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Abstract: The construction of dams in sub-Saharan Africa is pivotal for food security and alleviating poverty

in the region. However, the unintended adverse public health implications of extending the spatial distribution

of water infrastructure are poorly documented and may minimize the intended benefits of securing water

supplies. This paper reviews existing studies on the influence of dams on the spatial distribution of malaria

parasites and vectors in sub-Saharan Africa. Common themes emerging from the literature were that dams

intensified malaria transmission in semi-arid and highland areas with unstable malaria transmission but had

little or no impact in areas with perennial transmission. Differences in the impacts of dams resulted from the

types and characteristics of malaria vectors and their breeding habitats in different settings of sub-Saharan

Africa. A higher abundance of a less anthropophilic Anopheles arabiensis than a highly efficient vector A.

gambiae explains why dams did not increase malaria in stable areas. In unstable areas where transmission is

limited by availability of water bodies for vector breeding, dams generally increase malaria by providing

breeding habitats for prominent malaria vector species. Integrated vector control measures that include

reservoir management, coupled with conventional malaria control strategies, could optimize a reduction of the

risk of malaria transmission around dams in the region.

Keywords: malaria vector ecology, water resource development, mosquito breeding, malaria control,

dam management

INTRODUCTION

With an increasing population and emerging climate

change threats, demands for water storage are expected to

increase, particularly in developing countries where water

infrastructures are limited (World Bank 2004; McCartney

2007; Gleick et al. 2009; Biswas 2012). Although con-

struction of dams is a key to ensuring food security and

alleviating poverty in sub-Saharan Africa, the negative

public health effects of dams could undermine the intended

benefit (McCartney and King 2011). The public health

challenges linked with water infrastructures have been

mostly neglected or poorly addressed. The prominent

public health problem associated with water impoundment

includes malaria and other vector-borne diseases (e.g.,

schistosomiasis, filariasis, onchocerciasis, and rift valleyPublished online: April 18, 2015
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fever) (Hunter et al. 1993; Jobin 1999). Malaria is a mos-

quito-borne parasitic disease causing between 300 and 500

million infections and over 1 million deaths globally each

year (WHO 2012). Strikingly, over 90% of the global

malaria burden occurs in sub-Saharan Africa. The presence

of most efficient vector species, Anopheles gambiae, A. fu-

nestus, and A. arabiensis, contributes to the prevailing high

malaria transmission in the region.

There is a growing body of evidence indicating that

dams influence malaria transmission in sub-Saharan Africa

(Jobin 1999; Keiser et al. 2005; Sanchez-Ribas et al. 2012).

One of the major factors that determine availability of

vector mosquitoes in the semi-arid areas of the tropics is

the presence of areas of standing water for mosquito

breeding (Bruce-Chwatt 1980; Coetzee et al. 2000). The two

major African malaria vectors, A. gambiae and A. arabi-

ensis, breed in permanent and temporary shallow standing

water bodies (Coetzee et al. 2000). Damming rivers creates

stagnant shallow shoreline puddles that bring opportunities

for mosquito vector breeding that could lead to increased

malaria transmission in communities living adjacent to

these structures (Jobin 1999; Keiser et al. 2005). However,

malaria transmission is a complex issue, affected by various

environmental and entomological variables as well as

mosquito behavior (Lindsay and Martens 1998). Although

studies at the locality scale have demonstrated impacts of

dams on malaria transmission in sub-Saharan Africa

(Atangana et al. 1979; Oomen 1981; Ripert and Raccurt

1987; King 1996; Ghebreyesus et al. 1999; Lautze et al. 2007;

Kibret et al. 2012; Yewhalaw et al. 2009), only one attempt

(Keiser et al. 2005) has so far been made to review the

impact of dams on malaria at a regional level. It is thus

important to bring together all available information for

decision-makers and dam designers, so that an emphasis

may be given to reduce the impact of dams on malaria

while planning and designing dams. This paper reviews the

available evidence on the influence of dams on malaria

transmission across sub-Saharan Africa, recommending

potential environmental management options in different

eco-epidemiological settings.

