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Propositions

. Fish production in manured Fingerponds is nitrogen-limited (this
thesis).

. The use of periphyton substrates in Fingerponds will not enhance
fish production if the turbidity is high (this thesis).

. Fingerponds are compatible with the wise use principle as defined
by the Ramsar Convention (“The wise use of wetlands is their
sustainable wiilization for the benefit of humankind in a way
compatible with the maintenance of the natural properties of the
ecosystem”).

Ramsar handbook for the wise use of wetlands, 2nd Edition 2004

. The fish on the plate of a child in a poor community around Lake
Victoria is more likely to come from a low-input extensive than
from a high-input intensive aquaculture system.

. Aquaculture development in Africa should build on a combination
of existing indigenous knowledge and new knowledge from

scientific research.

. Sometimes questions are more important than answers.
Nancy Willard, American poet

Rose C. Kagpwa

'Fingerponds: managing nutrients and primary productivity for
enhanced fish preduction in Lake Victoria’s wetlands, Uganda'

UNESCO-IHE Institute for Water Education

Date Promotion: 20™ of December, 2006
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‘To my loving family,
To God be the Glory great things he hath done’.



Abstract

Wetlands are of great ecological importance and have been described as the most
important zone for freshwater fisheries. They can be expleited for agriculture and
aquaculture through the integration of these activities. In Sub-Saharan Africa,
emphasis has been put on agriculture and this has led to the degradation of these
ecosystems, With the ever-increasing population rise, many of the wetlands are
encroached on and degraded. These wetlands are best managed under the framework
of a “working wetland’ which ensures a rational compromise between ecological
condition and the level of human utilization,

Food security in Sub-Saharan Africa is an ever-increasing problem with over 200
million undernourished people. The per capita fish consumption rate has dropped
from 9 kg in 1973 to 6.7 kg in 2005. More and more people have no access to
protein. In addressing the first Millennium Development Goal: reduction of poverty
and hunger, low-cost strategies are sought that can ameliorate food scarcity in many
parts of the region principally in the drier seasons. Fish culture in seasonal wetland
fish ponds ‘Fingerponds’ on the shores of Lake Victoria provides a wise use option
for the management of natural wetlands while at the same time improving food
security for resource-poor communities.

The core objective of this dissertation is to evaluate the functioning and
management of Fingerponds based on the application of natural organic manure and
the use of artificial substrates. This thesis determines how nutrient dynamics and
primary productivity regulate fish production in these systems and examines the
underlying factors that determine the variability in pond water quality and fish
production. The thesis provides suitable management practices that are ecasily
adoptable by resource-poor communities.

Eight Fingerponds (each 192 m?) were constructed in two villages (Gaba and
Walukuba) on the northern shores of Lake Victoria, Uganda. In 2002, the wetland
ecotone (i.e. ponds, wetland and lake inshore zones) characteristics were determined
and their potential for fish culture ascertained. Natural stocking of ponds occurred in
April/May 2003. This research demonstrates that Fingerponds provide a conducive
environment for the culture of fish which is dependant on soil conditions, seasonal
flooding, natural stocking, and water quality. Seasonal floods enable fish from lakes
or rivers to migrate to the ponds and their levels and duration determine the fish
species stocked in the ponds. An assessment of the ecological processes revealed
buffering capacity and sedimentation/re-suspension as the main ecological processes
determining water quality in these freshwater wetland ecosystems.

To sustain good fish growth throughout the dry season in Fingerponds, natural
food production for fish was enhanced through the application of organic manure
{chicken and fermented green manure) and use of artificial substrates for periphyton
development. Firstly, the effects of chicken manure application on primary
productivity and water quality were examined. The cxperiments revealed that rates
of chicken manure 520 to 1563 kg ha™ applied fortnightly increased phytoplankton
primary productivity without adversely affecting pond water quality. Furthermore,
concentrations of oxygen and ammonia were maintained within limits acceptable for
fish survival and growth. The main limitations to primary productivity
(phytoplankton and periphyton) in these flood-fed ponds were inorganic clay
turbidity, decreasing water levels and nitrogen limitation. Secondly, use of bamboo
and local wetland plants (Raphia, papyrus and Phragmites) revealed that bamboo



and Phragmites substrates were the most suitable for periphyton development. In the
presence of artificial substrates, primary productivity doubled.

This study revealed that Fingerponds can play a major role in ameliorating food
security for resource-poor communities through the provision of protein (fish). A
maximurn fish yield of up to 2.67 tonnes ha” yr” (i.c. per capita fish consumption of
6.2 kg over a 310 day growth period) was attained from periphyton-based
organically manured Fingerponds. However, the study also reveals that fish growth
in flood-fed Fingerponds is limited by high reproduction/recruitment of fingerlings
{(leading to high feeding pressure and subsequent stunting of fish} hence small sized
fish; low water levels, high light limitation due to inorganic clay turbidity (hence
lowered primary productivity) and low zooplankton biomass. Manual sexing of fish
as a management strategy results in an increased ratio of male to female fish.
Furthermore, periodic removal of female fish and fingerlings is unsuccessful in
curbing reproduction.

Fingerponds can be distinctively separated into two types: typical lake-floodplain
Fingerponds and those fed also with inflowing rivers in this case referred to as river
floodplain Fingerponds. A dynamic model was used to simulate fish growth in these
ponds. The model was able to capture the dynamics of hydrology, nutrients and fish
in the two types of Fingerponds, demonstrating that similar fundamental processes
underlie fish production in these systems, Model fish yields of up to 2800 kg ha™
and water quality predictions were comparable to field measurements. Using the
model, nitrogen budgets for Fingerponds were calculated and quantitative estimates
of all process flows were given. The model though preliminary once subjected to
sensitivity analysis and validation can be used as a management tool. Main
knowledge gaps pertain to light limitation of primary productivity and the food
selectivity of tilapia and their fingerlings. In its current state, the model is a research
tool that identifies knowledge gaps and can be applied to frame hypotheses for
further applied research. Ultimately, the model can contribute to improving the
management of Fingerponds.

