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Foreword

One of most widespread and long-lasting impacts caused by man to riverine
systems is the creation of areas of artificial still water in places where only rivers or

marshland previously existed. Household ponds and small reservoirs have been
constructed for more than five millennia to provide water for the homestead,

livestock or crops and, particularly within Asia, as a means by which fish can be
reared for home consumption or sale (Petrere, 1996).

In many countries, the 1950s witnessed an increase in industrial activity that was
accompanied by a population drift from rural areas into urban centers.
For developing countries in the tropics, this transition was more marked than that
of temperate zones. To feed expanding populations, as well as to boost export
earnings from crops, governments encouraged farming over longer seasons and
Increased areas. This was undertaken through irrigation, drainage or by limiting
the seasonal loss of land from flooding.

Increased electricity production, both for domestic and industrial use, was also
needed both by the larger population and enhanced industrial activity. The high
rainfall, large-volume rivers and extensive areas of available land that often could
be flooded without controversy in tropical countries caused planners to look to the
creation of reservoirs both for irrigation/ flood control and the generation of
electricity. The construction of small-sized domestic reservoirs was quickly
overtaken by the building of larger impodndments; the size of which was
unmatched within temperate countries. The largest examples are in Africa where

the reservoirs are mainly used for hydroelectric generation. In Asia reservoir

construction started around the same time, however, these were generally of
smaller size.

In 1998, there were an estimated 63,000 large reservoirs (volume greater
than 0.1 km®) in the world having a combined water surface area of some
400,000 km? (ICOLD, 1998). Approximately 60% of the world’s large river basins
are moderately or highly fragmented by dams (WCD, 2000).
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Large reservoirs have rarely been built solely for fish production
(De Silva & Amarasinghe, 1996). Furthermore, fish production has often seldom
received the consideration it deserves (for fish supply and employment in rural
areas) by planners, designers and managers who have priorotised objectives of

water use or electricity generation.

After flooding the displaced indigenous fisherfolk, who possessed fishing methods
and knowledge suited to river or swamp fisheries, had rapidly to become

accustomed to the new lake fishery. In many cases, the authorities provided only
token assistance and often fisherfolk had to rely on experimentation and through
interaction with the migrant fisherfolk who had fished in lakes elsewhere. The lack

of consultation and assistance during reservoir design and building, as well as for
the fishery, has sometimes caused fisherfolk to consider the lake as being outside
their ownership and control. Further, traditional fishery regulations that were often
used to manage the river fishery were often unsuited to the new lake environment
and were therefore not used. The lack of governmental or traditional intervention
has meant that fisheries in tropical reservoirs have largely remained open access

with few restrictions being placed on gear types or mesh sizes used.

Despite this lack of commitment, there is a growing reliance on inland fisheries to
supply cheap protein to fill the shortfall in per capita intake and as a source of

employment in rural areas (Fernando & Petr, 1994; Sugunan, 1997).

The world population is set to increase from six billion to between 7.8 and
10.9 billion by 2025 (UNEP, 2001). Almost all of the increase is projected to come
from Africa, Asia and Latin America. In the fisheries sector, it is forecast that by
2025 an additional 62 million tonnes of aquatic products will be required annually
to maintain the present 19.1 kg per capita intake (Fernando & Petr, 1994).
Many managers of reservoir fisheries are presently unaware of just how the

required increase In fish production and safeguard of employment might be

achieved.
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The increasing fishing effort and outside pressure on the reservoir resources

means that the past ‘laissez-faire’ management approach is no longer effective.
Managers are frequently faced with reservoir fisheries that suffer from declining

yields and poor budget allocation from central government. Pressure groups and

recently formed regional networks of dam activists have highlighted environmental
and social concerns of reservoir projects and this has caused delay in their
construction. Just how these concerns can be married to the urgent need for water

and fish protein in developing countries will cause much future debate.

To appreciate the dynamics of reservoir fisheries and to identify common links,
lessons and ways forward, there is a need for researchers to collate and analyse
all available information. Reservoirs that have the benefit of a long time series of
documentation will support this approach and assist our understanding through the
examination of the development of ‘case’ fisheries. Lake Kainiji in Nigeria has been
studied since its impoundment in 1968 and is well placed to be such a case
fishery. This thesis is based on the re-analysis of the research that was
undertaken as part of the collaboration between Nigerian and UK Universities
(1965 to 1978), the FAO/UNDP assisted Kainji Lake Research Project
(1968 to 1974), the Kainji Lake Research Institute (1975 to 1987) and the National
Institute for Fresh water Fisheries Research (1987 to 2001). The majority of the
thesis is, however, based on data collected by the author during his work as the

Fisheries Resource Adviser for the Nigerian-German (GTZ) Kainji Lake Fisheries
Promotion Project (KLFPP) between 1993 and 2000.

In the first chapter, | undertake a review of reservoir fisheries in tropical countries.
The purpose is to ‘set the stage’ for the subsequent chapters on Lake Kainji and to

give the reader an understanding of the common developments, issues and
problems relating to fisheries in tropical reservoirs.

An important question that | attempt to answer, especially considering the forecast
population increases, is to what extent can reservoir fisheries contribute in solving
the anticipated future shortfall of fish protein? Using available information, | have

estimated that the current yield of tropical reservoirs is between 2.2 and
5.8 million t yr',
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| attempt to assess how yields can be maximised from existing reservoirs.
Adaptations in reservoir design, such as control of water flow and drawdown, and
fishery enhancement techniques such as fish introductions, stocking or
aquaculture, can result in higher yields. In Asia, enhancement practices are well
developed. Yields in reservoirs in Africa and South America can theoretically be

increased by transferring similar enhancement techniques. Many of the Chinese

practices are environmentally unsound. However, if such a transfere were
possible, | estimate that an extra 3.9 million t yr' might be harvested (6% of the
global shortfall of fish forecast by Fernando & Petr, 1994).

Lake Kainiji is one of the most studied reservoirs in Africa and is one of the few that

has benefited from a recent program of research. In Chapter Two, | catalogue the
research activities undertaken on the reservoir from before its impoundment in

1968 to some thirty years after. | endeavour to introduce the reader to the

reservoir environment by providing descriptions of the area, the hydrology, flood
regimes, social aspects, fish assemblages and the fishery.

