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Abstract
The aim of this study was to characterise breeding sites and
climatic factors that influence the abundance of malaria vec-
tors in the Lower Shire valley, Malawi. We regularly sam-
pled adult and larval mosquitoes over the transition periods
between the wet and dry seasons during 2000 and 2001.
Three potential malaria vectors, An. arabiensis, An. gambine
sensu stricto and, An. funestus, and a fourth non-vector
species An. quadrinnnulatus, were identified. (This is the
first record of An. quadriannulatus in Malawi). These'four
species bred predominately in larger water bodies, particu-
larly rice paddies, and to a lesser extent in boreholes and
puddles. Smaller temporary pools and puddles evaporated
too quickly to permit the completion of laryal development.
Abundance of An. gambiae s.l. was closely associated with
minimum temperatures. We discuss the relevance of the
findings to malaria vector control in Malawi.

Introduction
Malaria remains one of the most significant causes of morbidity
and mofiality in Malawi. Despite the recent advances in
chemotherapy and in our understanding of the pathology and
immunology of this disease, knowledge of the ecology and
behaviour of the vectors in Malawi remains sparse.
Understanding the natural history of Malawian malaria vectors
is essential to understanding malaria epidemiology and to plan-
ning a rational control programme. We have initiated a series of
studies that aim to characterise the malaria vector populations in
Malawi, in terms of their relative abundance, breeding site pref-
erences, biting behaviour and vectorial capacity.

The most important vectors of malaria in sub-Saharan
Africa are mosquito species belonging to the Anopheles gambi-
ae complex (An. gambiae sensu lato), two of which, An. gambi-
ae sensu stricto and An. arabiensis are common across the con-
tinent. Because it feeds almost entirely on humans in East
Africa, Anopheles gambiae s.s. is the more efficient malaria vec-
tor of the two An. arabiensis will more readily feed on cattle
and other animals as well as humans and so is less likely to
transmit the malaria parasite (Coetzee, et al.,20OO). An. gambi-
ae s.s. is more common in more humid areas of Africa, whereas
An. arabiensis prefers more arid zones (Lindsay, et al., 1998).
However, the two species are sympatric (ie they occupy the
same territories) throughout much of their range where aquatic
stages of both species can be found in temporary or pemanent
puddles, borrow pits, irrigation ditches, vehicle ruts and rice
paddies. The third major vector of malaria in Africa, Anopheles
funestus. breeds in larval habitats that are somewhat different
from those of the An. gambiae complex. This species prefers
permanent collections of clean water with vegetation, such as
marshes, ponds and the weedy edges of ditches or ricefields.
These three vector species have previously been recorded in
Malawi and shown to be malaria vectors in a number of districts
(Tambala et al.,1992t Donnelly & Townson, 2000). Anopheline
species can also transmit Wuchereria bancrofti, the causative
agent of lymphatic filariasis or elephantiasis.

Because the aquatic breeding sites expand and prolifer-
ate following rainfall, malaria transmission typically increases

during wet seasons. Defining changes in the breeding habits and
relative abundance of each species throughout the year are
important first steps towards understanding their importance as
malaria vectors. We report here on a study of the breeding site
preferences and changes in the species composition of anophe-
line populations in the Lower Shire valley during the wet and
dry seasons.

Materials and methods
Description of the study area
The study was conducted in the rural village of Seseo ( 1 6o 05'S,
34o 50E), located 5 km South East of Chikwawa town centre in
the Lower Shire Valley in southern Malawi. The population
(approximately 400) lives in thatched adobe houses and subsists
by growing rice and maize and herding small numbers of cattle,
goats and sheep. Seseo village is located on the southern bank
of the Shire River, with rice gardens between the village and the
river bank and the large Kasinthula inigation project 250m to
the South, across a main road, where bananas, sugar cane and
rice are grown. The climate in Chikwawa is hot and humid
throughout the year, with daytime temperatures ranging from
25-37"C and relative humidity usually above 15%.
Transmission of malaria is perennial, but reaches a peak during
the wet season from January to March (Chunga, personal com-
munication).

