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Give a man a fish and you feed him for a day;

teach a man to fish and you feed him for a lifetime.
Chinese Proverb

Photo courtesy of CARE/Bangladesh.



Through the six participating PVOs—Catholic Relief Services, CARE, Church World
Service, Heifer Project International, Lutheran World Relief, and Save the
Children—technical assistance in water harvesting and integrated agriculture and
aquaculture was made available to existing projects around the world.

At a refugee camp in Sudan, Save the Children requested technical assistance in water
harvesting.
Photo courtesy of SCF Field Staff.
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Providing five to six day trainings to introduce the concept of collecting water into
ponds and exploiting this new resource in an integrated way was the foundation of the
Water Harvesting/Aquaculture Project.

This participant in the 1985 Latin America regional training held in Panama displays a
sizable catch.



Executive Summary

This report fulfills the final reporting requirements of the Center for PVO/University Collaboration
in Development's (PYO/University Center's) Cooperative Agreement with A.LD., FEVA/PVC:
PDC-0204-G-SS-4085-00. This five-year activity (October 1984 - September 1989) was
undertaken to introduce the technology of collecting rainfall run-off into ponds and exploiting this
water resource through fish culture, garden or fruit tree irrigation, livestock rearing, and other
appropriate activities which improved the diet, livelihood, and/or environment of the beneficiary
population. Perhaps even more fundamental than introducing this technology, however, was an
underlying motivation to determine whether the Center could link the technical expertise, research
and training capabilities of universities with the community development focus of private voluntary
organizations (PVOs).

The Water Harvesting/Aquaculture Project (WHAP) allowed six PVOs to access water harvesting
and integrated agriculture/aquaculture technology from Auburn University's International Center
for Aquaculture (ICA) through technical assistance and training visits from ICA consultants. In
varying degrees, Catholic Relief Services, CARE, Church World Service, Lutheran World Relief,
Heifer Project International, and Save the Children, applied this technology to their development
interventions in 44 developing countries around the world.

The Center for PVO/University Collaboration in Development (formerly the Joint PVO/University
Rural Development Center) was the project holder. The project grew from the interest of the ICA
in seeing its technical capabilities applied at the grassroots level to the benefit of the rural poor in the
developing world and the PVO/University Center's desire to foster collaboration between
universities and PVOs by delivering appropriate technical assistance at the village level. Working
together, the PVO/University Center, Auburn and the member PVOs, developed and submitted an
unsolicited proposal to A.ILD. which was funded beginning September 1984,

WHAP gradually introduced or expanded on the technology via six four-day to two-week
familiarization training sessions during the first two years of project operation. Initial trainings
were designed to introduce concepts to decision makers and planners at headquarters, then field
staff through regional trainings, and later, project participants looking for answers after having
worked with trial ponds. The WHAP Director and Technical Coordinator from Auburn followed
trainings with programming visits to inform PVO staff in-country of the benefits available to them
through WHAP. Meanwhile, as field projects committed to integrating water harvesting and/or
integrated agriculture and aquaculture into their projects, technical experts from Auburn made site
visits to conduct feasibility studies and to identify in-country resources for information and
backstopping. Field projects were invited to request small project grants of up to $15,000 during
project years two and three to integrate the technology into their programming. Once ponds were
sited and constructed, consultants returned as needed to train, evaluate, and/or make suggestions
for improvement.

WHAP conducted an internal self-evaluation at project end; a report on this final evaluation is



supplied as a companion to this report. When asked what the advantages and disdavantages of
having thc PVO/University Center facilitate and administer WHAP were, an adv1sory council
member responded as follows:

"The Center creatcd the mechanism for collaboration in this type of program.
...Coordination and colluboration at the levels achieved in this project are
almost impossible to achieve without a catalyst in spite of the rhetoric of most
institutions regarding their commitment to collaboration."

WHAP's uniqueness lies in the roles developed for its eight major organizational participants.

Each participant had a voice on an advisory council which met as needed and provided major policy
guidance. But how the technology was applied was at the discretion of the individual PVOs. The
project rested on the assumption that PVOs would adopt the technology, once headquarters staff
were introduced to it at trainings, and that eventually, projects in the field would avail themselves of
it in the form of feasibility studies, program design, staff and beneficiary training, and ongoing
monitoring and evaluation. Auburn University backstopped the project technically under a
subcontract from the PYO/University Center. Consultants located at Auburn (or other universities)
had the responsibility of corresponding with PV Os and field projects and making site visits as
needed and feasible. Their reports were distributed to the field, headquarters, and the
PVO/University Center for project tracking. The PVO/University Center served as project holder:
it facilitated the collaboration; administered project funds; had responsibility for all information
collection/dissemination, monitoring, and evaluation; and provided day-to-day management of
overall WHAP activities.

If meeting targeted outputs and inputs are indications of a project's success, WHAP fared very well
with over 30,600 known direct beneficiaries, over 4000 persons trained, and over 1500 ponds
constructed or improved at a cost of less than $1.5 million dollars over five years. That's an initial
cost of about $47 per person if we count only the reported beneficiaries or $948 per pond/food
production system if we count only the reported ponds. (Thirty-four projects were assisted to a
lesser degree than the seventeen accounted for and did not report numbers of beneficiaries and/or
ponds.) In terms of inputs, although only 241/4 years of full-time effort were paid for, over 34
person years of effort were leveraged directly by WHAP--not including the manpower of the
PVOs. Seven per cent of WHAP funds went directly to field projects in the form of small grants.
Technical assistance and training to field projects supplied by the Center and the ICA comprised
42% of WHAP expenses. WHAP spent 12% of its budget on documentation, information, and
evaluation which included the costs of the external evaluation in the third year. Indirect costs to
Western Carolina University (the home and administrator of the PVO/University Center) totalled
12% of the budget. The remaining 27% covered program development costs for travel to field
projects by the project director, the Center's domestic travel to visit A.ID. and participating
organizations to facilitate the collaboration, salaries to support secretarial and budgetary functions,
and office supplies and communications costs. Every field report indicated that fish production
improved as a result of WHAP and thousands of families improved their diets and/or increased
their incomes. Benefit streams from the project are expected to continue as projects expand to
encompass new participants and as new water harvesting and integrated agriculture/aquaculture
activities are undertaken.




The achievements of individual field projects described in this document are the result of complex
collaboration between rural families and several development agencies and institutions. Unlike the
more common type of A.LLD.-funded project which is designed to begin and conclude an
intervention, WHAP centributed to many development efforts, each at a different stage of
development with myriad philosophies and strategies, and supported, to various degrees, by
community, national, and international groups. As such, the mathematical quantification of
outputs, as a function of the relative impact of each collaborative group would be a laborious, if not
impossible, task. We acknowledge that many of the "bottom line" figures cited in this report did
not result exclusively from a WHAP intervention. However, we consider that PVO/university
collaboration in WHAP brought about results that would not have happened otherwise and were
cost-effective. The availability to PVOs of training and technical information on water
harvesting/aquaculture reinforced "weak links" in many ongoing projects, and, in other instances,
prevented costly and unproductive efforts where water harvesting/aquaculture technologies were
desirable but technically unfeasible.

WHAP developed a collaborative management methodology and introduced a valuable technology
to the PVO community that they can continue to interject into their programming in most regions of
the developing world. The technology is low-cost and works on otherwise nominal or
non-productive land. The project was a first, and as such, taught the PVO/University Center many
lessons which will be applied to future projects. The final analysis is that formalizing FVO and
university collaboration is very worthwhile.



WHAP emphasized flexibility. Some ponds were owned by single families, others by
communities, and this one was run by community women to earn money for the
primary school and women's health center.

Mirror carp fingerlings are stocked into a rearing pond at a Save the Children project in
Bangladesh.
Photo by Alex Bocek, Auburn University



I. INTRODUCTION

The Water Harvesting/Aquaculture Project (WHAP) had its genesis in an unsolicited proposal
submitted to and funded by A.LD). It was designed to address a number of development needs:
making available ongoing technical assistance in water harvesting/integrated aquaculture and
agriculture to small projects across the developing world, accessing this technology to private
voluntary organizations (PVOs); 2ad developing a methodology to support this type of PVO and
university collaboration.

The WHAP was managed by the Center for PYO/University Collaboration in Development,
formerly the Joint PYO/University Rural Development Center, an organization dedicated to meeting
the needs of the poor through collaborative activities. The Center was the project holder: providing
management, documentation, information gathering, evaluation and general logistical back-up to
the project.

The PVOs carrying out the projects which involved WHAP were: CARE, Catholic Relief Services
(CRS), Church World Service (CWS), Heifer Project International (HPI), Lutheran World Relief
(LWR) and Save the Children Federation of the USA (SCF). Training and technical assistance
were provided by the International Center for Aquaculture of Auburn University. The PVOs and
Auburn constituted an Advisory Council for the overall project and the Center provided staff
support for this Council.

The scope of the WHAP reached into Africa, Asia, Latin America and the Middle East. Its
applications varied according to the needs, environment and capabilities of the beneficiaries. In five
years of service WHAP made some type of contribution--training, technical assistance, partial
funding or programming help--in 44 countries.

Ali field projects developed or assisted under the WHAP were funded and managed by the
sponsoring PVO. WHAP, through the International Center for Aquaculture of Auburn University
(ICA), provided training and technical assistance to the projects as requested by the PVOs.
Technical assistance was ongoing and lasted for the life of the WHAP.

The technical assistance, training, management, information and documentation services were
funded by A.ID. All other funding resources for field project implementation came from the PVOs
and participating local groups, communities, and host governments. Both Auburn University,
through the ICA, and Western Carolina University, through the Center fer Improving Mountain
Liviug (the administrative body for the Center) contributed substantial staff time and facilities in
support of WHAP. This support was in addition to the funding provided by A.L.D.

The strategy developed by WHAP paid off in substantive field project development. The training
and technical assistancc plus the excellent support from the PVOs encouraged the development of
new projects and the strengthening of existing ones. After five years, eighteen WHAP-related field
projects are in operation and 37 others have received feasibility studies, training, project design or
short-term assistance.

II. BACKGROUND

In 1981 only 11% of the rural population in 91 developing countries had adequate water supply--a
prime requisite for daily life and food production. Yet in many countries, water that could be
utilized was wasted and poorly managed. Moreover, up to 30% of rural women's time was spent
in the acquisition of water, a heavy burden in time and effort with negative consequences on health
and productivity. These statistics were compounded with a generally poor track record in bringing



appropriate water-utilization technologies to the village level. The project developers sought to
relate the various interests of the participants in addressing the problems of water supply and
utilization through the introduction of a well-tested, appropriate water resources
development-multiple use strategy. They saw this as an important key to improving village-level
conditions and the quality of rural life.

Water harvesting, or the process of collecting and storing water from a variety of sources--mainly
rainfall runoff--in ponds for beneficial use, seemed to be a simple way to increase water supply.
Pond construction is a practical, relatively inexpensive means, under many Third World conditions,
to collect and store water.

A major concern was that the newfound water be exploited to its greatest potential for food
production. Long-time advocate of fish as an excellent source of protein, the ICA recommended
teaching villagers how to raise fish in the ponds built to collect water. They stressed the flexibility
of aquaculture; it may be as controlled or uncontrolled as dictated by the situation.

Some benefits and advantages water harvesting and aquaculture provide are:

- the potential to produce high quality food on poor agricultural land;

- effective water conservation and use;

- low feed requirements relative to those required by other livestock;

- production of a high quality protein source;

- acceptability of a broad range of nutrient sources to fish;

- valuable agricultural commodities;

- drought-proofing irrigation sources;

- raising the water table and enhancing domestic water supplies; and

- integrating fish production with the production of other agriculture and livestock.

Fairly early in the project's implementation, Auburn and the Advisory Council agreed that water
harvesting and aquaculture alone were too limiting. With the availability of water, much more than
fish culture became possible. Auburn encouraged the adoption of a more integrated approach to
include agriculture and livestock raising: the fertile water of the fish ponds being excellent for
growing vegetable gardens and the manure of the livestock grown in close proximity to the ponds,
an excellent source of nutrition for the fish. This approach was dubbed "WHIAA" (Water
Harvesting and Integrated Aquaculture/Agriculture).

A. Circumstances and Conditions Giving Rise to Project

1. PVO Participants - The six PVOs participating in WHAP arc recognized within the development
community for having excellent skills in grassroots rural development. Though each PVO is unique
and has its own mandate, they are all known for their nonpolitical character and long-term
commitment especially at the village-level, to the countries in which they operate. Long-term
commitment has built trust levels which are essential to project success. Cultural sensitivity, an
understanding of the beneficiary populations, hands-on experience, and a williugness to work
where it is not always comfortable are all strengths these PV Os bring to the WHAP.

The WHAP grew out of the need expressed to PVOs by people across the world for water supplies
to support food systems. Rainfall run-off was a source of water which was not being used to its
fullest potential. This water could be harvested and used in a variety of ways which could provide
support for food systems. The PVOs lacked sufficient technical expertise needed to either harvest
the water or maximize its use. They needed assistance that could be applied flexibly to a diverse set
of conditinns and project opportunities in a great number of developing countries. Technical
assistance (TA) obtained through traditional contracts is often too costly for many PVOs. In
addition, this type of consultancy is usually limited to a short time span when what is needed is
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ongoing TA and guidance. It was recognized that appropriate technical assistance was essential if
local capacity and skill were to be mobilized toward designing and implementing multipurpose
water and rural development projects.

2. The International Center for Aquaculture of Auburn University (ICA) - At the same time, the
conclusion reached by the ICA after 25 years of experience in international development work was
that the harvesting and storage of water in ponds and its multipurpose use, particularly in relation to
food production systems, is an effective and manageable technology for assisting rural people. The
ICA had come to recognize that village-level water harvesting/aquaculture projects with technical
assistance provided to grassroots beneficiaries in the context of long-term PVO support were more
likely to be self-sustaining and replicable than those initiated at the ministerial or provincial level.

nter for PVOQ/Universi llaboratior: in Developmen nter) - The Center was
organized in 1979 to bring about collaboration in development between universities and PVOs. Its
institutional membership was comprised of fourteen PVOs and nine universities at WHAP's outset,
all committed to collaboration in rural deve!opment. Each member brings special strengths to the
network. The staff of the Center, widely experienced in international development, understood the
strengths characteristic of both communities and contributed conceptual and proven management
skills. A series of meetings between interested PVOs, ICA and the Center, in which the Center
acted as facilitator and catalyst to explore ways of working together as partners in a collaborative
project, resulted in the development of a proposal for A.LD.

4. The Agency for International Development - The Office of Private and Voluntary Cooperation of
the Bureau of Food for Peace and Voluntary Assistance and the Bureau of Science and Technology

were interested in the benefits of PVO and university collaboration, the improved extension of
aquaculture technology to the local level, and improving the development impact of PL 480 (Food
for Peace) resources. They saw WHAP as an innovative way to use PL 480 resources to support
the development of field projects.

B. Issues, Questions and Conditions for Project Development

Some of the issues which surfaced in the early meetings were:

(1) How to address the critical need for new water resources for household and productive use
across a wide variety of countries, regions and environments in the developing world;

(2) How to maximize the use of scarce resources to provide for technology transfer where it is most
needed, on the village or "primary use" level;

(3) How to manage a collaborative project in which it is essential that the PVOs and the universities
relate as peers with all parties having equal input into strategy and implementation;

(4) How to inform PVO personnel in the field of this useful integrated water harvesting/aquaculture
system so they would consider it a developmental tool in their countries and areas of activity; and
(5) How to demonstrate that it is both feasible and practical to use the expertise available in
universities to provide technical assistance to PVO projects at the local level.

C. Expressed Needs of Participants

First, the participants % the planning meetings recognized that the ICA offered the kind of expertise
in water resources development and multipurpose water use, especially relating to food production
systems, that could be applied as a practical strategy for rural development.

Second, there was an expressed intent of the group to maximize resources already available from
each participating organization. They decided funding from1 WHAP would be used only to meet
critical areas of need, such as training, technical assistance and facilitatdon of field projects.

Third, there was a need for an orientation program for PVO decision makers and program



personnel both to give them an understanding of water harvesting/aquaculture as a strategy for
development and to seek their support for the proposed collaborative effort. An orientation
program was carried out along with subsequent training programs for PVO headquarters staff and
field personnel.

D. Project Planning and Organization

The group collectively developed a plan and proposal for a project called "Water
Harvesting/Aquaculture--A Core Intervention in Rural Development” (WHAP). An Advisory
Council, made up of representatives from all the participating organizations, was established. The
Center was designated as manager of the project, ICA as primary technical assistance provider and
the PVOs as the implementers and managers of the field projects. The Cooperative League of the
USA (CLUSA), now the Natioual Cooperative Business Association, and SECID-CWID
(Southeast Consoriinm in International Development-Center for Women in Development) were
participants in the project at the outset. CLUSA's role, in addition to having field projects, was to
provide training of village groups/cooperatives in project management. CLUSA in cooperation
with HPI did develop two projects in Indonesia but the management training was never realized and
CLUSA never became a full-fledged member of the Advisory Council. SECID-CWID agreed to
assist in the gathering of gender-specific, baseline data for field projects in an effort to assure full
inclusion of women m the project. Through SECID, Beth Schmidt, an intern from the University
of Kentucky, provided 136 days of in-field service with an HPI project in Thailand testing the data
collection instrument. With the data collection system under criticism by the Advisory Council,
however, this component was eventually abandoned after the second year. (This will be discussed
further in Section III. Monitoring and Evaluation.) Similarly, the use of PL 480 resources as
incentive to participate in the project, another original component of the project, did not come to
fruition.

E. Local Resources

The primary resources available locally for project implementation were those from the PVOs, local
participants, and host governments. Both PVOs and host governments proviced personnel,
materials, equipment and finances. These would provide the bulk of the resources needed for
project implementation. Communities and local groups provided labor, local materials, and some
cash. In addition, the PVOs provided both field operational experience and the organizational
network for field projects. Assigning a dollar figure to these inputs was nearly impossible since the
field projects participating in WHAP were located in over forty countries and the levels of
involvement were so diverse, and water harvesting/aquaculture projects were generally components
of larger projects.

F. Funding

External funding was needed to provide support for the technical assistance, training and other
support and a mechanism for their delivery to a wide range of participants. An unsolicited proposal
was developed and submitted to the Agency for International Development. Funding was
approved and provided jointly by the Office of Private and Voluntary Cooperation (Bureau for
Food for Peace and Voluntary Assistance) and the Bureau for Science and Technology. WHAP as
a funded activity began in October of 1984 aithough the effective date of the grant was July 1,
1984. The funding was for three years with two moic years of funding possible following an
external evaluation. That evaluation was conducted in the third year and as a result the project was
funded for another two years. At w.qi time, the funding status was changed from a grant
relatonship to a "cooperative agreement."



o1. APPROACH
A. Collaborative Management Methodology

The most novel feature of the Water Harvesting/Aquaculture Project is its approach to combining
diverse but complementary resourccs in a collaborative mode that would be sustained throughout
the life of the project. The project's aim was to use these resources to address, effectively and
efficiently, problems of rural development.

The collaborative process involved the assistance of experts from Auburn University as well as
other universities. Much of Fred Bates' (the University of Georgia) and Beth Schmidt's (an intern
from the University of Kentucky) support was supplied on a volunteer basis. These two
consultants were instrumental in developing the baseline data collection and evaluation systems.
Nancy Glover of the Nitrogen Fixing Tree Association at the University of Hawaii piggybacked a
trip to CARE-Bolivia's project onto a trip to Costa Rica for another project to consult on
nitrogen-fixing trees; and several consultancies were supplied by the University of Arkansas at Pine
Bluff through a memorandum of understanding with Auburn University.

Over five years of collaborative management, the participants learned a great deal from one another
and developed a respect for each's mandates and styles. The Center's approach of ensuring the
participants the freedom to make decisions seemed to be the key to building mutual trust and a
sense of project ownership. The Advisory Council provided a forum for discussion of project
direction by those most involved. Frequent consultation with the Council assured the participants
that it was, in fact, they who guided the project. Equally important, an unwillingness on the
Center's part to make decisions for the Advisory Council served to insure WHAP's collaborative
nature. The Council will be discussed further in Section V. E.

We have been told many times that decision by Council does not and will not work. This was not
the case in WHAP. Now the Center can plan future projects knowing that the methodology will
work if all involved are committed. We firmly believe that managing projects in a non-participatory
manner would alienate project partners and preclude any true collaboration. That management style
creates a "buyer/seller” mentality which is completely foreign to the Center's mandate of bringing
the university and PYO communities together in a peer relationship. The collaborative
management methodology is discussed further in Section VII. G. Policy Implications.

B. Project Design Strategy

In keeping with WHAP's collaborative management focus, the project was designed to be
responsive to the requests of the participating PVOs in the field and to coordinate or relate those
requests to the specific abilities of the ICA. This allowed tiie project to react quickly and
efficiently. The Advisory Council was central to stimulating and reviewing field requests and,
afterwards, monitoring .he responses.

WHAP orientation trainings were implemented at the outset of the project specifically to introduce
the WHIAA concept into the PVOs' programming spectrum. This training was the prerequisite to
designing field projects. From top PVO officers, programming policy makers, to field staff--the
goal of the training was to generate an understanding of the technology of the project so that
requests for technical assistance were informed and appropriate. The strategy was to educate PYO
staff at every level to ensure ongoing understanding and best utilization of the project's resources.

Once informed, PVO participants weie encouraged to seek TA to determine the feasibility of using

water harvesting as a means of providing new water resources to support food systems. The
Project Director made many programming visits (75 person days) to inform PVO field offices of
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the availability of assistance. They were encouraged to request training and technical assistance
from ICA for rural projects, a resource to which they would not ordinarily have had access. PYO
projects were required to have the support of local organizations and groups to be considered
eligible for WHAP assistance. Lastly, a way to monitor and self-evaluate the WHAP effort was
designed.

C. Goal and Purposes

The original project goal was to improve the quality of rural life in selected developing countries
through the introduction of improved technology in ways that will balance the local capacity for
development with community needs and potentials. Sub-goals were (1) To design, implement, and
evaluate a process and scrategy of development using water harvesting/aquaculture as the core
intervention and accelerator of rural development, and (2) To design, implement, and evaluate a
collaborative management methodology involving PVOs and universities in the development of
new techniques and strategies for delivering technical, organizational, and material resources for
development.

Although the concept of "core intervention” did not persist in the project, the idea that water
resources development and mulitpurpose strategies for its utilization would act as facilitators and
accelerators of a sequence of rural development activities and generate other projects was given root
in the opened-up characterization of the project as "Water Harvesting and Integrated
Aquaculture/Agriculture.” The idea that the introduction of new and/or improved water resources
could serve as the catalyst for new food production, conservation and natural resource
management, and income-generating activities--a core intervention in the language of project
planners--proved too difficult to demonstrate given the operational demands on the PVOs and their
project partners and the limited resources available for evaluation in the project budget. A
streamlined baseline survey was in process when the evaluation budget was cut back further. An
additional complication was that many of the projects assisted by WHAP were already in a
mulitpurpose stage, a type of core process already, and the WHAP elements represented only
another component.

The following purposes are taken directly from the original logical framework:

- To design and implement a series of field projects that would be directed toward:
a. Moving villages toward self-suficiency in water for household use, stock watering, garden
irrigation, and where appropriate, drinking.
b. Villages developing fish production through aquaculture for family consumption and
marketing to:

- Provide effective delivery and utilization of water harvesting/aquaculture technical assistance
and other resources by linkage with PVOs and local groups to stimulate local resource
commitment and participation and skills acquisition.

- Identify and develop new and innovative strategies/methods of utilizing technical assistance,
management, and material resources, including Food for Peace resources, to solve key
development problems.

D. Inputs and Resources

Complementing the A.LD. funding, the followirg types of resources and organizational structures
were part of the WHAP:

1. PYOs

The six private and voluntary organizations (PVOs) had grassroots, firsthand knowledge and
long-term commitment to working at the Jocal level in organization, project management and
stimulating local resources. This included financial, material and human resources. They had
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networks of institutional arrangments with host governments, local groups, organizations and
communities that facilitated the identification, design, and implementation of field projects. Each of
the participating PVOs committed their funds and personnel to WHAP. Although expenditures
specific to WHAP were difficult to extract from records of combined projects, all PVOs expended
tens of thousands of dollars in per diem and travel costs for sponsoring trainees (sometimes staff,
sometimes not), in-country costs for the ICA technical consultants, and the costs of field project
preparation and implementation and support. (PVO costs are discussed further in Section VTI, A.
2. PVO Costs.)

2. The International Center for Aquaculture, Auburn University

The International Center for Aquaculture had the technical knowledge, international experience and
commitment to assist PYOs in rural development projects. In addition to the funds committed to
ICA by WHAP subcontract, ICA used its Cooperative Agreement with A.LD. and a Memorandum
of Understanding with the University of Arkansas at Pine Bluff. Funds from these and other
sources supplemented the WHAP funding. Auburn estimates that over the life of the project, it
contributed up to $90,000 in matching funds.

3. The Center for PVO/Universi ] ion in Devel

The Center for PVO/University Collaboration in Development had the administrative capability,
linkages with PVOs and universities and the experience necessary to administer WHAP. The
Center managed the overall project, maintained the WHAP Project Office and provided staff and
logistical support. In addition, it was able to leverage technical resources from other universities.

4. The WHAP Advi nci

The Advisory Council, made up of members from each participating organization, provided for
information exchange, input, and guidance in the project. With very few exceptions, Council
members paid their own expenses to attend the fourteen meetings held during project operaton.
The same was true of the many meetings held for project development.

5. Community/Local Groups

The community and family pond owners participating in WHAP made considerable inputs in land,
labor, local materials, cash, and organization through village development groups, cooperatives and
development committees. These organizations provided day-to-day management of the project,
encouraging project sustainability and replication.

6. Host Governments
Host governments provided extension services, allowed agents to attend trainings as participants or
assistant trainers, and provided land for pond sites.

7. PL 480

During the WHAP design phase it was assumed that there would be a significant role for the use of
PL 480 resources through Food for Work activities to construct ponds, dig wells, build irri gation
facilities, plant trees and carry out other conservation activities. The principal programmers of food
assistance such as CARE and CRS indicated strong prospects for using PL 480 as a project
resource. At the same time, both the A.I.D. bureaus involved in WHAP, Food for Peace and
Voluntary Assistance and Science and Technology, expressed interest in developing new and
innovative ways to employ PL 480 resources. The decision to use PL 480 rested with the
individual PVOs participating in WHAP. However, as WHAP projects were implemented there
proved to be only minor, occasional use of PL 480. The PVOs preferred to wait and see how
projects developed, to see how best to use it. Most PVO field project managers concluded it was
not needed as an incentive.



IV. MONITORING AND EVALUATION
A. Monitoring

Tt was originally intended that field project monitoring and evaluation be carried out by the PVOs
on their own projects, using their regular processes with minor adjustments. These adjustments
were not expected to require additional PVO funding or staff. However, their monitoring methods
were tailored to meet their needs which were not always compatible with those of WHAP. In
addition to A.LD.'s standard reporting requirements, even more detailed data was desirable if the
project was to serve as a model for similar endeavors in the future.

Project activities were monitored by the following means: advisory council meetings were minuted;
records of WHAP were stored in a data base providing project inputs including training and site
visits for programming, technical, or evaluation purposes; field office progress reports were
solicited; the external evaluation conducted in the third year contributed information; and the final
collaborative evaluation provided qualitative reactions from Council members and selected field
projects. Trainings were in almost every case followed up with trainee evaluadons. These
monitoring records and evaluation reports provided nearly all the information for this report.
(Project results are largely summarized in Section IV. Review and Analysis of Project Results.)

The critical indicator of effectiveness is the response shown to the project in the field. PVOs with
no past experience with watzr harvesting or integrated aquaculture and agriculture implemented
WHIAA projects, and in some cases, hired specialists exclusively for this new intervention
(HPI-Indonesia, Thailand and Sierra Leone and CARE-Guatemala).

An effort was made to have field projects complete a three-page progress report (See Attachment A)
on a semi-annual basis which received sporadic responses at best. Collecting baseline information
and monitoring outputs, such as number of beneficiaries and kilos of fish:produced, proved to be
an equally difficult task. Our final analysis is that degree of reporting was simply an unreasonable
request to make of field project staff given the, relatively, modest level, for most, of WHAP input
into ongoing projects. Out of 56 projects visited, thirteen received three or more visits from
WHAP. Those projects that received no more than two technical consultations generally did not
feel compelled to spend a great deal of time on reporting detailed project progress, regardless of
how they benefitted from the visits. Furthermore, the tiers of communication from the Center to
field projects proved too removed for the Center to pose many demands on these projects. Those
projects which adopted the technology wholeheartedly and received more inputs, as a result, were
more cooperative in providing information. WHAP interventions were combined with many other
projects further complicating the challenge of reporting outputs. Solutions to this problem are
discussed in "Section VIII. Recommendations."

B. Evaluation

In all, 217 person days of effort (not including staff and volunteer time at the Center) were
contributed by the Center and volunteers in evaluation during the first two years of project
operation.

The initial grant required a third year external evaluation of WHAP. A team comprised of Dr.
Anson R. Bertrand and Dr. John Oleson working for Checchi and Company Consulting, Inc.
conducted the evaluation and the Project Director, Nancy Blanks, acted as facilitator. The
evaluators met with all participants, visited the Center and the ICA, and spent a week visiting a
project in Indonesia and five days visiting a project in Guatemala. They paid particular attention to
the attitudes of the participants toward the overall WHAP effort and attitudes toward
PVO/university collaboration. They also assessed WHAP's effectiveness in meeting the needs of
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the PVOs and future needs for training and technical assistance.

A major outcome of their evaluation was the elimination of the evaluation component of the project.
Considerable effort had been asserted in developing a baseline data collection system which would
aid in assessing the project's impact at the end. The general conclusion of the participants and the
evaluators was that such an extensive data collection effort was unwarranted given the extent of
WHAP's involvement with most field projects. Another recommendation of the evaluation team
was that if further funding cuts had to be made that the Project Support Fund be discontinued.

Because of the Advisory Council's desire to have some kind of field impact study despite the
discontinuation of funding for the evaluation component, they proposed a collaborative internal,
final evaluation. Each thought such an assessment could go further than merely determining the
value of WHAP to the field project being reviewed, to assess the impact on the entire organization
involved. They believed that allowing one another's organizations to participate in standard
evaluations and seeing firsthand how other projects are managed would be valuable in and of itself.
To both the Center and the Council, this decision represented a show of trust, further validating that
effective collaboration had taken place.

A scope of work for the evaluation was developed and revised several times following its
introduction to A.LD. at a meeting on April 13, 1988. It reiterated project goals and purposes and
outlined key issues the Advisory Council wanted to address.

The approach was not intended to a be a formal, thorough impact assessment of the total WHAP
effort. Six field projects in varying levels of development ,which had received varying levels of
assistance, were selected to conduct an evaluation of WHAP's impact on them. At the same time,
the Advisory Council completed a brief questionnaire. The Center has now compiled the results in
an orderly way and combined them with monitoring information collected over the years, (See
companion report: WHAP Final Evaluation Report.)

V. REVIEW AND ANALYSIS OF PROJECT RESULTS
A. Training

Many four-day to two-week training sessions for participating PVO administrative and field
program staff were held during the first three years of WHAP to acquaint them with the general
concepts of water harvesting and aquaculture, and to give them the opportunity to interact with
trainers and arrange for possible follow-up technical assistance at their sites. In fact, a pre-project
training was held at the ICA in 1983 providing the impetus to begin planning WHAP. The target in
the original logical framework was to train eighteen PVO international staff in the U.S. There were
35 participants in three U.S. trainings, 29 of whom were PVO international staff. There were also
nine in-country sessions for field personnel and local leaders interested in the possibilities of water
harvesting. Participants acquired the background information necessary to make preliminary
project designs, site identification, and assessments. Training materials were developed by the ICA
for each training including the training in French for francophone West Africa.

The original target for the first three years was to train 320 individuals, including village leaders,
working at the country or field level in project countries. WHAP trained 14 U.S. PVO staff, 94
PVO field staff, 22 counterpart staff, 24 village trainers, and 10 individuals from Peace Corps,
local governments, or other interested agencies for a total of 164 individuals. Additionally, short
project-specific trainings were held upon request during technical assistance visits. These
individuals went on to train over 4,000 others at the community or local level.

Forty countries were represented at WHAP's water harvesting, aquaculture and integrated
agriculture trainings. Twenty-one of those countries were in Africa, eight in Asia, ten in Latin



America, and USA headquarters trainees bring the total to forty. Trainees attending from host
countries were mostly persons who had supervisory or technical responsibility for water
harvesting/aquaculture activities. Nine trainings were held overseas in Panama, Rwanda,
Indonesia, Cameroon, Senegal, Bolivia, Thailand, Nepal and Morocco. Three trainings were
conducted in the USA. At the request of SCF/Bangladesh, a special one-week course at the ICA
was designed and executed in July 1987 for a Bangladeshi technical staff person. A WHAP
consultant also contributed to two CRS trainings held in India.

It has become clear that almost without exception, the most vital WHAP field projects were under
the leadership of staff who were introduced to the WHIAA concept at a WHAP training. The major
output of this project was intended to be the formation of human capital for the improvement of
human life. Training and technical assistance were at the center of the project, complemented by the
implementation and project delivery capabilities of the PVOs. Over the life of the project, the ICA
provided 198 person days of effort in training (not including preparation time). A summary of
WHAP-sponsored trainings follows.

TABLE 1: WHAP-SPONSORED TRAININGS

REGIONAL Trainees WHAPP. Days  Participating PVOs  Countries Represented
TRAININGS

South and Central 18 12 CARE, CRS, HPI, LWR, 10
America/Caribbean SCF

(PANAMA 85)

Asia/Pacific 17 15 CARE, CLUSA¥*, CRS, 7
(INDONESIA 85) HPI, LWR, SCF

East Affrica 15 26 CCF*, CRS, HPI, LWR, 6
(RWANDA 85) SCF

West Africa 15 30 CARE, CRS, CWS, HPI, 8
(CAMEROON 86) LWR, SCF

Francophone W. Africa 13 18 CRS, CWS, HFH*, HPI, 4
(SENEGAL 87) LWR

CRS N. Africa and 10 5 CRS 5
MiddleEast

(MOROCCO 89)

COUNTRY-SPECIFIC
OR U.S. TRAININGS

US 83 12 30 CARE, CCF, COMP.*,CRS 5
FAR.*, HELP.*, HPI,
MFM*, NEF*, SIFAT*
US 84 13 24 CARE, CCF, ECHO*, HPI, 6
SBC*
US 86 8 10 CARE, OICI*, SCF 3
US 87 1 6 SCF 1
BOLIVIA 88 23 6 SCF 1
NEPAL 88 8 12 SCF, CARE 1
THAILAND 89 11 4 SCF 1
13 Trainings 164 198 18 40

* "CLUSA" is the Cooperative League of the USA; "CCF" is Christian Children’s Fund; "ECHO" is Educational Concerns for
Hunger Organization; "HFH" is Habitat for Humanity; "COMP." is Compassion; “FAR." is Farallones Institute; "HELP." is
Helping Hand Rescue Mission; "MFM" is Meals for Millions; "NEF" is Near East Foundation; "SBC" is the Southern Baptist
Convention; "SIFAT" is Servants in Faith and Technology; and "OICI" is Opportunities Industrialization Centers International

B. Technical Assistance
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One hundred and fourteen visits were made to 56 field projects in 29 countries either for
programming, evaluation, or technical assistance purposes involving 937 person-days of effort.
This is the equivalent of over four person years of effort in direct technical assistance (using 232 as
the number of working days in a year). This does not include the level of effort applied for project
support at Auburn or at the Center for PVO/University Collaboration in Development. At the
PVO's request, TA from the ICA was designed as a backstop to provide PVO field staff with skills
and knowledge necessary to advance beyond project preplanning and preliminary site assessment.
The assistance normally consisted of visiting field sites with local PVO staff, farmers, and other
interested local people. Based on observations and on-the-spot analysis, the ICA experts prepared
trip reports, containing site descriptions and background information and summarizing
observations and recommendations made in the field by ICA consultants, which were shared with
colleagues at ICA, the Center, PVO headquarters, and PVO representatives concerned in the
developing countries. Technical information in the form of publications, reprints and other
materials was also included. To use funds in the most efficient manner possible, visits were almost
always "piggy-backed."

In each case a trip report with the recommendations for the project was prepared. TA visits to a
given country often represented a follow-up of a visit made during previous years. In contrast,
some TA visits were made to determine the feasibility of initiating a water harvesting project. If an
area were deemed unsuitable for physical, technical, or cultural reasons, of course a follow-up visit
was unnecessary. Being advised not to initiate an inappropriate project was just as important as
receiving advice on project management.

All participants agreed that the possibility for ongoing technical assistance, often from the same

consultant, was a significant benefit of a long-term collaborative project. The following chart more
graphically illustrates the project's efforts to provide on-site assistance.
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TABLE 2: TECHNICAL ASSISTANCE VISITS

XISITS/LOE: Technical /P. Days _ Prog.Dev /P, Days Eval/P, Days  Total Visits/P.Days
ARE

Bangladesh 1 10 1 10
Bolivia 7 71 1 9 1 12 9 92
Congo 1 10 1 10
Dominican Republic 1 6 1 6
Ethiopia 1 7 1 7
Guatemala 5 54 1 5 6 59
Kenya 1 13 1 3 2 16
Lesotho 1 2 1 2
Nepal 2 24 1 2 1 12 4 38
Peru 1 8 1 8
Somalia 1 7 1 2 2 9
Sri Lanka 1 19 1 19
12 countries 23 231 4 16 3 29 30 276
Catholic Relief Services

Dominican Republic 1 8 1 8
Ecuador 1 1 1 1
Egypt 2 21 1 4 3 25
Guatemnala 1 1 1 1
Honduras 2 16 2 16
India 3 34 3 34
Indonesia 2 5 1 3 3 8
Kenya 1 3 1 3
Panama(2) 1 8 1 9 2 17
Senegal 2 10 1 2 3 12
Somalia 1 1 1 1
Thailand 1 5 1 5
12 countries 15 104 7 27 0 0 22 131
Church World Service

Indonesia 1 2 1 2
Kenya 1 2 1 2
Lesotho 1 7 1 7
Senegal 3 12 1 2 4 14
Somalia 1 2 1 2
Zaire 1 2 1 2
6 countries 5 21 4 8 0 0 9 29
Heifer Project International

Cameroon 1 2 1 2
Indonesia(2) 6 52 1 3 2 47 9 102
Sierra Leone 2 20 2 20
Thailand 5 28 2 130 7 158
Uganda 1 10 1 10
Zaire 1 13 1 3 2 16
6 countries 15 123 3 8 4 177 22 308
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VISITS/LOE; Technical /P, Days Prog.Dev./P, Days Eval/P. Days  Total Visits/P.Days

Lutheran World Relief

Kenya 1 2 1 2
Papua New Guinea 1 9 1 9
Tanzania* 1 12 1 12
3 countries 2 21 1 2 0 0 3 23
Save the Children

Bangladesh 3 14 3 14
Bolivia 2 13 2 13
Cameroon 1 1 1 1
Indonesia 1 2 1 2 2 4
Nepal 3 40 1 2 1 12 5 54
Somalia 1 5 1 1 2 6
Sri Lanka 1 7 1 7
Sudan 2 24 2 24
Thailand 3 27 3 27
9 countries 16 132 4 6 1 12 21 150
Other

Africare/Somalia 1 3 1 3
ECZ/Zaire 1 2 1 2
FPP/Indonesia 1 1 1 1
LP3ES/Indonesia 1 2 1 2
OICH/Ivory Coast 1 4 1 5 2 9
OICI/Togo 1 3 1 3
5 organizations 5 13 2 7 0 0 7 20
TOTAL 80 645 25 74 8 218 114 937
56 projects

29 countries

11 organizations

* Tanzania was not an AID-funded country, hence, LWR paid the cost of this consultancy.

