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Zambia’s Water Resources 
Management Authority (WARMA) 
has piloted the Kafue Basin for the 
establishment of a Basin Council that 
will be responsible for water resource 
management of the area. The World 
Wildlife Fund for Nature (WWF), in 
collaboration with WARMA, has 
initiated a project to address 
integrated flow management of the 

Kafue Flats with a key focus on water, land and reservoir 
management of the area. The project will be undertaken in 
two phases. Because of the substantial body of knowledge 
on the Flats that already exists, stretching back for several 
decades, Phase 1 will locate, collate, assess and synthesise 
all relevant information and data. This document is 
number 7 in a series of reports produced for Phase 1 and 
covers aquatic biota and wildlife of the Kafue Flats. Phase 
2 will be a detailed analysis of past and projected future 
water availability and use, dam design and operation, and 
linked conservation and social aspects. Its purpose will be 
to provide a tool that can aid government and stakeholder 
discussions and decisions regarding water management of 
this important area.

The Kafue Flats is a wetland habitat of significant international importance 
for its socio-economic and biodiversity values, supporting many endangered 
and endemic wildlife species.  The biological diversity of the Kafue Flats can 
largely be attributed to the diversity and complexity of habitats, comprising 
the main channel, lagoons, ox-bow lakes, cut-off channel remnant, 
marshes, levees and grassed floodplain flats. The exceptionally high primary 
productivity that sustains the fauna of this habitat is intricately linked to the 
hydrological regime.  Understanding the relationship between the flow regime 
and the aquatic biota and wildlife of this ecosystem is therefore fundamental 
to an integrated flow assessment for the Flats. The key focus of this review 
therefore is to describe the nature of, and provide a temporal analysis of 
change in, community structure and distribution of aquatic biota and wildlife 
as it relates to flow and flooding regimes of the river and wetland ecosystems. 
Aquatic invertebrates, fish, herpetofauna and large and small mammals of the 
Flats are the ecosystem components included in this review with birds and 
vegetation covered by separate reports in this series.

The way things were: wildlife of the Kafue Flats prior to dam 
construction
In the late 1960s, the Zambian government initiated a number of research 
projects on the Flats to develop a baseline understanding of the ecological 
functioning of the Flats prior to construction of Kafue Gorge Dam. This 
initiative led to a number of hydrobiological surveys of the Flats, led by the 
FAO, the University of Idaho and the Kafue Basin Research Project run by the 
University of Zambia. This research provided good baseline understanding 
of habitats of the Kafue Flats and links to various aspects of the flow regime. 
Baseline data on macroinvertebrates, fish populations and wildlife, and the 

EXECUTIVE
SUMMARY
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temporal and spatial changes in these communities associated with various 
aspects of the flow regime were documented at the time. Certain taxa were 
better studied than others, with most of the focus on fish populations and the 
endangered Kafue Lechwe.

Carey (1971) and Chapman et al. (1971) in particular undertook detailed 
fish surveys of the Flats in the late 1960s and described habitat preferences, 
including physico-chemical conditions for spawning and feeding in relation 
to temporal changes in habitat availability associated with the flow regime. 
One of the key findings of this research was that the production of the 
commercially important Tilapia andersonii (now Oreochromis andersonii) 
was related to the size and duration of the flood, with larger, longer floods 
enhancing growth. Furthermore, they found a significant correlation between 
fish yield and the duration and area of flooding the previous year (Chapman 
et al., 1971). Predictions of the effect of Kafue Gorge Dam on fish stocks were, 
however, conflicting at the time. Chapman et al. (1971) for example, predicted 
that construction of the Kafue Gorge Dam would increase fish stocks due to 
an increase in surface water as dammed water flooded backwards, with a net 
positive impact on the Kafue Flats fishery. By contrast, the FAO maintained 
that the altered flooding regime associated with Kafue Gorge Dam would have 
a detrimental effect on the fishery overall (FAO, 1968; cited in Scott Wilson 
Piésold, 2003b).

While there are reports in the literature that indicate overexploitation of 
the fishery since the mid-1950s following the introduction of nylon gill nets, 
together with increased demand (Scott Wilson Piésold, 2003b), no evidence 
of over exploitation was found during the literature search.  The research of 
Carey (1968 and 1971), Chapman et al. (1971), and others provided a good 
baseline understanding of habitat and flow requirements for specific fish 
species, such that changes in habitat and specific flow conditions could be 
evaluated following the construction first of Kafue Gorge Dam in 1971 and 
then Itezhi-Tezhi in 1978.

The most thorough account of mammal distribution in relation to floodplain 
habitats of the Kafue Flats prior to construction of Kafue Gorge Dam was 
provided by Sheppe and Osborne (1971). They described the gradient of use in 
different habitats by mammals, which changed according to natural variations 
in flooding and drying across the Flats. Of particular value, their research 
looked specifically at the reliance of various mammals (including ungulates, 
carnivores, rodents and shrews) on different habitats, which provides a 
baseline for predicting changes in species distributions with alteration in 
flooding conditions and associated habitats.

Of all the mammals, however, the endangered Kafue lechwe was the most 
studied.  Rees (1978a and b), in particular, studied the feeding and breeding 
behaviour of the Kafue lechwe. Their vast numbers, with estimates of 94,000 
in 1970, were attributed to their ability to feed in the shallow floodwaters, 
making use of grasses in inundated habitats while they are still highly 
nutritious, and continuing to feed on fresh vegetation as the floods receded. 
Beside their ability to feed in standing water, lechwe also escape predation by 
moving into shallow waters. They are thus highly adapted to an environment 
that undergoes wide variability in its hydrological character.

OF ALL THE 
MAMMALS, THE 

ENDANGERED 
KAFUE LECHWE 

HAS BEEN THE 
MOST STUDIED
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The way things are: Wildlife on the Kafue Flats since dam 
construction
Following the construction of the Kafue Gorge and Itezhi-Tezhi Dams, a 
number of changes in the hydrological regime have occurred, with consequent 
changes in the ecological integrity of the Kafue Flats. Key modifications to the 
flow regime (Mumba and Thompson, 2005; Scott Wilson Piésold, 2003a; King 
and Brown, 2014) that are relevant from a biotic perspective include: 

•   a reduction in the average wet season flows by about 35% due to storage of  
     floods at Itezhi-Tezhi;
•   an increase in dry season flows by about 170%;
•   almost complete loss of extreme low flows except during drought  
     conditions;
•   an increase in the extent of permanent inundation of the Flats, particularly  
     in response to backwater effects created by Kafue Gorge Dam, which extend  
     as far upstream as Nyimba;
•   Early onset of the wet season: base flows sometimes start to increase in  
     August, which is three months earlier than under natural conditions;
•   Occasional bottom releases from Itezhi-Tezhi and thus inputs of poor  
     quality (nutrient enriched, anoxic) water into the system.

The most obvious change in habitat characteristics of the Kafue Flats 
following construction of Kafue Gorge Dam was the shift from large 
seasonally inundated grassland habitats to areas of permanent inundation 
(Sheppe, 1985; Chabwela and Ellenbroek, 1990). Also, the invasion of this 
predominantly grassland ecosystem by woody vegetation is one of the most 
profound changes in the ecological character of the Flats (Mumba and 
Thompson, 2005). The ongoing spread of invasive species such as Mimosa 
pigra and Dichrostachys cinerea, at the expense of the natural grasslands 
that are important habitat and food for biota, has led to significant declines 
in the number and distribution of wildlife and aquatic fauna. M. pigra thrives 
in flooded areas such as parts of the floodplain that are now permanently 
inundated or flooded for longer periods compared with pre-dam conditions. 
D. cinerea, by contrast, has colonized large areas of the floodplain along its 
margins that are no longer flooded.

Since construction of both Kafue Gorge Dam and Itezhi-Tezhi, most 
research has focused on understanding the impacts of impoundment on 
fish populations and fishing stocks and the continued decline in Kafue 
lechwe populations. There is little information on changes in aquatic 
macroinvertebrate communities and herpetofauna. Of relevance, however, 
is the invasion of the Kafue River and its floodplain habitats by the Red-claw 
crayfish (Cheraz quadircarinatus) which has proliferated throughout the Flats 
in recent years (Kafue River Trust, 2016). Nevertheless, little is known about 
this invasive species, its effects on native biota or whether or not hydrological 
changes may be beneficial to its further spread.

With regards to fish, most research has focused on documenting changes in 
fish abundance and distribution with little reference to changes in associated 
breeding and feeding habitat and food quality. Despite early predictions 
(Chapman et al., 1971) that large areas of permanent inundation associated 
with back-flooding from Kafue Gorge Dam, Dudley and Scully (1980) found 
that catches in 1975-76 were smaller than in 1969-1970. Also, Dudley and 

THERE IS LITTLE 
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CHANGES IN AQUATIC 
MACROINVERTEBRATE 
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Scully (1980) showed an apparent change to dominance by one species 
relative to six species prior to construction of Kafue Gorge Dam. Nevertheless, 
they could not definitively attribute these changes to the Kafue Gorge Dam 
and further stated that increased fishing intensity as an independent factor 
may be a significant contributor to declining fish populations. Despite claims 
that fish stocks have been adversely affected by changes in the flood regime of 
the Kafue Flats (Dudley, 1974; Nyimbili, 2006), Deines et al. (2013) developed 
a fish population growth model and showed that “dam construction does not 
seem to have had significant impacts on the Kafue Flats fishery” and that 
overfishing is more likely the reason for declines in fish stocks. They stated 
that efforts to improve habitat through implementation of environmental 
flows will be ineffectual on the fishery without management of fishing effort 
(Deines et al., 2013).

In addition to a declining fish population, Cowx et al. (2011) recently showed a 
clear shift in the species composition in gill catches since 1980. They reported 
a change from a “riverine species dominated community in the early 1980s 
to a eurytopic species dominated community in the 1990s and finally to a 
lacustrine species dominated community in recent years”.  In other words, the 
dominant fish species shifted from riverine ones to those that can cope with a 
wide range of conditions and then on to lake species.

Beside the effects of hydrological changes, alien invasion is one of the key 
factors identified as a threat to the Kafue Flats fish community structure. 
Of particular ecological relevance was the introduction of the Nile tilapia 
(Oreochromis niloticus), which is now a commercially important species 
that is replacing native species and interbreeding with the indigenous three-
spotted tilapia (Chikopela et al., 2011).

Deterioration in water quality, particularly in the eastern parts of the Kafue 
Flats, is another factor to consider when assessing shifts in fish communities 
of the flats, although this has not been investigated in any detail.

While changes in fish catches, species abundance and community structure of 
the Kafue Flats fish populations have been reported through numerous studies 
over the last 40 years, there is surprisingly little focus on understanding the 
actual cause of this. Although changes in the flow regime are implicated in 
many of these studies, there is little evidence to support these claims in most 
cases. While research on tropical floodplain ecosystems elsewhere (Welcomme 
and Halls, 2005) provided insights into the importance of flooding for the 
maintenance of fish community structure, specifically the timing, duration, 
extent, rate of increase and recession, and importance of seasonally low flows 
when the Flats dry out, this research is lacking for the Kafue Flats ecosystem.

Of all the mammals of the Kafue Flats, the Kafue lechwe has been the subject 
of most research since the 1970s. A drop in population size of the Kafue 
lechwe from around 90,000 to around 45,000 was evident following the 
construction of Itezhi-tezhi Dam. Although the numbers and distribution 
of Kafue lechwe were thought to have been stable since about 1981, a recent 
survey of the Kafue Flats estimates the population at 28,711. This is the lowest 
Kafue lechwe population number ever recorded for the Flats, with an almost 
50% loss of the seemingly stable population reported by Scott Wilson Piésold 
(2003a) 16 years ago.
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Immediately following construction of Itezhi-Tezhi Dam, Rees (1978b) 
attributed the decline in Kafue lechwe population size and distribution to a 
significant reduction in seasonally flooded grasslands, which is their key food 
source. More recently, the loss of favourable feeding habitat has also been 
attributed to invasion by Mimosa pigra and Dichrostachys cinerea (Mumba 
and Thompson, 2005; Blaser, 2013; Shanungu, 2013; Shanungu et al., 2015). 
Others, such as Schuster (1976; 1977; 1980 cited in Chansa and Kampamba, 
2009) attributed the decline in population size to a disruption in the lechwe 
breeding behaviour and social organization following impoundment by Itezhi-
Tezhi.