Mosquito co llection and identification
Adult mosquito collections were carried out during the transition
periods between the seasons, fromApril to June 2OO0 (I2 weeks,
wet to dry season) and November 2000 to January 2001 (10

weeks dry to wet season). Adults were sampled by pyrethroid

knock down (PKD) collections from three randomly selected
huts each week. Collections were conducted early in the morn-
ing (occupants were previously requested to create as little dis-
turbance within the house as possible until the collection had
been completed). All persons, animals, foodstuffs and cooking
materials were removed to a safe distance from the house during
spraying. Floors and horizontal surfaces were covered with
white sheets, and a proprietary household insecticide, Doom@
(Dichlorovos, Tetramethrin and d'Phenothrin); (Robertsons

Homecare Ltd, South Africa), was used to spray inside and out-
side at the eaves, windows and doors. Mosquitoes were harvest-
ed from the sheets and transferred to a petri dish containing
damp filter paper for transportation to the laboratory.

Larval collections were carried out on the same day.
Permanent breeding sites, identified during an initial inspection,
were sampled weekly. Known and newly detected ephemeral
sites were also checked weekly. Five rice paddies were sampled
per week from the Kasinthula irrigation project. Larvae were
collected using a standard (350 ml) dipper with the number of
dips dependent on the surface area of the breeding site: sites of

<Im2, l-5m2and >5m2 were dipped 5, 10 and 20 times, respec-

tively.
Where possible, all adult and larval Anopheles spp.

were identified to species level using taxonomic keys (Gillies &
Coetzee, 1987). Reliable species identification of early larval
instars is not always possible and identification was limited to
the third and fourth instars. All males, larvae and a sample of 60
adult females (20 from each house) of An. gambiae s.l. were
identified to species level by polymerase chain reaction (PCR)
(Scott et al., 1993). A sample of culicine mosquitoes was iden-
tified to species level (Hopkins, 1952).

Climatic data were provided by the Malawi

Meteorological Department from daily records collected within

Malawi Medical Jomal



the Kasinthrila irrigation project. Three climatic factors, maxi

mum temperature (Tmax), minimum temperature (Tmin) and
rainfall, were measured to examine whether they affected mos-
quito abundance. For the purpose of analysis the mean of each
parameter was calculated seven days prior to collection.

Results
Relative abundance of malaria vector species
A total of 3,643 adult and 1,169 larval Anopheles sp. was col-
lected during the study, of which the majority (737o) were mem-
bers of the Anopheles gambiae complex. PCR identification of
these samples showed that An. arabiensis was the predominant
species (857o), with An. gambiae s.s. and An. quadriannulatus
present at lower frequencies (I2.5Vo and 2.57a respectively)
(table 1). A significant number of An. funest rs were also identi-
fied in adult catches. No An. funestus larvae were identified.

Although variation in the total numbers collected per

week varied markedly, the relative abundance of each species
did not change. Weekly catches of An. gambiae s. l. ranged from
34 to 266 adults per three houses, with the highest numbers col-
lected during the late wet season, in the period from April to
June 2000. Numbers of An. funestas peaked during the period
of highest rainfall from January to February.

Large numbers of Culex sp. adults were also'collected
during the study with numbers peaking through the late wet sea-
son. Culex sp. larvae were also collected in the same breeding
sites as Anopheles sp.. A sample of thirty 1arvae was identified
as Cx. quinquefasciatus.

Description of breeding sites.
Anopheles gambiae s./. larvae were found almost exclusively in
permanent water bodies, typified by the rice gardens and large
irrigation pools nearby (Figure 1).