In Chapter Three, the data obtained during gill net sampling of Lake Kainji that
took place over a 30 year period are used to describe the changes in the fish
assemblages, mean fish size and trophic levels of catch that occurred as the

aquatic environment and fishery changed from river to lake. The large, but brief,

post impoundment boom was dominated by the Citharinidae, after which
abundance and mean fish size quickly declined.

In Chapter Four, | use length frequency data collected from fisherfolk's catches
some 30 years after impoundment to estimate the population parameters of the
five main commercial species in Lake Kainji. The parameters are plotted onto
length frequency graphs in Chapter Five to portray the general pattern of
exploitation of these species. Most fish captured were from the first-year cohort
and were caught at a size far below their length of maturity and optimal length at

Capture. The situation implies growth overfishing, suggesting the need for
management intervention.
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A broader perspective is taken in Chapter Six, to describe the development of the
Lake Kainiji fishery from pre-impoundment to immediate post-impoundment (when

fisherfolk mainly used large-meshed gill nets), through to the highly diversified and
productive fishery that existed some thirty years later. Following the post

Impoundment boom in fish catch, yields declined and remained depressed for a
number of years. However, yields have since bounced-back to levels in excess of
the first boom period. The main reason was the diversification of fishing methods

used and fish species caught, and in particular, the development of a productive

beach seine fishery targeting the pelagic Clupeidae. This suggests that riverine
endemic clupeids are able to support a productive fishery, unlike reservoirs
elsewhere that have relied on species originating from natural lakes. ‘Overall,
- results indicate increased fishing effort for all gears and a high use of those gears

targeting small-sized fish. Fish yield is declining and this further supports the need
for management.

The general lack of available data sets and descriptions of fisheries for reservoirs
that can be compared with Lake Kainji is partly due to the expensive and complex

nature of data collection from reservoir fisheries that are often highly diverse and
fragmented (Sugunan, 1997). In Chapter Seven, | therefore endeavor to use the

six years of annual counts of gears (frame survey) and sampling of catch and
effort data (catch assessment survey) from Lake Kainji to examine methods by

which the cost of data collection can be reduced, whilst still maintaining
reasonable levels of accuracy.

A conclusion, brought about by the spatial diversification of the fishery, is that
greater accuracy may be achieved, and perhaps the number of sampling days
reduced, by sampling many stations. Considering the trade off between accuracy
and cost, the minimum sampling intensity, using the current 15 sampling stations,
for Lake Kainji was found to be two days sampling (each separated by at least one
week) per station per month. This gave an overall sampling intensity of 0.5% of the

fishing entrepreneurs for fishing activity and 0.25% for fish catch. A biannual frame
survey may also be considered if the annual estimates of gear numbers stabilises.
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In the final chapter, | consider the lessons learnt and results achieved during the
development and implementation of a fisheries plan for Lake Kainji using
community-based management. Two management measures; a licensing scheme
for fisherfolk and a ban on beach seine fishing are detailed. The Lake Kainj

example is compared with other community-based management approaches In
inland fisheries. |

The Lake Kainji example highlighted that the community did not possess all the
political, legal and enforcement capabilities required for full and effective
management of the resource. A system of co-management involving the State

Fisheries Departments, the Traditional Authorities and the fisherfolk was therefore
established.

Undérlying questions are whether fisherfolk in reservoirs are able to forgo
individual aspirations and goals to work towards those of the community as a
whole. Complications are the pressing needs of rural folk that often have to be
‘solved by oneself today’, rather than shared with all tomorrow. The communities
living around Lake Kainji were diverse and included numerous immigrant
fisherfolk. These groups were unable to work cohesively together. Despite
extensive discussion, enlightenment and some co-operation of the fisherfolk, the
co-management approach could not enforce all aspects of the management plan
and top-down enforcement by Police units had finally to be used. The government
faced similar problems of maintaining logistic and finance necessary for

co-management as they had experienced during the top-down approach of
management.

It is anticipated that by portraying the development of a typical reservoir such as
Lake Kainji that the understanding of the fish resource, the fishery and its

management in tropical reservoir fisheries might be increased. Given the need for

such reservoirs to safeguard the future supply of fish protein and employment in
rural areas, this knowledge must ultimately be linked to the sustained or increased

well-being of the lakeside communities. This is a challenge, that | hope the thesis
has contributed towards.
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Chapter 1

Chapter 1

Tropical reservoir fisheries.

ABSTRACT

Global demand for fish continues to rise, while most major marine stocks are believed to
be exploited to maximum capacity or beyond. By 1998, there were an estimated
63,000 large reservoirs having a total surface area of 400,000 km? as well as numerous
smaller dams throughout the world. Construction of reservoirs, mainly for hydroelectricity
or irrigation continues, particularly in the deveIOpihg world. This provides an opportunity to
expand yields of capture fisheries. | estimate that tropical reservoir fisheries presently
yield between 2.2 to 5.8 million t yr! and ask whether they are likely to play a major role in
helping to alleviate the expected shortfall of fish protein and to safeguard employment
within rural areas. The review examines the development of reservoir fisheries in the
tropics. In some reservoirs, there has been evidence of a replacement of riverine fish
assemblages by communities dominated by lake-adapted forms, such as carps, tilapias
and clupeids. In the aftermath of impoundment, some reservoirs have undergone a boom
in productivity as decay of terrestrial vegetation has contributed to increased primary
production, although in others this has led to deoxygenation and fish kills. Although it had
been proposed that reservoir fisheries would then stabilise at relatively low levels after the
boom, it appears that fish yield may often increase over time as reservoir ecosystems
mature and as the fishery diversifies. Smaller reservoirs generally have higher yields per
unit area than larger ones. It is possible that the potential of the larger reservoirs is as yet
unfulfilled. Fishery enhancement measures such as the introduction of new species,
stocking and cage culture have had some successes. Management of over-exploitation
has generally been no more successful than in other types of fisheries. Community-based
management has been successful in a few cases where a homogeneous population has
property rights over a small water body. For larger reservoirs, the problems of common-
pool resource management may be exacerbated by issues such as the presence of

immigrant fisherfolk, and the disruption of traditional community structures following
displacement of populations resuilting from reservoir construction.