DATA SOURCES

We systematically reviewed the peer-reviewed literature,

dissertations, and technical reports with an emphasis on

published research findings from assessments of the impact

of dams (large or small) on malaria transmission. We

searched for articles mostly through PubMed using the

combination of key words such as ‘‘malaria,’’ ‘‘Anopheles

vector,’’ ‘‘dams,’’ ‘‘mosquito breeding,’’ ‘‘reservoir shore-

line,’’ and ‘‘sub-Saharan Africa.’’ Relevant references cited

by each reviewed study were also examined. Pertinent book

chapters and websites (e.g., www.dams.org) were also

consulted. Only those studies that assessed epidemiological

(malaria prevalence or incidence) and/or entomological

(malaria mosquito bionomics, density, and vectorial ca-

pacity) variables before and after the construction of a dam,

or compared dam/reservoir villages and non-dam/reservoir

settings with similar social and eco-epidemiological settings

except for the presence or absence of dams/reservoirs were

included (Fig. 1). Studies without a control comparison

design were not included in this review to ensure causality

in the environmental factors responsible for changes in

malaria transmission in nearby villages.

We placed emphasis on factors associated with malaria

transmission such as mosquito breeding sites, malaria

vector bionomics, vectorial capacity (i.e., biological features

that determine the ability of mosquitoes to transmit Plas-

modium), human-biting tendency, and entomological

inoculation rate (i.e., a measure of exposure to infectious

mosquitoes) in sub-Saharan Africa. This region was se-

lected for two main reasons. First, sub-Saharan Africa has

the highest malaria burden in the world, with over 90% of

the global malaria cases and deaths occurring in this region

(WHO 2012). Second, this region is considered to be un-

der-developed in terms of water infrastructures and cur-

rently is the focus for extensive further water infrastructure

development (McCartney and King 2011). To better un-

derstand the impact of dams on malaria, information on

how dams in different eco-epidemiological settings affect

malariologic variables is critical. We found a total of 27

journal articles and 3 books showing the effects of dams on

malaria incidence and/or vector breeding and vectorial

capacity in sub-Saharan Africa. We then analyzed the im-

pact of dams on malaria in two major eco-epidemiological

settings: unstable/seasonal (i.e., highland fringes and low-

land areas with seasonal malaria transmission) and stable

(i.e., lowland humid areas with perennial transmission)

transmission.

In addition, we developed a map to show the distri-

bution of dams in countries across sub-Saharan Africa. We

obtained the geo-referenced location of 1268 dams in sub-

Saharan Africa from the Food and Agriculture Organiza-

tion (FAO) database (FAO 2007) and World Register of

Dams (ICOD 2003). Raster data showing malaria stability
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in the region were obtained from Gething et al. (2011) and

Malaria Atlas Project (http://www.map.ox.ac.uk). We then

overlaid the location of dams over the malaria stability map

using ArcView Geographical Information System (GIS)

software version 10.1.

RESULTS

Impact of Dams on Malaria in Areas with Unstable

Malaria Transmission

A total of 15 studies around 11 dams investigated the im-

pact of dams on malaria in semi-arid areas and highland

fringes with seasonal malaria transmission in sub-Saharan

Africa (Table 1). These studies generally indicated that

malaria prevalence was higher in dam villages than non-

dam villages (Table 2). In Kenya, the malaria parasite rate

in dam communities increased from 4.5% before Kamburu

Dam’s construction to 55.3% after construction (Oomen

1981). The main malaria vectors in the region are A. ara-

biensis that prefer breeding along the shorelines in tem-

porary puddles. The same vector species also flourished in

shallow reservoir shoreline puddles in the semi-arid Ba-

mendjin Dam in Cameroon (Atangana et al. 1979).

Similarly, microdams (i.e., dams with less than 1 million

cubic meter water holding capacity) in northern Ethiopia

(Ghebreyesus et al. 1999) and large dams (Yewhalaw et al.

2009, 2013; Lautze et al. 2007; Kibret et al. 2012) in semi-

arid parts of the country with seasonal malaria were found

to significantly increase malaria prevalence in adjacent

(<3 km) human populations when compared with those

further away (8–10 km) from the dams. A. arabiensis was

indicated as the primary malaria vector, breeding in shal-

Figure 1. Literature review ap-

proach used in the present study,

indicating inclusion and exclusion

criteria for previous published

studies (n refers to the number of

studies).
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low sunlit reservoir-shoreline and irrigation canals, and

seepages under the dam (Yohannes et al. 2005; Kibret et al.