Figure 1.
Examples of typical Anopheles sp. breeding sites in the vicinity
of Seseo village:
(a) the Kasinthula irrigation project, with semi-mature rice
plants; breeding also occurred within the irrigation ditch on the
left of the photograph;

(b) a rice garden close to the Shire River; most larvae were

found in the shqllow areas of open pools on the left of the pho-

tograph.
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The majority (597o) was found in the village rice gardens

(Figure 2). The remainder was found in inigation project pools

(31Vo), muddy puddles left when flooding receded (3Vo) and

other sites (7Vo e.g. bore holes).
Except during the peak rains, puddles and hoof prints,

sites that are often associated wrth An. gambiae s.s. breeding,

usually evaporated too quickly to permit larvae to complete

development. The only puddles with larvae were those created

after the floodwater receded from the banks of the Shire. These

puddles often remained for up to two weeks. Breeding was also

occasionally found in shaded boreholes (approximately 1.5m

deep x 0.75m in diameter) and the static edges of a stream.

Effect of environmental change on breeding
The suitability of water bodies as potential breeding sites

appeared to be greatly affected by changing conditions at each

site. For example, larvae were never found in the irigation proj-

ect during periods when rice was mature. These habitats also

became unsuitable if they were allowed to dry out when rice was

not cultivated or if the pump from the river broke down. Marked

change occurred when heavy rain caused the Shire River to

flood and flush out the nearby rice gardens. It was during these

periods that the normally less favoured sites (puddles and bore-

holes) were used (Figure 2).

Figure 2
Figure showing the changes in numbers of An. gambiae s.l. lar-

vae sampled at different breeding site types: rice gardens (-),

irrigation project (+), puddle (-), other (x).

Examination of climatic data showed that abundance of

An. gambiae s.1. appeared to be most closely related to Tmin. A

fall in minimum temperature towards the end of the wet season,

rather than the lack of water, conesponded with a drop in mos-

quito numbers. During the early wet season a period of heavy

rains during January and February was followed by a fall in the

numbers of An. gambiae, although numbers of An. funestus dta-

matically increased during this period (Figure 3).
Figure 3
Figure showing the changes in abundance of An. gambiae s.l.
(open bars) and An.
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Discussion
These data are the first to describe the natural history of malaria
vectors in Malawi. Comprising over 807o of both larval atd 60%
of adult samples, clearly An. arabiensls was the most abundant
malaria vector species in the area. Two other known vector
species, An. gambiae s.s and An. funestus were also present in
large numbers. A11 three species are known to transmit malaria
in the Shire Valley (Tambala et al. 1992)but their relative impor-
tance as vectors remains to be investigated. An. quadriannula-
/as is recorded here for the first time in Malawi. This species
feeds predominantly on animals and so is not an important vec-
tor of human malaria (Coetzee, et al., 2000). This is apparent
from the data (Table 1)

An. Arabiensis An. gambiae s.s. An. quadriannulntus An. Funestus

April - June 2000

L a r v a e 8 9  6  5  0

Adults 69 10 0 2I

November 2000 - January 2001

Larvae 82 10 8 0

Adults 62 16 | 2l

Table I
Relative abundance (7o) ofadult and larvalAnopheles species
collected from within houses and breeding sites, respectively,
in Seseo village (n = 3643 and 1169 adults and larvae
respectively).

wherc An. quadriannulalas comprised 5Vo of the An gambiae s.l.
larval catch but only O.ll7o (4 individuals) ofthe adult catch.

Interestingly, the predominance of An. arabiensis did
not alter significantly throughout the seasons, despite the knowl-
edge that warm, humid conditions typically favow An. gambiae
s.s. (Lindsay, et a1.,1998) This might be explained by weather
patterns. Although the heaviest rains fell during January and
February, they were intermittent; typically a short period (2
days) of heavy rain would be followed by a period of light or no
rain when small pools of standing water evaporated quickly.
Consequently, the only viable breeding sites were those that
were permanently maintained either by the water table (the rice
gardens) or by human intervention (the inigation project), sites
that are known to favour An. arabiensls (Ijumba & Lindsay,
2001). The interesting question of how these two sibling species
compete in such an environment (Schneider et al., 1999) is cur-
rently under investigation in the field in Malawi.