Keywords: artisanal fisheries, fishery management, fish yields, inland fisheries,
tropical reservoirs.
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Chapter 1

INTRODUCTION

In 1998, there were an estimated 63,000 large reservoirs', having a combined

water surface area of 400,000 km? and a volume of 6,500 km?® in the world
(Avakyan & lakovleva, 1998). In addition there are numerous smaller sized

impoundments. De Silva & Amarasinghe (1996) calculated that reservoirs
accounted for 40% of the total area of inland water in the world.
Vorosmarty ef al. (1997) estimated that the total volume of reservoirs in the world

was approximately seven times greater than the volume of water in rivers.
The WCD (2000) noted that around 60% of the world’s largest rivers have been
moderately or heavily fragmented by dams. An estimated 40 to 80 million people
throughout the world, consisting mostly of the poorest and most marginalized
segments of society, have been resettled through the construction of reservoirs
(Avakyan & lakovleva, 1998). Fisheries have become established within almost all
of these reservoirs. Exploitation and management practices are extremely diverse,
ranging from open access artisanal fisheries in Africa to the intensive stocking and
aquaculture practices of China. In this chapter, | ask if reservoir fisheries can make
a substantial contribution to the meeting the demand for fish of an expanding
human population, and if so, how can this contribution be maximised?

DISTRIBUTION OF RESERVOIRS AND TRENDS IN CONSTRUCTION

The majority of the world’s reservoirs occur in the tropics, which account for almost
two-thirds (62%) of the global total volume (ICOLD, 1998). These mainly exist in
Asia, particularly China (Fig. 1). Other countries with high areas of reservoir per
capita population include Brazil, SrilLanka and Thailand (Fig. 2). Most large
reservoirs are constructed for irrigation or electricity generation (Fig. 3). Reservoir
construction has slowed down since the 1960s peak, but the reduction has been
more marked in temperate than in tropical countries (Fig. 4). Reservoir
construction is still continuing rapidly in the developing economies of Asia and
South America. In 2000, China was constructing around 90 dams with walls more

than 60 meters high, including the immense 185m high ‘Three Gorges Dam’ on
the Yangtze River (WCD, 2000).

1 Large reservoirs defined as dams with a height of 15 m or more from the foundation, or dams that are

betwgen 5 to 15 m high and have a storage volume greater than 3 million m®. Definition is according to the
classification by the International Commission on Large Dams.
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At the end of the 20™ Century, it was estimated that 20% of the World's electricity
was supplied by hydroelectricity schemes, and that reservoirs provided irrigation
for crops yielding 12% to 16% of global food production (WCD, 2000). Reservoirs
are forecast to be a major source of drinking water for the estimated 3 billion
people expected to be living in areas of water shortage by 2025 (Brooks, 2002).
Despite environmental problems, construction of reservoirs seems likely to
continue In the developing world. Although fish production is seldom the main

reason for construction of reservoirs, the expansion of standing fresh water

resulting from their construction provides the opportunity for enhanced fishery
yields.
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Fig. 1. Distribution of reservoirs in tropical regionslcountries (shaded).
LR: Number of Iarge reservous SR: Number of small reservoirs; SA: Total surface
area of reservoirs (km?); vol: Total volume of |mpounded water (million m®).
In each case, figures are given where known. Large reservoirs are those with dam
height of at Ieast 15 m or are those between 5 and 15 m high with a storage
volume greater than 3 million m* (ICOLD, 1998). Al figures for the number of large
reservoirs have been taken from ICOLD (1998). Remaining information for
regions/countries: Africa (Bernacsek, 1984); Bangladesh (Rahman, 1988;
Sugunan, 1995); Brazil, Mexico, Srilanka (Sugunan, 1997); Burma, Pakistan
(FAO, 1983); China (Lu 1986, Senlin, 1988); Cuba (Laiz Averhoff, 1999); India
(Sugunan, 1997; WCD, 2000); Indonesua (Verdegem, 1999). Japan (WCD, 2000),
Malaysia (Baluyut 1999); Philippines (Dela Cruz, 1998); Sri Lanka
(De Silva, 1988a); Thailand (Petr, 1994); Vietnam (Phan & De Silva, 2000).
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Fig. 3. The primary use of large reservoirs in the tropics (excluding China), as
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with hydro-electric power (HEP) (data reanalysed from WCD, 2000). Large
reservoirs are defined as ICOLD (1998), see Fig. 1.
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markedly in temperate regions than in the tropics. For the analysis, China, Chile,

Argentina and South Africa were considered tropical and Australia temperate
(see Fig. 1).

FISHERY YIELDS FROM RESERVOIRS

Global fishery yields in tropical countries were estimated to have reached

approximately 130 million tonnes by the end of the 20" Century
(FAOSTAT, 2001). Over the latter half of the century, inland fisheries provided an
Increasing percentage of the total yield, reaching almost 30% by 2001 (Fig. 5).

From a compilation of estimates of yield and reservoir area by country or region,
| estimate that tropical reservoirs provided between 2.2 to 5.8 million t yr', or from

7" 1o 19% of inland fishery production from tropical countries (Table ).
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(Including reservoirs) has generally been increasing since the late 1970s
(data reanalysed from FAOSTAT, 2001).

| estimate that the overall mean yield per area for tropical reservoirs is around
70 kg ha™ yr' (Table 1). On a regional basis, the contribution of reservoir fisheries
to total inland fisheries production varies markedly, from Africa's 10% to three-
quarters in Sri Lanka. The mean yields per unit area also show considerable
variation. The reasons for such differences may include differing limnological and
water chemistry characteristics, design of reservoirs, species mix, variable
efficiencies in harvest methods and the development of fishery enhancement
techniques. If it were possible to increase average yields globally to those of

Chinese reservoirs, an additional 3.8 million tonnes might be harvested (or almost

6% of the global shortfall of aquatic products forecast by Fernando & Petr (1994)
for the year 2025).
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Chapter 1

FACTORS INFLUENCING FISH YIELDS OF TROPICAL RESERVOIR FISHERIES
Differences in yields between reservoirs may be due to factors such as the primary

productivity of the system, the types of fish species present, the harvesting
methods used, the level of fishing effort in relation to stock size and the nature and

intensity of fishery enhancement techniques undertaken. All of these factors may,
of course, also influence fisheries in natural lakes. Factors perhaps more
characteristic of reservoirs include the siting and design of the impoundment,

abundance of dead trees, river flow rate, flood regime and silt load, extent of

floodplain and aquatic vegetation, ability of fish assemblages to utilise lake

environments, time since impoundment and the state of development of a

lacustrine artisanal fishery and fishery enhancement techniques. Specific
considerations also exist for the management of fishing effort in reservoirs as
opposed to natural lake fisheries. These aspects are discussed below:

SITING AND DESIGN OF RESERVOIRS

Reservoirs are usually constructed for irrigation and/or HEP (Fig. 3). Benefits of
employment and fish production and methods by which these can be optimised
through changing the siting and design of reservoirs are, therefore, rarely fully
considered by planneré (Bernacsek & Lopes 1984; De Silva 1998a;
Nilsson et al. 2001). Interestingly, a recent study by Bhukaswan (1985) found that

that the income from the fishery of Ubolratana Reservoir in Thailand exceeded that
from HEP and irrigation.

