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The spatial and temporal distribution of Anopheles gambiae mosquitos in houses in the village of Sille in
Ethiopia was monitored in 1990-91. Monthly mosquito densities in over 300 houses were obtained, and the
data for each month were plotted on maps, which indicated clustering of mosquitos within the village. Spatial
analysis using "kriging" techniques demonstrated clustering towards the edges of the village, the pattern of
which changed with time. For example, the low density of mosquitos in one area in September increased as
the nearby irrigation canals dried up during the following months. Since most entomological activity occurred
at the periphery of the village, focal spraying of these areas could be a cost-effective procedure. If such
clustering occurs in other villages, selective control of breeding sites and indoor spraying could provide a
more efficient use of limited resources than traditional total coverage.

Introduction
The spatial distribution of plants and animals is often
found to be clumped (i.e., in groups or clusters) (1).
The nonrandom distribution of both anopheline lar-
vae (2) and adult mosquitos (3) in malaria not only
accounts for the focal and heterogeneous pattern of
disease transmission but also suggests the need for
targeted vector control operations, rather than more
expensive blanket coverage. Theoretical considera-
tions on the nonrandomness of the spatial distribu-
tion of malaria vectors indicate that persistence of
malaria is enhanced in a heterogeneous environ-
ment (4). Thus, knowledge of the spatial vector dis-
tribution could assist in malaria control operations.

Identification of vector clusters, however, can
be of practical value only if performed in a cost-
effective way. The degree of clustering has to be
high, otherwise the benefits from cluster identifica-
tion will not pay off. Clusters should also be stable
between the period of identification and control op-
erations. Precise characterization of the degree of
clustering is thus of major importance in the plan-
ning of targeted control strategies. To accomplish
this goal, both cost-effective sampling techniques
and appropriate data analysis and display are
needed.
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Recently geographical information systems
(GIS) have been developed for various purposes (5),
including analysis of the temporal and spatial distri-
bution of disease and vectors by several workers (6,
7). It is still not known to what extent these new tools
will help to plan and execute disease control opera-
tions. Any advantages obtained will have to offset
the additional costs of developing and training per-
sonnel in this area.

This article describes the spatial and temporal
distributions of anopheline malaria vectors in an
Ethiopian village. Hand-captured collections of mos-
quitos inside human dwellings were compared with
pyrethrum-spray capture methods. Monthly dis-
tributions of mosquito density were analysed, and
displayed through custom-made software and an off-
the-shelf spatial analysis programme.

Methods

Study site. The village of Sille, 40km south of Arba
Minch in the Rift Valley region was chosen for the
study. This location has a relatively stable temper-
ature range (maximum, 30-35 °C; minimum, 15-
19°C) throughout the year. There is measurable
rainfall (>10mm) each month, with peaks in August
and September when it may exceed 100mm per
month. An initial survey of the village indicated 1071
individuals in 309 houses.

Mosquito collections. Six collectors each visited an
average of 54 houses every month. Every sixth house
was submitted to a pyrethrum catch of mosquitos,
and the remaining houses were sampled by mouth
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aspiration for 20 minutes. Mosquitos were held in
paper cups covered with gauze net, and the species
was identified within 24 h, using morphological char-
acteristics only. Anopheles gambiae s.l. was probably
A. arabiensis, based on previously described distri-
butions of this mosquito in Ethiopia (8).

Data management. Maps of the village, provided by
the National Organization for Control of Malaria
and Other Vectorborne Diseases (Ethiopia), were
updated every month; construction of new houses
and abandonment of older houses accounted for
<5% of the properties that were visited. These maps
are approximations, based on estimates of the dis-
tances. However, the relative distances and situa-
tion of neighbouring houses are shown correctly,
allowing identification of clusters. Maps were con-
verted to Cartesian coordinates using Sigma Scan
(Jandel Scientific Software, San Rafael, CA, USA)
running on a 386SX- or 80286-based microcomputer
with a maths co-processor, and a Summasketch
(Summagraphics Corporation, Austin, TX, USA)
digitizing pad. These ASCII files were later read by a
program written in QuickBasic (Microsoft), and
plotted on the computer screen. All data collected
were stored in dBase format (FoxBase). A program
was written in dBase which queried the database and
plotted the results on to the village map, by calling
the compiled QuickBasic program. The program
also produced an output in Hewlett-Packard Plotter
Language to print the maps on a pen plotter, or, by
using Print a Plot (Insight Development Corpora-
tion, San Ramon, CA, USA), to virtually any printer.
Personnel (previously skilled in the use of computers
for data entry) were trained to use the mapping
software in one morning, and digitization of each
map took 30-45 minutes.