Since breeding sites were available to mosquitoes
throughout the year in either the irrigation project or rice gar-
dens near the village, rainfall did not significantly affect mos-
quito abundance during the dry season. Abundance was found
to be most strongly associated with minimum temperature. This
may have been the result of colder drier nights causing higher
mosquito mortality, or because reduced temperatures might have
slowed the rate of egg production. Whether this affects trans-
mission of malaria remains to be thoroughly investigated.

A complete understanding of the biology of any vector
is essential prior to beginning any strategies aimed at controlling
the disease it transmits (Chavasse, this volume). The provision
of such data for Malawi will assist the planning of control strate-
gies. Our data suggest that the populations of malaria vectors in
Malawi are not markedly different in any way to populations of
the same species in other parts of East or Southern Africa. Thus
effective strategies applied elsewhere may also be appropriate

6

for Malawi. The data derive from samples collected from the
two environments where malaria mosquitoes can be found at
different stages of their life cycle: water bodies where the aquat-
ic larvae and pupae occur and from the insides of houses, where
the adult female mosquitoes rest after feeding. These are the
two areas where control might be directed through the applica-
tion of insecticides. Of the two options, larval control is likely
to be the more difficult. Malaria vectors in Chikwawa breed in
large permanent water bodies where access for routine insecti-
cide treatment is not always easy, where the likelihood of reach-
ing and treating every potential site is low and where the cost of
applying insecticide would be great. Moreover, the insecticide
in these large pools would not persist for long periods and would
be diluted or flushed out by heavy rain, requiring replenished on
a frequent and regular basis to achieve any level of control. The
adverse environmental effects of such large-scale insecticidal
spraying are well known and undesirable. However, there are
strategies for the management of rice cultivation to reduce mos-
quito breeding without affecting rice yields (van der Hoek,
2001), that could potentially be suitable for Malawi.

Strategies aimed at adult mosquito control are known
to reduce malaria transmission very effectively and might be
more cost-effective. Insecticide may be applied to the internal
walls of the house, where malaria vectors rest, or to the surfaces
of a bednet to kill mosquitoes when they arrive to feed on the
sleepers beneath the net. Use of an ordinary untreated bednet
reduces the chances of a mosquito biting anyone sleeping under-
neath but does not achieve total protection. Application of
insecticide to the net ensures that all mosquitoes that come into
contact with it will receive a dose that may eventually kill them.
In communities where many households use insecticide-treated
nets, it is not only the people sleeping under the nets that are pro-
tected; the number of mosquitoes biting those persons who do
not use nets is also reduced. Regular re-impregnation with
insecticide is essential to ensure that the nets retain their abilitv
to kill any mosquitoes that land on them.

Simple appropriate technology already exists to reduce
or prevent illness and deaths from malaria. By continuing our
studies on the ecology, behaviour and vectorial capacity of the
vectors of malaria, we hope to be able to define more precisely
the epidemiology of malaria and utilise this data to inform and
improve malaria control strategy in Malawi in the future.
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Some facts about the natural historv of
Malawi's Anopheles mosquitoes and impli-
cations for malaria control

D Chavasse

In this article I examine the relevance of enyironmental con-
trol techniques in Malawi in the context of what we know
about breeding, resting and feeding habits of the common
Anopheles species. I hope that this article may help to put to
rest some common misconceptions concerning Anopheles
control as a malaria preyention strategy.

The common types of mosquito in Malawi
There are three main types (or genera) of mosquito in Malawi
which bite people. Anopheles mosquitoes transmit malaria. They
bite late at night (between 10 pm and 4 am) and are most abun-
dant in rural areas. Culex mosqlitoes are not of major public
health significance in Malawi, although they may be involved in
transmission of Wuchereria bancrofti which causes elephantia-
sis. They bite in the evening and during the night and are most
common in urban arcas. Culex accounts for more than9jvo of all
mosquito bites in urban areas. Aedes ne the least common type
of man-biting mosquito and bite during the day and evening.
Aedes can transmit yellow fever and dengue fever but since
these diseases are not common in Malawi they are of no major
public health significance here. Aedes can be easily recognised
by their black and white striped legs.

