermediate host.
 

It matures in the definitive host, which may be man or a wide variety.of
 

other mamals, and eggs are passed in the feces or the urine. The eggs hatch
 

in water as a free swimming cilliate larva called a miracidium. These mira­

cidia must find an aquatic snail of appropriate species within about 32 hours, 

or they will die. Each penetrates its snail intermediate host and reproduces 

asexually to produce 100,000 to 200,000 cercariae, beginning in about 1 month 

and continuing for a period of several months. These cercariae escape their
 

snail host as free swimming flagellate larvae. Cercariae approach suitable
 

mamalian hosts in the water, attach by means of suckers and enter by dissolv­

ing a hole in host tissue with enzymes. They survive no more than 48 hours
 

if they find no host. Each cercaria migrates through the blood system of its
 

new host to the walls of the colon, of the urinary bladder or of the small
 

intestine, depending on the schistosome species, where it matures and where
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it must pair "i:h another of opposite sex to produce viable eggs. 

Because of the variety of mammalian species besides man which can
 

also serve as definitive hosts, it is not usually possible to reduce the 

danger of this disease in an area by treating infected humans or by improv­

ed sanitation. it is also not usually possible to eliminate other mammalian
 

hosts since 
these usually include domestic livestock. It is furthermore very 

difficult to restrict such wild animals as small rodents from bodies of water
 

even with such controlled access 
as man-made fishponds. The most effective
 

means of controlling a reservoir of schistosomiasis has been to eliminate the
 

snail intermediate hosts.
 

2.2. Malaria 

Malaria is caused by a sporozoan parasite of the genus Plasmddium, inc­

luding 7 different species and a variety of strains. 
 In this case, man is
 

the intermediate host, in which only asexual reproduction occurs, and female
 

mosquitoes, of the genus Anopheles, are the definitive hosts where sexual re­

production takes place. 
When a female mosquito bites an infected human, micro­

and macro-gametocytes invade the mosquito, combine to fJc..m a zygote, then re­

produce, forming sporozoites, which migrate to various tissues of the mos­

quito, including the salivary glands. 
 The mosquito is infective 10 to 20 days
 

after it has ingested human blood. When an infective mosquito bites a human,
 

sporozoites from its salivar7 glands enter the human blood stream, invade liver
 

and other similar cells and reproduce asexually, after which the cells rupture,
 

releasing 10-20 tiny merozoites. These merozoites invade either additional
 

liver-like cells or red blood cells. 
 There then follow series of asexual re­

productions, cells bursting, and reinvasions, often periodically and corres­

ponding to periodic appearances of malarial symptoms. 
 The human is infactive
 

to mosquitoes in 10-30 days. 
 Malaria can be controlled in an area by drug
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treatment of a large percentage of the human population or by a large-scale
 

campaign to eliminate the mosquito vector, often by eliminating or altering
 

its aquatic habitat. An integrated combination of both approaches is often
 

most effective.
 

2.3. 	 Epidemiology
 

With any parasite which requires two alternate hosts, it is possible
 

to eliminate the disease by reducing or dispersing the populations of one
 

host. It is not necessary to totally eliminate a vector host. If the vector
 

organism has either a very low population or is very dispersed, then the
 

probability that a human (or other mammal in the case of schistosomiasis)
 

will be exposed to an infected vector is very low. The probability is also
 

very low that a vector organism will be exposed to an infected human. But
 

to maintain the parasitic cycle, a human who has been exposed to an infected
 

vector must be the same human to whom.another vector organism is later ex­

posed. If both probabilities are very low, their joint probability becomes
 

negligible. The parasitic cycle becomes broken and the disease incidence
 

actually decreases as infected humans are treated or as infected vectors die.
 

Thus, a potential health danger in the case of such parasites does not lie
 

with the presence of vector organisms, but with concentrations of such orga­

nisms. Any attempt to control snail or mosquito populations need not be 100%
 

effective in order to prevent schistosomiasis or malaria.
 

3. 	 Influence of Fish Culture on Human Disease Incidence
 

3.1. 	 Incidence in Human Populations
 

Table I indicates the number of cases of schistosomiasis and of malaria,
 

and their incidences per 1,000 population, per prefecture throughout Rwanda
 

in 1979 (from 1979 Annual Report, Ministry of Public Health, Republic of
 

Rwanda). The data in parentheses for schistosomiasis in Ruhengeri and Byumba
 



prefectures, however, represent a new outbreak in 1980 (Mr. Jules Hanotiez,
 

Head of Anti-bilharzia Mission of Rwanda, .ersonal communication).
 

Table 1
 

Number of cases and incidence per 1,000 population per prefecture in Rwanda
 
in 1979 (1980).
 

Schistosomiasis Malaria
 
Prefecture Cases Incidence Cases Incidence
 

Kigali 0 0 14,805 20.6 

Gitarama 0 0 19,997 32.3 

Butare 0 0 31,092 50.3 

Gikongoro 3 0.01 6,536 17.2 

Cyangugu 165 0.48 15,Q40 44.2. 

Kibuye 0 0 11,167 32.2 

Gisenyi 0 0 4,082 8.5 

Ruhengeri (300+) (0.55+) 2,375 4.3 

Byumba (±100) (+0.1f]) 7,198 13.2 

Kibungo 0 0 24,755 66.7 

3.1.1.Schistosomiasis
 

Although the incidence of schistosomiasis appears very low or zero
 

throughout the nation, the number of cases in Ruhengeri prefecture increased
 

from zero to over 300 during 1980 alone. Mr. Jules Hanotiez, a public health
 

officer in Rwanda for 20 years, suggests (personal communication) that this
 

sudden increase in schistosomiasis incidence in Ruhengeri "s primarily due 

to two factors. The first factor is that farmers have begun draining and 

cultivating the papyrus swamps surrounding the two large lakes in Ruhengeri 

prefecture only recently, during the last cwo or three years. This activity 

may increase the farmers' exposure to the disease since a potential inter­

mediate host, snails of the genus Biomphalaria, abound in the papyrus swamps. 



The second factor is that public health clinicians in Ruhengeri prefecture
 

apparently did not recognize schistosome eggs in routine fecal examinations
 

before 1980. Rwandan and French medical doctors began to recognize symptoms
 

of schistosomiasis in patients during early 1980, and subsequent careful fecal
 

examinations, including supervision by Mr. Hanotiez, revealed the number of
 

cases reported in Table 1. These facts suggest that the outbreak was not as
 

sudden as the data in Table 1 indicate. The fact that symptoms were not re­

cognized until early 1980, however, suggests that the outbreak is recent, pro­

bably correspouding with draining and cultivating of papyrus swamps. Hanotiez
 

suggests that failure of clinicians to recognize shistosome eggs is not due to
 

lack of training, but because such eggs so rarely occur in fecal examinations
 

in Rwanda that they simply are not recognized. He also feels that clinician
 

ability throughout the country to recognize schistosome eggs will be fully
 

adequate within two years and probably within one year.
 

We may draw the following conclusions from the above discussion.. 

