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ABSTRACT

Aquaculture development commentary supports the formation of fish farmer associations or producer
organizations as avenues for cultivating small- and medium-scale commercial farmers. However, little is
known about the types of associations that facilitate commercialization. This research presents four
qualitative case studies, based on semi-structured interviews, profiling existing associations of
commercial fish farmers in Uganda. We conclude that the umbrella organizations under which local fish
farmer associations vertically align themselves have important implications for fish farmer production.
Aquaculture-specific umbrella organizations contribute to the success of local member associations more
than general umbrella organizations do. Successful fish farmer associations accept government assistance
only when it directly improves their fish farm operations. Other farmer groups seemed to wait for direct
subsidization. Training fish farmers, providing quality information, cost sharing, and advocating for the
aquaculture sector, not donor seeking, are the top priorities in productive fish farmer associations. Part |
of this report summarizes the four case studies; Part Il summarizes the results of the cage culture trials.

INTRODUCTION

Improving the livelihoods, nutrition, and opportunities of the rural poor is a central goal of development
efforts, particularly the aquaculture sector. These efforts target smallholder farmers, who make up 70
percent of the African continent’s population. Most rural farmers make their livelihoods from small-scale,
mixed enterprises, producing first for home consumption and second for sale (Brummett et al. 2008:375).
The prevailing approach to aquaculture development in Sub-Saharan aquaculture between the 1970s
through the 1990s targeted the rural poor mainly by supporting tilapia and the African catfish as culture
species. The FAOQ, the Peace Corps, and USAID largely centered their efforts on small-scale, limited
input, integrated fish farming for improved household fish consumption and income with often
disappointing or inconsistent results (Brummett et al. 2008:375, Moehl 2006:v). Currently, 90 percent of
African fish farmers fall into this small-scale or artisanal category (Brummett et al. 2008:380).

Gains from small-scale, integrated fish farming systems generally are not captured in official statistics.
Nevertheless, rural food security advances through increasing small farm production levels (Brummett et
al. 2008:375). However, small-scale, integrated fish farming operations realize little cash gain due to the
small quantities and low production intensity, that is, the weight of fish produce per unit area (Brummett
et al. 2008:375). Increasing production intensity is a central goal in aquacultural development. Several
factors work against the continued promotion of subsistence-level fish farms, including the expense of
training and extension and the low expectations for economic returns from this diversified farming system
(Brummett 2008:383).
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Technical aquaculture experts have long understood that success in aquaculture hinges on human factors
(Moehl 2006). Sociologists involved in aquaculture development find that personal commitment to fish
farming is perhaps a more vital predictor of success than technical knowledge (Molnar et al. 1985). We
have learned how commitment supports sustained attention to technical matters for individual farmers,
but increasingly groups are used as mechanisms for extending technical knowledge, engendering mutual
support, and sharing burdens such as surveillance to prevent theft and harvest of ponds. The purpose of
this paper is to describe organizational and sociological factors that influence the success of commercial
aquaculture in Uganda by examining four existing fish farmer associations. Each association relies on
different coping strategies and mechanisms of affiliation to realize its fish farming objectives, albeit with
different degrees of success.

PART I: CASE STUDIES OF SUBSISTENCE AQUACULTURE

Subsistence aquaculture is being re-evaluated and the commercialization of agriculture as a whole is the
present focus of the Food and Agriculture Organization of the United Nations (FAO) in Sub-Saharan
Africa and the Ugandan government’s national policy as well. Several donor organizations and the FAO,
are working to transform selected farmers from small-scale to commercial fish farm operators. The
premise is that fish farmers who operate mainly for profit and can be the driving force behind aquaculture
infrastructure development, including the production of quality fish fingerlings or “seed” and the use
formulated feed in production (as opposed to reliance on pond fertilization and generally inadequate farm-
produced feeds). The abiding characteristics of these profit-oriented farmers are yet to be realized, as
there are currently only 200 such Ugandan fish farmers. A focus on commercial operators coincides
coinciding with the Ugandan government’s promotion of fish exports (Mwanja 2005). '

Fish farmer associations are a key factor in establishing a viable commercial aquaculture sector in Sub-
Saharan Africa (de Selingy 2006, Moehl 2006, Hecht 2005). A farmer association is defined as a
conglomeration of individual farmers and/or fish farming groups joined for the purpose of more effective
coordination of activities, and for established capacities to address several constraints and limitations
faced by members. They are primarily social organizations and members of an association do not own
joint fish ponds under the umbrella of the association (Moehl 2006). Some beneficial roles which fish
farmer associations can play include influencing policy and regulations, providing technical services,
facilitating market access, aiding in aquaculture research programs, providing extension services,
developing and encouraging adherence to codes of conduct or better management practices, extending
credit to member farmers, and facilitating knowledge-sharing (Hecht 2005, de Selingy 2006, Mosher
1966). In Africa, such entities are often the beginning points for developing a national industry.

Despite the long lists of roles for fish farmer associations to perform, no framework or set of guidelines

exists for how effective associations can be created (Moehl 2006). In fact, many fish farmer associations
are described as ineffective or short-lived, and links between donor funding and association creation are
common, as promises of gifts often accompany injunctions to form farmer associations; in these cases,

! Aquaculture now is seen as a private-sector led enterprise that is technically sound, economically profitable,
socially acceptable, and environmentally sustainable with the state playing a role as a facilitator and monitor
(Brummett et al. 2008, de Seligny 2006). Commercialization of aquaculture need not exclude small holders; the
distinction is more a reflection of motivation, goals, and business and management practices than scale (Brummett et
al. 2008:375, Moehl 2006). In comparison to artisanal, integrated fish farmers, the small-to medium-scale
commercial farmers typically build more ponds, use more technology, employ laborers, purchase fingerlings, use
commercial feeds, and employ nonlocal business strategies. Commercial operators transport fish to urban markets
where customers pay cash for fish (Brummet et al. 2008:380). Producers and consumers benefit from the
commercialization of aquaculture.
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associations commonly disintegrate after incentives disappear (Hecht 2005, Moehl 2006, Harrison 1996).
There are few surviving instances of thriving fish farmer associations to cite as examples (Moehl 2006).

Nonetheless, government and donor interest in fish farmer associations remains strong because of the
need to reach large numbers of adopters, using farmer field schools and other extension models to
leverage the efforts of trainers and extension personnel (Moehl 2006). Larger numbers of beneficiaries
participate in investments in pond construction, feed subsidies, and seed stock supply. A growing focus
on commercialization necessitates that farmers have all available tool for success, as the financial stakes
are higher than with previous subsistence efforts. Associations can provide some of the tools, in the form
of knowledge, access to quality inputs, and relationships with aquaculture technicians, which individuals
need to succeed as commercial fish farmers. Emerging commercial fish farmers, who have the desire to
learn new techniques and improve production, are a target group for successful fish farmer association
development (Hecht 2005). The case studies elucidate the way these efforts actually are realized in rural
African communities.

PART II: CAGE CULTURE TRIALS

Cage culture is a new aquaculture technology in Uganda that involves the utilization of lakes, rivers and
large water reservoirs. Most of these natural resources are over exploited due to the massive fishing
pressure aimed at maximizing catches. As a result, many of the aquatic resources are being depleted.
Therefore, cage culture can play the role of providing an alternative form of livelihood for fisher
communities in order to practice aquaculture alongside sustainable fishing. Its advantages include ease
with handling fish, high stocking densities, ease of controlling predators, utilizes less labor and higher
turnover of profits. Some of the barriers of successful cage culture include: high investment costs
combined with difficulties in access to credit and/ necessary materials, unavailability of cost effective
high quality fish seed, theft of fish, problems concerning use of areas considered as public domain and
challenges in marketing of cage reared products (FAO, 2004).None the less, cage culture is a venture that
is attracting investment interest by a cross section of actors right from community based fisher groups to
foreign commercial investors in Uganda. This is largely because it has the potential to produce large
quantities of fish for domestic markets and for export.

USAID supported research as well as the fisheries section of National Agricultural Research organization
conducted initial cage culture trials and demonstrations. Results of the research showed the possibility of
small holder groups to engage in cage culture. In particular, fishers showed keen interest in engaging in
cage culture mainly because many of them were losing employment due to reduced wild fish caged that
were no longer viable. Towards the end of the FISH project, at least two groups of fishers had started the
required formal process to enable them obtain permits for engaging in cage culture on L. Victoria. By the
year 2007, the groups had obtained the permits. Permits for cage culture have to be obtained from the
Ministry of Agriculture Animal industry and Fisheries (MAAIF), the National Environment Management
Authority (NEMA) and the Directorate of Water Resource management of the Ministry of Water Lands
and Environment.

Although the project initially planned to work with four farmer groups in four different localities, only
one group (Jinja United) was finally eliminated due to financial limitations. In addition, one group got
into another arrangement with government while the other two faced problems of group cohesion and
could not continue with the activities.

Following acquisition of the permits, the group members were ready to start but did not have enough
money to cover the key cost i.e. cages. One group obtained financial support from government so
AquaFish CRSP investigators opted to work with the other group that had raised some capital from their
own savings. Discussions were held with group members and a Memorandum of Understanding was
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drawn and signed by the two parties. It was agreed that the project would provide the cages and technical
advice while the group members would provide the some of the fingerlings at stocking and all the labor
required in feeding, sampling and ensuring security. The Memorandum of Understanding (MoU) also
spelled out details of responsibilities of the two parties and their expectations. With technical assistance
by AquaFish CRSP investigators, a financial management plan and draft enterprise budget were
developed with the group.

During the investigation and demonstration, emphasis was put on cash flow management. This was in
order to demonstrate that the group can source capital and with good management be able to make profits
from cage culture.

As result of the increasing fishing pressure, aquatic resources are at a risk of depletion. Therefore,
evidence that cage culture is a profitable venture is a key aspect in providing information that can
transform fisher communities to practicing aquaculture as an alternative form of livelihood. The study
aimed at providing evidence of cage culture as a profitable venture and information on some of the
management aspects that should be emphasized.

The number of fishers on Lake Victoria has increased tremendously since 2000 and the increased pressure
on the fishery has led to adoption of illegal and highly destructive fishing methods. Moving traditional
fishers to farming has often been cited as near impossible. However, many of Uganda’s fishers are new
comers to fishing because they were not able to subsist on agriculture. This group of people could more
easily be moved into fish farming compared to groups who have been fishing for several generations.

METHOD
PART I: CASE STUDIES OF SUBSISTENCE AQUACULTURE

Case studies of four fish farmer organizations in diverse areas of Uganda were conducted during January
and February 2010. Yin defines a case study as an “... empirical inquiry that investigates a contemporary
phenomenon within its real-life context, especially when the boundaries between phenomenon and
context are not clearly evident” (2008:13). Multiple case study analysis is a research method that looks
carefully at persons and operations at several locations in order to understand a complex situation (Stake
2006). Evidence from multiple case studies is likely to be stronger than that of single case studies (Yin
2008:19).

> previous professional connections the associations had made with the Aquaculture Research and
Development Centre, Kajjansi (KARDC), a branch of The National Fisheries Resources Research
Institute (NaFIRRI). Recruiting focus group research participants from associations where potential
participants seek services is one method for recruiting research participants (Hennink 2007:102). All three
associations have donor project relationships. We intended to conduct focus group interviews with a
sample of members from each aquaculture group. However, in the cases of “The Unaccountable Leaders”
and “The Helping Hands,” this was not possible, as the fish farmer association leaders were not
cooperative in arranging focus group meetings. In these situations, data emanate from semi-structured
interviews with the fish farmer association’s leaders, extension officers, and other informants.

We identified “The Cooperative Society,” an organization without direct development project ties or
previous contact with the collaborating fishery officers. Contact with this organization came through a
fish farmer organizer met at Uganda’s Annual Fish Farmer Symposium and Trade Show. The case
provides a contrasting comparison, as the other groups are representative of the type of fish farmer
associations that maintain contact with government researchers, and “The Cooperative Society” does not.
Events, meetings, and conferences are also useful venues for recruiting focus group research participants
(Hennink 2007:101). The contact is the organizer and chairman of the Uganda Fish Farmers Cooperative
Alliance. “The Cooperative Society” is one of the groups organized under the Uganda Fish Farmers
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Cooperative Alliance umbrella. We examine each case in the context of the guiding issues of internal
dynamics and relative success in the targeted technical activities.

PART II: CAGE CULTURE TRIALS

Initial work was to verify the appropriateness of the site allocated to the farmer group. GPS readings were
taken and water quality parameters of Oxygen and temperature were also recorded. The site is close to
Kirinya prisons, Jinja at the shore of Lake Victoria.

Table 1. Parameters of cage sites

Distance

from shore  Elevation GPS readings Temperature  Oxygen Cloud cover
line

193M 1143 N0.41346 E033.23247 26°C 3.5 Mg/l 80%

Cage installation. Two cages (2M by 2M by 2M) were installed on the selected site. Each cage was
stocked with 2030 Sex reversed Oreochromis niloticus of average 4g that were obtained From Source of
the Nile Fish farm. The initial plan to have the fry nursed in ponds was not performed because the
farmers’ ponds were not in good condition.

Management. Training in the management of cages was conducted a day before stocking the cages. The
training was attended by Jinja United farmer group members (4 women and 6 men). The training was
delivered by the AquaFish CRSP project team supplemented with technical assistance by a technician at
SoN fish farm. The training covered the following topics:

* Feeding techniques

* Collecting and recording mortalities

* Record keeping (technical and financial)
*  Group dynamics

The second training was conducted at the time of sampling fish at month three (March 2011. Besides
Jinja United farmer group members, this training included some members of the Masese NAADS farmers
group and some members from the surrounding community. Besides discussing sampling results, the
issue of the need to use a stronger net cage was discussed since it had been realized that fish had escaped
from one of the cages. Feed amounts were administered based on fish size and adjusted depending on fish
response.

Data collection. Group discussion interviews were initially held with the farmer group member to obtain
information about the history and organization of the group. This exercise was part of the field work
carried out by Masters student from Auburn University. The next round of group discussions involved
farmer group members (4 women and 6 men) and some members from the surrounding community.

Sampling of fish was carried out to monitor fish growth and to determine the right amount of feed to be
administered during the subsequent month. Members of the farmer group kept records of cost of feed fed
to the fish, feeding response and any fish mortalities encountered. Other records the group kept included
members’ cash contributions to the expenses and a roster of members’ personal visits and activities
carried out at the site.
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RESULTS

Two associations are beginning to operate cage culture aquaculture systems, one is a fingerling producer,
and the members of a fourth farm fish in ponds. In order to facilitate comparisons and analyses of factors
that make fish farmer associations successful at improving their member farmers’ fish production, the
cases have been ordered from fish farmer associations with the lowest fish production to the entity whose
members produce the most fish.

CASE STUDY ONE: “THE UNACCOUNTABLE LEADERS”

In western Uganda, bordering Queen Elizabeth National Park is a group of individuals who operate cages
on the deep inland waters known as Uganda’s crater lakes. They operate under a regional environmental
conservation umbrella group. The environmental conservation umbrella group has 69 members and nine
people in leadership positions, including a chairperson, vice chairperson, treasurer, secretary, project
coordinator, and committee members.

The environmental conservation organization became involved in fish farming with cages through the
project coordinator in 2008. As part of a five-year countrywide aquaculture development project, a subset
of this association received some training, and project staff conducted water quality tests for 13 lakes,
which demonstrated eight viable for fish farming based on indicators including dissolved oxygen and
hydrogen sulfide levels. One lake was selected as an experiment and five cages were placed on the lake.

Cage culture. Of 70 people who came to learn about fish farming (some of whom maintain their own fish
ponds), ten were selected to manage the cages on the selected lake. This operation was designated as a
model farm. The group maintained the tilapia fish in the cages through two production cycles. But, due to
a lack of feeds, the cages are currently empty.

In the view of the project coordinator, the first harvest was a success, though two of the five cages had
problems just before harvest, which rendered them useless. One cage’s top had not been latched correctly,
so the fish escaped. Another’s net was torn, possibly by otters. The other three cages were harvested and
given to the people participating in the project in order to demonstrate the success of the venture as well
as to establish that farmed fish tastes like wild-caught fish, as many people were skeptical of farmed fish.

The second harvest was also a success, though only two cages were in use. After harvest, the fish were
salted and sun-dried, a low-cost preservation and value-addition method, and sold to traders from the
Democratic Republic of the Congo. The project coordinator said, “We only had two cages because we
had no feeds and the cages were getting old, and the feeds we were using were expired. Feeds are very
expensive.” The cages have since been repaired.

Resources necessary for production are currently the problem, as members cannot afford the investment.
The chairman said, “People are willing to participate, but pooling resources is not affordable for the
members, though a few members can.”

Leadership. The honesty of the two leaders of the association was called into question during the
discussion of the group’s first harvest. It remains unclear why the fish from two of the five cages in the
second production cycle disappeared. When asked if theft rather than an animal predator or unlatched lid
could have led to the empty cages, the project coordinator said, “They don’t steal from the cages because
there is 24/7 monitoring.” Theoretically, a full-time guard would have seen problems with an unlatched
lid and an animal. Additionally, it became clear that the project coordinator never asked the members
involved in fish culture to come to participate in interviews. A collaborating researcher conjectured that
the project coordinator’s actions reflect the members’ distrust of him as a leader. Also, as the government
research station plans to provide financial assistance to the fish farmers of this organization, the project
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coordinator sought to prevent his members from meeting the actual source of the funding, perpetuating
the allusion that the project coordinator himself is the supply line of assistance. The project coordinator
spearheaded the fish farming efforts and is an aspiring politician, though currently not holding office.

There is little evidence of meaningful interaction between the fish farming members of this association
and its leaders. The general meeting scheduled to take place once a year did not occur last year or this
year. Executive meetings attended by those in leadership positions occur as necessary. Technical
meetings, which include the people involved in a specific project such as fish farming, took place once a
week during production. During these technical meetings topics such as feed issues, the age and size of
the fish, and problems that have arisen are discussed. Transparency with this core group of people
involved in the fish farming is a challenge, especially as other members see the profits and become
jealous. The inequality of benefit distribution is a source of members’ jealousy. The project coordinator,
who facilitated the donations of feed and equipment as well as invested some of his own money, explains
the distribution of benefits. He says, “People who have put in big investments must have the lion’s share.”
It also seems that the leaders are intentionally unaccountable to the members. When asked if members
pay dues, the chairman said, “They are doing voluntary work hoping to get a share of the proceeds. We
have people who are ready to pay money to be members but we are not signing them up because we
cannot take their money when there are no feeds because they will be asking ‘What is happening with our
money?’ We have a very big number [who are interested] but we cannot accommodate [more members].”
Thus, the members take no financial risk to purchase the necessary feeds and reap no reward. The project
coordinator has a vested interest in limiting the risk that his members take: To have a failed harvest into
which members invested their own resources would harm the project coordinator’s reputation and
potentially decrease his political support in future elections.

CASE STUDY TWO: “THE HELPING HANDS”

The umbrella regional poverty alleviation organization has a fish farmer association of 88 members. The
group’s formation was stimulated by the chairman’s enthusiasm for fish farming. Additionally, the
chairman expressed that he organized the group to meet members’ needs and to access funding for
projects. Some members own and maintain fish ponds, and others assist with a group pond. Several other
charitable organizations have fish pond projects under the umbrella of the regional poverty alleviation
organization. The fish farming members of “The Helping Hands” organization are preparing for a
transition of emphasis from individually- and group-managed fish ponds to group management of a fish
cage culture operation on Lake Victoria. The focus of our study was the structure of effort towards the
potential transition to cage culture. Most of the interviewees were leaders of “The Helping Hands.”

The fish farmer group typically holds meetings four times a year but gathers more frequently when
preparing for a workshop or another unusual event. Currently, the fish farmer subset of “The Helping
Hands” is not managing fish production collectively, but the chairman says they are ready to begin as
soon as funds are available for that purpose. The chairman says, “As a management structure we have
people in place but they are not functional (currently functioning). So the people are ready for when we
have the money.” The chairman appoints leaders and their responsibilities are based on the individual
leaders’ expertise. “Whoever has the ability of doing something does it voluntarily for the benefit of the
group,” states the chairman. This commitment to community service is shared among the group, though
to some degree each executive member stands to benefit financially or politically through their
involvement in the group’s poverty alleviation projects.