Estimates of population distribution. Taylor's power
regression plot (9) and Iwao's mean population den-
sity against mean crowding plots (10) were used.
Taylor's plot regresses the logarithm of the variance
against the logarithm of the mean population den-
sity. In a Poisson distribution the slope of the curve
should be equal to unity because, by definition, the
mean equals the variance in such distributions. A
slope larger than unity indicates a clumped or aggre-
gated distribution. Iwao's plot regresses the mean
crowding (x) expressed as

x = x + (S21x) - 1

against the mean density, where x = population
mean or mean density, and S2 = variance; in a
Poisson distribution, x = x because S2 = x and the
term (S21x) - 1 is therefore zero. A slope greater than

unity indicates that the variance exceeds the mean, a
sign of overdispersion. The intercept on the ordinate
of such a plot indicates the level of the mean crowd-
ing when the mean density tends to zero, an estimate
of contagion.

The iterative method described by Bliss &
Fisher (11) was used to find the k parameter of nega-
tive binomial distributions. In addition, "kriging"
(GS+, Gamma Design Software, Plainwell, MI,
USA), which is essentially a spatial moving average
of neighbouring points in a plane, was performed
using the default parameters of the software. The
input data for punctual kriging was an output of the
database program containing the east and north grid
coordinates of the houses and the numbers of mos-
quitos collected in the house by hand aspiration in a
particular month. Semivariance analysis was con-
ducted according to default parameters using linear
models.

Results
Mosquito density. Space-spray and mouth-aspiration
mosquito collections indicated peak densities in the
main rainy season (September/October) (Fig. 1);
Anopheles gambiae s.l. was the principal species
collected, followed by very low densities of A.
funestus, A. nili and A. pharoensis (not shown).
Mosquito densities were never zero during the
course of this study, varying from less than one
mosquito per house to >10 or >40 per house,
depending on the method of collection. Hand collec-
tions correlated well with space-spray collections
(Fig. 1, inset) although they tended to underes-
timate mosquito densities when pyrethrum captures
were large. However, hand collections allowed
sampling of mosquitos in all houses of the village,
which would otherwise have been impossible
with the available manpower.

Aggregation estimates. Taylor's power plots of the
mean household A. gambiae density against the
variance for 26 months of collected data yielded
a slope significantly greater than unity (P < 0.01),
indicating a non-Poisson distribution of the mos-
quitos (Fig. 2A). Similarly, regression of the mean
crowding on the mean density yielded a slope
significantly greater than unity (P < 0.001), indi-
cating a clumped distribution (Fig. 2B). Attempts to
fit a negative binomial distribution to each month's
mosquito distribution yielded low k values, indi-
cating a clumped distribution, but x2 tests of such
distributions against real data were all significantly
different at P < 0.05, indicating that the negative

WHO Bulletin OMS. Vol 74 1996300



Temporal and spatial distribution of mosquitos in an Ethiopian village

Fig. 1. Anopheles gambiae densities in the village of
Sille obtained each month (August 1990 to April 1992)
by spray and hand collection. The inset shows the
correlation between captures of adult female A. gambiae
by hand or pyrethrum captures. The symbols and bars
represent the average ± standard error.
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binomial is not a good model to explain the mosquito
distribution.

Mosquito spatial distribution maps. Plots of the vec-
tor density per house on village maps for the Ethio-
pian calendar year of 1983 (September 1990 to
August 1991) are shown in Fig. 3, except for April
1991 when entomological collections were disturbed
by the civil war. There was an increase in mosquito
densities associated with the drying of irrigation
canals, as in November, and the evident clumped
distribution was more apparent in the south and
north of the village. The equivalent maps following
kriging analysis indicate several clusters of mos-
quitos in the village, which tended to distribute
themselves at the edge of the village.a

a Copies of these maps are available, on request, from the princi-
pal author.