Finally in conclusion, the research has demonstrated that with correct
management, enhanced fish production in Fingerponds is possible.
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Chapter 1

The role of natural wetlands in enhancing
food security - a general introduction

Introduction

This dissertation evaluates the functioning and management of seasonal wetland fish
ponds ‘Fingerponds’ in Uganda, based on the application of natural organic manure
and the use of artificial substrates. It determines how nutrient dynamics and primary
productivity regulate fish production in these systems. The underlying factors that
determine the variability in pond water quality and fish production are analyzed.
This chapter considers food security in Sub-Saharan Africa; outlines the role and
potential for fish culture in wetlands as a means to ameliorate food scarcity and
highlights the status of aquaculture in the Sub-Sgharan African region. The
Fingerpond concept is defined and the criteria for Fingerpond site selection, design
and construction are given. The gaps in knowledge are highlighted. A summary of
the characterization of the study wetlands are highlighted. Lastly, the research
strategy, scope, objectives and outline of the thesis are given.

Food security and nutrition in Sub Saharan Africa — the challenges

Good nutrition is the cornerstone for survival, health and development for current
and future generations {UNICEF, 2001). The first Millennium Development Goal
{MDGQ) addresses eradication of extreme poverty and hunger. One of its two targets
is to reduce by half the population of people who suffer from hunger by 2015 (UN,
2005). Over 800 million people in the world today have too little to eat to meet their
daily energy needs. A third of these are in Sub-Saharan Africa (SSA) and are
affected by malnuirition (Benson, 2004; UN, 2005). Subsequently, in Sub-Saharan
Africa, this accounts for more than half of children deaths with most of the children
not able to obtain adequate protein or vitamins (UNICEF, 2005}. Food security and
nutrition play a major role in achievement of the fourth and sixth MDG goals;
reduction of child mortality and combating of HIV/AIDS, malaria and other diseases
by 2015. Health, food security and nutrition are intertwined and cannot be addressed
in isolation of each other.

Food security is a universal goal. However, the limits to a sustainable level of
food production are set by the availability of resources (e.g. land, water) and human
capacity to increase productivity of these resources without depleting or degrading
them. Although fish accounts for 20% of all the animal protein in the human diet
(Williams, 1996), in Africa, the average fish consumption continues to decline
(Figure 1.1). There is therefore a need to increase food security especially in the dry
season when livelihoods are most at risk (Denny ef al., 2006).
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Figare 1.1 Trends in per capita fish consumption in the World and Sub-

Saharan Africa (Source: Delgado er al., 2003; FAQ, 2000, 2004a; WFC,
2005).

With Africa’s population growth rate at an average 2.5 % (WDI, 2005), the pressure
on natural resources has increased. This is due to changes in hydrological regimes
(such as dam construction), over-exploitation and environmental degradation from
pollution, eutrophication and the introduction of exotic species, amongst other
reasons. Consequently, once very productive lakes such as Lake Victoria are now
showing a steady decline in fisheries (Witte ef al., 1995; Geheb & Binns, 1997). The
ever-increasing international demand for fish is taking its toll on both large and
small-scale fisheries. The high demand for fish has led to some profound and
disastrous consequences such as the illicit poisoning of fish to increase catches.
Competition for fish in the absence of appropriate management continues to result in
rapid depletion of resources, the destruction of ecosystems and fish habitats and
diminishing economic returns. In the midst of competition, ignorance of existing
regulations and control mechanisms, cases of illegal, unreported and unregulated
fishing practices arise (Drammeh, 2001). Emphasis is put on economic benefits but
these often do not trickle down to the poor and needy communities. The consequent
ecological decline leads to poverty, and poverty to ecological decline in a vicious
cycle that can be tackled only through the development and implementation of
enlightened policies.

Wetland ecotones and their role in fisheries

Wetlands are defined by the Ramsar Convention as “areas of marsh, fen, peat land
or water, whether natural or artificial, permanent or temporary, with water that is
static or flowing, fresh, brackish or salt, including areas of marine water the depth of
which at low tide does not exceed six metres”. In addition, “wetlands may
incorporate adjacent riparian and coastal zones, islands or bodies of marine water
deeper than six metres at low tide lying within the wetlands™. This includes habitat
types like rivers, lakes, coastal lagoons, mangroves, peat lands and coral reefs, as
well as human-made wetlands such as fish and shrimp ponds, farm ponds, irrigated
agricultural land (including rice fields), salt pans, reservoirs, gravel pits, sewage
farms and canals’(RCS, 2006)

Wetland ecotones are zones of transition between adjacent ecological systems,
having sets of characteristics uniquely defined by space and time scales and by the
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strength of interactions between adjacent ecological systems (Holland, 1988). Water
fluctuations determine the structural variation (both in time and space) of aquatic
macrophytes and algae in the border zones of water bodies (Bugenyi, 1991).

The physical potential of inland valley swamps in Sub-Saharan Africa has been
conservatively estimated at 135 million hectares with only 1.3% under cultivation
(FAO-SAFR, 1998). In East and South Africa alone, wetland coverage varied
between 3 and 10 % of the land surface. As such, wetlands provide a stable
environment and social development avenue for focal communities living within
their vicinity. The livelihood options provided by rivers, lakes, floodplains and
wetland systemns include: drinking and irrigation water, crop production, livestock
husbandry, fisheries, construction materials, wild life habitat and medicinal herbs.