C. Project Support Funds

The Project Support Fund was devised to fill funding gaps insuring that high quality projects would
not falter due to lack of relatively small amounts of money at critical times. Five simple criteria were
developed in cooperation with the Advisory Council and A.LD. for proposals requesting up to
$15,000 in seed money: ,

(1) The proposal must be submitted by someone who had attended a regional WHAP training.

(2) The project had to have received technical assistance from WHAP.

(3) Water harvesting and integrated activities were central to the project.

(4) The project was comunity-based and directed toward low-income families.

(5) The project was likely to promote further development activities.

In FY 85-86 and 86-87, nine projects were awarded project support funds totalling $98,635. The
external evaluation in the third year recommended discontinuing the project support grants due to
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funding reductions. An account of how grant monies were used follows.
FY 85-86

($15,000) CARE-Bolivia used its grant to support Phase I of a community-based technical
assistance pilot project in renewable resource management. The project area, Tarija, is in a semi-arid
mountain valley where rainfall is seasonal and erosion is a severe problem. This project promoted
integration, including: aquaculture, duck-raising, irrigating fruit trees and brick-making. Funds
were used to build four ponds in three communities, to hold a staff workshop, and to hire a
promoter to provide TA and extension to existing water harvesting projects.

($5,341) CRS-Honduras assisted the community of Muyen, department of La Paz, located about
280 km west of Tegucigalpa in an area primarily suited to coffee production, to revive an
aquaculture project. Their objective was to improve the nutritional level of the local population as
well as to make the community more self-sufficient. Funds were used for the first year's fish food
concentrate and to cover construction and equipment costs to reconstruct two 20,000m? ponds for
365 beneficiaries (43 families). These villagers were virtually isolated from other work and food
sources due to their mountainous location.

($7,100) CRS-Panama assisted a pilot aquaculture and integrated agriculture project at the Tole
Missional Center. Funds were requested to help replicate an existing, successful project at the
community level. Tole is one of Panama's most backward districts; income is low and malnutrition
and poor health conditions are serious problems for this region largely inhabited by Guaymi Indians.
The project was directed at 240 families in 20 communities. Funds were used for hiring a technician
and start-up costs. As a result of this initiative, 225 family ponds were constructed.

($7,042) CRS-Panama also requested and received a grant for another project in the Province of
Veraguas. The land there is poor and semi-arid and many men are forced to become itinerant
laborers for part of the year because they cannot make the land support their families. CEPAS, a
local organization, used funds to implement a project in an area where they had previously provided
educational and technical assistance. Ten communities, comprised of 150 families, were targeted to
raise tilapia, pigs, and ducks in an integrated system. Tilapia ponds were constructed in each
community totalling 24 ponds while two larger ponds (1,500m? each) were constructed for
demonstration and training. After two years, over one hundred people were instructed at the Center.

($14,500) SCF-Nepal received funds to provide training, construct two ponds, and expand existing
irrigation facilities as part of their ongoing water-harvesting project in the Ghorka District. Three
new irrigation projects were completed using these funds. Four-hundred and seventy-one people
have benefitted directly from this project. Twenty-three hectares now receive irrigation and are able
to produce a broader array of crops.

($5,285) SCF-Zimbabwe assisted the impact area of Muusha, located in the highlands south of the
capital city of Harare. Funds were granted to revive two abandoned fish ponds where a community
cooperative was already active and simply awaiting financial assistance to begin work. Funds
covered the costs of training, storeroom construction, consultancies and start-up. They established
cooperative fish ponds and provided training in fish pond management and in integrated agricultural
methods. Twenty families participated with indirect beneficiaries numbering 160. Ponds have a
total surface area of 980m?2.

FY 86-87
($15,000) The HPI-sponsored project in Thailand for the Karen people had received technical

assistance from WHAP the two previous years. Funds were used to pay the salary of a temporary
full-time consultant for village aquaculture and integrated agriculture projects. Six ponds at the
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Center for the Uplift of the Hill Tribes (CUHT) are used for aquaculture training. Both long courses
(six weeks) and two-day seminars were provided there. Four hundred and forty-seven students
attended trainings and many other families received consultant visits.

($14,867) SCF-Bangladesh sponsored the Kunda Pond Cultivadon project in the Nasimagar
District. Funds were used to develop a two hectare community pond for fish culture which provides
protein, income, and an area training site. The Boriachong Aquaculture Project funds a health center
which serves a population of 8,500 villagers and a primary school which serves 1156 families.
Villagers in this area also benefit by the employment generated by the ponds. On-going training is
also being provided in anticipation of transferring total responsibility for the ponds to the villagers in
a few years.

($14,500) CRS-India assisted approximately 118 landless families in the Vaivaka area of
Manuguluru, state of Tamil Nadu, who organized into cooperatives to manage ponds on land leased
from the Bishop of Vijayawada and donated by the state government. The project area is located in
the low lying coastal area near the Bay of Bengal. The fish culture project utilized funds to build and
support two ponds during the first year of operation.

D. Field Projects

The first project purpose was to design and implement a series of field projects which would
increase the quality and quantity of water and food supplies. It is important to note; however, that
WHAP cannot really take credit for any field projects. They represent the resources and labor of
many families and communities, many committed field staff, and PVO headquarters staff. WHAP's
role was to strengthen the weak links. Assistance at a critical point could have been the push a
project needed to be a success.

Field projects took on many forms: from training centers in Thailand and Sierra Leone (HPI) and
Zimbabwe (SCF); to individual ponds for small farmers in Nepal (SCF); to a community project to
earn money for a women's health care clinic in Bangladesh (SCF); to an integrated aquaculture
program responsible for over 800 ponds in Guatemala (CARE); to a mulitpurpose project involving
ponds, fish culture, fruit trees, watershed management, and brickmaking in Bolivia (CARE).

Defining a field project has not been easy. For example, with only one technical assistance visit to
Lutheran missionaries in Tanzania and previous training of a Lutheran staff person at ICA, project
reports indicate that constructing ponds and raising fish caught on. Diffusion of the technology
occurred rapidly and spontaneously to adjacent villages without the intervention of the project
technician. Monitoring project progress even by the missionaries on-site proved impossible.
Accordingly, our definition of WHAP-assisted PVO field projects includes those projects in which
there has been significant WHAP involvement, sustained and/or expanded operation of WHAP
activities over time, and continuity in reporting and contact with the Center and/or ICA. The extent
of WHAP inputs varies from project to project but will generally include a combination of two or
more WHAP inputs (training, technical assistance, program support, and/or project support funds).
Field-level activities which did not generate ongoing projects and which lacked sustained contact and
reporting between WHAP and the in-country PVO and are, therefore, not considered field projects
for the purposes of this report. Sites are communities, areas, or local groups participating in
WHAP. A site may be a demonstration and training center, a cooperative, or communal
undertaking, or individual farm families in a given area receiving project assistance. Several
individual farms or households in a community or area are considered as one site. In general, a site
would not be an individual household or farm pond unless it were the only one in the area.

In all, by August 1989, there were eighteen "field projects" and 176 "sites", substantally exceeding

the planned targets of nine field projects and 27 sites. Over 1500 ponds were constructed or
improved. Project beneficiaries to date have exceeded 30,000. These are conservative figures based
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on project and site visit reports and do not reflect fully the replication of WHAP activities to new
areas or activities in countries for which we lack reports from PVOs. We have scattered reports of
fish production. The training ponds in HPI/Sierra Leone's project report selling 1,561 kilos of fish
in the 1988-89 year. That is about 104 kilos per each of their fifteen ponds. They report that
4000m? is now in fish production with more ponds planned or under construction. HPI/Thailand
reported in the 87-88 year that their 38 group/family ponds produced an estimated 1688 kilos of
tilapia and carp. Most of their ponds were in the first or second growing cycle at that report.
CARE/Guatemala has more production data than any WHAP project and reports that at the project's
close in 1989, the total fish production from all participating ponds (800+) was over 45 tons. Of
that amount, 38% were sold, 48% were consumed by pond owner families, and the remaining 14%
was either used for restocking or traded for work. All reports from field projects associated with
WHAP consistently indicate increased production due to WHAP involvement and very little pond
abandonment.

The following chart provides a summary of all PVO field prjects which received technical
assistance visits and/or training or support funds. The information supplied indicates to some extent
what impact these projects are having in their communities and what input WHAP had into that
contribution. Output information was drawn from progress reports, TA trip reports, and other
documents.
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TABLE 3: WHAP FIELD VISITS RELATED TO OUTPUTS

Stage of Sites2  WHAP WHAP  PondsCon-  Trained  Direct

Development! Visits  P.Days structed or Improved3On Site4Beneficiaries’

CARE
BangladeshV 1 e 1 10
Bolivia7$V 3 7 9 92 8 600 3000
Congo\) 1 e | 10 - ---- ----
Dominican Republicy 1 -1 6 ---- ---- -—--
EthiopiaV 2 e 1 7
Guatemalatv 4 46 6 59 812 12276 9000
Kenya 2 — 2 16 ---- -—-- ———
Lesotho 1 0 1 2 0 0 0
Nepaly 2 2 4 38
Peru 1 —- 1 8 “m-n -—-- -—--
Somalia 2 0 2 9 0 0 0
Sri Lanka 1 — 1 19 -—--
12 countries NA 55 30 276 820 1827 12000
Catholic Relief Services
Dominican Republic 1 - 1 8 e e -e--
Ecuado 2 — 1 1 ——- ————
EgyptV 2 -3 25 34
Guatemala 1 — 1 1 ———- R—
Honduras$V 2 1 2 16 6 40 365
India$v 3 2 3 34 2 118 708
IndonesiatV 3 1 3 8 8 60 300
Kenya 1 — 1 3 ———— -
Panama 2 17

(Tole)$ 4 20 225 240 1200

(Canazas)$ 4 25 ' 49 256 1280
SenegalV 3 - 3 12
Somalia 1 — 1 1 ——m- —
ThailandV 1 —m—- 1 5 —— ——— -—--
12 countries NA 49 22 131 324 714 3853
Church World Service
Indonesia 1 S | 2 ———- — -
Kenya 1 -—- 1 2 e ---- -—--
Lesothot 1 1 1 7 5 ———-
SenegalV 3 — 4 14 3 50 500
Somalia 1 — 1 2 - - R
Zaire 1 ——- 1 2 ——— -—- ——--
6 countries NA 1 9 29 8 50 500
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Stage of Sites2 WHAP WHAP  PondsCon-  Trained  Direct
Development! Visits  P.Days structed or Improved>On Site*Beneficiaries’

Heifer Project International

Cameroon 1 -—-- 1 2 -—-- -—--- —
IndonesiatV 9 102

(Klaten) 4 3 6 90 450

(Luwu)t 4 3 10 25 90
Sierra LeonetV 4 2 2 20 19 193 500
Thailandt$V 4 12 7 158 40 447 2235
UgandaV 2 — 1 10
Zairet 2 4 2 16 74 30 333
6 countries NA 24 22 308 149 785 3608
Lutheran World Relief
Kenya\/ 1 - 1 2 == ——-- -
Papua New Guineay 1 - 1 9 - ---- -
Tanzaniat* 4 31 1 12 154 111 888
3 countries NA 31 3 23 154 111 888
Save the Children
Bangladesht$v 4 2 3 14 7 600 8500
BoliviaV 3 g8 2 13 28 28 635
Cameroon 1 —-——- 1 1 -—— -———- -——
Indonesia 2 — 2 4 1
Nepal$y 3 2 5 54 8 8 471
Somalia 2 — 2 6
Sri LankaV 1 — 1 7
Sudan 2 1 2 24
ThailandV 3 — 3 27 15 6
ZimbabwetV 2 2 0 0 2 20 160
10 countries NA 16 21 150 61 662 9766
TOTAL: 51 projects NA 176 107 917 1516 4149 30,615

27 countries

t These projects have a significant demonstration/training component,

$ These projects received WHAP grants.

V One or more of this project’s staff attended WHAP training.

* Tanzania was not an AID-funded country, hence LWR covered the cost of the WHAP consultancy.

--— Data unavailable

I please see Attachment E for full explanation of development stages.

2 »Sites" generally refer to communities or training centers.

3 “Ponds" may be community or family owned or operated.

4 Virtually every field project included some training for the beneficiaries conducted or sponsored by the PVOs.
5 Direct beneficiaries are estimates based on information supplied by PVO field projects. Wherever numbers of
families, rather than individuals benefitting, were supplied, we have multiplied the number of familes by 5.

6 This project had 29 local "promoters” who underwent extensive, long-term training. They, in turn, trained
subsistence farmers. Most trainings were informal and undocumented. The number "1227" is a modest estimate.
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E. Organizational Development

The establishment and strengthening of local groups and organizations to support and manage
WHAP activities was also a projected outcome. These varied from large and small cooperatives to
village associations and committees, women's organizations, pond committees, project committees,
etc. Project data indicate that at least 131 formal and informal local organizations were established or
were operationally involved in WHAP projects Juring the LOP.

F. Comparison of Plarned and Actual Program Outputs

The following table provides a summary comparison of planned and actual outputs for the project.
Data is based on analysis of PVO field project reports, evaluation reports, field trip reports by ICA
consultants and Center staff, and other communications from PVOs in the field. The extent of the
information provided from participating PVOs varies from project to project. Hence the project
information presented here, on the whole, is an incomplete interpretation of project results. In some
cases we had information from early stages of field projects but not from the later stages. In others,
while we knew that WHAP activities had begun, we had insufficient or no project reports or reliable
information. Some country project activity involved only training or initial technical asistance or
program support visits and the extent of the water harvesting/aquaculture activity is not clear. These
locations, of course, are not considered as WHAP field projects, which explains why the total
number of country project activities is greater than the total number of field projects. Project
accomplishments exceeded program output targets or were close to planned figures as in the case of
beneficiaries. The major output of WHAP, although not quantifiable, was the important awareness
it engendered for headquarters and counterpart staff concemning the multipurpose management of
water resources through harvesting rainwater run-off. It also added new dimensions of technical
skill and new or improved project components to the stable of PV O project interventions.
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TABLE 4: PLANNED PROGRAM OUTPUTS COMPARED WITH ACTUAL PROGRAM

OUTPUTS
Program OQutputs Planned _ Actual Comments
A. Field Projects

1. Projects 9 18

2. Sites 27 176

3. Beneficiaries 32,500 30,615 Figure includes direct participants and family

members but does not include data from WHAP
activities not classified as field projects.
B. Training

1. PYO intemnational 18 29
staff trained in U.S.

2. Villagers, host government 320 4254 These training targets were lumped
counterparts, PYO local staff together in original program proposal--
trained in field; specific breakdown by category are indicated below,
breakdown by category actually
trained as follows:

a. Villagers 4143 Training of village and farm-level participants.
b. PVO in-country/local staff 79 Does not include 15 PVO international staff
trained in the U.S.
¢. Host government 32 Includes PCVs and miscellaneous individuals.
counterparts/others
3. Village trainers/promoters 54 24 Most project information did not clearly
distinguish between village trainers/promoters
and other categories of village-level training,
C. Organizational Development 27 131 Includes large and small cooperatives,

Village committees, local village development committees, women's

organizations established or organizations, pond committees, and other local

stengthened organizations managing WHAP activities.

G. Comparison of Planned and Actual Program Inputs

The following table provides a summary comparison of planned and actual inputs of person months
of technical assistance, training, program support, and evaluation delivered by the project. Data is
based on analysis of reports of technical assistance and training from ICA, trip reports from the
Center covering program support and evaluation, and other technical assistance services, and
estimates of staff time and services contributed by Western Carolina Universitry and Auburn
University in support of the project. The latter were not covered by WHAP funds.

Because of the difficulties in obtaining adequate information on the monetized value of participant
inputs from local groups and communities, host governments and PVOs and others into WHAP
projects and related activities, we are unable to clearly report on these aspects of the project. Most
PVOs did not keep records or make estimates, despite being requested to do so, of local
participation. Indications are that the value of labor, material, and other resources contributed by
local participants to WHAP projects is well in excess of the input target of $750,000. Many of the
PVO inputs to WHAP were part of larger, more comprehensive projects. They reported difficulties
in extracting the WHAP components. Thus we simply lack sufficient data to present useful
information at this time. The same is true for host government inputs of technical assistance,
personnel and other support. Examples for different field projects have been cited as illustrations
of the kinds and levels of inputs made to WHAP.
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TABLE 5: COMPARISON OF PLANNED AND ACTUAL PROJECT INPUTS

Person months of technical assistance, training, program support, and evaluation:

Program Inputs Planned Actual Comments

1.ICA 0 124.3 Includes 30.7 months of technical assistance,
training and other services provided by ICA
outside of WHAP funding,

2. CLUSA (NCBA) 5 30 CLUSA (now the National Cooperative Business
Association) was not part of the core project but
NCBA participation in HPI-assisted projects in
Indonesia was well over 30 person months.

3. SECID/Center for (] 74 Provided in the first two years of WHAP to collect

Women in Development baseline information. When intensive evaluation

component of WHAT was deleted, arrangements
with SECID/CWID were ended.

4. Center for PYO/ 22 2473 179.8 person months paid by WHAP funds and

University Collaboration
in Development

67.5 person months provided by WCU and/or
generated by Center for WHAP.

VI. MANAGEMENT: REVIEW AND ANALYSIS OF PROJECT OFFICE
SUPPORT

A. Project Planning and Design

Realizing that any increased interest and activity in the water harvesting and aquaculture sector
would originate in the field, the Advisory Council devised a plan for sectoral promotion based on
field training activities and the funding of pilot activities. Participating PVOs designed their own
projects based on local needs, problems, and available resources. To qualify for WHAP
assistance, those projects had to involve the harvesting and storage of water in ponds and the use of
this water to support food systems with the majority of the projects involving aquaculture. Projects
were often multipurpose with agricultural components. Some projects involved conservation,
resource planning and renewable resource management as well.

Developed collaboratively, the Water Harvesting/Aquaculture Project essentially functioned as
originally planned. The Center acted as a coordinating and facilitating mechanism for the support
of PVO field projects, providing 75 person days of direct overseas program development assistance
over the life of the project.
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B. Staff Resources
1. Center for PYO/University Collaboration in Development

Project Director; Nancy L. Blanks (.50 LOE 84-87, .62 LOE 87-89)

Evaluation Specialist; Ralph Montee (.50 LOE, 84-87)

Information Specialist; Joyce Moore (.50 LOE, 84-87), Phyllis Stiles ( Full-time LOE,
87-89)

Administrative Assistant; Mary Kay Cooley (.50 LOE, 84-87), Anne Loughlin (.75 LOE,
87-88), Marilyn Jarisch (.75 LOE, 88-89)

Secretary (Full-tme LOE)

In addition, staff time not funded by WHAP was devoted to the project including the time of
the Executive Director and Administrative Officer of the Center for Improving Mountain
Living and secretarial and support staff.

2. International Center for Aquaculture, Auburn University

Over the life of the project, about 1.7 full-time effort per year was divided among these three
people:

Technical Coordinator; Bryan L. Duncan, Ph.D.

Technical Consultants: Alex Bocek, M.S. and Thomas Popma, Ph.D.

Travel and per diem, but not salary, were paid for the following consultant's work for
WHAP: ‘
Randy Brummet, Ph.D.; John Grover, Ph.D.; Upton Hatch, Ph.D.; David Hughes, Ph.D.;
Len Lovshin, Ph. D.; Jean Yves Mevel, M.S.; Ronald Phelps, Ph. D.; Rudy Schmittou,
Ph.D.; R. O. Smitherman, Ph.D.; Kyung Yoo, Ph.D.

ICA also provided staff time not provided for by project funds including technical staff and
secretarial and support staff.

3. Personnel not salaried by WHAP from other agencies/institutions

Other Technical Consultants: Silvana Castillo, M.S., CARE/Guatemala Chief of Aquaculture
Project ; Michael Cremer, Ph.D., Kentucky State University; Nancy Glover, Nitrogen
Fixing Tree Association, University of Hawaii; Frank Meriweather, University of
Arkansas, Pine Bluff; John Morrison, University of Arkansas, Pine Bluff ; J.R. Snow,
Ph.D., Auburn University, retired

Evaluation Consultants: Frederick Bates, Ph.D., University of Georgia; Eloise Murray,
Ph.D., Center for Rural Women, Pennsylvania State University; Mary Hill Rojas, Ph.D.,
Virginia Polytechnic Institute and State University; Beth Schmidt, M.S., University of
Kentucky; Simon Williams, Ph.D., Center for Rural Development, Fort Collins, Colorado

Advisory Council: See Part E for Council Members

Field Project and Overseas Staff ; All field projects and support staff for projects were funded
and managed by the PVOs.

C. Training and Technical Assistance

The Project Office was responsible for supporting the efforts of the ICA in delivering the TA and
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training requested through WHAP. When technical assistance was requested and scheduled, the
Center notified all other project participants in the region so that they could schedule visits in
conjunction with the trip. The Center assisted in the organization, promotion and delivery of U.S.
and regional WHIAA trainings. Also, the project office acted as the buffer between technical
provider and 1=ceiver, sometimes interpreting communication. Occasionally, when a PVO project or
the ICA lacked funds to do something out of the ordinary, as in the case of bringing Silvana Castillo
of CARE/Guatemala or Nancy Glover of the Nitrogen Fixing Tree Association to Bolivia, the Center
expended its project funds to cover the costs. The Center also aided the TA process by clearing
upcoming consultant visits with PVO headquarters and A.I.D. missions.

D. Project Administration and Documentation

The Project Office developed an Operations Manual for project participants and maintained all project
documentation. The Office, in cooperation with ICA, scheduled technical and other inputs for the
project, had fiscal and program reporting responsibilities to the Agency for International
Development, monitored field project development and the provision of TA and training, was the
information and documentation entity, published the WHAP newsletter "Ponderings", arranged
meetings of and staffed the Advisory Council, maintained liaison with participants in the project,
addressed problems encountered, and, in general, provided the management of the WHAP. ICA
trip reports and annual activity reports documented their activities and the technical assistance
delivered.

E. WHAP Advisory Council

The Advisory Council was invaluable in shaping and guiding the progress of the Water
Harvesting/Aquaculture Project. Fourteen meetings were held over the life of the project.

Advisory Council Members were:

Auburn University: Bryan Duncan, Technical Coordinator for WHAP, Associate Director of
International Center for Aquaculture
CARE: Tom Zopf, Director of Program Support
Catholic Relief Serviges: Ray Victurine, Water Projects Manager, Latin America and the Caribbean
(84-86), Jeanette North, Desk Officer, India and Pakistan (87-88), Gary White, Projects Specialist
(88-89)
Heifer Project International: Robert Pelant, Asia/South Pacific Program Director
Lutheran World Relief: Neil Brenden, Assistant Executive Director (84-86), Tom Edwards,
Director, Latin America Programs (87-89)

i ion: Jeff Saussier, Technical Resources Unit, Program Development and
Support (84-86), Jim Worstell, Director, Training and Technical Resource Unit (87-89)

Advisory Council members were the liaison between WHAP and the participating PVOs as well as
the communication link between WHAP and the field, especially in the development of field projects
and requests for technical assistance. They also acted as interpreters of each agency's policy and
mandate, and provided guidance on overall project implementation.

F. Publications

Ten issues of PONDERINGS, the newsletter of the Water Harvesting/Aquaculture Project were

published to inform the development community of project activities and to broaden the perspectives
of the participants themselves. They are included as Attachment C.

As part of their subcontract responsibilities, Auburn University produced eleven loose-leaf technical
booklets which were designed specifically after the needs of WHAP field projects were identified
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during the first three years of field visits. This informational series entitled "Water Harvesting and
Aquaculture for Rural Development" was designed primarily for field agents, agricultural technicians
and extensionists with little or no experience in water harvesting and aquaculture. The goal of this
activity was to incorporate technical information into low cost, practical and easy to reproduce
guides. Editorial backstopping was provided by appropriate faculty and staff of the Department of
Fisheries and Allied Aquacultures and the International Center for Aquaculture at Auburn
University. The following titles were prepared and distributed by the ICA under WHAP:

1) An Introduction to Water Harvesting

2) An Introduction to Aquaculture

3) Fertilizing Your Fish Pond: An Introduction

4) Chemical Fertilizers For Fish Ponds

5) Organic Fertilizers For Fish Ponds

6) Transporting Fish

7) An Introduction to Tilapia Culture

8) Reproductive Biology of Tilapia Nilotica

9) An Introduction to Tilapia Nilotica Fry and Fingerling Production Systems

10) The Net Enclosure System for Tilapia Nilotica Fry and Fingerling Production

11) Monosex Tilapia Culture

They were photocopied in small batches of one hundred to allow the opportunity for any revisions
suggested by participants in field projects. The booklets are included as Attachment D. Twelve
hundred copies have been distributed to the field. ICA plans to continue further development of this
series with funding from other sources since the completion of WHAP.

VIL. END OF PROJECT FINANCIAL REPORT

COST ELEMENT EXPENDITURES
Administrative Direction and Support $346.884
Program Development 30.708
TA/Training (non-ICA expenses) 48.108
Evaluation 90.264
Documentation/Information 89.375
Subcontract (ICA) . 552.454
Project Support Grants 98.635

ndi 180.944
TOTAL $1,437.372

VIIL LESSONS LEARNED AND LONG-TERM PROJECT IMPLICATIONS

A. Project Costs

1. A.LD. Inputs

The total project cost was $1,437,372. Costs have been divided into major categories of
administrative direction and support, program development, non-ICA technical assistance and
training, evaluation, documentation/information, the subcontract to the International Center for
Aquaculture for training and technical assistance, Project Support Grants, and indirect costs.
The subcontract to Auburn was rightly the largest project expense. The essence of WHAP was
providing top-notch technical assistance, training, problem solving and backstopping to the field

projects and the participating PVOs. The $552,454 when combined with the $48,108 for
TA/training expenses brings the overall total for training and technical assistance to $600,562.
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The next largest item was $346,884 for administrative direction and program support. This
category covered costs for overall administration of WHAP including the full-time equivalent of
staff salaries, office support costs, communication, some program development costs, domestic
and international travel of the Project Director and other usual administrative costs.

Indirect costs were $180,944.
Direct grants to field projects totalled $98,635.

Documentation expended $89,375 including the <alary, domestic travel expenses, and support for
the Documentation and Information Officer and function.

Averaged out by year over the life of the project, WHAP expended about $288,000 per year.
2. PVO Inputs (Examples)

Costs to the field projects for technical assistance and training were minimal because only
in-country transportation and, when possible, lodging for consultants were picked up by the PVO.
However, expenses for field project implementation, in terms of personnel, materials, pond
construction and supply costs, were the responsibility of the PVOs. Data is unavailable for all the
projects but we have cited some examples of information on hand to demonstrate the broad
diversity of funding levels provided by the PVOs:

CARE-Guatemala

The Family Fish Pond Extension Project began in 1983. Upon its completion in 1987, the
Integrated Aquaculture Extension Project began which combined aquaculture with small animal
production and diversification, emphasizing integrated pond culture. For the period FY
1986-1989, the project received support from U.S.A.L.D./Guatemala through an Operational
Program Grant. Total A.LD. commitments were $500,000. During that period, the host country
agency DIGESEPE pledged $60,000 to CARE, and CARE matched with $75,000. The combined
budget over the three year period was therefore $635,000. This does not include Peace Corps'
contribution of more than $220,000 in in-kind services.

HPI-Zaire
By contrast, Heifer Project International supported a smaller-scale water harvesting/aquaculture
component of a Habitat for Humanity project in Zaire with $9,650 in 1988.

CRS-Honduras
The total cost of this aquaculture project to CRS for 43 families was $8,373 which included a grant
of $5,341 from WHAP.

3. Pond Owner Inputs

A premise of WHAP was that constructing and managing ponds and integrating aquaculture and
agriculture were within the financial means of most subsistence farmers. Expenses for establishing
and maintaining ponds varied. The major start-up cost is for labor and materials to construct the
pond and for purchase of fish stock. Some factors that influence these costs are the location and
size of the pond, the type of soil and the distance to and type of water supply. Maintenence costs
include the restocking of ponds, if farmers do not reproduce their own stock, and the purchase of
food. Food costs are minimal if farmers use locally grown vegetation and use manure from
animals integrated into the fish production. Also, ponds are expected to last ten years without
reworking. Two examples of costs to farmers follow:

SCF/Nepal reports that the average initial investment for a 500m? pond is approximately $350 and
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yearly operating costs average approximately $30. The farmers involved with this project took out
bank loans and felt they would have little problem repaying them in the allotted time with the sales
they would make on fish and other agricultural products associated with the ponds.

HPI/Thailand reports that village ponds cost about $156 each to start-up with maintenance (food,
transport of supplies, etc.) totalling about $7 per year.

B. Institution Building

A basic objective of WHAP was to establish and to institutionalize PVO and university networks
which would exist long after direct project activity ended. This aim arose out of the view that it
was simply the lack of such a network and mechanism for interaction that had acted as a constraint
on PVO-university collaborative activities in the past. An institutional setting was established
within which to continue the collaboration between universities, with their specialized technical
expertise, and PVOs, with their experience and skills in grassroots level development. Auburn
University and HPI, for example, are currently developing a joint proposal to continue their
collaboration.

Institution building in the WHAP took place in several ways. Within the participating organizations
of the WHAP, the training and technical assistance strengthened the technical capacity of PVO staff
both overseas and in headquarters. (One hundred and thirty-one PV O staff and counterparts were
trained directly by WHAP.) Some PVOs (HPI and CARE) recruited aquaculture specialists as part
of their field staff as a result of their involvement in WHAP. At the same time, Auburn acquired
firsthand knowledge of rural development issues and challenges faced by the PV Os at the local
level. Thus the technical assistance and training being provided by Auburn became more focused
and relevant to local conditions. Many developing country aquaculturalists trained at Auburn were
put into contact with PVOs working in their countries. These technicians can serve as ongoing
sources of technical assistance for the PVOs. In turn, the PVOs can help them extend water
harvesting/aquaculture technology to the village level.

Community orgazizations were formed to support pond/aquaculture development. Other
organizations were expanded to include responsibility for WHAP activities. This grassroots
institution building provided in large part for project sustainability.

Lastly, trainings provided networking opportunities for local technicians who had occasion to meet
and share ideas and solutions with other people dealing with similar problems. Among them,
government counterparts were invited to participate in WHAP workshops along with other

in-country resource people, such as local extension agents, in an effort to institutionalize the new
technology.

C. Local Participation

In order for a field project to have become part of WHAP, there was a stipulation that there be
effective local participation in the management and implementation of the project. Emphasis was
put on developing and assisting local organizations such as cooperatives, development committees,
or pond committees to oversee WHAP projects. Field projects were given support and assistance
by the PVOs, but basically belonged to the local community or families. The input of the
beneficiaries included land for the construction of ponds, villagers trained in pond construction and
management, labor for site preparation and pond construction, and materials and/or cash for project
implementation. Host governments sometimes contributed as well by way of extension help or
including agents in WHAP trainings or providing the land for pond sites. In some projects, as in
the case of CARE/Guatemala, the government was an important participant in the project. (See the
companion report: the Final Evaluation Report, for a detailed discussion of the CARE/Guatemala
project.)
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The following excerpt from a report from the CRS project in the District of Canazas in Panama is
indicative of the kind of labor contributed by local communities:

"In 1987 twenty-six new fish ponds were constructed; fifteen are managed by the 135 families
participating in the project. Twenty-four of the ponds are approximately 500m? while those of the
communities of El Alto de Los Pajaritos and La Eulalia are 1500m?. Most of the ponds were
constructed using manual labor to avoid the expense of renting a tractor (US$45.00/hr.). The
ponds were constructed by members of the participating communities who will be given a portion
of the pond production as compensation for their labor. In addition to this initial investment of
labor, each family will work an average of three hrs./day in the maintenance of these ponds."”

The SCF project in Bangladesh offers another example:

"The community has contributed over 4,000 free hours of labor to construct and repair the
infrastructure of these projects, and community members frequently contribute time to artend
project meetings.”

CARE/Guatemala has reported that an average family fish pond (about 120m?) was hand-dug and
required 29 person days of labor.

D. Sustainability

The ICA devised a "development stage" measurement tool, essentially beginning with "no

development” and progressing to "maturely developed", specifically for WHAP to help all project

participants assess individual field project progress. (See Attachment E.) Briefly, the stages are

summed up as follows:

(1) Awareness of WHAP technology among PV O country missions and selected headquarters
staff.

(2) Interest in including WHAP initiatives in country programs.

(3) Trial of water harvesting and aquaculture technology.

(4) Extension of water harvesting/aquaculture technology to intended beneficiarics of PVO field
projects.

As the variety of project sites reached the third or fourth stage of development, the local community
assumed more of the total responsibility for the project. Less technical expertise was required from
the outside. Local PVO staff were trained and provided the back-up when needed, while ICA's
experts remained available to assist with additional training, problem solving and technical advice
as the project matured. Coupled with ICA's commitment to locating appropriate technical expertise
in-country, this approach encouraged local project ownership and local technical support from the
outset.

Furthermore, WHAP's emphasis was always on low-input interventions. Activities were
intentionally on a small-scale and use of local materials and labor was stressed to encourage
long-term sustainability.

E. Benefit Distribution

The benefits of WHAP were directed to subsistence farming families (women and men) and to a
number of rural training centers in various countries, regions and environmental circumstances.
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The benefits include:

- increased water supply;

- more convenient access to water for agriculture and livestock;

- acquisition of new skills;

- diversification of food supply;

- income generation from a variety of activities which take place around the new water resource;
- increased food self-sufficiency for community participants in the field projects;

- reduced soil erosion by controlling rainfall runoff;

- environmental renewal from the introduction of organic materials; and

- improvement of ground water reservoirs.

Collateral benefits also extended to PVO staff members trained by WHAP in that the experience
prepared them to replicate the water harvesting/aquaculture/integrated agriculture technologies under
a variety of circumstances and to share their knowledge with communities adjoining project sites,
with government officials and with extension agents who can train others.

F. Innovation and Technology Transfer

A major strength of the WHAP lies in the flexibility of the technology and its applicability to
diverse sites and circumstances. From arid and semiarid lands to the humid tropics, the technology
and training has proven to be valuable to both local communities and to the PV Os attempting to
develop strategies for coping with the challenging problems of harvesting water resources and
improving food production systems. WHAP's mandate was to transfer WHIAA technology to
villagers across the developing world. Structuring the project through the PYOs made that possible
following a sequence of six main steps: (1) Involving PVOs in project development and
management, (2) Raising consciousness of PVO headquarters staff through orientation seminars,
(3) Informing field staff of technology through orientation trainings, (4) Following-up with site
visits to provide feasibility studies, project planning, and design, (5) Providing ongoing TA as field
projects develop, and (6) Locating in-country technical and material resources.

A boon of working with the International Center for Aquaculture is that more than 400 students
from over 65 countries have graduated from the Department of Fisheries and Allied Aquacultures
and the International Center for Aquaculture at Auburn University with advanced degrees. These
international alumni are playing a significant role in the growth and development of water
harvesting and aquaculture technology. They form a network of qualified people from which the
ICA has provided PVOs with in-country contacts and staff for help in aquaculture and water
harvesting. The ICA was recently awarded private funding to further develop that network.

G. Policy Implications
1. Strengthening Local Capacity

Across the developing world and in almost every development entity, there is new direction for
development assistance. This new direction is the demand that citizens of a country be assisted in
developing expertise to carry out their own training, extension, and technical assistance according
to the needs of their specific region or country. There are fewer requests for expatriate personnel to
live in a country and more requests for short-term and ongoing technical backstopping of existing
resources.

The Water Harvesting/Aquaculture Project has demonstrated a way to: strengthen PVO personnel,
both local and expatriate, without swelling the ranks of expatriates living abroad; provide ongoing
technical expertise and backstopping to rural development efforts; and strengthen government
personnel and rural individuals while leaving ultimate control of projects and development efforts in
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the hands of local residents, where it belongs.

Major funders, including foundations, international funding agencies and others, all agree this is
the direction of the future. Therefore, it seems important that other efforts be made to answer the
needs of developing countries in this way.

2. Enhancing Collaborative Capacity in Development

The development of the project was a synergistic process undertaken in partnership among many
players. Consequently, diverse resources were leveraged to focus on common problems. The
Council management philosophy was a natural outgrowth of this initial interaction. The Advisory
Council met the need for cooperation and exchange in setting overall policy, approving field
projects, supervising the project office, and providing ongomg guidance and reality checks. In the
beginning, Council members were not compensated by the project except for travel and per diem
expenses. Over the course of project implementation, however, even travel and per diem expenses
were necessary only occasionally for members outside of the New York area. Meetings were
hosted by each participating organization.

Substantial progress was made in the promotion of collaboration in other ways over the life of
WHAP. PVOs shared the responsibility for planning and holding training seminars furthering the
cause of in-country collaboration between PVOs. The Center provided travel funding to have an
exceptional CARE-Guatemala project director travel with the WHAP consultants to Bolivia for her
input on the CARE and SCF projects there--an excellent example of project to project collaboration.
In addition, PYO WHAP projects strengthened cooperation with government agencies, NGOs
in-country or other US PVOs operating in-country (as is the case in Zaire where HPI works with
Habitat for Humanity). When a WHAP consultant visited a field project, he visited all agencies and
personnel of potential use to the project, including the A.L.D. mission, as requested or suggested
by the host PVO. The decision to conduct the field project evaluations as PVO teams is a further
illustration of the collaborative concept.