(1) 	 The statistical evidenLe of schistosomiasis is slightly low 
except in the three foci reported in Table 1. 

(2) 	The incidence of schistosomiasis throughout the country is
 
likely to increase very slightly as clinician ability to
 
detect schistosome eggs becomes fully adequate.
 

(3) Mhe incidence of schistosomiasis is likely to increase
 
markedly in additional foci around the country as farmers
 
make more use of swampy areas, especially papyrus swamps,
 
increasing their exposure.
 

3.1.2. Malaria
 

The incidence of malaria appea:s moderate but constant throughout the
 

nation (see Table 1). It is highest in the prefectures containing lower
 

elevations; Kibuye, Butare and Cyangugu, and lowest in prefectures with the
 

highest elevations; Ruhengeri, Gisonyi and Byumba. Clinical diagnosis of
 

malaria is an important part of clinician training in Rwanda (Dr. Moluba and
 



Dr. A. Hugobushaka, Director of Health Services, personal COUn.icacions),
 

and clinicians have frequent experience with it throughout :he countr'.
 
It is possible, however, that some rural people fail to recognize malarial
 
symptoms and fail to report them. it is very probable that the malarial
 
data reported in Table I closely parallel the true incidences in the Rwandan
 
population, though they may slightly underestimate them. 
 The incidence of
 
malaria has increased steadily since 1974 
(1979 Annual Report, Ministr7 of
 
Public Health, Republic of Rwanda). 
 This increase is apparently due, at
 
least in part, to 
improved diagnosis and reporting of malaria during this
 
period and also in part to 
increased awareness of the disease among rural
 
people. 
It is probable than the incidences reported in Table 1 for malaria
 

will 	continue to increase slightly in the near future. 

3.2. 	 Examination of Existing Fishponds 

We examined existing fishponds in 8 	of Rwanda's 10 prefectures. We. 
captured snails and examined them for schistosome infections, and we. searched 
for the presence of mosquito larvae. 
We recorded snail species and density,
 
fish 	species and density when known, vegetation conditions and the results of
 
snail 	examinations and mosquito searches. The results are summarized in 

Table 2. 
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Table 2 JiiaResults of imination of 8 sets of prefectural fishponds for snails (schtistosoma) and mosquito larvae In Rwanda, 1980
Ponds Sampled Vegetation Conditions Fish Snails 
flsquI toLocation 
 S T Marginal Aquatic 
 Species D
Kigali Species DI excessive S P/S Schist.type
2 P/P larvaelow Biomphalaria low 10 0/1O ­ 0/10 nIOIe obeflerv. 

Bulinus I 
 mod 6 0/6 ­ 1/6Bulinus 2 
 high 9Gltarama 0/9 ­4 16 excessive moderate 2/9T.mecrochtir 
mod Blomphalarla mod 
 tO 2/10 reptilian
3 (algae T.zillii 8/10 noaje
l.ymnaea low 8 0/8 
 -
water lilies) 8/8 observed
Bulinus 1 
 mod, 10 6/10 reptilian 10/10
4 excessive 


rokongoro
2 mod Biomphalarla high 0/11 ­11 
 0/11 n1ne 
Lymnaea high 9 0/9 -Kigenbe 4 3/9 observedexcessive 
 1 none T.nilotica(.utare) high BIomphalaria mod 15T.zilli 4/15 avian 14/15 noneLymnaea mod 12 0/12 ­ 9/12 observed 

Ruhengerl 3 
 very little 0 little

algae 
 Tilapia 
 low Lymnaea v.low 
 3 0/3 - none

Gisenyl 1/3 observed3 3 excessive 2 mod.algae Tilapla mix 
mod Blomphalaria low 
 1'7 .0/17" ........--
 / none
 
Lytniaea 
 mod 20 0/20 ­ 20/20 observed
Bullnus 1 low 
 10 1/12 avian 8/10
Gatsibo 
 4 8 excessive moderate 
 none
(Byumba) - BIophalaria low 10 0/10 ­(emergent. 5/10 very

Lymnaea
carex) 3 high 5 0/5 -Bullnus I low 5 0/5 1/5 abundant- 0/5
 

Rusumo 5 15 excessive 
 excessive 
 mixed Tia-
(Kibungo) 1 Lymnaea
algae,some pia of Lac o 

low 10 0/10 - I00 none--Bulinus 
 low 10 0/10 ­ 10/10 observed 
emergent 
 Nasho 
 w
 

S = number sampled P/S = proportion of snails with schistosoesT = total number 
 P/P - proportion of snails with parasites
D = density 



Addition of fish of almost any species can be expected to reduce mosquito
 

larval populations greatly. 
We can expect addition of fish, combined with
 

the removal of marginal and aquatic vegetation, to lower snail populations
 

greatly and reduce mosquito larval populations to near zero. However, we
 

must emphasize that during examination of sets of fishponds in 8 of Rwanda's
 

10 prefectures, in only one set of ponds was the vegetation along the pond
 

margins carefully trimmed away.
 

Addition of compost and animal manures to increase the food supply for
 

the fish should increase the biological productivity of a pond and, there­

fore, increase the growth rates of both snails and mosquitoes. With such in­

creased growth rates, control of these disease vectors by adding fish and re­

moving vegetation must be less effective. Although some such control of
 

snails and mosquito larvae must remain, this degree of control may be offset
 
by increased exposure of the farmers who manage the ponds 
to he two diseases.
 

Furthermore, since domestic mammals 
can serve as determinant schistosome hosts,
 

addition of animal manures to fishponds can result in the addition of schisto­

some eggs and miracidia, an increased infection rate of snail intermediate
 

hosts, and an increased danger of schistosome infection to humans.
 

We draw the following conclusions regarding the impact of fish culture
 

on huan incidence of schistosomiasis and malaria in Rwanda.
 

(1) Although fishponds appear largely or entirely free of mammalian
 

schistosomes at present, the recent outbreak in Ruhengeri pre­

fecture suggests that similar outbreaks may occur in other parts
 

of the country and fishponds can become infested with schisto­

somes 
in the future through exposure to infected humans.
 

(2) Since malaria is widespread and moderately common among humans
 

in Rwanda, fishponds have the potential at any time of parti­

q
 



We point out the following observations from Table 2:
 

(1) 	 Utliough we frequently found snails of the genrea Biomohalaria 

and Bulinus. both potential intermediate hosts for schistosome, 

and although we found some cases of reptilian and avian schisto­

somes, we found no schistosomes capable of infecting man. 

(2) In the single set of ponds in which vegetation was kept care­

fully trimmed around pond peripheries and was carefully removed 

from the water itself, in the presence of fish, we found vir­

tually no snails (only I found in 3 ponds of about 10 ares each). 

(3) Snail density does not appear to be related in any way to fish 

density. 

(4) In all ponds with fish, we observed no mosquito larvae, while 

in the single set of ponds without fish, mosquito larvae were 

very abundant. 

An additional observation not reported in Table 2 is that in new..ponds
 

the 	proportion of snails with schistosomes and -with parasites of any kind
 

is very low or zero compared with ponds which have held water for one year 

or more. 