Political connections. Under the umbrella of “The Helping Hands,” and hence under its chairman, is a
regional fish farmers association that encompasses local associations from four districts in eastern
Uganda. The chairman unified them, saying, “These groups weren’t capacitated (empowered) because
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they were singular (working in isolation).” This integration followed a large fish farmer meeting with
over 300 attendees organized by the chairman. At the meeting, the President’s assistant announced that
the chairman would be the one to distribute information and assistance to the fish farmers in this region.
Two aspects of this fish farmer meeting reflect the chairman’s political pull: the presence of the president
of Uganda’s assistant and his pronouncement that the chairman of “The Helping Hands” will channel
assistance to area fish farmers. Other examples further illustrate the chairman’s political power.

The goal of “The Helping Hands” cage culture operation on Lake Victoria is to be a demonstration or
model farm, which is a political status, and an achievement for which the chairman will potentially be
credited and financially rewarded. In addition, the local government provided the group funds to acquire
the necessary permits for operating cages on the lake. The minister of fisheries wrote on “The Helping
Hands” behalf to the executive director of NAADS. Each achievement reflects the chairman’s access to
influential politicians, the essence of political power.

There are at least two perspectives on the political affiliation of the chairman and his fish farming
aspirations. In a short-term view, political connections can lead to resources otherwise very difficult to
procure, including permits, funding, and support for aquaculture activities. On the other hand, considering
goals of sustainability, politicians’ goals are often incongruous with the goals of the development of
commercial fish farmers.

Cages first. The management approach that “The Helping Hands” organization uses for fish farmer
development is rooted in its origins as a collectivity. The chairman says, “After all, it is up to everyone to
look after the structure. Management is organized by the group and owned by the group.” The group
manages community fish ponds and hopes to operate cages with the expectation that profits from these
operations will be used to purchase additional cages and inputs for individuals to own their own cages.
The chairman says, “At the beginning we feel like we should work as a team. As we grow and begin
realizing profits we should support individuals in owning cages. They will be then capable of owning and
managing their own cages.”

The goal of “The Helping Hands” umbrella group is poverty alleviation and economic development. It
appears that the activities and goals of the group are more charity-based than business-oriented. When the
chairman was asked why he and his members wanted to be fish farmers, he said, “It is the farming that
can help people of different abilities. Fish farming gives a chance to vulnerable groups including women
who can’t go fishing by boat on the lake but can fish farm. It is an opportunity for the disabled, orphans,
and the elderly. Also, fish farming can be done in teamwork. After all, it is up to everyone to look after
the structure.”

When asked what would evidence the success of his cage culture operations on Lake Victoria, the
chairman said, “Being that cage culture is new, we expect that people will realize that it is good. We want
to show a demonstration project. In the process of time, people, after learning from us, will apply
knowledge on an individual level. They will arrange for their own permits. Success will be proved by
individuals owning their own permits and cages.” At no point did the chairman mention profits as a goal
or of evidence of success. Also, fish farming is discussed as a project, not as a business or an enterprise.
This organization does not yet have a definite business plan, though they anticipate creating one.

The chairman’s answers suggests that developing commercial fish farming enterprises is not a goal, but
that his members are vulnerable people who want to add a fish farming project to their already long list of
development projects. This attitude is reflected in the group members’ unwillingness to invest their own
financial resources. The chairman says, “There have been no good examples of cage culture in lakes. So
the members don’t want to invest their money.”
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The piecemeal approach to aiding vulnerable people seems to manifest itself in members of “The Helping
Hands” who are involved in multiple operations to varying degrees, gaining some benefit from each. It is
an example of development thinker Robert Chambers’ (1997) explanation that, for the poorest of the
poor, livelihoods are “local, complex, diverse, dynamic, uncontrollable, or unpredictable.” Being a
specialized, capital and input intensive, risky, long-term enterprise, commercial cage culture does not fit
productively into this type of livelihood strategy.

Uppers and lowers. Chambers’ (1997) discussion of “uppers” and “lowers” provides helpful terminology
for describing and understanding the relationships of two types of members of “The Helping Hands.”
“Uppers are people who in a context are dominant or superior to lowers. A person can be an upper in one
context and a lower in another” (Chambers 1997 xvi). Conversely, “Lowers are people who in a context
are subordinate or inferior. A person can be a lower in one context and an upper in another” (Chambers
1997 xv). There appears to be a strong dichotomy between “upper” and “lower” members of “The
Helping Hands”. Having the opportunity to spend time with members of both types, evidence of the
interactions and expectations of the two groups emerge.

There are members involved in “The Helping Hands” who can be termed “uppers;” they have more
education (sometimes holding advanced degrees), their own fish farming operations, or have the
resources to become fish farmers (including land, water, ponds, and money). We visited several of their
fish farms, including one owned by a physician. These elite members see fish farming as an income-
generating enterprise that they manage while hiring someone to provide the day-to-day management of
ponds. They also see themselves as aiding members who are “lowers” in gaining income from fish
culture. For these “uppers,” involvement in “The Helping Hands” organization introduced them to fish
farming and provides access to training and some inputs for their fish farming enterprises as well as an
opportunity to assist “lowers” in their community.

Several of these “uppers” see a fish farming operation as part of an income-generating farm to which they
will retire. One woman, also a physician, stated, “I will do pond culture when I retire. This will be good
because I can employ people at home.” Her statement demonstrates the dual goals of personal income
generation and providing economic options for local “lowers.” It also illustrates a conception of fish
farming as a sideline activity or a hobby for the wealthy (Moehl 2006).

“Uppers” in “The Helping Hands” are responsible for the management of the fish farms that the “lowers”
operate on a day-to-day basis. In this way, “uppers” use their resources to aid “lowers” in the project work
and potentially bring the “lowers” out of poverty. The avenues “uppers” use to aid “lowers” is in the
procurement of funds for the group’s projects, the translation of technical information from English into
Lusoga, the local language, and helping “lowers” procure and repay group-sourced credit. The chairman
spoke to these relationships when responding to a question about the literacy levels of the members
involved in fish farming, saying, “There are those (“uppers”) who are capable to help others, to explain in
the language that they (“lowers”) understand. We are putting the literate at the forefront. A few should
manage it (“uppers”). They do this on behalf of others (“lowers™).”

Not surprisingly, we had much more interview time with the “uppers” of the group. When conducting
interviews with “lowers,” “uppers” were always present and sometimes even attempted to guide the
“lowers’” responses to questions. This occurred during interviews with the “lowers” who currently
manage three very small lakeside ponds and potentially will manage cages on Lake Victoria. These group
members live in a markedly poor lakeside community. When I asked why they want to be fish farmers
and what they hope to gain from the fish farming enterprise, I received answers such as “The training
interested me,” and “It is a business enterprise which will bring me money.” An “upper,” a physician,
who will be assisting in managing the cage culture operation, interrupted the “lowers” and answered the
question for them: “You get a cross section of people from the local community involved. They will be
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able to send their children to school, address the problem of malnutrition, and sell the fish for money.
They all show interest and everyone benefits. There are two purposes: to grow food and sell fish for
money.” The physician attempted to broaden the “lowers” limited, though pragmatic, views of benefits
from fish farming to a view reflecting community-development goals. In the process, she silenced them
and reinforced her superior social position.

Patronage and paternalism. Further reinforcing the evidence of “uppers” and “lowers” embedded in this
group’s dynamics is the distinct language of patronage that emerged in this case study alone. The first
example is from the conversation between a fishery specialist and the chairman of “The Helping Hands”.
After hearing that his project would be partially funded, he said, “I am so grateful that Madame
(government specialist) has agreed to fund the project. I am grateful in this regard because we are
becoming babies of Madame.” The uses of the supremely polite title “Madame” and the mother/children
metaphor reflect a patronage relationship couched in deference, appreciation, and inferiority.

Later, I observed the chairman in the opposite relationship in a strikingly similar conversation. The
chairman of “The Helping Hands” and the middle-aged female chairman of the Uganda Society of the
Disabled were speaking together among a group. The Uganda Society of the Disabled is a group that “The
Helping Hands™’ chairman has aided in establishing pond culture as an income-generating project. The
chairman of the Uganda Society of the Disabled said, “I can only thank [the chairman] for his effort. He
offered us training and seed stock. I thank him very much. He is a loving father and is caring for us very
much.” The man previously expressing becoming a “baby” of his own patron, a government fisheries
employee, becomes a “father” of the group of disabled people to whom he provides assistance.

Interestingly, in these patron relationships there is no discussion of or question as to the original source of
the funds. To the one at the end of the assistance chain, it does not seem to matter if the money came
from U.S. taxpayers, a private endowment, or a government agency. What emerges supreme is the
deference to the individual immediately passing on financial assistance, reflecting the relational nature of
assistance chains (Maranz 2001).

Besides expressing appreciation, applying maternal and paternal vocabulary to relationships of patronage
can be understood as a diplomatic, desirous strategy on the part of “lowers,” who employ this language to
access resources available through patron relationships with uppers (Chambers 1997).

CASE STUDY THREE: “THE FAMILY AFFAIR”

In northern Uganda near the town of Gulu, the center of longtime civil strife is a fish farmer organization
that operates a hatchery, produces fingerlings, and maintains a few grow out ponds. This fish farmer
association began in 2004, though the chairman has been farming fish on his land since 1973, beginning
with a small pond and adding another large pond in 1984. The chairman is a patriarch and is known to his
family and his fish farmer association as “Mzee,” the Swahili word for “old and wise man.”

In 2004, Mzee acted on the local fisheries officer’s suggestion to apply to a regional development fund to
expand his ponds and build a hatchery. The assistance was specifically designated for farmer groups, not
individual farmers. The original fish farmer association formed with 17 people, with 11 males and six
females, significantly, all relatives of Mzee. Since then, the fish farmer association has grown to include
more than 30 members, including non-relatives. In 2008, the president of Uganda visited the farm and
gave money for the construction and management of grow-out ponds, where fingerlings are raised to a
marketable size.

Currently, five members own and manage their own ponds in addition to operating “The Family Affair’s”
farm. Twelve of the fish farmer association’s members are Mzee’s relatives. The executive members
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include Mzee, who has been the chairman since the group’s inception in 2004, Mzee’s wife, who is the
treasurer, a secretary, and five committee members. The group operates several bank accounts to
safeguard and segregate money received from the fish farm’s operation, donors and other enterprises.
Other enterprises include operating an orphanage, beekeeping, and cattle production.

It is an understatement to say that the recent history of northern Uganda has resulted in a population with
considerable needs. The challenge of developing commercial fish farmer associations is great. The
fisheries value chain manager for an external aid project sums it up, saying, “In the north, people have
been receiving handouts for 20 years. It is a difficult pattern to break.” However, the linking of
prospective producers to their home land can be a positive characteristic of fish farming over enterprises
that are not place-based. The secretary of “The Family Affair” PO and an external aid project employee
says about the members of the new fish POs, “They are constructing their own ponds so they feel as if
they own them.” Ownership and land improvement may facilitate these new fish farmers’ success. Still,
given the recent devastation of this entire region and the obvious physical and emotional needs of its
inhabitants, our conversations about business plans, feed conversion ratios, and pond construction seemed
surreal and totally irrelevant. The proposition of rebuilding a region that had little in the way of economic
and infrastructure resources even before the decades-long reign of civil terror is a formidable one.

Orphan care. “The Family Affair” PO formed in 2004 when violence in the region was raging and many
children were in need. Over half of the population of Uganda is under age 15, and only 2.1 percent of
Ugandans are over the age of 65 (CIA World Factbook 2010). The chairman speaks of the challenges of
that time, saying, “In that time we felt some difficulties to care for the young ones.” Mzee’s brothers died
of HIV/AIDS, leaving him to care for their orphaned children. “Many houses in the community are left
with orphans.” Two systems simultaneously demand that the chairman cares for his orphaned nieces and
nephews: one is a system of traditional responsibility, where the duty of caring for a deceased brother’s
children falls to brother, and one is an incentive system where receiving donor or government funds
depends on performing the role of orphan-caretaker. Mzee says, “We chose to work with orphans because
these government structures of assistance require that we reach cross-cutting issues. It is the first step to
get the money.”

Financial returns from the fish farm’s operations are invested into the orphans who receive training in
marketable skills, as well as contribute to the farm’s operations. “We’ve paid (school) fees for the orphan
children. Some of them are now doctors and teachers,” says the chairman’s wife. It is unclear whether the
fish farm revenues or development assistance received paid the orphans’ tuition. Job skills are another
benefit the orphans receive. Mzee says, “One of our targets is to get some machines to employ orphans.
We can build a workshop. We give them school fees and during the breaks we keep them busy making
bricks and training them in that skill.” Orphans are also employed to dig fish ponds, an activity that
dovetails nicely with the WFP “food for work™ approach. This approach requires that the community do
the manual labor by digging the ponds, and the WFP supplies the inputs of seed and feeds.

Meetings and records. “The Family Affair’s” executive committee meets monthly. The chairman says,
“In these meetings we plan, distribute roles, plan for training of other farmers, see what work is done, and
see difficulties in the communities within the two districts (Amuru and Gulu). During these meetings the
executive committee makes decisions allocating their funds, giving money to the most urgent need,
whether that is school fees, fish ponds, feeds, or another need.” The entire group of over 30 meets two
times per year. Several files are kept by the executive committee and the farm manager, including money
received from donors and fish farming operations, fry sales, feeds, and a record of each meeting’s events.
The chairman comments on the records kept for pond management, saying, “For the feeds file, for
example, we record amount of feeds bought, their cost, the source, and quantity daily given to the fish.”
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Development agencies. One large donor-funded project uses a Farmer Field School (FFS) approach to
provide technical assistance. This extension mechanism is an interactive, on-farm learning experience
designed to educate farmers, enhancing their ability to make informed decisions concerning their own
farm’s management (van den Berg 2004).

“The Family Affair” PO will conduct a FFS on every topic of fish production and sale, including value
addition, with two members from each PO attending each training session. In addition to educational
services that “The Family Affair” PO has been entrusted to provide the groups, the chairman describes the
inputs that “The Family Affair” PO will supply to the other POs in kind; “We will help them with money
for feed and fry, for every group. For each group we will want to have 3,000 square meters of ponds.”
“The Family Affair” PO employs extension personnel to provide on-farm advising to the 22 POs.

It is clear that “The Family Affair” PO’s activities in developing producer associations and using the
farmer field school approach are dictated by donor project goals and requirements. A representative of an
external donor project said, “We are trying to look at farmers as our entry point, but not individual
farmers. If we worked with individual farmers it would take us 70 years to accomplish our goals. That is
why we are looking at farmer groups — we call them producer organizations — of those who are
commercially minded and commercially oriented.” Commenting on the farmer field school approach, he
says, “We bring farmers together for the farmers to identify their own problems and identify solutions
together and help link them to other farmers.” The “linking” of farmers through “The Family Affair” PO
would not have occurred without direction from the donor agency. A Family Affair PO member and
donor project technician says, “We are currently working with groups because it is easier for outreach and
accessing government assistance.”

This service that “The Family Affair” PO provides to the regional POs will prospectively perpetuate “The
Family Affair” PO’s business model. The secretary said, “We hope to train 600 fish farmers, create
demand for our seed, our feeds, and our factory that we hope to build... We need all those we train to
become commercial fish farmers so they will come in by themselves and continue to buy feed and fry
from us.” When the secretary was asked for his assessment of the POs that “The Family Affair” PO is
developing, he said, “We believe they will stand on their own after (the large donor-funded project).
According to our vision, all the groups will still continue getting fingerlings from us.”

The secretary of “The Family Affair” PO is also the project manager employed by a donor project, and he
provided insight on previous problems encountered with working with fish farmer groups. “(Pond)
management is not done well. There is variation in feeding because many people are feeding.” He also
speaks of the challenges associated with people transitioning from Internally Displaced Persons (IDP)
camps back to their homes, where they attempt to establish farming enterprises, saying, “One of the
problems was that some of the groups were formed in the camps where people are together but not
necessarily from the same area. So when they leave the camps they are living in distant places. This was a
problem in 2007 with the NAADS groups.” NAADS, Uganda’s National Agricultural Advisory Service,
provides financial assistance and training to a spectrum of agricultural producer groups. Also, he sees
problems with individuals joining groups without a commitment to fish farming: “All of them should
have an interest in fish farming, not just the project.”

Goals. When asked about the goals of their producer organization, all executive members interviewed
listed construction or infrastructure-based goals that they aim to achieve if donor funding is ascertained.
The treasurer, Mzee’s wife, cited their need for a water heater for the hatchery, as the solar heater does
not supply heat at night. When asked when he hopes to build more ponds, Mzee replied, “You will tell me
when you say if you support me.” Currently, the hatchery built in 2004 is being renovated through
assistance from the external donor project. The chairman stated their three year goal, which is to build a
feed mill, and a five year goal, which is to build a fish processing factory for exporting fish to Sudan.
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They also anticipate building dormitories and a guest house for those who come to be trained, as well as a
structure to house a formulated feed outlet. They would like to build a workshop where the orphans can
learn job skills, as well as construct a swimming pool for recreation. Construction of ponds is currently
undertaken in anticipation of future donor funds, both for ponds currently under construction and a
reservoir. The chairman says, “For us, we keep on making ponds. We are still looking for phase two of
NUSAF.” NUSAF stands for Northern Uganda Social Action Fund, the regional funding agency that first
encouraged “The Family Affair” to form a group.

“The Family Affair” PO’s fingerling sales goals are secondary to their infrastructure development goals.
This is partially a result of a decreased fingerling market and partially a result of a distorted incentive
system inherent in development assistance. Aid programs favor construction projects rather than
profitability of enterprises in natural markets.

Fingerling sales. “Between 2004 and 2006 fish farming in northern Uganda had gone down and is now
beginning to increase,” says a Family Affair PO member and a LEAD-employed fish farming technician.
In 2009, “The Family Affair” PO produced 40,000 fingerlings, 30,000 of which were purchased by
organizations, including the Food and Agriculture Organization of the United Nations (FAO), AT Uganda
Ltd, a national NGO, and the African Development Bank (ADB). Only one producer organization
purchased fingerlings from “The Family Affair” PO in 2009.

Since 2004 “The Family Affair’s” business structure has been built on accessing donor funds. This
requires that “The Family Affair” align their producer organization’s goals to the donor’s goals. Even the
sales of the fingerlings they produce demonstrate the donor saturation in this region of Uganda: 75
percent of “The Family Affair’s” fingerlings are sold to aid organizations. Natural markets are not at work
here, but given the social and recent-historical context of this region, it may be some time before natural
markets emerge as driving economic forces.

CASE STUDY FOUR: “THE COOPERATIVE SOCIETY”

“The Cooperative Society”, located in western Uganda, began in 2004 when several members were
invited by the minister of fisheries for training at the Fisheries Training Institute (FTI) in Entebbe. The
commissioner told them to form groups “in order to be heard and known by government and NGOs.” Ten
members went for training and upon returning spoke with interested friends and neighbors and began
organizing. First, the group registered as an association but changed their registration to a cooperative
society at a minister’s recommendation. The group is currently registered at all levels, from the local
council one, or village level, up to national level, with the Uganda Cooperative Alliance (UCA). This
cooperative society is overseen by the head of the Uganda Fish Farmers Cooperative Union and receives
technical assistance from the county fisheries officer, who attends gatherings, answers farmers’ questions,
addresses fish farming problems, and makes farm visits. “The Cooperative Society” also receives some
assistance from Uganda Cooperative Alliance and the Ugandan government in the form of fingerlings and
training.

“The Cooperative Society’s” 90 members include men, women, and youth, with members coming from
four sub-counties within the district. Leadership offices are elected positions, and include chairman, vice
chairman, treasurer, general secretary, publicist secretary, advisors, and committee members.

Differences between the leaders and members. Two focus group interviews, one with the positional
leaders and one with a subset of the members, indicate that there are differences between the members
and leaders concerning benefits received from their cooperative society activities and involvement in
other types of farming groups and cooperative societies. For example, when asked what other agricultural
producer groups they were involved in, the leaders listed beekeeping, dairy production, banana wine
processing, organic pineapple, coffee production, poultry production, tree planting, and animal husbandry
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as the principle activities of other groups of which they are a part. The members listed poultry production,
beekeeping, and banana production, which are agricultural activities that require less up-front capital and
with less value-addition components than the leaders’ activities.