A serendipitous outcome of the WHAP regional trainings was that, often for the first time, a PVO's
staff from neighboring countries were brought togeiher. This provided a forum for exchange
within the organization as well as across organizations.

The WHARP can take credit only indirectly for many of the examples cited above. However, the
project's flexible style and responsiveness to suggestions provided the medium necessary for
collaboration to grow. The WHAP has successfully demonstrated the practicality of collaboration
between universities and PVOs in the development process. Types of collaboration include:

a. the design of rural development projects involving local universities and NGOs working with
U.S. and other international universitics and PV Os, thus strengthening local capacity ;

b. projects which specifically address the use of resources in a collaborative mode to maximize
the impact of PVOs and universities working in the same areas and/or in similar efforts; and

c. projects which bring together a variety of funding agencies to impact on development
challenges. Very good examples of this shared funding approach are already underway in some
WHAP field projects. In Sierra Leone, the Near East Foundation is paying the salary of an
aquaculture specialist trained by Auburn University to work on an HPI-sponsored WHAP project
which is actually the project of the United Christian Council of Sierra Leone.
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IX. RECOMMENDATIONS
A. PVO/University Collaboration

WHAP has been a practical, working demonstration of collaboration in development. The Center
will continue its commitment to linking the technical expertise, research and training capabilities of
universities with the community development focus of PVOs. It is an alliance which is only
beginning to be explored. It affords non-governmental organizations and their project interventions
access to long-term, high-quality technical backstopping, which would otherwise be unavailable
except to well-funded organizations able to contract indefinitely with firms for services. It also
fulfills the hope of researchers and instructors to see their knowledge applied to people and
environments in need. The collaborative process enables this knowledge to be more effectively
translated into appropriate forms for development at the local level. Perhaps best of all, this
institutional partnership allows projects to be responsive and flexible: a pool of consultants is
available to a pool of projects belonging to a pool of organizations. The configurations these
partnerships might take in the future are limitless. During the Advisory Council's investigation of
the potential of a follow-on to WHAP, they suggested exploring relationships within regions or
countries which were more intensive than WHAP had been and involved collaboration among
universities, PVOs, and local organizations and groups.

B. Councils as Mechanisms for Collaborative Management

The WHA Project has disproved some old myths: a Council or forum comprised of representatives
of a variety of organizations participating in a mutually beneficial project with an equal voice can
function. Sometimes it is a slower method than more traditional approaches since there are so
many entities to be consulted; however, decisions are well-thought out before they are
implemented, funds are carefully expended, and the project is continually scrutinized to answer the
question--are we best meeting the needs of the intended beneficiary population? Another myth is
that a project of this scope requires a large funding base. By pooling resources, WHAP has
impacted on 44 countries on about $288,000/year. Management by council appears to be essential
to collaborative projects where there is a greater need for sharing resources than for individual
agency control.

C. Importance of Seed Monies

WHAP was able to provide project seed monies for only two years of the five-year project. This
was unfortunate since the basic project concept was to make PVOs aware of a sector which was
extremely worthwhile for rural development projects, in order to add it to their ongoing
programming. The difficulty arose when more and more project staff recognized its value, wanted
to implement it, but had insufficient funds budgeted for staffing or execution. If a new technology
is being introduced, seed grants must be made available to maintain momentum. PVO field
directors need this cushion to locate sufficient complementary funds and to mobilize local
resources.

D. Field Project Monitoring

Monitoring field project progress and assessing impact proved a challenge for WHAP. In similar
future projects, there would seem to be two major options. First, visiting consultants would have
the responsibility of collecting needed baseline or benchmark data, and input and output
information. In addition, record-keeping (including methods for monetizing local labor)
appropriate to the needs of a given project should be included as the subject of training just like the
technology being transferred. A second option is to see that project budgets include the resources
needed for the more extensive baseline, monitoring, and evaluation that seems to be demanded by
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donors including A.LD. We cannot continue to expect a heightened level of reporting and
evaluation from the field project staff without providing the resources in project budgets required to
help them do the job. Otherwise, we may threaten the independence that allowed WHAP to
succeed in other ways.

E. Role of the Project Holder

For the Center to perform well as a catalyst and clearinghouse for all project activities, it will have
to communicate more closely with field projects in the future. A recurring problem, cited by the
external evaluators of WHAP, was that field staff were unaware of the Center's role and were
confused when the Center requested their assistance. Collaborative projects must have roles and
expectations clearly defined at the outset for all concerned. A simple but effective tool for
dispelling this type of malaise is to use project letterhead for all project related correspondence.
Due to the frequency of staffing changes, both at headquarters and in the field, a brief but clear
introductory project booklet should also be developed and distributed widely.

F. Follow-up
WHAP's most developed field projects should be followed up in two to five years to determine

whether the methodology did effectively transfer and whether these projects did become
self-sustaining and why. Otherwise, we will not know the full extent of WHAP's success.
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Due to Auburn University's five year commitment to WHAP as primary technical
provider, PVO field staff could request advice on anything from feasibility studies in
preparation for a pond and/or an integrated agriculture and aquaculture activity, to data
collection programming, to overall project evaluation. It was an all-purpose appro:ch
individually tailored to each field project's needs.

In northwestern Thailand for example, a demonstration center trains local farmers in,
among other things, integrated agriculture and aquaculture. Heifer Project
International requested WHARP assistance in periodically reviewing an extension
program there.

Photo courtesy of Auburn University.
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WHAP Progress Report

Please complete for each administrative or geographic "site."
Site designation is at your discretion.

Code

Reporting Period -

Site Name

Location

# Households Involved

# Beneficiaries

If project personnel attended a WHAP training, please enter:

Name/Current Position

Name/Current Position

Please complete following charts with numbers unless otherwise instructed.

Local Organizational Efforts Relating to Ponds

Weslings Average Attendance
Comraittees  1During Period Men Women TOTAL

Pond Committees or Begun this
WH/A Project period
Committees

Existing
General or Muitl- Begun this
purpose Organizations perlod
or Cooperatives
Reiated to Ponds* Existing

* Please desctlbe "Organizations or Cooperatives Related to Ponds" on attached sheet of paper.

Utilization of Ponds

Ponds

Tommunny
Number  Meters 2

Fa
Number

mily

Meters

2

] No. of Ponds Eelng Used For:
Aqua- Waler!nq( Wa‘er I—Bar-
culture  Training Llvestock Irrigation  Domestic vesting Only

Construct-
ed during
this period

Improved
during this
period

Existing,
not
Improved




Aquaculture Production

Community Ponds Family Ponds Harvested Welght in Kgs:
Number Meter 2 Number  Meter 2 Name(s) of Fish Specles Food Commercial TOTAL
Training i Livestock Watering
Courses Trainees c Ponds Stock
D D, om-
o1r Less o: Moje Men Women | |munfly Famlly |Cattle Chickens Ducks Goats Rabbits Sheep Swind
Irrigation
Has. Intigated Harvested Welght in Kgs
Comunlty Family Name(s) of Crop(s) Food Commercial TOTAL
Domestic
Ponds Households Use (Indicate No. of Hous%holds) |
ersona
Community  Famlly Number Served Average Slze Cooking Washing Hy;?ene

Cost Analysis To Date

Project Inputs-$ Value

Cash

In-Kind

TOTAL

Local Communities (Estimate)

Us PVO

PVO In-Country Counterpart

Government Counterparts

Other Sources

Total

Average Cost of 1 Pond To Farmer

WHAP Progress Rsport
Page 2 of 2 Pages




Background Information
(Note: "Site" refers to how you have decided to refer to your project whether it be designated by
geography, activity, or administrative procedure.)

When did site first receive services (training, project support funds, or technical assistance) from
WH/AP?

Did you participate in water harvesting and/or integrated agri/aquaculture projects prior to
involvement with WH/AP? If so, when and where? Did you consider the experience successful?
Please explain.

Did site have any aquaculture ponds prior to introduction of WH/AP? If so, were pond(s) in
operation and/or production?

If ponds were in production, what was estimated annual output (kgs) prior to WH/AP involvement?

Before involvement with WH/AP, was this water used for any activity other than aquaculture? If
so, what?

Have pond management practices changed as a result of interaction with WH/AP and if so, how
(generally speaking)?

Were any community organizations an outgrowth of WH/AP involvement?

Please return to:

Phyllis Stiles

Documentation Officer

Water Harvesting/Aquaculture Project
Center for PVO/University Collaboration in Development
Bird Building
Western Carolina University
Cullowhee, NC 28723
USA
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Women's )
Cooperative [_ .0
and iSh CUATEMALA J —~—]
Farmers el e
Join Forces | "~ ”—’v:\

by Silvana Castillo,
Coordinator of Aquaculture
Project, CARE/Guatemala

In August 1987, a group of fish
farmers from the Salama, Baja
Verpaz CARE program decided to
form a cooperative. Salama is a
growing town with strong demand
for meat, chicken and other basic
foodstuffs. However, according to
Guatemalan law, if there is a
cooperative nearby with similar
activities underway, a new
cooperative cannot be formed, in
order to avoid competition.

A cooperative called Salam-Ha had
already been established as a
consumer coop in 1985 by a group
of 22 women teachers, nurses, and
merchants. They had a store where
they sold food and general
household products. When the fish
farmers found out about Salam-Ha,
they decided to join the group. The
fish farmers went through all the
training required, and a group of 20
joined later that year.

It was a very heterogeneous group
and everyone wondered whether or
not it would work. The women
were from town, educated and
aggressive, while the farmers were
from nearby rural communities,
uneducated, poor and very shy.

PONDERINGS
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CARE extensionist and member of cooperative with family at Salama. Note chicken
shed perched over fish pond,

The idea was that the farmers
would be in charge of the
production of fish, poultry and
vegetables, and the women, sales.
CARE's support was the donation
of a refrigerator to the store, with
the understanding that the
cooperative would use the money
earned from its sales to establish a

Photo: Silvana Castillo

revolving loan fund for credit for its
members in complementary income
generating activities. CARE also
provides technical assistance in
agricultural, fish farming and
animal husbandry activities as well
as in group organization.

continued . . .
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-

Cooperative
Continued from page 1

The results of this economic
marriage have been positive. They
have had many new projects and
good contracts in town as a result
of their union. The co-op has a
new, larger store and a greater
variety of products. The farmers
raise one-day old chicks and sell
them at cost to members when they
are two weeks old for fattening. As
a larger market has developed, the
farmers now feel the need to
produce bigger fish and are starting
to raise only male tilapia in their
ponds. Jointly, the members have
organized picnics, raffles and

drawings for fund raising, and
educational activities for members'.
children. Now the Co-op's board
of directors has grown to include
representatives of the fish farmers.

CARE is conducting an Integrated
Aquaculture Program in Guatemala
which promotes and supports
acnivities of organized fish farmers.
WHAP has provided five technical
assistance visits from 1985 to 1989
to this project. Also, CARE's
Guatemala Director attended a
WHAP introductory training in
1983, and in 1985, the Project
Manager attended training. More
than 500 ponds have been
constructed as a result,

O

* Short Course Available

Training Held in
Morocco for CRS Middle
East/North Africa Staff

WHAP conducted a short course on
water harvesting in Morocco in
January. CRS staff came from
Lebanon, Egypt, Jordan, Israel
(West Bank), and Morocco to
participate in the workshop.

The training lasted four days
including three days of lecture and
one day in the field. Afterwards,
Dr. Kyung Yoo, the WHAP
consultant who lead the training,
visited sites in the area to give
suggestions for improvement,

Participants included CRS staff and
Peace Corps volunteers. Gary
White, the CRS representative to
the WHAP Advisory Council, also
attended the training. White said, as
usual, all of the participants wished
the workshop could have been
longer, but it was tt:ipecially good
for headquarters staff, such as
himself, to experience the WHAP
training firsthand. White would
like to see CRS continue to include
water harvesting and aquaculture in

its programming,.

ANNUAL INSTITUTE ON
LIVESTOCK IN DEVELOPMENT

Heifer Project International and the
Alabama A & M University are co-
sponsoring the Institute to be held
August 6 - 11, 1989 on the
Alabama A & M campus near
Huntsville. It will combine HPI's
annual Institute on Livestock in
Development with the annual
International Short Course in Small
Livestock Production of Alabama
A & M's International Small
Livestock Research Center.

This Institute is for people who
work, or hope to work, in rural
development with low-income
families, primarily focusing on
developing countries. The program
will include presentations on major
issues in small-scale livestock
development, small and large group
discussions, practical hands-on
experience with small livestock, and
field visits to area farms which
exemplify the innovative work
being wune.

Students can earn (2) credits by
registering through Alabama
A & M. A tour of projects will
receed the Insttute. The cost is
345. For more information,
contact Dr. James DeVries, Institute
Coordinator at HPI, P.O. Box 808,
Little Rock, AR 72203 USA.
Telephone: (501) 376-6836.
Telex: 4949415 HEIFER. The
deadline for registrations is July 15.
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Coping With |-
Drought in -
Madras

by Dr. Kyung
Yoo, WHAP

consultant to organize the third
phase of the workshop in 1990,
The consultant was very pleased to

share his expertise and to help this
group in their struggle for survival
through the persistent drought.

Consultant from
Dept. of Agricultural
Engineering, Auburn University

The Madras Zonal Office of the
Catholic Relief Service-USCC in
India held a workshop in Salem,
Tamil Nadu February 6 - 11. Dr.
Kyung Yoo was invited to lecture
on topics of water harvesting and
soil conservation engineering.
Experts in sociology, forestry and
agronomy also lectured to the 33
participants present. The
participants were staff or
counterparts of either CRS or local
nongovernmental organizations.

The workshop consisted of four
days of lecture and two days of
field trips to learn community
organization and how to plan,
design and implement structures for
storing scarce water.

The zonal area has experienced
several years of severe drought
which has caused not only dried
tanks but lowered water levels in
wells. Water supplies for
irrigation, animal watering,
household use, and drinking water
have all been impacted. In addition
to the dry weather, sedimentation in
tanks and excessive use of well
water also contribute to water
shortage problems.

The workshop was the second of
its kind in this zonal area. Dr. Yoo
also participated in the first
workshop which was held in 1988
at the same location. There are
several success stories from the
participants of the first workshop.
In fact, a week after the second
workshop, there was a meeting by
the participants of the first
workshop to evaluate and exchange
experiences. Unfortunately, the
consultant was unable to attend due

Madras workshop participants inspecting tank construction: D. Theophilus,

P. Ignatius Rosario, Leo D'Costa, Dalton Melder, Christuraj Puthotta, Fr. A,
Arulraj, Reynald Vincent, J. C. Kerketta, Fr. Soosai. G., Job Thekkedath,

C. J. D'Couto, Nikhil Hazra, C. H. Venkataratanam, Fr. P. C. Paul, Naodup Dorjee,
P. Balaramnaidu, Lucas Babu, Zacharias Suriw, Fr. John Thayil, P. ] Varghese,

Fr. Joseph Mangalath, Everest D'Mello, Valarian D'Silva O. F. M., Fr. Rayappa,
S. Arul Raju, Fr. J. Antonysamy, Y. L. Jayaraj, Fr. P. Lourdusamy, C. Ganesan,

Agricultural Engineering.

D. Rajendran, K. Siva Prasad, Johny Padua, and A. Raja Mohammed,
Additional trainers were Dr. M. L. Santhanam, Deputy Director of Psychology,
NIRD.; G. C. Siluvappan, CB.CI. Centre; P. Subramaniyam, Director,
Center for Development Research and Training; T. Ganapathi, Additional
Director of Agriculture; and G. Arumai Singh, Chief Engineer, Dept. of

Photo: K. Yoo

A worldwide database will scon be
established to access aquaculture
scientists (not limited to Auburn
graduates) around the world, along
with the latest research information
useful for fish production in the
developing world. This
breakthrough for the International
Center for Aquaculture will be
made possible through an

Auburn University Receives
Endowment to DeveloE

International Aquaculture Networ

The ICA began work on this
database in 1984 but it has
remained in the early stages of
development due to inadequate
funding. Bryan Duncan,
Professor, Associate Director of the
ICA, and WHAP technical
coordinator, says the funds will
also be used to publish factsheets
on the latest research and provide
information to network participants.
This information network should
prove useful to development
organizations, especially for

to a restricted travel itinerary. The  endowment established by an identifying technical resources
zonal office has already invited the ~ Auburn alumnus and his wife. within their program countries.
Spring/Summer 1989 PONDERINGS ' Page 3




Assess WHAP's.

Six projects have conducted field
assessments of the Water
Harvesting/Aquaculture Project's
impact on their projects and their
intended beneficiaries. The
questions they were asked to
answer were as follows:

Utility of Technical

Assistance to PVOs and
Villagers

» What evidence is there that
technical assistance and training
provided through WHAP is directly
useful - for example, is the
assistance oriented to practical
needs of PVO field staff and
counterparts; are types of
interventions suggested by technical
advisors feasible in light of budgets
and technical capabilities; and are
these interventions adapted to or
consistent with social and cultural
systems of client communities with
which you work?

+ What evidence is there that
WHAP strategies have benefitted
the target population, and that those
benefits wil be realized equitably
across the community (that is, both
women and men benefit from and
contribute to the activity)?
Monitoring Methods

» How practical is the three page
progress reporting system
disseminated in 1988—how well

does the methodology work, is the
system responsive to the needs and
capabilities of those who are
supposed to use it, and what
alternative approaches might be

referable?

ustainability of Intervention
» What evidence is there that water
harvesting and/or aquaculture
activities will continue once WHAP
comes to a conclusion, or once the
PVO leaves?
Economic Benefit, Food
Security
» How many people were impacted
by this pond project and what
impact did it%ave on their food
security?
» What economic value, if any, has
been derived from this pond project
by the beneficiaries?

PVO Representatives to
Advisory
Council

CARE
Sandra Laumark
Church World Service
Nancy Nicalo
Catholic Relief Services
Gary White
Heifer Project International
Robert Pelant
Lutheran World Relief
Tom Edwards
Save the Children Federation
Jim Worstell

Al'( You Sure \/O“ %F‘dlntd X
what they were suppoStd +&
do wih Fhat net?

» What did the beneficiaries have to
spend to become involved in this
pond project, and afterwards, to
sustain it?

Three PVOs on three continents
representing six projects at various
stages of development each took
several days to answer these
questions. They were asked to
have someone from another PVO
assist them. CARE/Guatemala was
assisted by LWR's headquarters
representative to the Advisory
Council, HPl/Thailand was assisted
by SCF/Thailand, SCF/Nepal was
assisted by CARE/Nepal,
HPI/Sierra Leone was assisted by
the United Christian Council of
Sierra Leone, and SCF/Bolivia and
Bangladesh conducted the
evaluation alone.

In the next few months, the Center
for PVO/University Collaboration
in Development, with the help of
the WHAP Advisory Council, will
be assimilating these results and
drawing some conclusions from the
experience. WHAP has been a
pioneer in terms of developing a
structure for applying a particular
university technical expertise to
PVO projects in the developing
world. As the project holder, the
Center for PVO/University
Collaboration in Development
would like to submit definitive
evidence that the cross-fertilization
of university extension with the
project implementation skills of
private voluntary organizations
yields great rewards to the
population of the developing world.

Watch for the conclusion of this
article in the nextilast issue of
PONDERINGS.

ﬁ Where in the World \
Is WHAP in 1989?

In 1989 WHAP consultants
have provided technical and
training consultancies to: CARE/
Guatemala, HPI/Thailand,
SCF/Thailand, CRS/India,

HPI/Indonesia and
\ CRS/Morocco. /
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Planning |
for Project - | i
Independence

The HPI/Indonesia project
illustrates the total cycle a field
project will ideally complete when it
incorporates a water
harvesting/aquaculture component.

PROJECT HISTORY

The PUSPETA Livestock, Poultry
and Aquaculture Demonstration and
Training Project is located in
Klaten, Central Java. PUSPETA, a
farmers service center, began in
1979. By 1982, Heifer Project
International had recognized the
outstanding training and extension
work being done by PUSPETA
through the Dairy Training Center
in Jatinom and decided to support
that work.

In 1984, HPI implemented a project
which was to integrate several
farming systems and to utilize
knowledge gained by PUSPETA
over the past five years. Emphasis
would be placed on fattening bull-
calves for beef with crop by-
products; citicken-, quail- and duck-
rearing; and using poultry manure
as pond fertilizer for carp, tilapia
and prawns. The plan was to
conduct trial. involving differing
fish densities, species, and feeding
programs. Villagers would be
involved in the project at all levels
but not on a large scale until
PUSPETA had determined the most
appropriate methods of integrated
farming for this region. The
government of Indonesia had
agreed to provide credit for pond
development to farmers selected for
intial involvement in the aquaculture
part of the mixed farming system.
Success hinged on having expert
consultations available at several
key stages of the project at little or
no cost to HPI or PUSPETA.

TRAININ

Training was a key element in
implementing the project. HPI's
goal for the initial training was to
"stimulate people to think about
aquaculture projects." During the

first year, it was focused on the
staff, Directors became aware of
WHAP technology. In late 1985,
the PUSPETA Jatinom Dairy
Training Center served as the site of
a WHAP training for the Asia-
South Pacific region. Five
Indonesia staff attended that
introductory training: Messrs.
Muhammad, Sudadi, Wibisono,
Azis and Wurjanto. Then, field
trials were instituted and WHAP
assisted the PUSPETA staff in
designing a training curriculum.
When results were accumulated and
appropriate systems identified later,

a3

'4“ Q:I; X .

An inlégrared tilapia/poultry sysiem at HPI/Klaten. This is where the technology for

technician worked closely with
WHAP consultants. In later visits,
consultants reviewed fish
production trial management
strategies and developed a protocol
for the next series of trials. As
capabilities of PUSPETA's
technicians grew, consultants
introduced more advanced subjects
like sex reversal and producing
steady fingerling supplies.

WEANING

After four years of involvement
with WHAP, it is evident that the
HPI/PUSPETA program has gone

-

.

extension to fariners was developed. Fish Project Coordinator, Bambang Wibisono,

appears 10 e camerz shy.

farmers 'were trained on their farms
and at the pond demonstration site.
Extension work, coordinated with
the government fisheries office,
began in year two.

TECHNT : TATION
From 1985 to 1989 seven technical
visits were made by WHAP
consultants--four of them by the
same consuitant. The first visit
occurred immediately before the
1985 training, The consultants
worked with PUSPETA to develop
a long-term pond management
scheme including integrated
agriculture/aquaculture and rice/fish
production and modification of the
pond complex at Jatinom to permit
effective operation. The next visit,
less than a year later, addressed
issues of feeding, construction
problems, and production trials.
The recently hired aquaculture

Photo: Thomas Popma

through important logical steps in
introducing aquaculture to the
farmers of the Jatinom area:

1. Directors became aware of the
possibilities through training.

2. Infrastructure development
received special attention.

3. Field trials were conducted to
determine the approaches most
suited to the region and culture.

4. Following successful tests, an
extension program to farmers was
implemented.

HPI has carefully laid the
groundwork for the eventual
weaning of this project from
assistance once farmers have fully
adopted the technology. WHAP, on
the other hand, was able to increase
HPI's capacity for providing
assistance demonstrating the
strength collaborative projects such
as WHAP have in accessing
resources as they are needed.

Spring/Summer 1989
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- : Technical Notes
by Dr. Bryan Duncan and Alex Bocek, Auburn University

Durmg visits to many projects WHAP consultants have been asked to outline the steps required fo unplement a
- project or program in water harvestinglaquaculture. Program development involving an extension effort is a logical
. Step-by step process.- The following diagram owtlines this process. When these steps are followed, all of the inputs
reqwred in a programmed effort can be identified and their timed application scheduled in an orderty fashion. This
helps all involved parties understand their roles and provides a basis for them to evaluate their efforts.

Short manuals on extension programming and methodology

8 EwhaeTe ° 3 Gather facts which explain basic extension principals have been
,p{gram TN developed by many universities and extension services in

A Y4 the USA and should be useful for PVO program planners

: 2. Avalyze facts and field staff engaged in extension. Certain extension

7. Repord progress \ materials are uvailable by writing:
L L ‘ ’ NV Dr. Bryan Duncan

) R International Center for Aquacuiiure
& Ambyement th 3. Idenrff.)’ problems Aubun University, AL USA, 36849
\ /\L Peace Corps produces many usefild publications including

5. Devslop a plan 4. Spegdy program manuals, reprints, packets and case studies to service
o_f}ugk _ ~objectives technical field needs. Development agencies may obtain

: S—— copies free of charge. For more information write to:

Peace Corps Information Collection and Exchange
806 Connccticut Avenue, N.W,
Washington, D.C. 20526, USA

The Naltonal Academy Press publishes reports of relevance to development agencies. Reports are illustrated and
contain references and contacts, Numerous titles are available. For information write to;

Commission on International Relations (JH-217)

National Research Council

2101 Constitution Avenue

Washington, D.C. 20418, USA

W@m&m Volumes I and II provides guides to practical books and plans for village

and small community technology. These books are available at cost from:
Appropriate Technology Project

VYolunteers in Asia, Box 4543

Stanford, CA 94305, USA

J
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New Water
Resources for |.
Sudan Refugees|.

A\ ssue
term 1w

People impound water for a variety
of reasons but the two major
motivations are: (1) an insufficient
water supply, and (2) the control of
destructive water. The Water
Harvesting/Aquaculture Project has
provided feasibility studies and
technical backstopping to all kinds
of ponds. In Bolivia, a CARE
project prevents erosion and uses
1ts new water resource for
aquaculture, agroforestry and
brickmaking. In Indonesia, an HPI
project is raising fish in rice
paddies. Chickens live in cages
over ponds in Guatemala and their
droppings feed tilapia. In other
places, impounded water irrigates
vegetable gardens, waters livestock
and/or provides domestic water.

East of Khartoum in Sudan, 70%
of the rainfall occurs from July to
September, but the soils, once
saturated, absorb little water. In the
Karkora refugee settlement, a horse-
shoe shaped diversion ditch has
been dug around the village to
prevent flood damage during the
rainy season. Local technicians
have recommended placing a hafir
(a pond for harvesting runoff
water) on the east side of the village
to take advantage of this diverted
water. Between 1917 and 1975,
over 800 hafirs were construced in

Sudan. Many are in critical use
along nomadic routes as water
sources for cattle. A major
constraint on their use is that
evaporation rates are so high that a
year-long supply is not possible.
In a country like Sudan where
drought has been prevalent for
several years, the most important

factor to consider in designing a
pond is the loss of water through
evaporation from the water surface,
By increasing depth, however, it is
possible to reduce surface area.

WHAP consultants Thomas Popma

continued . . .
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Sudan
Continued from page 1

and Jean-Yves Mevel visited this
Save the Children project last May.
To prevent the evaporation of the
pond before the end of the nine-
month dry season, they
recommended parallel hafirs be
built, given the water supply is
sufficient. Drawing from the
ponds sequentially— emptying the
first one, then the second, and so
on—reduces the amount of surface
area and hence, loss of water
through evaporation.

They also addressed water
management considerations. If the

least 50% of the water is lost
through evaporation, the total water
storage capacity is 22,000 m3. This
means that three 10,000 m3 hafirs
are needed for the Karkora refugee
camp to satisfy its domestic water
needs. Obviously, a management
strategy is essential to ensure a
population of 11,000 people having
enough water to last until the rainy
season. During dry periods,
villagers have traditionally relied on
livestock sales to support their food
needs; however, with refugees
currently receiving only a minimum
of water from the few wells at
Karkora, there is almost no water
left for livestock. The hafirs will
alleviate that strain.

The principal function of all hafirs
in this region is for water storage;
however, the refugees of Karkora
have expressed an interest in fish
production for local consumption
and trade. Consultants Popma and
Mevel recommended stocking the
hafirs with Tilapia nilotica for a
number of reasons. It is endemic to
the region and it reproduces freely
in ponds. Furthermiore, the hafir's
four to five month growing season
will provide fingerlings available
for harvest and restocking the
following year. Most interesting for
Sudan, this species even tolerates
slightly saline water. Unlike most
markets, the refugees at Karkora
said they preferred lots of small fish
to less larger fish. Typically tilapia
are managed to reach a larger size
by preventing reproduction. With
no natural enemies around,
however, a mixed sex pogulation of
tilapia is very prolific and the pond
tends to overpopoulate in a
relatively short period of time.
Since the Karkora hafir will be
primarily for domestic use and
cannot be fertilized, in 8 months
700-1000 kg/ha would probably be
produced rather than the 1500-2000
kg/ha from a well fertilized pond.
Taking into consideration the
Elanncd size of the first Karkora
afir, the refugees could expect 200-
300 kg of tilapia in yearly harvest

Short Courses Available

A0
e
“al”

Using Perennial Sesbania

§peczes in Agroforestry
ystems

The International Council for
Research in Agroforestry and the
Nitrogen Fixing Tree Association
(NFTA) are co-sponsoring an
international workshop on the
perennial Sesbania species in
agroforestry systems for March 27-
April 2, 1989 in Nairobi, Kenya.
The geal of the workshop is to set a
course for future research and
development activities for this
valuable nitrogen-fixing species.
Inquiries should be directed to Mr.
Bill Macklin at NFTA, telephone
(8083 259-8555 or telex 510-100-
4385.

Desert Resource Integration
and Utilization

The University of Arizona will
offer an international short course
designed for professional
consultants, managers, architects,
ministry employees and planners in
arid and semiarid lands involved in
the design and operation of systems
for food production, alternative
energy, shelter, water utilization,
water conservation and waste
recycling for family and small-scale
village development. The course is
scheduled for May 14-26, 1989 in
Tuscon, Arizona at a cost of 5,000
US$ for all materials, lodging, food

water requirement is about 4 liters from the first pond alone. and local transportation. For
per person (for drinking) for 250 further information call Dr.
days of dry season, 11,000 m3 Kenneth Foster at (602) 621-1955
must be stored. Assuming that at or telex: 156-1507 ARID UT.
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Plan Full Year

The fifth and final year of the Water
Harvesting/Aquaculture Project will
be no less busy than the first four.
Water engineering and integrated
agri/faquaculture specialists from the
International Center for
Aquaculture, under subcontract
with the Center for PVO/University
Collaboration in Development, will
be visiting project sites around the
globe during fiscal year 88/89.

Their agenda includes both training
and review of current project
activities. They hope to prepare
project participants for the weaning
which will occur as of June 1989
when WH/A project funding ends.
Arrangements must be made now if
farmers and villages are to continue
to improve their water harvesting
and integrated agri/aquaculture
methods. Consultants expect the
transition will not be difficult since
an essential element of each
consultancy has always been
identifying and encouraging
communication with expertise
locally available.

A tentative schedule follows. If you
would lik= to request assistance,
there may still be time. Please
notify your WH/AP Advisory
Council representative.

TECHNICAL ASSISTANCE
SCHEDULE

FRI
Morocco(CRS)-February
*Sierra Leone(HPI)-May

*Zaire(HPI)-May

CASTA
India(CRS)-January
Thailand(HPI/SCF)-

January/February
Indonesia(HPI/SCF)-February

LATIN AMERICA

SCF Impact Area
Manager, Alamgir
Bhuiya, holding mirror
cuarp harvested from
Kunda fish pond
project. Banana trees
growing near pond are &
integrated with papaya. )

- 3ave the
Lhildren
Ponds in
Bangladesh
Destroyed
by Flood

‘Daces
o,
: s
b . !
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In August 1988, Bangladesh
experienced record flooding which
covered 75% of the country's
landmass and left 25 million people
homeless. Prior to this disaster,
Save the Children Federation had
some very exciting pond projects
underway. In fact, during his last
visit in April 1988, WHAP
consultant Alex Bocek took part in
a community pond excavation
involving several hundred women
who had come for a conference for
worien volunteers organized by
Save the Children. It was an
enriching experience for all those
involved.

The Kunda project in Bangladesh
received $14,867 from WH/AP
project support funds in 1987

Photo: Alex Bocek

local youth greups in which over
1000 men, women, and children
assisted in some way. The
complete excavation required much
more work. The pond was
intended to provide a source of
reasonably priced nutritious food as
well as to create an income
generating source from which the
village of Kunda could
independently finance programs in
the health and education sectors.
The project had expanded to seven
ponds and completed its first
production cycle before the
devastating floods of the summer.

We regret what has happened to the
Bangladeshi people aid wish them
every success in the rebuilding
process. The picture shov/n here

which were used to develop a 2- W en in Kunda; we hepe it will
Suatemala(CARE)-January hectare community pond for fish searffgfs inspiration to the nge the
Bolivia(CARE/SCF)-March culture. This pond had already Children staff in Bangladesh and
Ecuador(SCF)-March been partly excavated during a one- 4, people of Kunda.
week work camp organized by
* STILL TENTATIVE
Summer/Fall 1988 - PONDERINGS 7 Page3.




4 Over the course of the project, WH/AP has dcve!oped ten manuals spccxﬁmny thh
4 PVO developmentalists in mind. Agriculturalists or natural resource technicians will
4. feel very comfortable using these manuals with their non-technical approach, PVO

7] field offices should direct requests for boaklets by name o WH/AP representatives at
41 headquarters offices in the United Stales or directly to Dr Bryan Dancan at Auburn

4 University.
RN
PVO Representatives to 'WH/A Project Winds
WH/ 2 Advisory Down in Fifth Year
Council In the final year of any project,
CARE funders and participants alike are
Tom Zopf anxious to assess accomplish-
Church World Service ments. Did we do what we set out
Nancy Nicalo to do and was it done well? If the
Catholic Relief Services answer is yes, what elements made
Gary White it successful? If no, what should
Heifer Project International have been done differently?
Robert Pelant . .
Lutheran World Relief WH/AP is a collaborative effort
Tom Edwards involving the Center for
Save the Children Federation | PVO/University Collaboration in
Jim Worstell Development (formerly the Joint
PVO/University Rural

Development Center) as project
holder, the Internatonal Center for

TN . .
TR Aquaculture of Auburn University
(‘;;: Bies as technical assistance provider
o dm bt ~rT (under subcontract with the

Voon the geots e
ooy oher pond!

Center), and six private voluntary
organizations--CARE, Catholic
Relief Services, Church World
Service, Heifer Project
International, Lutheran World
Relief, and Save the Children
Federation--as field project

' 1 Introduction to Aquaculture
- Fertilizing Your Fish Pond:: An

Introduction
Organic Fertilizers For Fish Ponds 5
Chemical Fertilizers For FlSh Ponds -§
Transporting Fish : 3
An Introduction To Tilapia
Nilotica Fry And Fingesling
Production Systems ' :
Reproductive Biology Of Tilapla
Nilotica -
An Introduction To Tilapia Cultura
Monosex Tilapia Culture
The Net Enclosure System for
Tilapia Nilotica Fry and
Fingerling Production

represented on WH/AP's advisory
council which has the responsibility
for making all programmatic
decisions. When faced with the
question of how this unusual
project would be evaluated, it was
the Cquncil who suggested that the
PVOs collabomnvely evaluate
WHAP's impact on their field
projects. Hence, beginning in
January 1989, selected projects will
spend 2 - 3 days verifying the
information collected on their
respective projects by the Center
and answering key questions about
the suitability of the water
harvesting and integrated
agri/aquaculture technology to their
villages.

By having a visiting PVO
representative assist in the
evaluation, it is hoped that the
results will be more objective, that
valuable knowledge of the potential
for village level water harvesting
and integrated agri/aquaculture will
be shared, that field directors will
gain new insights in evaluation
techniques, and inter-agency

implementors. collaboration will be further
L. promoted.
Monosex Ti Tlapla Cuf(ura Each member of the project is
Paged . . PONDERINGS Summer/Fall 1988
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The Karen (one of the "Hill
Tribes") are a minority grou
numbering about 400,000 in the
Chiang Mai province of Thailand.
Unlike communities in other
regions, the Karen have had little
previous experience with
aquaculture. They tend to be
subsistence farmers with very
limited resources.

The Center for the Uplift of the Hill
Tribes (CUHT) is run by the
Thailand Karen Baptist Convention
which has been active in the
northwest for over 30 years. They
have several ponds at this training
center which they are developing
with the assistance of Heifer Project
International and WH/AP.

The Center is an agricultural
experiment and demonstration
center, serving as the nucleus for an
extensive village extension program
and as a meeting place and training
center for Karen adult leaders
involved in community
development. The Karen villagers
began raising fish in ponds to
supplement their incomes and
nutrition several years ago but have
had limited access to technical
inputs or training until the project
became involved with WH/AP,
Village ponds, ranging in size from
100 m? to 1000m2, have since been
built in three major areas outside
Chiang Mai. Almost all are family-
owned.

Sunny Danpongpee is a Karen and
manages CUHT for the Baptist
Convention. He attended WH/AP's
introductory water harvesting and
integrated agri/aquaculiure training
held in Indonesia in 1985. He had
had two years of experience with
under-exploited CUHT ponds prior
to the training. Bryan Duncan,
WH/AP consultant, visited CUHT
atter the training and offered
suggestions for improving the
ponds' design and management.

That brief consultation laid the
groundwork for a proposal for
assistance from HPI to improve
existing fish pond construction and
management and to integrate swine
and duck raising.

HPI approved the proposal because
the technology would be transferred
in three ways: 50 students annually
would work directly with the ponds
and then re-enter their communities
with their acquired knowledge, the
village development staff of nine at
CUHT could incorporate the

- ~ T
"h‘-, e "
%3 l-}'.: e Y "..‘
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Karen farmer feeds fish special treat of termites.

technology into the extension
program, and the demonstration
ponds would be clearly visible to
several hundred Karen visitors to
the Center each year.

Russell Gaulin, an aquaculture
graduate from Auburn University,
was hired by HPI in 1986 to assist
the Karen Aquaculture Project and
has been training his successor
Porn Sak, a Karen extension
worker, for about one and a half
years. In 1987, the Karen ponds
received $15,000 from WH/AP to

partially cover the costs of Gaulin's
salary.

CUHT has received 5 visits from
WH/AP to date and Thomas Popma
and Alex Bocek will be visiting the
end of January. Gaulin reports a
growing confidence in integrated
agri/aquaculture in the region. He
and Porn Sak have been mounting
their mopeds religiously to deliver
training and technical advice to over
12 villages throughout Chiang Mai
province. Their topics range from
composting, to pond fertilization, to

Photo: Auburn University

harvesting techniques, to planting
grass on banks to prevent erosion,
to sealing ponds against leaks, to
net making and repair, to record
keeping. They find that villagers
become interested as a result of
farmer field trials. When the kilos
of fish are weighed in, they become
convinced that it's time to excavate
a pond. CUHT, along with the
Department of Fisheries Station at
Mae Jo, has been the site of several
3-day seminars for farmers,
providing excellent hands-on
opportunities.