We conclude, with respect to the specific ponds examined, that (1) 

eliminating marginal and aquatic vegetation effectiveis in controlling snails, 

and that (2) presence of fish, irrespective of species or density, is effective
 

in controlling mosquito larvae.
 

3.3. 
 Expected Impact Effect of Fish Culture on Snail and Mosquito Populations
 

In the absence of fish and without removal of marginal and aquatic ve­

getation, fishponds should provide ideal habitat for high population levels
 

of both snails and mosquito larvae, and, therefore, excellent foci for both
 

schistosomiasis and malaria in areas where these diseases already occur.
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Table 3, e summarize, per prefecture, the number of hospitals and beds,
 

the number of health centers and beds, 
and :he number of dispensaries and
 

beds. 
 In addition, we indicate the mean human population served per bed
 

of all types combined (from 1979 AnnuaL Report, Ministry of Public Health,
 

Republic of Rwanda). 
 The national average population served per bed of
 

all types is 615 persons.
 

In Table 4, we indicate, per prefecture, the number of medical doctors,
 

the number of paramedics, the number of nurses of all types, and the number
 

of other medical personnel. 
Finally, we indicate the mean population served 

by each medically trained person, including doctors, paramedics and nurses, 

but excluding "other personnel" (from 1979 Annual Report). The national aver­

age population served, per medically trained person, is 5401 persois per
 

person.
 

Personnel of dispensaries and health centers are given training in re­

cognizing symptoms of schistosomiasis and malaria, and personnel of health
 

centers are given training in the clinical diagnosis of these t'4o diseases
 

(Dr. Mugubushaka, personal communication). 
 Please refer to section 3.1.1.
 

and 3.1.2. for discussions of present and future clinician ability to detect
 

these two diseases.
 

Every health center and every dispensary in the nation, as well as
 

every hospital, has a supply of the medicines used in the drug treatment of
 

both schistosomiasis and malaria (Dr. Mugubushaka, personal communication).
 

These medicines are apparently kept up-co-date and the supply replenished
 

when necessary.
 

We conclude that Rwandan institutional capability to treat schisto­

somiasis is, at least potentially, fully adequate for the incidences of
 

the disease we discuss in section 3.1.1. 
 Capability to treat malaria also
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cipating in the malarial parasite cycle. 

(3) The presence of fish in ponds and the removal of marginal
 

and aquatic vegetation should provide sufficient protection
 

against both schistosomiasis and malaria and may even de­

crease the danger from these diseases from e, sting ponds *M
 

neglected many years.
 

(4) Farmers may or may not keep marginal vegetation ade;quately
 

trimmed. 

(5) Addition of compost and manures to fishponds to provide in­

creased fish production may also produce a danger of infec­

tion to humans, especially of schistosomiasis, because of
 

increased populations of snails and mosquito larvae. 

4. Rwandan Institutional CaDabilities to Treat or Prevent Diseases 

4.1. Treatment 

In terms of statistical reporting, the Rwandan inistr7 of Public 

Health is organized in a hierarchial fashion (Dr. Moluba, personal communi­

cation). Local dispensaries and health centers each send rep-orts of every
 

public health action to the hospital in its particular region and to the
 

1Linistry headquarters office in Kigali. Each hospital also sends reports
 

of all public health actions ,o Kigali. There are one to several hospitals
 

in each prefecture and severa., health centers and several to many dispensaries
 

in the region of each hospital. Health centers are essentially miniature
 

hospitals with clinical diagnosis capability and maternity wards. There is
 

usually a doctor or paramedic in residence, or one may visit regularly from
 

a nearby hospital. A dispensary contains drugs for outpatient treatment and
 

first aid and has capability of referral to a health center or hospital. In
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Table 4 

Prefecture Population Doctors Paramedlcs Nurses Other Average population served 
(all types) Personnel per pned.personnel 

Klgall 717,500 42 52 241 161 2,142 

Citaranta 619,500 8 19 69 69 6,453 

Butare 617,900 37 44 142 117 2,771 

Gikongoro 380,200 3 7 26 29 10,561 

Cyangugu 340,600 9 13 42 46 5,322 

Kibuye 347,100 9 iO 67 58 4,036 

Gisenyl 481,900 9 31 50 31 5,354 

Ruhiengerl 543,400 11 27 53 45 5,971 

Byumba 544,700 10 25 43 23 6,983 

Kibungo 371,000 11 26 47 47 4,417 



Table 3 

Prefecture Population llospttals Centres de Sante Dispensaries Averag! populatIo 
(beds) 

public private 
(beds) 

public private 
(beds) 

_public. private 
ILervyed per bed 
(all types) 

Kigali 717,500 1 (445) 1 (105) 8 (202) 7 (91) 21 (329) 13 (149) 543 

Gltarata 619,500 0 2 (465) 10 (212) 3 (15) 17 (391) 9 (69) 538 

dutare 617,900 2 (586) 0 5 (92) 10 (267) 17 (149) 15 (382) 419 

Cikongoro 380,200 0 1 (156) 2 (16) 6 (209) 5 (49) 7 (237) 570 

Cyangugu 340,600 1 (139) 2 (414) 1 (11) 4 (14) 11 (33) 6 (14) 545 

Kibuye 347,100 1 (131) 2 (236) 0 6 (165) 3 (40) 11 (106) 512 

Cisenyi 481,900 2 (250) 1 (101) 5 (118) 4 (183) 11 (143*1 8.(232) 469 

Ruhengeri 543,400 1 (322) 1 (96) 0 6 (26) 11 (126) 8 (125) 782 

Byuiba 544,700 1 (89) 1 (48) 2 (47) 1 (34) 18 (178) 6 (43) 1,241 

Kibungo 371,000 2 (306) 2 (161) 2 (28) 2 (34) 12 (134) 4 (40) 528 



appears adequate, yet incidence of malaria in Rwanda does not decrease.
 

Apparently, awareness 
of the disease and the habit of reporting its symp­

toms to medical personnel lag several years behind 
the clinical capability
 

to detect and treat it. Implementation of a fish culture program should
 

not adversely affect Rwandan capabilities to detect and treat these two
 

diseases.
 

4.2. 	 Prevention
 

Prevention of schistosoiasis is best achieved by elimination of its
 

snail intermediate host, while prevention of malaria is best accomplished
 

by a 	combination of control of the mosquito vector and drug treatment of a
 

large 	proportion of the exposed human population. At present, in Rwanda,
 

there 	are no programs for either snail or mosquito control. Furthermore,
 

administration of anti-malarial drugs is at the level of 
treatment of those 

cases detected and not at the epidemiological level.,needed to interrupt the 

vector/human transmission cycle. 

It is very probable that programs for large-scale prevention of these
 

diseases, especially malaria, -willbe initiated by the Rwandan ofMinist./ 

Public Health in the future. It is imperative that a national fish culture 

project be implemented in such a fashion that it willnot interfere with 

any such prevention programs. Such precaution is best achieved by assuring 

that snail and mosquito populations are adequately controlled in the fish­

ponds.
 