Wetlands are of great ecological importance and are probably the most important
zone for inland freshwater fisheries {Denny, 1985). They support a large invertebrate
fauna, act as a feeding ground for young and growing fish and provide refugia
against predators (Denny, 1985; Balirwa, 1998). They have been described as a
typical habitat for tilapia species particularly in the East African lakes (Kudhongania
& Cordone, 1974; Lowe-McConnell, 1975). The expansion of fisheries into the
wetland areas and floodplains is an avenue for increased yields in African waters
and can be exploited further through fish farming (Welcomme, 1979; Toews &
Griffith, 1979; Dugan ef al., 2004; Halwart & van Dam, 2006). Seasonal changes of
the wetland ecotones in discharge, nutrient concentrations, pH, temperature and
dissolved oxygen in turn influence the composition and abundance of the plant and
animal communities inhabiting these ecosystems.

With the multiplicity of wetland functions there is a need to use wisely the
interactions (social, physical, hydrological, chemical and biological) that determine
the benefits of these resources. The Ramsar Convention definition of wetland wise
use emphasizes the need to maintain the natural properties of the ecosystem while
exploiting the benefits. However, the trade-off between environment protection and
development is most acute in these fragile ecosystems.

Wetlands can be better managed under the framework of a ‘working wetland’,
defined as “a managed wetland in which a rational compromise is made between
ecological condition and the level of human utilization” (McCartney et al., 2005).
This approach underpinned by the concept of “wise use’ is based on a form of multi-
criteria analysis that integrates biophysical and social economic aspects of wetland
utilization. This approach has been tested for agriculture but there is a need to test it
in integrated agriculture-aquaculture (IAA) systems too.

Formulation and development of policies with regard to food security, fishery
and wetland management requires integration of activities. Concerted efforts need to
be made to ensure that policies, strategies and mechanisms aimed at poverty
reduction recognize the importance of sustainable wetland management (W1, 2006).
Sustainable utilization of wetlands (wise use) is utilization for the benefit of
mankind in a way compatible with the maintenance of the natural properties of the
ecosystem (RCS, 2004). This is best achieved through networking and partnerships
with stakeholders at all fora,
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Agquaculture in Sub-Saharan Africa

Earthen ponds are the dominant aquaculture production units in Sub-Saharan Africa.
The Iocation of fish ponds is governed by water availability amongst many other
factors. Most of the fish ponds average between 100 and 1000 m®. A few private
larger scale commercial fish farms range between 2 to 30 ha, found mostly in
Kenya, Malawi, Nigeria, Zambia and Zimbabwe. Average net annual yields from
these systems range from 10 kg 100 m™ (subsistence) to 30 kg 100 m™ (small-scale
commercial) (Coche et al., 1994). Most of the produce is consumed directly by the
farmer or bartered/sold within the local community. The systems require substantial
investment as fingerlings and feeds have to be bought in addition to the initial
construction costs. Lack of relevant research has hampered further the development
of aquaculture systems. As a result, adoption of aquaculture has remained a minor
priority amidst what is seen as more bumning issues such as public health and
education (FAQO, 2004b).

Fingerponds

The concept
Fringe wetlands are inundated during wet seasons and dry out during the drier
periods. As the floods recede, fish are trapped in shallow pits within the swamp. In
many instances these fishes are not utilized. While in most countries of Sub-Saharan
Africa wetland fringes or flood plains are used for agriculture (crop and livestock),
the aguaculture potential in these swamps is under-exploited. Farmers tend to
concentrate on monoculture systems, i.e. growing of either crops or fish but not
both. This results in high production costs and is risky. If the crop fails or there is a
fish kill, everything is lost for that season. The rationale of integrated farming is to
minimize waste, encourage low costs of production, increase income, reduce risk
and improve management. In management of wetland systems there is need to shift
from this paradigm of ‘single utilization’ monoculture to integrated systems. This
can contribute to better management and exploitation of wetland systems.
Fingerponds are earthen ponds dug from the landward edge of wetlands,
extending like fingers into the swamp (Denny & Turyatunga, 1992) (Figure 1.2).
They exploit two phenomena: (a) the high natural productivity of the swamp/lake
interface (whick provides the fish stock for the ponds) and (b) the trapping of fish in
depressions following flood retreat on floodplains after seasonal rains. Hence the
ponds are self-stocking and obviate the necessity of purchasing fingerlings which
can be prohibitive for the poorest people. Soil dug from the ponds forms raised beds
between the fingers and can be used for cultivation of seasonal crops. The rich
organic bottorn soil removed from the ponds when they dry up or are drained for
harvest, acts as manure for the beds. Fingerponds can be described as agro-
piscicultural systems modified from schemes developed in Mexico, China, Asia and
more recently Africa (Denny et al., 2006). Fish production is stimulated with natural
organic manures (both from animals and plants) supplied by the local communities.
This “wise use” technology retains the functions of the wetland and can go a long
way to ameliorate the poor food security in many parts of Africa.
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(a) Schematic drawing of Fingerponds

(b) Fingerpond site (c) Vegetable plot on raised bed

Figure 1.2, Drawing of Fingerponds (a) schematic drawing adopted from Denny and
Turyatunga, 1992 (b) Fingerpond site in Walukuba, Jinja (¢c) vegetable plots on raised
beds in Walukuba, Jinja. Photographs by R.C.Kaggwa and F Kansiime.

Fingerponds: a solution to poor food security and sustainable wetland
management

Research on aquaculture systems has focused on enhancement of fish production
through the application of organic and inorganic manure and supplementary feeds
(Delincé, 1992; Egna & Boyd, 1997). More recently, enhancement of periphyton as
a natural fish food through the introduction of artificial substrates has been explored
in Asia and West Afnca (Azim et al.,, 2005). Periphyton-based systems provide a
cheaper option for provision of natural food to the fish. However, there is exiguity in
data, particularly in relation to tropical systems in Sub-Saharan Africa.