‘iummer/Fail 1988
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* The Asian Ininae

- supported by 20 donor agencies are listed in the FAO publication, "Aquaculture Ai

Or. Bryan Duncan and Alex Bocek, Auburn University

and admission procedures is available. Writero:
. Dission of Agriculural and Food Engincering
St Asianlnsn’tuteafTechnoloiy o
G.P.O. Box2754, Bangkok =~
- THAILAND

* " The International Center for Aquaculture (ICA) at Aubrirn University has received numerous
.. requests for information on aquaculture during the course of the Water Harvesting/Aquaculture -
“.: Project. Many of these requests have dealt with courses and degree programs in aquaculture at US
- universities. The following publication lists the major US universities, their courses, facilities, e

" degreeprograms and staff: . e T T ’

- "Major Aquacultre Associations, Education and Research Resources in the United States"
- ... Field and Special Programs Division, Room 300, National Agricidtural Library
BT s A e Beltsville, MD .20705 - s o

- From Great Britain, the University of Sterling (Stirling FK9 4LA, GREAT BRITAIN) conducts
research on a variety of aquaculture topics of relevance to developing countries.

One hundred and eighty-five ongoing global, regional and national aquaculture 'aitfjpfoj%clts
id Profiles -
February 1988". Copies may be obtqi_ned by writing to.:

o . Foodand Agriculture Organization of the United Nations
w0 Publications Division, Via delle Terme di Caracalla
00100 Rome, ITALY

‘ '_ Sbebialized aquaculture equipment and chemicals are available Jfrom numerous companies.
- Comprehensive guides for categories of equipment and chemicals may be obtained in the following:

f Technology (AIT) provides advanced educarion in engineering, science and
- allied fields through a variety of academic, research and special programs. An average of 120 - - .
- combined facul_ty_and-résearch-st?ﬂ" work at the in.’stitutfz.v"{A’IvJ_ro'chure describing AIT's programs - -

. "Buyer's Guide" . "European Aquaculture Trade Directory”
Aquaculture Magazine : _ European Aquaculture Society
g .. P.OBox 2239 .- " Prinses Elisabethlaan 69
FE " Asheville, NC 28802 USA e B-8401, Bredene, BELGIUM
PONDERINGS
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Thaba-Khupa | \ -0 55
Doing Great N
Things In s

Lesotho ot

Imagine a community which

produces its own fruits and fresh
vegetables and meat supply, makes
its own clothes and sandals, builds
its own beds and school desks, and
teaches health education.

Meet the Thaba-Khupa Ecumenical
Center, a farm institute in Maseru,
‘Lesotho. The Center is involved
'both in teaching and production

comprising a variety of units:
poultry, farm, health, metal
working, home economics,

leatherwork, dairy, and fish. The
school has about 100 residential
students in its two-year program
and is forced to turn many more
away each year for lack of facilities.
Shorter courses are also offered.

Thaba-Khupa's philosophy is to
cover as many topics as possible
'within a given subject during the
two-year length of the course.
Products are sold and profits
reinvested into the school.

Integrated fish and duck
production is an element of the
school's program. Catfish and
common and chinese carps are fed
droppings from ducks and waste
duck feed that falls through cracks
in the floating feeding platforms.
The students sell both fish and
ducks on the local market which
includes the many Chinese who live
and work in Lesotho.

PONDERINGS
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Headmaster, Mr. Mohau Mahase, hosts Duncan on  extension visits to former students,
Extension is an integral part of Thaba-Khupa's program. Photo: Bryan Duncan

Fingerlings are purchased from the Fish in the Thaba-Khupa ponds
B

Government's Fisheries section in have several obvious enemies
Maseru and ducklings are including otters, clawed toads, and
purchased from South Africa. herons. Other less obvious enemies
There are five fish ponds are the lack of a traditon of

measuring from 1000 square meters
to 4000 square meters. Thaba-
Khupa is the single fresh fish
vendor in all of Lesotho.

aquaculture, leaking pond walls, an
insufficient food supply, and
inadequate rainfall or inadequate

(continued on page 2)



Collaboration Thriving
in Sierra Leone

The United Christian Council of
Sierra Leone appears to be doing
something very right. The Near
East Foundaticn (a member of the
Joint ~ PVO/University = Rural
Development Center network) has
recently hired an aquaculture
specialist and Aubum alumni,
David Reside, for two years to
work with the aquaculture project in
Sierra Leone. NEF is also
providing funds for supplies and
the cost of training a Sierra Leonian
at Auburn University.

Heifer Project International has
sponsored this project for some
time and has taken advantage of the
expertise provided by WHAP.

At the Joint

Center, we are

extremely pleased to see this kind
of cooperation between indigenous
organizations/institutions and U.S.
organizations/institutions. When
the collaboration multiplies as it has
in Sierra Leone, we wre elated.
Only by pooling our resources, our
energies, our dreams, will we make
an impact on the problems faced by
the developing world.

Thaba-Khupa
Continued from page 1

water harvesting where rainfall is
sufficient. Mrs. Koali, the Center's
director, recently hosted Dr. Bryan
Duncan of the Water
Harvesting/Aquaculture Project on
a technical assistance visit there.
Duncan was asked by Thaba-
Khupa's WHAP sponsor, Church
World Service, to assess the
aquaculture project's needs and to
recommend improvements.

Duncan agreed with Koali that

erosion of agricultural soils is a
problem of emergency proportions.
He saw oppportunites for
improving the harvesting and
storage of water which would
increase  the potential  for
agriculture and preventing further
erosion. The government is
making efforts to educate the public
in soil conservation measures but is
limited by resources and
manpower. Unmanaged
communal ponds built in 1964 by
the Government Fisheries Section
further testify to the same
hindrance.

Duncan identified locally available
supplemental and inexpcnsive feeds
during his visit which could
increase  fish
implemented. Blood and bone
meal, leaves of the abundant willow
and leguminous trees ground into
meal, and flour sweepings and
brewery wastes were offered as
viable options.

There is an opportunity for
aquaculture to be more profitable
for Thaba-Khupa. To reach that
goal, Duncan recommended
increasing the price of the fish first
of all. He felt that the current price
was too low based on the evident
demand and the price of frozen and

production  if |

canned fish. He also suggested a
schedule of complete harvesting
and restocking to provide the ponds
with a manageable routine.

In view of the eroded condition of
the watersheds which feed the
reservoirs supplying the Institute's
water needs, so basic to fish
farming, Duncan recommended the
addition of soil and water
conservation into the curriculum.
The first project in that area would
be to draw up a plan and proposal
for improving the catchment area by
planting trees and cover crops,
building a small dam, endorsing
little or no-till farming and other
conservation practices, and
working with farmers on the
watershed to accomplish this.

We hope to hear more from Thaba-
Khupa-- doing great things in
Lesotho!

:,’; ’ Py SRR '.:..'."-.'.:'... '.:i:'...:

Center Director, Ms. Violet K. Koali, and

Headmaster in front of campus cottage.
Photo: Bryan Duncan



On The Road
With The ICA

Technical consultants from the
International Center for Aquaculture
paid visits to Indonesia, Thailand,
Zaire, and Lesotho in January;
India in February; Bolivia,
Bangladesh, and Nepa! in April;
and Sudan and Sierra Leone in
May.

The WHAP Advisory Council
requested these visits for their
respective organizations last year
after having been advised by field
personnel of their needs. Once
needs were identified, the ICA team
scheduled trips to use manpower
and funds as efficiently as possible.

The Council is currently comprised
of Tom Zopf for CARE, Nancy
Nicalo for Church World Service,
Jeanette North for Catholic Relief
Services (CATHWEL), Robert
Pelant for  Heifer  Project
International, Tom Edwards for
Lutheran World Relief, Jim
Worstell for Save the Children
Federation and Bryan Duncan for
the Internatonal Center for
Aquaculture.

Scheduling for the 88/89 fiscal year
is underway now. Participating
PVOs should contact  Council
representatives if water harvesting/
aquaculture/ integrated agriculture
advice is needed. Consultants are
prepared to address issues ranging
from prefeasibility studies to post-
project impact assessment.
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"Fish Culture"

[FFrom the desk of:
ancy Blanks, Project Director

R,y

ecently, CARE's Tom Zopf, one of WHAP's original Advisory

ouncil members, shared his impressions of what we have learned from
vhe Water HarvestinglAquaculture Project. Zopf confessed that in the
beginning he, of all council members, was probably the most pessimistic
about the potential of the project.

An interesting thing happened, however, which changed his attitude.
The Advisory Council, made up of all institutional participants in WHAP,
ppened the door 1o true collaboration. Early on, the PVOs took the lead in
he project through the Advisory Council. They spoke clearly to both the
nagers of the project (Joint Center) and to the technical providers
Auburn University). A decision to provide regional training for PYO
taff members across the developing world was made at the wishes of the
VO participants at the first Council meeting held after notification of
unding. Other decisions followed and WHAP became a process in the
ruest sense of the word. The novel project that almost everybody said
ould never work was on its way.

D’s Office of Agriculture of the Bureau for Science and Technology

nd the Office of Private and Voluntary Cooperation of the Bureau for
ood for Peace and Voluntary Assistance funded the Water Harvesting/
quaculture project for five years through June 1989. Over that period 41
ouniries have received technical assistance andlor training through the
roject. One hundred and one PVO staff and their counterparts have been
rained directly through the project and many more indirectly. And,
erhaps most importantly of all, a systematic way of connecting technical
ertise to PVOs at the grassroots level has been pioneered.

ith WHAP's fifth year fast approaching, Zopf owtlined the forms of
ollaboration he felt the universities, PVOs, and Joint Center could ex-
lore in the future . Universities can develop new sectors of interest for
he PVOs--as proven by WHAP. The Joint Center can develop awareness
f PVO work among the university community, promote cost sharing
ctivities; develop a skills roster and act as clearinghouse for publications
ollaborate in joint pilot projects; and promote grants for universities to
rovide technical assistance to PVOs. PVOs can help universities in their
roject design efforts to include such elements as community maintenance
nd management of development systems. They can jointly bid on con-
racts, share PVOs’ existing host country infra-structures, and offer

cellent sources for internship positions. PVOs can also collaborate by
haring technical expertise and project management skills.

he Water Harvesting/Aquaculture Project has been a great _Iearm'_ng
erience for all of us. The Advisory Council is currently discussing

ollow-on funding to allow WHAP to continue as is or perhaps in an
anded capacity. If you have benefitted from this project and would

ike to see it continue, please let us know by letter. Your input is very

aluable to us. \HM% O(Za @g /
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Aquaculture Goes To New Heights In Nepal
by Mark Williams, SCF/Nepal Program Advisor

Bank Approves Loans
For Aquaculture Farmers
In Gorkha

Until very recently aquaculture was
not considered feasible in the
middle hills of Nepal.  The
Government of Nepal initiated a
large aquaculture project in the
Terai Region (plains area bordering
India), but no initiatives had been
undertaken in the middle hills area.

Through the Water
Harvesting/Aquaculture  Project,
Bryan Duncan visited Nepal in
February 1987 and met with Keith
Leslie, SCF Nepal's Director, and
Bharat Sharma, Director of Nepal's
Fisheries Department. A field visit
was arranged to assess the
feasibility ~and potential for
aquaculture in certain areas of the
Gorkha District, Gandaki Zone, the
area in which SCF had decided to

concentrate. It was determined that
not only was aquaculture feasible,
but it had tremendous potential to
provide a substantial source of
nutrition and income to the
communities.

Both SCF/Nepal and Sharma
became very excited about
aquaculture projects in the area and
initiated steps to promote the
concept. Many farmers were
interested. After  surveying
potential sites and interviewing
farmers, two were chosen as the
best candidates for first year
pilot/demonstration projects.

All parties concerned felt it essential
that a system be installed that would
insure  sustainability and the
potential  for  expansion  of
aquaculture by interested farmers in
the future. It was decided to try to
create a linkage between farmers
and banks. Aquaculture being a

new conzcept, both farmers and
lending agencies were reluctant to
take the risks involved in loans.
Banks in general were very hesitant
to give loans to small farmers
because of poor repayment
percentages. The reasons for this
varied, but the major reason was
poor feasibility analysis and little to
no follow-up assistance to the
entrepreneur.

In an effort to improve the
situation, the Department of
Fisheries put together a complete
feasibility and profit analysis for the
farmers and the bank. It was
agreed that SCF would provide
technical assistance and the farmers
would procure the loans.

Sharma and I accompanied the
farmers, Rishi Ram Sharma and
Kim Bahadur Adhikari to the
Agriculture Development Bank in
Gorkha. The Bank's inidal



response was negative. An hour's
conversation ensued during which
Sharma finally persuaded the bank
to approve the loans. The farmers
were required to put up portions of
their land as collateral. "I, as SCF
Program Advisor in Nepal, found
myself to be as nervous as the
farmers. Sharma and I, after all,
had initated the idea.

Pond construction began in May
1987. Both SCF and the
Department of Fisheries provided
ongoing  technical  assistance.
Because of initial delays in
acquiring loans, the first year's
growing season was shortened by
almost four months. Despite the
setbacks, the harvest was
profitable, the demonstration was a
success and the farmers are
repaying their loans.

Currently, there are six ponds all
financed by the bank--only one year
after the project's conception. The
two original farmers are integrating
banana trees and pig raising with
their ponds to increase profits.

We believe the impact of the
aquaculture projects is twofold.
First, aquaculture projects are
providing an added source of
nutrition to the community and a
means of income generation.
Second, the gap between Gorkha
farmers and lending agencies has
been bridged. Now all small-scale
enterprise in this area has a better
chance of finding funding.

SCF and CARE
Administrative and
Program S ta{j"

Receive WHIAA Training

Kathmandu was the site of a water
harvesting and integrated
aquaculture/agriculture training in
April. The six-day course included
the basics of selecting pond sites,
actual visits to potential sites, and
lectures and discussions on the
multiple uses of harvested water.

Alex Bocek and David Hughes
conducted the training, in this
fourth WHAP visit since 1985,
along with Bharat Sharma

CARE and SCF trainees guage stream (o determine water volume available for

aquaculture | agriculture,

(Director), Sukra Pradhan
(Fisheries Development Officer),
and Deep Swar (Project Leader)--
all, of His Magesty's Government
Fisheries Department of Nepal.
Field trips included visits to the
HMG Fisheries Station and a
private fish farm in Kathmandu.

Participants from Save the Children
were:  Kamal Prasad Bhattarai,

David Hughes , WHAP consultant, mans the stopwatch.

Photo: Alex Bocek

Huta Raj Tiwari, Surya Binod
Pokharel, and Sita Ram Luitel.
CARE's trainees were: Tilak
Bahadur Bhandari, Dirgha Jibi
Ghimire, Kedar Nath Bhatta, and

Maheswar Ghimire.
WHAP consultants also made
technical assistance visits to

a%laculture farmers involved in the
SCF program.
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Technical Notes
by Dr. Bryan Duncan and Alex Bocek, Auburn University

"A Guide to Integrated Warm Water Aquaculture”, by David Little and James Muir
was recentlg fwlist by the Institute of Aquaculture, University of Stirling,
Stirling FK9 4LA, Scotland. This book contains a wealth of information dealing
with a wide range of activities which can be integrated with aquaculture. Aspects of
waste utilization, irrigation water use, and complete integrated systems are
discussed. A good book with practical considerations for those interested in
integrated aquaculture.

"Fertilizing Your Fish Pond", "Chemical Fertilizers for Fish Ponds", and "Organic
Fertilizers for Fish Ponds" are three titles now offered by he International Center
Jor Aquaculture (ICA). The ICA has produced these technical booklets tailored
specifically for the participants of WHAP. These are just the first in a series of
publications to come in res%onse to the needfor technical literature expressed by the
PVOs (CARE, Catholic Relief Services, Church World Service, e%’er Project
International, Lutheran World Relief, and Save the Children Federation)
participating inthe Water Harvesting/Aquaculture Project. They are illustrated with
line drawings and cover frequently questioned topics. g &ou do not already have
cop(ies) and would like to obtain them, contact your PVO representative. The
eazptor requests your input in order to make the booklets as functional as possible.

\ | J
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Water Harvesting and
Aquaculture Development

In Guatemala
by Dr. Ronald Phelps, ICA

CARE/Guatemala began a family
fish pond extension project in 1984,
Currently it comprises over 550 family
ponds reaching more than 1000 families in
26 communities within the Alta Verapaz
and Chiquimula Departments. This
successful collaboration of institutions
provides an effective extension program
reaching near subsistence level farmers.
USAID has provided financial backing;
CARE the managerial skills; and a
govemment counterpart, DIGESEPE, and
Peace Corps the personnel to conduct the
extension activities.

The goal of the project is to
improve the nutritional intake of the
participants both directly through the
addition of fish protein to their diet, and
indirectly, through the income generated
from fish sales intended to increase
resources for buying food.

Environmental barriers include
steep slopes which are not suitable for
large ponds and are inaccessible to heavy
equipment, temperatures which  are
not ideal for tilapia, and annual dry
seasons that cause ponds to dry up.

Generally the ponds are stocked
with tilapia or a combination of tilapia,
common carp or snails,

WHAP has assisted CARE in
evaluating past activities and developing a
data collection and storage system that will
enable CARE to assess the technologies
being extended in terms of their
appropriateness and impact.  Assistance
has been given to help identify bottlenecks
in current activities and to propose

possible alternatives.

Small-scale aquaculture
development efforts worldwide tend to face
a common set of  problems.
CARE/Guatemala’s  project is no
exception. This project must contend with
limited land and water resources.
Individual farmers in the target group are
rarely able to have over 1000 m<2 of
impounded water. In Guatemala, the
average pond size is slightly over 200 m2
and few farmers have more than one or two
ponds. The challenge is to make these
small bodies of water as productive as
possible when cash for purchasing feeds or
fertilizers may be scarce,

The CARE project has approached
the problem of nutrient scarcity by
integrating other animal production with

Photla: Drym Ouncan, ICA

CAREIPeace Corps

Fall 1987

fish, including broilers and laying hens,
pigs, and rabbits. San Carlos University
in Guatemala is working with CARE 1o
develop more practical approaches for
livestock production for the participating
farmers. DIGESEPE is helping by
providing the livestock. This integration
increases  yields considerably while
teaching the farmers to be better animal
husbandrists, Moreover, such an approach
provides additional income and nutritional
alternatives on the farm while encouraging
better farm management.

To date, ICA has made three visits
and plans the next visit this December,
WHAP's involvement over the next year
will be to review the progress of various
project activities, analyze field data, and
help to solve technical problems,

fingerling  production ponds. Grass bundles provide envirownent

Jor spawning and compost corrals fertilize ponds. From left to right: Dr. Smitherman,
ICA; Ed Brand, CAREIGuatemala Director, Peace Corps Volunteer, and Corinne Pingel

Seltz, Project Manager.



PONDERINGS is issued quarterly by the
Joint PVO/University Rural Development
Cenler, Bird Building, Westem Carolina
University, Cullowhee, NC 28723,
Telephone (704) 227-7492, Telex 493-
2268.  Inquiries and submissions are
welcomed and should be addressed w0
Phyllis Stiles, Editor.

Leguminous Tree
Specialist Visits
WHAP-Assisted Project
by Ralph Montee, Joint Center

One of the Joint Center's functions
in WHAP is arranging, through the
Volunteer Consultant Pool and other
sources, for technical assistance beyond
water harvesting/aquaculture. One such
request for a leguminous tree specialist
came from the CARE field project in
Bolivia,

The purposc of the CARE project
in Bolivia is to help farmers make
improvements in the sustainable use of
their holdings by encouraging and
assisting ecologically sound efforts to
protect and utilize their watershed areas and
land more effectively, Key activities are
the construction of ponds to harvest runoff
water for multipurpose use (including
aquaculture and integrated agriculture),
small rural industry, soil conservation,

o

Pnstac RanPliag#, ICA

Kirsten Johnson, formerly CARE/Bolivia staff, talks with other CARE employees and aquaculture 8685

and the promotion of other environmental
improvements such as the afforestation of
water harvesting sites and watershed areas.
CARE-Bolivia is concerned with a
number of technical needs in various
geographic and climatic zones including:

(1) recommendations for
improving forests and pastures in
watershed areas combining grasses, shrubs
and trees;

2) a comprchensive
technical design for integrating lowland
agroforestry activities with coffee and other
crop production;

(3) suggestions for changes
in prevailing slope cultivation practices
through new crop combinations and
methods designed to control soil crosion
and improve soil quality.

CARE sought someone who could
identify reliable species, including. native
ones, which will serve multiple uses--

fodder, soil conservation, timber--and
which are adapted to local conditions.
Nitrogen -fixing specics have been

identified as particularly vital,

With the help of the ICA, a
specialist in leguminous trecs and shrubs,
Ms. Nancy Glover of the Nitrogen Fixing
Tree Association was located.
Armrangements were made for a two-week
technical consultancy for the CARE

WHAP ficld project in Bolivia July 1-14,

Glover's visit was well received by
the project. After her visit, along with a
report containing her recommendations for
forestry activities, Glover prepared a slide
show for CARE on shade trees with coffee
and agroforestry systems and ordered a film
from  the Intemational  Research
Development Center in Spanish which
promotes the use of trees in farming
systems. She also sent books in Spanish
dealing with coffec management and took
seed and rhizobium inoculent for those
exolic species recommended.

The Nitrogen Fixing
Tree Association

The Nitrogen Fixing  Tree
Association (NFTA) formed in 1981, is a
PVQ, not-for-profit association with about
1200 associates in 100 countries which the
association serves through a program of
communications and research and
development.  The NFTA is housed by
the University of Hawaii. It is committed
to the rescarch of leguminous trees and
shrubs and making that knowledge
available to development organizations.

Why Nitrogen
Fixing Trees?

Nitrogen fixing
trees are fast growing
mult-purpose plants that
can thrve in infertile
soils and provide
products that people
need, such as fuel wood,
animal feed, fertilizer and
tumber. In a sense these
trees arc living fertilizer
factories.

Dr. James
Brewbaker is president of
the NFTA. Although no
training is scheduled at
the moment, he invites
WHAP participants to
make  requests  for
training or consulting
known 1o the
Association. NFTA's
address is P.O. Box
680, Waimanalo,
Hawaii 96795  USA.
Telephone:  (808) 259-
Telex: 510100

workshop participants at water harvesting pond in Tarija. This pond was built about a year ago. Water 4385
harvesting is only one element of this natural resources management project.



WHAP: Delivering Technical Assistance and Training
Around the Globe

If there was ever any question that PYOs would be interested in accessing technical assistance in
aquaculture when the water harvesting project began in 1984, that question has now been answered
with a resounding "yes." Here is the technical assistance and training response to date:

Guutemala
Houduras
Panama
Equador

Visits Planned For This Year
In consultation with project particigants, the WHAP technical team has tentatively scheduled the
following visits for 1987-1988. In December, representatives will travel to Guatemala. January
and February travel will include Indonesia, Thailand, India, Zaire, Zimbabwe, and Lesotho. In
April Nepal, Bangladesh, Sierra Leone, and India are scheduled. (India has several PVO WHAP-
assisted projects.) And in June, Sudan will be the site of a training.

Aquaculture Training Scheduied at Auburn

The Department of Fisheries and Allied Aquacultures will offer a 15-week Aquaculture
Training Program March 26-July 16, 1988.

Lecture topics include principles of aquaculture, water quality, hatchery management, fish
reproduction, pond construction, fish nutrition, fish health and aquaculture economics.

Major emphasis is placed on practical training in various techniques essential for successful
rearing of aquatic organisms, Each participant gains experience in fish reproduction by spawning
and recaring common carp, grass carp, silver carp, bighead carp and tilapia. Techniques for the
larval rearing of channel catfish, striped bass, and freshwater prawn are demonstrated.

Each participant is provided a 200 m2 pond to "culture" a crop of fish. The ponds are
stocked with a species similar 1o those in the participant's area of the world and various pond
management techniques are evaluated. Culture techniques 1o be experienced include use of organic
and inorganic fertilizer, agricultural by-products and supplemental fish feeds and monoculture
polyculture schemes.

Field trips are taken to government fish hatcheries, private fish farms, fish processing
plants, and a feed mill.

Upon successful completion of the program, trainees receive a certificate of achievement in
aquaculwre training and a letter of evaluation is sent to the participants’ sponsors and/or
employers. This program is designed for foreign nationals in the developing country context.

Applications should be received by January 15 to receive first consideration as enrollment
is limited to approximately 20 students. Cost is $3500 plus approximately $500-5700/month for
personal living expenses. For more information, contact Dr. E. W. Shell, Aquaculture Training
Program, Aubum University, Alabama 368494201 USA. Tel: (205) 826-4786 Telex:
5106002392,

Num! f Visits: 85 86 87
1 Bangladesh 11

2

3

11

12

13

14

16

17

18

20

21

22

24

26

27

(SCF/CARE)

Bolivia 1 2 1
(CARE/SCF)

Cameroon 1
(All PVOs)

Congo 1
(CARE)

Dom. Republic 1
(CRS)

Equador 1
(CRS)

Egypt 11
(CRS/CARE)

Guatemala 111
(CRS/CARE)

Honduras 2
(CRS)

Indonesia 1 2 1
(HPY/Clusa/

All PVOs)

India 1
(CRS)

Ivory Coast 2
(OICI)

Kenya 1
(CARE)

Nepal 1 11
(CARE/SCF)

Panama 1 1
(ALL PVOs)

P. N. Guinea 1
(HPI/LWR)

Peru 1
(CARE)

Rwanda 1

(All PVOs)

Senegal 1 2
(CWS/CRS)

Sierra Leone 1
(HPI)

Sri Lanka 2
(CARE/SCF)

Somalia 1
(CARE/SCF)

Sudan 1
(SCF)

Tanzania 1
(LWR/HPD)

Thailand 1 21
(HPYSCF)

Togo 1
(OICI)

Uganda 1
(HPD)

Legend of PVOs:

Care

ivo Loagus of tn USA
Cathalic Relief Services
Church World Servics
Heifor Projoct intarnationel
Lutharan Waorld Rellel

Save the Children Fodaration
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A Hisiorlcal Look at Auburn University's Iniernational Center For Aquaculture

Editor's note: WHAP's technical assistance and training component is the responsibility of Auburn University's

International Center for Aquaculture (ICA). In this issue PONDERINGS takes a historical loock at the
development of the ICA in liew of Technical Notes .

The ICA was established in 1970. In #ts dcdication to intemational development , it has provided services
to 91 countries on 5 continents with a total of more than 132 person years. Because of its alliliatlon with
Auburn  University, the Center has several resources Including the academic, research and public service
programs and professional  staff of the Departments of Fisheries and Allied Aquacultures, Agricultural
Economics and Rural Scciology, and Agricultural Engineering. Joint collaborative agreements with the
University of Arkansas at Pine Bluff and informal agreements with other Institutions lend additional support to
ICA programs.

ICA has increasingly become involved with private voluntary organizations (PVOs) in international
development.  ICA helped to develop and became the technical provider for the Water Harvesting/Aquaculture
Project because of the common but unaddressed set of problems facing a number of PVOs and ICA. PVYOs
generally lacked sufficient aquacultural technical expertise and the ICA lacked the ability to deliver its
technology to grassroots beneficiaries.

Auburn University's fisherios program began in 1933 under the direction of Dr. Homer S. Swingle. For 50
years, the University has been a leader in applied research in warmwater fisheries and aquaculture. The staff
consists of 30 professionals in its Department of Fisheries and Allied Aquacultures and the Interational Center
for Aquaculture.  Facilities include a modern three-story building on campus, with offices, research and teaching
laboratories, and lecture halls. i.ocated near campus is a 900-hectare fisheries field research wunit with
approximalely 600 experimental units having a total water surface of 100 hectares. These facilities provide
good opportunities for students and staff to research aquacultural problems.

The graduate training program of the Department has an annual enroliment of 135 students in advanced
degree programs, of which 48 or more normally are from the international community. Auburn has gained an
international repulation because of unique field facilties and emphasis on applied research in developing
improved methods of producing fish for food.

Through its International Center for Aquaculture, Auburn University has contributed  substantially to
international fisheries programs.  More than 80 percent of its stafl participate directly in overseas projects,
Fishculture surveys and short-term studies related to specific flisheries problems have been carried out in 76
countries, most of them at the request of USAID misssions. ICA has cocperated with USAID misssions in
providing long-term technical assistance for aquaculture programs in Egypt, Jamaica, Rwanda, Honduras, the
Philippines, Indonesia, Columbia, Brazil, EI Salvador, Nigeria, Equador, and Panama.

WHAP currently employs Dr. Bryan Duncan as Technical Coordinator, Alex Bocek as research associate,
kand utilizes the services of Dr. Tom Popma and Dr. Ronald Phelps . J
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WHAP Continues For

Two More Years

After an evaluation process
that went around the world, the
Agency for International
Development (AID) has approved
funding for the final two vyears
(iarough June 1989) of the Water
Harvesting/Aquaculture Project.
AID evaluators Dr. Anson Bertrand
and John Oleson visited with each
of the US. agencies participating in
the project and traveled to
Guatemala and Indonesia to wisit
field projects operated by CARE and
Heifer Project International.

The project, cofunded by
AID's Bureau of Science and
Technology (Office of Agriculture)
and the Office of Private and
Voluntary Cooperation , began in
1984 as a collaborative project
involving the Joint PVO/University
Rural Development Center, Auburn
University's  International Center
for Aquaculture (ICA) and six PVOs--
CARE, Catholic Relief Services,
Church World Services, Heifer
Prcject  International, Lutheran
Wceld Reljef, and Save the Children.

The extensive evaluation
administered by a private
consulting firm, reached several
conclusions. Briefly, they are: the
project has successfully linked
PVOs to Auburn's ICA and fostered
cooperation among PVOs involved in
the project, ICA has provided
excellent technical assistance and
training, and all participants
support the role of the Joint Center
as coordinator.,

PONDERINGS
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Project Support Funds
Strengthen Existing
Projects

by Joyce Moore, Joint Center

In the Muurha Impact Area of
Eastern Zimbabwe, Save the
Children directs a project involving
farmers who have organized into a
Farmers' Collective, These farmers
have small plots of approximately 5
hectares and grow sunflowers, corn,
soybeans, and other vegetables that
must be guarded, incidentally, from
marauding baboons.

The Muusha area is
mountainous with both gentle and
steep slopes. Although rainfall is
somewhat unpredictable, there are
year-round streams that flow
through the impact area.

For the 1985/86 fiscal vear,
Save the Children (SCF) received
Project Support Funds to repair an
aquaduct to an existing pond and to
reactivate an irrigation system that
had fallen into disrepair. This
irrigation system lengthens the
growing season and allows for
greater crop diversity.

Five other projects associated
with  the Water Harvesting/
Aquaculture Project also received
Project Support Funds to strengthen

existing projects  during the
1985/86 fiscal year.
For the 1986/87 vyear, the

three following projects have been
granted Project Support Funds:;

l. Heifer  Project
International--Karen  Aquaculture
Project, Thailand--$15,000. This

project, for the Karen people, has
received technical assistance from
WHAP for the last two years. The
Karen people are a minority living
:n remote, inaccessible areas in
northern Thailand where public
services are generally unavailable.
The Funds will go toward the salary
of a full-time consultant who is

working with the Karen people to
design and implement integrated
aquaculture/agriculture projects
appropriate to their villages.

2. Save the Children
Federation--Kunda Pond
Cultivation,  Bangladesh--$14,867.
SCF will be using these Project
Support Funds to develop a 2
hectare community pond for fish
culture in the Nasirnagar district.
Although Bangladesh has great
potential for aquaculture, improved
techniques are unknown to many
villagers. This project is designed
to provide a source of reasonably
priced nutritious food and to
generate income for the village of
Kunda for independently financed
programs in the health and
education sectors. The site will
aso serve as a demonstration pond
and training facility for other
aquaculture initiatives in the area.

3. Catholic  Relief
Services (CRS)--Fish Culture at
Vaivaka and Manuguluru, India--
$14,500. This project area is
located in the low lying coastal area
near the Bay of Bengal. There are
approximately 110 landless
families in this area who, with the
support of CRS, are organizing into
cooperatives to manage ponds on
land leased from the Bishop of
Vijayawada and donated by the state
government. Fish harvested from
these ponds will provide both food
security and additional income for
families involved in the project.

At printing, these funds had
not yet been issued due to a delay
in the AID funding cycle.

Although budget revisions
indicate that Project Support Funds
will not be available for the final
two years of WHAP, we look forward
to hearing from those projects
which have recejved support as they
continue to build on the foundation
that these funds have provided.



Trainees visit field project in Nianga where a Peace Corps volunieer checks fish weight gain.

Senegal Training

Under the auspices of
participating PVOs, PVO project
managers and indigeneous
government administrators from
Zaire, Niger, Guinee-Bissao, and
Senegal gathered June 15-19 in St.
Louis, Senegal (in the northwest
corner near the coast) to acquire

moce knowledge about the
principals and practices of water
harvesting/aquaculture and
integrated agriculture as

mechanisms for rural development.
As decision makers, it will be up to
them 1o analyze the situation in
their wvarious countries as to the
viability of instituting aquaculture
projects there. This training
session will provide them with the
tools to do so.

One component of the
training was visiting a functioning
field project outside of St. Louis in
Nianga. At that site run jointly by
(RS and Peace Corps, participants
were able t0 see pond management
and ask questions about fish
culture first-hand.

Catholic Relief Services and
Church World Service were the
hosts for this training session
organized by Auburn University's
International Center for
Aquaculture (ICA). Dr. Bryan
Duncan (Auburn University), Jean-
Yves Mevel (Auburn University),
John Morrison  (University of
Arkansas at Pine Bluff), and Abdou
Rahmane Sarr (Church World
Service) led the four-day course
combining lectures and practical
field work. Nancy Blanks, WHAP
Project Director, was also on-site
for this session. All training
materials were translated and

printed in French, marking the
first training session not in
English.

The governments of Zaire,
Guinee-Bassao, and Senegal, the
Peace Corps, and PVOs--Habitat for
Humanity, Catholic Relief Services,
Church World Service, and World
Vision International--were
represented at the training. Seven
participants came from Senegal:
Jeremy Freidmund, Marsha Lin,
Abdoulaye Diallo, Assane Ndiya,
Abdoulaye Sou'gou, Demba Ba, and
Gregory Groth, Three attended from

Zaire: Nita Kumba, Ir. Nkwer
Kandol, and Ir. Manemodeke-
Ndjuro. Niger and Guinee-Bissao
each had one representative:

Oumara Elysee and Jose Magathaes.

Dr. Duncan said the participants
were interested and enthusiastic
about the potential of aquaculture
and that he has already received
one letter from a
participant who was surprised to
learn that this was the first
training given in French, it had
been executed so well.

ICA and the Joint Center are
now discussing the next WHAP
training, the first of the more
technical training sessions. Just as
the original project design
outlined, future trainings will
build on the interest generated
from the first three years' more
general sessions.

We would like to extend our
thanks to Lionel Derenoncourt,
Regional Representative for Church
World Service, and Laverne Pierce,
Country Director for Catholic Relief
Services for making this training
possible.

FROM THE EDITOR

This Is the sixth issue of
PONDERINGS which happens to
occur at the beglinning of the fourth
year of WHAP. If you wonder why
you never received your Winter
1986-87 issue, it is because there
isn't one. Joyce Moore, previous
editor of PONDERINGS and
information officer for WHAP, has
left the Joint PVO/University Rural
Development Center to become the
sage at “City Lights", her
bookstore and local center for the
intelligentsia. We, at the Joint
Center, will miss Joyce not only
because of her careful maintenance
of the mounds of information
generated by WHAP, but also

because of her gentle, witty
disposition.
As the new editor of

PONDERINGS, | would like to make
a request of all project
participants. PONDERINGS serves
as the telescope for all of us. It
offers each of you a device for
viewing projects that are similar
to yours but geographically far
away. Please share your
experiences through a lefter, an
edlitorial cartoon or a photograph.
Recounting your experiences could
shed some light on a probiem
another project is having. Auburn
University has been extremely
dedicated in reporting on their
technical involvement with the
project. The implementationof the
day-to-day field work is equally
essential to project realization,
Here are  PONDERINGS
deadlines for the coming year:
FALL 87 - AUGUST 24
WINTER 87 - NOVEMBER 9
SPRING 88 - FEBRUARY 1
SUMMER 88 - APRIL 2
A very snecial thank you
goes out to the PVOs who have sent
intheirresponses to themonitoring
surveys.
Very best wishes,

m.{w; Ty
Phyllis Stiles, Editor

PONDERINGS {s issued quarterly by the Joint
PVO/University Rural Cevelopment Center, Bird
Building. Western Cardlina University, Cullowhee,
NG 28723 (704) 227-7492. Address inquiries or
submiasions to Phyilis Stiles, Editar.




Harvesting Water, Not
Always For Devefoping

Aquaculture
During the first three years
of the Water Harvesting/

Aquaculture Project, the emphasis
has been on improving existing
water sources and increasing their
usefulness. The regional trainings
held in Panama, Indonesia, and
Africa stressed aquaculture and
integrated agriculture. But as the
project matures, participating PVOs
are requesting information and
assistance in developing new water
sources especially in arid and
semiarid areas. For many of them,
aquaculture is a secondary
consideration for harvesting water.

In many areas of the world,
rainfall is inadequate or seasonal
By using the terrain to collect some
of this rain into storage systems
from a catchment area or by
diverting seasonal stream flow, this
water can be used during dry
seasons. Since water is a basic need
for humans, animals, and plants,
there are many possible
applications for this harvested
water.  Supplementary irrigation
for gardens and trees, animal
watering, and normal household
uses--bathing, drinking, cooking--
are obvious possibilities. The
problem is not finding a use for the
water but harvesiing, storing, and
apportioning the water optimally.

Dr. Kyung H. Yoo is a soil and
water engineer from  Auburn
University's Department of
Agricultural Engineering. He is
working with Dr. Bryan Duncan and
other technical experts from
Auburn University's International
Center for Aquaculture to expand
the scope of WHAP. Last fall Dr.
Yoo worked with Save the Children
cd a dryland farming project in
Quoriyoley, Somalia where he
proposed a water harvesting system
for domestic and animal use,
minimizing commuting time to
remote crop fields. In February he
consulted with Catholic Relief
Services in Honduras on small-scale
irrigation systems in the
mountainous region near Choluteca,
where aquaculture is also a
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Dr. Yoo says that technically,
it is possible to collect all the
effective rainfall using structural
control. Indirect rainfall, such as
overland and subsurface runoff,
temporary and permanent streams,
springs and wells also offer
opportunities for harvesting.