5. 	 Itigation Measures of Fish Culture Impact on Disease 

Potential adverse health impacts of the fish culture project are 

participation of fishponds in human/vector parasite cycles of schistosomiasis
 

and malaria. Large and concentrated populations of snail vectors of schis­

tosomiasis and of mosquito vectors of malaria can result from allowing vege­



tation to grow untri--ed around and within ponds and addition of compost 

and manures. The problems to be solved become twofold: (1) removal of ve­

getation, and (2)removal of snails. If vegetation is removed, mosquito 

larvae will be removed adequately by the fish. 

5.1. Removal of Vegetation 

Removal of unwanted vegetation can be chemical, mechanical or biologi­

cal. The objective is that no vasculor plants grow in or extend into the 

water. A variety of herbicides are available commercially for control of
 

vegetation. Chemical control has two disadvantages in fish culture ponds,
 

however. One is that toxic chemicals may transfer to either the fish in
 

culture or the farmers or other htans who eat the fish, .and may cause ph3
-


siological harm. The second is that use of such chemicals may also destroy
 

phytoplankton or other plants which the fish must use for food. We do not
 

recommend the use of chemical control of vegetation in fish culture ponds.
 

Mechanical control of vegetation, in terms of small rural fishponds,
 

means cutting it with a machete or othpr hand tool, or pulling it by hand.
 

According to our observations of 8 sets of prefectural fishponds in Rwanda
 

(refer to section 3.2.), this form of mechanical control can be.fully ade­

quate. The same observations also suggest that such control is rarely carried
 

out in practice.
 

Biological control of the vegetation may involve herbivorous animals
 

which eat the vegetation, diseases or parasites which weaken or destroy
 

specific vegetational species, or other plant species which eliminate unde­

sireable vegetation through some means of competition. The competition al­

ternative would not eliminate all vascular plants, since the winning species
 

would remain. The method is, therefore, not adequate for fish culture ponds.
 



The disease or 
parasite alternative would be very complex, may require a
 
different control organism for each species of plant, 
and would almost
 
certainly require extensive preliminary research. 
An example of the herbi­
vorous animal alternative which has proven effective in fish culture is the
 
inclusion in the pond of macrophytophagous fish which eat the vegetation
 
and are cultured in the pond for human consumption as well. Table 5 is 
a
 
list of mac-ophytophagou 

s fish species which have been cultivatead in ponds 

for human consumption. 

Table 5 
Some Macrophytophagous Fish Species Used in Fish Culture
 

Species Endemic In Auhorit7 
System 


Rwanda
 
Tilapia marial Niger delta no 
 Ruwet, et.al. 1976
 
Tilapia rendalla Katanga-Zambia no ,, 

Tilapia zillii W.,N.,Cen.Afri,:a yes
 

Tilapia tholloni 
 Zaire no 
Tilapia guineensis Ivory Coast no
 

Ct enopharyngodon
idellus 
 China 
 no 
 Bardach,et.al. 197 2 

Puntius
javanicus 
 Indonesia 
 no Coche, 1967 

The productivity of most of the species listed in Table 5 is lower 
than that of some other fish species, notably those that feed on phytoplank­
ton or 
tiny planktonic plants, the microphytophagous fish. 
 However, many of
 
them have been grown together "ith another or other species of fish in a
 
polyculture. 
The result of such polyculcure has been both control of vege­
tation and increas-ed total fish production. In situations where fish farmers
 
do not in practice adequatel7 control the vegetation mechanically, or where
 
they do not wish to do so, 
then use of macrophytophagous fish species is 
an
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obvious advantage and is an adequate method to control the vegetation. A
 

disadvantage of their use is that polyculture fish culture requires avail­

ability of fingerlings of all species included and hence more elaborate sup­

port facilities than for monoculture. If this disadvantage is unacceptable,
 

then mechanical control of vegetation can be officially monitored in some
 

fashion to assure its adequacy.
 

5.2. Removal of Snails
 

Removal of snails can also be chemical, mechanical or biological. The 

objective is to reduce snail numbers to such a low concentration that the 

parasite cycle is broken. At least a dozen different chemical products can 

be obtained commercially to control snails. Such chemical control-has the, 

disadvantage, with fish culture, that toxic chemicals may be transferred to
 

either the fish in the culture or the farmers or ocher humans who eat the 

fish, and may cause physiological harm.
 

Mechanical removal of snails, in small rural fishponds, would entail
 

collecting the snails by hand and disposing of them. The labor required for 

such collecting would be very time consuming, and the farmers simply might 

not spend time at such an activity. Furthermore, the snails involved would
 

be very small, often less than one centimeter diameter, and a large percent­

age may escape detection. It is doubtful that snail numbers could be reduced
 

by this method to concentration low enough to break the parasite cycle.
 

Biological control of snails may involve animals which eat the snails,
 

diseases or parasites which reduce snail populations, other snail species or
 

other animals which eliminate the snails through some means of competition, or 

species of plant which produce a substance toxic or repellant to the snails.
 

The toxic or repellant plant alternative has been suggested in northeastern
 

Africa. The competition alternative has proven effective in Puerto Rico, and
 



the disease or parasite al:err.ative could be very specific to particular
 

snail species without a broad ecological inpact. All three alternatives
 

appear oromising and potentially effective, but they would all be very
 

complicated for application in widely dispersed rural fishponds and would
 

all require preliminary research. An example of the alternative of animals
 

which eat the snails, that has been discussed by many authors and which has
 

been applied successfully in some cases and not in others, is the inclusion
 

in fishponds of fish species which eat the snails and that can also be con­

sumed by humans. Characteristics which such fish must have include the
 

following: 

I. 	Snails must make up a significant proportion of its diet;
 

Z. 	 It must not exclusively eat snails, for it would starve once 
the snails in a delimited pond were decimated; 

3. 	it must be cultivable in fishponds;
 

4. 	It must be acceptable for human consumption;
 

5. 	It must complement, or at least not compete with, other fish
 

species if used in a polyculture;
 

6. 	It should be izA4Ienous to or already occur in the watersheds
 
of the region where it is to be cultured.
 

a list of fish species which may possess these characteris-
Table 6 is 


tics. A few of these species have been suscessfully cultured in ponds, inc­

luding H. mellandi and the three species of Clarias. The other species have
 

not 	been tested. As with the macrophytophagous fish, these snail-eating
 

fish contribute best in polyculture with at least one other more rapidly
 

growing species. A disadvantage of their use is that polyculture fish culture
 

requires availability of fingerlings of all species cultured, and hence more
 

elaborate support facilities than for mococulture. However, their use should
 

eliminate any increase in snail populations due to addition of compost and
 

The 	increased fish production result­manures to increase fish food supply. 
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ing from addition of compost and manures to ponds is so great that it
 

probably justifies the ose of snail-eating fish in polyculture.
 