There are also differences between the leaders and the members of “The Cooperative Society” concerning
sources of motivation for joining the group, level of satisfaction with their fish farming enterprises, and
extent to which their expectations of the group, the government, and NGOs have been realized. Leaders
showed higher levels of satisfaction with their fish farming operations, which is probably related to the
fact that leaders had been fish farming longer and had larger fish farming operations than the members, on
average. Throughout the discussion leaders’ and members’ often disparate attitudes are noted.
Importantly, leaders were significantly older individuals than the members.

Benefits of membership. One of the primary goals of fish farmer associations is to meet member
farmers’ technical shortcomings. Therefore, an assessment of farmers’ perceived deficiencies in fish
culture practice and how these are addressed by fish farmer organizations is a good measure of the
viability of a producer organization, especially as it pertains to long-term farmer involvement and growth.
Farmers in “The Cooperative Society” identified deficiencies in several areas crucial to their fish farming
operations.

First, farmers acknowledged lack of inputs, specifically feed and fingerlings. “The Cooperative Society,”
through connections with the government and Uganda Cooperative Alliance (UCA), are sometimes given
fingerlings for distribution to members. However, these have been given in insufficient quantities or are
of low quality and promises of fingerlings are often not met. When farmers purchase their own
fingerlings, “The Cooperative Society” also plays a beneficial role by decreasing each farmer’s cost
through bulk purchase of fingerlings and sharing transportation costs.

Farmers also require fingerlings of high quality, which refers to each fingerling’s size, viability after
stocking, and subsequent growth rate. In terms of procuring fingerlings of high quality, the collective
knowledge, experience, and social capital of the individuals in the producer organization gives farmers
access to better fingerling producers and excludes others who peddle poor quality fingerlings. In the same
way, the member-farmers who purchase formulated feeds share transportation costs and collectively
negotiate for bulk prices. In the future, “The Cooperative Society” aims to serve as a large poultry
company's feed vendor for the western regions, which will provide income and further reduce feed costs
for members. Member-farmers who are not yet at a scale of operation to purchase formulated feeds
receive instruction in making feeds from locally-available ingredients.

Financial shortcomings were at the forefront of member-farmers’ stated deficiencies. Many farmers have
yet to realize profits from their fish farming operations, though all of them have harvested fish for
household consumption. All fish farmers expect profits, and most members who have operated for two
production cycles reported generating profits. In addition to teaching productive pond management, the
producer organization aids farmer-members in achieving profits through collectively marketing farmers’
fish, reducing the time the farmer must spend searching for buyers, as well as reaching the best possible
price. Farmers also receive advice on marketing and pricing their fish.

Farmers with a desire to expand their fish farming operations find access to capital to be a problem,
especially in terms of credit and land; lack of capital is often an inhibiting factor in improving their fish
farm’s productivity. The producer organization, while not currently aiding farmers in accessing credit,
hopes to increase resources to the point of providing production-cycle loans to member farmers.

One way that “The Cooperative Society” acts as a financial safety net is through an emergency fund that
it maintains for its members. Farmers annually pay into this revolving fund and are able to access small
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loans to pay unexpected bills unrelated to fish farm operations, such as a death in the family or hospital
bills. In this way, “The Cooperative Society” also functions as a burial society, one of many such
societies to which farmer-members may belong. Burial societies serve an important function in terms of
civil society and financial security (Makumbe 2002). Thus the cooperative provides broader social and
economic benefits to its members beyond inputs and guidance for fish farming.

In fish farming training, farmers were eager to learn environmental improvement techniques that they
integrated into their fish farming operations. They mentioned water harvesting and decreasing erosion
through pond side tree planting as conservation efforts they employ. Leaders in “The Cooperative
Society” identified human capital-enhancing skills they developed while occupying elected positions.
These included skills in business, leadership, communication, English, marketing, learning from one
another in the group, hearing new ideas from outsiders, and growing in personal confidence.

Fish farming as status symbol. A common benefit cited both the leaders and members of “The
Cooperative Society” derived from their fish farming enterprises as well as through leadership positions
they held in “The Cooperative Society” the status in the community. Farmers take great pride in their fish
farming enterprises. This pride is reflected in the physical care and management of ponds, evidenced by
the well-kept grass, as well as the ways the farmers use their fish. The act of a farmer serving fish he or
she had raised at a special event, such as a child returning home from boarding school, or to important
people, like visitors, is both a demonstration of achievement and status and a source of farmer pride.

A special meal is usually served to children returning from boarding school and fish farmers who are able
to serve fish are offering their children a treat: “Fish is something they never would have eaten at school.”
Also, fish farmers discussed how their fish ponds improved the appearance of their homes. Ponds
demonstrate the ability to develop their resources and this physical evidence increases their neighbors’
perception of the farmers’ success. One fish farmer said, “A neat and well-organized home is a symbol of
status.”

The ability for fish farming households to feed fish to their families is also a source of pride as they
actively provide nutritious, high-value foods for their children. Farmers who were receiving income from
their ponds spoke of the increased prestige that their improved incomes brought as well as the ways they
invested this income into land and education. One farmer mentioned expanding his land holdings as a
result of fish-based income. Several spoke of the pride they felt from sending their children to boarding
school with income from their ponds. Finally, farmers were proud to be able to share fish harvests with
their disadvantaged neighbors, knowing that they had a nutritious, valuable food to offer. While farmers
cited compassion and empathy as reasons for gifts of food to poor neighbors, sharing fish is also an
important demonstration of agency and wealth.

Leadership. Discussions with the leaders revealed the status conferred on elected cooperative society
leaders. Being elected to a position in a society is public recognition of status and affords opportunities to
further improve status. Fish farmers holding leadership positions in “The Cooperative Society” talked
about the business and communication skills they had gained through their roles. One man who had
limited schooling was able to improve his English through interchanges with more educated peers. Also,
leaders are often nominated to go to training and bring back the information they received to share with
the members. The opportunity of learning information first and presenting it to members at a meeting
reinforces the leaders’ status.

Several leaders are retired. In Uganda, government employees are required to retire at age 60. After
retirement, their community involvement and status usually decreases. Involvement in “The Cooperative
Society” is a means of maintaining their community-serving and active lifestyle. One woman, a retired
teacher and committee member who proudly pointed out her former students among the members, shared
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the confidence and influence she maintains post-retirement through her involvement in this organization.
She holds a leadership position and therefore a responsibility to be busy and engaged. She says, “I am
able to pick up my nice dress, put it on, and I forget my old age.”

Leaders articulated several key areas where networking and advocating for the fish farming sector are
important responsibilities of their producer organization. Consistent with the society’s goal of addressing
farmer deficiencies, the leaders seek to “Work together to solve the challenges of fish farmers with one
voice.” In order to unite the fish farmers’ voices the leaders have sought out relationships with fish
farmers outside their producer organization and thus built social capital. The president boasted, “Now we
know all the fish farmers in the entire county.”

The leaders interact with individuals and groups who have resources that their member famers need.
These resources include fingerlings and training and are sought through relationships with government
officials, foreign donors, and the UCA. With an understanding of the linkages between fish farming and
other development arenas, the leaders have aligned their fish farming goals with goals such as poverty
alleviation, environmental preservation, and malnutrition, especially as it is experienced by HIV/AIDS
victims. Advocating for the fish farming sector includes recruiting new fish farmers, and “... spreading
the message that households with land and water can earn good incomes through fish farming.” Thus the
logic and objectives of the donor shape the direction of the cooperative.

The Cooperative Society leaders actively plan to expand its presence as a locus of fish farming
specialization. They state that the society’s success is built on the member-farmers’ success, which
explains why their first goal is to increase all members’ fish production and thus, household income. For
some, increases in income from fish farming have already lead to sums sufficient to purchase more land
to expand fish farming operations and pay children’s school fees. Plans to rent an office space, sell
formulated feeds, and offer production-cycle loans to members are all part of their vision to increase
member-farmers,” and therefore “The Cooperative Society’s,” success. Leaders also articulated several
community-development goals, such as creating opportunities for local youth with little education to earn
incomes from pond construction and a fish consumption goal for the community to which they belong.
One leader cited the FAO nutritional recommendation that individuals eat fifteen kilograms of fish per
year, and her vision is for the fish farmers in “The Cooperative Society” to supply that amount of fish for
local consumption.

PART II: CAGE CULTURE TRIALS

Following group member meetings and training on stocking and management of the cages discussed
above, the group was set out to grow their first lot of fish. The results presented below are based on the
data collected up to day 84 following stocking of the cages. This is the last time sampling was carried out.
The results thereafter are a projection based on the previous sampling.
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rowth performance .
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Figure 2. Figure 3.

The figures above compare the biomass of cages 1&2. Figure 2 shows an exponential increase in the
biomass of cagel together with its carrying capacity. However the biomass on day 84 decreased as well as
its carrying capacity. This was because when fish escaped there was a reduction in numbers, total weight
and the carrying capacity per m*>
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Figure 4 shows biomass and carrying capacity of cage 2 increasing at almost the same rate for a period
105 days. This was because this cage experienced low mortalities and no fish escaped hence maintaining
a favorable stocking density.

Feed Utilisation
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Cage 2 showed a steady increase in FCR together with increasing biomass from 78.85 to 209.5 kg. This
indicated that almost all feed eaten by the fish was converted into body weight. This rendered them more
efficient at digestion and utilization of feed as compared to cage 1.

However, cage 1 shows a sharp increase in FCR with increasing biomass from 78.85 to 159.05 kg. This
could have been due to fish escape to the wild. As a result, most of the feed administered during this
period was in excess and wasted to the lake as uneaten feed.

These graphs emphasize the importance of sampling as a key aspect in monitoring current fish biomass.
This enhances determination of right quantities of feed that should be administered hence minimizing
losses due to applying excess feed.

Fish growth
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The average weight attained in both cages within 84 days is about 100g. This size is more than most of
the undersize capture fish sold at an informal landing site at Kirinya, an illegal fish business between
fishers and wives of prison warders®.

Small holder farmer group organization. Jinja United Group Initiative for Poverty Alleviation and
Economic Development (JUGIPAED) secured most of the key requirements (water quality parameters,
permit, site, market information), to start a project on cage fish farming on Lake Victoria. Later, the group
entered into partnership with the Aquaculture Research and Development Centre, Kajjansi with funding
from AquaFish CRSP to carry out cage fish farming at Kirinya. The partnership is on a cost sharing basis
and it is intended to provide a kick start to implementation of cage culture project agreed upon by the
group members while at the same time carrying out research in cage culture. The rationale for this
approach is demonstration of fish farming as a business, hence the need for the group to contribute to the
costs of the enterprise and learn how to manage their cash flow.

Stutzman (2010) observes that aquaculture development commentary supports the formation of fish
farmer associations or producer organizations as avenues for cultivating small- and medium-scale
commercial farmers. Umbrella organizations under which local fish farmer associations vertically align
themselves have important implications for fish farmer production. Formation of small holder farmer
group organizations has been encouraged by government of Uganda in order to ease provision of various
services particularly technical advice and inputs such as seed. Some of these farmer organizations have
initiated self-help activities carried out as a group most notably savings and credit. When JUGIPAED
decided to engage in cage culture, the members used their collective savings in the group’s account to
cover their share of items that were agreed upon as per the MoU. These items included feed, labor, and
any other expenses such as communication and transport costs to the site.

However, as earlier noted by Stutzman (2010), group cohesion and participation by all group members
seem to be a challenge. This stems from the fact that groups tend to front numbers in order to attract
support from government or donors, hence actual group activates are often engaged in by just a few
members and not all listed in the group’s register. However on the other hand, group managed activities
are in themselves a challenge especially if there are uncertainties on issues such as the potential risks
involved and benefit sharing. Consequently only a few members keep the work moving.

Cash flow management. A draft enterprise budget to guide the trial was drawn by the project team and
discussed with the group members. During the discussions, inputs to be contributed by either party were
agreed upon and included in the MoU. During the trial, the chairman and treasurer of the group kept all
the records pertaining to cash flow. The records showed sources of funds which are mainly members’
contributions. The project team also availed group members with information on cost of items contributed
by the project. Discussions were held with group members on the variable costs incurred for cage
operations up to day 84.

? The business emerged shortly after the cages had been stocked.
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Table 2. Operating costs of managing the cages for 3 months

Input description Unit cost (UGX) Total cost (UGX)
2030 fry 80 162,400

132 kg of feed 2167 286000

Labor for feeding per month 50,000 150,000
Transport by members 8,000 60,000

Total 658,400

Basing on UGX400 which is the average price of the 80-100g tilapia fish sold at Kirinya, we estimated
that the anticipated revenue from the 209.5kg from cage 2 to have been UGX 836,000 culminating in a
profit of UGX177,600. However, if the fish were to be sold by a kilo at UGX 3,500, the revenue would
have been UGX731,500 making a profit of UGX73,100. This indicates that it is profitable to sell fish at
the smallest market size as long as positive returns above variable costs can be attained.

CONCLUSION

Across cases, several similarities emerge. Each fish farmer association operates in an area of high
potential for aquaculture in Uganda. Fish farmer associations are place-based, with members from a
defined geographical region. Each operates in an umbrella group structure. That is, each fish farmer
association has other farmer associations “under” it or has an organizational structure “over” it. Also, no
full-time fish farmers emerged from the groups examined; all group members and leaders stated that they
are involved in other agricultural producer groups, with many individuals involved in three or more
agricultural producer groups. For only one fish farmer association, “The Family Affair”, is fish farming
the primary economic enterprise for executive members, and even this fish farmer association is involved
in other agricultural activities.

The thread of misdirected development assistance runs through each of the following categories of
discussion. It should go without saying that the primary goal of a fish-productive aquaculture producer
organization cannot be orchestrating its activities to qualify for the most donor assistance possible.
Nonetheless, there are multiple aspects at play in the relationships between each of the fish farmer
associations examined and funding agencies (both governmental and NGO). These relationships are
considered in light of the ways the structures they produce aid or inhibit fish farmer associations in
strengthening profitable, commercial member farmers.

Specifically, across cases, the catalyst for group formation influenced each producer organization’s goals
and priorities, as well as members’ expectations. Members’ expectations are shaped by the promises of
the government official encouraging the individuals to form a fish farmer association. Also, catalysts for
group formation and subsequent priorities and goals are directly related to members’ fish production. Fish
farmer association goals and priorities determine whether or not the member farmers and leaders view
their activities and enterprises as successful. In instances where the goal of engaging in fish culture is to
receive money rather than generate income, success is not measured in fish production, but in the amount
of money received (Grivetti 1982).

Across cases, every producer organization formed based on the advice or encouragement of government
officials and group formation was related to receiving funding for the producer organization’s activities.
Though no case besides “The Family Affair” kept concrete production records for their organization,
based on farmers’ assessments of production and profitability, some conclusions can be drawn about the
connection between donor support and fish production or fish farm profitability.
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“The Unaccountable Leaders” worked through an existing community based organization (CBO), an
association dedicated to environmental conservation, in order to receive government support for their fish
farming activities. However, there is no system or mechanism for equitable distribution of benefits among
members of this group-managed fish farm, even though much of the funding comes from government
agencies or donors. The fish farming project coordinator says, “People who have put in big investments
must take the lion’s share,” implying that the project coordinator himself, who arranged for the funding,
was the “lion.”

“The Helping Hands” producer organization was made up of a subset of members of a regional
organization focused on poverty alleviation. When the chairman was asked why this organization was
formed, he replied, “The idea was to serve the needs of the members of the group and to get creditors.”
This group works with cross-cutting issues, in response to donor goals; in order to receive funding from
NAADS, the group must provide HIV/AIDS education to its members. This producer organization has
received or sought funds from donor-funded projects, as well as local government agencies. Because this
organization has not begun cage farming no assessments can be made about fish production.

“The Family Affair” was a functioning fish farm for 30 years, from 1973-2004, and operated by an
individual and his family, until a district fisheries officer advised the farmer to organize as a group in
order to be eligible for regional, government-sourced funding. Still, many members of this producer
organization are the chairman’s family. Besides accessing funding based on having a group structure, the
name of the association includes the word “orphan,” which expands the chairman’s entitlement to donor
funds. The chairman’s brothers died of AIDS, leaving him with the responsibility of providing for his
nieces and nephews. When asked about the organization’s connection to orphans, the chairman said, “We
choose to work with orphans because these government structures of assistance require that we reach
cross-cutting issues. It is the first step to get the money.” This producer organization has received funds
from a regional funding agency, WFP, and USAID.

“The Cooperative Society” began as an association, but the leaders changed their organization’s
registration after the minister of fisheries advised them to form a cooperative society. This registration
change allowed them to receive assistance (or, the promise of assistance, as many promises have not been
fulfilled) from the Uganda Cooperative Alliance (UCA).

Each producer organization operated within a larger umbrella structure, where fish farmer associations are
affiliated with a larger organization: “The Unaccountable Leaders” producer organization is under a
regional association dedicated to conserving environmental resources; “The Helping Hands” is a sub-set
of members of a poverty alleviation organization who share the goal of cage culture, as well as a regional
administration and funding structure of fish farmer groups throughout the region; “The Family Affair”, at
the mandate and expense of external donors, is overseeing the development of 22 other fish producer
organizations s; and “The Cooperative Society” is a regional producer organization under the umbrella of
the Uganda Fish Farmers Cooperative Union, and also registered with the Uganda Cooperative Alliance.
The impacts of these “groups within groups” structures require further study, though some important
elements emerge from our research.

From the four cases examined, the most significant impact of the umbrella structures was that the goals of
the “umbrella” organization color the goals of the groups they “cover.” When this “cover” is tied to
financial support, the goals become mandates. Often, the goals of the funding agency do not include
developing commercial fish farmers, though this may be a primary goal of the producer organization.

Funding agencies’ directions can potentially distract producer organizations from their objective of

developing productive fish farmers or promote strategies that are ineffective in practice. Part of the reason
for this promotion is that fish farming is touted by government officials as a profitable farming enterprise
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that anyone can do. The perception is: men and women, able-bodied and disabled, wealthy and poor,
widows and orphans, everyone can earn money from fish farming. While most successful fish farmers
and technical experts seriously question the validity of that perception, government officials still design
and fund projects to organize fish farming projects connected with reaching unrelated goals. Examples of
funding agency goals unrelated to productive fish farmer development include reaching cross-cutting
issues such as providing HIV/AIDS education and reaching vulnerable populations (i.e. women, orphans,
and disabled people). An example demonstrates the ineffective strategies of one of these efforts: a fish
farmer group made up of disabled people operating under “The Helping Hands” producer organization
cited problems with physical mobility as one of their major constraints to operating a profitable fish pond.
Their mobility-related disabilities prevented this group from efficiently managing their ponds. According
to their production records, the group of disabled people found fish farming financially unsustainable and
plans to abandon production.

However, fish farmers’ ability to improve the lives of the poor is not only accomplished through training
vulnerable people as fish farmers, and may not require funding agency dictates. The producer
organization with the least donor support, “The Cooperative Society”, addressed cross-cutting issues
quite differently than “The Helping Hands” or “The Family Affair”, the two most donor-involved
producer organizations. “The Cooperative Society” members aided vulnerable people as individual
farmers, not as a collectivity, by providing poor neighbors with on-farm employment opportunities and
sharing nutritious, farm-raised fish.

In the cases examined the umbrella structures that specialize in fish farming yield member fish farmer
associations with higher production than umbrella structures that oversee a spectrum of projects. “The
Cooperative Society,” under the umbrella of the Uganda Fish Farmers Cooperative Alliance, and “The
Family Affair,” are the two highest-producing fish farmer associations examined.

Fish production-based umbrella structures are better able to develop productive fish farmers partially
because of the social capital these associations develop: bonding social capital, which unites the members
of a producer organization and bridging social capital, which connects people and institutions. A host of
relationships set these specialists associations apart, as they have long-term working connections with
technical experts, government research stations, universities, international experts, fingerling producers,
feed distributors, and development professionals. Through these relationships, fish production-based
umbrella structures are better poised to advocate for the fish farming sector, broaden member farmers’
resources, and develop productive fish farmers.