Fish culture development in the Sub-Saharan Africa region is at a cross-road. In
many instances, unsustainable development has led to short-term and medium-term
profits at the expense of long-term ecological balance and social stability. Less
priority has been given to environmental research or to improving traditional
systems such as the brush parks used in Malawi or culture-based enhancement in
tfloodplains or wetlands (Jamu & Ayinla, 2003). _

Integrated agriculture-aquaculture systems use low levels of inputs and are
considered semi-intensive (FAOQ, 2001). They do no rely on heavy feed and fertilizer
inputs and operate in synergy with agriculture (crop-livestock-fish integrated
farming). They capitalize on in siti provision of pond inputs, e.g., animal and green
manure, similar to ecological/organic aquacultural systems as described by Costa-
Pierce (2002).
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Fingerpond systems focus on the development of small-scale farming. They
preserve the wetland environment in which they are situated while mamntaining a
productive culture system (Kipkemboi, 2006). They can be incorporated into
sustainable fisheries management and provide an alternative model of aquaculture
research and development. Amongst the main principles for ecological aquaculture
are the preservation of the form and function of natural resources; trophic levels
efficiency (using animal and green manures rather than supplementary feeds); and
integration of the system in food production (Costa-Pierce, 2002). Locally available
bio-resources (such as animal manure, farm wastes, composted kitchen wastes,
cassava dough, leaves of cocoyam, cassava, papaya and cabbages) have been used
successfully as pond inputs in a number of studies (e.g. Brummett & Noble, 1995;
Prein et al., 1996; Hishamunda et al., 1998). Fingerponds provide an option for wise
use of natural resources whilst providing a source of livelihood to resource-poor
persons.

Gaps in knowledge
In a traditional pond with very limited subsirates for periphyton development,
organic manures boost fish yields by increasing phytoplankton primary productivity
(Colman & Edwards, 1987). Inorganic nutrients released into the water column are
taken up by the phytoplankton and contribute, through mortality, organic matter to
the detritus/sludge layer at the pond bottom. Phytoplankton and bottom detritus
serve as food for fish but their utilization depends on feeding preferences and
morphological adaptations of the fish species stocked. When additional substrates
for periphyton attachment are installed, inorganic nutrients follow the periphyton
loop, adding a third food resource to the pond. Periphytic microorganisius can be
consumed by fish while the dead periphyton contributes to the detritus mass in the
pond as well as provides a source of food for heterotrophs (Azim ef al., 2005).
Fingerponds systems are different from most conventional aquaculture systems
in that they are entirely dependant on natural flood events. They thus have seasonal
functional periods as water levels are maintained either by precipitation or
underground water mfiltration during the culiure period. In order to stimulate fish
production in these systems, the use of natural, organic manures is proposed. The
addition of organic manures to fish ponds results in enhanced algal development as
shown in various studies (Delincé, 1992; Pechar, 2000). It is very important to
control and monitor manure application rates. With under-fertilization, algae will not
attain optimal net productivity while over-fertilization can cause oxygen depletion
and seif shading (Knud-Hansen, 1998). For Fingerpond systems, good management
practices to regulate pond inputs and/or conditions are essential: none of this
information is available. Furthermore there is need for perceived simplicity or low
potential risk, particularly when targeting resource-poor communities. It is
imperative that in new technologies such as Fingerponds, these factors be critically
considered.

Criteria for site selection and study area location

Fingerpond research sites were selected based on the following criteria: topography,
accessibility, soil type, flood history and presence of fish in the wetland. Other
considerations were the land tenure and availability of a local community group.
Reconnaissance visits were made to each proposed site with a team that comprised a
surveyor, hydrologist, civil engineer, and fish scientist. Formal and informal
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meetings were held with local people within a 2 km radius of the sites. Information
on the activities carried out in the wetland was obtained.

Eight Fingerponds {24x8 m, 1.5 m average depth) were constructed in two
localities (Gaba and Walukuba) within the littoral region of the northern shores of
Lake Victoria, Uganda (Figure 1.3). The Gaba wetland lies on the northern shores of
Lake Victoria adjacent to the Inner Murchison bay (13 km South East of Kampala
city centre, capital of Uganda). It is set at latitude 0° 15°N, It covers an area of 1.43
km?. The Walukuba wetland borders the Napoleon Gulf in Jinja between latitudes 0°
22°N and 0° 30°N and longitude 22°10°E and 33° 26’E and covers an area of 3 km®.
Both wetlands lie at an altitude of 1143 m above mean sea level. This research was
part of a five year ‘EU INCO-DEV Fingerponds project’ implemented in East
Africa. Four similar sites were set up on the shores of Lake Victoria in Kusa and
Nyangera (Kenya) and in the floodplains of the River Rufiji in Uba and Ruwe
{Tanzania).

Design criteria of Fingerponds
A preliminary hydrological survey was carried out that involved determination of
the ground water table and soil proliferation. The summarized design criteria were:

! %

Y Walukuba 3
Gaba wetland L) i
£
i
8 A

Figure 1.3. Location of Gaba and Walukuba Fingerpond sites. Source of maps: map of
Uganda modified from Balirwa, 1998 used with permission, maps of Kampala and Jinja:
Wetlands Inspection Division, GIS database used with permission.
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a) floods to reach at least 5 m distance from the shallow end of the pond (to allow
filling of ponds using a channel in case of low flood levels); b) soils to contain clay
content of more than 20 % (i.e. reduced water losses through seepage)} and ¢)
accessibility (to allow easier monitoring of ponds).

Construction aspects

The Fingerpond site occupied a total area of about 500 m® and comprised of four
ponds (each about 24 8 m, 1 m deep at the shallow end and 2 m at the deep end)
and three or four raised beds (each at least 24x10 m). The ponds were dug manually,
starting from the shallow end set at the point to which floods normally reached. The
slopes of the pond walls were set at a minimum of 120° in order to prevent collapse
(Figure 1.4). Pond depth was adduced from the topographical maps taking into
consideration the hydrological conditions and requirements for Fingerponds (natural
flooding of pond system and fluctuations of the lake level). Soil from the pond was
heaped to form the raised beds. Surplus excavated earth was spread outside the pond
area towards the landward side. To reinforce weak areas, clay was dug from the
surrounding wetland and used to line the walls of the pond.