Table 6
 

Some snail-eating Fish Species
 

Species Endemic in
 
System Rwanda Authority
 

Haplochromis mellandi Bangwelo-Luapulo maybe Coche, 1961 

T sauvagei Lake Victoria no Greenwood, 1957 

li.prodromus " no " 

H. xenognathus " noto 

Astatoreochromis alluaudi " no " 1959 

Macropleurodus bicolor " no " 1956 

Hoplotilapia retrodens " no " 

Clarias senegalensis Senegal-Gambia maybe Kiicha & Frank,1976 

C. massambicus L.Victoria &Kivu yes Hulot, 1950 

C. lazera West Africa nU Grovdr;et.al.1979
 

6, Recommendations
 

We recommend that the national fish culture project of Rwanda include
 

provision for eliminating marginal and aquatic vegetation that would other­

wise extend into the water. We recommend this control be achieved either
 

by mechanical removal of vegetation by the farmers themselves or by inclusion
 

of a macrophytophagous fish species in polyculture with two other species,
 

one exhibiting high productivity and one which eats snails.
 

We also recommend that a snail-eating fish species be included with at 

least one other species. This species should possess the characteristics des­

cribed in Section 5.2. and may be one of the species listed in Table 6.
 

We further recommend on-going monitoring of farm ponds throughout the
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nation to assure :hat snail and mosquito larvae populations remain low and
 

that schistosomiasis is not detectable in snails. This monitoring activity
 

should be carried out by person or persons with ability to assess snail and
 

mosquito populations and to recognize and identify schistosome cercarviae
 

from snails. This monitoring activity should be fully effective if it occurs
 

twice a year.
 

Finally, if mechanical control of vegetation is chosen over biological 

control, we recommend on-going monitoring of the effectiveness of vegetation 

control in farm ponds throughout the nation. This monitoring dctivity could
 

be carried out by such government operatives as extension agents. Such acti­

vity should occur at least approximately twice yearly.
 

These recommendations would require certain modifications in the projeci 

as described in the PID. These modifications are described in the following 

list. 

(1) The use of polyculture instead of monoculture of fish. Plans 

have called for the culture only of Sarotherodon nilotica. We 

recommend inclusion of a snail-eating species and possibly a 

macrophytophagous species as well. This modification is not 

great because the Kigembe fish culture center and other fish 

culture centers are capable of rearing several species of fin­

gerlings.
 

(2) The monitoring of snail and mosquito populations and schistoso­

miasis. This modificat4on will require employment of an addi­

tional specialist not more than two months per year and will
 

include the cost of travel,round trip to Rwanda, if the spe­

cialist comes from outside the country, and in-country travel
 

and per diem.
 



(3) The monitoring of vegetation control, if macrophytopha­

gous fish species are not included in a polyculture.
 

This modification will require employment, possibly by
 

the GOR, of appropriate technicians, and in-country
 

travel and per diem.
 

We feel that the potential adverse impacts of the fish culture project
 

on public health can be eliminated, and we do not recommend cancellation of
 

the project.
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Annex G
 

Size Visit Notes. Auburn University Team
 

A. Kize-be 'NationalFish Station
 

The Kigembe Fish Station is located !8 km. south of the city of Butare, in-the 
south central highlands of Rwanda. The station consists of 77 ponds - 32
 
large porduction ponds and 45 small research and fingerling production ponds ­
with a total surface area of approximately 2.7 ha. The ponds are fed by 
two separate inlet canals, diverted from two separate small streams, and a 
central drainage stream. The ponds possess concrete or stone -Md mortor water
 
inlet and drainage structures. Three pairs of holding tanks are also located
 
on the station. The station was constructed in 1954, but is still in relatively
 
good, functional condition.
 

Building facilities on the station consist of 3 residences, a storehouse
 
and a combination office/garage/storeroom. The buildings are still structurally
 
sound but need varying amounts of renovation, such as remortaring in places,
 
repair or replacement of windows, doors or other fixtures, repainting,
 
repair of plumbing, etc.
 

The proposed AID Fish Culture Extension Project would require renovation of
 
the present station facilities, as well as addition of a few new buildings, in
 
order to proerly use the Kigembe Station as a fingerling production and
 
national fish culture training center. The needed renovation and construction
 
activities are itemized below:
 

1. Diversion dam. Replace the present wood and earth dam with a 
stone and mortan structure, with water diverted initially through 50M of 
2 10"-12" PVC or concrete pites. Sluice gates would be incorporated into the 
dam in order to help regulate the water level. See illustration below. 
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2. Diversion canals. 
 Clean out weeds and obstructions.
 

3. Dig out pond bottoms so as to reduce the slope.
 

4. Remortar monks, inlet structures, and holding tanks, as needed. 

5. Repair erosion da-age aound canas and water inlet and drainage
 
structures.
 

6. Renovate station buildings.
 

a. 
Residence No. 1. - plumbing and miscellaneous repairs

b. Residence No. 2. - renovation of hitchen, bathroom, plumbing
 

and miscellaneous repairs
 
c. Residence no. 3. - complete renovation - guest house
 
d. Office/garage/storeroom -enclose the garage and add large garage


door; renovate store room into extra office space; 
 miscellaneous repairs
 
e. Storehouse. - new roof, doors and wizdows; remortar in places;


miscellaneous repairs.
 

7. Construct new station facilities.
 

a. Dormitory. 
Sleeping capacity for 12, with saditary facilities
 
(see attached diagram).
 

b. Multipurpose hall. Classroom, dining room and laboratory.
 
(see attached diagram).
 

c. Kitchen/storeroom.
 
8. Replace potable water line with new 1 1/2"-2" PVC pipe. 

9. Drying floors/work hangar. Two 50m2 floors, onw with sheet metal
 
roofing, one without.
 

10. Supply all of the necessary furnitureizooking and eating utensils, 
office supplies, fish handling equipment, garage tools, construction and
 
carpentry tools, classroom and laboratory materials, vehicle and motorcycle,-


Note- It is felt as unnecessarily expensive to line the canals with 
concrete, dam the stream at the proposed downstream site, near the bridge, or
 
install a hydroelectric generator. 

(These capital costs estimated from preliminary engineering analysis.
Assumed that major construction tasks will be contracted out and that A and E
 
expenses were included in the costs provided, and that the GOR will handle 
the management). 

The number add salaries for the GOR supported personnel to operate the 
igembe Station, and the monitors to conduct the extension program in the 

prefecture will be the following: (i00 RwF 4 $.91). 

Descrintion 
 Number Rate/Yr Total
 

A-1 agent. Chief of station -24o,o00 240,00

A-2 - specialized agent 1 180,0CC l80,000

Driver/mechanic 
 1 120,CO0 120,000

Clerk/typist 
 1 120,000 120,000
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AN.N7X H 

611 (e) Certification 

Rwanda - Fish Culture Project 

I, Eugene R. Chiavaroli, the principal officer of the Agency for
 

International Development in Rwanda, taking into account, among
 

other things, the demonstrated capacity and willingness of the 
Government of Rwanda to provide counterpart funds and support for 

costs incident to 
AID financed projects in Rwanda, particularly the
 
Rwanda Agricultural Education Project and the Food Storage and 

Marketing Project, do hereby certify that, in my judgment, the 
Government of Rwanda has shown both the financial and human resource 

capability to effectively maintain and utilize the assistance provided 

under the Fish Culture Project.
 