Additionally, umbrella structures which specialize in fish producer organization development are less
likely to seek funding for non-aquaculture related development projects, efforts which distract diversified
umbrella associations from focusing on improving fish farmers’ successes.

Several incentive systems designed to encourage the development of a profitable and commercial fish
farming sector in Uganda have been distorted to the point that they inhibit the economic and human-
capital growth they were conceived to foster. What were designed to be incentives to productive fish farm
development have evolved into ends in themselves. When leaders profit from distorted incentive systems,
members’ trust is seriously compromised and member attrition results.

Two leaders of producer associations expressed that they wanted to operate model farms. The leaders of
both “The Unaccountable Leaders” and “The Helping Hands” expressed this interest. Also, these two men
are most politically ambitious and donor-seeking PO leaders. In Uganda, a model farm is a political
distinction. Rather than recognizing farmers who have built up productive and economically successful
farm enterprises through the farmer’s own long-term investment and expertise, model farms can be
designated before one complete production cycle. In this context, a model farm is one that has been
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recognized by the president and designated as a demonstration farm for farmer field school education.
With model farm distinction comes an inflow of government assistance. This system is well suited to
limited funds and staff members but, as previously mentioned, ordinary farmers may perceive model
farmers as a privileged group they are unable to mirror (Mangheni 2007). This understanding limits the
application of information received during farmer field schools held on model farms. Both of the producer
organization leaders interested in achieving model farm status are envisioning the rewards, in terms of
money and influence, which are unrelated to fish farm profitability. Yet the rewards from donor money
are often more tangible and immediate than proceeds from fish culture. Model farm distinction is a
financial end in itself; it is tangentially related to farm commercialization.

The reality of producer associations maintaining multiple bank accounts for categories of donor assistance
offers an insight into a pattern of assistance-seeking. Related to the treadmill of development assistance,
many producer organization leaders pursue a piecemeal approach to funding sources.

This approach is borne out of the development paradigm of cost sharing, where assistance-receivers
invest a percentage of their own financial resources into a project. The purpose of cost sharing is to
encourage participant ownership of the project and thus, incentive to manage the project well, as to
provide returns on the participant’s investment. Since a producer organization leader realizes that
development agencies expect cost sharing, he pursues multiple donors. For example, if one donor will
finance 80 percent of a project, and the group members are expected to contribute 20 percent of their own
financial resources, the producer organization leader may not ask his members for the 20 percent but finds
another donor, unbeknownst to the first, to finance the 20 percent that is the members’ responsibility.

If the leader is also a local politician, or has political aspirations, this piecemeal approach becomes even
more important, as the leader will lose popular support if his or her participants invest their own resources
into a project that fails. With membership dues or participant investment come expectations of leaders’
accountability and financial returns. In the words of the project coordinator of “The Unaccountable
Leaders’” producer organization, “We have people who are ready to pay money to be members but we are
not signing them up because we can’t take their money when there are no feeds because then they will be
asking, ‘What is happening with our money?’”

To clarify, this is not a greedy or underhanded approach to conducting business but a practical one. This
approach was created (and is sustained) by the revolving door of donors and government programs
designed to assist the poor farmers of Uganda. A half-century’s history has proven that in time, another
donor will come; therefore investing personal financial resources is unwarranted, if not wasteful.
However, the piecemeal approach to funding sources has a detrimental impact on the aquaculture
development of Uganda as it perpetuates the idea that fish farming is only profitable if a donor pays for
the fingerlings and feed.

Though patterns of distorted incentive systems and piecemeal donor seeking were established by donor
behavior, the effects damage the viability of fish farmer associations and undermine their ability to
accomplish the goal of becoming profitable commercial fish farmers. As previously mentioned, with each
donor comes that donor’s own aims, which may or may not align with the producer organization’s goals.
In fact, government or donor goals may serve to hinder member fish farmers from focusing on
production, profitability, and long-term organizational viability. Donor and governments’ requirements
certainly threaten fish producer organization leadership development, as this pattern of goal displacement
and distortion obstructs leaders from defining, working towards, and achieving goals and forming an
organizational identity.

In the current method of operations, leaders of donor-driven fish producer associations simply follow the
dictates of donor organizations, dictates which change with the creation and completion of an endless
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stream of short-term projects conducted by an alphabet soup of donor organizations. Additionally, fish
producer organizations model the donor’s short term project orientation. For fish producer organizations
in Uganda to support a market-driven, thriving aquaculture sector sustained over time, producer
organization leaders must recognize that current government and donor financial incentives are not
serving their interests as commercializing fish farmers, and avoid them while demanding that these
structures be reformed to serve the intended purposes of governments, donors, and fish farmers.
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INTRODUCTION

Research, extension and education can contribute greatly to enhancing aquacultural production in a
sustainable way and to reducing poverty, but achievements have generally fallen short of expectations in
Africa (Sanginga et al. 2008). Farmers trust the experience and knowledge of others who are in situations
similar to their own. Their desire to meet and talk with each other has spurred the formation of groups and
networks to foster informal gatherings and more formal mechanisms of association to facilitate peer-to-
peer learning. Such learning groups are most effective when they have a targeted membership like fish
farmers. If member perspectives are too diverse, then participants tend to become disenchanted because
the results do not apply to their situations (Barrett and Ewert 1998).

Peer-to-peer learning and support systems become increasing important in the context of privatized
extension (Klerkx and Leeuwis. 2009), but in Africa there is often little or no reliable extension system to
privatize. External donors endeavor to foster private, non-profit mechanisms that will be sustainable and
provide the information and organizational services that fish farmers need to build an industry.

Farmer innovators appreciate exchange and study visits as ways of gaining new experience, knowledge
and techniques, which they informally experiment on at home (van den Ban and Hawkins 1998). Farmer-
to-farmer communication is more effective when visitors and hosts are well prepared, and if both groups
review the usefulness of the exchange and deliberate on the reporting of lessons learned.

Previous experience with farmer innovators in agricultural development suggests that study tours and
farmer-to-farmer interaction led to significant levels of advancement in production practice. The project
encouraged innovators to organize themselves into clusters of farmers and exchange experiences within
and between clusters. In Tanzania, some farmer innovators started forming local groups with neighboring
farmers after returning from the exchange visits. It is not easy to fully integrate the farmer innovation
approach to participatory research and extension into the regular activities of national institutions. The
concept of farmers as innovators and researchers is still new for many decision-makers. Thus, there are
manifold ways that innovator farmers that share a common interest in a focal enterprise such as fish
culture will associate themselves to gain the benefits of mutual support and collaboration.

Outreach is extension, and implies regular and purposeful communication with stakeholders and
beneficiaries at the various intermediate and local levels (Kerrison 2005). When standard forms of
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literacy-based and electronic communication are no longer available, then outreach takes place in the
traditional extension way, with physical visits, dialogues, community meetings etc. Where adequate mass
communications, electronic or literacy-based media can be used, mobile phones, email etc. then the need
for travel and face-to-face meetings is obviously reduced (Kerrison 2005). The results (and other
information) are disseminated through a series of study tours and fish farmer symposiums that involve
selected fish farmers from neighboring IEHA countries. We will organize and carry out several training
events in Uganda.

ANNUAL FI1SH FARMER SYMPOSIUM AND TRADE SHOW

The annual fish farmers’ symposium and trade show has drawn participants from around the country and
the region. The project will participate in organizing these symposiums by helping build the program and
in some cases participating as speakers or resource persons. These events also provide a forum from
which to disseminate the activities of the AquaFish CRSP. During the trials and particularly for the first
cage harvested at each site, a site visit will be hosted by a fish farmers’ group that will present their
findings and experiences. The annual fish farmers symposium and trade show begun in Uganda in 2007
under the USAID funded Fisheries Investment for Sustainable Harvest (FISH) project. The project was
small and operated in a focal pilot area of Central Uganda around Kampala operating in Iganga, Mukono,
Wakiso Mpigi and Mityana Districts. Farmers and service providers around the country raised concern
about the fact that they were unable to access information from the project, though the demonstration
farms and training sessions on these farms were open to all.

Among their concerns, was while they could come to these sessions, the costs of travel several times a
year for a specific topic was costly/not cost effective for them given their finances and impact on
production when they were not on farm/the effect of them spending too much time away from their farms.
They would rather a session was organised for them over a day or two where all information and finding
for that year were communicated to them, questions asked. Holding a symposium seen to be the most
viable option. Thus the first fish farmers’ symposium where the first results of the FISH projects were
disseminated to stakeholders in the fish farming across the country. The trade fair to demonstrate
technologies and link farmers to suppliers of inputs for these technologies and sources of more
information.

The level of interest was high from farmers and service providers. And at the evaluation of the first
symposium it was observed that having more farmers from other parts of the country also present would
enable direct discussion and answer questions. At second symposium WAFICOS offered to play a more
active role realising the benefits and that one of their objectives was to disseminate quality and vetted
technical advice to their members as many farmers where victim of poor advice. They realised it was a
place for obtaining good advice, a farmer lead forum where farmers could openly air their views and
concerns, and not a technocrat lead event where farmers are often relegated to being passive participants.
At the second symposium, WAFICOS undertook to conduct these annually however, was limited in
resources. However, they realised that there was more than meets the eye regarding the organisation of
the symposia. (which the CRSP project covered)

Specifically, the purpose of the symposia and trade fairs are to:

1. To share farmers experiences in overcoming constraints in fish farming practice in the transition from
subsistence to viable market oriented commercial enterprises.

2. To share the experiences of industry and other service providers of investing in and meeting the needs
of a new emerging sector.

3. To exchange information on status and local innovations to overcome challenges faced by farmers
and those involved in the aquaculture value-chain.
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4. To promote collaboration among stakeholders in the aquaculture sector to enhance sustainable
development.
L

OBJECTIVES

1. Conduct an annual Farmer to Farmer study tour for producers from Kenya and Tanzania.

2. Organize Annual Fish Farmers' Symposium and Trade Show to disseminate project research results,
provide reliable technical information, and share producer perspectives on fish farming industry
trends and conditions.

II.

METHODS AND MATERIALS

Conduct Farmer to Farmer Study Tour for Producers from Kenya and Tanzania

The study tours organised for farmers from the neighbouring countries were linked to the Annual Fish
Farmers Symposium and Trade fair as it was felt that the information and exchange of ideas with the
wider sector of farmers/service providers at these venue would be beneficial to them. Thus, the study
tours were organised for the day after the symposia and invitations sent out.

Organisation of the Fish Farmers Symposium and Trade Show

The farmers through WAFICOS took the lead role in the organisation of the event and identification of
topics for the event. They solicited additional funding for the event, identified presenters, and approached
participants for the trade fair. CRSP through the host PI and Aquaculture Management Consultants liaised
with WAFIOCS to identify key areas, speaker’s issues.

The support offered included reviewing and discussing topic lists and issues, identifying what sort of data
would be required to bring out issues and illustrate key points the farmers wanted brought out or
information on, collecting and analysing this/farmers’ data as not all farmers were able to do this
themselves, compiling presentations, verification of information and sources, compiling and editing
symposium, records of attendance, preparation and multiplication of hand-outs during the symposia
including proceedings of previous symposia., making of CDS, analysing evaluation data and making
evaluation reports, loading the information onto the internet. Arranging the study tour and logistics for the
study tours. WAFICOS members and other farmers were made open to Uganda farmers. The previous
symposia did not have study tour attached. Advertising, Aquaculture Management Consultants Limited
made the websites for the symposia both for the announcements and of the proceedings. Proceedings then
given to agencies that supported, and other stakeholders that included the government institutions and
private sector.

An optional one-day field tour to various aquaculture-related establishments was organized whose major
objective was to expose farmers to successful aquaculture operations and establish contacts with input
suppliers and vetted service providers (see Appendix 2).

Other Seminars and Tours

The outreach component collaborated with the other study teams of the Uganda project to organise
seminars on specific aspects.

RESULTS

Conduct Farmer to Farmer Study Tour for Producers from Kenya and Tanzania

Farmers from Kenya were invited to the 2010 and 2011 annual symposia. The CRSP Kenya coordinator
was instrumental in passing on the invitations. However, it was at the 2011 symposium that Kenyan
farmers responded. Two attended and appreciated the benefits of the symposium and accompanying study
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tour. On their return they passed word round and a special study tour was organised for a group of ten
farmers and extension personnel.

The farmers were asked their interests and the tour was tailor made to their needs. A special hand-out was
made of the places they were to visit by Aquaculture Management Consultants Limited. WAFCIOS
collaborated by linking up with farmers and accompanying the farmers around (their program
coordinator, Ben Kiddu).

Organisation of the Fish Farmers Symposium and Trade Show

The 2010 and 2011 symposia were undertaken with the support of CRSP. A combined total of about 300
participants attended and 34 presentations were made. Of these 4 of the presentations presented CRSP
results and they were in line of the farmers’ themes for that year. Most of the presentations were done by
farmers regarding their experience.

The 2010 Symposium: The theme of the Third Annual Fish Farmers Symposium and Trade Fair in 2010
was “Dealing with the Challenges of Building an Aquaculture Industry”. This arose largely because
during the year 2009, there were significant shortfalls in the supply of key inputs, notably feed and seed,
yet farmers had increased their levels of investment into fish farming in view of the good performance
they had obtained in 2007/08 with the formulated commercial feeds from Ugachick Poultry Breeders
Limited and Source of Nile Limited and a general improvement in the quality of seed produced by local
hatcheries. Levels of production and sales rose during that period.

Thus 2009 was a difficult year as it was too late for farmers to pull out considering the fish in stocked
units and additional number of ponds that had been constructed. The only alternative was to make it work
to salvage their investments as particularly the feed supply situation was temporal while Ugachick was
upgrading it fish feed producing facilities to produce floating fish feed.

The focal points of discussion at this symposium were:

1. Assessing the key production factors affecting the viability of fish farming enterprises.

2. Identify and review challenges faced in accessing inputs and the implications on returns to investment
and quality of service delivery.

3. Assess the availability of potential markets, and market information for fish farming.

4. Review the availability and quality of current support services to the aquaculture private-sector and
factors affecting their accessibility.

Papers Presented at the 2010 Symposium: Table 1 lists the papers presented at the 2010 symposium.
The key points for discussion were water supply for production, pond construction, feed and seed
availability, accessing finance and grants. The symposium runs for two days

2010 Trade Fair: There were 12 exhibitors at the trade fair that run concurrently with the symposium for
two days. The farms that displayed fish were members of WAFICOS. Fingerlings and table fish were
displayed. The fingerlings were given as a door prize and table fish brought for display was sold to
participants (see table 2). All the fish served at meal times during the symposium was farmed fish.
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Table 1. Papers and presentations at the 2010 Symposium

Presentation

Name and Institution

First Session: Opening Remarks

1. Welcome Remarks: A Brief About WAFICOS.

P. Ssebinyansi, Chairman WAFICOS

2. Opening Remarks:

Hon. F. Mukisa, Minister of State for
Agriculture

3. Key Note Address: Aquaculture Technological Development -
Developments and Challenges.

G. Atukunda,
Head Aquaculture, NARO

4. General Discussion about Issues and Challenges Faced by Fish
Farmers.

Hon. F. Mukisa, Minister of State for
Agriculture and J. J. Otim, Presidential
Advisor on Agriculture

Second Session: Key Production Factors Affecting the Viability of Farming Fish Commercially.

5. Water Supply and Availability for Fish Farms.

E.W. Tollner, University of Georgia,
USA/ AquaCRSP

6. Quality of Pond Construction and its Influence on Production and
Returns: Recommendations and Farmers Experience.

Peter Ssebinyansi, Mpigi Fish Farm.

7. Low Survival Rates in Grow-Out Fish Ponds: Common Causes and
Solutions.

Maurice Ssebisubi,
Aquaculture Management Consultants,
Ltd.

8. Technical Information Sources for Fish Farmers.

Gertrude Atukunda,
Aquaculture Research and Development
Center, Kajjansi (NAFIRRI-NARO.)

9. Production of High Quality Tilapia Fingerlings Agnes Atuhaire,

Source of Nile Fish Farm
10. Criteria and Best Management Practice Requirements for the Odhiambo Daniel,
Production of High Quality Catfish Fingerlings Kabeihura Fish Farm.

11. Dealing with the Challenges of Transforming from Subsistence to
Commercial Fish Farming: Experiences from Eastern Uganda

A. Owori-Wadunde,
Aquaculture Research and Development
Center, Kajjansi (NAFIRRI-NARO)

12. Production of Nile Tilapia (Oreochromis niloticus) in Lake Cages.

Abudala Napuru, Source of Nile Fish
Farm.

Third Session: Challenges Affecting Fish Farmers Access to Inputs and the Implications on Enterprise Viability and

Quality of Service Delivery.

13. The Challenges Faced in Investing in Commercial Fish Feed
Production: A New Industry in Uganda and the Potential Benefits of
Floating Fish Feeds for the Developing Aquaculture Sector

Karen. L. Veverica,
Ugachick Poultry Breeders Ltd.

14. The Effect of Inadequate Seed Supply on Enterprise Viability:
The Cost of ‘Come Tomorrow’

Kizito Ssentamu,
Wakiso Fish Farm

15. Accessing Finance to Meet Operational Costs

Nafula Owori,
21ACC, Ltd.

16. Mechanisation: Adaptations for the Construction Commercial
Fish Ponds

Ssimbwa M.,
AETREC, Namalere (NARO)

17. The Challenges of Restarting Aquaculture and the Potential for its
Commercialization in Previous War Affected Areas of Northern and
North East Uganda: Farmers’ Perspective

John Walakira, for Farmers, Northern
Uganda
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Fourth Session: Markets, Marketing and Market Information.

18. Building Markets and Marketing of Farmed Table Fish: Successes
and Challenges

Simon Owani, WAFICOS

19. Fish Safety - Quality Aspects

Phillip Borel, Greenfields (U) Ltd.

20. Regional Market Study for Farmed fish

Christopher Dhatemwa, UFPEA

21. The Benefits of Forming Cooperatives for Commercial Farmers

Bernard Tayebwa,
Uganda Cooperative Alliance

22. Principles of Cooperation in Aquaculture

Joseph Molnar, Auburn University/ CRSP

23. WAFICOS Proposed Way Forward

Tom Musoke, WAFICOS

Fifth Session: Public Services to the Aquaculture Sector.

24. USAID-LEAD Project — Objectives and Approach to Improving
Livelihoods through Commercial Aquaculture

Jacob Olwo, USAID LEAD

25. WFP's Role in Uganda Aquaculture

Pius Kwesiga, World Food Programme

Closing Session.

Wrap Up Open Discussion

Closing Remarks

Door Prize

Professor J. J. Otim, Presidential Advisor
on Agriculture
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Table 2: Exhibitors during the Jan 2010 Symposium.

Exhibitor Products

1. Ugachick Poultry Breeders Limited Floating fish feeds

2. Crest Tanks Ltd Water tanks and holding facilities

3. Uganda Oxygen Oxygen cylinders and refills

4. Pets Alley Fish aquaria and filter systems

5. Aquaculture Management Consultants Fish farming guides and advisory products
6. AETREC (NARO) Namalere Walking tractor for compacting ponds

7. Edhron Enterprises Catfish fillets, processing and packaging
8. WAFICOS Live fish sales

9. NAFIRRI (NARO) Research journals

10. SON Fish Farm

Fish feeds and fingerlings sale

11. Uganda Fish Net Manufacturers

Fish seine nets and cages

12. Ndejje Fish Farm

Live fish

The 2010 Study Tour

One tour was organised that attracted 59 Ugandan participants. The overall objective of the study tour
was to expose participants to developments in the sector as well as allow interactive contact between
input suppliers, farmers and service providers. The places visited were Tende Innovation Fish farm and
Training Center (TIFTC), a catfish hatchery that also operates as a farmer sponsored-and-run farmer field
school, Greenfields (U) Limited a fish processing plant that processes farmed fish for local consumption
and regional export and Uganda Fish Net Manufacturers Limited that manufactures netting, pond seines
and cages.