Labour requirements

The ponds were dug by nine or more able-bodied men. The process was faster in
Gaba, taking 10 days per pond on average while in Walukuba it took 21 days per
pond. In Walukuba heavy rains caused collapse of the walls that necessitated
removal of more earth and further slanting of the walls. The slopes and edges were
then planted with grass to stabilize the construction.

Shallow end

T Mean depth 1 m.

g

o g h

e Angle of walls 120°- 1300
l 22m \
11

Deep end 4m \
Mean depth 2 m. Average slope bottom 2 %

Sketch showing pond lay cut

Collapsed pond wall

Completed Fingerpond

Pond walls sloped to prevent collapsing

Figure 1.4 Fingerpond construction and lay out. Photographs by R.C. Kaggwa.
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Wetland characterization

The characteristics of the dominant vegetation and the associated flora for the two
wetlands were determined in February, 2002 at the onset of the research study. Two
transects were made in each wetland in the form of belts (width 1 m) from the
peripheral of the Fingerpond area up to the open water of the lake (wetland-lake
interface). Cutting of transects and identification of plants were done as described in
Kaggwa et al. (2005). The standing biomass for the two dominant vegetation types
was determined using the harvest method (Kaggwa et al., 2001).

Table 1.1. Plant species composition in Gaba and Walukuba wetlands

List of plant species associated with the dominant plant types

Gaba
Cyperus papyrus L. in association with

(a) Phragmites mauritianus (Kunth.) and sections of Permisetum purpureum K.
Schumach

(b) Climbers: Ipomoea wightii (Wall.) Choisy, Hewittia sublobara (L.f. ) Kuntze,
Cayratia ibuensis (Hook. F) Susseng & Susseng, Commelina benghalensis L. and
Melanthera scandens (Schumach & Thonn.) Roberty.

(c) Ferns and herbacecous species: Thelyvpreris confluens (Thunb.) Morton, Ludwiga
abyssinica A. Rich, Zehneria minutiflora (Cogn.} C. Jeffrey., Polygonum pulchrum
Blume., Pycnostachys coerulea Hook, Impatiens sp.

Phragmites mauritianus (Kunth). found mainly on the landward side of the wetland in
association with Cyperus papyrus L., Hibiscus diversifolius Jacq. and some shrubs:
Ssebania sesban spp., Triumfeita macrophylla Schumann,, Sida rhombifolia, Abutilon
longicupse, Crassocephalfum picridifolium (DC) S, Moore and Alckomea cordifolia.

Walukuba
Cyperus papyrus L. in association with

(a) Phragmites mauritianus (Kunth.) and scattered patches of Typha domingensis. Pers.

(b) Climbers: [pomoea wightii (Wall.) Choisy, Stephania abyssinica (Quart-Dillion &
A.Rich.) Walp., Cayratia ibuensis (Hook. F.) Susseng & Susseng and Melanthera
scandens (Schumach & Thonn.) Roberty.

{c¢) Ferns and herbaceous species: Thelypieris confluens {Thunb.) Morton, Ludwiga
abyssinica (A. Rich), Zehneria minutiflora (Cogn.} C. Jeffrey., Polvgonum pulchrum
Blume.

(d) Grasses: Leersia hexandra Sw.

FPhragmites mauritianus (Kuanth.) found mainly on the landward side of the wetland in
association with Cyperus papyrus L., Cyperus sp., Hibiscus diversifolius Jacq. and some
shrubs: Ssebania sesban spp., Triumfetia macrophylla Schumann.

Trees for both locations: Acacia seyal spp.

The two wetlands were dominated by a thick cover of Cyperus papyrus L. and
designated with patches of Phragniites mauritianus (Kunth). In Gaba, Cladium
mariscus Pohl ssp. jamaicense (Crantz) was also abundant. The Cyperus papyrus
and Phragmites mauritianus stands were in association with various plant types
(Table 1.1). Cyperus papyrus in both wetlands were more than 5 m tall with a
biomass of over 3 kg dry weight m? while for Phragmites a height of 4.9 m was
attained with a biomass of over 1.6 kg dry weight m™”. Mean aerial productivities
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varied for the two vegetation types. Phragmites attained a maximum of 4.2 g m™ d”!
compared to 6.0 g m™ d”! for papyrus.

Research strategy and aim of this thesis

The main aim of this thesis is to examine the importance of organic manure
applications in enhancing nutrient levels, phytoplankton and periphyton
productivities and ultimately fish production in seasonal wetland fish ponds,
‘Fingerponds’. To illustrate the functions described in the preceding paragraphs, a
conceptual diagram outlining the structure of the research is shown (Figure 1.5). The
main flows and interactions in the pond system are described by answers to the
following questions:

1. What are the key factors determining the aquaculture potential of the
wetland ecotone?

2. What changes occur in pond water quality in Fingerponds after application
of manure and what are the impacts on phytoplankton assemblages and
productivity?

3. What relationships exist between the manure application levels, nutrient
concentrations and phytoplankton primary productivity for optimization of
fish production?

4.  Are artificial substrates for peripbyton development viable in Fingerpond
systems and how do they affect pond water quality?

A
Light b q
N,/ NH; Manuyre and/ periphyton substrates <] >
N, fixation £ V Q

a. Fingespond after flooding
/

_\_,j 7 Vegetable

Manure input

plot

Sedirmentation

b. Pond with fish

¢. Pond with substrates

Figure 1.5. Conceptual framework of a functional Fingerpond. a. adapted from Denny et
al., 2006, b. modified from Denny, 1991, c¢. A Fingerpond in Walukuba with artificial
substrates installed. Photograph by R.C. Kaggwa



General Introduction i1

5. What are the key factors driving fish production in Fingerpond systems?

6. What are the effects of input factors (nutrients) and pond conditions (light,
water levels, temperature) in determining food availability (phytoplankton
and periphyton) for fish growth in an organically fertilized Fingerponds?