Fe uarY 5, 1981 



ANNEX I 

TECIMICAL SERVICES 

POSITION DESCRIPTIONS
 

1. TRAINING ADVISOR/TEAM LEADER 

Qualifications: MS Degree with technical competence and exrrience in
 
tropical fish culture and extension work. French language
 
capability.
 

Duties: 1. Serve as advisor to the GOR and USAID on matters related
 
to fish culture and fish culture extension programs.
 

2. Organize and conduct training programs for fish culture 
extension workers, rural organizations and farmers. 

3. Develop appropriate training materials and extension 
literature for use in both trainiihg and extension.
 

4. Serve as team leader for USAID contraci group and provide 
administrative support and leadership to the project. 

Station: Live in Butare and base work at he Kigembe Fish Culture Station.
 

2. FISH CULTURE EXTENSION SPECIALIST 

Qualifications: University degree with relevant experience in fish cul­
ture extension work. French language capability.
 

Duties: 1. Assist directors of prefectural fish culture programs
 
in the training, supervision and on-the-job sopport of fish culture 
extension specialists.
 

2. Provide technical advice relative to pond site location and 
design and the production and distribution of fish fingerlings. 

Station: Laitial base will be Butare, travel required.
 

3. CONSULTANT SERVICES 

Short-term consulting has been budgeted at the rate of two months 
per year over the project life. Half of this would be used for support 
of mid- and end-of-project evaluation personnel and contractor in­
country supervisory visits. The other half would be used to secure ser­
vices of specialists as related to specific project needs. For example, 
in the first year of the project, there is the need of a schistosomiasis 
expert to screen fishponds for vector snails and to instruct project 
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personnel in the detection and control of any problem that might occur

in this regard. 
 Likely in the second year of the project, there will be
the need of an extension media specialist to help design a public aware­
ness campaign using mass media such as posters, radio, etc. 
Additional

needs for up-dating on pond fertility and fish production methods, fishutilization, or other topics, are foreseen in the life of the project. 
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Annex K. Gcver.en-. cf .?;an4aRecuesz fcrthe Fish Culture Projet 

MINISTERE DE L'AGRICULTURE Monsieur Eugene R. Chiavarol-ET DE LELEVAGE Attachd pour la Coopiration
B. P. 621 KIGALI Agenca des Etata-Unia pour is 

Ddveloppement International 
KIGALI 

Rif. No 

Objet 
Pisciculture au 
Rwanda
 
Projet AID nO 696-0112. 
 Monaieur,
 

Suite h votre lettre n'16/8 du 10 jaovier
1980 relative h 1'objet repris en marge at awhs un 
examen apprefondi
do: document d'avant- prjet de Ia proposition do 'USAID pour I.'financement d'un projet do 
 Pisciculture au 
Rwanda; j'ai l'honneur
do porter A votre connaiasance qua calui-ci rencontre l'approbation du
Miniethre de I'Agriculture et de 
l'Eevage en 

at pluaieurs points-elda
qu'uns consultation entra 
von services techniques at !ea 
notres
pourraient avoir lieu A une 
date qua je vous laisam In soin ds fixor
 pour l'1laboration finals du dossier technique.
 

Vous en souhaitant une
vou. prim d'agrder, bonne rception, joMonsieur, l'expression de ma 
conaiddr tion trio
 
diatingud..
 

LE MINISTRE DE 'AGRICULTURE 
ET DE L1ELV_.GE 

C.P.I. z 
- Monsieur le Directeur Gdndral
 

de 1'Agronomie
 
KIGALI
 

-
Moneidur le Directeur dee Eaux at For~te
 
,KIGALI
 

http:L1ELV_.GE
http:Gcver.en
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Draft Authoriza.ion and Waiver Request
 

ACT ION MMOP0R.ANDU 

FROM:
 

SUBJECT: Project Authorization
 

PROBLEM: Your approval is required for a grant of $2,470,000 from the
 

Section 103 Agriculture, Rural Development and Nutrition Appropriation
 

for 	the Rwanda Fish Culture Project (696-0112), which amount constitutes
 

the 	entire AID obligation to be provided in tranches of $1,165,000
 

in FY 81, $800,000 in FY 82, and $505,000 in FY 83, subject to the
 

availability of funds, to help in financing foreign exchange and local
 

cu:rency costs for the project. Your approval is also required for
 

certain technLcal services and commodity procurement waivers described 

herein.
 

DISCUSSION: The possibility of AID participation in a fish culture
 

project in Rwanda was first discussed in early 1977-. At that time, the
 

Government of Rwanda proposed that AID assist in the construction of
 

government-owned fish ponds, one in each of the country's 143 communes.
 

The 	present project has emerged, after long negotiations, focusing more
 

on direct support to farmers with less emphasis on government-owned 

facilities. 

The purpose of the project is to develop the capacity of Rwandan
 

farm families to build and ma.ntain productive on-farm fishponds. 

Rwandan farmers are attempting to farm fish in some 3,000 ponds which 

have existed since colonial times but with little success. The lack of
 

extension services has been identified as the major constraint to improved
 

increased production in these ponds, and strengthening extension services
 

will be the objective of the project. 

The 	 project will provide assistance to the following areas: 

A. 	Training of 12 fish culture supervisors and 50 fish monitors who
 
will provide the interaction with the farmers to assure that the
 
project succeeds.
 

B. 	Renovation of ,the National Fisheries Training Center at Kigembe
 
as well as the ten prefectural fish stations. These facilities
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will be used for training, for demonstration and for fingerling

production.
 

C. Assure that fingerlings are available to 
participating farmers.
 

D. Put back into production 80 of the existing ponds.
 

The beneficiaries of the project will be approximately 2,500 farm
 
families who will directly participate in the program over the next
 

four years.
 

WAIVERS: 
 A procurement source/origin waiver of Section 636 (i) of the
 
FAA, from Geographic Code 000 (U.S. only) to Geographic Code 935 
(Special
 
Free World) for the purchase of project vehicles and motorcycles, and
 
spare parts, in the amount of $94,530 is requested. A waiver of Section
 
110 (a)of the FAA is also requested on the bases of justification con­
tained in the Project Paper.
 

The Project Paper proposes that the long-term technical assistance,
 
and eight months of the short-term tech nical assistance, be obtained under
 
an agreement with the Food and Agriculture Office,. Organization of the
 
U.N. 
A waiver authorizing this procurement is requested.
 

JUSTIFICATION TO CONGRESS: 
 The Project has been presented to Congress
 
in both the FY 80 and the FY 81 Congressional Presentations.
 

RECOMMENDATION: 
 That you sign the attached Project Authorization.
 