The 2011 Symposium and Trade Fair

In the year 2010 the key challenges that affected farmers were associated with the use of commercial
feeds (including the new floating feed), its use and obtaining good returns. The price of feed had gone up
due to a general increase in the cost of ingredients as well as due to the costs of feed manufacture. On the
other hand, the price of fish had remained stable. Thus there was an obvious need in improving the
efficiency of production as well as obtaining the best price possible of the farmed product and having
quick sales.

Thus, the theme of the fourth 2011 symposium was ‘Viable Fish Farming’ and the following were the
key issues discussed:
1. Production Planning and Management
2. Fish Feeds and Feeding.
3. Value Addition and Marketing of Farmed Fish.
4. Current Support Services to the Aquaculture Private-Sector.
II.
The 2011 Symposium: There were a total of 19 presentations under the above mentioned four specific
objectives of this year’s symposium.
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Table 3. Papers Presented at the 2011 Symposium

ID | Topic

Name of Presenter

Institution

SESSION ONE: OPENING

1 Welcome Remarks

Paul Ssebinayansi

Chairman, WAFICOS

Opening: Key Note Address

Mr. Jackson Wadanya

Assistant Commissioner of
Fisheries, MAAIF

General Discussion

Mr. Tom Musoke

Secretary, WAFICOS

SESSION TWO: PRODUCTION PLANNING AND MANAGMENT

2 Key Issues for Aquaculture Feasibility Analysis
and Business Planning in Uganda

Dr. Nelly Isyagi

Aquaculture Management
Consultants, Ltd

3 The Potential of Fish Farming in Central Uganda

Dr. Theodora Hyuha

Makerere University

4 Projecting Input and Production Requirements: A

and Quality Service Delivery

Necessity for Successful Commercial Fish farming

Rita Amolo

Aquaculture Management
Consultants, Ltd

5 The Practicalities of Mobilizing Resources to
Establish a Commercial Group Owned Fish Farm;
Implications on Returns and Viability.

Mr. Nyanzi Abdul

Farmer, Jinja

General Discussion

Mr. Tom Musoke

Secretary, WAFICOS

SESSION THREE: FISH FEEDS AND FEEDING

6 Factors Affecting the Performance of Commercial
Floating Fish Feeds

Karen L Veverica

Ugachick Poultry Breeders
Ltd. / Auburn University

7 Why does Fish Feed Cost so Much?

Karen L Veverica

Ugachick Poultry Breeders
Ltd. / Auburn University

8 The Benefits and Risks of Making and Using On- Rhona Nabukeera Sustainable Commercial
Farm Fish Feeds — A Farmer’s Experience Aquaculture for Poverty
Alleviation (SCAPA) Project
9 Novus, Making a Difference in Nutrition David Nyagaka Novus International — Kenya
Office.
10 | The Performance of Ugachick Floating Fish Feeds: | Daniel Ojiambo Kabeihura fish farm,
A Farmers Perspective Bushenyi
11 | 2010 Enterprise Budgets Catfish Grow-Out Daniel Odhjiambo Kabeihura fish farm,
Bushenyi
12 | 2010 Enterprise Budgets Tilapia Grow-Out Biira Yazeri Kireka Fish Farm
13 | 2010 Enterprise Budgets Tilapia Nursery Kiddu Ben WAFICOS

General Discussion

Mr. Tom Musoke

Secretary, WAFICOS

SESSION FOUR: VALUE ADDITION AND MARKETING OF FARMED FISH

14 | Creative Marketing

Tom Musoke

Kabaganda Fish Farm

15 | Value-Addition, Preservation and Marketing

Dr. Margaret Maseette

FBRC-Kawanda
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ID

Topic

Name of Presenter

Institution

Discussion: Times when I Sold at a Profit and at a
Loss.

Mrs. Mary Zaramba

Fish Farmer, WAFICOS

SESSION FIVE: SERVICES TO THE SECTOR

16 | Financing Aquaculture Ms. Sabano Mwaka Agricultural Credit Officer,
Ann Marie. Centenary Bank.
17 | Helping Build Aquaculture Enterprises, Success Jacob Olwoo USAID LEAD
and Challenges
18 | Deep Blue Aquatic Systems Brynn Simpson Deep Blue Aquatic Systems,
South Africa
19 | Certification for Aquaculture Professionals Karen Veverica, Auburn University, USA.
20 | EU Study on Promoting Commercial Aquaculture Malcolm Dickson. EU Mission/COWI

in Uganda

General Discussion

Mr. Tom Musoke

Secretary, WAFICOS

SESSION SIX: CLOSING

Question Answer Time and Wrap-up Discussions

Mr. Tom Musoke

Secretary, WAFICOS

Prize Draws

Mr. Paul Ssebinaynsi
and Mr. David Tilia

Chairman WAFICOS and
Principal Fisheries Officer,
MAAIF

Closing Remarks

Mr. David Tilia

Principal Fisheries Officer,
MAAIF

Among the participants were two Kenyans and the EU Mission undertaking a study on ‘Promoting
Commercial Aquaculture in Uganda’. The study was specifically scheduled so that the mission could
attend the symposium and obtain up-date information on Ugandan aquaculture from farmers and other
key stakeholders.

The 2011 Trade Fair
There were 11 exhibitors at the trade (see table 4). There was a strong emphasis on the marketing of
farmed fish this year. The table fish and fish-products brought to the fair were all sold to participants and
people from around the UMA show grounds who came to have a look at what was on display. All the fish
and fish products served at this year’s symposium (both tilapia and catfish) were from WAFICOS farmed
fish. One of the exhibitors, Deep Blue Aquatic Systems came in from South Africa.
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Table 4: List of Exhibitors

Exhibitor

Products

1.

Ugachick Poultry Breeders Limited

Fish feeds and feeding guides.

2. Green Fields Uganda Limited Fish fingers and fish burgers

3. SON- Source of the Nile fish farm Whole fresh tilapia on ice.

4. WAFICOS Live table size catfish and tilapia. Smoked whole

catfish.

5. Aquaculture Management Consultants Aquaculture equipment and aquaria

6. Deep Blue Aquatic Systems (in collaboration with | Aquaculture and live fish holding systems
Aquaculture Management Consultants)

7. Sun Fish Farm Live fish haulage truck

8. Nile Crocodile Park. Books. The Best Options for Africa

9. National Fisheries Resources Institute Research papers/journals

10. Tende Innovation Fish Farm and Training Center

Live catfish fingerlings.

11. Uganda Fish Net Manufacturers

Fish seine nets, predator nets and cages

The 2011 Study Tour
The farmers study tour in 2011 was expanded. In the previous year (2010) participants of the tour noted

that there was a lot to learn from the sites visited and it was not worth it for them to visit several sites like

‘tourists’ in a day. Thus the objectives of the 2011 were not just to show-case but demonstrate best
practices that participants could pick up for adoption. The demonstrations were undertaken by farmers
themselves with the assistance of technical personnel from WAFICOS and Aquaculture Management
Consultants limited. Training hand-outs were prepared for distribution by Aquaculture Management
Consultants Limited.

The sites visited were:

1. Route 1: Kabaganda Fish Farm and Ugachick Poultry Breeders Limited that demonstrated tilapia

nursery management, commercial fish feed production and the processing of catfish fillets.

2. Route 2: ARDC — Aquaculture Research and Development Center (ARDC) Kajjansi and Pearl
Fishing and Aquaculture Limited. This tour showcased the new research facilities at the
Aquaculture Research and Development Center and demonstrated feed-based tilapia and catfish

pond grow-out management.

3. Route 3: Living Waters Fish Farm and Kireka Fish Farm. This tour demonstrated feed-based
tilapia and catfish pond grow-out management, siting and setting-out of new ponds, use of the
commercial pond seine and catfish hatchery management.

As a sequel attendance of the Kenyan farmers to the 2011 symposium was a study tour organised for a
group of Kenyan fish farmers and extension agents. Table 5 gives an overview of the places visited.
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Table 5. Study Tour for Kenyan Farmers

Day Venue Type of Farm
One * Arrival in Kampala
Two * Source of Nile Farm, Buikwe * Tilapia hatchery and cage culture.
* Living Waters, Mukon e (Catfish and Tilapia grow-out.
* Kireka Fish Farm, Wakiso *  Smallholder catfish hatchery.
Three e Kabaganda Fish Farm, Wakiso e Tilapia Nursery

e Ugachick Poultry Breeders Limited, Wakiso * Fish Feed Factory.
* Travel to Bushenyi

Four e Kabeihura Fish Farm and fish farmer out- e (Catfish hatchery
growers , Bushenyi * Tilapia and Catfish grow-out
Five e Travel Back to Kampala e Tilapia Nursery
*  Mpigi Fish Farm, Mpigi
Six * Return to Nairobi

Other Seminars and Tours

The outreach component participated in coordinating, offering technical support, preparation of training
material and compiling documentation for the seminars and field visits:
1. Review of the questionnaire for the marketing study.
2. Seminar by Tollner at MUK and Kabanyolo.
3. Field visits of Hydrology MUK to potential study sites in Gulu, Wakiso, MItyana, Mukono and
Buikwe.
4. Sourcing of cages, fingerlings, stocking and sampling of CRSP trial cages.
Iv.

CONCLUSION

Participants considered the symposia and study tours a general success. The key factors that were used to
define success were the relevance of the presentations and demonstrations to the prevailing challenges
that farmers and other stakeholder in the sector were facing. The effectiveness of farmer-to-farmer
dissemination was fully realised as most of the presentation were by farmers, the discussions during the
plenary session were led by the farmers themselves and the key facilitators on farms during the study
tours, were the farmers themselves. The technical personnel only came in to supplement and explain the
principals upon which the technologies were based and issues that affected their application on-farms.

The role and capability of the private sector where appropriately supported in dissemination of technical
information and training is also illustrated. WAFICOS, as producers and aquaculture service providers are
the aquaculture private-sector. Participants paid attendance to the symposia and trade fair as did
exhibitors. Likewise is the level of support the program has received from Aquaculture Management
Consultants Limited. This shows that where quality services are provided that are result oriented, farmers
and other service providers in the private sector can support these initiatives to make them sustainable.

The outreach program has been able to disseminate information to stakeholders directly. Proceedings
have been disseminated via CD to all attendees of the symposia as well as personnel in key government
offices notably the Ministry of Agriculture, Ministry of Finance Economic Planning and Development,
the National Agriculture Research Organisation 9head office and its centres involved in aquaculture),
Makerere University, Fisheries Training Institute, District Fisheries Officers, FAO, USAID LEAD,
Banks, etc. Proceedings of the symposia have also been disseminated via the internet to the wider African
and international community via the SARNISSA website that is a widely consulted aquaculture
interactive site in Africa.
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The outreach strategy adopted can be considered a success. Dissemination can be undertaken through
direct contact training seminars between CRSP personnel and farmers, farmer-to-farmer and via media-
based PC tools.

The project anticipated that major benefits of the project would be:

1. Information and improved production for individual farmers and rural communities.
2. Increase in the membership of fish farmer groups as a result of the symposia.
3. Service providers and suppliers of inputs gaining recognition and possibly clients.

The benefits that actually accrued based on the response of WAFICOS members (Quote):

1. It has become a forum where farmers and others involved in the industry discuss up-to-date issues
affecting them. The factors that influence performance are dynamic. If one is to stay in business, then
problems have to be solved along the way and opportunities identified early and are taken advantage
of. The papers presented and study tours focus at key issues that arose the previous year. Hence,
farmers and service providers mention this as among the key benefits of the symposium

2. WAFICOS membership has increased. So has the credibility of the association. Agencies notably
NGO’s and NAADS (National agricultural advisory services) now cross-check with WAFICOS when
vetting tenders (hatcheries) to supply fingerlings asking the association to verify whether the farm
exists and what sort of fingerling quality the farms tend to produce.

3. WAFICOS now asked officially by training institutions (Fisheries Training Institute and Makerere
University) for placement of interns.

4. The farms and other establishments visited during the study tours have registered increased sales.
Such farms also have more visitors and training institutions seek to attach interns or conduct study
tours on these establishments.

5. More farmers demanding for services from WAFICOS which include information, technical services
and inputs. Among the key success is WAFICOS office becoming an official outlet for Ugachick feed
whereby farmers can buy the feed at wholesale price. This has enabled farmers identify loopholes and
opportunities beyond the farm level. Several farmers have taken advantage of this and have
established businesses (i.e. marketing, inputs) and are negotiating getting better prices for their fish.

6. WAFICOS ties with other institutions, (Government, donor, NGO’s, training institutions) have been
strengthened. The relationship is increasingly becoming two way as they realize that WAFICOS has
useful information to give that they would otherwise have no access to, thus has a contribution to the
sector. The relationship less of one where they look as the association as a ‘beggar’ that can only
survive on their handouts.

7. WAFICOS and other farmers have learnt more about what other farmers are doing from the
symposium.

8. Farmers have learnt new technologies and their application through the symposia and study tours.
Adoption rates of appropriate technologies has consequently increased (e.g. use of feed, pond
construction techniques) as has been observed when WAFICOS technical staff visit farm or when
farmers come to the WAFICOS office to register and seek services. Farmers also now appreciate why
certain things are the way they are because during the symposia different stakeholders’ discuss the
issues affecting them not just services offered. The discussions get to the heart of the matter. Hence,
there are more farmers who visit the WAFICOS who now realize the onus is on them to make their
farms viable by adopting best techniques, improving efficiency of production rather than waiting for
government/donor grants, asking for loans or complaining about feed prices being too high. They
understand why things are the way they e.g. costs of ingredients, what is involved in getting loans and
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that one should only think once the business proves itself profitably and running. In essence, those
who have attended the symposia are becoming aquaculture business men and women.

9. WAFICOS is now known country-wide and membership has increased beyond the original stipulated
geographical region of Mpigi, Wakiso, and Kampala. Membership is now country-wide and services
delivered to members where-ever they are. Farmers pay for transport and are willing to do so because
of the reliability and quality of services offered.
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ABSTRACT

An experiment was conducted for 180 days in 12 earthen ponds, 110-150 m’ in surface area and 1.0 m in
depth, at the Institute of Agriculture and Animal Science (IAAS), Rampur, Chitwan, Nepal to assess the
growth, production, and productivity of carps, tilapia (Oreochromis niloticus), and sahar (Tor putitora) in
different polyculture combinations. There were one control and three treatments with three replicates
each: (1) Existing carp polyculture (silver carp, bighead carp, common carp, grass carp, rohu, and mrigal
in the ratio of 3:2:2.5:0.5:1:1 and stocking density of 7000 fish ha™") (control); (2) Control + tilapia (3000
ha™); (3) Control + tilapia (3000 ha™) + sahar (500 ha™); (4) Control + tilapia (3000 ha™") + sahar (1000
ha™). The ponds were fertilized weekly at 4 kg N and 1 kg P ha™ d”' using diammonium phosphate (DAP)
and urea. Fish were fed on alternate days at 0900—-1000 h, with a locally made pelleted feed (20% crude
protein) at rates of 2% body weight per day. Feed rations were adjusted monthly based on sampling
weights.

Survival of carps (68-89%), tilapia (69-83%) and sahar (43-49%) were not significantly different among
treatments. All carp species showed better performance in all treatments than sahar or tilapia with a daily
weight gain of 1.0 to 2.4 g d”'. The combined net and gross yields of all carps in T; and T, were
significantly higher than T; and T4 (p<<0.05). The combined net and gross yields were significantly higher
in T, than other treatments (p<0.05), which were not significantly different from each other (p>0.05). The
overall FCR was significantly lower in T, (1.0£0.0) than T4 (1.440.1) (p<0.05), whereas there were no
significant differences among other treatments. The number of tilapia recruits was significantly higher in
T, (798+32) than T; (676+51) and T4 (603+72). There were no significant differences in any water quality
parameters among treatments. Pond water temperature remained above 20°C throughout the experimental
period. Dissolved oxygen concentrations in the T; and T4 ponds were consistently low during most of the
experimental period and caused mortality of sahar and silver carps. All treatments produced a positive
gross margin, with the significantly highest gross margin in T, (NRs 793,800 ha™ year™). Additions of
Nile tilapia in the semi-intensive carp polyculture ponds can significantly increase the fish production up
to 57% and net returns up to 61%. However, high stocking densities caused by adding sahar to the
polyculture reduced economic performance.
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INTRODUCTION

Inland aquaculture and fisheries are the only source of fish production in Nepal. Total fish production is
48,230 mt, with 21,500 mt (about 45%) coming from capture fisheries (DoFD, 2010). Current annual fish
production of Nepal aquaculture systems is about 3.3 t/ha (DoFD, 2010). Increasing fish productivity as
well as total production in country is a challenging task and necessary in order to provide for increasing
demand for fish as food without increasing import from neighboring countries. Nile tilapia (Oreochromis
niloticus) was introduced in Nepal in 1985 (Pantha, 1993), however, it remained in government control
for more than 10 years (Shrestha and Bhujel, 1999). We have worked on tilapia and sahar (7or putitora)
combinations in polyculture to control excessive recruitment of tilapia and also to provide additional
species to increase productivity and to promote culture of high value fish that are indigenous. Sahar can
control tilapia fry in mixed sex culture (Paudel et al., 2007; Rai et al., 2007; Yadav et al., 2007).
Polyculture of sahar with mixed-sex tilapia increased fish yield significantly compared to tilapia
monoculture (Shrestha et al., 2011). Growth of sahar is higher in tropical and subtropical ponds than in
cages in lakes near Pokhara and also in suspended cages in ponds (Shrestha et al., 2005; 2007; Bista et al.,
2001; 2007).

Semi-intensive carp polyculture is an established and recommended system in tropical and subtropical
region of Nepal using fertilized ponds with partial feed supplementation. The species are: common carp
(Cyprinus carpio), silver carp (Hypophthalmichthys molitrix), bighead carp (Aristichthys nobilis), grass
carp (Ctenopharyngodon idella), rohu (Labeo rohita), naini/mrigal (Cirrhinus mrigala), and Bhakur/Catla
(Catla catla). Though all seven species are recommended in certain ratios with a combined density of
7000 fish/ha (Pandey et al., 2007), fingerlings of all species are rarely available when needed for stocking.
In most of the cases, the number of species cultured ranges from four to six. Addition of well proven
species (such as tilapia and sahar) with increased stocking density into the existing carp production
system can have a positive impact by increased productivity and economic value.

The purpose of this study was to incorporate tilapia and sahar into carp polyculture to improve production
in order to better develop the model for best production and to determine the costs and benefits of various

polyculture combinations.

The objectives of this study were:

V. To assess the growth, production and productivity of carps, tilapia and sahar in different
polyculture combinations;

VL. To determine cost and benefits of fish production in each polyculture system;

VII.  To assess and compare water quality produced by each polyculture treatment.

METHODS AND MATERIALS

This experiment was conducted in 12 earthen ponds, 110-150 m” in surface area and 1.0 m in depth, at the
Institute of Agriculture and Animal Science (IAAS), Rampur, Chitwan, Nepal. The experiment was
conducted in completely randomized design using one control and three treatments with three replicate
each: (1) Existing carp polyculture (7000 fish ha™) (control); (2) Control + tilapia (3000 ha™); (3) Control
+ tilapia (3000 ha™") + sahar (500 ha™); (4) Control + tilapia (3000 ha™) + sahar (1000/ha™). Ponds were
drained and filled with canal water two weeks before fish stocking. They were fertilized at 4 kg N and 1
kg P ha' d' for 7 days with diammonium phosphate (DAP) and urea. A feeding tray was placed in each
pond to confine feeding. A wooden platform was constructed in the ponds for feeding and water
sampling. Water depth was maintained 1.0 m in all ponds by biweekly topping with canal water to replace
water loss due to evaporation and seepage. Fish were fed once on alternate days at 0900—1000 h, with a
locally made pelleted feed (20% crude protein) at rates of 2% body weight per day. Feed rations were
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adjusted monthly based on sampling weights. Ponds were fertilized weekly using DAP and urea at rates
of4kgNand 1 kgPha'd".