Anopheles species in Malawi
The principal malaria vectors in Malawi are Anopheles gambiae
ss., An arabiensis and Anopheles funestus. These species are
found throughout sub-Saharan Africa and we therefore know a
lot about them not just from studies in Malawi but from many
other countries in the region.

\{osquito trreeding habits
.\nopheles mosquitoes breed only in clean, sunlit water which is
not organically polluted with faeces, rotting vegetation, garbage
etc. They also like to breed in small natural (as opposed to man
nade) breeding sites. Common breeding sites include animal
rootprints, small areas of flooded grass, wet rice fields, borrow
nits. Since almost all water in the immediate vicinity of human
Jn'ellings is polluted, Anopheles does not generally breed in this
rcri-domestic environment. For this reason cleaning or draining
puddles around the house has no impact at all on Anopheles
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density or malaria. Because Anopheles needs clean water to

breed in, their density is very low in urban areas and very high

in rural areas. It is for this reason that malaria transmission is so

much higher in rural areas compared to urban areas. Also,

because Anopheles can breed in tiny amounts of water, as small

as an animal's hoof print, it is generally impossible to control
them in rural areas through destruction of breeding sites since

the sites are simply too many and too dispersed. In some specif-

ic circumstances in urban areas where Anopheles breeding is

restricted to a few small areas of urban cultivation (i.e. where
surface water is not polluted) it may be feasible to reduce
Anopheles density through destroying breeding sites or chemical

larval control.
Unlike Anopheles, Culex loves organically polluted

water. The prefered breeding sites include flooded pit latrines,
septic tanks, soak-aways and blocked drains. Because there is so
much polluted water in urban ateas, Culex densities are coffe-
spondingly very high and Anopheles densities very low. Next
time you are eaten alive on your "khonde" in Blantyre or
Lilongwe at sundown, remember to blame Culex and not
Anopheles.

Aedes mosquitoes are different again in their breeding
site preference. They love to breed in the peri-domestic environ-
ment but not in large dirty puddles outside the house. They like
a mixture of small natural and man-made sites. Natural sites
include small amounts of water which collect in certain types of
plant, including maize, and man made sites include discarded
tyres, tins, jars, scrap metal containers and anything else that
will hold a small amount of water.

Mosquito resting habits
To understand mosquito resting behaviour and its significance
for control, it is necessary first to understand the stages of the
life cycle during which resting takes place. After hatching from
the pupa a newly emerged female will mate and almost immedi-
ately seek a blood meal. Anopheles will travel several kilome-
tres, if need be, (though usually much less) to find a person to
bite. Aedes and Culex tend to breed so close to human dwellings
that they never have to fly more than a few hundred meters dur-
ing their life. After feeding, the mosquitoes need to rest for about
3 days while the blood is digested and the eggs develop. When
the eggs are matured they are laid in a suitable breeding site and
the female will immediately seek another blood meal. Hence
most mosquito resting time is after, not before, a blood meal. All
three types of mosquito prefer to rest inside houses whilst their

eggs develop. They seek out a quiet secluded place in the house
(e.g. in the thatch, behind a curtain etc.) and wait until their eggs
are mature. It is because Anopheles mosquitoes spend so much
time resting in houses that indoor house spraying is one method
used to control malaria vectors. However, promoting the cutting
of grass and vegetation around the house, as a malaria interven-

tion, is clearly not appropriate since Anopheles does not spend
significant time resting in such areas and they can fly several
kilometres to seek a blood meal. For how far should the grass be
cut, several kilometres?

Summary
A knowledge of the biology of Anopheles helps us make ration-
ale decisions about vector control through environmental modi-
fications. Some rules of thumb for the entire sub-Saharan region
are included below.
r Larval conffol of Anopheles is almost never feasible in rural

areas and is only appropriate in select urban situations where