The major considerations in
developing water harvesting
systems include the quantity of
water needed and available for
harvest, topography, land use, and
soil types present at the catchment
area. A minimum annual rainfall
of 50-80mm is deemed suitable for
water harvesting projects; however,
a minimum of several hundred mm
is preferred.

PVO staff can make
preliminary assessments of water
harvesting  potential with a
minimum of training. There should
be three stages in the
implementation  of a  water
harvesting project. The first is
site assessment during which the
objective is defined and the most
likely alternative  system is
suggested for achieving the
objective. The second stage
involves a detailed engineering
survey of the site for system
implementation. Lastly, the
system is put into place.  After
having assisted several member
PVOs with the first stage, WHAP
personnel believe that the second
stage will require assistance as
well. Means for doing this are
being considered. In most cases
the third stage will probably be
implemented by local contractors

or technicians
supervision.

WHAP can prepare advanced
materials to train qualified PVO
staff with an agriculture background
to make necessary assessments of
water harvesting potential
Questions on this topic should be
directed to Dr. Bryan Duncan,
Technical Assistance Coordinator
for the Water
Harvesting/Aquaculture Project for
the International  Center for
Aquaculture, Auburn  University,
Alabama, USA 36849. Dr. Duncan
also has video tapes available for
loan to interested PVOs which
describe water harvesting/
aquaculture technology and its
applications. For related reference
materials, see Technical Notes in
PONDERINGS, Spring 1986.

Related questions concerning
other aspects of multi-purpose
water development including soil
conservation, forestry, small
enterprise projects, arid and semi-
arid lands, and plants and land
usage may be directed to the Joint
Center.

In the collaborative spirit of
thejoint Center, this article is the
result of a group effort involving Dr.
Bryan Duncan, Alex Bocek, Dr. K H.
Yoo, Joyce Moore, and Phyllis Stiles.

under PVO staff

WHAP Update
June 1987

Totalv Number Cof Gounmes

Served

139 (21 in Africa, 1 in dedle
East, 7 Ini Asia Pacific, 10°
~ in Latin America)

F1e1d Projects Underway: :
17 projects in 13 countries in -
150 communities imple mented
by 6 PVOs

Total  Technical Trammg and
Program Assistance: -

37.9 person months
Additional Field
Being Developed:

9 projects in 6 countries
Note: These totals reflect
project to date.

Projects

the



Technical Notes
by Dr. Bryan Duncan and Alex Bocek, Auburn University

The Food and Agriculture Organization of the United Nations has published two illustrated
training booklets on the common carp. These are:
I. Common Carp |
Mass Production of £ggs and Early Fry
2. Common Carp 2
Mass Production of Advanced Fry and Fingerlings in Ponds
These step-by-step manuals have good drawings and informat fon for anyone Interested in the
subject areas. Previous experience with fish will be necessary to apply the techniques
described
For information on obtaining copies, write to:
Director, Publications Division
Food and Agriculture Organization of the United Nations
Via della Terme di Caracalla, 00100 Rome, Italy

The Asian Institute of Technology has published the following:
AIT Research Report No. 184, "Pilot Small-Scale Crop/Livestock/Fish Integrated
Farm”
AlT Research Report No. 198, "Buffalo/Fish and Duck/Fish Integrated Systems for
Small-Scale Farmers at the Family Level”
Both have good Information on the stated topics relevant to areas in Southeast Asia. Each
contains production and economic costs and returns for the various systems tried with
explanations for some of the results obtained Photos and figures are included.
For Information on obtaining copies, write to:
Environmental Sanitation Information Center
Agricultural and Food Engineering Division
Asian Institute of Technology
P.O. Box 2754, Bangkok 10501
Thailand
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PONDERINGS

A Quarterly Newsletter of the Water Harvesting/Aquaculture Project

CAMEROON TRAINING

The fourth regional WHAP
training, hosted by Save the
Children - Cameroon and the
Government of Cameroon, took
place March 10-14, 1986. The
training, designed to provide
PVO staff with an introduction
to water harvesting, aquacul-
ture and integrated agricul-
tural activities, was held
near Bamenda, a town in north-
west Cameroon. Thirteen PVO
staff members from eight coun-
tries and five staff members
of the Mbengi-Mamo Fisheries
Station, where many of the
field activities tock place,
attended the training.

Spring 1986

Participants in the training held in Camerocon

Training participants sponsored by
Catholic Relief Services were Vewonyi

K. Adjavon - Togo, Frederick Amang -
Ghana, Allie Forna - Sierra Leone, Magued
Helmey - Egypt, and Jonas Mva Mva -
Cameroon. CARE sponsored Jean-Bernard
Lindor fram Camercon and Leo MacGillivray
fram the Congo. Heifer Project Interna-
tional sponsored Frederick Johnnie and
Frank Anthony from Sierra Leone, Lutheran
World Relief sponsored Thaomas Berkas and
Ratolganahary Joseph from Madagascar, and
Church World Service sponsored Abdou
Rahman Sarr fram Senegal. Mulah John
Tayim, John Barah and three other staff
members of the Mbengwi-Mamo Fisheries
Station also attended many of the classes.
Barah, Director of the station, is an
alumus of ICA at Auburn University.
Wilfred Banmbuh, Cameroon Country Director

for SCF, deserves a special thanks for
arranging and hosting this very successful
training.

For many of the trainees, it was a unique
opportunity to meet other development
workers with similar interests and share
their knowledge and experiences with each
other. This informal exchange, coupled
with structured classes and individual
meetings with the trainers, provided the
trainees with a variety of insights into
water harvesting/aquaculture technology.

Technical trainers Dr. Bryan Duncan fram
Auburn University and Dr. Frank
Merriwether fram the University of
Arkansas at Pine Bluff and Nancy Blanks,
Project Director for WHAP, labeled the
training as "one of the best."



Technical Notes
by Dr. Bryan Duncan, Aubum University

There is often a need for harvesting
(collecting and storing) surface water

for tts many uses, whether a region is
arid, semiarid or tropical with sub-
stantial rainfall. Structure designs
will vary depending upon rainfall pat-
terns--for example, to prctect against
neavy flows or reduce evaporation and
seepage--but basic principles are the
same. It must also be kept in mind that
the cost and sophistication of water
harvesting structures varies considerably,
and in each case the least-cost alterna-
tives should be sought. Listed below
are useful references.

1. More Water for Acuaculture: Fromising
Technologies and Research Opportunities.
National Academy of Sciences, Washington,
D.C., 1974.

This publication is free to recuests made
on organizational letternead. It is a
general introduction to the topic and not
a technical manual, however, the biblio-
graphy has many citations of technical
works. A Frencn-language version is
avatlable. It may be obtained from:
Office of Science and Technology, Develop-
ment Support Bureau, Agency for Interna-
tional Development, Washington, D.C.

2. Handbook of Water Harvesting. U.S.
Dept. of Agriculture, Agricultural Research
Service, Agriculture Handbook Number 600,

This handbook describes some of the methods
and materials being used to collect and
store precipitation runoff to provide
drinking water and presents a step-by-step
gutde to the design, selection of mate-
rials, installation, and maintenance of
water harvesting systems. Copies of this
publication may be purchased from the

U.5. Govermment Printing Office, Washing-
ton, D.C. 20402. When ordering by mail,
ask for the publication by title and
series, For faster service, call the

GPO order desk at (202) 783-3238 and
charge the publication to your credit card.

3. Ponds - Planning, Design, Construction.
U.S. Dept. of Agriculture, Soil Conserva-
tion Service, Agriculture Handbook Num-
ber 590.

This manual deals with most of the impor- q
tant asrects of site selection, design
and construction o earthen ponds jor
capture and storage of surface runoff
water. t 15 a very useful book, though
estimation of runo;f depends upon rain-
fall data that may not always be avail-
able in develoring countries, in which
case experience will be required to make
estimations. This publication is avail-
able from the U.S. Government Printing
Office at the address given above. 4
limited mwunber of copies are available
from Bryan Duncan at ICA.

4, Field Engineering: An Introduction
to Develorment Work and Construction
in_Aural Areas. Compiled and edited
by Peter Sternm and others from an
original work by F. Longland, Inter-
mediate Technology Publications, 1983.

In addition te water development, this
very handy manual deals with a variety
of basic engineering methods applicadle
to rural development in developing coun-
tries. It should be on the snelf (or

in the suitcase) of every develorrment
worker dealing with technical subjects
related to engineering.

PROJECT SUPPCRT FUNDS AWARDED

One of the unique features of the Water
Harvesting/Aquaculture Project is the pro—
vision of Project Support Funds. A sum of
fifty thousand dollars is allotted annu-
ally to assure that funding crises will
not endanger approved field projects.

The six PVO members of WHAP submitted 17
worthwhile project proposals with budgets
totaling $149,354. Since only $50,000 was
available, same difficult decisions had to
be made. The Advisory Council, which is
made up of representatives of all the mem-
bers of the Water Harvesting Project,
decided to evaluate the proposals using
the following questions as guidelines:




1. Was the proposal submitted by samecne
who had attended one of the regional
trainings?

2. Had the project received technical
assistance from WHAP?

3. Were water harvesting and integrated
activities central to the project?

4. Was the project community-based and
directed toward low-incame families?

5. Was the project likely to promote
further development activities?

Using these criteria, the Project Support
Funds were distributed among the following
six projects:

® CARE - Support for Phase I of a
Camnunity-Based Technical Assistance Pilot
Project in Renewable Resource Management,
Bolivia - $15,000.

® Catholic Relief Services ~ Aquaculture
Project, Cammunity of Muyen, Honduras -
$5,341.

® Catholic Relief Services - Camunity
Aquaculture/Tole, Panama -~ $7,100.

® Catholic Relief Services - Comunity
Aquaculture/Canazas, Panama - $7,042.

@® Save the Children - Water Harvesting/
Aquaculture Project, Nepal - $14,000.

® Save the Children - Aquaculture
Project, Munsha Impact Area, Zimbabwe -
$5,285.

The Advisory Council was able to recammend
projects whose budgets totaled slightly
more than $50,000 because same of the
budget items were identified as training
and technical assistance costs and could
be provided out of other project funds.

It was very difficult to eliminate pro-
jects because all of the proposals sub-
mitted represented a well-defined need.
However, since Project Support Funds will
also be available for the next fiscal
year, projects which are not able to find
other funding should resubmit proposals
for consideration in the next funding
cycle.

Ponderings Is issued quarterly by the Joint PVO/University Rural
Development Center, Bird Buildlng, Western Carolina University,
Cullowhee, NC 28722. {704) 227-7492. Address enquires o Joyce
Moore, Editor.

BOW TO REQUEST TECHNICAL ASSISTANCE

Since the beginning of the Water
Harvesting/Aquaculture Project in 1984,
Dr. Bryan Duncan and other technical
experts fram Auburn University have
visited PVO field projects in Bolivia,
Egypt, Nepal and Sudan as well as in 12
other countries across the world. During
these visits they have provided a wide
variety of technical assistance ranging
from feasibility studies at undevelopad
sites to consultations at established
sites where water harvesting is integrated
with a wide range of agquacultural and
agricultural activities.

LOMINICAN
N.“nv'. s

WHAP field projects are located in 16
countries across the world.

Because of the wide variety of technical
assistance needs, it is important for
WHAP's technical experts to have same
basic background information on each field
project in order to be prepared to provide
the most appropriate advice. Dr. Duncan
has suggested that a request for technical
assistance be accawpanied by a one-page
summary that includes the following
information:

1. Project Description. This should
describe the location, basic environ-
mental conditions, and the current
water-related activities at the site.

2. Scope of work. This should include
a brief description of what is
expected fram the technical expert,
when the assistance is needed, and the
estimated time necessary to camplete
the task,




3. Contact person. Who is the person
in charge of this project at the site?

If the field project is supported by a PVO
participant in WHAP, there is no charge
for the consultation aor the travel to and
from the site. (Member PVOs are CARE,
Catholic Relief Services, Church World
Service, Heifer Project International,
Lutheran World Relief, and Save the
Children.) However, the project should be
prepared to support the technician during
the time he is providing technical
assistance at the field site.

An effort is made to caombine technical
assistance visits in order to conserve
travel costs, so it is important to make
TA requests with as much lead time as pos-
sible to facilitate scheduling. Requests
should be sent to the hame office of the
supporting PVO which will forward the
request to the Water Harvesting/
Aquaculture Project.

BPI CFFERS THIRD ANNUAL INSTITUTE ON
LIVESTOCK IN DEVELOPMENT

The third annual Institute on Livestock in
Development will be held August 3-8 at
HPI's International Learning and Livestock
Center in Perryville, Arkansas.

The emphasis of the Institute is on
increasing all participants‘’ skills and
knowledge in the changing arena of live-
stock development, It is directed toward
people who work in rural development with
low-incame families, primarily focusing on
Third World countries.

Livestock development experts fram HPI and
Winrock Internaticnal will give presenta-
tions on major issues in small-scale
livestock development and lead group dis-
cussions, Field visits will be made in
the Central Arkansas area to farms which
are examples of innovative work in small-
scale livestock production.

The cost per participant is $345, which
includes all meals and lodging. For
further information contact David Gill,
Heifer Project International, Route 2,
Perryville, AR 72126. (501) 889-5124

SMALL LIVESTOCK PRODUCTION COURSE

A workshop entitled "International
Short-Course in Small Livestock
Production" will be held June 2-6, 1986,
at Alabama A & M University in Normal,
Alabama. The tuition for the course is
$20 per trainee.

The workshop is intended for trainees with
a strong interest in international small
animal agricultural development, with
emphasis in self-sufficiency food produc-
tion for the developing countries. The
International Small Livestock Research
Center is presently focusing on species
which include rabbits, guinea pigs,
chickens, ducks, gquinea fowl, and coturnix
quail.

For additional information about the work-
shop or the Research Center, contact Dr.
Steven Lukefahr, Dept. of Food Science and
Animal Industries, Alabama A & M Univer-
sity, Normal, AL 35762, (205) 859-7433
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Cooperation is an important underlying
theme of the Water Harvesting/Aquaculture
Project. By developing a network of organ-
izations who are interested in the same
basic technology, WHAP has brought to-
gether people who have shared ideas,
information and inspirations. This is a
strategy that becames increasingly impor-
tant as we are faced with limited
resources.

In Nepal we can see a good example of
organizations cooperating to share
resources. Both CARE and Save the
Children Federation (SCF) have projects in
an area east of the city of Pokhara in
central Nepal. This region is character-
ized by steep hills, low mountains and
narrow valleys watered by streams which
are tributaries to the Marsyangdi River.
Although the projects have different empha
ses, the two PVOs are working together as
well as with the Fisheries Department of
HMG-Nepal and with USAID.,

J. R. Snow, a retired professor fram
Auburn University and the first volunteer
consultant for WHAP, visited Nepal between
November 19 and December 7, 1985. Profes-
sor Snow and his wife, who accompanied him
to Nepal, found that their lifelong inter-
ests in hiking and camping were put tn
good use as they trekked to 30 existing
and potential water harvesting/
aquaculture sites in the Himalayas.

Because animal manures are used for field
applications, Snow feels that aquaculturc
at most sites would benefit from an

Winter 1986

Aquaculture benefits fram an integrated
approach using pigs to fertilize ponds.

integrated approach cambining rice, ducks
or livestock with fish.

One innovative farmer was using a pig/fish
combination that worked well for him. His
two hand-dug, rectangular ponds with areas
of 11ém2 and 112m2 were stocked with grass
carp, silver carp and camon carp. The
ponds were fertilized by five pigs which
were raised in sties near the ponds.
During the previous harvest, the ponds
produced 68.4 kg or 0.297 kg/m2 of fish at
a very low imput cost.

There are also sawe larger lakes in the
region. Lake Rupa Tal with an area of
appraximately 117 ha supports a camercial
fishery during the winter months. There
is both gill netting and cage culture
present in the lake. The fisheries are



being threatened by a high sedimentation
rate, although watershed improvement
measures such as reforestation are being
implemented and should reduce erosion.

Peter Heffron, acting project director for
CARE, and Gary Shaye, project director for
SCF, feel that the next step in improving
water harvesting/aquaculture potential for
Nepal is further training. Planning and
presenting this training is yet another
opportunity to use cooperation for the
benefit of all those involved.

WEST AFRICA TRAINING

The regional training for West Africa is
scheduled for March 10-14 at the Aquacul-
ture Station at Ku~-Bame in the Republic of
Camercon., The training will be centered
around the theme of Water Harvesting and
Integrated Aquaculture/Agriculture for
Village Development and wiil involve PVOs
fram countries in the region surrounding
Cameroon.

Save the Children has been working with
WHAP and the Ministry of Agriculture of
the Republic of Cameroon to arrange
facilities for the training.

The course is intended for the administra-
tive and program staff of Catholic Relief
Services, Church World Service, Lutheran
World Relief, CARE, Save the Children and
Heifer Project International. The approxi-
mately 20 trainees will participate in lec-
tures, discussions and field activities.

The topics to be covered include social
considerations, feasibility, aquaculture
principles and practices, waterborne human
diseases and econamic considerations.

Bryan Duncan fram Aubwrn University, Frank
Meriwether from the University of Arkansas
at Pine Bluff and Nancy Blanks from the
Joint Center will be the trainers and will
also be scheduling on-site technical assis-
tance visits following the course.

A similar course held at the National
University of Rwanda in July 1985 involved
participants fram Uganda, Zimbabwe,
Zambia, Kenya, Rwanda and Burundi.

Technical Notes
by Dr. Bryan Duncan, Aubum University

The following publications are recom-
mended as primers on water harvesting
and aquaculture.

Simple Methods for Aquacultire: Water
for Freshwater Fish Culture, FAO Train-
ing Series 4, UNFAO, Rome, 1981.

This well-tillustrated publication pre-
sents simple methods for the collection
and storage of water useful for many
applications (not just aquaculture).

It is available in Englisn, French and
Spanish, and may be obtained in the
U.S. from UNIPUB, 1180 Apenue of the
Americas, New York, KY 10036.

Fish Culture for Small-Scale Farmers,
by Peter Fdwards and Hamtorn Kaewpailtoon.

This useful manual deals with justifica-
tions for fish culture and all aspects of
fish pond management, irncluding integra-
tion with other animzi:. This well-
illustrated manual is elementary in
approach. It is recommended for those
with little or no technical background.
It is avatlable in English or Thai from
Dr. J. Valls (ENSIC}, Library, Asian
Institute of Technology, PO Box 2754,
Bangkok 10501, Thailand.

Freshwater Fish Pond Culture and
Management, by Marilyn Chakroff.

This publication is more detailed than the
ones mentioned above, but ts still aimed
at the uninformed, interested person. It
is avatlable from VITA Publication Sales,
80 South Early St., Alexandria, VA 22304.

For information about publications dealing
with more detailed aspects of water har-
vesting or aquaculture, contact Bryan
Duncan, Swingle Hall, Auburn University,
Auburn, AL 36849.

A AARA AR A K AR AR
"Technical Notes" will be a regular
feature of Ponderings. If you have
questions about water harvesting or
aquaculture that you would like an-
swered in future issues, send them to
the Editor or to Dr. Duncan.




WHAP LINKS PUSPETA/SPRING CREEX

Dear Friends,

Same of the most interesting parts of the
Water Harvesting/Aquaculture Project are
the unintended results which happen along
the way. While I was in Indonesia taking
part in the second regional training, I
became aware that PUSPETA, the cooperative
which hosted the training, was not only
working with farmers but was also develop-
ing programs for landless people.

PUSPETA's staff tock me on a tour of two
of their projects — a sewing project and
a furniture project making use of the wood
carving skills of the Indonesian crafts-
men. A master Dutch furniture maker had
designed replicas of antique furniture
using local mahoghany. The carefully made
furniture was impressive.

The Cooperative was working on two
problems — finishing the furniture and
marketing it, Before the furniture is
made the wood is dried to the proper 12
percent moisture content, but due to the
high humidity, final finishing cannot be
done in Indonesia. PUSPETA asked me to
think about solutions to these problems
when I returned to the States.

" Back hame, the Econamic Development Center
at Western Carolina University's Center
for Improving Mountain Living told me
about Spring Creek, an isolated mountain
camunity with high unemployment where
people had formed a cooperative to develop
job opportunities. Spring Creek might
welcame the opportunity to develop a
furniture finishing business since a
number of residents had prior experience
in furniture finishing.

After considerable discussion, the Spring
Creek Cooperative decided that this oppor-
tunity would match their goals and they
have created a foundation to develop a
plant and train residents to finish the
Indonesian furniture,

A group of former Peace Corps officials
and volunteers is working to develop mar-
kets and capital for the project in the
U.S. So, a three-way partnership is under-
way. It should not be long before the
first load of furniture arrives here.

This has been a delightful but unexpected
result of WHAP. It is an exanple of how
we can maximize resources aznd support our
efforts in new and different ways.

7\““%8‘4‘”&

MORE ON EVALUATION

The last issue of Ponderings described
the two baseline inventories or surveys
developed by Ralph Montee and Dr. Fred
Bates. Several people have written asking
for more information about these
evaluation tools.

"The Camunity Inventory" which is de-
signed to assess the overall level of
development in a cammunity and the
"Household Inventory Schedule" which is
used to describe the status of individual
households within the cammunity, are avail-
able upon request. Write to: Ralph
Montee, Joint PVO/University Rural
Development Center, Western Carolina
University, Cullowhee, NC 28723.

FRCM THE EDITCR

While we were working on this edition of
the newsletter, Sam, head of the WCU print
shop, expressed same amusement about using
a picture of pigs on the front page. As I
campleted my best lecture on integrated
agriculture/aquaculture, he said, "I
understand, it's like a family fuss — one
thing leads to another."

The same can be said about WHAP, Training
and technical assistance lead to the devel-
opment of water harvesting projects. 1In
turn, we hope these will lead to better
nutrition, higher incame and eventually,

to other development opportunities. As the
project continues, we will be sharing more
stories about "one thing leading to
another, "

Ponderings Is issued quarterly by the Jolnt PVO/Untverstty Rural
Development Center, Bird Bulldlng, Waestern Carollna University,
Cullowhee, NC 28723. (704) 227-7492. Address enquires to Joyce
Moore, Editor.



AUBURN SHORT COURSE

The annual short course on Water
Harvesting/Aquaculture will be held at
Auburn University August 25-29, 1986. The
course is jointly sponsored by the Interna-
tional Center for Aquaculture at Auburn
University and the Joint Center at Western
Carolina University.

The course is structured for the adminis-
trative and program staffs of PVOs. Par-
ticipants do not need a technical back-
ground to attend the course. Course
objectives are:

1. to create awareness of water
harvesting/aquaculture as a simple
technology with potential for accelerating
rural development;

2. to create awareness of opportunities
for development made possible by establish-
ing small pond water resources; and

3. to give development practitioners
sufficient Ii:foimation to make preliminary
assessment of the feasibility of water
harvesting projects.

There is no cost for participants fram
PVOs associated with the Water Harvesting/
Aquaculture Project. Others must pay a
registration fee of $50. All participants
must provide for his or her own transporta-
tion, meals and accammodations.

For more information contact Dr. Bryan
Duncan at the International Center for
Aquaculture, Auburn University, Auburn, AL
36849 (205) 826-4786; or Nancy Blanks at
the Joint Center (704) 227-7492.

AQUACULTURE GOES VIDEO

Did you know that...

e in 1981-82, the amount of protein in the
human diet provided by fish was only
slightly less than the protein provided by
beef and pork combined?

s since 1967, the price of fresh fish has

increased 489 percent campared to 170 per-
cent for eggs, 230 percent for vegetables,
248 percent for wheat and 261 percent for

fruit?

¢ in 1984, shrimp was Equador's second
most important export after oil?

e aquaculture produces 30% of the fish
consumed in China and India?

This information and a lot more can be
found in a new video called "Agquaculture:
Its Time has Came," produced by Auburn
Television for the International Center
for Aquaculture at Auburn University. The
20-minute tape provides a good introduc-
tion to aquaculture and describes.its cen-
tral role in the concept of integrated
agriculture.

Partial funding for the videotape was
provided by the Agency for International
Development and copies have been sent to
USAID missions throughout the developing
world. Copies are available from ICA at
Auburn University. For more information
contact Dr. E. W. Shell, Director, Interna-
tional Center for Aquaculture, Aauburn
University.
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WATER ~ CATALYST FOR DEVELOPMENT

Water is a very important element in ocur
lives. 1It's absence or presence can make
a vast difference in how well we live. If
water is plentiful, we take it for
granted; it is only when it becomes scarce
that we realize how dependent we are on
it. Crops and livestock are usually the
first to feel its absence. Households and
communities run less smoothly when water
supplies are disrupted and industries
which are dependent on water have to
reduce their production or shut down.

Approached from the other direction, a new
or improved socurce of water where none had
been available before provides opportuni-
ties for households and commnities.

Water harvested in ponds during rainy
periods and saved for dryer times can be
used in many ways. Food production can be
increased through irrigation; reforesta-
tion can be encouraged by planting and
sustaining young trees; aquaculture is
possible and, combined with the production
of other livestock, becames nearly self-
supporting. A reliable source of water
may encourage new income-generating
opportunities. As these development
opportunities became available, they are
expected to have a positive effect on the
standard of living of a family or
commnity,

One of the goals of the Water Harvesting/
Aquaculture Project is to design an

evaluation system that will determine what
does happen when new or improved supplies

Surmer/Fall 1986

of water in ponds become available. In
order to measure this change it is
necessary to find out some basic
information about families and their
comminities so that we have a baseline to
use in measuring or evaluating the impact
of increasing or improving water
resources.

Ralph Montee, evaluation coordinator for
WHAP, is working with PVOs, the Advisory
Evaluation Panel and Dr. Frederick Bates,
the evaluation design consultait fram the
University of Georgia, to develop a
framework to measure these changes.
Montee, Bates and Beth Schmidt, who worked
cn the project first as an intern from the
Sauth~East Consortium for International
Development Center for Women in
Development and later as a volunteer
consultant, have variously traveled to
Bolivia, Nepal, Thailand and Indonesia to
test the evaluation process and begin
collecting information about the people
and communities where water harvesting
projects are being implemented.

As one PVO field staff wrote to Nancy
Blanks, the Project Director, "It is no
longer good enough to say let's at least
do something. All too often that
samething is, in the long run, Lore
destructive than useful." As a project
that is based on university/PVO coopera-
tion, WHAP is combining university and PVO
resources to determine what actually
happens when a development intervention is
made. This knowledge can be used to
improve both the Water Harvesting/
Aquaculture Project and other collab-
orative development projects that are
undertaken in the future.



Technical Notes
by Dr. Bryan Duncan, Aubum University

PUBLIC HEALTH ASPECTS
OF WATER HARVESTING/AQUACULTURE PROJECTS

Wherever new or more extensive water resources are developed, pubiic health
implications are always a concern. In creating water resources to solve problems of
health, nutrition and income, it is not our desire to create other problems. Harvest
and storage of overland runoff, stream flow and other surface water, which is generally
unprotected from environmental contamination and is accecstible to insects, snaile and
other potential disease vectors, 1s of special concern to development workers. It is
interesting to note, however, that, in situations where the quantity of water is
eritieally limited, public health conditions appear more related to the quantity of
water available rather than the quality of the water. While this observation is not
an excuse for tgnoring water quality, it does suggest that water of poor quality is
better than no water. ionetheless, water-related development projects must be
committed to providing the best possible water quality.

Conditions potentially harmful to hwman health, where a pond water source is
concerned, may result from:

1) Substan.es entering tne rond with the water. For example, pesticides drained
from adjacent fields or other upstream areas or carried on the wind in the case
of aertial spraying. Such harmful substances are often more dangerous for fish
than for human users.

2) Infectious diseases introduced into the pond via hwman and animal manures used
as_fertilizers. Ponds are effective as sewage treatment units, and the pond
environment is unsuttable for the survival of pathogenic bacteria. There tis
potential, however, in some cases where human feces are used, for the trans-
mission of polio, cholera, typhoid, hepatitis, dysentery (bacterial, viral and
protozoal), schistosomiasis, dracunculosis, among others.

3) Proliferation of disease vectors that require an aquatic enviromment for all or
part of their life cycles, the most important of which are mosquitoes and
snails. Some diseases transmitted by these vectors are malaria, yellow fever,
dengue fever, encephalitis, filariasis, clonorchiasis, paragonimiasis and
schistosomiasis.

The good news ts that a pond properly maintained for the most efficient capture

and storage of water and cultivation of fish ts an unfavorable environment for the
survival and proliferation of aquatic-borme disease agents and their vectors. Main-
taining ponds free of aquatic vegetation and debris reduces vector habitats. Tilapia,
the most commonly utilized fish in warm climates, will eat mosquito larvae. There

are fish that will feed on snails. The "sewage treatment' capabilities of a pond

help to control disease transmission. Placing feces in a pond denies access to flies,
common vectors of infectious disease. Fish and other food products coming into contact
wit!. contaminated pond water rarely are a source of disease if cleaned and/or cooked,

It is important in the planning stages of water harvesting/aquaculture projects to
thoroughly understand the public health implications in the targeted geographical
area, so that they may be considered in the project design.

These are a few general considerations. The authcr will gladly provide more detatled
information for interested persons.




WHAP PROJECT OVERVIEW

The Water Harvesti j/Aquaculture Project
(WHAP) is not just one project but is a
collection of many projects, each spon-
sored by one of six private voluntary
organizations (PVOs). These PVOs are:
CARE, Catholic Relief Services (CRS),
Church World Service (CWS), Heifer Project
International (HPI), Lutheran World kelief
(IWR), and Save the Children Federation
(SCF).

WHAP exists to provide training and
technical assistance to these PVOs so that
they can initiate or improve their activi-
ties in the area of water harvesting,
aquaculture and integrated agriculture.
Auburn University provides the TA and
training expertise and the Joint Pwy/
University Rural Development Center coordi-
nates WHAP and encourages collaboration
among all the participating agencies.

Since the beginning of WHAP in 1984,
projects in 18 countries across the world
have received technical assistance from
Auburn University's International Center
for Aquaculture (ICA). Some of these
projects were already underway and same
new projects are being developed with
assistance from WHAP. The following brief
descriptions provide an idea of the
diversity of projects that are being
developed.

Bolivia - CARE

In Bolivia CARE is developing a model for
commnity-tased natural resource manage-
ment using water as a focal point. The
project area in southern Bolivia is in a
semiarid mountain valley. Rainfall is
seasonal and erosion it a severe problem.
(ARE is working with communities to assess
their local natural resources, develsp a
plan based on this assessment and imple-
ment the plan. Watershed management,
including water harvesting, aquaculture
and integrated agriculture, is a concept
that has been incorporated in the
cammnity planning process.

Art Flanagan, who was assistant country
director of (ARE/Bolivia at the time,
attended the 1984 training at Auburn, and
Ron Phelps fram ICA has made several Ta

visits to Bolivia. In June 1986, CARE
received $15,000 of project support funds
from WHAP to assist the comunity-based
design feature of the project. Ralph
Montee has visited Bolivia to begin the
evaluation camponent of the project.

The community of San Mateo provides a good
example of water harvesting as a catalyst
for development. A large pond is being
dug to provide water for smaller ponds
where fish and ducks will be raised. The
runoff water from the fish ponds will be
used to irrigate fruit trees. A small
brick-making industry is being developed
near the large pond. The 11 families in
the cammnity have organized into =
cooperative to manage the pond and the use
of the pond water.

Thailand - HPI

The Center for the Uplift of the Hill
Tribes (CUHT) is a training center for the
Karen people, a tribal minority living in
northern and western Thailand. The Karen
people are primarily subsistence farmers
and, although some have irrigated paddy
rice fields in their narrow valleys and
terraced hills, most families must also
depend on slash/burn cultivation. Many

have diets that are protein deficient.

Beth Schmidt (r) interviews Thai family.

CUHT is sponsored by the Karen Baptist
Convention and receives support from HPI.
The Center has about six acres of lané
whicn supports gardens, orchards, fish
ponds, pigs and ducks. In addition to

being a training center for approximately
50 sgudents each year, CUHT is also an



agricultural experiment and demonstration
center for an extensive village extension

program.

Sunny Danpongee, CUHT project manager,
attended the training held in Indonesia
and Bryan Duncan has made three technical
assistance visits to the center. Beth
Schmidt and Fred Bates have visited the
area to begin the evaluation process.

HPI has recently funded a full-time
aquaculture technician, Russell Gaulin,
who will design trials, demonstrations and
training for aquacultural/agricultural
extensionists and help the extension
specialists design outreach prograws for
the Karen villagers.

Senegal - CWS

In Senegal, Church World Service is
developing an aquaculture project in Keur
Momar Sarr at the southern tip of Lac de
Guier. This is an area where OWS
conducted an emergency food program for
formerly nomadic people who had been
dislocated by the extreme drought of 1983,

Trainees inspect cage culture.

(WS hopes to introduce and develop fish
farming techniques in an area where the
fish supply in natural waters is declining
so that people can increase both their
income and their protein intake.

There are several factors that indicate
that an aquaculture project could be
successful: abundant water, clayey soils
suitable for constructing ponds, adequate
nutrients for fish food, a demand for fish

and a positive attitude toward
aquaculture. In addition, the CWS
technicien, Abdou Sarr, has completed a
four-montii aquaculture course at ICA and
also attended the training held in
Cameroon. He has initiated a cage culture
project and will be working with support
from Bryan Duncan who visited Senegal to
further monitor the conditions of the area
and develop a plan for a more extensive
aquaculture project.

Somalia - SCF

In Quoriyoley, about 150 km north of
Mogadishu along the Shebbellee River, Save
the Children is working with refugees from
Ethiopia to implement an irrigation pro-
ject and to plan a dryland farming project.

Kyung H. Yoo, a consultant from Auburn,
visited the area to help assess the
irrigation project and make suggestions
for the design of water harvesting systems
to support dryland farming. The flat
terrain and thick vegetation will make
large ponds difficult to fill but due to
the high clay content of the soil,
smaller, more numerous ponds should be
practical. Having available water will
allow farmers to live in the area they
farm, rather than traveling 5-~10 km
between home and fields as they do now.

SCF is planning to assemble a design team
to further study the area and develop more
detailed plans for the project.

Egypt - CRS

Catholic Relief Services has an extensive
aquaculture project in Egypt. The el
Nozah aquaculture station is located near
Alexandria at the head of a 3,000 m x 80 m
drainage canal. It is currently function-
ing as a small adaptive research station,
a training center and a fingerling
production facility in conjunction with
Governate of Alexandria and World Bank
aquaculture development projects.

CRS is also developing plans for a camer-
cial fish farm at Lake Mariyut,Alexandria,
where duck production is combined with
fish production. 1In order to provide
extension training to small producers, CRS
is developing "packages" with information
on fish production, fish/duck production
and fish/rice production.



Ducks camplement fish production.

Maqued Helmey, CRS project officer,
attended the Camercon training and
technicians from ICA have made two trips
to Egypt to consult with people there on
their programs.

Tanzania -~ IWR

Dennis and Meredith Murnyak, agricultural
missionaries for the Lutheran Church of
Arerica, are developing an integrated fish
farming project in a rural area near '
Arusha in northern Tanzania. They began
the project in 1984 and for the first 18
months concentrated primarily on fish
farming. Since then they have expanded
the project to include rabbits, ducks and
vegetable gardening.

The Murnyaks have expanded the project
primarily through extension activities and
presently 130 ponds with an averagec size
of 175 m2 have been constructed in 20
villages. One of the important factors in
the expansion of their project has been
the success of farmers who first build
ponds., "If they succeed, others follow.
If not, there is little interest,"
according to the missionaries.

The Murnyaks received an orientation at
Auburn and Bryan Duncan visited them in
Tanzania to provide help with pond
construction techniques. Currently the
Murnyaks are training farmers to act as
trainers to spread the idea of integrated
fish farming in their own and neighboring
villages.

These six projects are representative of
the technical assistance that has been pro-
vided to PvOs in 18 different countries.
Similar descriptions could be made of
activities in Guatemala, Indonesia, Nepal,
Bangladesh, Kenya, Congo, Daminican
Republic, Papua New Guinea, Peru, Sudan,
Sri Lanka and Uganda. In addition,
trainees from 13 other countries are
beginning to develop projects using
knowledge they gained through WHAP.

The Water Harvesting/Aquaculture Project
is a unique development intervention. Its
strength is that it is built on commnica-
tion, collaboration and long-term support
and accountability.

Fish provide quality protein diets.

FROM THE EDITOR

There was an error in the Technical Notes
in the Spring 1986 issue of Ponderings.
The first publication listed should have
read More Water for Arid Lands:

Pramising Technologies and Research Oppor-
tunities. National Academy of Sciences,
Washington, DC, 1974. If the request is
made on organizational letterhead, this
publication is free frum the Office of
Science and Technology, Development
Support Bureau, Agency for International
Development, Washington, DC 20523,

Ponderings is issued quarterly by the Joint PVO/Unliversity Rural

Development Center, Bird Bulldlng, Western Carolina University,
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AUBURN TRAINING

During August, WHAP sponsored the third US
training for PVO program and field staff
at Auburn University. The Auburn
training, which is similar to that
presented to PVO field staff in Panama,
Indonesia, Rwanda and Camercon, has been
an important event in the history of WHAP.

The first training held at Auburn in 1983
set the stage for the Water Harvesting/
Aquaculture Project. Participants in the
training went back to their hame agencies
with enthusiasm for the concept of water
harvesting and aquaculture and the
development opportunities provided by new
sources of water. That training has had
far-reaching effects because of same of
the people who attended it. For example,
Peter Heffron, who is currently with CARE/
Nepal, was with CARE in the Dominican
Republic when he attended the tralnlng in
1983. WHAP has provided TA for CARE in
the Daminican Republic and CARE is
currently developing a field project in
Nepal where they often share TA visits
with a Save the Children field project in
a neighboring panchayat.

Attending the most recent training at
Auburn were: Dr. Gandhi Selvanathan, OIC
International; K. Krishran,CARE/ Ethiopia;
Rev. J.A. Gaines, Helping Hand Rescue
Mission; Margie Peronto and Mickey
Levitan, Save the Children; I.F. Harder,

Harder, Heifer Project International;

Dr. Ziad Ali and Norman Al Shishani, Near
East Foundation; and John Morrison,
University of Arkansas at Pine Bluff.

Dr. Bryan Duncan conducted the training
with assistance from Dr. Ron Phelps,
Frank Meriwether, Dr. Steve Lukefahr and
Dr. Upton Hatch. Nancy Blanks and Mary
Kay Cooley from the WHAP Project Office
also attended part of the training.