Increased poaching has also been cited as one of the key factors in the decline 
in lechwe numbers (Kapungwe, 1993 cited in Shanungu et al., 2015). While 
it is thought that increased poaching can be attributed to the altered flow 
regime from Itezhi-Tezhi Dam, Shanungu et al. (2015) reported that human 
encroachment into the Flats has increased significantly in recent years such 
that the proximity of herds to settlements makes them vulnerable to poaching. 
To date the actual reasons for the decline in lechwe populations are still 
not well understood though there is sufficient evidence in the literature to 
implicate changes in floodplain hydrology following construction of Kafue 
Gorge and Itezhi-Tezhi Dams as at least partly responsible for this decline, 
either directly or indirectly. A recent study analyzed lechwe population 
dynamics of the Kafue Flats in relation to hydrological parameters between 
the late 1970s and 2012 (Kock et al., in prep.), and made recommendations 
about the length of the flood season, flow volumes in naturally dry years, 
and the rate of water level rise at the onset of the wet season, to minimize 
herbivore mortalities. Essentially, they substantiated the ecological basis 
for specific flow requirements of this wetland ecosystem by quantifying the 
relationship between variations in the flow regime and their effect on the 
grazing ecosystem.

Future concerns: operation of Itezhi-Tehi for the generation of 
hydropower
The recent installation of turbines at Itezhi-Tezhi Dam for the generation of 
hydropower has raised many concerns about the potential additional impacts 
to the biotic integrity of the Flats (Scott Wilson Piésold, 2003b). Together 
with drastically fluctuating daily flows (King and Brown 2014), the quality of 
water released will be significantly reduced relative to the current operation 
of Itezhi-Tezhi (Zurbrugg 2012). The severity of water quality changes, 
particularly low oxygen levels and the extent and duration of these conditions, 
has not been investigated and thus their potential impacts to aquatic biota and 
wildlife remains unknown. In terms of massive daily fluctuations in discharge, 
one of the key concerns is that there will be no re-regulation dam downstream 
to suppress these daily fluctuations and therefore the Kafue River and Flats 
downstream will instead be used to attenuate these flows (King and Brown, 
2014). The downstream effects of this and its impacts on aquatic biota and 
wildlife are unknown, and no mitigation measures have been considered to 
offset any impacts.

THE SEVERITY 
OF WATER 

QUALITY CHANGES 
HAS NOT BEEN 
INVESTIGATED
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Conclusions and recommendations
Whereas fish populations and Kafue lechwe population dynamics have 
received much attention in the literature both before and after construction 
of Kafue Gorge and Itezhi-Tezhi Dams, there has been little focus on 
understanding the links between habitat and the hydrological regime, or other 
aquatic biota particularly the aquatic macroinvertebrates, of this ecosystem.  
The invertebrates are a vital food source for many fish and bird species of 
this ecosystem, and their distribution, abundance, habitats and links to flow/
inundation urgently need  investigation. This would involve data collection 
several times over an annual cycle to understand seasonal variability in these 
communities, together with the collection of water chemistry data and other 
environmental variables that define habitat.

While there is evidence that the biota of the Kafue Flats is intrinsically 
affected by the hydrological regime, research on the relationship is required. 
To achieve this, all factors that affect these biotic communities need to 
be understood. For example, the effects of water quality changes on fish 
populations due to increased agricultural, urban and industrial activities in 
the eastern parts of the Flats need to be accounted for in order to identify 
the significance of changes in fish populations due to an altered flow 
regime. Furthermore, research on quantifying the importance of flooding, 
specifically the timing, duration, extent, rate of increase and recession, as 
well as the importance of a seasonally low flows when the flats dry out for 
the maintenance of fish community structure is required, not only for the 
maintenance of the fishery but also for sustaining biodiversity.

FOCUS ON 
UNDERSTANDING 

THE LINKS 
BETWEEN 

HABITAT AND THE 
HYDROLOGICAL 

REGIME
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1.1 BACKGROUND TO THE PROJECT
Zambia’s Water Resources Management Act of 
2011 brings into being a new Water Resources 
Management Authority (WARMA), paving 
the way for the nationwide formation of 
Basin Councils responsible for water resource 
management of their areas. As a priority, each 
Council has to develop its basin management 
strategy and water allocation plan. In a piloting 
approach, the Kafue Basin appears to be the first 
where WARMA will establish such a Council.

There is a substantial body of knowledge on the Kafue Basin, its dams and 
the Kafue Flats. The Flats, in particular, have been the subject of many 
water-related investigations. WWF, in agreement with WARMA, has 
initiated a new project focusing on water, land and reservoir management 
of the Kafue Flats. Because of the body of work on the Flats already existing 
and stretching back for several decades, Phase 1 of this project will locate, 
collate, assess and synthesise all relevant information and data. Building on 
this, Phase 2 will be a detailed analysis of past and projected future water 
availability and use, dam design and operation, and linked conservation and 
social aspects. Its purpose will be to provide a tool that can aid government 
and stakeholder discussions and decisions regarding water management of 
this important area.

1.2   ROLE OF WILDLIFE AND AQUATIC BIOTA IN THIS 
ASSESSMENT
The Kafue Flats is a wetland habitat of significant international importance 
for its socio-economic and biodiversity values (Kamwenshe et al., 2010), 
supporting many endangered and endemic wildlife species (Sheppe and 
Osborne, 1971; Mumba and Thompson, 2003; Blaser, 2013). Besides the 
numerous bird species supported by this habitat (in this series, Report 
Number 8), the endemic Kafue lechwe (Kobus leche subsp. kafuensis), is of 
particular interest from a conservation perspective (Chanza and Kampamba, 
2009). Furthermore, the Kafue Flats supports an important floodplain 
fishery that plays a significant socio-economic role in Zambia (Nyimbili, 
2006). The exceptionally high primary productivity that sustains the fauna 
of this habitat is driven by the cyclical changes in flooding and drying 
(Sheppe and Osborne, 1971; Sheppe, 1985; Nyimbili, 2006). Indeed, seasonal 
flooding of the Kafue, and the associated extent, duration and timing 
of inundation, are considered the most important ecological processes 
maintaining biodiversity in the region (Mumba and Thompson, 1985).

Understanding the relationship between various aspects of the flow 
regime and patterns of inundation that are important for maintaining the 
biotic integrity of this important wetland system is fundamental to its 
management.

1.3 TERMS OF REFERENCE
•   Acquire and collate available data and knowledge on historical and  
    contemporary aquatic biota and wildlife of the Kafue Flats from Ithezi- 

1. 
INTRODUCTION
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    thezi Dam to Kafue Gorge Dam as they relate to flow and flooding regimes  
    of the river ecosystem. The ecosystem components to be reviewed are  
    aquatic invertebrates, fish, herpetofauna and large and small mammals of  
    the Flats .
•  Where possible, provide a temporal analysis of change in community  
    structure and distribution of aquatic biota and wildlife since the mid- 
    1900s.
•  Complete a critical assessment of this body of work, with a particular focus  
    on enhancing understanding of the relationship between the Flats  
    ecosystem and surface or groundwater.
•  Identify important knowledge gaps that could help an Integrated Flow  
    assessment.
•  Identify any future needs to improve understanding and aid in the  
   management of water-related aspects of the Middle Kafue River and the  
   Kafue Flats.

1.4 KEY DELIVERABLE AND REPORT LAYOUT
This Specialist Report is the key deliverable. Section 2 provides an account 
of the approach to accessing information and the storage of such information 
for future reference. Sections 3 to 5 provide a critical review of the literature 
with a key focus on the relationship between flow and aquatic biota and 
flow and wildlife. Section 6 is a synthesis of the key findings reported in the 
earlier sections, and finally Section 7 provides recommendations for Phase 2.

KEY FOCUS ON THE 
RELATIONSHIP 

BETWEEN FLOW 
AND AQUATIC 

BIOTA AND FLOW 
AND WILDLIFE
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2. INFORMATION 
SOURCE & 

MANAGEMENT 

2.1 DATA ACQUISITION AND STORAGE
An initial internet search was done for any 
information and data pertaining to the Middle 
Kafue catchment, with a focus on the Kafue Flats. 
Together with information provided by WWF in 
Zambia and information already held by various 
specialists within the project team, a library of 
information has been collated. The literature 
library for this project is separated broadly 
into that which pertains to the Middle Kafue 
catchment and the Kafue Flats specifically, and 
that which extends to the Zambezi catchment 

as a whole but includes studies on the Middle Kafue and Kafue Flats. This 
library contains both published literature as journal articles as well as grey 
literature including reports, data, GIS shapefiles, maps and academic theses.

Mendeley, a reference management system, has been employed to develop a 
reference database of all literature that is sourced within this project. The 
database provides a means to store and sort information, and search for 
relevant documents.

All reference materials sourced and cited for this review are provided as 
products of this assessment.

2.2 MAJOR SOURCES OF INFORMATION 
Recognising the biodiversity and socio-economic value of the Kafue Flats, 
the Zambian government, together with the international funders (e.g. the 
FAO), initiated a number of research projects on Flats in the late 1960s. The 
aim was to develop a baseline understanding and data set for understanding 
the potential impacts of the then proposed Kafue Gorge Dam on the 
ecological integrity of this important ecosystem. A hydrobiological survey 
of the Kafue Flats was undertaken between 1963 and 1965 to determine 
the ecological importance of seasonal flooding to the maintenance of this 
ecosystem (Carey, 1971). The survey involved collecting macroinvertebrate 
(including zooplankton) and fish data, together with data on water chemistry 
and phytoplankton, from different habitats. It thus provided a significant 
baseline for understanding the habitats and flow-related aspects of the 
aquatic biota (Carey, 1971).

In the 1960s, the FAO undertook a detailed assessment of the whole 
Kafue River Basin. The University of Idaho was contracted by the FAO to 
investigate the “effects of a water regulation scheme on ecology of fishes in 
the Kafue River” (Chapman et al., 1971). This detailed research provided 
a sound baseline for understanding the habitats and links to flow of fish 
species with a high biodiversity and socio-economic value. It is therefore 
a valuable data set against which predictions of change associated with 
hydrological changes can be evaluated.

EFFECTS OF A 
WATER REGUATION 

SCHEME ON 
ECOLOGY OF 

FISHES IN THE 
KAFUE RIVER
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The Kafue Basin Research Project (KBRP) was established in 1967 
by the University of Zambia “to encourage a balanced programme of 
interdisciplinary research” and to contribute to the planned development of 
the area. The Kafue Basin Research Project (KBRP) actively collected data 
on the ecology of the Flats, with particular interest in monitoring lechwe 
populations. Those data have been included in a number of publications, 
which together provide a useful understanding of changes in lechwe 
populations of the Flats.

Sheppe and Osborne (1971) provided a detailed account of the habitats of the 
Kafue Flats and their seasonal variability prior to impoundment, together 
with an account of the animals that utilize these habitats and their seasonal 
movements in response to flooding and drying. Their focus was on large and 
small mammals, but some information on reptiles of the floodplain is also 
provided.

Due to economic conditions within Zambia, research and monitoring of 
the Kafue Flats declined through the 1980s and 1990s. Nevertheless, fish 
populations and wildlife monitoring has continued, sometimes on an ad hoc 
basis by various government agencies including the Department of Fisheries 
(DoF), The Environmental Council of Zambia (ECZ) and the Zambian 
Wildlife Authority (ZAWA). 

In 2002, the Ministry of Energy and Water Development in association 
with ZESCO commissioned Scott Wilson Piésold to undertake a detailed 
review of the Kafue River Basin, as a baseline for identifying development 
opportunities within the Basin. The State of Environment report produced as 
a result ran to seven volumes. Of relevance to this study, volume 5 included a 
chapter on wildlife habitat and wildlife (Chapter 1) and a separate chapter on 
Fisheries (Chapter 2).

In an effort to improve management of the socio-economically important 
Kafue Flats fishery, the Department of Fisheries (DoF) in Zambia initiated 
the formulation of a Management Plan for the fisheries. The management 
plan provides a useful update on the state of fish populations of the Flats as 
provided in Cowx et al., (2011).

The recently completed African Dams Project (ADAPT) aimed at enhancing 
the scientific basis of integrated water sources management in the Zambezi 
River Basin, with particular emphasis on large reservoirs including those on 
the Kafue River. The study involved a multi-disciplinary team researching 
aspects of hydrology, biogeochemistry, ecology, socio-economics and 
water demand management. For the purpose of this report, the ecological 
components of the ADAPT research and how they are linked to flow were 
reviewed.