In answering these questions this thesis attempts to provide a basis for the
management of seasonal wetland fishponds under the concept of wise use of
wetlands.

Research scope

This dissertation focuses on the processes and management of the Fingerpond
system following enhancement of primary productivity and fish production: it
examines the underlying factors affecting both processes and management,
qualitatively and quantitatively, by using field data and available literature. The
results are combined into a dynamic pond model that gives insight into the
functioning of the pond system based on pond inputs/conditions and fish growth.
Finally management options are given on how best to maintain /optimize fish
production in these systems.

Objectives of this thesis

The specific objectives of this research were:-

1. To examine key factors determining the aquaculture potential of the
ecotone for aquaculture, such as soil conditions, flooding, natural stocking,
and water quality in the ecotone and ponds in order to obtain baseline
information for a better understanding and management of the Fingerponds
environment.

2. To determine the relationships between manure applications, nutrient levels
and phytoplankton production for optimization of fish production.

3. To determine the viability of introduced subsirates for petriphyton
development as a food resource in Fingerponds.

4. To assess the fish production potential of organically manured ponds in the
presence of artificial substrates and determine the key factors driving fish
production in Fingerpond systems.

5. To develop a dynamic model that elucidates the relationship between the
key drivers; pond inputs, pond conditions, natural food production and fish
growth.

Outline of thesis

This dissertation is divided inio seven chapters. Chapter 1 (this chapter) provides
insight into the current challenges Africa is facing with respect to provision of food
security as well as the linkage between natural wetlands and fisheries. It describes
the wetlands used in the research and highlights the construction of Fingerponds,
scope and objectives of the study.
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In Chapter 2, an assessment was made of the wetland ecotone to establish the
conduciveness of the environment and its potential for fish culture. The use of
organic manure as a food source and the effects on pond water quality and primary
productivity were examined in Chapter 3. The limitations to the effectiveness of
organic manure in such pond systems were highlighted. As an additional drive to
provide alternative low cost food sources for the fish, the potential use of artificial
substrates for development of periphyton was examined in Chapter 4.

Chapter 5 focused on fish production and the effects of enhanced nutrient levels
and artificial substrates. In Chapter 6, the information gathered, together with data
from literature, was integrated into a dynamic pond model that established links and
interactions between fish growth, pond inputs, water quality, detritus and sediment.

Chapter 7 concludes the dissertation with a general discussion that concentrates
on critical limitations that resulted in low fish production, identifies gaps in the
current knowledge and gives useful recommendations for management of
Fingerpond systems as well as highlighting areas for future research.
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Chapter 2

Fringing wetlands on the northern shores
of Lake Victoria, Uganda and their
potential for fish culture

Abstract

Fingerponds are earthen ponds dug at the edge of a wetland and stocked naturally
during flooding. Fingerponds aim at enhancing fish production from wetlands with
minimal impact on their natural functions. This study investigated the base-line
conditions of the ponds and surrounding wetland prior to the formulation of
management strategies. Eight 192 m® ponds were constructed in two papyrus
wetlands on the northern shores of Lake Victoria, Uganda. The ponds were
naturally stocked predominantly by Oreochromis spp. during the May to June
2003 rains. Between February 2002 and September 2003, factors determining the
natural dynamics and functioning of the Fingerponds and their potential for fish
production were examined. Key ecological processes affecting water quality in the
ecotone and the ponds were the buffering capacity, and in the ponds themselves
sedimentation/re-suspension. The water quality in the ponds was stable and
showed little seasonal or spatial variation. Pond water pH values ranged from 5.3
to 9.4, temperatures from 20 to 30 °C, dissolved oxygen from 2.0 to 17.8 mg L™
and ammonium nitrogen from 0 to 3.6 mg L™, Low nutrient concentrations in the
ponds resulted in low phytoplankton biomass. Zooplankton colonization of the
ponds was poor resulting in low biomass. Flood events determined the type and
size of fish in the ponds. Initial fish stock biomass at the onset of the 2003 grow-
out period ranged between 93 and 97 kg ha'. It was deduced that with
enhancement of nutrient levels, Fingerpond systems have potential and can be of
real benefit as a source of protein to poor, riparian communities.

Key words: ecotone, fingerponds, potential, processes, water quality, wetland,
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Introduction

In East Africa, water regimes of floodplains and other wetlands are mainly
determined by rainfall. During flooding, inundated areas provide a habitat for
aquatic organisms. Together with the release of nutrients from submersed soil, this
produces & surge of primary productivity closely followed by an expansion of the
biomass of aquatic organisms (Chapman ef al., 2004). When the flood retreats, fish
either select refugia or are trapped in shallow pits within the swamp (Magoulick &
Kobza, 2003). Traditional wetland aquaculture systems such as brush parks and
culture-based fisheries in floodplains or wetlands utilize the productivity of
wetlands for producing much-needed fish protein for riparian communities. Such
traditional systems are widespread in Africa (Jamu & Ayinla, 2003) and Asia
(Prein, 2002). Many attempts at developing aquaculture in Africa have focused on
improving the productivity of earthen ponds through formulated feeds and
hatchery-raised fingerlings. Such technology is often out of reach of resource-poor
wetland communities. Furthermore, little attention has been given to the
improvement of traditional aquaculture systems.

The use of wetland interface zones for increasing swamp fish production
through the so-called "Fingerponds" has been proposed (Denny, 1989; Denny &
Turyatunga, 1992). Fingerponds are earthen ponds dug at the edge of a wetland,
filled and stocked naturally with fish during flooding. The concept relies entirely
on seasonal flood events and has minimal interference with the integrity of the
wetland environment. Fingerponds exploit (a) the high natural productivity of the
swamp/lake interface (which provides the fish stock for the ponds); and (b) the
trapping of fish in depressions following the retreat of floods after seasonal rains.