Fingerlings of silver carp, bighead carp, common carp, grass carp, rohu, and mrigal (average weights
24.1£2.2 g,36.7+4.6 g, 20.4£2.9 g,39.7£3.8 g, 9.7+1.4 g and 6.9+£0.7 g, respectively) were stocked in all
ponds. The stocking ratio was 3:2:2.5:0.5:1:1 in all ponds. Similarly, Nile tilapia and sahar (average
weights 11.6+1.6 g and 3.4+0.4 g, respectively) were added in treatment ponds. Fish were stocked on 25
February 2011 and harvested on 26 August 2011.

Weekly and biweekly measurements of water quality parameters were conducted at 0600-0800 h starting
from 25 February 2011. Water temperature, dissolved oxygen (DO), pH, and Secchi disk depth were
measured in situ weekly using a Thermometer (Lutron TM-936 model), DO meter (Lutron DO-5509
model), pH meter (Lutron YK-21 PH model), and Secchi disk, respectively. Water samples were
collected biweekly from each pond using a column sampler and analyzed for total alkalinity, total
ammonium nitrogen (TAN), nitrite nitrogen (NO,-N), soluble reactive phosphorous (SRP), and
chlorophyll a using standard methods (APHA, 1985).

A simple economic analysis was conducted based on farm-gate prices for harvested fish and market
prices for all costs in Nepal (Shang, 1990). Farm gate prices of sahar, tilapia, carp were 300, 200 and 150-
200 NRs kg ($1 US = 73 NRs), respectively. Prices for sahar, tilapia, and carps fingerlings were 5, 2 and
2 NRs piece'l, respectively. Prices for feed, DAP, and urea were 20, 45, and 30 NRs kg'l, respectively.
The calculation for cost of working capital was based on an annual interest rate of 10%.

Data were analyzed statistically by one way analysis of variance (ANOVA), using SPSS (version 16.0)
statistical software (SPSS Inc., Chicago). Arcsine transformations were performed on percent data.
Differences were considered significant at the 95% confidence level (P < 0.05). All means were given
with £1 standard error (S.E.).

RESULTS

The survival rate of stocked Nile tilapia ranged from 69.4 to 83.2%, without significant differences
among treatments (Table 1). There were no significant differences in mean harvest weight, daily weight
gain, net fish yield (NFY) and gross fish yield (GFY) of tilapia among treatments. The survival of sahar
was very low, ranging from 42.9 to 48.5%, without significant differences among treatments (Table 1).
The daily weight gain of sahar ranged from 0.3 to 0.4 g d' (Figure 1), also without significant differences
among treatments. The GFY and NFY of sahar ranged from 0.03 to 0.06 and 0.02 to 0.03 t ha™ yr™,
respectively and was significantly different (p<0.05) between treatments with high yield at the highest
sahar density. The growth trend of Nile tilapia was about 1 g/d (Figure 2).

The survival of individual carps was not significantly different among treatments (Table 2). However, the
overall survival of all carps was significantly higher in T, than T4, whereas there were no significant
differences among other treatments. All carp species showed better performance than tilapia or sahar in
all treatments with a daily weight gain of 1.0 to 2.4 g. The daily weight gain for silver carp ranged from
1.8 to 2.3 g, with a significantly higher mean daily weight gain in T4 than other treatments (p<0.05).
Similarly, the daily weight gain of other carps ranged from 1.0 to 2.0 g, with no significant differences
between treatments (Table 2). There were no significant differences in GFY or NFY of silver carp,
bighead carp, rohu and mrigal among all treatments. The combined net and gross yields of all carps in T
and T, were significantly higher than T; and T4 (p<0.05).
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The combined net and gross yields of all species in a treatment were significantly higher in T, than other
treatments (p<0.05, Table 3). The overall food conversion rate (FCR) was significantly lower in T, than
T4 (p<0.05), whereas there were no significant differences among other treatments (Table 4). The number
of tilapia recruits was significantly higher in T, (798+32) than T (676=51) and T4 (603£72) (Table 3).
There were no significant differences in the mean weight and NFY of recruits among treatments.

Weekly and fortnightly means of water quality parameters are presented in Table 5 and Figures 3 to 9.
Analyses showed that there were no significant differences in any water quality parameters among
treatments (p>0.05; Table 5). Most water quality parameters tended to fluctuate throughout the
experimental period depending upon weather and nutrient supply. Pond water temperature remained
above 20°C and increased gradually from 20.7 to 31.9°C throughout the experiment (Figure 3). Dissolved
oxygen concentrations in the Tz and T4 ponds were consistently low during most of the experiment. Pond
water pH ranged from 7.4 to 7.6, total alkalinity from 190.6 to 202.0 mg L as CaCOs and chlorophyll-a
from 155.8 to 198.3 mg m™. Total ammonium nitrogen increased from the beginning to the middle part of
the experiment, and then decreased dramatically to the end of the experiment (Figure 7).

Results of economic analysis showed that all treatments produced a positive gross margin (Table 6), with
the highest gross margin in T, (793800 NRs ha™ year™), intermediate in T5 (614100 NRs ha™' year") and T,
(651500 NRs ha™ year™), and lowest in T; (491600 NRs ha™ year™) (p<0.05).

Our proposal for this experiment had 5 objectives, and not all were accomplished in the study reported
here. Unfortunately, we had difficulties completing the experiment because of flooding at the facility and
theft. Therefore, although we have some reasonable results reported here, we have just completed the on-
station experiment again, and now we are doing the on farm work. Objective 2, to assess nutrient
recovery, is part of the on-station study which we just completed and will also be part of the on-farm
study, which is currently in progress.

Objective 5, which was to promote results in a workshop, has not yet been completed. The workshop has
been rescheduled and will be reported when we submit the modifications to this report after completing
the new experiments.

DISCUSSION

The purpose of this study was to increase the production of existing semi-intensive carp polyculture of
Nepal by addition of new species, tilapia, and sahar. The daily weight gain of Nile tilapia was 0.8-1.0 g d
!, which was higher than a grass carp-tilapia polyculture system (0.2-0.5 g) (Pandit et al., 2004), and
similar with tilapia-sahar polyculture systems (1.15 g; Acharya et al., 2007, and 0.6-0.9 g; Shrestha et al.,
2011). Similarly, the daily weight gain of sahar was 0.3 to 0.4 g, which was similar to tilapia-sahar
polyculture system (0.3-0.4 g d") (Shrestha et al., 2011) and lower than monoculture (0.55-0.77 gd")
(Islam, 2002). The survival of sahar was very low, ranging from 43-49%. This survival was lower than
that reported by Acharya et al. (2007), but similar to Shrestha et al. (2011) (39-56%) in tilapia-sahar
polyculture systems. The lower survival of sahar was due to mass mortality of sahar by low dissolved
oxygen. DO in pond water was consistently lower in ponds of T5 and T4, and it decreased to a minimum
of 0.1 mg L' on some dates.

Gross carp yields (3.4 to 4.1 t ha™ yr'") were higher than the average productivity in carp polyculture
ponds in Nepal (3.0 t/ha/yr) (DoFD, 2010). Net yields of all carps were significantly higher in carp-tilapia
polyculture than in other treatments. Growth performances of carp species were not affected by addition
of tilapia, and there was no competition between carp and tilapia for pond resources. We can add Nile
tilapia to carp polyculture ponds up to a certain density to enhance overall production.
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Most water quality parameters in all ponds were within acceptable ranges for fish culture. Water quality
was not drastically affected by stocking densities of fishes. However, frequent DO depletion was
observed in the high stocking density treatments, T; and T4. The FCRs recorded were fairly low, probably
due to alternate day feeding.

Income in these experiments was estimated by simple budget analysis. Fixed costs were not included in
the analysis as we intended to only compare relative differences in efficiency between the treatments, and
we assumed fixed costs to be similar for all the treatments. Cost estimation was based on local market
prices of fingerlings, fertilizers, lime, and labor wages. Results showed that all treatments produced
positive net returns ranging from 491,600 to 793,800 NRs. However, the carp-tilapia combination (T5)
produced significantly higher net return than other treatments.

This study clearly demonstrated that addition of Nile tilapia in the semi-intensive carp polyculture ponds
increased production up to 57% and net returns up to 61% without affecting water quality. However, the
addition of both tilapia and sahar in semi-intensive carp polyculture ponds caused some water quality
problems, especially depleting DO in the pond. Thus, it is necessary to fine-tune the ratio of carps, tilapia,
and sahar in polyculture if all of these species are stocked. This new polyculture system provides an
alternative species for farmers and allows for diversification of species in carp polyculture ponds. Finally,
further research on the improved survival rate and growth of sahar in carp polyculture ponds is needed.

ANTICIPATED BENEFITS

The results of this study will provide an additional species in polyculture systems of Nepal with increased
productivity, production, and income. These changes will add high valued fish into the culture system and
will supplement income. As carp polyculture is an established system, increasing species will be easy for
fish farmers to adopt. If sahar and tilapia are cultured, it will also help in production of sahar and decrease
fishing pressure in nature. These changes will benefit fish culturists in south Asia and other countries
where carp culture is popular. Knowledge on polyculture and expansion to endemic species not only
benefits Nepal, but sustainable aquaculture systems throughout the developed world as well. Immediate
impact will be measured by increased production and economic returns in on-farm trials for the different
polyculture systems.
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Table 1. Performance of Nile tilapia and sahar in different treatments. Data based on 100 m” pond
size. Mean values with same superscript in the same row are not significantly different (p<0.05).

Parameters Treatment

T] T2 T3 T4
Nile Tilapia Stocking
Total weight (kg) - 0.2+0.0° 0.4+0.1° 0.5+0.2°
Mean weight (g) - 8.0+1.8" 13.3£3.3° 13.6+2.6°
Harvest
Total weight (kg) - 4.1+£0.3° 3.240.5° 4.2+0.3°
Mean weight (g) - 167.7£16.2* 150.0£9.1° 200.0+£31.0°
Daily weight gain (g d™) - 0.9+0.1° 0.8+0.1° 1.0£0.2°
Survival (%) - 83.2412.9° 69.4+9.9* 71.5£11.2°
GFY (tha™ yr') - 0.8+£0.1° 0.6+0.1° 0.8+0.1°
NFY (tha yr'") - 0.8+£0.1° 0.5+0.1° 0.7+0.1°
Sahar Stocking
Total weight (kg) - - 0.02+0.00* 0.02+0.00*
Mean weight (g) - - 42+0.6° 2.7+0.1°
Harvest
Total weight (kg) - - 0.2£0.0° 0.3£0.0*
Mean weight (g) - - 67.6+1.3° 62.1£3.0°
Daily weight gain (g d™) - - 0.4+0.0° 0.3+0.0°
Survival (%) - - 42.9+7.1° 48.5+3.6°
GFY (tha' yr'") - - 0.03+0.00° 0.06+0.00°
NFY (tha' yr'") - - 0.02+0.00° 0.03+0.00°
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Table 2. Performance of carps in different treatments. Data based on 100 m” pond size. Mean values with
same superscript in the same row are not significantly different (p<0.05).

Parameters Treatment

Tl T2 T3 T4
Silver Carp Stocking
Total weight (kg) 0.5£0.1° 0.5£0.1° 0.5£0.0° 0.7£0.1°
Mean weight (g) 23.1+4.7° 20.7+4.3° 22.1£0.9° 30.4+5.9°
Harvest
Total weight (kg) 5.0£0.9° 6.0£0.4" 5.5£0.3° 5.0£0.6"
Mean weight (g) 371.8426.7° 349.0+£15.3° 362.2+16.5° 450.5£12.9*
Daily weight gain (g d™) 1.9+0.2° 1.8+0.1° 1.9+0.1° 2.340.1°
Survival (%) 61.9+14.2° 77.346.6° 66.9+5.4° 50.8+7.0°
GFY (tha™ yr'") 1.0£0.2° 1.2£0.1° 1.1£0.1° 1.0+0.1°
NFY (tha yr'") 0.9+0.2° 1.1£0.1° 1.0+0.1° 0.9+0.1°
Bighead Carp Stocking
Total weight (kg) 0.5£0.2° 0.5£0.1° 0.4£0.1° 0.7£0.1°
Mean weight (g) 34.5£10.7* 33.0£9.3° 30.4+6.7° 48.9+10.5*
Harvest
Total weight (kg) 3.8+0.8° 2.7£0.1° 3.4£02° 3.8£0.3°
Mean weight (g) 300.0+70.4* 206.5+3.2° 268.0+24.0° 268.8+57.8"
Daily weight gain (g d™) 1.5+0.4° 1.0+0.0° 1.340.1° 1.840.4°
Survival (%) 93.1£7.4° 94.2+3.2° 94.8+2.9° 77.2+11.4°
GFY (tha™ yr'") 0.8+£0.2° 0.5+0.0° 0.7+0.0* 0.8+0.1°
NFY (tha yr') 0.7£0.2° 0.4+0.0° 0.6+0.0* 0.6+0.1°
Common Carp Stocking
Total weight (kg) 0.3£0.1° 0.4£0.0° 0.3£0.1° 0.5£0.2°
Mean weight (g) 19.845.3% 20.2+1.7° 16.0+6.4" 25.749.4°
Harvest
Total weight (kg) 5.7£04° 5.240.2° 3.940.7° 3.940.2°
Mean weight (g) 457.4+83.3" 309.342.4% 316.9+£22.5° 368.3+7.7°
Daily weight gain (g d™) 2.440.5° 1.6+0.0° 1.740.1* 1.940.1°
Survival (%) 73.5£9.9° 94.6+3.5° 73.1£18.3° 59.14£3.7°
GFY (tha' yr'") 1.1£0.1° 1.0£0.0™ 0.8+0.1° 0.8+0.0°
NFY (tha' yr'") 1.120.1° 1.0£0.0™ 0.7£0.1° 0.7£0.0°
Grass Carp Stocking
Total weight (kg) 0.1+0.0" 0.1£0.0" 0.240.0" 0.240.0"
Mean weight (g) 36.6+8.1° 32.8£102° 51.5£6.0° 37.9+1.7°
Harvest
Total weight (kg) 1.3£0.2° 1.5£02° 0.8+0.1° 0.5£0.3°
Mean weight (g) 473.3446.8* 440.0+17.6" 408.3+59.1° 266.7+16.7°
Daily weight gain (g d™) 2.440.3° 2.3+0.1° 2.0+0.3° 1.3£0.1°
Survival (%) 73.3+13.3° 86.7+6.7° 53.3+6.7° 40.0+20.0°
GFY (tha' yr'") 0.3£0.0% 0.3£0.0* 0.2£0.0™ 0.1£0.1°
NFY (tha' yr'") 0.240.0* 0.3£0.0* 0.1£0.0° 0.1£0.1°
Rohu Stocking
Total weight (kg) 0.1+0.0" 0.1£0.0" 0.1£0.0" 0.1£0.0"
Mean weight (g) 8.9+3.6° 9.1£3.3° 10.5+2.2° 10.5+4.0°
Harvest
Total weight (kg) 2.4+03° 2.4+0.1° 1.4+0.3° 2.0£0.1°
Mean weight (g) 318.0+40.1° 327.6+11.7° 248.9+10.6* 327.7436.4°
Daily weight gain (g d™) 1.740.2° 1.8+0.1° 1.340.1° 1.840.2°
Survival (%) 96.7+3.3" 93.3£3.3° 73.3£12.0° 80.0+£5.8°
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Parameters Treatment

Tl T2 T3 T4
GFY (tha' yr'") 0.5£0.1° 0.5£0.0* 0.3£0.1° 0.4£0.0®
NFY (tha' yr'") 0.5£0.1° 0.5+0.0* 0.3£0.1° 0.4£0.0®
Mrigal Stocking
Total weight (kg) 0.05+0.02° 0.04+0.01° 0.06:0.00* 0.06:0.00*
Mean weight (g) 6.3£2.4° 5.6£1.7° 8.3£0.2° 7.3£0.9°
Harvest
Total weight (kg) 22+02° 2.4£0.1° 2.2+0.3° 2.7£0.3°
Mean weight (g) 366.0+9.9* 353.2+17.2° 319.5+7.7° 340.0+20.8°
Daily weight gain (g d™) 2.0+0.1° 1.9+0.1° 1.740.0* 1.840.1°
Survival (%) 80.0+10.0° 86.7+3.3° 90.0+5.8* 100.0+0.0°
GFY (tha™ yr'") 0.4+0.0* 0.5+0.0° 0.4+0.1° 0.5+0.1°
NFY (t/ ha” yr'') 0.4+0.0° 0.5£0.0° 0.4+0.1° 0.5£0.1°
Carps Combined
Gross Fish Yield (t/ha/yr) 4.1£0.1° 4.0£0.2° 3.4£0.1° 3.6£0.3%
Net Fish Yield (t ha™ yr'") 3.7+0.1° 3.7+0.1° 3.1£0.1° 3.2+02°
Survival (%) 79.849.1% 88.843.4° 75.240.6™ 67.8+7.7°

Table 3. Tilapia recruitment from ponds (100 m?) in different treatments during the experimental period
of 180 days. Mean values with same superscript in the same row are not significantly different (p<0.05).

Parameter Treatments
Tl T2 T3 T4
Mean number (count pond™) - 798+32° 676£51% 603+72°
Mean weight (g) - 8.4+0.5° 10.3+1.8* 11.840.8°
Net Fish Yield (t ha™ yr'") - 1.3+0.1° 1.4£0.2° 1.4+0.2°

Table 4. Combined performance of carps, tilapia and sahar in each treatment. Based on 100 m” pond size.

Mean values with same superscript in the same row are not significantly different (p<0.05).

Parameter Treatments

Tl T2 T3 T4
Initial Fish Biomass (kg pond™) 1.6+0.1° 1.840.3" 2.0+0.2° 2.74+0.6°
Final Fish Biomass (kg pond™) 20.3+0.6" 24.1£1.0° 20.5+1.0° 22.4+1.0%
Fish Biomass Gain (kg pond™) 18.7+0.6° 22.4+0.8° 18.5+0.8" 19.8+0.5°
Gross Fish Yield (tha™ yr') 4.1+0.1° 4.8+0.2° 4.1+0.2° 4.5+0.2%
Net Fish Yield (t ha™ yr'") 3.7£0.1° 4.5+02° 3.7£0.2° 4.0£0.1°
AFCR 1.2+0.0% 1.0£0.0° 1.240.1% 1.4+0.1°
Net Fish Yield including tilapia recruits (t ha™ 3.7+0.1° 5.8+£0.3" 5.10.1° 5.4£0.2%

yr')
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Table 5. Overall mean and ranges of water quality parameters in each treatment.