TILAPIA GUIDELINES AVAILABLE

A new publication, "Tllapla Nilotica,
Fry and Fingerling Production Guidelines
for Camunity Development,” is available
from Auburn University's International
Center for Aquaculture,

The guide, written by J.A. Hargreaves,
L.L. Lovshin and B.L. Duncan, covers:
the reproductive biology of Tilapia
nilotica: facility requirements; fry and
fingerling production techniques for
single ponds, multiple ponds, net
enclosures and concrete tanks;
fertilization; and feeding. It also
includes a sample management program., A
companion publication deallng with post-
fingerling production is also in process.

For copies of the publlcatlons contact
Bryan Duncan, Department of Fisheries and
Allied Aquacultures, 203 Swingle Hall,
Auburn University, Auburn, AL 36849.
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INDONESIA PROJECT UNDERWAY

The first full-scale field project to get
underway in the Water Harvesting/Aquacul-
ture Project is in Indonesia. The Cooper-
ative League of the USA (CLUSA) and Heifer
Project International (HPI) are working
together at two sites—one is a fish pro-
duction/demonstration facility for
PUSPETA, the Farmer Service Center in
Klaten, and the other is a tambak develor -
ment project for the Farmers Cooperative
Center in Kabupaten, Luwu,

Dr. Bryan Duncan and Dr. Tam Popma fram
Auburn University's International Center
for Aquaculture made their first technical
assistance visit to Indonesia in April,
1985, and Dr. Duncan will return for a
three-week visit in January, 1986.

PUSPETA

The people at PUSPETA approach small scale
farmer development in two ways, by helping
the farmer obtain more disposable incame,
and b helping the farmer generate more
food for family consumption. Rice has
traditionally been the primary source for
both incame and food, but with the in-
crease in production, prices have stabi-
lized and farmers are looking for new ways
to supplement their needs. Several ap-
proaches to Integrated Farming Systems,
including water harvesting and aquacul-
ture, are being explored at PUSPETA.

In the planning stage is a seven-pond

system that will include three production
ponds for final growth of male tilapia to
market size, a nursery pond where tilapia

Fall 1985

Tambaks are brackish water ponds where
shrimp and milkfish are grown in the
coastal zones of Indonesia.

fry are grown to approximately 30g, a fry
production pond for spawning, a holding
pond for temporary holding of marketable
fish and a cambination rice/fish produc-
tion plot.

The three production ponds will be managed
for the production and rearing of hand-
selected Tilapia nilotica at a density

of approximately one per square meter,
Three contrasting feeding systems will be
used: production pond #1 will receive no
supplemental feeding; pond #2 will receive
manufactured feed only, and pond #3 will
receive half as much manufactured feed as
pond #2 plus manure from 15-20 laying
chickens and 35-40 ducks.

The rice/fish plot will be used to
demonstrate the production of fish in the
same field where rice is grown.



PROPOSED POND MODIFICATIONS FOR PUSPETA
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After these three production methods have
been tested and evaluated, PUSPETA will
use the ponds as a training site where
farmers can learn pond construction and
management skills and marketing tech-
niques., After training, the farmers will
continue to receive support fram PUSPETA.

Kabupaten, Luwu-Tambak Development

Kabupaten, Luwu is a large district of the
province of Sulawesi Selaltan. This light-
ly populated and poorly developed district
was designated by the Government of
Irdonesia as a resettlement area for trans-
migrants frcam densely populated regions of
the country.

One of several development initiatives
intended to improve agricultural produc-
tivity for the area is the Farmer's Cooper-
ative Center (FCC). The FCC, which re-
ceives support and assistance from CLUSA
and HPI, is working to extend services to
tambak farmers.

Tambaks are fish ponds, often 1-2 hectares
in size, that are constructed in the man-
grove swamps of the coastal zone and fring-
ing tidal rivers. Water enters these
ponds during high tide where it is trapped
by sluice gates to provide an environment
favorable for growing brackish water spe-
cles such as shrimp and milkfish.

The FCC hopes to help farmers improve
their dike construction techniques and
their sluice gate design as well as their
management practices in order to increase
shrimp and milkfish production.

Another problem to be addressed is helping
tambak farmers find or create reliable
sources of milkfish fry and shrimp post-
larvae. Farmers who participate in the
project are expected to share their knowl-
edge with their neighbors.

AN INVITATION

Dear Friends,

The Water Harvesting/Aquaculture Project
(WHAP) has been operational for a year and
much progress has been made to acgquaint
the staff of private volunta.y organiza-
tions (PWs) to the development possibil-
ities of this technology. Training held
in Central America, Asia and . rica has
touched many PVO staffer. Aduitionally,
technical consultations iv .2 been carried
out by the staff of Auburn University for
PVOs in 12 countries.

Fram the letters I hav.: received since
then, it is apparent that these same
staffers are in-urested in how they can
move on fram these preliminary steps to
the actual integration of water harvesting
into field projects which will receive on-
going technical support fraom WHAP.

Let me outline the factors necessary for
field project status with WHAP.

B The purpose of the Water Harvesting/
Aquaculture Project (WHAP) is to provide
long-term technical assistance and train-
ing to PVO field projects which include
water harvesting and aquaculture.



B Certain criteria should be considered
in developing a proposal:

A. Field projects will have as a
central theme the improvement of
the quality of life of rural
participants,

B. Environmental criteria to consider
are:

1) Adequate land must be available.

2) Topography must be suitable for
construction of contour ponds.

3) Soil must have adequate water
retention qualities.

4) The water source must be
adequate to fill the poid.

C. Elements cther than pond construc-
tion (such as aquaculture, irriga-
tion and animal husbandry) are
being planned to make maximum use
of the water to stimulate other
development activities.

D. There should be a village or re-
gional focus and there should be
evidence that there is either same
local organizations in existence or
a potential for forming such an
carganization which will provide
local participation and control.

®W Short-term or one-time-only technical
assistance can be requested by any affili-
ated PVO and will be handled as soon as
possible. Technical experts will be sent
to sites to carry out the TA. Requests
should be made to PVO headquarters.

B For long-term technical support and
training a Field Project proposal should
be developed and submitted to the PVO head-
quarters office. Present PVO participants
are CARE, Catholic Relief Services, Church
Warld Service, HPI, Lutheran World Relief
and Save the Children Federation.

B If feasibility studies are needed prior
to making a decision about developing a
Field Project proposal, requests for this
should came through headquarters also.

I hope this clarifies Field Project Devel-
opment. If you have any questions, please
do not hesitate to write.

Ducklings and fingerlings
(in plastic bags) will
socon be adding nutrients

water can
be used

for crop
irrigation,

A "thank you" goes to those of you who
have used information from the newsletter
and trainings to pass on to others and
have written to let us know about it.
That includes Mr. Edgar Fuentes from HPI
in Guatemala and Mr. A. John Knight in
Madras, India. We hope that this sharing
of information will increase in the
future.

Beginning with the Winter issue of
Ponderings, Auburn University's Dr.

Bryan Duncan will be contributing a
regular colum on resources and tech-
nologies useful to people working in the
field of water harvesting and aquaculture.

It is good to hear fram you so please
continue to send ideas, information, news
or photos for future issues.

Ponderings Is issued quarterly by the Joint PVO/Unliversity Rural
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EVALUATION - A USEFUL TOOL

Evaluation plays an important role in the
Water Harvesting/Aquaculture Project.
Ralph Montee, evaluation coordinator,
feels that the evaluation design he and
Dr. Fred Bates, consultant for the project
from the University of Georgia, have devel-
oped with the assistance of the Volunteer
Advisory Evaluation Panel and members of
the WHAP Advisory Council, can also be
adapted for use in other development
situations.

They have designed two baseline inven-
tories or surveys—aone to assess the over-
all level of development in a community
and the other to describe the status of
individual households within the cammu-
nity. The baseline data gathered through
these surveys will be used as a yardstick
to measure development in a community
where water harvesting/aquaculture has
been introduced or expanded.

The baseline data will also provide a
means of assessing whether or not the
kinds of multipurpose development expected
fram water harvesting/acquaculture as a
core intervention in rural development has
taken place or not.

The surveys are designed for flexibility.
There are three classes of questions—
essential, recamended and optional, so
the degree of detail can be modified
according to the field situation.

Not all of the field projects receiving TA
from WHAP will participate in gathering

baseline data. Only those which indicate
an interest in the full range of TA avail-
able through the Project ard also have the
potential for broader multipurpose develop-
ment will be considered. That may involve
only three of four field projects with
appropriate locations. However, we hope
to receive monitoring reports from all PVO
field projects that have received TA
through the Water Harvesting/Aquaculture
Project.

Gathering baseline data is an added respon-
sibility that many field projects may not
have the time or personnel resources to
undertake. In such cases WHAP is working
with the South-East Consortium for
International Development-Center for Wamen
in Development (SECID-CWID) to provide
trained technical assistants to help con-
duct the inventories. SECID-CWID provides
travel and subsistence for these wamen so
that field projects have little added ex-
pense. In same situations the PVO may
wish to provide an individual to gather
the data or a counterpart to work with the
technical assistant to gain experience in
evaluation techniques.

The inventories are designed to be repeat-
ed after a period of three to five years
to measure the changes that have occurred
during that time and to determine what
part of the changes may be attributed to
the introduction or improvement of water
harvesting and aquaculture practices.

Evaluation of field projects often varies
fram agency to agency. Montee and Bates
feel these evaluation tools are big steps
toward standardizing baseline data collec-
tion so that the information will be more
useful for both PVOs and the Joint Center.
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A LETTER FROM THE PROJECT DIRBECTOR

Bryan Duncan and the other folks £from
Auburn call it "the vision." The formal
Iname is Training in Water Harvesting/
Aquaculture and Integrated Agriculture.

For the grassroots people across the
developing world it is food, water, and
survival. By whatever name, it is apparent
that the training is making an impact.

The overseas training of PVO staff in
Central America and South Asia has been
profitable not only from the standpoint of
providing basic knowledge as to the applica-
bility of water harvesting as a core inter-
(vention in rural development but also as a
means for the project staff to better
understand the varieties of works being
carried out by PVOs and the great chal-
lenges faced in those development efforts.

There are some statements fram training
participants that I remember very clearly.
Fram a staffer fraom a country in Central
America: "We must pramote self-sufficiency.
The infrastructure of our country—roads,
markets, supplies—is in such disarray that
the campesinos must be assisted in
acquiring camplete self-sufficiency."

From a participant fram a Pacific Island
country: "We have no topsoil. Our only
|econamy is based on tourism. My people are
‘at the mercy of this industry. Almost all
of our food is imported. For village
people it is too expensive. We have mch
malnutrition. This project can help us."

During the training, knowledge was not just
given: it was shared. An Indian trainee
with vast agricultural training was
particularly helpful and giving at the
training site in Yogyakarta, Indonesia.

During a visit
to Nepal,
Project Direc-
tor Nancy Blanks
visited Lake
Rupa Tal where
CARE has a fish-
eries project.

Perhaps my greatest impression was and will
remain that we are all on the same team,
working in different ways and places but
with the same goal, to sustain and improve
the quality of life for all people. There
were no barriers between PVOs, univer-
sities, or project staff.

So far we have trained 35 PVO overseas
staff members. The next training will be
in East Africa. I can't wait to meet the
participants and begin again to share and
to learn.

The next step, implementation of field pro-
jects, lies ahead of us. We have several

- viable proposals already submitted from

across the world. So we move forward from
a very solid base. I personally thank all
of the folks who have worked so nard to
make this project real. I also want to
thank the PVO stoffers who have taken the
time to write their thoughts, ideas, and
hopes to me. More next time,

Vewey Ftande



TECHNICAL ASSISTANCE MUSHROCMS

Since the beginning of the project, Dr.
Bryan Duncan and his associates at ICAA
have provided technical assistance in six
countries and the list of projects waiting
for visits is growing. The following is a
summary of ICAA's technical assistance
itinerary through May:

Feb. 15-22. Dr. Ron Phelps travelled to
Peru at CARE's request to assess the
potential for agro-aquaculture activities
along the coastal region and also in the
highlands near Huaraz.

Feb., 23-Mar. 1. Dr. Phelps then went to
Tarija in southern Bolivia to review the
water-related activities of CARE's renew-
able resources management program there,

Mar, 2-10. Aiter the Panama training Dr.
Duncan and Dr. R.O. Smitherman travelled to
Guatemala where they reviewed CARE's Family
Fish Pond Project and offered suggestions
relative to project performance. Dr. Duncan
also visited sites near Solola at the
request of CRS where there is excess water
that might be used for agro-aquaculture.

April 11-23. Before the Indonesia
training, Dr. Duncan was asked to review a
tambak development project proposed jointly
by HPI and CLUSA in Luwu, Sulawesi.

May 4-8. After the Indonesia training, Dr.
Duncan travelled to Chang Mai, Thailand,
where he looked at the possibilities of im-
proving the water harvesting/aquaculture
carponents at a training project run by the
Karen Baptist Convention and sponsored by
HPI.

May 4-14. Dr. Tam Popma, at the request of
HPI, returned hame from the Indonesia
training via Papua New Guinea where he
assessed the possibilities of water har-
vesting and aquaculture within the frame-
work of Lutheran Econamic Services' food
production effort.

Dr. Phelps is scheduled to visit the
Daninican Republic in June and will be
returning to Bolivia with Mert Cregger in
July. e currently have requests to visit
proi= ts in Ghana, Togo, Egypt, Tanzania,
Zaubie, Congo, Jordan, Senegal, Nepal, and
the Philippines. Dr. Duncan and others
fron: ICAA will be responding to several of
ulese requests in conjunction with the

training in Rwanda, and the others will be
scheduled as soon as possible.

FI.EPHANT EXPERTISE?

Do you need help with your draft elephant?
If you do, we may not be able to help be-
cause that's one area where Heifer Project
International has no professed expertise.
However, there are other areas where HPI
has skills that other PVOs may find useful.
Dr. Alden Hickman, HPI's director, has of-
fered to provide assistance to other PVOs
in the Water Harvesting/Aquaculture Project
in two main areas:

1) evaluating proposals that involve the
introduction or use of poultry and live-
stock and

2) aiding in locating campetent resource
people such as veterinarians, extension
personnel, or farmers who would act as
consultarnts.

If these resources are to be used in WHAP-
associated projects, the Projact Support
Fund is a possible avenue for reimbursing
HPI. If there is no connection with WHAP,
then the PVO requesting assistance would
need to negotiate with HPI for reimburse-
ment. And if there is sufficient demand,
HPI can probably come up with an expert on
elephants,

EVALUATION PANEL MEETS

One of the unique aspects of the Water Har-
vesting/Aquaculture Project is its evalua-
tion camponent. Although the evaluation
process has raised questions that sametimes
seem difficult to answer, it also presents
a rare opportunity to answer same difficult
questions.

The evaluation design encampasses two
levels and three main areas of evaluation
activity. The first level is that of moni-
toring individual field projects. The
second level, summative evaluation, is bro-
ken into two areas:

- the assessment of water harvesting/
aquaculture as a core intervention and
accelerator of rural development and

- testing the effectiveness of the
collaborative management methodology
involving PVOs and universities in the
development of new rural dsvelopment
strategies and techniques for delivering
technical, organizational, and material
resources for development,



-

At the Panama training, held in Santiago in conjunctien with Nacional de ~zuicultura,
workers examine the contents of an axperimental pond at the Divisa Statior.

Ralph Mantee, the evaluation coordinator
foer the project, has brought together a
greup of people who have broad expericnce
in th2 field of evaluation to form a
volunteer advisory panel for the evaluation
process., These include:

-Dr. Frederick Bates, the cvaluation design
censultant from the University of Georgia,
-Dr. Eloise Murray fram Pennsylvania State
University,

-Dr. Mary Rojas [rom Virginia polytechnic
Institute and State University,

-Armin Schmidt from Heifer Project
International,

-Fdgar Stoesz fram Mennonite Central
Camittee,

-Dr. Judith Tendler fram Massachusetts
Institute of Technology,

-Dr. John Thomas from Harvard Institute for
International Development, and

~-Dr. Simon Williams from the Center for
Rural Development.

On May 4 and 5, four of the panelists mot
in Cullowhee to work with Ralph in devel-
oping materials and quidelines for the
evaluation process. Dr. Bates and Dr.
Williams also attended the WIAP Advisory
Council meeting at Auburn later in May to

meet the project participants. The panel
is enthusiastic about being involved in
such an innovative project.

FROM THE EDITOR

Welcame to the first edition of
Ponderings. (The name grew out of a
group discussion, so there is still some
question of just which person gets the
dubious horor of receiving the stuffed
tilapia.) I hope you will find the news-
letter both interesting and useful. But
both of these chracteristics will depend a
great deal on you. If you have ideas,
articles, information, photos, or news of
upcaming events, please pass them on to me.

Our publishing schoedule will be June,
September, Decomber, and March and it will
be helpful to have materials for each news-
letter by the lst of each of those months.
Let me hear fram you soon.

Ponderings is issued by the Joint
PYO/University Rural Development Center,
Bird Building, Western Carolina University,
Cullowhee, NC 28723, (704) 227-7492.

?9701 M e




ATTACHMENT C. "Water Harvesting and Aquaculture
for Rural Development' Series



WATER HARVESTING AND AQUACULTURE
FOR RURAL DEVELOPMENT

AN INTRODUCTION TO
WATER HARVESTING

WATER HARVESTING/AQUACULTURE PROJECT
INTERNATIONAL CENTER FOR AQUACULTURE
AUBURN UNIVERSITY




INTRODUCTION

Throughout history man has been dependent on an adequate water supply for his food,
security and well being. Water is a universal felt need and is considered the principal
limiting factor for human life. Destruction of natural watersheds has caused critical water
shortages affecting vast areas and populations. Ways to help insure adequate water
supplies for household, agricultural and other uses are available to farms and
communities. The technology is called water harvesting.

Water harvesting is the practice of collecting and storing water from various sources for
beneficial use. Water harvested from a watershed and conducted to ponds for storage can
substantially increase available water for garden irrigation, livestock watering, aquaculture
and other domestic needs.

THE HYDROLOGIC CYCLE
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Figure 1: The hydrologic cycle.



The circulation of water in its various forms around the earth is called the hydrologic
cycle. Water may be harvested effectively by man at certain points in the hydrologic cycle.
An understanding of how water circulates around the earth will assist in the selection of
an appropriate technology for harvesting it.

The sun heats water causing it to evaporate from the earth's surface. Water returns to the
earth in the form of rainfall, snowfall, sleet, dew and hail. The higher the temperature of
an air mass, the more water vapor it can carry. As air masses cool, water vapor changes to
liquid forming droplets that fall of their own weight. Air cools due to expansion as it is
lifted over mountains by collision with warm air masses and the heating of moisture-
laden air close to the earth's suiface (convection cooling).

The most important source of air moisture is water which evaporates from the oceans, but
water may also evaporate from other open bodies of water and from the ground.
Transpiration from plants (evapotranspiration) is another source of atmospheric moisture
as water moves through plant roots, up the stem, through the leaves and to the
atmosphere. For example, a corn field may transpire up to 7,000 to 10,000 gallons of water
per hectare per day into the atmosphere. -
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Figure 2: Transpiration of water by a green plant.



SURFACE WATER

Some precipitation runs overland by natural drainage channels where it eventually enters
rivers, lakes and oceans. Most precipitation infiltrates the soil and becomes "ground
water". Harvesting water on the earth's surface may be done only before it evaporates.
Surface runoff, for example, can be intercepted and stored in impoundments for later use.

Water shortages in many areas of the world can be alleviated by harvesting surface runoff
water. Criteria used to determine an appropriate harvesting method for a given location
include: 1) the purpose for which the water will be harvested; 2) land slope; 3) soil
properties; 4) construction costs; 5) amount, intensity and seasonal distribution of rainfall;
6) social factors such as land tenure and traditional water use practices. The following
figures illustrate practical devices and systems used to harvest water.

Figure 3: Terraces are effective in harvesting surface runoff for cultivating rice and other
crops.
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Figure 4: Gabions constructed of wire mesh and fashioned like a cage are gaining wide use
in Africa.

Figure 5: Gabions are filled with rock and placed across small valleys to act as a barrage to
retard runoff. Runoff water collected behind the barrage seeps into the ground. Resulting
high soil moisture allows farmers to plant crops behind the barrage after rainy season.



Figure 6: Large jars made of ferrocement are used in Thailand to harvest rainwater from
roofs. These roof catchment devices may prov1de a family with enough drinking water to
last through the dry season.

Figure 7: Small ponds provide opportunities for agricultural diversification. They are
suitable for harvesting runoff water in rural areas, thus storing it for many purposes which
include small scale irrigation, household uses, livestock watering and aquaculture. Ponds
properly built and maintained have an indefinite life.



Figure 8: Micro-catchment farming concentrates runoff water from a large area into a small
basin. Fruit trees or other crops are planted in the basins.
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Figure 9: A modification of microcatchment farming involves watershed modification to
direct and concentrate runoff water into a designated area. Collecting ditches or low stone
walls built on land contours can channel water to the point of use.



SUBSURFACE OR GROUND-WATER

Some rainwater infiltrates into the soil where living plants can take it up through their
roots. Structures such as gabions and ponds, which harvest rainfall runoff, increase the
amount of subsurface water available to plants. Water infiltrating into deeper soil layers
beyond the reach of plant roots is called ground-water. Ground-water may be widely
dispersed among particles of soil, sand, gravel or rock and be unharvestable. Soil type and
moisture content determine the rate and amount of soil infiltration, which may vary from
a fraction of a centimeter to several centimeters per hour. Eventually, water may reach a
porous soil layer saturated with water. These porous soil layers are called aquifers. Water is
typically harvested from aquifers by pumping or lifting from wells. The top layer of
saturation is called the water table. Wells must be dug or bored down into this zone before
water can be withdrawn from the aquifer.

An artesian aquifer is under natural pressure due to confinement between upper and
lower impervious soil layers. (See Figure 10). At the lower elevation, pressure will push
water upward if a well shaft penetrates the upper confining layer. Water in the shaft may
rise considerably above the normal water table and even flow freely from the well due to
pressure from the confining beds below. Figures 10 and 11 illustrate how water tables and
aquifers are positioned relative to various soil layers.

Aquifers can become depleted by withdrawing water faster than the rate of recharge. Whe.

this happens, wells go dry and are often dug deeper as a temporary remedy. If a depleted
aquifer is not recharged with new water, deepening wells only makes the problem worse.
Aquifers are recharged as rain water infiltrates to the water table. Slow runoff rates
enhance infiltration. High runoff rates and low infiltration typically occur in deforested
areas. Many water harvesting practices retard runoff and encourage water to infiltrate
deeply into the soil, thus aiding aquifer recharge. For example, a well dug downslope from
a pond will be charged by seepage through the pond bottom and may never go dry.

Flowing .
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Figure 10: Subsurface and ground-water phase of the hydrologic cycle.



Water seeping from springs may be harvested, and can be a source of good quality drinking
water. Springs are often found in areas where a rock or clay layer surfaces on a hillside, as
shown in Figure 11. Water that is perched above this impervious layer may flow from the
hillside as a spring.

Springs may dry up when the watershed or recharge area is cleared of vegetation. Springs
can be prevented from drying up by building water harvesting structures on the watershed
to collect rainfall runoff and increase infiltration rates. Such water conservation measures
help maintain an adequate water supply to rural families and villages.

Hillside Spring
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Figure 11: Perched water tables occur above impervious strata and above the main water
table.

GLOSSARY OF TERMS
aquifer - a soil layer saturated with water.

artesian aquifer - an aquifer under pressure due to confinement between upper and lower
impervious strata.

evaporation - the process by which water is changed from a liquid to a gas or vapor.

evapotranspiration - the passage of water through a plant from the roots, through the
vascular system and to the atmosphere.

gabion - a wire cage that is filled with rock and earth and used to construct barrages for
temporarily impounding water or preventing soil erosion.



ground water - water that has infiltrated soil beyond the root zone of plants.

hydrologic cycle - the natural sequence through which water cycles from the atmosphere to
the earth and back to the atmosphere.

infiltration - seepage of water downward into the soil.

perched water table - a water table lying above a layer of impervious soil or rock which
surfaces on a hillside as a spring.

permeability - the property of soil or rock which allows the passage of water through it.

roof catchment device - a device, such as a cement tank or cistern, that collects rain water
falling from the roof of a building,.

root zone - the depth to which the roots of plants penetrate the soil.
runoff - water that flows over the ground surface after a rain.
spring - a water source which flows up freely from the ground.

surface water - water, such as runoff, that stays on the ground surface and can be collected
in ponds or other impounding structures.

subsurface water - water that has infiltrated soil to the root zone.

water harvesting - the practice of collecting and storing water from a variety of sources for
beneficial use.

watershed - a region or area from which water flows to a single point.
water table - the top zone of water saturation in the ground.
zone of saturation - the layer or depth of soil which has become saturated with water that

has infiltrated down through surface soil layers.

Funding for the production of this technical series was provided by the United States
Agency for International Development. Communications regarding this and other
technical brochures on water harvesting and aquaculture should be sent to:

Water Harvesting/Aquaculture Project
Swingle Hall
Auburn University, Alabama 36849 USA
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INTRODUCTION

More than one-fourth of all animal proteln consumed by man 1is
aquatlic In origln. Reglonal differences range from Asla where
more than one-fourth of dletary animal proteln. ls fish to North
and South Amerlca where less than 10% of anlmal proteln consumed
by man ls from aquatlc sources.

Aquaculture has been been practiced lIn many Aslan countrles for
centurleg, but Is a new form of agriculture In many African and
Latln Amerlican countrles. It s defined as the cultlivatlon of
animals and plants In aquatic environments. Agquaculturlists
manlpulate certaln components of the environment to achieve
greater control over production of aquatic organisms than |Is
normally posslble iIn nature.

Flgure 1: Increased production of aquatlc anlmals and plants |s achleved
through aquaculture.



BENEFITS OF AQUACULTURE

1> Productlve use of poor agricultural lands

Ponds bullt on the best agrlcultural land have the highest
natural productivity. High procuctlion from aquaculture Is aiso
posgible In ponds bullt on land which Is unsultable for cther
forms of agrliculture. Hilly land which lgs difficult to farm or I3
easlly eroded can be utilized for flsh ponds. Swampy areas or
gsolls with high salt or heavy clay content can also be utillzed
for aquaculture.
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Figure 2: Small valleys often have excellent potential for pond constructlon.
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2> Natural resource congervatlion

Aquacul ture and water. harvestling can contribute
subgtantially to the conservation of natural resources,

egpeclally water and soll. In many developing countries,
surface water Is often allowed to drain away instead of
belng harvested and stored for beneficlal use., The

requirement by aquaculture for abundant water provides
Juslitlflicatlion and opportunity to bulld ponds for harvestling
and storlng water. This also makes water avallable - for
supplemental Irrlgation, stock watering and domestic needs.



Ponds can reduce the dangers of downstream floecding by
holding water high in watersheds and checking the eros!ional
force of sSudden runoff. Ponds malntaln soll moisture In
thelr viclinlty and thus support vegetation and wlldllfe.
Ponds on 'unimproved and unprotected watersheds trap topsoll
which may be recovered and redistributed to gardens and
flelds. Water and soll conservation proklems are often
greatest In hllly areas where poorer people llve. Topography
lrn these areas lends Itself to the development of watershed
monds. :

3) High economlc value of Aquacultural products

Aquacul ture may produce a cash crop In a subsistence level
economy. Farmers frequently receive hlgher net returns for
flsh relative to other tradlitional crops. Even small ponds
can contribute substantlally to farm lncome or reduce famlly
spendling as fish are sold, bartered or eaten.

Productlon costs for flsh, poultry, beef and pork have been
compared in numerous studles. Inltlal construction costs for
fish farming are high, but once ponds are bullt fish are
usually the most profitable to produce. Approximately
2,500kg of fish per year [s produced In a ! hectare pond by
applylng low~cogt fertlllzers such as plant cuttings and
animal manures. Productlon from grazing cattle on the same
land area is seldom more than half of that amount. The use
of waste materlals from Integrated llivestock and crop
enterprises may also reduce lnput costs whlle ralsing flsh
praductlion.

Flsh convert food Into flesh efflclently. Food proteln is
converted to muscle proteln with about the same efflclency
as chickens or swine, but they need much legas starch for
energy. Flsh are essentially welghtless |n water, and thus
expend llttle energy for locomotion or to maintaln a normal
uprlight poslitlion. They are "cold blooded" anlimals and do
‘not expend energy to maintaln a relatively high body
temperature ag do poultry, swine and cattle. Thus, the
amount of food energy requlred to produce a kllogram of flsh
ls much less than the amount required to produce an equal
welght of terrestrial llvestock.

4> High nutritlonal value of Aquacultural products

Fish Is a hlgh quallty protein source that ranks about equal
to chlcken and iIs superlor, in many respects, to red meets.
The edlble fraction of flsh |s simllar to that of other
animalas (49 -~ 52% of the whole animal), -but flish flesh
contalns higher quality and more digestible proteln than red
meats. Evidence that flsh dlets reduce cholesterol levels |In
the blood 1Is increasing. Dressed fish contains about
one-third legs fat than red meats. Fat In flsh flesh Is also
more unsaturated than that In red meats.
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Tahle 1: Nutrltlonal value af dressed flsh flesh compared
with other food anlmals.

Food Energy,
Calories per

Source Lean Edibie 100 g of
of Flesh Muscle % Fat, % Edible Tlsue
Channe

catflsh 81 5 112
Beef 51 34 323
Pork 37 42 402
Chicken 65 3 84

6> Integrated aquaculture s a highly sustalnable form of
agricul ture

Aquaculture s sustalinable because |t makes use of locally
avallable resources. Integratlon of agquaculture with other
forms of agrliculture dlversifles farm productivity. Thig, in
turn, provides oppartunltles for lntenslfled production wlth
more efflclent allocatlon ©f land, water, labor, equlipment
and other llmlted capltal than enterpirlises whlich are
Independently operated.

Stored pond water may Serve as a catalyst for rural
development because a varlety of different activitles may be
gimultanecusly undertaken. Flish culture Integrated wlth
garden lIrrlgation, llvestock watering, and varlous domestic
uses are ali possible,

Culturing several dlfferent fish sgpecles with compllimentary
feedling habits together in the same pond (polyculture) |g
more comp!llicated, but utillzes more of the avalilable natural
food organisms. Higher ylelds are thus obtalinable with
polyculture than 3 posslible by culturing a single flsh
gpecleg. Polyculture also permlts several different species
that may command different market prlces to be grown. A
range of consumer tastes and demands may thus be served from
one pond.,
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Flgure 4: Aquaculture can be Integrated with the productlon of

l1iveatock, frults, vegetables and other water uses,
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Figure 3: Polyculture utlllizes more of the avallable food and produces a
varliety of flsh for market.

5 Self-suffictency for subsistence farmers

Aquaculture makes fresh fish avallable In rural areas. There
are few reglions In the developing world where flsh are not
an acceptable proteln source. However, flsh captured off the
coasts of these countrles are often exported and sre too
cogtly for the poor. Large populations of rural poor may
llve In Isolated areas where trangportation and market
faclllitles are lnadequate to provide them with suffliclent
{ish.

Inland ponds allow gubsligtence farmers to ralse flish for
their famlilles. Aquaculture helps them to diverslfy food
production and promotes sgelf-sufflclency by spreading the
risk of crop fallure. Flsh are also small packages or«
prcteln whlch can be Individually harvested and consumed as
needed, wlthout requlring refrligeration to keep large
quantities from sgpolllng. Ti.ls 13 an added beneflt In areas
wlthout electrlicity or lce.



THE FEASIBILITY OF AQUACULTURE

Aquacultural production technologies are determined by the
interactlon of five factors whlch may be manipulated to some

extent. These are the physical environment, culture
facilities, avallable nutrlent Inputs, specles culturec and
the abllity of producers to balance all the factors In a

profitable package,

The natural environment is essentlally flxed, though subject
to mlinor modl fications. It includes such climatic condlitlons
ag temperature, ralnfall and storm patterns, land elevatlon
and topography, soll characterlistlics (partlcularly water
holdlng capaclty and aclidity), water avallablllty and
geographlcal barrlers to supplles and/or markets. If these
conditlions are not sultable to aquacultural development,
littie can be done to change them. :

The role of aquaculture In Increasing proteln consumptlion in
the world depends on demand. This demand ls determined by
consumer lncome, the cust of alternate foods and a
comblnation of taste preferences and dletary hablts. The
abllity to make aquaculture profltable Is also affected by

traditions regardlng land uge, t Ime management and
allocation of other resources. Seasonal changes In demand
and supply, as well as soclal and pollitlcal factors also

affect the feaslbillty of aguaculture.

LLEVELS OF AQUACULTURAL TECHNOLOGY

A high degree of technologlical flexlblllty makes aquacul ture
feaslible under a vwvarlety of condltlons and objJectlives.
Aquaculture may be practliced at dlfferent Intenslty levels.
Simple systems requiring low levels of technologlical
management and resources, and only sllight modiflcations of
the environment are termed "extenslve". Aquaculture becomes
increasingly "lIntenslve" as more control of the environment
and soph!stication In management are used. An Important
aspect of aquacultural technology is the use of nutrient
lnputs tn the form of fertlilizers, foods or both. Extensive
aquaculture uses low quallty foods and fertllizers In small
amounts. Hlgher quallty Inputs In large amounts are requlired
for intensive aguaculture.

Small-scale aguaculture for the promotlon of soclo-economic
development fulfllls the objectives of food productlion,
Income generation and provision of local employment for
small farmers. Extensive technology and associated low
operatling costs with hlgher tabor requlirements are often
mandated by the reduced avallability of Investment and
operating capltal for small-scale farmers. Large-scale or
"!Industrial® aquaculture |s more concerned with maximizlng
proflt through sales and relles on more Intensglive
technology. Larger capltal outlay and more advanced
management skllls are requlred.



GLOSSARY QF TERMS

aquaculture - ralsing of anlmals or plants In aquatlc
environments under controlled condltlons,

eroslon - the washing away of soll by rainfall and water as
it runs over land.

extenglve aquaculture -~ ralslng aquatlc anlimals or plants
under conditong of llttle or Incomplete control over such
factors as water flow, number and welght of specles ralsed,
and low quallty and guantlty of nutrient lnputs.

food conversion efficiency or ratio - a measure of the

amount of dry food required to produce an equal wet welght
of aquatlc animal flesh.

Independent varjable -~ a condltion sublJect to only mlnor

modlficatliong, whlich affects feaslbility for aquaculture,.

Intecrated agquaculture - aquacultural systems Integrated
with llvestock and/or crop production. For example, using
animal manures to fertillze a pond to enhance flsh
production and water from the pond to Irrlgate a garden.

dntensalve aaquaculture - aquaculture practlced under a hlgh
degree of environmental modlflicatlon and control in which
the princlple nutrlent source 13 high quality feed.

microscoplc - Inviglble to the eye without the aid of a
mlicroscope or magnlfylng glass.

lankton - the plant component of plankton.
plapkton - the various, mostly mlcroscopic, aquatlc

organisms (plants and animals) that serve as food for larger
aquatlc animals and fish.

polklilothermjc - "cold-blooded"; having a body temperature
that varles with ambient alr or water temperature.

polyvculture - sgsimultaneous culture of two or more agquatic
specleg with dilfferent food hablts,

gg;ggsngg - an area from whlch water dralns to a single
point.

Zooplankton - the animal component of plankton.

Communications and edltorlal comments regardlng this
technlcal serles should be addressed to:

Water Harvesting/Aquacul ture Project

Swingle Hall

Auburn University, Alabama USA 36849
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INTRODUCTION

A flsh pond lg a unique environment created by man. It must be
managed properly to achleve good flsh production. For centurles
fish farmers have Increased fish vylelds In ponds by " using
lnorganic or chemical fertllizers and organlic fertillzers or
"manures".

WHY FERTILIZE PONDS?

Microscoplc green plants called algae or "phytoplankton" form the
base of the food chalin for flish. All green plants need 1lght,
proper temperature and nutrients for growth. If sufflclent 1lght
and proper temperature are present, the nutrlents In chemical
fertllizers (nitrogen, phosphorous and potassium) are readlly
asslmilated by phytoplankton and thelr abundance Increases.
Manure contains the same nutrlents. They are released and become
avallable to phytoplankton during and after decomposition. As
phytoplanktcn assimilate fertillzer nutrlents and reproduce to
form dense communities pond water turns a greenlsh or brownlish
color. This |Is called a phytoplankton bloom.
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Examples of the thousands of different

phytoplankton In pond water ag seen
through the mlcroscopef

'/”_,___-—n________a, Drop of pond water.
- ;

Viewlng phytoplankton In a drop of pond water under a microscope.




As phytoplankton multiply they are eaten directly by some flsh or
by other mostly microscoplic aquatlc animalg called "zooplankton".

Examples of the thousands of different
zooplankton In pond water as seen
through the magnifylng glass.

Viewlng zooplankton In a Jar of pond water fhrough a magnifylng glass.

Phytoplankton and zooplankton <(collectlively called "plankton")
alsc serve as food for larger aquatlc organisms.

Eg; s (Aquatlic Insects)
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(Worms)



Through a complex chaln of Interactions fertilizers Increase
production of natural food organlsms eaten by fish. Dlfferent
filsh may have dlfferent food preferences. Some can fllter
plankton, others eat aquatic Insects and others may feed on
decompoglng materlal. The following dlagram illustrates this.

/

\':Fgrtlllzer

Dlgsolved Nutrlents

i B
\ 4‘1‘ ‘ > QI -
o 3 N
‘e .!. aa.(
L} L 5 ~
A [ N

Phytoplankton f; _
A

Zooplankton

2 RN \' ;. . M/
Decomposing Matter %: v
Aquatlc Ingects

®
AL

Other Aquatlic Organlsms

\



MEASURING THE EFFECT OF FERTILIZATION

Response to fertlillizatlon can be measured by the abundance of
phytoplankton. When phytoplankton Is abundant, It makes water a
turbld green or brownish color. If the pond water is not very
muddy, the turbldity caused by phytoplankton can serve as a
measure of phytoplankton abundance.

A Secchl disk Is a standard way to measure vigiblllity In water.
The dlsk measures 20cm In dlameter and is palnted klack and white
ln opposing quarters as shown below. A slmple dlsk can be made
from a round can 1id. The disk is attached to a wooden stlck or a
rope marked off In centimeters. Measure plankton density by
lowering the disk Into the water wlth your back to the sun while
viewlng the dlsk from directly above. The depth at which the disk
Just disappears from sight is the Secchi disk reading.