APPROVED : 

DISAPPROVED:
 

DATE
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PROJECT AUTHORIZATION AND REQUEST FOR ALLOTMh-T OF FUNDS 

NAME OF COUNTRY: Rwanda 

NAME OF PROJECT: Rwanda Fish Culture
 

NO. OF PROJECT : 696-0112
 

1. Pursuant to Section 110(a) of the Foreign Assistance Act of 1961, as
 

amended, I hereby authorize the Agricultural Survey and Analysis project 

for Rwanda (the "cooperating country") involving planned obligations of 

not to exceed $2,470,000 in grant funds over a four-year period from 

date of authorization, subject to the availability of funds in accordance 

with the AID OYB allotment process, to help in financing foreign exchange 

and local currency costs for the project. 

2. The project consists of technical assistance, training, material and
 

personnel support, and construction components designed to help the 

Government of Rwanda to strengthen its capacity to deliver extension 

services, including the necessary inputs to farmers who want to partici­

pate in fish farming. 

3. The Project Agreement(s) which may be negotiated and executed by the 

U.S. Ambassador to Rwanda, by the principal AID officer in Rwanda or by 

the officer to whom such authority is delegated in accordance with AID 

Regulations and Delegations of Authority subject to the following essen­

tial terms and covenants and major conditions, together with such other 

terms and conditions as AID may deem appropriate. 

4. Source and Orizin of Goods and Services 

Goods and services, except for ocean shipping, financed by AID under the 
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project shall have their 
source and origin in the Cooperating Country or
 

in countries included in AID Geographic Code 941, except as AID may
 

other-wiZe agree in - Ocean shipping financed by AID under the
 

project shall, except as AID may otherwise agree in writing, be financed
 

only on flag vessels of the United States or the Cooperating Country.
 

5. Conditions and Covenants
 

The Cooperating Country shall covenant that:
 

a. Expenditures of grant funds will be pursuant to annual work plans and 

detailed budgets supporting expenditures required to carry out the annual 

work plan, except as AID may otherwise agree in writing. The first annual 

work plan and budget will be prepared by the Ministry of Agriculture and
 

approved by AID.
 

b. 	 Suitable candidates for project-financed training will be made
 
persons


available on a timely basis. Further,/trained under the project will-be 

subsequently assigned or retained in positions with the Ministry of
 

Agriculture commensurate with the nature and level of fraining received, 

or in such other positions as the Parties to the Agreement may agree
 

in writing. 

c. Payment of salaries by the Government to ASAU staff and prefectural 

agronomes will commence per the schedule indicated in the budget section 

of the project paper.
 

d. Ministry officials will help cooperate with AID in formulating and 

carrying out on-going and end-of-project evaluations to determine progress 

toward attainment of project objectives, constraints to project achieve­

ments and impact of the project on agricultural planning and resources 

utilization.
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6. Waivers
 

Notwithstanding Paragraph 4 above, and based upon the justification set
 

forth in the Project Paper, I hereby approve the following waivers:
 

a. A waiver of Code 000 (U.S.) procurement source/origin policy set 

forth in Section 636(i) of the FAA, 1961, as amended, to permit procure­

ment of five pickup of sedan--type vehicles and twenty-two motorcycles 

and related spare parts, having an approximate total cost of $94,530 

from Rwandan or Code 935 (Special Free World) source and Code 935 origin. 

I have concluded (1) that exclusion of procurement of the project vehicles 

and motorcycles from countries included in AID Geographic Code 935 would 

seriously impede attainment of United States foreign pol.icy objectives 

of the Foreign Assistance Program and (2) that special circumstances 

exist which justify waiver of the requirements of Section 636(i) of 

the Act. 

b. Based on the justificatiou set forth in the Financial Plan,
 

Part II, Section D.2. of the Project Paper, I also hereby waive the
 

cost-sharing requirements of Section 110(a) of the FAA, as provided by
 

Section 124(d) of the Act, except that the Cooperating Country shall be
 

required to provide financial or "in kind" contributions in the approxi­

mate equivalent value of $589,000, as provided for in the Financial Plan
 

Section of the Project Paper. 

c. A services procurement waiver to permit the procurement of two 

long-term technicians (4 years each) and eight months of short-term 

consultancies from the Food and Agriculture Organization (FAO) of the
 

United Nations. It is hereby determined that the procurement of such
 

services from other than the Cooperating Country and countries included 

in Code 941 would seriously impede attainment of U.S. foreign policy 



objectives and the objectives of the foreign assistance program.
 

APPROVED:
 

DISAPPROVED:
 

DATE:
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DATE January 30, 1981
 

RELY TO
 

AT.. OF: AA/a-anda 

SUBJECT: Vehicle Procurement Waiver
 

TO : Action Memorandum for AA/AFR 

Problem
 

Request for a procurement source/origin waiver from Geographic Code 000
 

(U.S.A.) to Geographic Code 935 (Special Free World).
 

A. Cooperating Country: 	 Rwanda
 

B. Name of Project: 	 Fish Culture Project 696-0112
 

C. Nature of Funding: 	 Grant
 

D. 	Description of Commodities: 4 Toyota Stout-type light
 
pickup truck 40,800
 

1 VW-type vehicle 7,300
 

22 Motorcycles (125cc) 34,100
 
Spare parts (15%) 12,330
 

94,530
 

E. Probable Origin: 	 Japan, Brazil
 

F. Source: 	 Rwanda
 

Discussion
 

Section 636(i) of the Foreign Assistance Act of 1961, as amended,
 

prohibits AID from purchasing motor vehicles unless such vehicles are
 

manufactured in the United States. Section 636 (i) does provide, how­

ever, that "...where special circumstances exist, the President is
 

authorized to waive the provision of this act in order to carry out the
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pur.-ose of this act." That authority has been delegated to you by
 

A.I.D. Delegation of Authority No. 40, dated March 5, 1978.
 

Experience with U.S.-manufactured vehicles in Rwanda (a few in the
 

possession of the U.S. Embassy in Kigali) indicates that frequent
 

breakdowns can prevent operation of a U.S.-manufactured vehicle for weeks
 

on end while spare parts are ordered from the United States. Even if
 

the full range of spare parts required to maintain the vehicles were
 

available, competent repair facilities outside the U.S. Embassy are non­

existent. The situation is exacerbated as vehicles age and are subjected
 

to poor maintenaace. On the other hand, certain European and Japanese
 

vehicle dealerships and many country garages carry spare parts andmain­

tain acceptable repair facilities for European and Japanese model trucks 

and cars. In the case of motorcycles, only Japanese dealerships and
 

repair facilities for Japanese products are available in Rwanda. Most
 

of the European and Japanese model dealerships have competent mechanics
 

who have been trained in the factories of the respective manufacturers.
 

Primary Justification
 

The vehicles and motorcycles covered by this waiver request, which can be
 

serviced and repaired locally, are essential to the effective implemen­

tation of the Fish Culture Project. The trucks will be used by the
 

technical assistants in the course of their work, and one for use by
 

the Kigembe Fish SLation. The latter will be replaced in the last year
 

of the project. The small vehicle (VW-type) will be used by the Rwandan
 

on-going evaluation team. The motorcycles will be used as transport for
 

the ten Prefectural Fish Station Managers and one will be purchased for
 

the Kigembe Training Center and will be replaced in the last year of the
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project. As indicated previously, service capabilities and spare parts
 

are not available for U.S.-manufactured vehicles.
 