In Lake Victoria wetlands, seasonal patterns in fish abundance and diversity
depend on vegetation type and zoobenthic productivity (Balirwa, 1998). It is not
clear which fish species can penetrate the dense papyrus wetlands. The physico-
chemical environment of the Fingerpond system within the wetland ecotone is
poorly understood. The limnological and sediment characteristics of newly
established ponds prior to and after natural stocking and the suitability of this
environment for aquaculture also need to be established. The main objective of this
siudy was to obfain baseline information for a better understanding and
management of the Fingerponds environment. The key factors determining the
aquaculture potential of the ecotone for aquaculture, such as soil conditions,
flooding, natural stocking, and water quality in the ecotone and ponds, are
examined. Based on this knowledge, guidelines for management and enhanced fish
production in Fingerponds are proposed.

Materials and Methods

Study area and period

The study was carried out from February 2002 to September, 2003. Four
Fingerponds (24 x 8 m, 1.5 m average depth) were constructed in each of two
localities on the northern shores of Lake Victoria, Uganda; Gaba and Walukuba.
The Gaba wetland borders the Inner Murchison bay, 13 km South East of Kampala.
It is set at 0° 15°N, at 1143 m above sea level and covers an area of 1.43 km”. The
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Walukuba wetland borders the Napoleon Gulf in Jinja between 0° 22°N and 0°
30’N and longitude 22°10’E and 33° 26’E at 1143 m above sea level and covers an
area of 3 km’. The two wetlands are dominated by Cyperus papyrus L. and
Phragmites mauritianus (Kunth) (see Chapter 1). In February 2002, two 1 m wide
transects were made through the wetland 20 and 70 m from the peripheral of the
Fingerpond area up to the lake. Transect lengths were 190 (T-W1) and 50 m (T-
W2) in Walukuba and 50 (T-W1) and 100 m {T-W2) in Gaba (Figure 2.1).

This part of Uganda receives seasonal rainfall twice a year from March to May
and from September to November, averaging 1600 mm per year. The average
water level in the lake normally fluctuates by 0.5 m (Mnaya & Wolsanki, 2002).
During 2002, the March-May floodwaters from the lake were insufficient to fill the
ponds either in Gaba or Walukuba: the ponds were still under construction. The
Gaba ponds, completed at the end of May, were filled by digging a shallow inlet
channel from the lake to the ponds (Figure 2.1). In 2003, the flood was higher and
filled the ponds at both locations with water and fish. .

The study covered three sampling periods. During Period 1 (March-November
2002; 36 wecks), data on soil, vegetation and water quality were collected in the
wetlands only. Data on vegetation is presented in Kaggwa et al. (2005). In Period
2 (December 2002-January 2003; 8 wecks), water quality data were taken in the
whole ecotone (lake, wetland and ponds). In Period 3 (May-September 2003; 12
weeks in Gaba and 17 weeks in Walukuba), water quality and plankton data were
collected in the ponds after they had been flooded.

Water levels and sediment

Ground water levels in the wetlands were determined between February and
March 2002 and at the onset of the rainy season in April 2003 by auguring holes at
10 m intervals along the transects. Rainfall was recorded daily at 09.00 hours using
a rain gauge positioned at each site. Sediment cores were collected in March 2002
from six transect points using a hand-operated, 5-cmn diameter core sampler. Pond
sediment samples were collected in June 2002 (prior to filling of the ponds) and in
June 2003 {(after flooding). In each pond, 5-cm deep samples were taken along a
‘Z’ curve and pooled into three composite samples that were placed in black
polyethylene bags and kept on ice and thereafter transported to the laboratory. Wet
soil pH (direct, glass electrode) and conductivity (1:2 water extract) were
measured immediately. Dry weights (oven dried: 60°C, 48 h) were determined,
samples ground and stored at room temperature prior to further analysis. Sub-
samples were analyzed for texture (hygrometer method), organic matter (loss on
ignition; Klute, 1986; Okalebo et al., 1993), total nitrogen and phosphorus (TN
and TP; sulphuric acid-selenium methed; Novozamsky ef al., 1984), calcium and
magnesium {Ca and Mg; atomic absorption), and sodium and potassium (Na and
K; flame photometry) according to standard methods (APHA, 1995).

Water quality

During Period 1, water quality in the wetlands was determined every two months
along the transects at 10 m intervals. In Period 2, sampling was done fortnightly
from the inshore lake zone, the wetland and the ponds. In the lake, six points along
two transects set (.5 m and 20 m from the lake edge were sampled from the
surface, middle and bottom (T-L1 and T-L2; Figure 2.1). In the wetlands, the
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transects were sampled as in Period 1 while in the ponds, subsurface samples were
taken at the shallow, middle and deep ends. During Period 3, sub-surface samples
from the ponds were taken fortnightly. All sampling was done between 10.00 and
14.00 howrs. In situ measurements were made for pH, conductivity, temperature
and dissolved oxygen (DO) using handheld meters (MODEL 340i, WTW,
Weilheim, Germany). All physico-chemical analyses for ammonium nitrogen
(NH,-N) (APHA, 1992), total suspended solids (TSS), turbidity, nitrate nitrogen
{(NO;-N), total nitrogen (TN), orthophosphate (PO,-P), total phosphorus (TP),
alkalinity, chloride and biochemical oxygen demand (BOD) were carried out

according to standard methods (APHA, 1995).

Lake Victoria
" (Inner Murchison Bay)

A: Gaba

Lake Victotia
{Napoieon Gulf)

B: Walukuba

T-W1,2 : wetland transects
T-L1,2 : lake transects
P14 :Fingerponds

Figure 2.1. Schematic layout of Fingerponds in Gaba and Walukuba.
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Phytoplankton, zooplankton and fish

Phytoplankton samples of known volumes were collected from the lake, wetland
and ponds with a dip sampler and preserved with 1% Lugol’s solution. Samples
were taken fortnightly in Period 2 and monthly in Period 3 between 10.00 and
14.00 hours. In the ponds, integrated samples were taken from the deep end.
Sedimentation and enumeration of phytoplankton was dome by inverted
microscope (modified Utermél method; Nauwerck, 1963). Identification was done
up to genus level. Biomass was determined as chlorophyll a (Chl a) based on the
acetone extraction method (Wetzel & Likens, 1991).