MONITORING 
LECHWE 

POPULATIONS
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3. HISTORIC 
OVERVIEW OF 

WILDLIFE

HISTORIC OVERVIEW OF WILDLIFE 
ON THE KAFUE FLATS PRIOR TO DAM 
CONSTRUCTION
The biological diversity of the Kafue Flats 
can largely be attributed to the diversity and 
complexity of habitats, comprising the main 
channel, lagoons, ox-bow lakes, cut-off channel 
remnant, marshes, levees and grassed floodplain 
flats (Sheppe and Osborne, 1971; Scott Wilson 
Piésold, 2003a). One of the key drivers of these 
habitats is the natural pattern of flooding and 
drying of the area. While some parts of the 
Kafue Flats are inundated early in the rainy 

season (around October) by local rainfall and runoff from tributaries, under 
natural conditions discharge in the Kafue River would increase slowly 
around December and begin to spill onto the Flats (Sheppe and Osborne, 
1971; Sheppe, 1985; Mumba and Thompson, 2005). The extent and depth of 
inundation would reach a peak following the rains, in about May each year. 
Thereafter, flood water would recede slowly until most of the Flats were 
dry but with a diversity of aquatic habitats that would support the biota 
throughout the dry season.

Vegetation communities and thus wetland habitats of the Flats were 
identifiable as distinct zones linked to the frequency and pattern of 
inundation prior to impoundment (Ellenbroek, 1987) (Table 3.1). Because 
of the natural flooding regime, almost all trees were excluded from the 
floodplain and the vegetation was dominated by highly productive grasses 
and reeds such as Phragmites mauritianus (Sheppe and Osborne, 1971; 
Sheppe, 1985). The Flats was therefore a mosaic of habitats sustained by a 
natural flooding and drying cycle that supported a diversity of plants and 
animals. Literature on the vegetation is reviewed by Reinecke in Report 
Number 6 of this series.

Table 3.1
Natural habitats of the 

Kafue Flats and its 
drier woodland margins 

(Ellenbroek, 1987; 
adapted from Scott Wilson 

Piésold, 2003a).  

Habitats Characteristic vegetation 

Kafue River and 
tributaries

None

River levees Tall grasses and herbs with occasional trees
Lagoons and lower-lying 
floodplain

Submerged and floating leaved herbs

Floodplain Grassland communities: tall and coarse in 
the deeper water; small, weak-stemmed in 
shallower areas

Littoral zone Narrow zone of herbaceous grassland
Termitaria zone Grasslands, with scattered trees
Palm savanna Palm trees with grassland
Woodlands Including munga, mopane, miombo, kalahari 

and riparian woodland
Hot springs Sedges, ferns, bulrushes and reeds
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Table 3.2
Summary of the 

macroinvertebrate taxa 
recorded from samples 

collected in various 
habitats of the Kafue Flats 

every six weeks over a 
year between 1965 and 

1966 (Carey, 1971).

Order Representative taxa

Crustacea, Decapoda Caridina nilotica
Ephemeroptera Caenidae
Odonata (Zygoptera) Lestidae, Coenagrionidae (Pseudagrion 

nubicum)
Coleoptera Dyticidae, Gyrinidae, Hydrophilidae, 

Chrysomelidae
Diptera Culicidae, Simuliidae, Chironomidae
Hemiptera Corixidae, Notonectidae, Naucoridae, 

Belosomatidae, Nepidae, Gerridae, Veliidae, 
Hydrometridae, Macroveliidae, Mesoveliidae

Mollusca Bulinus globosus, Coelatura sp. Cleopatra sp. 
Biomphalaria sp, Pila sp. Limnaea natalensis, 
Physopsis sp. Planorbis sp. Melanoides sp, 
Lanistes sp. 

3.1   AQUATIC MACROINVERTEBRATES
Aquatic invertebrates of the Kafue Flats are not well studied and thus 
communities typical of specific habitats are poorly understood. Nevertheless, 
Carey (1968), cited in Timberlake (1998), briefly reported on various 
terrestrial and aquatic invertebrates on the Flats. That study established 
that Ephemeroptera (mayfly) nymphs, Odonata (dragonfly) nymphs, 
Trichoptera (caddisfly) larvae, Chironomidae (midge) larvae, Hemiptera 
(bugs) and Mollusca (snails) were the most abundant and widely distributed 
aquatic taxa (Carey 1968, cited in Carey, 1971). Taxa recorded in Carey 
(1971) are summarized in Table 3.2. Despite the lack of research on aquatic 
macroinvertebrates per se, densities of certain groups can be inferred from 
research on the bird life of the flats. For example, high densities of mollusk-
dependent African Openbill storks suggest high densities of mollusks (R. 
Beilfuss, International Crane Foundation, pers. comm.) 

Of particular relevance to this review, Carey (1971) investigated the 
hydrobiology of the Kafue Flats to determine the ecological importance of 
seasonal flooding. He sampled several different habitats, including those 
with marginal vegetation, submerged vegetation and seasonally flooded 
wetland plants either along the margins or in open water. He found that:

•   within the marginal vegetation habitat, the dominance of different taxon  
    groups shifted seasonally with changes in flooding and inundation;
•   habitats with submerged vegetation were dominated by Ephemeroptera  
     nymphs;
•    Coleoptera were recorded in seasonally flooded habitats; it was suggested  
     that dominance by this taxon group in these habitats may be a  
     consequence of their ability to withstand naturally low oxygen and high  
     carbon dioxide concentrations;
•   seasonally flooded vegetation was dominated by Chironomidae larvae;
•   zooplankton and phytoplankton were denser during the dry season when  
     water levels were at their lowest.
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Thus, the early work of Carey (1971) provided a baseline of the benthic and 
planktonic aquatic communities typical of specific habitats of the Flats prior 
to impoundment. Although his data included monthly abundance of taxa in 
different habitats, the course level of identification (mostly to family level) 
limits the usefulness of this dataset as a baseline against which species 
changes following impoundment can be determined. 

3.2 HERPETOFAUNA
Herpetofauna of the Kafue Flats is not well documented in the literature. A 
checklist of 38 species of reptiles and 26 amphibians collected in Lochinvar 
National Park in the early 1980s was given by Simbotwe and Patterson (1983; 
cited in Timberlake, 1998), although the actual report could not be located 
and so the species list is not known. 

In their paper on patterns of use of the Kafue Floodplain by Zambian 
mammals, Sheppe and Osborne (1971) mentioned both the crocodile 
(Crocodylus niloticus) and monitor lizard (Varanus niloticus) as the two most 
characteristic reptiles of the Flats. They indicated that both species were 
found near the water’s edge, although monitors were occasionally located 
on river banks several meters from the water during the dry season or along 
the wetland margins during the wet season. Crocodiles were said to move 
into the termitaria during the flood season in Lochinvar, but remained near 
permanent water bodies at Blue Lagoon (Sheppe and Osborne, 1971).

Although no turtles were identified in their study, Sheppe and Osborne (1971) 
noted that they are uncommon throughout the region. Snakes such as puff 
adders (Bitis arietans) and night adders (Causus sp.) were seen on the dry 
floodplain, while pythons (Python sebae) were common throughout the area 
in both seasons.
 
In terms of frogs, Sheppe and Osborne (1971) indicated that few were 
found and none were identified. They attributed the rarity of frogs in this 
ecosystem to their poor mobility and thus inability to follow the flood line 
in and out of the floodplain. In his review of the biodiversity of the Zambezi 
Basin wetlands, however, Timberlake (1998) reported that the Kafue reed 
frog (Hyperolinus marmoratus subsp. pyrrhodictyon) is endemic to the 
Kafue Flats, although its habitat requirements were not reported.

According to Timberlake (1998), Simbotwe and Patterson (1983) provided 
some indication of habitat preference of specific taxa. This manuscript may 
be a useful baseline for evaluating species abundance and distribution on the 
Flats, although it was not available at the time of this review.

3.3 FISH AND FISHERIES
Fish surveys undertaken in the 1960s reported a total of 56 fish species 
(Appendix A) in the Kafue in its Middle Reaches (Mortimer, 1965; cited 
in Scott Wilson Piésold, 2003a). Muyanga and Chipungu (1982), however, 
reported 60 fish species belonging to 10 families. Of these, the killifish 
Nothobranchius kafuensis is endemic to the Kafue Flats, although many 
species do not have a much wider distribution (Timberlake, 1998).

THE CROCODILES 
REMAINED NEAR 

PERMANENT 
WATER BODIES

6 FISH SPECIES 
IN THE KAAFUE 
IN ITS MIDDLE 

REACHES
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Assessment of fish habitats and hydrobiology of the Kafue Flats were 
undertaken by Carey (1968 and 1971), Chapman et al. (1971), Everett (1971), 
and Williams (1971). In particular, it was found that largemouth bream, 
tilapias and many small barbs migrate onto the floodplain to spawn and feed 
(Carey, 1971; Chapman et al., 1971). Also, the endemic N. kafuensis needs 
two concurrent wet seasons for eggs to hatch. Most of these studies provided 
evidence that many species prefer habitats at the floodplain margin rather 
than open water in lagoons, emphasizing the importance of the vegetation 
community structure that characterizes fish habitat (Chapman et al., 1971).

Chapman et al. (1971) found that fishes of the Kafue River moved onto the 
floodplain around December and January with the arrival of the flood, while 
movement back to the river coincided with the onset of flood recession in 
May, June and July. Similarly Carey (1971) observed fish moving back into 
the river from the floodplain in August 1965 and July 1966 as the floods 
began to recede. Fish were considered most vulnerable to mass mortalities 
at this time, due to high densities as the habitat shrank and oxygen levels 
declined (Carey, 1971). Furthermore, predation by other fish and birds was 
high when fish were concentrated (Carey, 1971).

Carey (1971) described the breeding activity and seasonality of specific fish 
taxa, finding that the breeding activity of most species began in October 
when water temperature increased. Maximum breeding occurred once the 
initial flooding of the floodplain occurred between January and March. 
Carey (1971) suggested that breeding behaviour allowed juvenile fish to 
utilise vegetation cover on the floodplain to avoid predation throughout the 
flood season. Similarly, Chapman et al. (1971) found that spawning was timed 
to coincide with the annual flood, when the system is highly productive and 
food and cover are optimal for the survival of young.

Chapman et al. (1971) evaluated fish breeding habits and habitat 
preferences in relation to the physico-chemical regime of the Kafue River 
and surrounding Flats. They found that dissolved oxygen (DO) levels 
and conductivity of floodplain habitats were the two variables that best 
described the distribution of key fish taxa across the Flats. Conductivity was 
negatively correlated with depth and thus was also considered an important 
determinant of fish distribution. Essentially, as depth declined, conductivity 
increased and fish abundance increased in specific habitats such as Chulwe 
Lagoon (Chapman et al. 1971).

In terms of dissolved oxygen (DO) concentrations, they found that both 
juveniles and adults preferred the well oxygenated waters along the margins 
during December and January when oxygen levels dropped considerably as 
flood waters rose and thus fish abundance was concentrated in these areas 
at these times. (Refer to Water Quality Report Number 5 in this series). 
Furthermore, fish diversity correlated with dissolved oxygen levels between 
0 and 2 ppm (r2 = 0.6) whereas only a weak relationship (r2= 0.31) was 
evident at higher oxygen levels (i.e. 2-7 ppm). Sensitive taxa were absent at 
low oxygen levels and thus species diversity declined significantly as oxygen 
levels dropped below 2 ppm but with little change in diversity above this 
threshold suggesting that oxygen affects species diversity at the lower 
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concentrations (Chapman et al., 1971). Chapman et al. (1971) also carried out 
experimental work on the tolerance of important fish species to different 
dissolved oxygen (DO) levels. Fish species showed stress at DO levels below 
1.0 ppm but were able to survive until DO concentrations dropped below 
0.5 ppm. These data provide a useful basis for predicting the effects on fish 
of the Kafue Flats of potential changes in oxygen levels of the floodplain 
habitats associated with alteration of the flow and inundation regimes.

Besides the physico-chemical and vegetation characteristics of fish habitat, 
both Chapman et al. (1971) and Carey (1971) investigated the food preferences 
and feeding habits of specific fish species. They evaluated the diets of fish in 
different habitats, showing that fish feed variously on macroinvertebrates, 
zooplankton, phytoplankton, vascular plants and other fish. Carey (1971) 
found that Hepsetus odoe was the only wholly piscivorous fish, with 
some species such as Schilbe mystus, Clarians gariepinus, C. ngamensis, 
Serranochromis angusticeps and S. microcephalus being partially 
piscivorous but also eating aquatic macroinvertebrates.  Certain groups, such 
as the Tilapias tended to be omnivorous, feeding on algae, aquatic insects, 
Crustacea and molluscs (Carey 1971). Considering that changes in food 
quality and availability may be associated with changes in the hydrological 
regime of the Kafue Flats, these data could be useful for understanding to 
some extent the effect of an altered flow regime on fish populations of the 
Kafue Flats.