Design considerations include the siting of reservoirs to minimise adverse effects
to downstream ecosystems (particularly fisheries) and avoiding highly convoluted
shorelines which may lead to a large number of settlements per given water area,
possibly leading to high fishing pressure. Conversely, however, shallow reservoirs
are usually higher yielding than deeper ones and simply designing reservoirs to be
deep and narrow will be counterproductive. Also important is minimising the
effects of stratification that causes the establishment of a cooler and lower
oxygenated deeper layer of water that is less productive than surface layers. This
can be achieved by ensuring that reservoirs are not excessively deep, that they
have adequate water exchange and are not sheltered from prevailing winds. The

rate of water exchange must, however, be countered by ensuring that retention

time is sufficient to allow the build up of plankton which are an important food
resource for many aquatic species.
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The size of reservoirs also influences reservoir yield (Fig. 6).
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Fig. 6.  Reservoirs with larger surface areas (km®) tend to have lower yields per
unit area (kg ha™). Smaller sized reservoirs are inclined to have more variable
yields, depending on the type and extent of fishery enhancement techniques used.
The best fitting regression relationship, fitted on the untransformed data (for all
data), was a negative power function, yield=763.4 area®>®"; *=0.471, 31 df,
P<0.01. Vertical axis does not begin at zero. Data used were for the following
reservoirs: Bukit Merah Reservoir, Malaysia (Yap Siaw-Yang, 1991); EaKao
Reservoir, Sri Lanka (De Silva, 2001); Ejercito Reservoir, Cuba (Gurgel &
Fernando, 1994); Fugiaohe Reservoir, China (Gangsheng et al., 1992); Heidi
Reservoir, China (De Silva, 2001); Lake ltezhi-tezhi, Zambia (Cowx &
Kapasa, 1995); Jatiluhur Reservoir, Indonesia (Hardjamulia etal, 1987);
Lake Kainji, Nigeria (du Feu, 2003a); Kanijiri Duwar Reservoir, India (Fernando &
HolCik, 1982); Kaptai Reservoir, Bangladesh (Haldar et al., 2002); Lake Kariba,
Zambia/Zimbabwe (Marshall, 1984; Machena, 1995); Lake Kossou , Cote d'lvoire
& Lake Mtera, Tanzania (vander Knapp, 1994); Lake Lagdo, Cameroon
(Postma & van der Knapp, 1999); Lake Manantali & Selingué Reservoir, Mali
(Anne et al., 1994); Lake Maga, Cameroon & Lake Mwadingusha, Rep. of Congo
(van der Knapp, 1994); Lake Magat, Philippines (Moreau & De Silva, 1991); Lake
Nasser-Nubia, Egypt/Sudan (Bazigos, 1979); Lake Pantapangan, Philippines
(Moreau & De Silva,1991); Lake Parakrama Samudra, SriLanka (Fernando &
HolCik, 1982); Lake Pascal, Indonesia (Hardjmulia et al., 1989); Lake Volta, Ghana
(Bazigos, 1979, de Graaf & Ofori-Danson, 1997); Qingsham Reservoir, China
(Hu & Lu, 1998); Thac Mo Reservoir, Vietnam (Van & Luu, 2001); Oros Reservoir,

Brazil (Gurgel & Fernando, 1994); Ubolratana Reservoir, Thailand (Pholprasith &

Sirimong.konthaworn, 1999); Unknown, Indonesia (Goeltenboth & Kristyanto,
1994); Xin’anjiang Reservoir, China (Sifa & Biyu, 1990).
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AMOUNT OF FLOODED VEGETATION

Advantages and disadvantages of clearing vegetation (including trees) prior {0
initial flooding of reservoirs has been widely discussed (Bailey & Denny, 1978;

De Silva, 1988b). Remnant trees can increase fish yield by providing a substrate

for the colonisation of periphytic algae and invertebrates (Lawson, 1970; Bailey &
Denny, 1978; Entz, 1984; Vanderpuye, 1984; Lowe-McConnell, 1999;
Mattson et al., 2001). Trees may also prevent the use of fishing gears such as

beach seines or fishing trawls, thereby reducing excess fishing effort, a condition

perhaps favourable for yields in over capacity fisheries (Vanderpuye, 1984;
du Feu, 2003a).

Vegetation left uncleared may reduce the fish vyield immediately after
impoundment through fish mortality due to eutrophication and deoxygenation of
the water (e.g. Lake Kariba, Beadle (1974); Lake Volta, Vanderpuye (1984)).
Yield from the fishery may also be reduced by piscivorous birds, which stay

in partially submerged trees (Winkler, 1983, reported in De Siiva &
Amarasinghe, 1996).

In light of the high levels of fishing effort levels assumed for many reservoirs, fish
yield may be maximised by creating corridors through areas of submerged trees to

allow access and the setting of passive fishing gears and to leave them completely
-uncut within deeper portions of the reservoir.

RIVER FLOW RATE, FLOOD REGIME AND SILT LOAD

Rapid initial filling of reservoirs maximises the chance of high post impoundment
fish yields, through enhanced water fertility and encouragement of spawning.
activity of riverine fish species. Subsequent yields may also be increased by

optimising the seasonal flood regimes to encourage fish spawning
(e.g. Lake Kainji, du Feu, 2003a).
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Sedimentation leads to reduced water volume in reservoirs and is a serious

concern globally (WCD, 2000), especially within shallow impoundments in Asia
(Guerrero, 1987; Dela Cruz, 1998). Throughout the world, reservoirs are loosing

an estimated 1% of their storage volume each year (UNEP, 2002). The reduction

of fish yield may be not as severe since some of the ‘lost area’ is within the deeper
and unproductive hypolimnion layer. However, land degradation is likely to

increase in future and lower potential levels of fish yield. Sediments can also
reduce water transparency causing lower primary productivity and fish yield.