2012). Lautze et al. (2007) used a model that included

virtually all major variables (including climate variables)

that might affect malaria risk. Proximity to the reservoir

appeared as a highly significant explanatory variable.

Human-induced environmental modifications nor-

mally exert a great impact on vector population dynamics,

which could possibly lead to malaria epidemics in areas

where people have low immunity to the disease. For

malaria epidemics to occur, both people and the parasite

and the vector mosquito must come into frequent contact

(Smith and McKenzie 2004). In Zimbabwe, malaria epi-

demics occurred in 1991 following construction of Man-

yuchi Dam in the Mwenezi district that was once

considered to be free of malaria (Freeman 1994). The au-

thor believed that movement of people and vectors carrying

malaria parasites from neighboring endemic areas could

have contributed to the establishment of malaria trans-

mission around Manyuchi Dam.

While the Koga Dam (2000 m above sea level) in

northwestern Ethiopia intensified malaria transmission

(Zeleke 2007), at least three microdams in the northern

highlands of Ethiopia (>2000 m above sea level) did not

result in increased malaria prevalence despite an increased

density of A. arabiensis (Dejene et al. 2011, 2012). Air

temperature was indicated as a limiting factor to support

malaria transmission in the latter studies.

Generally, malaria vector species distribution seems to

influence the nature of the interaction between dams and

malaria across sub-Saharan Africa. A. arabiensis was the

predominant species followed by A. pharoensis around the

dams in Ethiopia (Yohannes et al. 2005; Zeleke 2007; Kibret

et al. 2012), Kenya (Oomen 1981), and Zimbabwe (Free-

man 1994), while A. gambiae was the most common

malaria vector found around dams in Ghana (Sam 1993),

Nigeria (Ujoh et al. 2012) and Tanzania (Njunwa 2000). A.

funestus was the dominant species around the Bamendjin

Dam of Cameroon (Atangana et al. 1979). While A. ara-

biensis was predominantly found in sunlit temporary

breeding habitats created by water-level changes (Oomen

1981; Yohannes et al. 2005; Kibret et al. 2012), A. gambiae

and A. funestus were common in wetlands created by re-

ceding reservoir water (Atangana et al. 1979; King 1996). A.

gambiae and A. funestus are highly anthropophilic and

endophagic, while A. arabiensis exhibits partial zoophilic

and exophagic behavior (Coetzee et al. 2000).

Impact of Dams on Malaria in Areas with Perennial

Transmission

There have been only three studies that have assessed the

impact of dams in areas where malaria transmission occurs

throughout the year (Table 3). Malaria prevalence was not

enhanced following the construction of the Foum Gleita

Dam in Mauritania (Baudon et al. 1986). A. pharoensis,

with a short longevity and thus poor vectorial capacity, is

the main vector around Foum Gleita Dam (Table 4). Al-

though the density of this vector increased due to abundant

breeding grounds associated with the reservoir, its short

lifespan appeared to limit its role in malaria transmission.

The Diama Dam in Senegal was also found to have had no

impact on malaria transmission rates, despite an increase in

vector abundance (Sow et al. 2002; Sanchez-Ribas et al.

2012). A. gambiae, a highly anthropophilic species with

high vectorial capacity, was replaced by the less anthro-

Table 4. Impact of Dam on Malaria in Areas with Perennial Transmission in Sub-Saharan Africa

Location Malaria situation Source

Diama Dam, Senegal No significant change in malaria due to the dam;

Malaria was the most prevalent waterborne disease

before and after construction of the dam.; A.

pharoensis dominated

Sow et al. (2002)

Foum Gleita Dam, Mauritania No significant change in malaria due to the dam; A.

arabiensis predominated, but A. gambiae and A.

funestus were also present

Baudon et al. (1986)

Manantali Dam, Mali Malaria transmission was extremely low and sea-

sonal; A. gambiae with higher vectorial capacity

substituted by A. arabiensis with a lower vectorial

capacity

Ndiath et al. (2012)
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pophilic A. pharoensis with its lower vectorial capacity

following dam constructions in semi-arid areas.