Both subsistence and commercial fishing are important activities on 
the Flats. In the 1960s the fishery of the Kafue Flats was considered the 
most productive in Zambia (FAO, 1968; cited in Scott Wilson Piésold, 
2003b), yielding about 6,000 tons of fish per annum (Dudley, 1974). Bream 
comprised a major part of these catches, including Oreochromis andersonii, 
O. macrochir, Tilapia rendalli, Tilapia spermani (Chikopela et al., 2011) as 
well as the catfish Clarias ngamensis (Sheppe, 1985; Chabwela, 1992).

An interesting finding of Chapman et al. (1971) was that DO was not 
an important factor in determining the distribution and catch of the 
commercially important Tilapia andersonii (now Oreochromis andersonii), 
and that production of this species was related rather to the size and 
duration of the flood with larger, longer floods enhancing growth (Figure 
3.1). Furthermore, they found a significant correlation between fish yield 
and the duration and area of flooding in the previous year (Figure 3.2). They 
concluded that bigger floods as well as extension of the flooded period would 
benefit fish growth and thus fish yield, “provided that cover and food do not 
decline in quality or quantity”. They therefore predicted that construction of 
the Kafue Gorge Dam and associated increase in surface water due to back 
flooding would increase fish stocks, with a net positive impact on the Kafue 
Flats fishery. They did, however, identify the need for the Flats to dry out, 
and recommended that the maximum area of floodplain should experience 
a minimum of five weeks of drying. Vegetation could be burnt during the 
drawdown, thereby reducing the load of organic matter, and thus Biological 
Oxygen Demand (BOD), of the area prior to flooding the following year. 
Similarly, Lagler et al. (1971) predicted that changes due to construction of 
Kafue Gorge Dam may result in an increase in fish abundance. 
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Figure 3.1
The effect of flood size 
on the first year growth 

of male Oreochormis 
andersonii between 

1963 and 1969 (Source: 
Chapman et al., 1971).
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Although an increase in fish stocks was predicted following construction of 
Kafue Gorge Dam (Chapman et al., 1971; Largler et al., 1971), the FAO (1968); 
cited in Scott Wilson Piésold (2003b) predicted the opposite.  In their fish 
survey of the Flats, the FAO concluded that “it is certain…that the reduction 
or elimination of the flood on the Kafue Flats will drastically reduce 
production of fish along that part of the river. In particular, the various 
species of cichlids will suffer greatly” (FAO, 1968; cited in Scott Wilson 
Piésold, 2003b). Thus, despite the predicted increases due to back-flooding 
from Kafue Gorge Dam the FAO maintained that the altered flooding regime 
associated with Kafue Gorge Dam would have a detrimental effect on the 
fishery overall.

Figure 3.2
Correlation between the 
length and magnitude of 

flood in the preceding year 
and fish yield in the Kafue 

River between 1954 and 
1969 (Source: Chapman 

et al., 1971). The x-axis is 
an index of the duration 

of the flood and areas 
covered by water.
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Prior to the construction of Kafue Gorge and Itezhi-Tezhi Dams, reports of 
overexploitation of the fishery since the mid-1950s following the introduction 
of nylon gill nets, together with increased demand, occurred in the literature 
(Scott Wilson Piésold, 2003b), although no evidence of over exploitation was 
found during the literature search. Indeed, Chapman et al. (1971) concluded 
that “together with our data on (1) age structure of Tilapia andersonii (now 
O. andersoni), (2) the absence of correlation between fishing and subsequent 
yields, (3) positive correlation between extend of floods and subsequent 
fishery yields and (4) the absence of several harvestable species in the 
presently used gill nets - the picture is one of under harvest”.

The research of Carey (1968 and 1971), Chapman et al. (1971), Everett (1971), 
and Williams (1971) provided a good baseline understanding of habitat and 
flow requirements for specific fish species, such that changes in habitat and 
specific flow conditions could be evaluated following the construction first of 
Kafue Gorge Dam in 1971 and then Itezhi-Tezhi in 1978.

3.4 LARGE AND SMALL MAMMALS
The most thorough account of mammal distribution in relation to floodplain 
habitats of the Kafue Flats prior to construction of Kafue Gorge Dam was 
provided by Sheppe and Osborne (1971). They described the gradient of 
use in different habitats by mammals, which changed according to natural 
variations in flooding and drying across the Flats. Of particular value, 
their research looked specifically at the reliance of various mammals on 
different habitats, which provides a baseline for predicting changes in 
species distributions with alteration in flooding conditions and associated 
habitat characteristics. This section therefore provides a summary of the key 
findings of their research in relation flow and habitat characteristics of the 
Kafue Flats prior to impoundment.

3.4.1 Ungulates

The Kafue Flats support large numbers of grazing mammals, including 
hippopotamus, lechwe, sitatunga, zebra, roan, buffalo, reedbuck, and eland.  
Sheppe and Osborne (1971) identified 22 ungulate species within this area 
and provided a summary of floodplain use by the key ungulates at Lochinvar 
and Blue Lagoon (Table 3.3).
Hippopotami, described as amphibious mammals, are completely dependent 
on water. They are confined to the Kafue River and permanent water bodies, 
and follow the advance of the flood as it spreads onto the Flats (Sheppe and 
Osborne, 1971). Of the antelope, the sitatunga is the most amphibious and is 
generally found in shallow water typical of swamps and marshes. They are 
not commonly found across the Flats (Sheppe and Osborne 1971).

Of all the ungulates on the Kafue Flats, the endemic Kafue lechwe (Kobus 
leche kafuensis) was the most abundant, with estimates of 94,000 in 1970 
(Bell et al., 1973 cited in Chansa and Kampamba, 2009). Their abundance at 
this time was attributed to their ability to feed in the shallow floodwaters, 
making use of grasses in inundated habitats while they are still highly 
nutritious (Rees, 1978a), and continuing to feed on fresh vegetation as the 
floods recede. During the dry season, lechwe feed on moist grasses along 
the edge of permanent water. At peak flooding, they concentrate along 

HIPPOPOTAMI, 
DESCRIBED AS 

AMPHIBIOUS 
MAMMALS, ARE 

COMPLETELY 
DEPENDENT ON 

WATER
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the flood margins and in the adjacent termitaria zone (Table 3.1), but are 
always within 500 m of the water’s edge and tend to avoid bush (Sheppe 
and Osborne, 1971). Beside their ability to feed in standing water, lechwe 
also escape predation by moving into shallow waters. They are thus highly 
adapted to an environment that undergoes extreme variability in its 
hydrological character.

Although zebra (Equus burchelli) inhabit the floodplain during the dry 
season, they move to the termitaria zone when rains arrive to avoid wetted 
areas. Similarly, wildebeest (Conrochaetes taurinus) inhabit the dry 
floodplain but never extend as far into the Flats as either the lechwe or 
zebra, favouring the marginal woodland habitat when rains arrive. Buffalo 
(Syncerus caffer) and roan (Hippotragus equinus) also move between the 
floodplain and wooded margins, depending on inundation of the Flats. 
Eland (Taurotragus oryx) occupy a variety of habitats on the Flats, ranging 
from woodlands to open plains but they are most frequently found in the 
termiteria zone and woodlands. Of all the ungulates, reedbuck (Redunca 
arundinum) are the most widespread and common in the termiteria, 
although occur as much as 6 km from the floodplain. Sheppe and Osborne 
(1971) described the habitats of other mammals that make use of the Kafue 
Flats but that have a lower dependence on the area, including bush pig 
(Potamochoerus porcus), the oribi (Ouebua ourebia), the puku (Kobus 
vardoni), duiker (Sylvicapra grimmia), bushbuck (Tragelaphus scriptus), 
impala (Aepyceros melampus) and elephant (Loxodonta africana).

Table 3.3
Ungulates of the Kafue 

Flats (Lochinvar and Blue 
Lagoon) indicating the use 

of different habitat types 
of the Flats (taken from 

Sheppe and Osborne 
1971).  

Floodplain use Lochinvar Blue Lagoon

Amphibious Hippopotamus Hippopotamus

Terrestrial 

Use floodplain extensively

Feeding in water Lechwe Lechwe

Not feeding in water Zebra Zebra

Wildebeest Buffalo

Eland Roan

Reedbuck

Bush pig

Use floodplain marginally Oribi Oribi

In woods and termite zone Duiker Duiker

Grysbok Grysbok

Bushbuck Bushbuck

Kudu Kudu

Bush pig

Reedbuck

Impala
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3.4.2 Carnivores

In terms of carnivorous mammals, Sheppe and Osborne (1971) found that the 
spotted-necked and clawless otters were confined to the water’s edge where 
they fed mainly on fish, crabs and molluscs. The marsh mongoose (Atilax 
paludinosus) also inhabits marshes and riparian areas, and feed mainly on 
frogs and crabs. As with the ungulates, the researchers summarized the 
use of the Kafue Flats by members of the order Carnivora (Table 3.4). This 
summary provides a very useful basis for predicting the effects of changes in 
habitat availability on carnivorous mammals of the Kafue Flats in response 
to hydrological alterations.

Table 3.4
Carnivores of the Kafue 
Flats indicating the use 

of different habitat types 
of the flats (taken from 
Sheppe and Osborne, 

1971)

Scientific name Common name Family

Amphibious, largely confined to the vicinity of water

Lutra maculicollis 
Lichtenstein

Spotted-necked otter Mustelidae

Aonyx capensis Schinz Clawless otter Mustelidae

Atilax paludinosus G. Cuiver Marsh mongoose Viverridae

Terrestrial, but living primarily on the floodplain in low water

Lycaon pictus Temminck Wild dog Canidae

Living on the floodplain or on surrounding higher ground

Canis adustus Sundevall Sidestriped jackal Canidae

Viverra civeta Schreber Civet Viverridae

Crocuta crocuta Erxleben Spotted hyaena Hyaenidae

Pathera leo L. Lion Felidae

Acynonix jugatus Schreber Cheetah Felidae

Living primarily on higher ground, but ranging onto the outer margins of the 
floodpain

Herpestes ichneumon L. Large grey moose Viverridae

Genetta angolensis Bocage Small-spotted genet Viverridae

G. rubignosa Pucheran Large-spotted genet Viverridae

Felis lybica Forster Wild cat Felidae

F. serval Shreber Serval Felidae

Ictonis striatus Perry Cape polecat Mustelidae

Not known to go onto the floodplain

Herpestes sangulneus 
Rueppell

Slender mongoose Viverridae

Helogale parvula Sundevall Dwarf mongoose Viverridae

Mungos mungo Gmelin Banded mongoose Viverridae

Ichneumia albicauda
Whitetailed 
mongoose

Viverridae

Mellivora capensis Schreber Ratel Mustelidae

Felis caracal Shreber Caracal Felidae

Panthera pardus L. Leopard Felidae

Proteles cristanus Sparrman Aard wolf Protelidae
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3.4.3 Rodents and shrews

As with the ungulates and carnivores, Sheppe and Osborne (1971) identified 
various rodents and shews that make use of the Kafue Flats (Table 3.5) to a 
greater or lesser degree. Certain shrews belonging to the Genus Crocidura, 
for example, were almost always found in the wetter parts of the floodplain, 
mostly in dense thickets of papyrus or Phragmites, while rodents such 
as the multimammate rat (Mastomys natalensis) were found on both the 
floodplain and along the drier margins in the termiteria zone. Mastomys 
were only found in these drier areas when the soil was deeply cracked and 
small pools of water remained until late in the dry season. As the floods 
rose, small mammals moved off the floodplain and high densities were found 
along the edge of the flood waters with the densities dependent on the extent 
of flooding. In other words, in dry years when the extent of flooding was 
reduced, rodent densities were not high along the margins because many 
individuals remained on the Flats (Sheppe and Osborne, 1971).

Sheppe and Osborne (1971) were not able to determine whether the margin 
of the floodplain or emergent levees and vegetation within the riparian areas 
along the river were more important refuge habitats during the flood season.