Parameter Treatments
Tl Tz T3 T4
Temperature (°C) 27.3+0.1 27.3+0.1 27.3+0.1 27.3+0.1
(20.8-31.5) (20.7-31.7) (20.7-31.9) (20.7-31.7)
pH 7.5 7.6 7.5 7.4
(7.2-8.7) (7.2-8.9) (7.1-9.0) (7.1-8.9)
DO (mgL™) 2.94+0.8 3.2+0.7 2.7+0.4 1.9+0.5
(0.6-7.2) (0.8-7.1) (0.3-6.7) (0.3-0.5)
Secchi depth (cm) 27.8+1.7(16.7- 25.940.8 28.4+2.5 31.0+2.1
45.7) (15.3-42.2) (15.7-42.7) (14.7-50.3)
Total alkalinity (mg L™ 190.6+7.1 183.249.1 190.6+9.2 202.0+£9.0
(112.2-283.1) (130.1-267.5) (102.3-276.8) (104.4-292.8)
TAN (mg L) 0.37+0.01 0.39+0.04 0.34+0.03 0.36+0.01
(0.09-0.73) (0.08-0.82) (0.08-0.70) (0.09-0.69)
Nitrite-N (mg L) 0.25+0.04 0.22+0.03 0.23+0.02 0.21+0.02
(0.13-0.50) (0.13-0.38) (0.13-0.46) (0.13-0.40)
SRP (mg L) 0.42+0.01 0.44+0.02 0.38+0.02 0.45+0.06
(0.24-0.64) (0.21-0.73) (0.20-0.58) (0.22-0.78)
Chlorophyll-a (mg m™) 198.3+24.0 156.0+£3.0 179.9+13.9 155.849.2
(21.4-340.4) (34.7-242.4) (47.7-295.8) (33.6-271.2)

Table 6. Comparative economic analysis (in NRs) for ponds in each treatment during the experiment.
Mean values with same superscript in the same row are not significantly different (p<0.05). 1 US$=73

NRs.
Parameter Treatments

T] Tz T3 T4
Gross Return
Adult Nile tilapia - 818.9+63.3° 630.4+103.7* 831.9+65.5°
Sahar - - 45.6+7.8° 92.3+1.7°
Carps 3630.6£92.3% 3573.1£152.2° 2991.7+132.8° 3153.74226.1%
Nile tilapia recruits - 798.3+31.8° 676.0£51.1" 603.3+72.3"
Total 3630.6+92.3 ¢ 5222.14296.5° 4343.5+223.4° 4681.3+212.3™
Variable Cost
Nile tilapia (fingerlings) - 60.5+£0.5° 60.5+0.5° 60.5+0.5°
Sahar (fingerlings) - - 26.2+0.6° 51.5¢1.5°
Carps (fingerlings) 199.4+1.8* 199.4+1.8* 199.4+1.8* 199.4+1.8*°
Lime 100.0+0.0* 100.0+0.0* 100.0+0.0* 100.0+0.0°
Feed 437.8+10.6° 450.3+34.1° 443.6+453" 551.4+40.3°
DAP 173.3+0.0° 173.3+0.0* 173.3+0.0* 173.340.0°
Urea 155.740.0° 155.7+0.0* 155.740.0* 155.740.0°
Cost of working capital 106.6+1.2° 113.9+3.5" 115.7+4.6" 129.4+4.1°
Total variable cost 1172.7+13.5° 1253.1+38.2° 1273.1£50.1° 1423.5+45.4"
Gross margin (in ‘000) (NRS 2.5+0.1° 4.0£0.3* 3.1£0.2" 33+02°
pond™)
Gross margin (in ‘000) (NRS 491.6+15.7° 793.8+£52.2° 614.1+46.5™ 651.5£39.2°

ha™ year™)
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Figure 1. Growth trend of sahar in each treatment during the experiment period of 180 days (25 February to
26 August, 2011).
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Figure 2. Growth trend of Nile tilapia in each treatment during the experiment periodof 180 days (25
February to 26 August, 2011).
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Figure 3. Weekly mean temperature (°C) of pond water at 0600-0800 h in each treatment during the
experimental period (25 February to 26 August, 2011).
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Figure 4. Weekly mean dissolved oxygen (mg L) of pond water at 0600-0800 h in each treatment during the
experimental period (25 February to 26 August, 2011).
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Figure 5. Weekly mean pH of pond water at 0600—0800 h in each treatment during the experimental period (25

February to 26 August, 2011).
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Figure 6. Weekly mean secchi depth (cm) of pond water at 0600-0800 h in each treatment during the

experimental period (25 February to 26 August, 2011).
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Figure 7. Fortnightly mean total ammonium nitrogen (TAN) (mg L) of pond water at 0600-0800 h in each
treatment during the experimental period (25 February to 26 August, 2011).
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Figure 8. Fortnightly mean nitrite ammonium nitrogen (Nitrite-N) (mg L) of pond water at 0600-0800 h in
each treatment during the experimental period (25 February to 26 August, 2011).
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Figure 9. Fortnightly mean soluble reactive phosphorous (SRP) (mg L) of pond water at 06000800 h in
each treatment during the experimental period (25 February to 26 August, 2011).
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ABSTRACT

An experiment was conducted in four earthen ponds (about 0.35 ha each) at Haoshideng Shrimp Farm,
Hainan Province, China from March 2010 to July 2011 to test efficiency of a pond based recirculating
shrimp culture system equipped with a water treatment facility consisting of a screen drum filter and a
foam fractionating unit. Shrimp postlarvae were stocked at 100 shrimp m™ and cultured in replicates in a
recirculating system and an open system with 15% weekly water exchange. The experiment was repeated
for twice in two years in the same ponds with similar weather conditions. Shrimp survival rate ranged
from 59 - 64% and shrimp yield ranged from 8081 — 9931 kg ha™', with the recirculating system having
significantly higher shrimp survival rate and yield than the open system. When pond water passed
through the treatment facility, TSS, COD, TAN, TKN and TP in water were significantly reduced and DO
increased. Biweekly water sampling and analyses however did not show any significant differences in
water quality for ponds of each system, indicating the water treatment facility had a waste nutrient
removing capacity equivalent to 15% water exchange weekly. The recirculating system was more
environmentally friendly without effluent discharge during production, and produced higher yields than
the exchange system.

INTRODUCTION

Worldwide shrimp production increased rapidly from 71,432 metric tons in 1980 to 3,399,105 metric tons
in 2008 with a total value of USD 14.3 billion (FAO, 2010). Despite continuously increasing market
demand, further development and expansion of shrimp is constrained by environmental concerns
associated with discharge of effluents and dispersal of solid wastes to the environment. This has renewed
interest in recirculating systems due to their perceived advantages, including reduced use of water, greater
control of the culture environment, reduced or eliminated use of antibiotics and hazardous chemicals, and
close to zero discharge of effluents. Attempts have been made to develop recirculating shrimp culture
systems using indoor tanks or raceways (Wyk et al., 1999) and outdoor ponds (Lin, 1995; Neori et al.,
1996; Shpigel and Neori, 1996; Neori and Shpigel, 1999; Jones et al., 2001). Commercial-scale
aquaculture has become possible using these systems and practices. However, a tank- or raceway-based
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indoor recirculating system is technically sophisticated, economically expensive, and may be impractical
for the majority of small-scale shrimp farmers in Asia. On the other hand, integrated pond-based
recirculating systems require a large percentage of the farm area to culture treatment organisms such as
seaweeds, bivalves, and filter-feeding fish, which limits their application. Combining shrimp pond culture
with efficient waste treatment components similar to those used in indoor tank systems but with limited
complexity of operation and maintenance may be a feasible alternative.

Hainan province, the only tropical area in China, is one of the major shrimp production areas. The
environmental impact of shrimp culture has become a serious concern. Thus, this experiment was
conducted to test a pond-based recirculating system at Haoshideng Shrimp Farm in Hainan province to
eliminate effluent discharge and use solid wastes as fertilizer for coconut trees.

The specific objectives were:

1. To evaluate effectiveness of combining a screen drum filter and a foam fractionating unit to remove
solid wastes and improve water quality of shrimp culture ponds;

2. To compare water quality parameters in recirculating and open shrimp culture ponds;

3. To compare overall production performance between recirculating and open shrimp culture ponds.

MATERIALS AND METHODS

The experiment was conducted in four earthen ponds of 0.33 ha at Haoshideng Shrimp Farm, at the
northern tip of Hainan province, China from March 2010 to July 2011. Drainage pipes were located in the
center of ponds and pond bottoms and dikes were lined with plastic. Pond water depth was maintained at
about 1.3 m and four paddle wheels were installed in each pond to provide aeration. White shrimp
postlarvae were stocked at 100 pieces m™ and fed with commercial pellets. The feeding rate was
determined using feeding trays.

The four shrimp ponds were randomly divided into treatment and control groups, with two ponds in each
group. Water in ponds of the treatment group flowed through a screen drum filter and a foam
fractionating unit before recirculating back to the ponds (Figure 1). Water in ponds of the control group
was exchanged weekly at 15%. Unfortunately both ponds and water were limited, constraining the
number of replicates. To overcome this shortfall, the experiment was repeated for twice in two years with
the same ponds and facilities and similar weather conditions.

Water quality parameters in ponds were measured once every two weeks. Temperature, DO, and pH at
dawn were measured in situ using a DO meter (YSI Model DO-100) and a pH meter (YSI Model pH-
200). Secchi disk visibility, water depth, and salinity were measured in situ at 0900 h using a Secchi disk
and a hand-held refractometer. Pond water was sampled once at 0900 h for analyses of specific reactive
phosphorus (SRP), total phosphorus (TP), nitrite nitrogen (NO,-N), nitrate nitrogen (NOs-N), total
ammonia nitrogen (TAN), total Kjedahl nitrogen (TKN), chemical oxygen demand (COD), chlorophyll a,
total suspended solid (TSS), and total alkalinity following standard methods (APHA et al., 1995).

For ponds of the treatment group, water was also sampled once every two weeks before and after
circulation through the screen drum filter and foam fractionating unit for water quality analysis. The same
parameters and methods were used as above.

Data from two replicate experiments were pooled together. Production and pond water quality parameters
were analyzed statistically by analysis of variance (Steele and Torrie, 1980), while paired t-test was used
to compare water quality parameters before and after water treatment in the recirculating system. SPSS
(version 16.0) statistic software package (SPSS Inc., Chicago, USA) was used for statistical analyses.
Differences were considered significant at an alpha level of 0.05. Means were given with + standard error
(S.E.). Percentage data were transferred to arcsine before analysis but presented in the original form.
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Figure 1. The work flow chart of the recirculating system for shrimp culture

RESULTS

The technical details of the recirculating system (Table 1) included a screen drum filter and a foam
fractionating unit designed for a pond area about 0.35 ha. The screen drum filter separated suspended
solids with particle size larger than 700 um, through physical filtration while the foam fractionating unit
further partially separated smaller suspended particles and some large organic molecules by injecting air
bubbles and foam formation. Testing of water drained from the central drainage pipe before treatment,
recirculating back to ponds after treatment, and waste water collected from the treatment units showed a
significant decrease of total suspended solids, COD, total ammonia nitrogen, TKN, TP after water
treatment (P<0.05), while nitrite and nitrate nitrogen trends were not significant (Table 2). DO was
significantly increased after water flowing through the treatment unit.

Table 1. Mechanical specifications of a screen drum filter and a foam fractionating unit used in this
experiment

Parameters Specifications

Screen drum filter

Motor power (Kw) 0.5
Drum length (m) 1.2
Drum diameter (m) 0.7
Screen mesh size (um) 700
Drum rotation speed (revolution minute™) 10
Water flow-through rate (m’ h™") 25
Operation time (h day™) 24
Foam fractionating unit

Power (Kw) 1.0
Unit volume (m’) 1.5
Water flow-through rate (m’ h™") 25
Flow system 1
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Table 2. Water quality change before and after water passed through the screen drum filter and the foam
fractionating unit in recirculating ponds of the experiment.

Parameters Before After Mixed waste water
DO (mg L™ 4.80 £0.51 5234042 e
pH 7.94+0.21 8.08+0.13 7.41+0.24
TSS (mg L)' 0.0412+0.0243 0.0346+0.0204 1.3289+ 0.4159
COD (mg L™ 7.9536+2.7042 6.9161+2.4644 75.2052+19.5465
Nitrite (mg L™) 0.2036+0.2649 0.2023+0.2642 0.5002+0.5616
Nitrate (mg L™ 0.3054+0.4154 0.3046+0.4155 0.7155+0.7652
TAN (mg L™’ 0.2598+0.2159 0.2356+0.1984 2.0654+1.6868
TKN (mg L)' 4.4895+2.3567 3.9385+2.0335 41.4196+18.1711
TP (mg L™’ 0.6226+0.1190 0.5432+0.1650 4.1941+1.5894

Parameters followed by a superscript had significant differences between before and after values (p<0.05).

Shrimp grew better in treatment ponds than control ponds. Shrimp in treatment ponds had significantly
higher survival rate, daily weight gain, and yield per unit area than shrimp in control ponds (P<0.05).
FCR was not significantly different between treatment and control ponds (Table 3).

Table 3. Growth and production performance of white shrimp in ponds in each treatment.

Parameter Open system Recirculating system
Stocking
Pond size (ha) 0.34+0.01 0.37+0
Biomass (kg pond™) 10.2+0.17 10.95+0.09
Number of postlarvae (No. pond’l) 340,000+5,774 365,000+2,887
Density (shrimp m™) 100+0 1000
Harvest
Growing period (days) 99+1.73 98+1.73
Shrimp (No. pond™) 199,609+6,972 233,761+4,974
Biomass (kg pond-") 2747.25+44.97 3624.25+44.05
Mean weight (g shrimp™) 13.81+0.46 15.54+0.5
Total weight gain (kg pond™) 2737.05+44.82 3613.3+£44.05
Performance
Daily weight gain (g shrimp-' day™) 0.14+0° 0.16+0"
Yield (kg ha™) 8081.02+59.32° 9931.1+137.68*
Survival (%) 0.59+0.02° 0.64+0.01°
FCR 1.29+0.04 1.21+0.03

Values in a row with different superscripts were significantly different between pond types (p < 0.05).
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There were also no significant differences in water quality parameters between treatment and control ponds
(Table 4).

Table 4. Values of water quality parameters measured during the experiment.

Parameter Open system Recirculating system
Mean Values

Secchi disk visibility (cm) 48.03+0.89 48.91+3.06
Water depth (cm) 132.69+0.28 133.47+1.03
Temperature (°C) 29.01+0.09 28.85+0.04
DO (mgL™) 6.72+0.23 6.73+0.04
Salinity (PPT) 30.11+0.08 30.06+0.3
pH 8.1+0.04 8.03+0.02
SRP (mg L™) 0.08+0.01 0.09+0.01
TP (mg L™ 0.72+0.1 0.69+0.07
Nitrite (mg L™) 0.15+0.05 0.16+0.02
Nitrate (mg L™ 0.28+0.01 0.31£0.05
TAN (mg L™ 0.17£0.01 0.22+0.02
TKN (mg L™ 4.15+0.26 4.38+0.43
COD (mgL™) 8.18+0.17 7.95+0.4
Chl-a (mg L™) 265.05+27.08 233.57+33.39
TSS (gL™) 0.05+0.01 0.04+0.01
Alkalinity (mmol dm™) 3.04+0.08 3.1£0.06
End values
Secchi disk visibility (cm) 32.542.5 29.542.1
Water depth (cm) 136.25+1.25 135.5+1.66
Temperature (°C) 32+0.06 31.96+0.05
DO (mgL™) 7.2940.59 7.95+0.55
Salinity (PPT) 30.9+0.25 31.03+0.09
pH 7.55+0.22 7.63+0.11
SRP (mg L™ 0.09+0.04 0.05+0.03
TP (mg L™ 0.73+0.06 0.83+0.09
Nitrite (mg L™) 0.28+0.14 0.24+0.05
Nitrate (mg L™ 0.26+0.12 0.11£0.05
TAN (mg L™ 0.25+0.07 0.29+0.05
TKN (mg L™ 4.5+0.48 5.16+0.47
COD (mgL™) 11.1£0.21 11.51+0.03
Chl-a (mg L™) 298.52+57.81 546.9+128.94
TSS (gL™) 0.0420.01 0.06+0.02
Alkalinity (mmol dm™) 2.9+0.15 3+0.08
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DISCUSSION

Water exchange was traditionally used to maintain pond water quality and reduce waste accumulation in
intensive shrimp culture (Fast, 1991). It however carries the risk of introducing diseases with inflow
water, and could cause drastic changes in pond water quality (Hopkins et al., 1995). In this experiment,
15% of the pond’s volume was exchanged weekly in control ponds. This water exchange maintained
water quality at similar levels to the treatment ponds, but probably was a stress factor which resulted in
lower shrimp survival and production in control ponds.

This experiment did not reveal any significant differences in nutrient contents in pond water between the
open system and the recirculating system. This indicated that the water treatment facility had a nutrient
removing capacity equivalent to a 15% water exchange weekly.

Environmental pollution has been associated with intensive shrimp pond culture since early 1910s
(Pruder, 1992; Phillips et al., 1993; Boyd and Clay, 1998; Fast and Menasveta, 2000). This is primarily
caused by the nature of the systems in which only small portion of the nutrient input is harvested through
shrimp, while the majority is discharged into natural waters (Briggs and Funge-Smith, 1994; Lin, 1995;
Teichert-Coddington et al., 2000; Jackson et al., 2003). Sophisticated waste treatment systems are often
costly and impractical, especially for small scale shrimp farms which are still the dominant types in major
shrimp producing countries such as China. This experiment demonstrated that installation of simple waste
water treatment facilities such as screen drum filters and foam fractionators is effective to remove wastes
produced in shrimp ponds without effluent discharge to surround environment during culture. In
addition, shrimp survival and production was actually improved in the recirculating system. The
recirculating system was therefore more environmentally friendly and more productive than the
traditional open system with period water exchange.

ANTICIPATED BENEFITS

Whiteleg shrimp (Litopeneaus vannamei) is the most important shrimp species cultured throughout the
region. Testing and demonstration of the proposed pond-based recirculating system will lead to further
development, fine tuning and extension of recirculating systems which are suitable to the majority of
small scale shrimp farms in Asia. This will reduce environmental impacts of intensive shrimp culture and
improve its sustainability. Since shrimp imports are dominated by the U.S., better knowledge of
sustainable shrimp culture will benefit NGOs like World Wildlife Fund, as well as private citizens and
markets concerned with reducing the environmental footprint of shrimp culture.
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ABSTRACT

Indoor recirculating ponds, traditional ponds and eco-culture ponds were evaluated for water quality and
Litopenaeus vannamei culture in 2010 and 2011. pH changed more dramatically in outdoor ponds.
Nutrient content such as TN, TP, NO,-N, NOs-N, TAN and PO4-P were lowest in eco-culture ponds, then
in indoor RAS, and highest in traditional outdoor ponds. Nutrient budget analysis showed that both
nitrogen and phosphorus gain to ponds occurred mostly from feed (nitrogen: 94.95% in indoor RAS,
85.21% in traditional ponds and 88.06% in eco-culture ponds; phosphorus: 97.06%, 92.34% and 94.87%,
respectively), while 34.24% of nitrogen and 16.84% of phosphorus were retained in shrimp from indoor
RAS, 31.02% N and 13.21% P were retained in shrimp from traditional outdoor ponds, and 35.73% and
15.25% for eco-culture ponds. Phosphorus was more important than nitrogen causing algae blooms
during shrimp culture. Good water quality is essential, but not the only factor that affects shrimp
production.

INTRODUCTION

Shrimp is a favored aquatic product around the world since it has high protein, low fat and is rich in
nutrition. Marine shrimp has a wide range of adaptability to salinity and can be cultured in salt, brackish,
or fresh water. China's shrimp farming industry has made remarkable achievements in the last two
decades. In 1993, shrimp farming was severely damaged by outbreak of epidemic diseases, but it
recovered, and shrimp production increased significantly. This increase was caused by several new
technologies, such as the replacement of cultured species, structural transformation of the pond, and
disinfection of rearing water.

In recent years, culturing shrimp has been widely developed in Shanghai and adjacent provinces.
Traditional aquaculture models are still being applied throughout China, which means high density, high
input, high yield, and high water exchange rate, with much drug use and high consumption of energy.
These traditional models will not prevent outbreak of diseases and cause water pollution by discharging
of wastewater rich in nitrogen, phosphorus, and organic matter to surrounding rivers or lakes. The
damaged water ecosystems then cause further disease outbreaks, which in turn threaten human health and
food safety.

Intensive fish farming has a long history in many countries (Sung-Koo et al., 2000). Production by a

Danish aquaculture company was from 100-300 kg/m’. Although there is noticeable gap between China
and other developed countries in facilities and techniques (Chen 1998), indoor intensive aquaculture has
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also been explored around China (Ying, 2001). Water treatment equipment and technologies have been
developed and successful systems have been introduced to culturists. Indoor intensive aquaculture
technologies have been used in culturing abalone, Atlantic turbot (Scophthalmus maximus), and flounder
in Shandong, Liaoning, and other provinces (Chang-fa, 2002).

Indoor intensive aquaculture has been developed worldwide. Recycling intensive shrimp farming has
succeeded in Hawaii, Florida, Texas, and other places, and may produce approximately 5-10 kg shrimp
per cubic meter of water in three months. In indoor intensive shrimp aquaculture, the most important
thing is to control water quality and micro-organisms within desirable levels.

Considering the cost of infrastructure construction, relatively high electricity use, and need for highly
educated or at least high skilled farmers, people in China are uncertain whether to develop indoor RAS or
outdoor eco-culture systems. In this study, three different systems for Litopenaeus vannamei culture were
studied to discuss their feasibility and effect.