Distribution of Dams Related to Malaria Stability in

Sub-Saharan Africa

The location of a total of 1268 dams was examined in

relation to malaria stability across sub-Saharan Africa

(Fig. 2). Over half of these dams were located in areas with

either unstable or stable malaria, while 43% (n = 545) were

located in areas where malaria transmission does not exist

(mainly in South Africa). Of the dams located in malarious

areas, 33% (n = 416) and 24% (n = 307) were located in

areas with unstable and stable malaria, respectively. The

majority of the dams in stable malarious areas were located

in western Africa, while the majority of dams in unstable

areas were situated in southern and eastern Africa.

DISCUSSION

This review indicated that the effects of dams on malaria

transmission vary depending on the ecology of the vector

mosquito and malaria endemicity of a given area. While

Figure 2. Map showing spatial distribution of dams in the sub-Saharan Africa related to the 2010 malaria stability indexing and locations of

study sites used in the review.
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dams could increase malaria in semi-arid areas where the

transmission is seasonal, dams built in stable areas (i.e.,

areas with year-round malaria transmission) showed no

effect of enhanced malaria intensity. This is mainly at-

tributed to the differences in larval breeding habitat pref-

erences and distribution of A. arabiensis and A. gambiae

across sub-Saharan Africa (Gillies and De Meillon 1968).

Anopheles arabiensis predominately occurs in semi-arid

areas with limited rainfall while A. gambiae commonly

exists in tropical rainforest regions and prefers permanent

breeding sites unlike A. arabiensis that flourishes in sunlit

shallow temporary breeding habitats such as reservoir

shoreline puddles (Coetzee et al. 2000). In semi-arid un-

stable malarious areas, availability of water for mosquito

vector breeding is the key environmental variable that de-

termines the force of malaria transmission (Craig et al.

1999; Teklehaimanot et al. 2004). In these settings, dams

result in a proliferation of A. arabiensis, leading to inten-

sified malaria transmission.

On the other hand, in stable areas with perennial

transmission, A. arabiensis and A. pharoensis with lesser

anthropophilic behavior thrive much better than the highly

anthropophilic A. gambiae and A. funestus around water

reservoirs, resulting in insignificant change in local malaria

prevalence. This scenario was documented in studies of

Malian and Senegalese villages near Manantali Dam. In-

terestingly, the dam increased malaria in the Senegalese

villages (King 1996) but not at those in Mali (Ndiath et al.

2012). The explanation for this difference was that A.

arabiensis was the major vector along the Senegalese

shoreline of the reservoir with unstable malaria while A.

arabiensis displaced the more efficient vector A. gambiae in

the Malian villages adjacent to the reservoir shoreline where

stable malaria exists. Similarly, Ijumba and Lindsay (2001)

reported displacement of the most endophilic and an-

thropophilic malaria vector A. funestus by A. arabiensis

with lower vectorial capacity, as the latter thrives more than

the former in puddles associated with water impoundments

in stable areas. In a previous global review, Keiser et al.

(2005) indicated that whether an individual water project

triggers an increase in malaria transmission depends on the

contextual determinants of malaria including the epi-

demiologic setting, socioeconomic factors, vector man-

agement, and health-seeking behavior. Dams also attract

people for farming, fishing, and domestic water use re-

sulting in higher human density around them. With higher

vector abundance and increased availability of blood meal

for the vector, dams could intensify malaria in such highly

populated dam communities (Hunter et al. 1993). More-

over, the distribution and ecology of malaria vector species

are among the important factors that determine the po-

tential influence of dams on malaria.

Increased malaria in unstable areas following dam

construction was also documented elsewhere (Keiser et al.

2005); for example, at the Bargi Dam (Singh et al. 1999)

and Sathanur Reservoir (Hyma and Ramesh 1980) of India,

the Three Gorges Reservoir in China (Quan et al. 2013),

and the Itapu Dam in Brazil (Flavigna-Gulmerme et al.

2005). These studies indicated that ecological changes due

to water storage led to the formation of suitable mosquito

vector breeding grounds. In contrast, construction of small

dams in the Sundergarh district of India has led to a de-

crease in malaria prevalence in dam communities (Sharma

et al. 2008). This was due to altered flow conditions in the

river downstream of the dams that resulted in unfavorable

breeding conditions for A. fluviatilis which requires slow-

flowing streams. The link between dams and malaria is thus

generally associated with environmental changes that in-

fluence mosquito vector species abundance.