Of particular relevance to EFlow analyses, Sheppe and Osbourne (1971) 
discussed the role of various aspects of flooding and drying of the Kafue 
floodplains on the distribution of mammals of this highly productive, yet 
variable habitat. Their discussion points are summarized as follows.

•   Flooding of the Kafue Flats is a predictable event to which the biotic     
     communities are not only acutely adapted, but their productivity is greatly      
     enhanced by the availability of resources driven my seasonal flooding.
•   The rate of inundation is important for the survival of many mammal  
     species. Inundation of the Flats in response to flood waters occurs slowly  
     and thus faunal communities have time to move onto higher ground and  
     thus avoid stranding or drowning.
•   The extent of flooding may influence productivity of the floodplain and  
     thus whether or not it is repopulated between floods. In other words, the  
     extent of flooding influences the extent of quality habitat for animals  
     during the dry season.
•    The depth of inundation determines which animals are at risk of survival  
      as the flood waters rise. In particular, large floods will submerge local  
      refuges thus killing fauna that are reliant on these refuges during the  
      flood season.
•    While the edge of the floodplain provides refuge for animals during peak  
     flood season, many of the animals of the Flats rely on localized refuges  
     within the inundated area during these periods. The survival of animals  
     within these refuges depends on their quality in terms of cover and food  
     availability; this may be influenced by the size of the flood.
•   The duration of flooding also influences the survival of many floodplain  
     faunal communities. Some animals may be able to survive in refuge  
     habitats for a specific time, beyond which the habitat becomes unsuitable  
     and cannot support them.
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•   The timing of inundation affects the survival of floodplain fauna. For  
     example, animals that breed on the floodplain may be at risk if inundation  
     is not synchronized with their natural breeding cycles.
•   The quality of flood waters affects the quality of habitat for the survival of  
     biota. In particular, the flood waters of the Kafue are generally silt free  
     and promote the quality of available food without excessive siltation and  
     burial of vegetation.

Table 3.5
Rodents and shrews 

that make use of various 
habitats within the Kafue 

Flats (taken from Sheppe 
and Osborne, 1971).

Scientific name Common name Family

Amphibious, largely confined to the vicinity of water

Lutra maculicollis 
Lichtenstein

Spotted-necked otter Mustelidae

Aonyx capensis Schinz Clawless otter Mustelidae

Atilax paludinosus G. Cuiver Marsh mongoose Viverridae

Terrestrial, but living primarily on the floodplain in low water

Lycaon pictus Temminck Wild dog Canidae

Living on the floodplain or on surrounding higher ground

Canis adustus Sundevall Sidestriped jackal Canidae

Viverra civeta Schreber Civet Viverridae

Crocuta crocuta Erxleben Spotted hyaena Hyaenidae

Pathera leo L. Lion Felidae

Acynonix jugatus Schreber Cheetah Felidae

Living primarily on higher ground, but ranging onto the outer margins of the 
floodpain

Herpestes ichneumon L. Large grey moose Viverridae

Genetta angolensis Bocage Small-spotted genet Viverridae

G. rubignosa Pucheran Large-spotted genet Viverridae

Felis lybica Forster Wild cat Felidae

F. serval Shreber Serval Felidae

Ictonis striatus Perry Cape polecat Mustelidae

Not known to go onto the floodplain

Herpestes sangulneus 
Rueppell

Slender mongoose Viverridae

Helogale parvula Sundevall Dwarf mongoose Viverridae

Mungos mungo Gmelin Banded mongoose Viverridae

Ichneumia albicauda
Whitetailed 
mongoose

Viverridae

Mellivora capensis Schreber Ratel Mustelidae

Felis caracal Shreber Caracal Felidae

Panthera pardus L. Leopard Felidae

Proteles cristanus Sparrman Aard wolf Protelidae
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4. IMPACTS TO 
WILDLIFE

4.1 IMPACTS TO WILDLIFE ON THE 
KAFUE FLATS FOLLOWING DAM 
CONSTRUCTION
Following the construction of the Kafue Gorge 
and Itezhi-Tezhi Dams, a number of changes 
in the hydrological regime have occurred, with 
consequent changes in the ecological integrity 
of the Kafue Flats. Key modifications to the flow 

regime (Mumba and Thompson, 2005; Scott Wilson Piésold, 2003a; King 
and Brown, 2014) that are relevant from a biotic perspective include: 
•    a reduction in the average wet season flows by about 35% due to storage of  
     floods at Itezhi-Tezhi;
•   an increase in dry season flows by about 170%;
•   almost complete loss of extreme low flows except during drought  
     conditions;
•   an increase in the extent of permanent inundation of the Flats,  
    particularly in response to backwater effects created by Kafue Gorge Dam,  
    which extend as far upstream as Nyimba;
•   early onset of the wet season: base flows sometimes start to increase  
    in August, which is three months earlier than under natural conditions,  
    because of above-natural releases from Itezhi-Tezhi Dam ;
•   occasional bottom releases from Itezhi-Tezhi and thus inputs of poor  
    quality (nutrient enriched, anoxic) water into the system.

Besides these existing changes following dam construction in the 1970s, the 
new hydropower development presently under construction at Itezhi-Tezhi 
will result in further changes that are likely to further impact the biota of 
the Flats (King and Brown, 2014). In particular, the Flats will be used to 
attenuate daily fluctuations in discharge between 50 m3 s-1 and 300 m3 
s-1, resulting in overspill at various points along the river in the western 
and middle portions (King and Brown, 2014). It is likely that these changes 
in the flow regime will result in the loss of wetland habitat characteristic of 
seasonal inundation and drying. 

4.1.1 Habitat changes

The most obvious change in habitat characteristics of the Kafue Flats 
following construction of Kafue Gorge Dam was the shift from large 
seasonally inundated grassland habitats to areas of permanent inundation 
(Sheppe, 1985; Chabwela and Ellenbroek, 1990). CEH (2001) estimated that 
the annual minimum flooded area has increased from around 300 km2 to 
about 1500 km2 such that permanent water bodies in the eastern portion 
of the Flats have replaced seasonal wetland habitats due to back flooding of 
Kafue Gorge Dam.

The distribution of vegetation types of the Flats, which partially defines 
habitat characteristics for the fauna, is closely linked to the prevailing 
hydrological regime that defines seasonally inundated areas (Rees, 1978a; 
Blaser, 2013). Thus, a reduction in the magnitude, duration and frequency 
of flooding has resulted in significant changes in the quality and extent of 
habitat that support faunal communities of the floodplains (Rees, 1978a).

VEGETATION OR 
FLOOD WAVE 
ICON BETTER 

HERE
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One of the most profound changes in the ecological character of the Kafue 
Flats following construction of Itezhi-Tezhi Dam was the invasion of this 
predominantly grassland ecosystem by woody vegetation (Mumba and 
Thompson, 2005). The extent of this invasion is clearly illustrated in the 
distribution maps of vegetation types of Lochinvar National Park in 1970 and 
again in 2010 in Figure 3.3 (Blaser, 2013).

Figure 4.1 
 Dry season vegetation 

types of Lochinvar 
National Park prior to 
construction of Itezhi-

Tezhi Dam in 1970 (left) 
and in 2010 following 
impoundment (right), 

showing significant 
changes in habitat over 
this time period (taken 

from Blaser, 2013).

In particular, Mimosa pigra, a thorny shrub that forms impenetrable 
thickets, has invaded the floodplain with adverse effects (Scott Wilson 
Piésold, 2003b; Shanungu, 2009). Although this alien was recorded on 
levees bordering the Kafue River prior to construction of Kafue Gorge Dam 
(FAO 1968 in Scott Wilson Piésold, 2003a; Sheppe, 1985), it had invaded 
an estimated 29,000 ha in Lochinvar National Park by 2005. Mumba and 
Thompson (2005) noted that M. pigra thrives in flooded areas such as 
parts of the floodplain that are now permanently inundated or flooded for 
longer periods compared with pre-dam conditions. Nevertheless, studies 
in Australia (Buckley et al., 2004) attribute the successful encroachment 
of M. pigra to disturbance such as trampling and overgrazing, which 
eliminates natural vegetation. Although there is no clear evidence of the 
actual cause of its invasion on the Kafue Flats, Blaser (2013) suggested that 
changes in the flooding regime following construction of Itezhi-Tezhi may 
have promoted conditions that led to overgrazing and trampling, which 
in turn provided conditions conducive to invasion by M. pigra. Despite 
tentative links between invasion of the species and changes in the flood 
regime following impoundment, there is no clear evidence in the literature 
to link these phenomena. Nevertheless, M. pigra has spread and continues 
to spread through the Flats, at the expense of the natural grasslands that 
are an important habitat and food source for much of the biota of the Flats 
(Shanungu, 2009; Blaser, 2013).

Besides invasion by exotic species such as M. pigra, Dichrostachys cinerea, a 
native shrub that forms thickets, has colonized large areas of the floodplain 
along its margins. Encroachment of D. cinerea is most evident in the 
termitaria zone and the littoral zone adjacent to flood margins (Scott Wilson 
Piésold, 2003b; Hagenah et al., 2009; Blaser, 2013).
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The recent research by Blaser (2013) as part of the ADAPT programme 
quantified the encroachment of these shrubs over time since 1986 (Figure 
3.3). She found that the area invaded by M. pigra, D. cinerea and Acacia spp. 
increased from 26 to 45%  within Lochinvar between 1986 and 2010, while 
open areas including floodplain grasslands and open termitaria decreased 
from 50% to 33% over the same period.

Based on findings that D. cinerea does not tolerate waterlogging (Orwa et al., 
2009), Blaser (2013) suggested that the reduction in maximum flood levels 
and associated drier conditions along the floodplain margin has promoted 
its encroachment and that of Acacia spp. into formerly waterlogged areas. 
She also showed that herbaceous species confined to slightly higher ground 
above the flood line had shifted into the lower lying areas of the floodplain 
following reduction in the extent of flooding.

Mumba and Thompson (2005) stated that “flood tolerant species such as 
Phragmites mauritanus and Typha domingensis are also increasing in 
extent”, but did not provide evidence of the mechanisms associated with 
invasion by these reed species. While changes in vegetation communities and 
associated habitat of the Kafue Flats has clearly had an effect on the biota 
of this ecosystem, understanding the mechanisms that link hydrological 
drivers to these changes is important in an evaluation of flows to manage 
habitat integrity of the Flats.

4.1.2 Aquatic macroinvertebrates

Despite the early work of Carey (1967 and 1971), no known research on the 
aquatic macroinvertebrates of the Kafue Flats has been undertaken since 
construction of Kafue Gorge Dam or Itezhi-Tezhi. The only reference to 
aquatic macroinvertebrates was a cursory comment by Sheppe (1985) who 
stated that “there are now (following impoundment) fewer of the formerly 
abundant herbivorous snails, and of the Openbill storks (Anastomus 
lamelligerus) that fed on them. A reduction in herbivorous insects has also 
led to there being now smaller numbers of Jacanas and other insect-eating 
birds than formerly”. However, current surveys suggest that Openbill storks 
on the Kafue Flats have recovered in recent years (Shanungu et al. 2015) 
and therefore it is likely that mollusk densities may too have increased since 
these earlier reports.

A recent study (2010 and 2011) known as the Southern African River 
Assessment Scheme (SAFRASS) involved the collection of macro-
invertebrate samples throughout Zambia, including the Kafue Basin. Within 
the Middle Kafue, sampling was limited to the upper reaches of some of the 
smaller tributaries and does not provide an account of macroinvertebrates 
of the Kafue River or the Kafue Floodplain, and is thus excluded from this 
review. 
 Of relevance, however is the invasion of the Kafue River and its floodplain 
habitats by the Australian Red-claw crayfish (Cheraz quadircarinatus) 
which has proliferated throughout the Flats in recent years (Kafue River 
Trust, 2016), with records dating back to 2001 at Nyimba in the central 
Flats (Figure 3.4). This invasive decapod is an omnivorous scavenger that 
can have significant impacts on wetland ecosystems. Although no detailed 
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studies of its impacts on the native aquatic biota have been undertaken to 
date, studies of the effects of a similarly invasive species, the Red Swamp 
crayfish in Lake Naivasha, Kenya, revealed massive changes in the wetlands 
of this area. In particular, through grazing of large aquatic macrophytes, 
the Red Swamp crayfish changed the wetlands from a macrophyte-
dominated clear water system to a turbid, phytoplankton dominated system, 
detrimentally impacting the macroinvertebrate communities, amphibia and 
fish communities.
There is some evidence that the Red-claw crayfish is detrimentally impacting 
the fish communities of the Kafue Flats (see section 4.1.4), but its effect on 
aquatic macroinvertebrates is unknown, as is whether or not hydrological 
changes may be beneficial to its further spread.