20cm

(TOP VIEW OF A SECCHI DISK>

Rope

Y“e—— Eye Bolt

Disk -")’

(SIDE VIEW)

Making and usling a Secchl disk.




It Is often easler for a farmer to use hlis arm and hand lnstead
of a Sechl! disk. The princlple s the same. The person’s arm
becomes a meter stick and the upturned palm of the hand becomes

the disk as 1llustrated below. Rules on how to Interpret the:
results of elther Secchl disk or arm and hand and what management

actlons to take depend on what fish ls belng cultured and on what

fertllizer Is beling used. N
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Measuring phytoplankton abundance by arm and hand.



DIFFERENCES BETWEEN CHEMICAL FERTILIZERS AND MANURES?

Chemlical fertlllzers are concentrated nutrients for green plants.
The gquallties that have made them popular In modern agriculture
are: 1) they can be stored for a long tlme, and 2) relatlvely
little Is needed since the nutrlents are In a concentrated form.
These are Important advantages over manures |f lahor and
transportation are cosgtly. Two cdlisadvantages of chemlical
fertli!lizers, especlally for Isolated farms operated on a limlited
budget, are that they are usually expengive and avallahle only
from commerclal suppllers.

Another Important conslideratlon about chemical fertilizers |Is
thelr potential for belng wasted. Adding chemlcal fertlillizer to a
pond inltlally stimulates phytoplankton growth. However, If too
much [38 added plankton can become sSo dense that sunllight
penetration through the water |s restricted. When thls happens
algae cells may have more than enough nitrogesn and phosphorus
avallable In the water, but they do not recelive sufficlent
sunllight. No addltional plankton will then be produced. Keeping
phytoplankton abundance wlthin the 1imlits suggested for Secchll
disk or arm measurement helps'ensure that excesg fertlllzer Is
not applied.

Chemical fertlllzer may not be eaten directly by fish. Manure,
however, can gserve =several roles. It releases nutrlients for
phytoplankton through decomposition; certaln flsh can dlgest
speclflic components of manure; flsih may dlgest the bacterla,
fungl and other organisms contalned |n manure even though the
-manure ltself may have no nutrlitional value.

Large quantitles of manure are needed to fertlllze ponds. This Is
Its maln dlisadvantage. There 1Is a danger In adding too much
" manure to a pond at one time. Decompos!tion may deplete oxygen in
the water or cause harmful substances to accumulate. Fish may dle
ags a result, However, wlith proper management thls problem can be
avolded or corrected and where manures are avallable they are
often the fertlllizer of cholce.

FOOD CHAINS

Nutrlents In chemical fertlllizers are !food" for green plants,
and have no direct food value to fish. When chemlical fertlllizers
are added to a pond phytoplankton become more abundant. They may
then be eaten directly by fish or by zooplankton and I[nsects
which are subsequently eaten by flsh. Thls step-by-step process
ig called a food chaln,

A step In the food chaln can be eliminated by adding manure
Instead of chemical fertlllizer to a pond because many flsh will
consume manure directly. Manure may also be eaten by zooplankton
or Insects which are later eaten by fish or it may be decomposed
by bacteria and other organisms. Decomposition releases nutrients
for assimilation by phytoplankton. A simpllifled food chain
I1lustrating direct and Indirect consumption of fertllizer
nutrients by flsh follows. )

.:L/’
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| MANURE ! ! CHEMICAL FERTILIZER !
! | : ! !

‘ DISSOLVED
NUTRIENTS
Direct consumption . ) .
of manure by fish. . l
: PHYTOPLANKTON

. —» CZOOPLANKTON . . . . . . .

* . . Indirect consumptlon of
. fertillzer nutlrents.
+ «» OTHER AQUATIC ORGANISMS

Simplifled food chaln with arrows showlng pathways through which fertlllizer
nutrlents are turned Into flsh flesh.

CONCLUSION

Both chemlcal fertlllzers and manures are used to lncrease flsh
ylelds. Dlifferent results may be obtalned under dlfferent
condltlons. The Cholce of which fertilizer to use wlll be
Influenced by local avallablllity, cost and other factors. Read
“Chemlcal Fertlillzers For Flish Ponds" and "Organlc Fertllizers
For Fish Ponds" for more detalled Informatlon on fertillzer use.



GLOSSARY OF TERMS

aggsimilate - to take In and approprlate as nourlishment,
chemical/Zinoraanle fertlllzers - manufactured fertlllzers

contalning nltrogen, phosphorous and potassium In varyling
proportions.

decompogltlon - the decay or breakdown of organlc materlals Into
slmple compounds avallable for asslimllation by phytoplankton.

- a substance added to water to lIncrease the
production of natural flsh food organlisms.

" food chalp - the pathways through which nutrients added to a pond
are converted Into fish flesh.

manuresocganic fertilizer - animal or plant matter used as

fertlllizer In ponds.

microscopic - Invisglible to the eye wlthout the ald of a
microscope or magnlfylng glass.

tural od - plankton, Insects and other aquatlic
organisms that flsh eat.
organle fertllizers/mapure - fertlllzers composed of anlilmal or

plant materlals which must be decompogsed to release thelr
minerals and nutrlients.

oxyaen depletlion/low oxyagen - a condltlon, normally occurling at

night, In which oxygen dissolved In pond water has been depleted
malnly because of the decomposition of organic matter and
resplration of organisms In the pond.

toplankt - the plant component of plankton.

- an lIncrease [In phytoplankton abundance
resulting from fertilizatlon.

plapkton - the various, mostly mlcroscoplic, aquatlc organisms
(plants and animals) that serve as food for larger aquatlc
anlmals and flsh.

Seccgh] disk - a circular disk measuring approximately 20cm In
dlameter whlich [s used to measure the abundance of plankton In
water.

turbijdlity - an opaque or unclear appearance lmparted to water by
the presence of suspended forelgn particles (soll, plankton,
etc.)

zooplankton - the animal component of plankton.



Communicatlions and editorlal comments regarding this technlical
gerles should'be addresgsed to:

Water Harvestling/Aquaculture Project
Swingle Hall
Auburn Unlversity, Alabama USA 36849
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. INTRODUCTION

Chemlcal fertlllzers are normally used to Improve soil fertillty
and lncrease agricultural! crop vylelds. In fish ponds they
stimulate phytoplankton production whlich Increases fish vlelds.
They contain Inert flller material mixed with three Important
minerals, nitrogen (N), phosphorous (as P205> and potassium (as
K->0 or potash) which are needed by phytoplankton in fish ponds. A
commoniy available chemical fertilizer Is 12-24-12. It contains
12 percent nitrogen, 24 percent phosphorous and 12 percent
potassium. This equals 48% fertillzer and 52% flller material by
weight. Fertilizers high In phosphorous are especially good for
phytoplankton productlon 1in freshwater ponds. New freshwater
ponds and salt water ponds also require nltrogen. After several
vears the organlic content in the mud of thedSe ponds will increase
and may provigde sufflclent nltrogen for phytoplankton growth.
Only phosphorous may be needed for increased production Iin aged
ponds. Table | lists several chemical fertllizers used In fish
ponds and their compositions. For more Information on fertillzer
appllcation see "Fertllizlng Your Fish Pond: An Introduction' and
"Organic Fertilizers For Fish Ponds".

Table 1. NPK composition of several fertillzers
used In flsh ponds.

Percent Compositlon

(ND (PZOS) (KzO)

Ammonlum nitrate 33-35 0 0
Ammonlum sulphate 20-21 0 0
Ammonium phosphate 16 20 0
Calclum nltrate 15.5 0 0
Dlammonium phosphate 18 48 0
Double superphosphate 0 32-40 0
Murlate of potash 0 0 50-62
Potasslium nitrate 13 0 44
Potasslium sulphate .. 0. 0 50
Sodium nitrate 16 0 0
Superphosphate 0 18-20 0
Triple superphosphate 0 44-54 0
Urea 42-47 0 0




APPLYING CHEMICAL FERTILIZERS TO PONDS

Weekly appllicatlion rates for chemical fertlllzers may range from
1.25 to 1.75 grams of P205/m2 of pond surface area. The amount of
fertillzer needed can be cal:zulated using Information from Table
1. For example: to calculate the amount of superphosphate needed
to give 1.25 grams of P205/m2 in a 100m? pond the following
calculation is done.

|.25a/m? X 100m2 = 0.625Kg/100me/week
0.20

In this calculation 0.20 (or 20%) is the percent onq content
from Table i. The pond would recelive an initlal application of
0.625kg of fertilizer. The weekly amount would then be increased
or decreased as needed based on Secchi disk readings. See
“Fertillizlng Your Fish Pond: An Introductlion® for details on
making and using a Secchi disk.

Solld chemical fertlllizers should not be thrown into a pond. They
wlll sink to the bottom and nutrients will be lost in the mud.
Chemical fertllizers can be applied In several ways to “eep them
out of the bottom mud.

1. Platform method:

A table or platform may be bullt of wood, bamboo or zlinc sheets.
The platform surface rests 30cm below the water surface. Place a
two-week dose of fertilizer on top of the platform. Wave action
will distribute nutrients as they dissclve. Fertlilizer is added
as ieeded to maintaln the d2sired phytoplankton abundance. Thls
. usually occurs when the water clears enough to allow the platform
to be seen.

Fertillzer

Wooden Platform

A fertlllzer platform in a pond.




2. Nylon bag:

Nylon or cloth bags used to transport fertilizer, onions, rice or
flour may be fllled with the requlred dose of fertlllzer and tled
to a post below the water surface. Begin with a two-week dose of
fertillzer. Dissolved nutrlents pass through the bag Into the
water. More than one bag may be needed for large ponds. Add fresh
fertlilizer periodically and dliscard undissolved flller materlal
left In the bag.

Fertlllizer placed In a bag and tled to a pole.

3. Dissolved In water:

The quantity of fertillzer needed may be dlssolved in buckets of
water. Resulting "llquld fertllizer" Is then dipped out of the
bucket and splashed over the entlre pond surface. This method
disperses nutrlents into the water column faster than other
methods of fertllization and allows a phytoplankton response to
be achieved qulckly. Best results are obtalned by cdding llquid
fertillzer !n dally amounts, Farmers will visit their ponds dally

to measure phvtoplankton abundance and will be made aware of
management needs.

-~
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Dissolve fertillzer In water. Splash liquld over pond surface.




SOME REASONS FOR POOR RESPONSE TO CHEMICAL FERTILIZATION

A pond will respond to fertlillzatlon by turning green. Thls may’
happen withlin 24 hours. If a pond does not turn green wlthin one
to six weeks of fertlillizatlon one of the followlng factors may be
responsible,

L. Muddy water:

When mud particles are suspended In pond water and sunlight
penetration Is reduced phytoplankton growth will be inhilbited in
spite of fertilizatlon. Control the problem by correcting its
cause.

a) Plant grass on newly constructed pond dikes to control
erosion.

b) Xeep the surrounding watershed planted to prevent and
control erosion.

c) Channel muddy water away from ponds by bullding cdiversion
ditches.

d) Do not fill a pond with muddy water.

e) Muddy ponds can sometlimes be cleared by adding organic matter
and fertillzer to the water. It may take several weeks for
organic matter to effectively remove suspeneded mud particles.
Once water clears to a depth of 20 to 30cm fertlllizatlion may
be attempted. Some recommendations include:

1) Make two to three applications of animal manure at
20kg/100m2 of pond.

2) Make one or more applicaLions of 20 to 40kg/100m2 of hay
or straw.

3) Add 0.75kg of cottonseed meal plus 0.25kg of
superphosphate/100m2 at 2-3 week Intervals.

2. Too much shade:

Phytoplankton are green plants and need sunlight for growth. A
fish pond shaded from sunlight will not respond to fertillzatlon.
Prevent tall plants and trees from shading your pond. Routine
branch trimmlng and dlke cleaning are necessary.

3TN

'ﬂ’ A shaded pond g
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3. Water weeds:

DO NOT FERTILIZE WEEDY PONDS! Fertilizer |s added to flsh ponds
to provide nutrlents for phytoplankton. If your pond Is full of
weeds, adding fertillizer will only make the weeds grow faster.
Once weeds are establlished they steal nutrients from the
phytoplankton. Weeds also shade the water surface and prevent
sunlight penetration which Is essential for phytoplankton growth.
Remove weeds before fertlillzing.

Nutrlents

Nutrients

They are steallng Nutrients
our nutrlents!!

Nutrients

Weeds use nutrients Intended for phytoplankton.



4, Excess water flow:

People nat famlllar with flsh culture often think flsh shouid be
cultured In constantly flowing water. Flushing water through a
pond may help remmedy sltuatlons where flsh are under stress or
appear sick, but this actlon can also flush fectlllizers ancl
nutrients out of a pond. Thls Inhlblts phytoplankton growth. TIn
avold this do nat allow a contlnuous flow of water through the
pond. Add only enouah wiater "o replace evaporatlon and gSeepage,
or correct problems. Control excessglve water flow by using the
followlng measures as approprlate.

1> Build dlversion ditches to channel excess water around the
pond.

2) Enlarge the existlng pond and/or construct another pond above

. the existing one in terrace fashion.

3) Build inlet control structures such as valves, flood gates,
etc. .

Tecrraced ponds with .a diverslon canal to carry excess water
around the ponds durlng high stream flow.
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S. Lime may be needed:

In many areas the only water source for ponds Is raln that runs
off of the surrounding watershed. Thls water may be acldic. Fish
may not survive or grow well In ponds which are fllled with this
water unless llme Is applled to neutrallze the acldity. Lliming
will promote phytoplankton growth and lncrease flish production.

When applylng lime to a pond spread the requlired amount evenly
over the dry bottom before fllling It with water. If a pond Is
already full llme may be spread over the surface with a shovel.
In large ponds a boat may be used to spread |lme evenly over the
surface. Ponds requliring llme should be |imed after each draining
I1f 1lme Is avallable at a reasonable price. If pond soll has a pH
above 6.5 lime s not needed. The previously mentloned factors
Inhlbiting response to fertlllzer must be corrected before liming
can enhance the effect of fertilizatlon.
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Spread |lime evenly over the pond bottom.

The amount of lime added to a pond depends on the soll acldity.
Soll testlng laboratories equipped to measure acidlity of ponc
bottom solls can make speclflc recommendatlions on the amount of
lime requlred to neutralize acidity. In the absence of suct
assistance a rule-of-thumb is that 1000 to 2000kg of agricultural

limesha (thls Is 10 to 20kg/100m2) w1l neutralize soll acldlty
under most conditions. There are several forms of 1lme, but
filnely ground agrlcultural limestone Is best. Qulcklime Is

dangerous. It burns If It Is Inhaled or touches the skln. Farmers
using quicklime should excerclse extreme care. Appllcatlon rates
for dlifferent liming materlals are given below, and may be usec
where soll testing ls not avallable.

1. Coursely ground agrlcultural lime: 1000 to 2000kg/ha
2. Finely ground agricultural |lmesione: 1000 to 1200kg/ha
3. Hydrated (bullders or slaked> lime: 600 to 1000kg/ha
4. Quickllime: 500 to 800kgrha



It will not hurt to add lilme If the reason for poor fertlllzer

response Is not clear. Agrlcultural llme ls safe to apply while
fish are still In the pond. Applylng excess qulicklime or hydrate:d
lime can kill fish. Qulck or hydrated I[lme should be applled

before stocklnyg fish. [f several avpllcatlions of llme fall to
increase production of phytoplankton other actlong may b
necessary to lmvrove condltions 1o the pond.

6. Not enough fectlllzer:

3ometimes the amount of fertlllzer appllied la Insuiflclent to
stimulate phytoplankton regponse. if thls lg suspected Increass
the amount and/uce titeguency of agpplicatlion.

STORING CHEMICAL FERTILIZER

T

Do not store chemlcal fertlllzer longer than necessary.
gtorage g required place chemlical fertillzers In a dry, well
protected locatlion. Excess humidity can damage the fertillzec.
Bags of fectillizer can be gtored on sgimple wooden or bamboo
platferms elevated above ground.

L

Store the fertllizer In a dry place.

SOME GENERAL CONSIDERATIONS

1> Buy the fertlllzer vyou need. Some companies sell a varlety of
fertillizers. Inquire from extensionlsts and other farmers which
fertilizers they recommend for flish ponds. Fertlllizer grades are
usual ly marked on the bag or box contalnling the fertlllizer. Some
companles guarentee this analyslis. For example, a 20-20-5 grade
should mzan that the fertillizer contains 20% nltrogen, 20%
phosphorous and 5% potasslium by welght. Buy chemlcal fertlllizer
from a reputable dealer.



2) It Is difflcult to determine when chemical fer;llli}r Is no
longer usable. Nitrogen In chemical fertilizer can vdlatillze
" when It comes In contact with molsture. The contalner holdl'ng the
fertlllzer becomes wet |f thls happens. Other nutrlents may be
leached out durling thls process. Fertillzer bags and boxes
usually have an lnner plastic llner to gaurd agalnst damage from
molsture. Do not buy fertlllzer In contalners which appear wet or
whlch have been stored In a damp area.

GLOSSARY OF TERMS

aguatic weeds - unwanted plants which grow In ponds.

h ] fert]l - manufactured fertlilizers <contalnling
nltrogen, phogphorous and potassium In varylng proportions.

compost - organic materlal (especlally plantsgs) which has been
decomposed and 1s suitable for use as fertillzer.

fertlllzer - a sSubstance added to water to Increase the
product!on of natural fish food organisms.
leach out - to be drawn out do to the presence of molsture.

v let /10w ‘- a condltlon, normally occuring at

night, In which oxygen dlissolved In pond water has been depleted
malnly because of the decompogition of organlc matter and
resplration of organisms in the pond.

phytoplankton - the plant component of plankton.

plankton - the varlous, mostly mlcroscoplc, aquatic organisms
(plants and animals) that serve as food for larger aquatlc
animals and flsh.

Secchl _digk - a clrcular dlisk measuring approxlmately 20cm In
dlameter whlch |s used to measure the abundance of plankton In
water.

volatjllize - to turn Into a gas and escape Into the atmosphere.

watershed - an area of sloplng land down which water dralngs after
ralns.

zooplankton - the animal component of plankton.

Communications and edlitorial comments regarding thls technlcal
serles should be addressed to:

Water Harvestlng/Aquacul ture Project

Swingle Hall

Auburn Universlty, Alabama USA 36849
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INTRODUCTION

Organlc fertillzers are uasually anlmal manures or plant wastes
and cuttings {('green manure"). Manure from chlckens, goats,
sheep, ducks, plgs, rabblts, cattle and horses are excellent
fertlillzers for flish ponds. Other examples of organic fertlillzers
sultable for ponds are dligested sludge ifrom blogass generators,
molasses from sugar cane factorles, composted vegetatlon, table
scraps and waste water from anlimal slaughter houses. Examples of -
materlals that are NOT good organlc fertlilizers arc¢ clce hulls,
sugar cane stalks, sawdust or other materlials that require a long

time to decay.

Animal manure makes good fish pond fertlllizer.



HOW DO ORGANIC FERTILIZERS WORK?

L. Organic fertillzers decompose and release nltrogen,
phosphorous and potassium which are used by phytoplankton for
growth and reproduction. In this way more natural food
organlsms are produced for flsh to eat.

Qrganic fertlillizers, especlally animal manures, provide
nutrlents and attachement sltes for bacterla and other
microscoplc organlsms. These organisms provide nourighment for
fish even thcough In some cases the manure ltself may have no
dlrect food value when eaten.

\8]

3. Many "green manures' and the undlgested food In anlmal manures
are digestable and prov!ide direct nutrltion when eaten by
flsh. Thls Is In addltion to thelr effect as fertlllizers and
attachement sltes for flsh food organ!sms as described above.
The result |s enhanced flsh productlon.

HOW MUCH MANURE TO USE

1. Anlmal manures:

Manures vary In nutrient quallty dependlng on the quallty of food
eaten by the anlmals. For example, animals llke plgs and chlckens
whlch are glven high quallty commerclal ratlons wlll have manuce
higher In nutrlent quallty than anlmals 1lke horses and cattle
which feed on grasses. The amount of plg or chlcken manure needed
for a pond s therefore less than the amount of cattle or horse
manure to achleve equlvalent results. The molsture content of the
manure also affects 1ts quallty. Dry manure w!ll have more of
some chemlcal nutrlents than an equal weight of wet manure
because It |3 more concentrated, but the food value may be lower
because bacterla and other organisms may have already removed
much of the dlgestable material.

Anlmal manures are usually applled to ponds on the basls of
welght per area of pond surface (kllograms of manure per hectare,
per 100 square meters, etc.) or on an anlmal per area basls such
as one plg per 100 square meters of pond surface area. Use Table
l as a rule-of-thumb to determlne approximately how many
kllograms of manure or how many anlmals are needed for the
deglred effect. The amount of dissolved oxygen In the water and
phytoplankton abundance as measured by the technliques described
Iln  the brochure entltled "Fertillzlng Your Flsh Pond: An
Introductlon" are the flnal Indlicators of "how much ls enough",



Table 1: Anlmal manure appllcation rates and.the number of
‘ anlmals needed to supply manure to 100m2 o¢ pond.

APPLICATON RATE NUMBER OF ANIMALS

MANURE SOURCE (Kg/100m2/yeek>  PER 100M2 QF POND

cattle 10 ———— 0.3 Call day>
———— 0.6 (night only>

chicken 6 - 8 10 - 15

duck 6 - 8 {0 - 15

goat/sheep 10 ———— 4 Call day>
———— 8 (night only>

horsge/Jdonkey 10 0.5

plg 6 - 8 0.5 - 1

By dividing the weekly dose Into dally appllicatlong, low oxygen
problems will be less llkely to occur and food In the manure will
be more effectively utllized by flish.

Chickens, plgs and ducks may be conflned and fed a commercial
ration. Chlckens may be ralsed over plg pens whlich are bullt over
fish ponds. Uneaten food and manure can then be washed or fall
directly Into fish ponds. The following diagrams lllustrate two
desligns for integrating plg, chlcken and duck ralsing with fish
culture.

\
Chickens esiddlh “{ﬂ ﬂ fnt

Farmer washing manure
Into flsh pond.

Galvanized lron sheets catch the manure and direct it to the pond.



~————

Duck house bullt over a flsh pond.

Cattle, buffalo, sheep and goats are normally pasture-fed. Thelr
manure falis In the flelds where It Is dlfflcult to collect and
apply to ponds. If {hese animals are corralled and fed near
ponds, manure can be easlly collected or flushed into ponds.
Animals may be corralied constantly or only at night. Less manure
wlll be available If the animals are conflned only at nlght. More
anlmals wlill therefore be needed per pond surface area than |f
constant conflnement ls uged.

Large anlmals should not have unrestricted access to ponds
because thelr hooves wlll break down pond dlkes causing shallow
weedy areas to develop. These areas become mosqulto breedling
grounds. Ponds should be protected wlth a fence and acceas of
large anlmals limited to one small area of pond shorellne. Manure
and urlne will be concentrated there and flushed into the pond
during ralns. The followlng drawling |llustrates these princliples.



Corral

Shute to flush manure lhto pond.

Tyl
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This pond Is fenced off to restrict access by cattle.

2. Plant or '"creen" manures

Vegetable matter, grasses, garden weeds, spolled frults and
vegetacles and other plant wastes can be used as .lsh pond
fertlilizer. They may be chopped Into small pleces and mixed
together Into a compost plle. A mixture of animal and green
manures provides a good fertlllizer.

Compost should be kept molst, not saturated or dry, so It rots
qulckiy. To control acidlty 2.5kg of finely ground 1lme may be
mixed with 100kg of compost materlal. Compost plles should be
turned and mlxed weekly to promote aeratlon and rapld
decompcsglition. Compost plles shrink as the materlal rdecomposes.

Apply compost to fish ponds at rate of 20 to 25kg/100m2 of pond
surface area every ten days as a rule-of-thumb. In practice
phytoplankton abundance, as measured by methods described 1In
*Fertillzing Your Fish Pond: An Introductlon" determines how much
compost |s actually applled. Compost Is an effective fertillzer
for small ponds. The slze of pond that can be effectlvely
fertlllzed depends upon the quantlty of compost avallable.



Place compost material Into corrals bullt of bamboo or wood
measurling at least two meters long by one meter wide. Plle cut
weeds, grasses and other soft plants and scraps Inslde the frame.
Stir the plle weekly to promote contlnued decompostion. Compost
can be withheld and/or removed from corrals |f low oxygen
develops untlil the problem is corrected.

Compost

A fish pond with two compost corrals In the corners.

OXYGEN PROBLEMS CAUSED BY ORGANIC FERTILIZERS

Oxygen depletlon frequently occurs after large doses of manure
are added to a pond at Irregular Intervals. Thls 3. the most
serious problem wlth wuslng organlic fertlllzers. As manure
decomposes oxygen |3 consumed from the water.

When oxygen Is low flsh come to the surface of the water and
appear to be gulping alr. They are trylng to breath. This would
be similar to a person who has been breathlng under a cover for
an extended tlme. Oxygen |s used up and the cover must be removed
to let In fresh alr.

In ponds low oxygen usually occurs at night and Is lowest Just
before dawn because phytoplankton have not produced oxygen durlng
the nlght. Low oxygen can also become a serlous problem whei
Secchl dlsk readlngs fall below 20cm Indlcating that plankton are
too abundant. See detalls on readlng a Secchl dlsk In
"Fertlllzing Your Fish Pond: An Introductlion'. Low oXygen can
kill flsh. If only a few fish dle every day the problem may be
dligease. If large numbers dle suddenly at night low oxygen |s
probably the cause. Even If flsh do not dle from low oxygen, they
are weakened and more !lkely to become sick.



AVOIDING AND CORRECTING LOW OXYGEN PROBLEMS

1. Suspend fertillzer appllicatlon untll.the low oxygen problem
has been corrected and flsh stop gulplng at the water surface.

2. Add fresh water to the pond Immediately to revive the flsh,
and contlnue addlng water until the fish stop gulplng at the

surface.,
3. While adding fresh water, draln some of the old water off the

pond bottom. The bottom layers of water have the least oxygen.

Add fresh water.

Fish gulping at the surface. \L
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A?”,,,_/’ ' Y~ Draln off low oxygen bottom water.

A flsh pond with low oxygen.

APPLICATION RULES FOR ORGANIC FERTILIZERS

1. The first appllicatlon may be made two weeks prior to stocking
fish to iIncrease natural food abundance. When usling manure
provided by enclosed |lvestock, place the anlmals In thelr
pens and begin feedlng them two weeks prlor to stocklng flsh.
This ls especlally true |f the pond was not previously
manured.

2. Do not overfertlllize. Manure should be applled to ponds to
keep plankton abundance wlithin recommended 1imlts. See
"Fertlillzlng Your Flsh Pond: An Introduction".

3. Avold adding large doses of manure at lrregular Intervals.
Malntaln a scheduled routine for addling manure based on
observatlons of water quallity. This allows decomposition
to procede at a slower rate and avolds oxygen depletlion.

4. Organlc fertlllizer can be used in combinatlon with chemlcal
fertillizers. 1f the pond s muddy add manure flrst to
preclpltate suspended soil particles. Thls will enhance the
effectiveness of chemlcal fertlllzers In Increasing
phytoplankton abundance.



S. Keep Secchi dlsk readings of plankton atundance wlthin the
range of 20 to 30cm and check the pond before sunrise to
detect oxygen problems. Have fresh water available for
flushlng a pond |f lcw oxygen develops. Suspend or reduce
fertillzatlon until the low oxygen problem |s corrected.

6. Remember that many organlic fertllizers are also eaten by flsh.
Weekly amounts of manure can be dlvided into smaller dally

doses to facilltate thls. Dally doses are best applled
at mid-morning to avold creating oxygen problems.

GLOSSARY OF TERMS

aggimllate - to take In and approprlate as nour!shment.

chemical fertllizers - manufactured fertlllzers containing
nltrogen, phosphorous and potassium In varying proportions.

compogt - organlc matecial <(especlally plants) which has been
decomposed and |8 sultable for use as fertllizer.

decomposition - the decay or breakdown of organic materials into
simple compounds avallable for assimilation by phytoplankton.

| \Y X n - oxygen that is dlissolved in water and which |s
resplred by aquatic organlsms.

fertillzer - a substance added to water to lIncrease the
productlon of natural flsh food organlsms.

food chaln - the pathways through whlich nutrlents added to a pond
are converted Into flsh flesh.

areen manure - manure composed of green plant matter.

manuresorganic fectilizer - anilmal or plant matter used as
fertilizer In ponds.
mlcrogscoplc - invisible to the eye without the ald of a

microscope or magnlfylng glass.

natural fish food organisms - plankton, Insects and other aquatic
organlsms that fish eat.

nutrient aualjty - the amount and condition of nutrients

(nitrogen, phosphorous and potassium) avallable In a glven
fertlllzer.

organjc fertlllzers/manure - fertlilizers compogsed of anlimal or
plant materlals which must be decomposed to release thelr
mlnerals and nutrlents.

oxygen depletjon/low oxvgen - a conditlon, normally occuring at
night, In which oxygen dlssolved In pond water has been depleted
mainly because of the decomposltion of organlc matter and
resplration of organisms in the pond.




phvtoplankton - the plant component of plankton.

plankton - the varlous, mostly mlcroscoplc, aguatlic organlsms
(plants and animals)> that serve as food for larger aquatlc

anlmals and fish.

Secch] digk - a clrcular disk measuring approxlimately 20cm In
dlameter whlch l|g used to measure the abundance of plankton In

water.

zooplankton - the animal component of plankton.

Communicatlons and edltorlal comments regardlng thls technical
serles should be addressed to:
Water Harvestlng/Aquaculture Project

Swingle Hall
Auburn Unlverslity, Alabama USA 36849
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INTRODUCTION

Transportling flsh Is a very important part of flsh culture. Fry
and fingerllngs must be transported from hatchery to pond for
stocking. Brood flsh are sometlimes transported lnto the hatchery
to spawn. It may even be necessary to transport llve harvested
flsh to the market for sale. Many methods for flsh transport have
been developed. Several of these methods are descrlbed here.

Fish are generally transported In contalners such as cans of
dlfferent slzes, pots of ceramlc or metal, wooden or metal
buckets, vats, barrels, plastlc bags, styrofoam boxes, bottles,
Jugs, animal sklns and bamboo sectlons. In fact, almost any
clean, water proof contalner may be used.

Certaln contalners provide good Insulatlon from heat, for example
wood or styrofoam. Contalners llke metal or plastic are poor
Insulators and may have to be wrapped wlth wet towels or packed
with Ice to keep temperatures down.

Flgure 1: Varlous contalners are used to transport flsh.

Once flsh have been placed In thelr transport contalner they are
brought to thelr destlinatlon by the qulckest posslble means that
wlll provide a relatlvely smooth and direct route. This may be by
foot, anlmal cart, blcycle, boat, motorlzed land vehlcle, traln
or plane.

CONSIDERATIONS FOR FISH TRANSPORT

Fish transport must be done carefully In order to be successful.
A poorly organlized effort may easlly result In death of flish. The
followlng factors dlirectly Influence flsh transport.



Iolerance to transport.

A famous saylng In flsh culture is that "fish are not potatoeg".
They need tender loving care |f they are to remaln strong and
healthy. Tolerance of flsh to transport |s related to thelr
abllity to reslst or adapt to stressful condlitions. Their
resistance also changes as they pass through varlious 11 fe stages.
Larvae are very dellcate as are brood fish whlch are ready to lay
eggs. The table below Indlicates stress tolerance levels of some
commonly cultured fish.

tilapla - hligh tolerance
catflish - hligh tolerance
gourami - high tolerance
carps
common - high tolerance
blghead - medlum tolerance
grass - medlum tolerance
sllver - low tolerance
mud - hlgh tolerance
black - hlgh tolerance

medium tolerance

Indlan carps

Presence of food inp the Intestlipes.

Fish survlve transport better |f they have no food In thelr

Intestines. For thls reason, they are not fed for 1 to 2 full
days prlor to the time they will be transported. Brood stock are
often conditioned for trangport to spawnling faclllitles by
crowding them up In a selne net and releasing them. This
procedure |s done for 2 consecutlve days before moving them from
thelr pond to the hatchery for spawning. The fish stop eating and
this helps them adapt to the stress of artlificlal spawn i ng.

Fish can also be harvested and held In net enclosures or tanks
for 24 to 48 hours wlth clean, preferably gently running, water.
The fish pass food out of their Intestines and will be In good
condltlion for transport. If the fish have disease or paraslites
they can also be treated easlly In tanks prlor to transport.

Ace and slze of fish,

A lower welght of small fish can be transported per unlit volume
of water than large fish. Thls gulde cla.siflies fish broadly into
four maln groups according to what l|lfe-cycle stage they are |In.
Newly hatched flsh are called larvae or sac fry. They are slow
moving and possess a yolk sac which provides them wlth at least a
24 hour food supply after hatching.



Yolk sac-———~\~——’4'

Figure 2: A sac fry wlth yolk sac.

Post larvae do not have a yolk sac and are commonly called fry.
Fry welgh less than 1g. A 3 to 4 week old flsh welghlng more than
ig may be called a flngerling. Sexually mature flsh are often
called brood stock. Table { provides a "rule-of-thumb" guide to
determine how many flsh of a glven age group may be transported.
Thegse flgures are based on trangporting flsh In sealed plastic
bags contalning oxygen and about 4 1lters of clean water at
approxlimately 180C. These numbers are only a rough gulde and may
not work under all condltlons or for all klinds of flsh. Tanks or
contalners must be used to transport flsh [f plastlc bags are not
avallable. Table 2 glves recommendations for transport!ing
different slzed flish In tanks wlth dliffused oxygen at
approxlmately 18€cC,.

Table 1: Quantltles of different slzed fish that can be transported In
sealed plastic bags (18 Inch x 32 inch) with approximately
7.6 llters of water and pure oxygen.

Duratlon of Trangport

Flsh Slze 1HR 12HR 24HR  48HR
LARVAE (newly hatched)

(grams/1) - 120 - 80 - 40 - 10
/4 Inch (0.64cm) FRY

(gramg/1) - 60 - 50 - 40 - 20
1 Inch (2.54cm) FINGERLING

(grams/1) - 120 - 100 - 75 - 40
2 Inch (5.08cm) FINGERLING

(grams/1) - 120 - 105 - 90 - 40
3 Inch (7.62cm) FINGERLING

(grams/1) - 120 - 105 - 90 - 40
Larger Flsh .

(grama/1) - 480 - 180 - 120 - 60




Table 2: The welght of fish per llter of water transported In
tanks with diffused oxygen.

Fish Size 1HR 6HR 12HR 24HR
LARVAE AND FRY = =cccoeee- NOT RECOMMENDED ~=-====mnm
1 Inch FINGERLING 120.0 60.0 30.0 30.0
2 Inch FINGERLING 240.0 180.0  120.0  120.0
3 Inch FINGERLING 360.0 240.0  120.0  120.0
8 Inch FINGERLING 360.0 360.0  240.0  180.0
Larger Flsh 480.0 480.0 360.0 240.0

Methods used for trangportina fish,

transport, or
flsh which Is then seale

Is egsential to maintal

transporting flsh.
water durlng fish trans
contlnuously

bubbled
Injected

The

Into an

n adequate oxygen
technique recommended for
port 1s use of pure bottled oxygen.
contalner
Into a plastic bag containing wat
d air-tight for transport.

unsealed
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In the water while
oxygenat lng

Flgure 4: Oxygen sealed In a plastic bag.



When plastic bags are used, oxygen IS added after water and flsh.
One fourth of the bag usually contalns water and flsh and three-

_ After adding oxygen the bag s sealed
shut with a twisted rubber band, string or other material. As a
precaution agalnst leakage, the flilrst plastic bag should be
placed inslde a second bag whenever possible. The sealed double
bag of fish Is then placed In a box, woven grass bag or other
contalner for added protectlon and loaded onto a vehlcle for
transport. If properly packaged and lnsulated from heat, these
contalners can transport fish for 24 to 48 hours wlthout water
exchange. The followlng flgures |llustrate the use of plastic
bags and bottled oxygen In flsh transport.

Making and using plastic bags

Flgure S: Cut the plastic bag material to the dimenslons shown.

N N

Flgure 6: Fold one end. Flgure 7: Tle it.
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Flgure 8: Melt and fuse the tled end. Flgure 9: Fll]l 1/4 with water

to cherk for leakage.

countlng pall

FPlgure 10: Countlng flsh Into the plastic bag.

a.
b.

c.

d'

Count the number of flsh In 4 or 5 scoops.

Dlvide the number of flsh by the number of gcoops to get the
average number of flsh per scoop.

Estimate the number of flsh needed for stocklng a pond, cage,
rice paddy or transport contalner.

Dlvide ¢ by b to get the number of scoops needed.



Flgure 11: A predetermined welght or number of flsh are placed In each bag.
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Flgure 12: Insert oxygen hose Into bag, depress bag to force out atmospheric
alr and slowly bubble pure oxygen through the water.
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Flgure 13: Squeeze bag closed while removing oxygen hose, and tle bag
securely.
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Wet cloth placed over the bags
wil] keep them cool and protected

from the hot sun. Ice may be
packed around the bags during hot

weather.

Figure 14: Place sealed bags Into woven grass sacs, cardboard, wood or
styrofoam boxes for protectlion during transport.



Chanalng water partially or completely,
Other procedures may be used In emergencles when bottled oxygen
Is unavallable. During hot weather or long trips, fish may rise

to the surface and start gasping for alr. Thls means oxygen 1In
the water has been depleted and the water should be changed.

2

L
&

Flgure 15: Adequate oxygen Flgure 16: Depleted oxygen

When adding fresh water to a <contalner of flsh or when
transferring fish Into fresh recelving water, exercise the
followlng precautlions.

1. The new water should be clean, not muddy, and should be free
of chemlical pollutants. Avold acldlc or "peaty" water. Water
from clean, clear-running springs or streams ls best.

2. Poorly aerated water from wells, storage vats or reservolrs
should be avolded because it ls low In oxygen.

3. New water shou!d e the game temperature as the origlnal
water.

To change water, empty half of the old water from the transport
contalner and then reflll with new water of the same temperature.
Thls 1s easlly done |f the contalner has a screened dralnage
spout or overflow. Plastlc bags are squeezed around the neck and
tilted to allow water but not fish to escape. Siphon tubes are
used to remove dirt and flsh waste from the botter «f the

trangsport contalner. DO NOT add new water quliekly — » the
contalner. Thls may InJure fish. Add 1t carefully. -:- -~ 10
mlinutes change all of the water. Several exchanges a:y we
necessary.
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Pumplng air Iinto the transport water can be done continuously
from the start of travel or as an emergency measure. The flnest
alr bubbles possible should be pumped into the water. Oxygen
diffuses faster through flne bubbles. Large bubbles forcefully
pumped into the water may also InJure fish. Equipment whlch can
be uged Iincludes blcycle tire pumps, battery operated aerators
from aquarluin snhops, alr fllled Inner tubes with alr belng
squeezed through a regulated nozzle and any other locally bullt
device.