Sediments can be advantageous and the extra nutrients supplied by them may be
one of the factors causing the higher levels of fish yields as reservoirs become
older (e.g. Lake Volta, De Graaf & Ofori-Danson (1997); Lake Kainiji,

du Feu (2003a)). Sediments also contribute to floodplain areas that enhance water
fertility (Entz, 1984).

EXTENT OF FLOODPLAIN AND AQUATIC VEGETATION

Large seasonal drawdowns of water level are characteristic of many tropical
reservoirs, especially in Asia where they are mainly constructed for irrigation
(Pet et al., 1995; Halder et al., 2002). Associated floodplains become colonised by

aquatic vegetation leading to increased water fertility, refuge and breeding or
nursery areas for young fish (Jackson et al., 1988).

Drawdowns can disturb fish breeding of shallow water and substrate spawners by
causing eggs and/or larvae to become exposed both to drying and increased

predation by birds. Fishing mortality may be reduced, however, due to the difficulty
of operating fishing gears (e.g. beach seines, trawls) within aquatic vegetation. It

may also be lessened by fisherfolk temporarily leaving the fishery to farm
floodplain areas. Excessive drawdowns rhay, however, lead to increased fishing

mortality due to fish becoming concentrated in small pools (e.g. Lake Maga,
Cameroon; van der Knapp, 1994).
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Many tropical reservoirs have become infested by water hyacinth
(Eichhornia crassipes (Mart) Solms). The hyacinth blocks beaches, floats into and
dislodges fishing gears and harbours snakes. It also reduces the efficiency of HEP
turbines and blocks water inlets and spill ways (Bhukaswan & Chookajorn, 1988;

Ayeni & Mdaihli, 1999). The infestation of hyacinth in South-East Asian reservoirs

has a longer history than Africa and the people living.in lakeside villages are
perhaps more adept at living with and utilising the plant.

Despite these problems, small concentrations of hyacinth can be beneficial for fish
vield. In Lake Victoria, Masifwa et al. (2001) showed that narrow bands of hyacinth
around the shores supported a more diverse and abundant invertebrate
community than areas of extensive vegetation. Njiru et al. (2002) suggested that
catches of catfish species were higher in these areas due to the higher food
availability, the advantages for breeding and lower predation.

PRESENCE OF FISH SPECIES ABLE TO FULLY UTILISE LAKE ENVIRONMENTS

The number of fish species in reservoirs is often around half that of the
pre-impounded river. This is caused by the difficulty of riverine fish species to
adjust to lacustrine conditions (Cowx & Kapasa, 1995; Pholprasith &
Srimongkonthaworn, 1999; Van & Luu, 2001). Fish diversity may improve after
flooding of the reservoir through the movement of fish from surrounding river and

swamp areas due to the higher water levels (Pet & Piet, 1993; Cowx &
Kapasa, 1995).

Fernando & Hol&ik (1982) noted that fish species of riverine origin in reservoirs are
generally less productive than species originating from natural lakes. This is
caused by the tendency for the breeding of riverine fish to be dependant on
seasonal floods. Such flood regimes may not exist in reservoirs. Riverine fish
(excluding the Clupeidae, and some Characidae and Cyprinidae) also mainly

Inhabit shallow areas around the reservoir margins, thus not fully utilizing the
entire reservoir ecosystem.
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The creation of dams frequently causes a loss of fish biodiversity in downstream

areas (Lelek, 1972). Motwani (1970) and Isaacman & Sneddon (2000) noted that
the breeding of fish downstream is reduced due to the brief and fast water flow not

being available for spawning of many riverine species. Impoundments may also
cause a loss of productive floodplains areas downstream.

TIME SINCE IMPOUNDMENT, THE DEVELOPMENT OF THE LAKE FISHERY

Balon (1974) proposed that reservoir productivity undergoes a predictable
development. This begins with a relatively productive phase triggered by decay of
terrestrial vegetation and leaching of nutrients from soils, followed by a rapid

decrease in productivity, and a more gradual alteration of the fish community as
species that are able to thrive in a lacustrine environment prosper at the expense

of those with adaptations more strictly appropriate for riverine conditions. It might
be expected that such drastic changes to fish abundance and species mix will
provide a challenge to an artisanal fishing community accustomed to river
conditions and riverine sbecies and initially pre-occupied with the problems of
resettlement following filling of the reservoir. Perhaps this may explain why the
expected post-impoundment boom does not always translate into a peak in yields
(Fig. 7). Other possible explanations may include lack of organic material,
especially in arid locations (Lake Nasser/Nubia; Abel-Latif, 1984), fish kills due to
deoxygenation caused by excess organic material (Kariba, Volta; Beadle, 1974;
Petr, 1974), slow rate of filling (Lagdo: van der Knaap et al. 1991) or the inability of

available species to benefit from high productivity (Lake Ubolratana: Pholprasith &
Sirimongkonthaworn, 1999).

The collapse of the initial boom may be due to depletion of nutrients of terrestrial
origin, overexploitation of the initially dominant fish species or replacement of
target fish species with more lacustrine-adapted forms that fisher communities
were yet to target to the same extent. Irrespective of whether there has been an

early production boom, most reservoir fisheries seem to quickly settle into a period
of relatively consistent fish yield and fairly stable fleet size (Fig. 7 & 8).
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Reservoir fisheries tend to become more diversified with time. For example, in
Lake Kainji, in 1971, shortly after impoundment the gillnet fishery for Citharinus
citharus citharus (Geoffroy St. Hilaire, 1808-1809) made up 75% of the total yield
(Bazigos, 1972), whereas by 1995, 84% of the yield came from beach seines, cast
nets, drift nets, longlines and traps and Citharinus comprised only 9% of the catch
weight (du Feu, 2003a). These fleet changes can be associated with a second rise

in fishery yields, as with the development of clupeid fisheries in Lakes Kainiji,
Kaptai, Kariba and Volta (Fig. 7).
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Fig.7.  Reported yields (kg ha”'yr) for each year since impoundment for some
tropical reservoir fisheries. Graph axis have differing scales, all vertical axis refer

to fish yield (kg ha™ yr'). Dashed lines (------) indicate years where no information
on annual yield exists. Figures have been ordered by ascending mean annual fish
vield. References: Lake Kariba (Marshall, 1984; Machena, 1995); Lake

Nasser-Nubia  (Bazigos, 1979); Ubolratana  Reservorr (Pholprasith &
Sirimongkonthaworn, 1999); Kaptai Reservoir (Halder et al., 2002); Lake Volta
(Bazigos, 1979; de Graaf & Ofori-Danson, 1997); Lake Maga (van der Knapp,

1994); Lake Kossou (Bazigos, 1979; van der Knapp, 1994); Lake Kainji
(du Feu, 2003a).