4.1.3 Herpetofauna

Figure 4.2 
Reported distribution of 

the invasive red claw-fish 
within the Middle Kafue 

and Kafue Flats. “x” marks 
the localities and dates of 

occurrence (taken from 
http://www.kafuerivertrust.org).

No specific studies have focused on herpetofaunal communities of the Kafue 
Flats since construction of Kafue Gorge and Itezhi-Tezhi Dams. Crocodiles 
are reported as “common” in the Flats although there have been no recent 
population estimates. The State of Environment Report for the Kafue Basin 
(Scott Wilson Piésold, 2003a) reported that relatively high numbers are 
associated with M, pigra thickets although the source of the information is 
unknown.

4.1.4	 Fish	and	fisheries
Despite the early work of Carey (1971) and Chapman et al. (1971), who 
assessed fish population dynamics in relation to habitat preferences and 
inundation requirements for breeding and feeding prior to impoundment, 
most of the literature since dam construction has focused only on changes in 
fish abundance and distribution with little reference to changes in associated 
habitat and food quality.

One of the most obvious direct impacts to fishes associated with 
impoundment took place shortly after commissioning of Kafue Gorge power 
station but prior to completion of Itezhi-Tezhi Dam. Following the 
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particularly low flood experienced in 1972/1973, the Kafue Dam storage 
level was raised by about 1.14 m to ensure adequate storage for the next 
hydrological season. This resulted in rapid flooding of the Flats, with an area 
of more than 2000 km2 inundated, anoxia due to the decay of large areas of 
organic matter (CEH, 2001), and considerable fish deaths for several weeks 
(Cowx et al., 2011). A simple comparison of the species lists for Lochinvar 
National Park provided by Mortimar (1965) cited in Scott Wilson Piésold 
(2003b), and that given by Dudley and Scully (1980) shows a drop from 
56 species prior to construction of Kafue Gorge Dam to 27 species shortly 
thereafter (1975/76) but prior to construction of Itezhi-Tezhi Dam (Appendix 
A), suggesting a significant change in community structure. Whether or not 
the loss of species could be linked to the anoxic event is unknown.

The earliest account of changes in fish following construction of Kafue Gorge 
Dam was given by Dudley (1978) who assessed changes in growth and size 
distribution of two tilapia species, O. macrochir and O. andersonii.  Despite 
the work of Chapman et al. (1971) who found that bigger floods enhance fish 
growth, Dudley (1978) observed no significant increase in the growth of O. 
andersonii and O. macrochir due to larger floods. Instead, Dudley (1978) 
found that the increased area of permanent inundation due to back-flooding 
from Kafue Gorge Dam limited reproduction and year class size of these two 
species.

Dudley and Scully (1980) investigated changes in fish communities of the 
Flats, based on experimental gill-net catches of the floodplain before and 
after dam construction. They noted that catches in 1975-76 were smaller 
than in 1969-1970 despite previous predictions of an increase in fish 
yield following impoundment (Chapman et al., 1971)(see section 3. 3). In 
particular, catch rates of the air breathing catfish, Clarias garipeinus and 
the large predatory mouth brooder, Serranochromis angusticeps decreased 
significantly (Table 4.1). The cyprinid, Labeo molybdinus was the only 
species significantly more abundant following impoundment. Their results 
therefore showed an apparent change to dominance by one species relative 
to six species prior to construction of Kafue Gorge Dam. As the species 
with significantly less abundance following impoundment are all predatory, 
they suggested that a decrease in food abundance may have contributed to 
these differences. Nevertheless, they could not definitively attribute these 
changes to the Kafue Gorge Dam and further suggested that increased 
fishing intensity as an independent factor may be a significant contributor 
to declining fish populations. Cowx et al. (2011), however, indicated that 
this shift is consistent with a change to a predominantly lacustrine (lake) 
ecosystem due to impoundment, from one that was seasonally inundated.

In his study of fish population changes in the Kafue Flats between 1985 and 
2005, Nyimbili (2006) reported that fish stock abundance based on Catch 
per Unit Effort (CPUE) showed a clear decline in fish abundance (Figure 4.3) 
over the 20 year period. Also, the maximum size of fish caught declined over 
the same time period (Figure 4.4). Based on a correlation of 0.47 between 
mean annual flows and CPUE, he stated that “the development of the fish 
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Sample
Mean catch per mesh  

size group
S           M           L

Mean 
Catch
Total

N
Total
Catch

Size 
Group

X2

S.andersoni

Pre 2.2 13.1 4.9 20.2 31 626
74.7

Post 0.2 6.8 5.1 12.1 50 608

S.angusticeps

Pre 0.7 13.3 2.3 16.5 31 512
31.3

Post 0.4 3.1 1.5 5.0 50 248

S.macrosephala

Pre 0.6 6.6 0.7 7.8 31 247
13.5

Post 0.5 3.1 0.04 3.6 50 180

C.gariapinus

Pre 1.7 13.3 6.8 21.8 31 677
42.4

Post 0.4 4.3 0.6 5.3 50 266

C.ngamensis

Pre 0.7 3.9 0.4 4.9 31 151
1.2

Post 0.5 2.2 0.2 3.0 50 148

S.mystus

Pre 9.6 7.2 0.1 16.9 31 525
0.08

Post 10.5 2.0 0.3 12.8 50 641

H.odoe

Pre 7.7 3.0 0.0 10.7 31 332
34.1

Post 4.0 1.2 0.02 5.2 50 263

L.molybdinus

Pre 6.4 0.4 0.0 6.7 31 209
0.85

Post 12.8 0.6 0.02 13.4 50 672

M.macrolepidotus

Pre 6.1 3.6 0.2 9.9 31 306
96.6

Post 9.6 0.9 0.1 10.5 50 527

Table 4.1
Summary of experimental 

gill-net data for nine 
important fish species 
caught pre- and post- 

Kafue Gorge Dam 
(Source:  Dudley and 

Scully 1980).

stock in the Kafue Flats floodplain is strongly tied to hydrology”. The study 
does not provide clear evidence of the hydrological factors that relate to the 
decline, however, and thus the correlations presented do not necessarily 
indicate a causal relationship between flow and fish abundance.
Despite claims that fish populations were directly affected by changes in the 
flood regime of the Kafue Flats (Dudley, 1974; Nyimbili, 2006), a recent study 
by Deines et al. (2013) cautioned that these studies overlooked the reciprocal 
relationship between fish abundance and fishing effort. In this regard, it is 
noteworthy that fishing pressure more than doubled between 1980 and 1992, 

FISH STOCK 
ABUNDANCE 

SHOWED A CLEAR 
DECLINE
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Figure 4.3 
Mean annual CPUE of all 

fish species between 1980 
and 2005. The error bars 

represent 95% confidence 
(Source: Nyimbili 2006).

while catch per boat-night declined from 34 kg to 15 kg (Table 4.2) over the 
same period (Scott Wilson Piesold, 2003b).
Deines et al. (2013) therefore aimed to determine the relationship between 
the water regime and multi-species fish population growth rate by developing 
population growth models. These included fishing intensity, together with 
monthly mean discharge between 1954 and 2010. Model outputs of CPUE 
(Figure 4.5a), effort in meters of gillnet (Figure 4.5b) as well as total harvest 

Figure 4.4 
Changes in the mean 

and maximum length of 
fish stock on the Kafue 

floodplain between 
1985 and 2005 (Source: 

Nyimbili 2006).
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Year
Boats 
(No.)

Estimated 
catch 

(tonnes)

Kg/

boat-

night

Annual  
activity 
rate (%)

Boat-nights
(No.)

1980 1765 7741 34.00 35 227,676

1981 1765 9619 32.75 46 293,710

1982 1765 8907 26.60 52 334,850

1983 1765 3605 16.70 34 215,868

1984 1765 4317 16.30 41 264,847

1985 1765 5008 12.15 64 412,181

1986 1765 4264 12.40 53 343,871

1987 1630 5953 15.90 63 374,403

1988 1630 4440 16.40 46 270,732

1989 1630 8569 16.20 89 528,951

1990 1630 7335 17.30 72 423,988

1991 1630 5362 20.90 43 256,555

1992 1630 7601 15.70 81 484,140

Table 4.2 
Fish catch and  

fishing effort on the 
Kafue Flats  

(Source: Lupikisha 
1993 cited in Scott 

Wilson Piésold  
2003b).

(Figure 4.5c) showed no significant difference between models under the 
current flow regime which includes Itezhi-Tezhi and the ‘no-dam’ scenario 
with a natural flow regime.  They concluded that “dam construction does not 
seem to have had significant impacts on the Kafue Flats fishery. The overall 
trends in CPUE, effort and harvest in the Kafue fishery are largely consistent 
with overfishing” (Deines et al., 2013).
Despite early reports that the Kafue Flats fishery was underexploited 
(Chapman, 1971), Sheppe (1985) reported heavy exploitation of the Kafue 
Flats floodplain fishery, although no evidence was provided. The study of 
Deines et al. (2013), however, indicated that fishing effort has been 

Figure 4.4 
Model outputs (lines) in 
log scale together with 

mean observed data 
(dots). The dashed lines 
are the 95% confidence 

intervals for the model 
outputs. The black 

and red lines give the 
model output under the 
current flow regime (for 

two separate models 
respectively) while the 

black line indicates 
the output of the “no-

dam” scenario.  (a) 
CPUE output, (b) effort 
measured in meters of 
gillnet, (c) total harvest 

(Deines et al., 2013). 

(a)

6

1960 1970 1980 1990 2000 2010

In
 T

ot
al

 h
ar

ve
st

 (t
)

In
 G

ill
ne

t (
m

)
In

 C
PU

E 
(k

g 
m

-1
)

7
8

9
10

11
11

12
13

14
15

-6
-4

-2
0

(b)

(c)



38

Integrated Flow Assessment for the Kafue River. Phase 1: Wildlife & Aquatic Biota

ANALYSIS OF 
GILLNET CATCHES 

BETWEEN 1980 
AND 2010 SHOWED 

A SHIFT IN THE 
TYPE OF FISH 

SPECIES CAUGHT

exponentially increasing over time and that management of the fishery 
should aim at limiting effort to manage the fishery sustainably. Essentially, 
they stated that efforts to improve habitat through implementation of 
environmental flows will be ineffectual on the fishery without management 
of fishing effort. Nevertheless, their models did not analyze species-specific 
response to hydrological changes of the Kafue Flats, and such analysis 
might provide a different view of the effects of hydrological change on fish 
communities of the Kafue Flats.

Since the early work of Dudley and Sculley (1980), who showed a clear 
change in the species composition of fishes within the Kafue Flats floodplain 
before and after construction of Kafue Gorge Dam there has been little focus 
on assessing changes in fish community structure.

Based on gillnet catches from the Department of Fisheries (DoF) at 
Mansangu between 1980 and 2010, Cowx et al. (2011) reported a shift from 
a “riverine species dominated community in the early 1980s to a eurytopic 
species dominated community in the 1990s and finally to a lacustrine species 
dominated community in recent years”. They used Multi-Dimensional 
Scaling (MDS) to illustration the differences in species community structure 
between these three periods (Figure 4.6).
Besides the negative effects of an altered flow regime on fish populations of 
the Kafue Flats (Dudley and Scully, 1980; Nyimbili, 2006), invasion by alien 
species has had a significant effect on native fish populations. Of particular 
ecological relevance was the introduction of the Nile tilapia (Oreochromis 

Figure 4.6 
MDS plot of fish species 

per annum showing shifts 
in community structure 

over time based on gillnet 
catches on the Kafue 

Flats (taken from Cowx 
2011).
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RESEARCH ON 
IMPORTANCE OF 

FLOW REGIME ON 
MAINTENANCE OF 
FISH COMMUNITY 

STRUCTURE 
LACKING FOR THE 

KAFUE FLATS 
ECOSYSTEM

niloticus), which has a natural range in tropical and sub-tropical Africa 
and the Middle East, and which is now a commercially important species 
(Chikopela et al., 2011). Thought to have escaped a fish farm in Mazabuka 
in 1987, the species is now as common as the native three-spotted tilapia 
(Oreochromis andersonii) and is replacing the indigenous mouth brooding 
tilapians.  In their study of the distribution of tilapiines in the Kafue 
floodplain, Chikopela et al. (2011) found that O. niloticus was the most 
dominant species. They attributed this dominance to its ability to tolerate 
a large range of environmental conditions and its rapid growth rate. Also, 
there is evidence that the invasive O. niloticus is now interbreeding with O. 
andersonii (Deines et al., 2014).