Anthropogenic conditions may modify the malaria

stability index by influencing the distribution, survival rate,

and feeding habits of vectors (Kiszewski et al. 2004). In-

secticide use, improved house construction, and land-use

changes could reduce the force of transmission. Anthro-

pogenic changes that increase transmission would include

the accumulation of ground puddles and enhanced mos-

quito resting sites that affect mosquito longevity. Irrigation

has been indicated to exacerbate dam impacts on malaria

(Keiser et al. 2005) and rice irrigation has led to increased

malaria in unstable areas of sub-Saharan Africa (Ijumba

and Lindsay 2001). Lindsay et al. (2000) indicated that both

minimum and maximum air temperatures were higher in

irrigated villages than non-irrigated villages in the high-

lands of Uganda. Similar microclimate change may con-

tribute to an increase in malaria in the irrigation dams in

the highlands of sub-Saharan Africa. Temperature is a key

determinant of several malaria transmission parameters,

including the rate of parasite and mosquito development

and mosquito biting rates (Zhou et al. 2004; Beck-Johnson

et al. 2013; Christiansen-Jucht et al. 2014). Around Lake

Bunyonyi in the highlands of Uganda, Lindblade et al.

(2000) found that temperatures were significantly higher in

villages close to the lake than in those further away, and

that A. gambiae was abundant around the lake. This ex-

plains why A. arabiensis appears to have become abundant

around the highland dams. Lindblade et al. (2000) also
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demonstrated that malaria parasite development was re-

duced by 17.3 days (from 55.5 to 38.2 days) when mean

temperatures increased from 18.0 to 18.9�C. A similar re-

lationship with temperature exists for larval mosquito de-

velopment (Beck-Johnson et al. 2013) and adult biting rate

(Lindsay and Birley 1996). Further studies are necessary to

understand the existing microclimate changes that favor

malaria transmission around highland dams in sub-Saha-

ran Africa.

Over 20 million people live around dams in sub-Sa-

haran Africa (Kibret et al. unpublished report). Keiser et al.

(2005) found that over 9.4 million people live in close

proximity (within 2 km radius) to large dams (i.e., dams

with a height of 15 m or more) in sub-Saharan Africa.

Several new dams have been proposed for irrigation and

hydropower generation in this region (FAO 2007; Dumas

et al. 2010). Yet, the risk of malaria could compromise the

intended benefits of these dams. There is no doubt that

integrated malaria interventions are necessary in order for

the reservoir communities to enjoy the intended benefits

derived from water infrastructures (Brewster 1999; Russell

et al. 2011). Among the most common malaria intervention

strategies, vector control measures (using insecticide-

treated bed nets and indoor residual spraying), coupled

with environmental control through disrupting mosquito

larval breeding sites, have been advocated as a cost-effective

measure in water resources development schemes such as

large dams (Utzinger et al. 2001; Walker 2002). Dam

management protocols using water-level manipulation

during peak malaria transmission seasons have been

shown to suppress mosquito larval breeding and malaria

around dam communities in the United States (Kitchens

2013). With recent intensive dam construction activities

in sub-Saharan Africa, it is essential to explore such water

management options to mitigate malaria around large

water impoundments. Recent studies in Ethiopia found

that faster drawdown of the Koka reservoir during the

main malaria transmission season could reduce malaria

vector abundance and improve downstream flood control

(Kibret et al. 2009; Reis et al. 2011). Future studies should

focus on developing dam operation tools that incorporate

malaria control to suppress vector mosquito breeding and

malaria transmission in unstable regions of sub-Saharan

Africa.

In conclusion, water storage infrastructures are essen-

tial to ensure food security and address the development

needs. However, poor consideration of the negative public

health effects of such structures could compromise the

intended outcomes. This study indicates the negative im-

pact of dams on malaria particularly in areas with unstable/

seasonal transmission in sub-Saharan Africa. The effects of

dams on malaria should be well understood before imple-

menting such projects, and appropriate mitigation mea-

sures should be taken during operation. Research is

required to further assess environmental factors that lead to

intensified malaria transmission in unstable malaria areas

of sub-Saharan Africa. Integrated vector control measures

that include protocols for reservoir management, coupled

with conventional malaria control strategies, will reduce the

risk of malaria transmission in dam communities across the

region.
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