THE STATE OF DEVELOPMENT OF A LACUSTRINE ARTISANAL FISHERY

Henderson & Welcomme (1974) proposed that the optimal effort level of reservoir
fisheries was 1.5 fisherfolk per km? of lake surface area. Current levels of fishing
effort are often much higher, ranging from Lake Ubolratana in Thailand (six times
this optimum) to almost all reservoirs in Africa that have a concentration of
fisherfolk in excess of the optimum (Fig. 8). Such reservoirs are either being
heavily overfished or the optimal concentration of fisherfolks needs revising. One
reason why reservoir yields are not declining as implied by the high levels of
fishing effort may be the diversification of fishing methods and mesh sizes to target
more species and fish sizes that has often taken place. This suggests that

reservoir fisheries are now possibly able to support a higher concentration of
fisherfolk than originally suggested by Henderson & Welcome.
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Different interpretations of the term ‘fisherfolk’ exist in literature (whether it
includes just fishing entrepreneurs (the owners of the fishing units) or also fishing
assistants (who fish for them). | suggest that it is more accurate to compare past

literature on fishing effort between reservoirs in terms of fishing canoes rather than

fisherfolk. This assumes that fishing effort is correlated to the number of fishing
canoes owned (Fig. 9).

8 Lake Nasser-Nubia Kossou Resenoir
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Fig. 8. Densities of fishing canoes (number of canoes per km? lake area) on
African reservoirs have tended to show an initial rapid rise after impoundment,
follp\f\_/ed by period of relative stability. Recent studies on mature reservoirs (Lakes
Kainiji an_d Volta) have indicated that higher densities have been building up.
Dqshed lines (---) are used to join years where no information on canoe density
exists. All vertical axis refer to the number of canoes per km? reservoir area.
Graphs ordered by ascending average concentrations of fishing canoes.
References: Lake Nasser-Nubia (Bazigos, 1979), Lake Kossou (Bazigos, 1979;
van der Knapp, 1994), Lake Volta (Bazigos, 1979; de Graaf & Ofori-Danson,

1997), Lake Maga & Mtera Reservoir (van d o
(du Feu, 2003a). ( er Knapp, 1994), Lake Kainji
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Fig. 9a Tropical reservoirs Fig. 9b Tropical reservoirs
(excluding Africa) (only reservoirs in Africa)
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Fig. 9.  Averaged annual yield (kg ha™yr') and concentration of fishing canoes
(canoes km™ lake area) for tropical reservoir fisheries excluding Africa (Fig. 9a)
and those in Africa (Fig. 9b). Graph axis have differing scales. Al vertical axis refer

to average annual yield (kg ha™ yr). Tropical reservoirs outside of Africa appear
to support a larger concentration of canoes, possibly due to the use of fishery

enhancements techniques. For African reservoirs, the rate of increase in yield from
higher concentrations of canoes appears to level-off above concentrations of
3.0 canoes km™. Mean values have been presented for reservoirs with several
years data. References: reservoirs excluding those in  Africa

(De Silva et al. 1991b); Chenderoh Reservoir (Ali & Lee, 1995); African reservoirs:

Lake Kainji (du Feu, 2003a); Lake Kossou (Bazigos, 1979; van der Knapp, 1994),
Lake Lagdo, Cameroon (van der Knapp, 1994; Postma & van der Knapp, 1999);
Lake Maga, Cameroon; Lake Manantali, Mali; Lake Mtera, Tanzania

(van der Knapp, 1994); Lake Nasser-Nubia (Bazigos, 1979), Lake Volta
(Bazigos, 1979; de Graaf & Ofori-Danson, 1997).

Almost all African reservoirs, apart from Lakes Kossou and Nasser-Nubia, had
approximately equal concentrations of canoes after impoundment. Recent data
from Lakes Kainji and Volta in West Africa indicates that the number of canoes
doubled every 10 years, the latest level of effort for these reservoirs was

approximately twice the optimum (assuming two fisherfolk per canoe) (Fig. 8). It is

possible that other reservoirs, where up-to-date data are lacking, are similarly over
capacity.
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Immigrant fisherfolk often arrive in newly constructed reservoirs, attracted by brief
Increases in initial productivity. They may outnumber indigenous fisherfolk
e.g. Lake Lagdo, Cameroon (van der Knapp, 1994), Lake Kainji (Bazigos, 1971).
The number of migrants can be particularly high when the surrounding fisheries
are being overfished, e.g. ltezhi-tezhi Reservoir, Zambia (Cowx & Kapasa, 1995).
Large influxes of migrant fisherfolk can quickly lead to over-capacity, especially
since the time-lag between hearing of large catches and actual arrival means that
many migrants arrive after the peak yields have occurred (Table ).

Table Il. Reported years of maximum values of CpUE (kg day™), number of
fisherfolk per unit area and yields, for some tropical reservoir fisheries. Maximum

yields usually occur later than maximum CpUE per fisherfolk, after numbers of
fishers have increased.