Fish communities of the Flats are also threatened by invasion of the Red 
crawfish (Cherax quadricarinatus). Although invasion by alien fish species 
(as well as the red crawfish) is not a direct consequence of dam construction, 
hydrological changes due to dam operations have created conditions that 
favour these alien species at the expense of indigenous biota (Scott Wilson 
Piesold, 2003b). Anecdotal evidence also suggests that this species damages 
fish caught in gillnets and thus lowers their market value (Cowx et al., 2011).

Invasion by Mimosa pigra into the marginal areas of Chunga lagoon may also 
have impacted the breeding grounds of various fish species. In particular, 
encroachment of M. pigra into the littoral zone and sandy beaches prevents 
breams from building nests for courtship. This would affect recruitment of 
endemic breams and may thus promote the proliferation of Nile tilapia (Scott 
Wilson Piésold, 2003b). There remain no data to show that this is the case.

Deterioration in water quality, particularly in the eastern parts of the Kafue 
Flats is another factor to consider when assessing shifts in fish communities 
of the flats, although this has not been investigated in any detail.

In conclusion, while changes in fish catches, species abundance and 
community structure of the Kafue Flats fish populations have been reported 
through numerous studies over the last 40 years, there is surprisingly little 
focus on understanding the actual cause of this. Although changes in the 
flow regime are implicated in many of these studies, there is little evidence 
to support these claims in most cases. While research on tropical floodplain 
ecosystems elsewhere (Welcomme and Halls, 2005) provided insights into 
the importance of flooding, specifically the timing, duration, extent, rate of 
increase and recession, and importance of seasonally low flows when the 
Flats dry out, for the maintenance of fish community structure, this research 
is lacking for the Kafue Flats ecosystem.

4.1.5 Large and small mammals

4.1.5.1. The Kafue lechwe

Of all the mammals of the Kafue Flats, the Kafue lechwe has been the subject 
of most research since the 1970s. Population trends since the first estimates 
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in 1931 (Figure 4.7) show a massive initial decline in population size prior to 
damming, but this was attributed largely to increasing cattle numbers and 
thus competition for food, as well as disease and hunting as contributing 
factors (Bell et al., 1973, cited in Chansa and Kampamba, 2009; Rees 1978b).

A drop in population size of the Kafue lechwe from around 90,000 to around 
45,000 was evident following the construction of Itezhi-tezhi dam (Figure 
4.7). Scott Wilson Piésold (2003a) reported that numbers appear to have 
stabilized since 1981 at around 48,000, indicative of a 70% decline since 
the 1970s. The range of lechwe through the Flats was reportedly unchanged 
between 1971 and 1981 (Shanungu, G.K., C. Kaumba and R. Beifuss, (2015). 
Current Population Status and Distribution of Large Herbivores and 
Floodplain Birds of the Kafue Flats Wetlands, Zambia: Results of the 2015 
Wet Season Aerial Survey), although range contraction has since occurred 
with the disappearance of animals from the eastern parts of the Flats (Scott 
Wilson Piésold, 2003a).

However, a survey of the Kafue Flats undertaken in 2015 reports that 
the population of Kafue lechwe is continuing to decline (Shanungu et al., 
2015). Their survey estimated the population at 28,711, which is the lowest 
ever recorded for the Kafue Flats and almost half of the seemingly stable 
population reported by Scott Wilson Piésold (2003a) 16 years ago.  Shanungu 
et al. (2015) also indicated that lechwe are increasingly concentrated in the 
two national parks, Lochinvar and Blue Lagoon, showing further contraction 
of their former range throughout the Flats.
Following impoundment at Kafue Gorge and then Itezh-Tezhi, the areas of 
seasonally flooded grasslands, and thus the area of productive grasslands 

Figure 4.7 
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as the key source of food for lechwe, were greatly reduced (Rees 1978b). 
Beside loss of grazing due to permanent inundation, shrub encroachment 
has also reduced the availability of favourable feeding habitats (Mumba and 
Thompson, 2005; Blaser, 2013; Shanungu, 2013; Shanungu et al., 2015). 
Similarly, Shanungu et al. (2015) report that invasives such as Mimosa pigra 
and Dichrostachys cinerea are continuing to spread, thus adversely affecting 
the suitability of grazing habitat for the lechwe.

Schuster (1976; 1977; 1980 cited in Chansa and Kampamba, 2009) attributed 
the decline in population size to a disruption in the lechwe breeding 
behaviour and social organization following impoundment by Itezhi-Tezhi. 
Shanungu (2009) reported that Mimosa encroachment in particular has 
interfered with the mating behaviour of the Kafue lechwe due to the loss of 
lekking  sites along the shores of Chunga Lagoon.

Rees (1978b) evaluated changes in the quality and quantity of the major food 
source of the lechwe in Lochinvar under different hydrological conditions.  
He concluded that “the time of flood, speed of flooding and withdrawal and 
the depth and duration are the main factors which determine the floristic 
combinations in the area”. He thus predicted that the alteration of these 
hydrological parameters following completion of Itezhi-Tezhi Dam would 
lead to changes in the quality and quantity of lechwe food and thus a decline 
in lechwe numbers.  While these reports provide some evidence of range 
contraction and population decline due to hydrological changes of the 
Flats driving changes in food quality (Rees, 1978b) or disrupted breeding 
behaviour (Schuster, 1976), the actual causes of decline, taking into account 
the significance of other factors such as poaching, were not investigated in 
detail at the time.

Increased poaching has also been cited as one of the key factors in the 
decline in lechwe numbers (Kapungwe, 1993 cited in Shanungu et al., 
2015). Nevertheless, Lumbwe (2000) cited in Scott Wilson Piésold (2003a) 
indicated that even increased poaching can be attributed to the altered flow 
regime following impoundment. Although no actual data are provided to 
support these ideas, Scott Wilson Piésold (2003a) suggested that “flood 
levels affect vulnerability to poachers both directly and indirectly”. Mwenya 
and Kaweche (1978) cited in Scott Wilson Piésold (2003a) reported that 
poaching is more severe in very wet conditions when lechwe are pushed by 
high flood levels into heavily populated areas near Monze and Namwala, 
as evident in the wet season of 1977/78. It is therefore not inconceivable 
that the expanding waterfront due to increased dry-season discharges has 
forced lechwe on to a narrow belt between the dry land and the flooded lake, 
exposing them to massive poaching. Furthermore, there is good anecdotal 
evidence that vehicular access to the floodplain has increased substantially 
with the reduction in flooding (R. Beilfuss, ICF, pers. comm.).  Indeed, large 
herds of lechwe have been chased by vehicles and hunted on the floodplain 
(R. Beilfuss, ICF, pers. obs.) and it is likely that direct hunting of lechwe is 
coupled with mortality related to stress. 

Extension of flooding into the dry season also apparently affects 
vulnerability to poaching. Sayer and van Lavieren (1975) reported that 
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high inundation in the early dry season can prevent lechwe from the outer 
margins of the floodplain gaining access to nutritious feeding grounds near 
the river banks. Thus, many lechwe become malnourished and vulnerable to 
poachers. The severity of poaching has also been attributed to invasion by 
Mimosa following construction of Itezhi-Tezhi dam (Scott Wilson Piésold, 
2003a). Essentially, encroachment of this invasion shrub has provided cover 
for poachers, who can less easily be policed by ZAWA and the Department of 
National Parks and Wildlife Services (Scott Wilson Piésold, 2003a).

In their recent survey of the Flats, Shanungu et al. (2015) reported that 
human encroachment has increased significantly in recent years. They 
indicated that one of the key factors contributing the continued decline of 
lechwe numbers and contraction of their distribution is the proximity of 
human settlement to lechwe herds, making them vulnerable to poaching. 
Also, the spread of villages into the Flats, not only increases poaching but 
also results in the loss of habitat with the spread of human settlements now 
evident in the core habitat of this species (Shanungu et al. 2015).

As part of the ADAPT programme, Blaser and co-workers recently 
investigated the annual spatial movement and changes in the nutritional 
status of the Kafue lechwe in relation to hydrology (specifically their access 
to floodplain areas and food supply in the Kafue Flats (Blaser, 2013). Their 
research showed as follows.

•   Annual lechwe migration was strongly linked to flood height and flood      
    resources in the wet season habitat.
•   Through analysis of faecal nitrogen levels, lechwe suffer from nutritional  
    stress at the beginning of the dry season when they are forced to remain in  
    termitaria grasslands until the floods recede.
•  Despite being natural grazers, lechwe feed on the seedpods of D. cinerea,  
    an encroaching shrub, when favourable grasslands are scarce, and this has  
    a positive effect on their nutritional status.  Thus lechwe have adapted  
    their feeding habitats following changes in availability of food on the  
    Kafue Flats.

Blaser (2013) concluded that lechwe are strongly dependent on both wet 
and dry season feeding habitats and that “a critical factor affecting their 
carrying capacity is the timing of the flood, which is strongly dependent on 
dam management”. This research thus confirmed the early predictions made 
by Rees (1978b) that changes in the hydrological regime due to Itezhi-Tezhi 
would affect the quality and quantity of lechwe food.

To date the actual reasons for the decline in lechwe populations are still 
not well understood though there is sufficient evidence in the literature to 
implicate changes in floodplain hydrology following construction of Kafue 
Gorge and Itezhi-Tezhi Dams as at least partly responsible for this decline, 
either directly or indirectly.
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4.1.5.2. Other wildlife
Despite the above extensive research on Kafue lechwe since impoundment, 
there has been relatively little similar research on the population dynamics 
of other wildlife of the Kafue Flats.  The early work by Sheppe and Osborne 
(1971) provided relatively detailed descriptions of use of the Kafue Flats 
by various mammals, with specific reference to different habitat types 
and their hydrological character prior to impoundment (see section 3. 4). 
Following this, Sheppe (1985) made cursory reference to changes in mammal 
distributions shortly after impoundment at Itezhi-Tezhi. Following a short 
visit to the Kafue Flats in 1983, he reported that since impoundment, zebra 
and African buffalo were still present on the floodplain in Blue Lagoon 
while Lochinvar areas still supported zebra and wildebeest. The small 
population of eland had disappeared from Lochinvar, although no reason 
for its disappearance was given. In terms of small mammals, he noted that 
parts of the floodplain that once supported transient populations of rodents 
and shrews now supported permanent populations of them. They were 
distributed in thickets of papyrus and other plants that have established in 
permanently moist ground around new water bodies.

The only other reference to changes in mammals of the Kafue Flats besides 
the lechwe was made by Blaser (2013). In her discussion on the effects of 
shrub encroachment on the Kafue Flats, she suggested that “the spread 
of D. cinerea may benefit selectively feeding small antelopes such as oribi 
and common duiker that rely on high quality herbage, as well as browsers 
and mixed feeders such as kudu and impala that can utilize the additional 
browse (Gordon and Prins, 2008). Indeed, local wildlife officers reported 
an increase in impala and kudu, and we frequently spotted these species 
in areas encroached by D. cinerea, where they were rarely seen in the early 
1980s (G.A. Ellenbroek and G.W. Howard, pers. comm.). Hence, woody 
encroachment not only changes the structure of the vegetation but, by 
altering the quality and quantity of forage, also influences the abundance of 
different herbivore guilds”. 

Reports of changes in small and large mammals in relation to habitat 
changes and food quality in response to hydrological alteration of the 
Kafue Flats were not found in the literature. The work done by Sheppe and 
Osborne (1971) does provide a baseline against which changes in population 
characteristics linked to hydrological changes (and associated habitat 
changes) could be evaluated under the currently altered hydrological regime.

Despite the paucity of research to date on the links between hydrological 
alteration and wildlife species other than the lechwe, there is strong evidence 
that, like lechwe, poaching has a significant impact on many of these species, 
particularly buffalo, wildebeest and zebra (Beilfuss, IFC, pers. comm.).

4.1.5.3. Towards management of flows for maintaining the grazing 
ecosystem
A recent study analyzed lechwe population dynamics of the Kafue Flats in 
relation to hydrological parameters between the late 1970s and 2012 (Kock 
et al., in prep). Their work was aimed specifically at identifying hydrological 
risk factors that explain years of high lechwe mortality, as a basis for 
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defining EFlows for the maintenance of grazing habitat. They identified 
four hydrological risk factors as plausible causes for lechwe mortalities 
experienced over the time period. 