Recommendation
 

Based on the foregoing, it is recommended that (1) you conclude that
 

special circumstances exist which justify the waiver of the requirement 

of procurement of U.S.-manufactured vehicles and motorcycles under the 

FAA Section 636(i), and (2) you certify that exclusion of procurement 

from the sources requested herein would seriously impede attainment of
 

United States foreign policy objectives and objectives of the Foreign 

Assistance Program.
 

APPROVED: 

DISAPPROVED: 

DATE:
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ACTION MORANDMI FOR THE ADMIN7STRATOR 

FROM : AA/.1="R 

SUBJECT: Services Procurement Waiver
 

Problem: 
 Request for a services procurement waiver to permit a Host
Country Contract with the U.N. Food and Agriculture Organization (FAO)
for the services listed in the Discussion section below:
 

A. Cooperating Country: 
 Rwanda
 

B. Authorizing Document: 
 Project No. 969-0112
 

C. Project: 
 Rwanda Fish Culture
 

D. Nature of Funding: Grant
 

E. Description of Services: 
 Two long-term technicians (8 years
 
total) and twelve months of short­
term consultancies
 

F. Approximate Value: 
 $1,000,000 for technical services
 
The FAO will execute the entire project
costing approximately $2.4 million. 

G. Probable Source: 
 Food and Agriculture Organization, U.N.
 

Discussion. 
 The FAO will be requested to execute all elements of the
Rwanda Fish Culture Project, including technical assistance, commodity
procurement, construction/renovation of facilities, and supervision of
local cost expenditures. Guidelines for execution of the project by
FAO will be contained in the Project Grant Agreement 
to be signed by AID
and the Government of Rwanda (GOR). 
 The GOR will conclude an agreement

directly with the FAO for the FAO services.
 

A. 
The technical assistance being requested of the FAO includes both
a F sh Culture Extension Specialist and a Fish Culture Training Advisor
for the four year life-of-project, and short-term consultancies in such
fields as rural engineering, aquaculture, rural economics, sociology, mar­keting, research and environmental monitoring. 
 The long-term technical
assistants will be required to have experience in fish culture programs
under cunditions which are similar to 
those which exist in rural Rwanda,
and must have French language fluency in order to assis., in preparing
training curricula and in conducting formal and on-the-job training.
Short-term assistance will need to have comparable technical and language

skills.
 

B. Construction and renovation at the National Fisheries Center to
permit training of extension workers and farmars, and at each of the ten
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prefectural fingerling production/demonstration stations, will be directed 
by the FAO technical assistance team. 

C. Training of Rwandan extension staff to be conducted in-country,
 
with some training of key personnel in the Ivory Coast and in Nigeria.
 

D. Local costs for in-country procurement and for support to the
 
Extension Service which AID has agreed to bear on a phase-out basis,
 
will be released by the FAO team to the Rwandan Fish Service, and the
 
use of the funds monitored by the FAO team.
 

A contractural arrangement with the FAO is recommended for the
 
following reasons:
 

(A) AID has had little success in recruiting technicians with expe­
rience and with French language capability who are prepared to live in 
rural Rwanda over an extended period of time. Over the past fifteen 
months efforts have been underway to find technicians for four projects
 
with no one yet in sight. The language requirement, the isolation of
 
Rwanda, the lack of education and health facilities for children, and 
employment opportunities for dependents are the most prevalent cofistra'ints
 
to recruitment for Rwanda. The AID projects have suffered serious delays
 
in implementation because of our inability to provide the necessary
 
technical assistance.
 

The Fish Culture Project site, Kigembe, offers even more of an
 
obstacle than usual since it is located one hour from the nearest small
 
town (Butare) and is virtually without basic comforts. Should the
 
technicians live in Butare, the lack of English-speaking schools realis­
tically limits the field of recruitment to unmarried technicians or child­
less couples and thus further restricts the possibility of providing
 
experienced and timely technical assistance.
 

The FAO, on the other hand, has a wide field for recruitment which
 
includes French speakers. The FAO has fish culture specialists in many
countries of the third world, including Africa, and has a pool of well­
qualified, experienced technicians from which to draw, technicians who
 
will not find the foreign atmosphere, or the isolation, impediments to 
accepting a long assignment in Rwanda. 

(B) Administrative support requirements placed on AID have to be
 
kept to a minimum. The AID mission in Rwanda is small and is likely to 
remain so. Every attempt has to be made to allow the use of the limited 
U.S. and Rwandan personnel as effectively as possible, including the 
reduction in the amount of attention given to administrative support of 
contractors. For AID to support a contract team of two families based 
in Kigembe and and 12 months of short-term assistance in four years will 
be time-consuming and difficult. With FAO tetinicians, administrative 
actions will be substantially reduced. They will find their own housing, 
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purchase furniture and appliances, clear customs, pack and ship their
effects, arrange air travel, 
use international mail and 3enerailv live

off of the economy.
 

(C) The FAO is already engaged in a lake fisheries project in Rwanda,
the development of which parallels the AID project for pond fish farming.
Implementation of both of these elements of fish production by the same
agency can result in certain economies, particularly of shoat-term technicalassistance requirements and an interchange of expertise and information.
Moreover, the coordination which will be essential in later years of the
two projects as increased production from both lakes and ponds demandsincreasing attention to 
commercialization and processing/preservation

will be assured by a single implementing agent, the FAO. 

The FAO ind AID have long been discussing ways of combining our
special strengths and resources for the benefit of the LDC's and initia­tives to enter into a cooperative working relationship with FAO are under­way. The arrangement requested by this Request for Waiver is clearly in
line with AID policy of "doing more with less."
 

Recommendation. 
That you (a) approve a waiver from Code.941 to allow
procurement of the required technical services from-the FAO, and (b) cer­tify that exclusion of the procurement of these sex-iices from other thanthe Cooperating Country and countries included in 6ode 941 would seriouslyimpede attainment of U.S. foreign policy objectives and objectives ofthe foreign assistance program.
 



ANNEX M 

RWANDA FISHERIES
 

611(a) Statement
 

The physical facilities proposed under this project for
 
construction and for renovation are adequate to achieve the
 
intended purpose of the project activity.
 

The proposed design and construction method involves
 
adequate rural engineering practices. Tentative sites
 
for the proposed new fish ponds have been identified.
 
Environmental Assecsment has been made and recommend­
ations therein will be taken in consideration during

design, construction, operation and maintenance of these
 
activities.
 

In the opinion of REDSO engineering the proposed design

planning for execution, construction, and arrangements

for supervision of construction and of miintenance are

adequate and the cost estimates are reasonably firm and'
 
therefore, meet requirements of FAA 611(a) of 1961 as
 
amended.
 