Year of maximum

Reservoir/ Country CpUE per Density of Yield Reference

fisherfolk  fisherfolk
Kossou, Cdte d'lvoire ~ 1972 ~ 1974 ~1977  Entz (1984)
L ake Kainji, Nigeria 1969 . 1998 1970  du Feu (2003a)
Lake Lagdo, Cameroon 1986/87 1991 1985/86  Postma & van der Knapp (1999)
Nasser-Nubia, Egypt ~ 1982 ~ 1980 1983  Rashid (1995)
Ubolratana, Thailand ~ 1971 ~ 1992 1976  Pholprasith &

Sirimongkonthaworn (1999)

Volta, Ghana ~ 1970 ~ 1991 1969  Braimah (19995)

ENHANCEMENTS OF FISHERIES IN RESERVOIRS

Fishery enhancement techniques are used, particularly in Asian reservoirs, to
increase fish yield. These include:

I. - Introductions/ stocking of fish species

More than 290 fish species have been introduced into global fresh water systems

mainly to increase total fish yield (Welcomme & Bartley, 1998). The number of
successful transfers is, however, much lower.
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The introduction of species low in the food chain such as the pelagic Clupeidae

has resulted in large increases in yield in some reservoirs. An example is the
introduction of Limnothrissa miodon (Boulenger, 1906) in the 1960s to Lake Kariba

(Pitcher, 1995; Lowe-McConnell, 1999) that increased total fish yield to
approximately 60 kg ha™ yr'! (Losse, 1998).

Introduction of the Cichlidae have led to higher yields; particularly when regular
re-stocking is undertaken (Fernando & Hol¢ik, 1982, Pet et al., 1999). In Sri

Lankan reservoirs, such practices have increased fish yield ten-fold to some
250 kg ha™ yr'1 (Fernando, 1991; Pet & Piet, 1993, Pet et al., 1999), in north-east

Brazil from 44 to 160 kg ha™ yr' (Gurgel & Fernando, 1994) and in Cuban
reservoirs to around 190 kg ha™ yr (Laiz Averhoff, 1999).

Stocking rates tend to depend on the availability of fingerlings rather than sound
management (Jhingran, 1992). In India, Mexico and Brazil this appears due to
poor funding of hatcheries (Sugunan, 1997). Several authors have suggested that
yields can be increased by using optimal stocking rates and sizes at capture
(Cowx, 1998; Welcomme & Bartley, 1998; Quirés & Mari, 1999). Stocking
programs can also benefit from the fishing-out of predators
(Gangsheng et al., 1992) and fertilisation of water (Jhingran et al., 1992).

Most large reservoirs in Asia have benefited from introductions of Cichlidae and it

is considered that limited potential exists to increase yields by such means.

Cowx (1998) and Quirds (1998) noted that the reasons for the need for stocking
are often not fully understood and that better understanding of the core problems

of the fishery, necessitating stocking, may lead to less costly and more sustainable
solutions to providing higher fish yields.

il.  Aquaculture in reservoirs

Aquaculture has a long history within Asia, ranging from the husbandry of fish

within enclosed bays, pond culture on banks or near water outlets. through to
intensive cage faming.
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In China, improved practices of aquaculture since the 1980s have resulted in the
mean annual yields increasing from 100 kg ha™ to current levels of around
800 kg ha™ (Huang et al., 2001). Hu & Lu (1998) noted that half the fish production
from large inland water bodies presently derives from cage farming, the area of

which has expanded by some 70% per annum in the 18 years up to 1996 and
where annual yields can reach 187 kg m™.

Outside of China yields are lower and in Cuba average 50 kg m™ yr'
(Sugunan, 1997). Aquaculture practices in Africa are less developed. One reason
may be shorter history (and hence different perceptions and socio-setting in which

aquaculture Opérates), as well as, the higher cost of inputs and lack of required
infrastructure (du Feu & Mdaihli, 1994).

High yields in China appear to offer scope for other regions in the tropics to
increase production. Extrapolating mean production rates of China to the water
surface areas in these regions indicates that fish yield from all tropical reservoirs
can theoretically increase to just over 6 million t yr (an increase of 170% above
current levels). However, high yields in China are often due to the introduction of
alien species, that are tolerant of intensive culture techniques, but which may

destroy endemic fish fauna. The intensive culture practices are therefore generally
environmentally unsound.

A consideration for possible yield increases through aquaculture, noted by
Sugunan (1997) and De la Cruz (1998), is that low income artisanal fisherfolk are

not usually involved in high investment aquaculture activities and often find
themselves being marginalized by richer and more powerful farm operators.

MANAGEMENT OF THE RESERVOIR FISHERY

Righ fishing mortality of undersized fish and declining catches in tropical reservoir

fisheries have been widely reported (Amarasinghe, 1987: Rahman, 1988:
Pet et al., 1999; Nilsson et al., 2001). Effective fisheries management is therefore
essential to counteract likely future declines in fish yield.

Page: 20



Chapter 1

Previous management approaches in reservoir fisheries were mainly based on
centrally administered and top-down methods, usually involving ‘patrol and fine’
type enforcement. Such approaches are normally costly to operate and subject to
bribery and are rarely able to control fishing effort and result in higher fish yield
(du Feu, 2003b). Some managers have therefore sought approaches involving
greater participation by the fishing communities, such as community-based
fisheries management (CBFM). This requires that the communities are cohesive
and unified (Jentoft, 2000). Smaller reservoirs, with like-minded residents, may
therefore be more suited to CBFM than those of larger size. The increasing

proportion of smaller reservoirs constructed noted by Worthington &
Lowe-McConnell (1994) may favour CBFM.

Larger sized reservoirs tend to be more socially and bureaucratically complex and
appear more suited to a sharing of responsibilities between the fisherfolk and
relevant institutions (termed co-management). Examples of co-management
systems in reservoirs vary from where the communities are consulted
(du Feu, 2003b) to where communities almost wholly administer the management
process (Amarasinghe & De Silva, 1999). The extent that the communities are
Involved depends on the types of communities, the management problems, the

number of interested parties and the need for supporting infrastructure and
legislation (Cowx & Kapasa, 1995).

Considerations of community-based approaches in reservoir fisheries are that
fisheries are often under the jurisdiction and control of national authorities. It may
be difficult to reverse this and give communities more control, especially since
many traditional management practices that were suited for the riverine fishery
may no longer be used in the reservoir (e.g. defined areas of jurisdiction between
villages). A further aspect is that migrant fisherfolk often consider themselves

exempt from the authority by local traditional rulers and may be difficult to control
using community approaches (e.g. Lake Kainji: du Feu, 2003Db).
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For all management approaches, increases in yields are only possible if the
management undertaken is based on a full understanding of the fishery and is

appropriate (du Feu, 2003c). This implies that accurate and long-term data sets
must be available; a situation that rarely exists for reservoir fisheries (Cowx, 1991;

Petr, 1994; Mandima, 1996; Sugunan, 1997; Verheust, 1998). The general lack of
understanding concerning the status of fisheries makes it difficult to forecast the
increase in yield possible through better management. It must be recognized,

however, that management in reservoir fisheries has firstly to overcome potential

problems caused by ever increasing levels of fishing pressure on the resource. It
may therefore be realistic to assume that large increases in yield will be difficult to

achieve and that sustained fish catches are all that can be reasonably expected
from enhanced management.