•    A delayed and/or reduced flood recession, such that food resources in the  
     floodplain remain inaccessible for grazing herbivores, and food resources  
     on higher ground are depleted.
•   Drought due to limited upstream and/or local rainfall, which results in a  
     lower productivity of seasonal food resources.
•   An exceptionally large extent of inundation (flood extent), which exposed  
     herbivores to increased levels of poaching.
•   A rapid rate of water level increase at the onset of the flood, which leads  
     to submergence and decay of floodplain grass shoots and thus a reduction  
     in the extent of dry-season food resources.

Thus, they were able to make recommendations about the length of the 
flood season, flow volumes in naturally dry years, and the rate of water 
level rise at the onset of the wet season to minimize herbivore mortalities. 
Essentially, they were able to substantiate the ecological basis for specific 
flow requirements of this wetland ecosystem by quantifying the relationship 
between variations in the flow regime and their effect on the grazing 
ecosystem.
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CONCERNS AROUND THE OPERATION 
OF ITEZHI-TEZHI FOR THE GENERATION 
OF HYDROPOWER
It is evident that the altered flow regime due to 
storage at Itezhi-Tezhi Dam for the generation of 
hydropower at Kafue Gorge Dam since the mid-
1970s has had significant impacts on the aquatic 
biota and wildlife of the Kafue Flats ecosystem. 
The recent installation of turbines at Itezhi-Tezhi 
for the generation of hydropower has raised 
many concerns about the potential additional 
impacts to the biotic integrity of the Flats (Scott 
Wilson Piésold, 2003b). Together with drastically 

fluctuating daily flows (King and Brown 2014), the quality of water released 
will be significantly reduced relative to the current operation of Itezhi-Tezhi 
(Zurbrugg, 2012).

Predicted changes in water quality due to the imminent generation of 
hydropower at Itezhi-Tezhi are discussed in the Water Quality Report 
(number 5 in this series), but have implications for the biota of the floodplain 
ecosystem. Unlike the current scenario where releases are made from the 
spillway gates of Itezhi-Tezhi and thus water is well oxygenated and of good 
quality, hydropower generation will require poor quality bottom releases to 
the downstream Flats (Scott Wilson Piésold, 2003b; Zurbrugg, 2012). It is 
therefore predicted that the release of oxygen deficient water will result in 
major fish kills in the western parts of the Flats immediately downstream of 
Itezhi-Tezhi (Scott Wilson Piésold, 2003b).

Furthermore, the release of poor quality water (see Report Number 5 in this 
series for details) to the downstream Flats may render the habitats in the 
western portion of the Flats unsuitable for use by wildlife such as hippopotami 
and crocodiles that currently utilize this habitat. The severity of the impacts, 
particularly with regards to the extent and duration of these changes and their 
potential impacts to aquatic biota and wildlife, has not been investigated. 
Furthermore, no apparent mitigation has been instigated to offset any 
potential impacts to the Kafue Flats floodplain ecosystem associated with the 
generation of hydropower at Itezhi-Tezhi.

Secondly, once the new hydropower structure is operational at Itezhi-Tezhi, 
flows from the impoundment will fluctuate from 300 m3s-1 to 50 m3s-1 four 
times a day (King and Brown, 2014). This means that habitat characteristics 
will range massively on a daily basis. One of the key concerns is that there 
will be no re-regulation dam downstream to suppress these daily fluctuations 
and therefore the Kafue River and Flats downstream will instead be used to 
attenuate these flows. The downstream effects of this scenario and its impacts 
on aquatic biota and wildlife are unknown and no mitigation measures have 
been considered to offset any impacts.

Also, the extent of flooding in the Mawala to Nyimba section of the floodplain 
is dictated by the volume, rather than the discharge itself and thus this area 
is likely to become wetter (King and Brown, 2014). This too will affect the 
quality of habitat for aquatic biota and wildlife of the Kafue Flats and requires 
investigation.
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Whereas fish populations and Kafue lechwe 
population dynamics have received much 
attention in the literature both before and 
after construction of Kafue Gorge Dam and 
Itezhi-Tezhi, there has been little focus on 
understanding the links between habitat and 
the hydrological regime, or other aquatic biota 
particularly the aquatic macroinvertebrates, of 

this ecosystem. Considering the international importance of the Flats in terms 
of both its biodiversity and socio-economic value, the lack of research on all its 
biota and how human  interventions can change this, is a gap in our  
knowledge that needs to be fulfilled if these values are to be sustained in the 
long term.

Research prior to construction of either Kafue Gorge or Itezhi-Tezhi Dams 
provided a good baseline understanding of the habitat characteristics of the 
Kafue Flats floodplain and the fish communities and wildlife sustained by 
this important ecosystem. The work of Carey (1968 and 1971) and Chapman 
et al. (1971) in particular provided an understanding of the habitat and flow 
requirements of specific fish species and Chapman et al. (1971) was able to 
quantify the relationship between fish populations and the size of the flood of 
the Kafue Flats.

In terms of wildlife, the early work of Sheppe and Osborne (1971) provided an 
invaluable account of the reliance of mammals, with particular emphasis on 
the Kafue lechwe, on the naturally variable habitat characteristics driven by 
the hydrological character of the Kafue Flats ecosystem. Indeed, their account 
of the importance of specific components of the hydrological regime such as 
the rate and extent of inundation, the depth of inundation and importance of 
connectivity and refuge value of habitats, was well documented.

Research following dam construction provided clear evidence of detrimental 
changes in fish species and abundance. While changes in the hydrological 
regime were usually cited as the main reason for this, few studies were able to 
actually identify or quantify which flow characteristics were responsible for 
these changes. Furthermore, the relative contribution of increasing fishing 
pressure, water quality deterioration, and more recently, invasion of alien 
species such as the Nile tilapia and Red-claw crayfish, as non-flow related 
causes of these changes, were not always considered effectively in these 
studies. In a recent study where fishing effort was taken into account, Deines 
et al. (2013) provided empirical evidence suggesting that dam construction 
has not had a significant impact on the Kafue Flats fishery. They concluded 
that overexploitation is a far more significant cause of the decline in fish 
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abundance. Nevertheless, their research focused on overall fish abundance 
and did not address changes in the composition and diversity of fish 
communities.

Several studies have attributed declines in the Kafue lechwe population 
to changes in the hydrological regime. Although increased poaching is 
considered a consequence of changes in the inundation patterns of the 
floodplain following impoundment, the actual reasons for the ongoing decline 
in Kafue lechwe populations are still not well understood. Nevertheless, there 
is enough evidence from the literature to implicate changes in floodplain 
hydrology following impoundment as responsible, at least in part, for this 
decline, either directly or indirectly.

As a way forward, a study currently underway (Kock et al. in prep) has 
identified key components of the flow regime that are important for the 
survival of the Kafue lechwe. This provides an ecologically sound basis for 
recommending specific flow requirements and will most likely be instrumental 
in defining EFlows for the Kafue Flats in the near future.
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RECOMMENDATIONS FOR PHASE 2

The bias towards studying the fish and Kafue 
lechwe of the Flats has resulted in its other 
aquatic biota and wildlife being largely 
understudied. Considering that certain 
taxa, particularly aquatic invertebrates, 
are an important food source for fish and 
birds of this ecosystem, it is imperative that 
they, together with their habitat and flow 
requirements, be investigated further. This 

would involve data collection several times over an annual cycle to understand 
seasonal variability in these communities, together with the collection of 
water chemistry data and other environmental variables that define habitat 
characteristics.

While there is evidence that the biota of the Kafue Flats is intrinsically 
affected by the hydrological regime, research to link specific components 
of the flow regime to changes in community composition or abundance is 
required. To achieve this, all factors that affect these biotic communities 
need to be fully understood. For example, the effects of water quality changes 
on fish populations due to increased agricultural, urban and industrial 
activities in the eastern parts of the Flats need to be accounted for in order to 
identify the significance of changes in fish populations due to an altered flow 
regime. Furthermore, research on quantifying the importance of flooding, 
specifically the timing, duration, extent, rate of increase and recession, as 
well as the importance of a seasonally low flows when the flats dry out for 
the maintenance of fish community structure is required, not only for the 
maintenance of the fishery but also for sustaining biodiversity.

Efforts currently underway to identify key components of the flow regime and 
their importance for sustaining Kafue lechwe populations of the Flats (Kock 
et al., in prep) should be expanded to other biotic communities reliant on this 
ecosystem as a basis for recommending specific flow requirements. Such an 
approach will provide a means to address some of the concerns raised about 
the imminent changes in the hydrological regime associated with hydropower 
generation at Itezhi-Tezhi and the effects on the biotic integrity of the Kafue 
Flats ecosystem.
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APPENDIX A:  
 FISH SPECIES OF THE KAFUE RIVER SYSTEM 
BEFORE AND AFTER CONSTRUCTION OF KAFUE 
GORGE DAM (SCOTT WILSON PIÉSOLD, 2003B).
1965:  prior to impoundment at Kafue Gorge (Mortimer, 1965) 
1975/1976:  post impoundment at Kafue Gorge (Dudley and Scully, 1980)

Family 1965 1975/76

Mormyridae: 4 2

Marcusenius castelnaui *  

Marcusenius macrolepidotus * *

Mormyrus lacerda * *

Petrocephalus catastoma *  

Keriidae: 1  

Kneria auriculata *  

Characidae: 4 2

Hepsetus odoe * *

Petersius rhodensiensis *  

Micralestes acutidens *  

Alestes lateralis (Now: Brycinus lateralis) * *

Citharinidae: 2  

Nannocharax multifasciatus *  

Nannocharax macropterus *  

Cyprinidae: 18 1

Labeo molybdinus * *

Labeo cylindricus *  

Barbus afrovernaya *  

Barbus barotseensis *  

Barbus marequensis *  

Barbus entaenia *  

Barbus paludonosus *  

Barbus fasciolatus *  

Barbus poechii *  

Barbus haasianus *  

Barbus labialis *  

Barbus lineamaculatus *  
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Family 1965 1975/76

Barbus multilineatus *  

Barbus puellus *  

Barbus tangandensis *  

Barbus viviparous *  

Barbus (Beirabarbus) auxartiacus *  

Barbus Babus sp. *  

Coptosto mabarbus wittei *  

Schilbeidae: 2 1

Schilbe mystus * *

Eutropius depressirostris *  

Clariidae: 4 2

Clarias ngamensis * *

Clarias gariepinus * *

Clarias stappersi *  

Clarias theodora *  

Mochokidae: 3 1

Synodontis kafuensis * *

Chiloglanis neumanni *  

Leptoglanis rotundiceps *  

Cyprinodontidae: 3  

Nathobranchius taeniopygus *  

Aplocheilichthys johnstoni *  

Aplocheilichthys katangae *  

Cichlidae: 13 10

Oreochromis macrochir * *

Oreochromis andersonii * *

Tilapia rendalli * *

Tilapia sparmanii * *

Serranochromis codringtoni *  

Serranochromis augusticeps * *

Serranochromis macrocephalus * *

Serranochromis robustus * *

Serranochromis thumbergi * *

Haplochromis condringtoni *  

Haplochromis frederici *  

Haplochromis philander *  

Psudocrenilabrus philander *  

Haplochromis giardi *  

Sargochromis giardi *  

Anabantidae: 1  

Ctenopoma multispinis *  
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Family 1965 1975/76

Mastacembelidae: 1  

Mastacembalus mellandi *  

Clupeidae: 1  

Limnothrissa miodon *  

Number of species 56 27



55

Integrated Flow Assessment for the Kafue River. Phase 1: Wildlife & Aquatic Biota



For more information, contact: 

Plot 4978, 
Los Angeles Boulevard, 
P.O. Box 50551 RW, Long acres, 
Lusaka. ZAMBIA

44%

50%

1 MILLION

The Kafue River supplies 
44% of Lusaka’s 
domestic and 
industrial water

Almost 1 million people 
depend directly on the 
Kafue Flats for their 
Livelihoods

The Kafue Gorge dam 
accounts for 50% of total 
hydropower production in 
Zambia

Kafue Flats in numbers

W
W

F.PANDA.ORG
 W

W
F TECHNICAL REPORT 2018

If there is no URL

gular

Why we are here
To stop the degradation of the planet’s natural environment and
to build a future in which humans live in harmony with nature.

Why we are here

panda.org

To stop the degradation of the planet’s natural environment and
to build a future in which humans live in harmony with nature.