W
< °

v

Flgure 19: Pumping alr into a transport contalner.

Agltation can be done simultaneously wlith aeratlon. However,
these are only temporary measures and wil] not keep the flsh
alive very long. They may be trled untl] the water can be
exchanged. DO NOT bubble your breath through the water. It
contains carbon dloxide not oxygen. You will only hasten the
death of your flsh by dolng this.

USE OF HYDROGEN PEROXIDE AS AN OXYGEN SOURCE

Large caplital outlay is requlred for tanks and other speclallzed
equipment used In flsh transport wlth pure bottled oxygen. A
practical method for hydrogen peroxide use In fingerllng
transport has been developed by N. Innes Taylor and L.G. Ross at
the Instltute of Aquaculture, Unlversity of Stirling, Stirling
FK9 4LA (Great Brltaln). Hydrogen peroxlide decomposes to vield
oxygen and water. It 1Is avallable from pharmacles [n most
countries. Though expensive, It does not require a large capltal
outlay If small quantities of flsh are being transported. The
gsystem ls described below.

1> Dip a 2-1 capacity (26cm x 26cm) plastic bag In clean water several times
to get It wet. Then, shake It to remove excess water.

2) Place 1g of fish liver in the bag.

3) Crush the llver by hand.

4) Add 40ml of 6% welght per volume hydrogen perox!de.

5) Expell all alr from the bag, and seal It with an elastlc band.

6) Shake the bag to facllitate oxygen release. The bag should fl1}l with
oxygen In approxlmately S minutes.

7) Oxygen ls squeezed Into a transport bag contalning water and flsh through
a plastic tube, as shown In the following dlagram. Liquid ln the oxygen
bag may kill fish and should not be squeezed Into the transport bag. A
pump 13 used to fill the transport bag completely,

12



The temperature of new water should not differ from that of the
transport water by more than 3 degrees centigrade. If it does,
replace only one fourth of the old water Initlally and walt 10
minutes. Then replace one fourth of the water agaln and walt 10
minutes before completely changing the water.

Transport water can be aerated by agltatlon or alr can be pumped
Into It durlng emergencles when water exchange !s Impossible and
flsh are clearly under stress. Agitation can be done in several
ways. A small quantlty of the old water can be removed and poured
repeatedly from a helght of 30 to S0cm through a screen, grate or
porous cloth back Into the transport contalner.

30 to S0cm

Filgure 17: Pourling old water back Into the transport contaliner.

A person can also stick hlis hand into the water submerged up to
the knuckles with flngers spread, and brilskly wave
back-and-forth. Electrical devices are alsoc used for aglitation.

Flgure 18: Aeratling a contalner by hand.



Plastic tube for

oxygen transfer.-_\l

/I

Released pure
oxygen

Oxygen being transfered
Iinto the transporﬁ bag.

—

 40ml of 6% w/v
hydrogen peroxlide

1g of crushed
\\¥> . TV J’J fish llver

"

Trangport bag with fry. Two liter plastic bag.

Flgure 20: Producing pure oxygen from hydrogen peroxide for flsh transport.

Temperature of transport water.

Water temperatures ranglng from 18 to 28 degrees centligrade are

sultable for transporting warm-waterfish. The ldeal temperature
Is 21 to 25 degrees centlgrade.

280¢

250C

adequate [deal

Flgure 21: Temperature range for transport!ing warm-water flsh.
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Warm water holds less oxygen than cool water. Respliratory
requlirements of fish are also greater at hlgher temperatures.
Thus, fewer .flsh can be transported per unit volume of warm
water. The GOLDEN RULE of flsh transport Is to always malntaln
sufflclent oxygen in the transport water. Thls can be done In
gseveral ways.

Keep transport contaliners cool. They should always be kept shaded
and out of direct sunlight. As water warms |t holds less oxygen,
so prevent rapld warming of the transport containers. Ice may be
packed around contalners on long trips. DO NOT add ice dlrectly
to the water contalning the fish. A wet cloth may also be wrapped
around contalners to reduce temperature by evaporative cooling |f
lce Is not avallable. Be careful to prevent water temperature In
the transport contalner from dropping below 18 degress centlgrade
when usling lce.

Wet cloth placed over
transport contalner.

Ice packs on top
of transport bag.

—— Inner plastlc bag
for flsh transport.

Quter woven sac
“ for protection.

Flgure 22: Packing lce around a plastic bag used for flsh transport.

Duratlon of transport.

More flsh can be transported per unlit volume of water |f the
duration of transport s short. Fewer fish can be transported on
long trlps.

f%\ | I~
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=4 s .
0o e
L L oy
Figure 23: Short trip. Flgure 24: Long trlip.
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Mode of transport,

Use the fastest, smoothest and most direct means of transport
posslible. Some bumplng and surglng ls useful In agltatling water
In contalners. However, a .ough rlde with long stops greatly
decreases the abllity of flsh to survive transport. Good
communicatlons can not be overemphaslized In planning flsh
transport.

Climatlc conditlong.

Fish should be transported during the coolest part of the day or
at night In hot weather.

STOCKING PROCEDURES

Stocking your flsh into thelr new home after transport can be the
most critical aspec: of the transport procedure.
the trangport water and water where the fish are to be stocked

musgt be eaquallzed before stocking the flsh. This usually requires
15 to 30 mlinutes. A temperature dlfference no greater than 3
degrees centigrade 1Iis tolerable. When flsh arrive at their
destinatlon, the speclal procedures used to change water durling
transport must be followed to acclimate them to the new water.
Thlis allows water temperatures In the transport contalner to
equalize with the new water, and allows flsh to adjust to changes
In lonlc quality of the new water.

Plastic bags should be floated on the water surface where the
fish are to be released while the water exchange and acclimatlon
procedure Is done. Flsh are then allowed to swim out of the bags
Into thelr new surroundings. Flsh transported In contalners which
can not be get Into the new water may be transferred with a soft
net, or dlpped out with a scoop or bucket. DO NOT pour flsh from
any helght Into their new environment. They wlll be weak after
transport and can easlily be Injured by rough handling at this
stage. Allow them to swim slowly Into new water.
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Flgure 25: Float transport bags where the flsh will be stocked.
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Correct ' Incorrect

Flgure 26: Immerse the bag and allow fish to swim out. This Is better than
scooping them out with a net. DO NOT dump or pour the flsh In.

Summacy

1. Stop feedling flsh 24 to 48 hours prlor to transporting them.

2. Prepare all transport contalners, oxygen and other equlpment.

3. Harvest flsh durlng the coolest part of the day. (Very early
morning).

4. Quickly, but gently, load harvested flsh Into a transport
contalner.

-~ DO NOT OVERSTOCK.
~ USE BOTTLED OXYGEN IF POSSIBLE.
S. Insulate from heat during transport.
6. Transport flsh on the fastest, smoothest, means of
transportation avallable.
7. Upon arrlval at thelr new home, adjust flsh to thelr new
surroundings slowly by gradually exchanging water to avold
temperature and lonlc shock.

16



GLOSSARY OF TERMS

aeration - the érocess of addlng pure oxygen or alr Into water
for the purpose of Increasling the dlssolved oxygen content.

agltatlon - the process of Increasing the amount of oXygen 1In
water by stlrring, pouring, shaking or some other mechanical

means.

- sgexually mature fish selected for
reproduction.

- oxygen that Is Introduced into water as finely
diffused bubbles from a tank of pure oxygen.

fry/post larvae - recently hatched flsh which welgh legs than 1g
or measure less than 2.5cm In total length.

- an antiseptic, commonly avallable In
pharmacles, which may be used to produce oxygen for flsh
transport. '

- a condition resulting when fish are transported
and, wlthout acclimation, stocked Into new water having chemlical
properties dliffering greatly from the trangport water.

larvae - recently hatched fish which are stlll too young to feed.

pure bottled oxvagen - hlgh quallity oxygen used by hospitals and
‘welders that Is contalned In a tank or bottle and |Is also used |n
fish transport.

gac_fry - the stage In a flsh’s 11ife cycle at which it has a yolk
sac.

gpawning - the act of depositlng eggs and produclng young.

Communicatlons regardling thls and other technlcal brochures on
water harvestlng and aquaculture should be addressed to:

Water Harvestling/Aquaculture Project

Swingle Hal)

,Auburn Unl-«rsity, Alabama USA 36849
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INTRODUCTION

Tllapla nilotlca is native to most major Northern and Central
African river systems and have been distributed widely throughout

the troplcal world. The following flgure shows distinguishing
features used to ldentify this species. '

29-31 dorsal :
fin rays 16-18 dorsal spines

plack bars ol

Tllapla nllotica



RACTERISTICS AT S MATU

The following table summarizes I[Important requirements and
characteristics of sexually mature, pond-raised Tllapja nilotica.

AGE ' 4 to 6 months
WEIGHT 50 to 100g
LENGTH ' 10 to 12cm

SPAWNING TEMPERATURE

- OPTIMUM 25 to 30 degrees C

- MINIMUM | 21 degrees C
\

EGG PRODUCTION PER FEMALE

- RANGE 100 to 2000 eggs/ spawn

- AVERAGE | 200 to 400 eggs/ spawn

- A 200g FEMALE 250 to 500 fry/4 to S5 weeks
BEST SIZE FQk BRQOD STQCK 100 to 200g



SPAWNING SEQUENCE FOR TILAPIA NILOTICA

The following sequence characterizes the mating behavior of

Tilapia nllotica 1In captivity. Flgures t through 6 on the
followling pages illustrate thlis behavior.

1. Brood stock become acclimated to thelr surroundings 3 to 4
days after stocking.

2. Males define and defend territories on the bottom, and form a
nest by cleaning a circular area 20 to 30cm wide. In
ponds wlth soft bottoms the nest is excavated S to 8cm deep by

digging with the mouth.

3. The female is attracted to the nest where she |s courted by
the male.

\

4. The female lays her eggs in the nest after which they are
fertilized by the male.

S. The female picks up the fertilized eggs In her mouth and
leaves the nest. The male continues to guard the nest and
attract other females for matling. Courtship and spawning
require less than a day.

7. Eggs are Incubated for 3 to 5 days In the female’s mouth
before they hatch. Young fry stay with their mother for an
additional 5 to 7 days. They hide in her mouth when danger
threatens. The female does not eat while incubating her eggs
or carlng for the new frvy.

8. The female will be ready to mate again about one week after
she stops caring for the fry.

9. Fry form schools after leaving thelr mother and can eascily be
harvested with small mesh nets at this time. Large schools of
fry may be seen 13 to 18 days after brood stock have been
introduced to their new surroundings.



Flgufe 1: Rlval males defendlng thelr nests, above. While
below, a male cleans and bullds a nest.

Flgure 2: Male performing courtship display to attract a
female Into his nest for matlng.



Figure 3: A mating palr of Tllapla nllotica. The female

lays her eggs while the male stands ready to
fertillze them.

Flgure 4: After the male fertlllzes the eggs the female
plcks them up with her mouth for lncubatlon.



Incubates eggs in her mouth. They will

Filgure S: A female
hatch In 3 to 5 days. Note
where the eggs are kept.

the distended throat

Q27
Y72
a

.!!!:!’
Jl-

i
T m’l’tl i
Y

1
NI
8

wul s

i
/
2

R

Filgure 6: A female guards her young for 5 to 7 days. They

hide In her mouth when danger threatens.

GLOSZARY OF TERMS

brood stock - sexually mature animals selected for reproduction.

spawning - “he act deposlting eggs and produclng young.



Communicat!lons regarding thls and other technlcal brochures on
water harvesting and aquaculture should be sent to:

Water Harvestling/Aquaculture Project

Swingle Hall
Auburn University, Alabama 36849 USA
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INTRODUCTION

Fish culture s an Important component of many rural! development
projects In areas suffering from protein shortages. Tllapla
nllotlca Is often chosen for [ts good cultural characteristics.
However, an adequate supply of flngerlings 1s not always
avallable through established hatcherlies. Farmers can produce
thelr own tllapla flingerlings for sale or culture using one or
more of the methods Introduced iIn this publlication.

FACILITIES FOR FINGERLING PRODUCTION

Tilapla flngerlings are most widely proruced In ponds. However,
net enclosures called hapas, aquaria and tanks made of wood,
flberglass, metal, plastlic or concrete are also used. Choice of
facllity wlll depend on avallable resources and the demand for
fingerlings.
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SYSTEMS FOR PRODUCING TILAPIA FRY AND FINGERLINGS

The following systems are used for producing tllapla fry and
fingerlings. Table 2 provides estlmates of the numbers of fry and
flngerlings which may be produced with each system. These numbers
ar=2 not exact. They are affected by many varlables lncluding
environmental factors such as temperature and water quality, the
management practlces and sklills of the producer, fish health and
others. Numbers presented here are only estimates which provide a
crude basis for comparison among systems.
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This sgystem Is the simplist and requires only one pond.
Filngerlings are stocked In a pond and cultured for a full
productlon cycle. Some reproductlion occurs In the pend during
this time and the resulting flngerllings are restocked into the
same pond for grow-out after the food flsh are harvested.
Fingerling holdlng facllltles are required whille the grow-out
pond s being prepared for restocklng. One production cycle
ranges from 4 to 6 months. Numbers of fry and fingerllings
produced in thls system are low because of crowding and
cannlibal lsm.

Svgtem 2: Reproduction oond gystem

This system employs a separate pond for reproduction. Brood fish
averaglng 100g are inltlally placed In this pond to spawn. Fry
produced in the pond grow to fingerlings weighing from lg to 15g.
Fingerling harvests begln S to 7 weeks after stocking the brood
fish. Flngerllngs are then partlally harvested with a net at 1 to
2 week intervals and transferred to other facilitles for culture
to a larger slze. Net mesh slze ranges from 6 to 12mm depending
on the fingerling size desired. The reproduction pond |s dralned,
drled and restocked with brood fish every 6 to 8 months.

Fingerlings obtalned from this system are of more unlform age and
slze, and of better quality than flingerlings produced using the

"single grow-out pond system". "Partlal harvesting" results in
Increased fngerling numbers and growth due to reduced canniballsm
and overcrowding. Thls gystem 1Is practlcal for small scale
farmers with potential for limited flngerling sales. Two

production cycles per year are posslble,



System 3: Multiple pond svystem

The objective of thls system ls to produce 20g male fingerlings
In nursery ponds. The multiple pond system requires at least 2
ponds. A reproductlion pond produces 1 to 2g mixed-sex flngerllngs
which are harvested and stocked Into a nursery pond for cul ture
to approxlmately 20g. They are then harvested and sorted by sex.
Males are used In monosex tllapla culture where food flsh of at
least 200g are preferred by the mar-2t. This system Is designed
for commerclial operations with high itingerling requlrements where
control of reproductlion In grow-out ponds Is deslireable, and for
speclallzed markets where the additlonal expense of producing
fast growing, all-male fish Ils justified. Two to three productlon
cycles per year are possible.

System 4: Net enclogure or "hapa' gystem

Brood fish are stocked Into net enclosures called "hapas" for
reproduction. Fry are collected and transferred to other hapas,
ponds or tanks ror further culture Into flngerllings or food fish.
Complete removal of fry from the breeding hapa ellmlnates
cannibalism by parent flsh and slblings. Fry are concentrated In
a small area so maximum recovery rates are achleved. Total fry
production per unlit area 1s much hlgher than previous systems.
Hapas may be moved and set up In a varlety of locations, but are
especially well sulted to lakes and ponds. Continuous production
Is possible.

System 5: Tapnk svstem

Tank productlon of tillapla fry and flngerllngs Is practlical where
space for ponds ls llmlted or expensive to develop. Cement tanks
are common, but other materlals, such as flberglass or plastlic
llned pools, may be used. Greater control over water management
and routlne malntenance is possible than wlith other systems. Fish

may be easlly collected with dlp-nets or a small seine, and
well-built tanks can last a llfetime. Contlnuous productlon is
possible. Fry vylelds per unlt area are hlgher than all the

reproduction systems described except for net enclosures.

WHICH METHOD IS BEST?

A farmer must choose whlich preduction method Is best sulted to
his sltuation. Table 1 provides a rough gulde to determine which
gystem to use.



TABLE 1: Characteristcs of different fry and fingerlling production

gystems.
SYSTEHM

B ! ! ! ! T T
DECISION FACTOR E 1 5 2 5 3 E 4 s 5 i
FINGERLING SALES UNIMPORTANT + - - - -
SUBSISTENCE LEVEL FARMING + + - - -
ONLY A SINGLE POND AVAILABLE + - - - -
SIMPLE METHODS AND EQUIPMENT + +/- - - -
FINGERLINGS OF UNTFORM
AGE AND SIZE PRODUCED - - + + +
COMHMERCIAL FINGERLING SALES - + + + +
ALL-MALE FINGERLING PRODUCTION - - + + +
PRACTICAL IN UNDRAINABLE AREAS - - - + -
FRY COLLECTION VERY EASY - - - + +
EASY WATER MANAGEMENT AND

ROUTINE MAINTENANCE - - - - +

BASIC REQUIREMENTS FOR PRODUCING FRY AND FINGERLINGS

1. Culture facilitles require gsufflcient, good quality water free
of harmful chemical substances.

2. All faclllities should be cleaned and malntained on a routine
basis. Hapas require perlodic scrubblng to remove organisms and
debris which clog the netting and prevent water clirculation.

3. Ponds and tanks should be built where they will not flood. Pond
Inlets and outlets should be screened to keep out predators.

4. Ponds should be exposed to sunllght so that adequate plankton
can be produced as natural food.

5. Repraductlion and nursery ponds should be dried after each
productlion cycle to ellminate small tllapia, wild fish or other
undesirable organlsms.

6. Ponds and tanks for commerclal fingerllng production should be
completely dralnable and have catch baslins.



Table 2: Guide to the approx!imate numbers of fry and fingerlings
produced In each system.

System 1

a) 3000 to 5000 fry and flngerlings produced per 100m2 ¢
pond for each 4 to 6 month productlion cycle.

Sygtem 2

a) 1300, ig flngerllings per 100m2 per week
b) 300, 5 to 15g fingerllings per 100m2 of pond per week
with 2 productlon cycles per year.

Sygtem 3

a) reproductlion phase - 1300, 1g flngerllngs per 100m2 per week

b) nursery phase - 350, 25g all-male flngerllings per.100m2 per
9 weeks

c) 2 to 3 productlon cycles per year

System 4

a) 1000 fry per 4m2 hapa per week wlth continuous production
possible.

Sygtem S

a) 6000 to 8000, 1g flngerllngs/@m2 tank per month with
contlnuous productlon possible.

GLOSSARY OF TERMS

brood fish - sexually mature fish selected for reproduction.

flngerlinag - a fish ranging In welght from ig to 25g or greater
than 2.5cm In total lengtnh.

food fish - fish cultured and marketed for human consumption.

fry - recently hatched fish which welgh less than lg or measure
less than 2.5cm In total length.

qrow-out pond/facility - a pond or other facllilty used o grow

aquatlic animals to marketable gize.

hapa - an enclosure of flne mesh net used for breeding flsh and
nursing fry.



onosex_cultu - culture of all-male fish for market.

nurgery pondZfacfljtly - a pond or other facllity used to culture
aquatic anlimals to a size suitable for stocklng into a grow-out
facillty.

partial harvesting - periodic harvesting of a pvortlon of the fish
from a culturs faclllity during a culture cycle.

plankton - very small or mlcroscopic, aquatic organisms (plants
and animals) that serve as food for larger aquatic animals and
fish.

reproduction vond/facility - a pond or other faclllty used for
fish breeding.

spawning - the act of depositing eggs and producing young.

NQOTE:

Fry and fingerling production systems outllined i{n this gulde are
covered in more detall In other tltles of this serles.

Communicatlons regarding these and other technical brochures on
water harvesting and aquaculture should be addressed to:

Water Harvesting/Aquaculture Project

Swingle Hall

Auburn Unlversity, Alabama USA 36849
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INTRODUCTION

Net enclosures can be used In every phase of tllapla culture from
fry productlon to growling market slze food flsh. In Southeast
Asla the "hapa* net system for Tilapla nllotlica fry and.
flngerllng productlon ls very popular. Hapas protect tllapla from
predators and allow hlgh fry survival. Produced fry are
transferred to ponds, other hapas or tanks for grow-out to
fingerllng and food fish slze.

Figure 1: Tllapia fry production ln hapas for transfer to nurseries.




WHAT IS A NET ENCLOSURE OR "HAPA"?

Hapas are constiructed of nattling matecial which lIgs sewn together

to form a square or rectangular enclosure. Hapas differ In :lze
and mesh accocrding to use. Breeding hapas hold tilapla broodstock
and are cong ructed of nettlng whlch has a mash elze of 1.6 to

Z2.0mm. Invected mosquito nets are often used for tihlg purpose,
but the fine mesh will becomes clogged with plaat growth £ not
cleaned frequently. Clagging prevents tre=h water from
clrculatling Into the hapa and can result 1o a low  oxygen
conditlion which killa fish. Laryar mesh slzes allow greater water
exchange In the hapa, and are used for nurs3lng flngerllings
gstocked at high densitles. figure 2 [llustrategs the kind of hapa
frequently used |n Latln Amerlica. A cover s often attached over
the hapa o prevent brood flish from Jumplng out and keeps
predatory blilrds from Injuring flsh. Figure 3 {llustrates a hapa
typlcal of Southeast Asia. The support frame Ig lacking rand a
cover may be absent.

" Wood or bamboo
frame support

30 to 50cm above
the water level
(up to 70cm for
brood fish when
not covered)

0.2m ahove
bottom sediments

Support strings

Wood or bamboo stakes
driven into the mud

Flgure 2: A typlcal hapa and support frame used in Latlin Amerlca.
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Flgure 3: A hapa typlcal of Southeast Asla.

HOW DOES THE TECHNIQUE WORK?

Step |: Determine where to place the preeding hapas.

Breeding hapas are placed In shallow, protected areas of ponds,
lakes and slow moving rlvers., Water should be at least 60cm deep
and the hapa tled with the rim at least 30 to 70cm above the
water line. This prevents flsh from escaplng when water levels
rise durling floocs, and prevents brood fish, which can Jump 50cm,
from escaping. The hapa floor should be tied at least 20cm above
the bottom sediments In ponds wlth soft mud bottoms. If sudden
changes In water level of more than 20 to 30cm are likely to
occur from floodlng or dralnage, hapas may be tled to a floatlng
frame rather than to stakes driven Into the mud.

a cover prevents brood
stock from jumpling out

rzm'/’,,,——— support frame

- —
] —
e,

} 4

A "
1 “~ix (\\_—‘
’ //" support string

support poles

Figure 4: Hapa cled to support stakes contalns broodstock and fry.



A female tilapla will lay eggs on the hapa floor, and pick them
up in her mouth for !ncubatlon after the male has fertilized
them. If the mesh slize af the floor netting s larger than 1.6mm
(1716 inch>, the eggs wlll pass through and be lost. To prevent
the loss of eggs, materlalg such as flne mesh mosqulto netting, a
plece of plastlc, <« welghted board or anything with a flat
gsurface that |« not vecry heavy may be placed on the hapa floor to
serve ag a sgubstrate for egg laving. If hagpas are set up In
concrete tanks or In »onds with a hard bottom the net floor may

rest dlrectly on the bottom. Water clrculatlon wlll, however, be
reduced.
Step 2: Determine how large the hapa gsystem wlill be,

A farmer must be able to calculate how many brood flsh are needed
to produce a glven number of fry. Assumptions must be made about

the number of fry & female wlll produce. The assumptions
pregented In thls manual are general and will not glve the same
results In all arcas of the world. They are provided only as e&n

example which can be adjusted accordlng to local condiilons.

The number of eggs.and fry produced by a female depends largely
on her welght. A 200g female wlil produce roughly twlice as many
fry as a female welching 100g. Tllapla smaller than E0g are
normally Immature and are not satlsfactory as brood flsh.

Brood flsh are stocked Into hapas at rates of about 500g per m<e
(usually 3 to 7 fish depending on slize) and In a ratlo of 1 male
to 3 females (or | out of 4 fish Is a male). Under these
conditions, S500g of brood fish on average may produce 250 tao 300
fry every 5 weeks. This Is about 2500 to 3000 fry per m2 of hapa
per vear 'In countrlies where the average temperature Is at least
25 degrees centligrade all vyear.

Breeding hapas wlith the followlng measurements are commonly used.

One large hapa I|s less expensive to bulld than several small
ones.

Surface Welght of

Hapa Dimensions Area  Brood Fish Held
a. lm long x 1lm wide x im deep {m2 0.5kg

b. 2m long x 1m wide x 1m deep 2m2 1.0kg

c. 3m long x 3m wide x 2m deep om2 4.5kg
Example problem:

If a farmer In a tropical country needs 60,000 fry per year, how
much broodstock and how many hapas are needed for this operatlon?
1> Surface area of hapas needed:

60,000 fry needed + 2500 fry per m2 of hapa = 24m2 of
hapa needed.



12 hapas needed

2) If 2m2 hapas are used: 24mé =+ 2
Q 3 hapas needed

If 9m2 hapas are used: 24m2 =

3) Total welght of brood flsh needed:

24m2 of hapas x 500g of brood 3tock per mZ = 12,000g
(or 12kg>

4) If 100g brood fish are used, the neeced:

a) 12,000g of brood fish =+ 100g per fish = 120 brood fish
b) 120 brood flsh x 1 male per 4 flish = 30 males
c) 120 brood flsh - 392 males = 90 females

Step 3: Mapaalng the hapas to produce fry,

The followling procedure for produclng fry Is followed after the
number of broodstock and hapas needed have been calculated.

1 Place the hapa where It wlll be protected from strong
currents. If hapas are placed In ponds, the pond should be
prepared 2 weeks prior to stocklng brood flsh using standard
fertilization practlices. This allows phytoplankton to grow as
food for the brood fish. Brood fish may be fed at 1% of thelr
body welght dally with a good quallty feed.

27 Examlne the hapa for fry every 10 to 14 days after stocklng
brood fish. If the time perlod Is shorter, females will stil]l be
incubating eggs. After more than 14 days, fry numbers wlll be
reduced from cannibailsm. Fry may be seen swimming In schools
near the water surface. They can be scooped out with a fine mesh
dip net, placed In palls and transferred to nursery ponds, tanks
or hapas. This procedure for fry collectlion Is deccrlibed later.
Great care 13 needed since fry are dellcate at a young age.

3 Collected fry are graded to unlform size to reduce
canniballsm and stocked In:o nursing facilitles at rates of 1000
to 2000/m2 snd grown z:or 1| month. Adequate natural and/or
supplemental food must be provided during this time, and
phytoplankton density In the rearing unilt kept high. Visliblllity
from the water surface should extend to a depth of only 25 to
30cm, and the water should be a rlch green color. The number of
fry should be reduced by half If no supplemental food s glven.
Survival may range from 50 to 75% durlng this first month.

4) Fry are then thinned and atocked at rates of 10 to 20/m2 in
secondary nursery units. Phytoplankton density ls malintalned as
above. Supplemental feeds should also be provided or the number
of fry stocked should be reduced by half.



S) Some sclentlsts In Asia belleve brood flsh produce more fry
when males and females are separated and allowed to *rest" about
2 weeks after each breedling. In thls cagse, twlce the number of
brood fish are needed, but more fry would be produced. Replace
broodstock at least once a year. Brood flsh should be changed
more frequently |f good quallty food Is not avallable. Thig
should be done when the number cf fry collected drops constantly
wlth each 3aubsequent collectlon.

6) Male tllapla are aggressive and can lInJure unresponsg| ve
females while attempting to mate. Dense phytoplankton reduces
visibility In water and reduces aggressive behavior. If fish are
to be kept In clear water, t'e premax!llary or "upper lip* of the
male can be removed wlith scissors or a sharp razor to provide
protection for the female. The following lllustrations show how
this I3 done.

Premaxlllary

1) The premaxillary has small teeth., Aggressive
male tilapla may i{njure females with these
teeth during courtshlip. The 1ip can be removed
with sclgsors to protect female brood fish.

2) To remove the premaxillary,
gently press down the male’s
lower llp to open the mouth,
and to extend the upper |lp.
This can be done with one
hand. Then clip off the upper
lip with the sclssors held In
the free hand.

Premaxliilary removed

3) The cut wlll heal without harming the male.
The lip may be retrimmed If It grows back.

Flgure 5: Removing the male’s premaxillary.
~>



INSPECTING A HAPA FOR FRY

Small breeding hapas are easily Inspected for fry. The bottom
support strings are untled and a plece of bamboo, wood or plastic
pipe (crowding bar) s pulled under the net from one end to the
other to crowd the fish Into one end of the hapa. Objects lnside
the hapa should be removed to avold injuring fish. Floating
crowding bars (3-inch diameter bamboo or sealed 3-inch dlameter
plastic plpe) are easler to use and require only two pecopie to
handle the Inspectlon and fry removal procedure. HNon-floatlng
crowding bars requlire two people to move the bar and may require
an addlitional person to remove fry with a dip net. The following
flgure !llustrates the lnspectlon procedure using a non-floating
crowding bar which slldes over the hapa support frame.
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a) Untie bottom support strings. b) Insert crowdling bar at one

end of the hapa.

c¢) Push crowdirg bar towards the d) Transfer brood flsh to the
opposite end of the hapa. empty end of the hapa and
remove fry wlith a net.

Flgure 6: Inspecting a hapa for fry.



ADVANTAGES OF THE HAPA SYSTEM

1. Maximum recovery of fry Is possible because broodstock are
enclosed in nets.

2. Hapas may be set up in many different areas where it might
normally be Impossible to stock brood flsh or nurse fry.

3. Separation of brood fish and fry iIs easy.

4. Fry may be produced contlinucusly under favorable temperatures
without having to draln reproduction ponds.

DISADVANTAGES OF THE HAPA SYSTEM

1. Netting for hapa construction may not be avallable or may be
expensive,.

2. Netting materlial may degrade in sunlight and need replacing
annually. To avold this do not dry nylon nets in direct
sunlight. Properly cared for nets may last S years.

3. Flsh may easlly escape If the nettling ls torn.

4. Organisms in the water and uneaten food may clog the mesh.
This limlts water clrculation In the hapa and may cause low
oxygen problems. The net may need perlodic scrubbling to remove
foullng organisms from the mesh.

S. Flsh may be easily stolen from hapas.

6. Females lncubating eggs may split them out when hapas are
Inspected for fry. These eggs will be abandoned.

7. Aggresslve males may kill females while attempting to mate.

8. If brood flsh are used for an extended tlme, a better quality
food Is needed than In an open pond where much natural food is
avallable. This dlisadvantage can be overcome by changing brood
flsh more frequently.

GLOSSARY OF TERMS
brood fish - sexually mature fish selected for reproduction.

- a substance added to water to Increase the
production of natural flsh food organis=ms.

fingerling - a flsh ranglng in welght from 1lg to 259 or greater
than 2.5cm in total length.

food figh - flsh cultured and marketed for human consumpt !on.
fouling organlsms - organisms that attach to nets and retard

water clirculation through the mesh.
fry - recently hatched fish less than 2.5cm In total length.

= - a pond or other faclllity used to grow
aquatic animals to marketable size,

hapa - an enclosure of fine mesh net used for breeding flsh and
nursing fry.



- plankton, lnsects and other aquatlic
organisma that fish eat. '

- a pond or other faclllty used to culture
recently hatched aquatlic animals to a slize sultable for stockling
Into a grow-out faclllity.

oxvaen depletlion/low oxvgen - a condltlon, normally occurring at
night, In whlch dlssolved oxygen In pond water has been depleted
malnly because of the decomposition of organic matter and
resplration of organisms in the pond.

phvtoplankton - the plant component of plankton.

plankton - the mostly micruscoplc aquatlc organisms (plants and
animals) that serve as food for larger aquatic animals.

premaxillary - a mouth bone on the upper lip contalnlng teeth.
gachool - a group of flsh swimming together.

supplemental food - a food that does not contaln all the vitamins
and nutrlents essentlal for growth.

Communications regarding this and other technlcal brochures on
water harvestling and aguaculture should be addressed to:

Water Harvesting/Aquacul ture Project

Swingle Hall

Auburn Unlverslity, Alabama 36849
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INTRODUCTION

A major problem of pond-cul tured tilapla Is excesslve
reproduction, and subsequent stuntling of fish due to
overcrowding. To combat thls problem a pond may be stocked wlth
all-male flsh. This technlque Iis called monosex culture and |s
used when large flsh are required by the market. Males are
preferred because they grow almost twice as fast as females. The
result |s more protein and proflt for the farmer.

PROCEDURE FOR MANUAL SEPARATION OF SEXES

A farmer can readily distingulsh male from female tllapla wlth
practice. When tllapla reach about 10cm In length (about 20g> the
gexes can be distingulshed by inspecting the genital paplllae on
the flsh’s underside. See the flgure below.

. _
Tall g Head

Sexual papllla

Flgure 1: Ventral view of a tilapla.

Experlienced workers can manually separate by sex about 2000 flish
per day with an accuracy of 80 to 90%. Therefore, some
reproducticn will always occur. The method Is tedlous, stresses
fish and Is not 100% effectlve. However, productlon of manually
selected tllapla flngerlings for grow-out to market slize can be
accompl ished by farmers wlith few flnanclial resources and little
fish culture experience. The procedure is lllustrated by the
followlng flgures.



Figure 2: A farmer examining and gorting tilapla by sex.

Papilla

Flgure 3: Small fish may be held In one hand and examined. Large fish, 1ike

that on the cover page, are held with two hands.



Ovliduct

Uro-genital pore

Anus

Flgure 4: Thls clogse-up shows a female (top) and male (bottom) tilapla

together. Note that the female has two openings In the papllla for
passage of urlne and eggs, while the male has only one opening for
urine and sperm passage.

PROCEDURE FOR CULTURE OF MALE TILAPIA IN PONDS

. Stock 4 to 5g tllapla fingerlings In a prepared nursery pond
at a densglity of 10 fish per square meter of pond surface area.

Culture the fingerllings for about 60 days with high rates of
fertlllizatlon and/or supplemental feeding untll they reach 20
to 40g.

Slowly draln the nursery pond and partlal harvest the tllapla
fingerlings as the water level recedes. Separatlion of males
and females can be made easler by applylng dye (Indla ink,
Indigo, camwood, etc.) to the papllla with a soft brush or
cotton swab to outline the male and female openlngs. Place
males and females In separate contalners. Do not stress the
fish by overstocking the containers.



4. Manual sexlng should be done early iIn the morning so fish
will not be stressed by high water temperatures. A supply of
freshwater to renew water In the holding containers will
assist In keeping fish alive. Do not feed the flsh 48 hours
prior to sexing to reduce stress. Stop fertilizing the nursery

pond one week prior to draining lit.

S, Stock males In prepared growout ponds at densitles of | to 2
fish per sgquare meter. Culture these fish for 2 to 4 months
using fertilizers and feeds. Flsh whose sex can not be
determined should not be stocked. Reproduction by females
gstocked lnadvertantly can be controlled by stocking a few
carnivorous fish to eat the tilapla off-spring.

6. Females may be used as brood stock, eaten, sold, fed to
livestock or preserved by dryling, salting or smoking.

NOTE: Male tllapla can also be stocked Into cages and rice
paddlies.

GLOSSARY OF TERMS

menosex culture - culture of all-male fish for market.
gviduct - a tube serving as the passage for eggs from the ovary.

papilla - a small fleshy appendage which projects from the
underside of a fish and through which a female passes eggs and
urine and a male passes sperm and urine.

uro-genital pore - an openlng for passage of urine and sperm
outside the body.

Communications regarding this and other technlical brochures on
water harvesting and aquaculture should be addressed to:

Water Harvestlng/Aquaculture Project

Swingle Hall

Auburn University, Alabama USA 36849
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WHAP FIELD PROJECT DEVELOPMENT STAGES

Stage 1: Awareness of WHAP technology among PVO country missions
staff and selected headquarters staff.

WHAP role:

PVO role:

5-day training courses at Auburn and abroad.

Short presentations at PVO international headquarters
and at meetings of PVO staff.

Brief country visits and discussions with PVO mission
staff.

Hosting PVO staff visits to ICA of one or more days.

Requesting training courses, and identifying and
sponsoring participants.

Informing country missions of WHAP and available
technical assistance and training.

Requesting visits by WHAP technicians to country
missions.

Inviting WHAP technicians to speak at headquarters
and meetings of PVO staff.

Stage 2: Interest in including WHAP initiatives in country

programs.

WHAP role:

PVO role:

Visiting country programs and potential sites to:
1) assess feasibility and benefits of WHAP
activities, 2) make recommendations leading to
initiation of WHAP activities, 3) assist in
preparation of project documentation, and 4) submit
report of visit to PVO mission and internatinal
headquarters.

Inviting WHAP technician and providing scope-of-work.

Providing in-country administrative and technical
support, including local travel and logistics.

Stage 3: Trial of water harvesting and aquaculture technology.

WHAP role:

If WHAP activities already undertaken, assess and
suggest improvements.

Assistance in designing pilot projects, trials,
demonstrations, etc.

Technical backstopping for pilot project,
etc., including, 1) provision of technical
information, 2) technical assistance visits to
monitor pilot project performance and make
recommendations for improvement.



PVO role:

Helping PVO identify technical persons for staffing‘
needs, and provide orientation and training, or
identification of training opportunities as needed.

Identification of in-country linkages for potential
technical support of PVO.

Management of pilot project, etc. and provision of
necessary resources for its conduct, with the
exception of technical assistance and training.

Designation of existing or new staff member to have
technical responsibility for water harvesting and
aquaculture activities, and allocation of resources
for training this person as needed.

Administration and logistical support for WHAP
technician during visit.

Evaluation of pilot project performance.

Stage 4: Extension of Water Harvesting/Aquaculture technology to
intended beneficiaries of PVO field projects.

WHAP role: Brief visits to projects as requested to review

PVO role:

progress, provide technical assistance for special
problems and provide brief, special-purpose training.

Technical information backstopping by correspondence.

Program direction and support provided by fully
capable PVO staff for outreach to intended
beneficiaries in water harvesting and aquaculture,

PVO staff providing routine technical assistance and
training for farmers and new staff in water
harvesting and aquaculture.

New water harvesting/aquaculture field projects
initiated by PVO staff with no external technical
assistance except for special purposes.

Evaluation of field project performance.