Zooplankton samples were collected from the lake (vertical hauls) and ponds
(horizontal hauls) using an Apstein net (80 pm mesh). Samples were taken
fortnightly in Period 2 between 10.00 and 14.00 hours. For the ponds, samples
from the shallow, middle and deep ends were pooled. In the wetland, known
volumes were collected from pools of water adjacent to the transects, Samples for
taxonomic identification up to genus level were preserved with formalin solution
to a final conceniration of 4%. Zooplankton densities and dry weight biomass were
found as described by Duncan (1975) and Fernando (2002).

Fish samples in the wetland were collected from pools and transported alive in
water containers to the laboratory for identification. Fish samples were collected
during Period 3 in the months of April and May. In each pond, three successive
catches were made with a seine net (12 x 2 m, mesh size 6.5 mm) and individual
fresh weights and total lengths were determined. Fish were identified according to
Greenwood (1966). Total population biomass was estimated by extrapolation of
the catches. Fish were preserved in formalin (10 % for fish >10 ¢m, 5 % for fish <
10 cm) and gut analysis carmied out in the laboratory using the percentage
occurrence method as described by Hyslop (1980) and Balirwa (1998).

Statistical analysis

Statistical analysis was performed using SPSS 11.0 (SPSS Ine, Chicago, Illinois,
USA). Differences in means were tested with the independent t-test and
homogeneity of variance with Levene’s test. Differences were considered
significant at a level of P=0.05. Coefficients of variance (C.V) were used to show
variability of mean values. Water quality data of the wetland, the ecotone and the
ponds in Periods 1, 2 and 3 were analyzed using factor analysis (Milstein, 1993).
Three datasets were created, with 215, 209 and 276 cases, respectively. Apart from
water quality data, some extra variables wete introduced such as the rainfall in the
week prior to sampling (in mm) and the pond volume at the time of sampling (m®).
Principal components were extracted using Varimax rotation. Separate analyses
were done for Gaba and Walukuba. Only factors with an eigenvalue of 1 or more
were retained, resulting in four to six factors for each dataset. The factor loadings
were interpreted using sign and relative size of the coefficient as an indication of
weight placed upon each variable. Factor loadings with values larger than 0.50
were considered significant,
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Results

Water levels within the wetland prior to flooding

Monthly total rainfall over the three experimental periods followed the typical wet
{March-June, September-November) and dry season pattern (Figure 2.2). In 2002,
little variation in water levels was noted in the shorter transects at the onset of the
rains (February/March). In the longer transect in Gaba (T-W2), water rose above
the ground te about 100 cm around the lake edge in the sixth week of monitoring
but did not reach and flood the ponds. The water was directed into an inlet channel
0.5 m wide to feed the ponds (Figure 2.1). The ponds in Walukuba were not filled.
In 2003 (April/May), water levels in the longer transects rose to about 30 ctn in
Gaba and 10 cm in Walukuba and reached the ponds. These levels were sufficient
to fill all ponds though the ponds were not fully inundated.

Wetland sediment and pond soil characteristics

Results of the sediment analysis are presented in Table 2.1. In the wetlands, pH
values were near to neutral (6.7-6.9). Na, Ca and Mg concentrations did not vary
significantly between the two wetlands whilst in Gaba the K values were
significantly lower (¢ test, p<0.05). The sediment in Gaba had a sandy loam texture
with significantly more sand (¢ test, p<0.05) compared to a silty loam texture in
Walukuba. The clay and organic matter contents in the two locations were similar,
as were TP and TN concentrations although for TN differences were found
between transects: mean + standard error of the mean (SE) 0.72 = 0.69 mg L™ (T-
W1) and 0.24 = 0.09 mg L (TW-2). In the ponds, soils were alkaline with pH
values of 7.8-8.7. The organic matter content in the top 5 cm was higher in
Walukuba (10-12 %) whereas pond soils in Gaba had higher clay contents.
Generally nutrient concentrations were higher in Walukuba than in Gaba and
showed notable differences between 2002 and 2003 (Table 2.1). In 2002, the
elements concentration was higher in all ponds whilst the clay content in the
Walukuba ponds was higher in 2003 at 43.7 % compared to 25.8 % in the previous
year but demonstrated high variability with a coefficient of variance (C.V) of 122
%.

Water quality in the wetland, (March-November, 2002), Period 1
The water quality data for the wetlands are given in Table 2.2. Mean water
temperatures were lower in Gaba (22.2-22.5 °C} than in Walukuba {24.0-24.7 °C)
and pH values ranged from 6.4 to 7.0 in Gaba and from 5.9 to 7.7 in Walukuba
with low C.V.s for both parameters. The other variables had high C.V. above 100
% which implied temporal vaniation, Ammonium-nitrogen (NH,-N) concentrations
varied from 0.06 to 11.45 mg L (Gaba) and 0.05 to 36.75 mg L™ ! (Walukuba)
whilst orthophosphate (PO4-P) did not show much variation between locations;
0.002-1.050 mg L (Gaba) and 0.003-1.965 mg L’ (Walukuba). Higher total
phosphorus (TP) concentrations were found in T-W1, Walukuba with values going
up to 10 mg L™ while total nitrogen (TN) and nitrate nitrogen (NO;-N) showed no
particular pattern in both locations (NO3-N: 0-0.93 mg L'}, TN: 0.06-133 mg L)
Chloride concentrations ranged from 15 to 75 mg L' (Gaba) and 2 to 266 mg L
(Walukuba) with high values noted in Walukuba in March,

Dissolved oxygen (DO) concentrations were generally low but rose to values
exceeding 2 mg L' towards the lake (Figure 2.3). In both locations, alkalinity