DISCUSSION

World population is set to increase from six billion to between 7.8 and 10.9 billion
by 2025. It is forecast that almost all of the increase will occur in tropical countries
in Africa, Asia and Latin America (UNEP, 2001). There are concerns about
whether the world’s food production systems will be able to feed so many people, |
especially in the face of stagnant or declining stocks of natural resources
(Rosegrant et al., 2001). In the fisheries sector, it is forecast that by 2025 an
additional 62 million tonnes of aquatic products will be required annually to
maintain the present 19.1 kg yr'! per capita intake (Fernando & Petr, 1994).

Increasing pressure on aquatic resources caused by growing populations
(Welcomme & Bartley, 1998; UNEP, 2002) and degradation of the environment
questions whether marine and fresh water fisheries can contribute towards this

shortfall. Pauly et al. (2002) have proposed that global fish catch has, in fact,
declined by some 0.7 million tonnes per annum since the 1980s.
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Building more reservoirs and increasing yield per area may present opportunities
to raise fish production from inland fisheries. It has been suggested that reservoir
fisheries may be able, therefore, to reduce the shortfall in per capita fish protein
intake and also help secure employment in rural areas (Fernando & Petr, 1994,

Sugunan, 1997), particularly since reservoirs are usually built among the rurai
poor.

The building of large reservoirs in the tropics has, however, reduced. Reasons for
this include the lack of finance available, the poor accountability of dam projects,
their failure to deliver all expected outputs and the lack of available sites that is In

part due to the increased involvement of pressure groups concerned with the
environmental and social harm caused by reservoirs (WCD, 2000).

The construction of smaller sized reservoirs appears to be continuing. There is
some indication that smaller water bodies have higher yields per unit area than
larger sized impoundments and thus higher yields for total reservoir area might be
expected in future. In part, this is due to smaller reservoirs having a lower ratio of
open water areas (which are often not able to be fully exploited by impounded
riverine fish fauna), a greater marginal area which is productive, a lower

prevalence of thermoclines and that fishery enhancement and management
systems can be more easily controlled.

The design, construction and management of these small water bodies is
presently largely uncoordinated. Research activities for reservoir fisheries have

historically concentrated on larger and more valuable reservoirs

(Lowe-McConnell, 1999), thus, limited information exists on how fish production
from these small reservoirs can be optimised.

One method by which fish production in reservoirs may be increased is by
changing dam design and operation. Fisheries in reservoirs are, however, often
considered less important than the valuable outputs of irrigation and HEP
generation. To be in a position to dictate such changes, planners must firstly
recognise the importance of reservoir fisheries to rural livelihoods as providers of

employment and fish protein. International bodies such as the WCD and local

interest and environmental groups are well-placed to portray these benéfits.
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There is some evidence that a secondary increase in fish yield occurs after the
initial post flooding boom (Singit et al.,, 1988; De Graff & Ofori-Danson, 1997;
Mattson et al., 2001; du Feu, 2003a). This is possibly caused by a rise in nutrients

from sediment build up, establishment of aquatic vegetation, adaptation and
colonisation of fish species and, perhaps most importantly, the increased local
knowledge of the fisherfolk and the associated diversification in fishing methods. In
Lake Kainji the rise has been partly due to the development of a beach seine
fishery targeting the endemic clupeidae. This suggests that clupeids, that
previously inhabited the river, are able to support a productive fishery. This is
unlike other reservoirs such as Lakes Kariba and Cahora Bassa where clupeids
derived from natural lakes (Pitcher, 1995; Lowe-McConnell, 1999).

Similar secondary rises in fish yield may also have occurred in other reservoirs,
but due to the lack of recent fisheries monitoring, have possibly not been recorded.

It is possible, therefore, that the contribution by reservoir fisheries, including the
per capita intake of protein, is greater than presently documented. On the negative
side, the example of Lake Kainji (du Feu, 2003a) demonstrated that diversification
of the fishing methods, which is a major contributor to this increase, is linked to a

rise in fishing effort. It appéars therefore that management of fishing effort is
required to prevent such fisheries becoming over exploited.

Large increases in fish yield may be achieved through enhancement techniques.
Enhancement practises are mainly confined to Asia. In theory, these can be
transferred for use in Africa and South America where similar yield levels may then
be possible. "I'hlis would result in an extra 3.8 million tonne fish yr' (some 170%
higher than current yields and 6% of the total global shortfall estimated by
Fernando & Petr (1994)). Unfortunately, not all regions lend themselves so readily

or have the long history and awareness regarding aquaculture as China, which
Hu (1994) reported stems back nearly one thousand years. Although limited cases
of fishery enhancement techniques exist in South America and Africa, the mass
adoption of the techniques outside of Asia is believed to be limited at present.

A further social constraint is that such techniques rarely benefit the poorest people

and may in fact cause more hardship through competition and conflict concerning
the use of reservoir resources.
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One way that catches can be increased, or at least prevented from further

declines, is through effective management of both of the capture fishery and of the

enhancement techniques. The area offers potential to increase yield so long as
good quality data are available by which to formulate appropriate management
recommendations that are tailored for each individual reservoir. Few reservoir

fisheries have ever experienced any control and hence even small measures may
result stabilised or increased fish production. This in turn suggests that designing

and implementing management plans will be a major challenge In fisheries that
have, hitherto, been left to their own devices.

There is a current move away from management approaches that use a top-down
nolicing policy to those that recognise the role and the sharing of responsibilities
through the participation by the communities in the management process. This
new approach of community-based fisheries management (CBFM) may help solve
some of the problems inherent in many tropical reservoir fisheries and perhaps
lead to an increase in yields. The approach must, however, be examined and
appraised for each individual water body if it is to be effective. There are many
variants of CBFM that depend on the size of reservoir, the support by the
traditional administration and governmental agencies, the size and composition of
the fishing ‘community’ around the lake and the management needs of the fishery.
In cases where intervention is urgently required to prevent collapse of a stock, an
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