METHODS

The research was originally designed to be conducted at Shanghai Bluesea Aquatech Co., Ltd, Fengxian
District, Shanghai, China. In 2010, the infrastructure construction for greenhouse was delayed due to local
policy for land use planning, so our study on an intensive indoor recirculating system (Figure 1) for
Litopenaeus vannamei culture was carried out at Langxia's Special Cultivation Co., Jinshan District,
Shanghai. At the same time, 22 outdoor ponds with traditional culture technologies (Figure 2) and 3 eco-
culture ponds with special water quality control technology (Figure 3) were monitored for survival rate of
shrimp and water quality. According to the results of shrimp production in 2010, we continued the study
only on 17 eco-culture ponds in Bluesea Co. in 2011.

— Air compressor
Shrimp culture pond v
Foam separator v 0O,-making machine
¥ A Air-liquid mixter +
Sedimentation tank —b‘» Rough filter A ........................... Ozone generator

Figure 1. Flow diagram of our intensive indoor recirculating system.

Aerator feralar A rator

Figure 2. Schematic of a traditional outdoor pond.
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Figure 3. Schematic of our outdoor eco-culture pond. Characteristics included: 1-discharge ditch; 2-
canvas divider; 3-water purifying net; 4-aerator; 5-aquatic plants; 6-water flow.

The research was accomplished from 2010 to 2011. Table 1 shows the basic information on facilities and
shrimp culture methods for the experimental ponds. Commercial feed was used for the whole culture
period. In 2010, all post-larvae of Litopenaeus vannamei were bought from Hainan. In 2011, shrimp in 12
ponds were from Hainan Province, while shrimp for the other 5 ponds were nursed by Shanghai Bluesea
Aquatech Co., Ltd.
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Table 1. Basic conditions and shrimp culture methods for the experimental ponds.

Research Pond type Location Ponds Pond size Facilities Shrimp Remarks
year number density
2010 Indoor recirculating | Jinshan 2 700m’ Settling tank, rough filter, foam separator 342 ind/m’ One crop
system District combined sometimes with ozone treatment June-Sept.
constituted the water treatment unit.
In each pond, there was a canvas divider
(37.65mx1.70m), 6 aerators and several water
purifying nets.
2010 Outdoor traditional Fengxian 11 ponds A | A:2855+167m’ Three aerators of 1.5 KW were used in each 85.5+6.0 Two crops
pond District 11 ponds B | B: 3864+171m* pond. ind/m’ May- July
July-Sept.
2010 Outdoor eco-culture | Fengxian 3 550 m” Each pond has a piece of canvas, 2 aerators, 200 ind/m’ One crop
pond District several water purifying nets, air stripping tubes July-Sept.
and aquatic plants
2011 Outdoor eco-culture | Fengxian 17 550 m” Each pond has a piece of canvas, 2 aerators, 112.5 ind/m® | One crop
pond District several water purifying nets and air stripping July-Sept.

tubes and aquatic plants
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Water samples were collected at the depth of 0.5m, and parameters including pH, dissolved oxygen (DO),
Transparency (SD), suspended solid (SS), total organic carbon (TOC), biological oxygen demand
(BOD:s), chemical oxygen demand (CODyy,), nitrite (NO,-N), total ammonia (TAN), nitrate-nitrogen
(NOs-N), total nitrogen (TN), phosphate phosphorus (PO4-P), and total phosphorus (TP) were measured.
Table 2 shows the analytic methods used for these water qualities.

Table 2. Water quality parameters and methods.

Parameters Method Parameters  Method

SD Secchi disc NO;s-N DIONEX IC1500

pH WTW pH330 NO,-N DIONEX IC1500

DO YSI ProPlus TAN Nessler’s reagent spectrophotometry

SS Gravimetric TN Alkaline potassium persulfate digestion-UV
method spectrophotometric method

TOC TOC-VCPH TP Ammonium molybdate spectrophotometric method after

alkaline potassium persulfate digestion

CODyy Alkaline PO,-P
Permanganate Ammonium molybdate spectrophotometric method
method

BOD; HACH Chl.a Acetone extraction spectrophotometric method
BODTrak™

In the indoor recirculating system, sediment samples were collected from the drain that was in the middle
of the eco-culture pond. In outdoor ponds, sediment was collected from the pond bottom after harvest. TN
and TP were analyzed after samples had been mixed and dried. Feed samples were also analyzed for TN
and TP.

In 2010, shrimp samples were taken from 22 outdoor ponds with traditional culture technologies and 3
eco-culture ponds every two weeks. The white spot syndrome virus (WWSV), taura syndrome virus
(TSV) and infectious hypodermal and hematopoietic necrosis virus (IHHNV) were monitored. At the
same time, the total number of culturable heterotrophic bacteria,and vibrio in pond water were analyzed.

RESULTS AND DISCUSSION

Outdoor ponds had a wider range of pH values and reached higher pH levels compared to indoor ponds
(Tables 3-5). DO was not measurably different among the three pond different types.

Technologies used in indoor RAS and eco-culture ponds showed obvious effects on control of water
quality. Overall, the concentrations of TAN, NO,-N, NO;-N, TN, PO4-P, and TP in eco-culture ponds
were much lower than those in traditional ponds. The indoor recirculating system also had lower
concentrations than outdoor traditional ponds, although type b (larger outdoor ponds) had relatively
similar water quality to the indoor system.
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Both the indoor RAS and eco-culture ponds used aerators and canvas to manage water flow, and provided
water purifying nets for attachment of microorganisms. Due to the relatively weak light conditions,
aquatic plants did not grow well in the indoor RAS, so they were removed from the ponds soon after
culture began. In outdoor eco-culture ponds, plants grew quite well and absorbed inorganic nutrients
which caused lower levels of dissolved nitrogen and phosphorus compared to indoor RAS.

In eco-culture ponds, no water was discharged directly to the adjacent environment during the culture
period and new water was added only to make up for evaporation loss. In the traditional outdoor ponds,
water was not usually discharged if the water quality was controllable. However, in 2010, the water
quality in type-a ponds decreased dramatically after the first crop of shrimp, so all water was exchanged.

Table 3. Water quality measurements for the indoor recirculating ponds.

Pond 1 Pond 2

Variable Range X*S Range X*S

pH 7.50-8.36 7.92+0.33 7.50-8.59 7.96+0.38
DO (mg/L) 3.70-8.00 6.43+1.21 3.78-8.42 6.37+1.49
TAN (mg/L) 0.231-1.119 0.517+0.263 0.219-1.281 0.558+0.326
NO,-N (mg/L) ND-2.626 0.396+0.842 0.054-0.785 0.318+0.273
NOs-N (mg/L) 2.532-19.663 12.229+6.495 2.372-22.249 13.357+7.695
CODyy, (mg/L) 6.45-16.98 9.54+3.49 7.84-22.04 11.03+4.44

Table 4. Water quality measurements for the outdoor traditional ponds.

Ei(zneld Variable Range X+ SD Variable Range X+ SD
A temperature( ) 18.5-30.6 26.18+3.40 NO,-N(mg/L) 0.134-6.652 0.64+0.74
B 18.0-30.7 26.20+3.46 0.025-3.556 0.13+0.44
A SD (cm) 10-90 27.31+13.58 NO;5-N(mg/L) 0.100-8.293 1.26+1.20
B 15-65 26.23+12.00 0.056-8.032 0.89+1.18
A SS (mg/L) 4-208 53.80+31.71 TAN (mg/L) 0.049-3.390 0.82+0.71
B 6-156 59.98+32.05 0.098-1.588 0.43+0.26
A pH 7.32-9.60 8.05+0.50 TN (mg/L) 1.023-6.493 2.81£1.12
B 7.31-10.11 8.34+0.43 0.111-7.471 2.63+1.90
A DO (mg/L) 2.23-14.76 5.79+2.10 TP (mg/L) 0.030-0.849 0.37+0.14
B 3.83-15.26 7.85+2.15 0.068-1.731 0.40+0.32
A CODyy, (mg/L) 6.42-31.21 15.19+5.50 PO,4-P (mg/L) 0.004-0.391 0.09+0.08
B 7.17-44.41 17.62+9.48 0.004-0.242 0.04+0.04
A Chl.a (mg/L) 0.003-0.29 0.10+0.07

B 0.003-0.511 0.16+0.13
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Table 5. Water quality measurements for the outdoor eco-culture ponds.

Variable 2010 (pond number=3) 2011 (pond number=17)
Range X*S Range X*S

DO(mg/L) 3.20-11.70 5.23+1.68 3.60-12.10 5.58 +1.98
temperature( ) 18.8-30.7 25.6+4.32 26.00-31.70 29.07 £1.51
pH 7.84-8.63 8.23+0.37 7.60-9.80 8.38+0.46
CODyy, (mg/L) 10.88-15.67 13.2743.12 7.88-40.18 18.36+ 6.98
Chl.a (mg/L) 0.03-0.81 0.23+0.11 ND-0.60 0.12+£0.11
TAN (mg/L) 0.04-0.70 0.30+0.26 0.13-4.08 0.55 +0.62
NO,-N (mg/L) 0.02-0.461 0.13+0.08 ND-0.20 0.01 £0.03
NOs-N (mg/L) 1.01-2.67 1.64+0.57 ND-0.70 0.25 +0.11
TN (mg/L) 0.43-5.15 2.57£1.56 0.58-6.79 2.41+£1.31
PO,-P (mg/L) 0.006-0.24 0.13+0.06 ND-0.70 0.05 +0.08
TP (mg/L) 0.04-0.371 0.18+0.14 0.03-0.80 0.22 £0.13

The amount of culturable heterotrophic bacteria in traditional ponds water was higher than that in eco-
culture ponds. And no vibrio was detected in eco-culture ponds while vibrio was detected in 52% water
samples from traditional ponds even if there showed no obvious disease outbreak. The three kinds of
specific virus including WWSV, TSV and IHHNV were not detected in shrimps of the two different types
of ponds (Table 6). It seemed that good water quality in eco-culture ponds would affect the amount of
bacteria thus lower the probability of bacterial infection.

Table.6 Monitoring results of culturable heterotrophic bacteria and vibrio in water and virus analysis
results in two types of culture ponds in 2010.

Pond type culturable heterotrophic bacteria Vibrio WWSV TSV IHHNV
(cfu/mL) (cfu/mL)

Traditional ponds 1.3X10%1.9%X10° ND -1.4x 10* ND ND ND

(n=22)

Eco-culture ponds (n=3) 1.4X10*+6.7X10* ND ND ND ND

ND: not detected

In 2010, shrimp production per crop in traditional ponds was lower than in indoor RAS or eco-culture
ponds (Table 7). Good water quality seemed valuable in improving shrimp production. But in 2011, there
was a disease outbreak in ponds with shrimp from Hainan, which spread to the other ponds. Virus
monitoring showed that WWSV were found in infected shrimp. By September 26, there were only two
ponds with shrimp that were still healthy, so production values could not be obtained but were obviously
likely to be quite low. Water quality appeared to be quite good even when disease occurred (Table 5).
SPF shrimp and disease prevention should be given a higher priority in these grow-out systems.
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Table 7. Shrimp production in different experimented ponds in 2010.

Pond type Production per crop (kg/m?)

Indoor RAS 0.80-1.40

Traditional ponds 0.29-0.44 (Pond A), 0.20-0.23 (Pond B)
Eco-culture ponds 0.80-0.92

The nutrient budget was analyzed in indoor recirculating systems in 2010 (Figure 4). Feed input 94.95%
of total nitrogen and 97.06% of phosphorus, with only 4.75% of nitrogen and 2.93% of phosphorus
originating from water. Since shrimp juveniles were so small, they accounted for only 0.30% and 0.01%
of the input. After 100 days of culture, 34.24% of input was bound shrimp tissue, 53.84% was in the
water, and 0.825% was in organisms attached to purifying nets. Shrimp retained only 16.84% of the
phosphorus while the unaccounted proportion was quite high at 34.53%.

water shrimp
4. 75% 0. 30%
feed
94. 95%

a:Nitrogen input

attached on
net
0. 83%

unaccounted
6. 46%

effluent
4. 64%

shrimp
34. 24%

b:Nitrogen ouput

water

53. 84%

shrimp
water 0.01%
2.93%
feed
97. 06%

c:Phosphorus input

water
unaccounted 38. 56%

34.53%

attached on
net
5. 59%

shrimp
16. 84%

effluent
4. 49%

d:Phosphorus ouput

Figure 4. Nutrient budget for the indoor recirculating system.
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Feed nutrient input was higher than optimum (Dhirendra et al., 2003). In Dhirendra’s research over 90
days in closed systems, shrimp feed accounted for 76-92% of input nitrogen and 70-91% of phosphorus,
while major sinks of nutrients were in the sediment (14-53% nitrogen and 12-29% phosphorus). In that
study, the drained water at harvest contained 14-28% of input nitrogen and 12-29% of phosphorus.

Li et al. (2007) found that an intensive Litopenaeus vannamei culture had 84.3%-98.3% of nitrogen and
93.2%-97.3% of phosphorus inputs from feed. The major outputs of nitrogen and phosphorus were
sediment (30.9%-43.9% and 51.5%-60.7%) and water exchange (27.5%-36.3% and 8.4%-23.9%). Their
nutrient budget showed that only 14.5%-28.7% of nitrogen and 7.4% and 16.5% of phosphorus were
transformed into harvested shrimp, which was a much lower retention rate than that in our RAS system.

Nitrogen and phosphorus inputs showed similar patterns in both traditional ponds and eco-culture ponds
(Table 8). Nitrogen input to ponds was mostly from feed (85.21% and 88.06%), then water (14.68% and
11.85%). Nitrogen retention in the two types of ponds was different. Since aquatic plants were grown in
eco-culture ponds, 7.89% of nitrogen was incorporated into plants, and the percent of nitrogen retained in
water and sediment was less than that in traditional ponds. Phosphorus input also came mostly from feed
(92.34% and 94.89%) and phosphorus retention was mainly in sediment (48.78% and 38.12%).

Table 8. Nutrient budgets for traditional ponds and eco-culture ponds.

Traditional ponds Eco-culture ponds
Nitrogen input (%) Feed 85.21 88.06
Water 14.68 11.85
Shrimp 0.11 0.09
Nitrogen output (%) Shrimp 31.02 35.73
Water 19.45 11.32
Sediment 33.24 27.09
Aquatic plant - 7.89
Unaccounted 16.29 17.97
Phosphorus input (%)  Feed 92.34 94.89
Water 7.57 5.04
Shrimp 0.09 0.07
Phosphorus output (%) Shrimp 13.21 15.25
Water 11.36 5.69
Sediment 46.78 38.12
Aquatic plant - 6.22
Unaccounted  28.65 34.72

In 2010, algae blooms broke out in two traditional ponds, so we tried to determine the relationship
between chlorophyll-a and other water quality parameters. Chlorophyll-a had highly significant positive
correlations to SS, CODy,, TN and TP. A significant positive correlation also existed between
chlorophyll-a and DO. Highly significant negative correlations were found between chlorophyll-a and SD
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and between chlorophyll-a and PO4-P. No significant correlations were found between chlorophyll-a and
water temperature, pH, NO,-N, NO5-N and NH;-N. According to the methods for selecting independent
variables in multiple linear regression analysis, four water quality parameters including CODyy, TN, POy-
P, and TP were used to determine the stepwise regression model which was

Chl.a=-0.03457 + 0.0217 TN + 0.0007 CODwmn - 0.49 PO4+ - P + 0.338 TP, (» = 0.6896)

The effects of these four factors to chlorophyll-a were tested using partial regression coefficients. The
most influential water quality parameter to chlorophyll-a was TN, and then TP, PO4-P, and CODy, in
turn.

Using the multiple regression formula, we calculated chlorophyll-a and compared it with measured values

(Figure 5). The results matched reasonably well, especially when the concentration of chlorophyll-a was
high.
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Figure 5. Comparison between calculated and measured chlorophyll-a in traditional ponds in 2010.

We did same statistical analysis on data from 17 eco-culture ponds in 2011 and following equation was
obtained:

Chl.a=0.21809+ 0.00590COD,,, —0,0092t + 0.340TP-0.32PO, —P (r =0.7032)

Compared to traditional ponds, TN was not included in the regression for eco-culture ponds. Combined
technologies of purifying nets and aquatic plants probably played important roles in reducing nitrogen
content of the water, resulting in low correlation between TN and chlorophyll-a. Phosphorus had a closer
relationship with chlorophyll-a, so it is essential to keep phosphorus content low in water. According to
the budget, over 90% of P came from feed but less than 16% of P was converted to shrimp. Improving
utilization rate of feed P is important not only in cost savings, but also in controlling pond algae blooms.
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ANTICIPATED BENEFITS

Recently, farmers have been encouraged by local government to culture shrimp or other aquatic animals
with standardized methods, which mean acceptable pond types, preferred feed, SPF shrimp, suggested
water quality control technologies, and permitted chemical use. But aquaculture is a complicated industry
and successful production depends on not only technology, but also on management experience, shrimp
quality, and even weather. In this study, we compared three types of shrimp culture models, analyzed
water quality and production differences, evaluated the nutrient budgets and relationship between
chlorophyll-a and other parameters. Combined water quality control technologies can be extended to
other farmers. Some farmers have already begun to use purifying nets, bottom aeration in their ponds, and
aquatic plants or aquatic vegetables to remove nutrients.

In short-term training to farmers, we taught them how to monitor water quality and showed them the basic
technology for eco-culture of shrimp. Further research is still needed, particularly related to disease
control.
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Part 2. Objective 4
Effects Of Microcystis Aeruginosa On Juvenile
Survivial And On Enzyme Activites Of Adult Crayfish (Procambarus Clarkii)
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ABSTRACT

In this paper, larvae of the crayfish Procambarus clarkii were exposed to different concentrations of the
algae M. aeruginosa (1.0x10°, 5.0x10° 1.0x107, and 2.0x10” cells/mL) to investigate the algae's impact
on larvae survival and hepatopancreatic ultrastructure. At the same time, adult crayfish were exposed to
the same algae concentrations and the total hemocyte count (THC), serum hemocyanin content, and
superoxide dismutase (SOD), peroxidase (POD), phenoloxidase (PO), and Na'/K -ATPase activities in
gill filaments were evaluated. The results showed that: (1) M. aeruginosa significantly reduced larval
survival rate, such that, when exposed to 1.0x10” cells/mL algae, the survival rate was significantly lower
than controls by day 19 (p<0.05) and, at the end of the 30 d exposure, survival rate was 48%. (2)
Microscopic observations showed that the larval hepatopancreas became darkened and, under
transmission electron microscopy, the tissue's cells were observed to be damaged. (3) At the highest algae
density, the crayfish exhibited a stress reaction in which their THCs increased significantly and stayed
high after being exposed for 1 d. There were no significant differences in hemocyanin content at the
beginning of algae exposure, but it was significantly decreased by 5 d (p<<0.05). Serum SOD activity was
inhibited after 1 d of algae exposure and appeared elevated to a higher level by 5 d. POD and PO
activities showed fluctuating trends, and Na'/K'-ATPase activity in gill filaments dropped significantly
after 1 d (p<0.01), then increased, and finally remained at a higher level. These results indicated that M.
aeruginosa exerted a strong negative impact on juvenile crayfish survival and affected the immunity
status of adult crayfish, which may cause decreased adult growth from the elevated stress.

INTRODUCTION

Procambarus clarkii is a crayfish that exists in fresh water, such as channels and ponds, and is widely
cultivated, particularly in Hubei and Jiangsu provinces, because of their delicious taste and tolerance for
poor environmental conditions. However, cyanobacteria blooms occur frequently due to water
eutrophication (Zha et al., 2004, 2007; Zhang et al., 2001), which has drawn academic attention to the
blooms and their potentially harmful metabolic products. Research in the past ten years has shown that
Microcystis aeruginosa in natural water and its toxin microcystin have toxicological effects (Reimkainen
et al., 2001; Andersen et al., 1993; Zurawell et al., 2004; Orr et al., 2001; Park et al., 2001; Zimba et al.,
2006) on organisms, and cyanobacteria blooms can alter water quality, while the toxin itself can
accumulate in aquatic organisms and move up the food chain, causing severe damage to aquaculture and
human health. However, the impact of M. aeruginosa on P. clarkii has received little study and been
rarely reported.

In this paper, larvae and adult of crayfish P. clarkii were exposed to different M. aeruginosa
concentrations to investigate the impacts of the al