Fig. 2. lwao's regression of the mean crowding
against mean density (A), and Taylor's power regres-
sion of the variance against the mean density (B) of A.
gambiae in houses in the village of Sille, Ethiopia. The
dotted line in both plots indicates the line expected for a
Poisson distribution. The equation parameters for each
regression are shown within each graph. Both have slopes
significantly different from unity.
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For most months, less than 20% of the houses
harboured 50% of all collected mosquitos (Fig. 4),
and this was a function of the monthly mosquito
density. The larger the mean density, the less
clumped the mosquito population (Fig. 4, inset).
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Fig. 3. Computer-generated maps showing mosquito densities in the houses as well as the state of the main
water bodies, in the village of Sille during the months September 1990 to August 1991 (except April 1991). The
symbols are explained in the key.
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(Fig. 3, continued)
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Fig. 4. Monthly cumulative distribution of A. gambiae
mosquitos, shown as a function of the percentage of
total houses in the village. The inset represents the
proportion of houses with 50% of the total sampled
mosquitos as a function of the monthly mean density of
mosquitos.
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Discussion
This study demonstrates the presence of and changes
in spatial clustering of A. gambiae in a single village.
The slope of the plot relating the logarithm of the
mean with the logarithm of the variance yields a
value significantly larger than one, indicating a non-
Poisson distribution (9) (Fig. 2A). Interestingly, the
slope (1.5) is similar to that found by Taylor for 102
species ranging from ciliates to humans (12). Simi-
larly, the slope of Iwao's regression also indicates
a clumped distribution with a slope significantly
greater than unity (P < 0.001), and with an intercept
value greater than zero indicating a contagious dis-
tribution. Because the negative binomial distribution
in many cases produced a good fit to the clumped
distributions (13), attempts were made to fit mos-
quito distributions with this model using the iterative
method described by Bliss & Fisher (11). Similar to
the attempts by Service to fit larval mosquito distri-
butions of A. gambiae (2), we were unable to de-
scribe adult mosquito distributions using the
negative binomial model.

The pattern of spatial clustering of mosquitos
changes with time. For example, the density in the
northern zone was low in September, but increased
as the nearby irrigation canals dried up in subse-
quent months. Clusters also tended to be distributed
towards the edge of the village. Following the rainy
season, the village became heavily infested when
mosquito densities rose to an average of 8 A.
gambiae per house by hand collection. How-
ever, even at very high mosquito densities, kriging

showed the highest densities in the periphery of the
village.

Identification of these clusters could help focus
selective control operations on important breeding
sites and houses, but because of the dynamic nature
of the clusters, selective control strategies based on
clustering must have a minimum time lag between
surveillance of the village and action. This calls for
timely, low-level decision-making in the institutions
responsible for malaria control. Spatial clustering of
mosquitos was more evident duirng low population
densities. Vector control strategies aimed at further
reducing vector populations during temporal bottle-
necks (thus reducing the egg load when the rains
came) had indeed been proposed before by Omer &
Cloudsley-Thomson (3). These were based on the
idea that the inoculum of eggs for the next rainy
season would be reduced by controlling the popula-
tion in the dry season, resulting in a smaller increase
in vectorial capacity by the end of the rainy season.
Provided the locations of both larvae and adults are
known during this population bottle-neck, control
strategies may need fewer resources than those
needed to affect vector populations at their annual
peak. However, realistic selective control measures
cannot afford to rely on expensive and time-
consuming entomological surveillance methods. As
our results show that most of the entomological ac-
tivity occurs at the periphery of the village, focal
spraying in these areas could be a cost-effective pro-
cedure. Our findings, however, should be confirmed
by more studies in other villages.
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Resume
Distribution spatiale et temporelle des
anopheles dans un village ethiopien:
repercussions sur les strategies de lutte
antipaludique
La distribution spatiale et temporelle des mous-
tiques de l'espece Anopheles gambiae (s.l.) dans le
village de Sille, au sud d'Arba Minch (region de la
vallee du Rift), a ete 6tudi6e au niveau des mena-
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ges par capture a la main ou apres pulverisation
de pyrethre, ces deux m6thodes donnant des
resultats comparables (coefficient de corr6lation =
0,928). La densit6 mensuelle moyenne de mous-
tiques, calculee sur plus de 300 habitations, 6tait
comprise entre 11,2 et 0,47 pour la periode 1990-
1991.

Les donnees mensuelles ont ete reportees
sur une carte du village au moyen d'un logiciel in-
formatique elabore specialement pour cette 6tude.
On a ainsi pu visualiser les regroupements de
moustiques a l'interieur du village. Une analyse
spatiale par la technique de "kriging" a de plus in-
diqu6 que les moustiques 6taient surtout regroup6s
a la p6riph6rie du village. Si ce type de distribution
se rencontre dans d'autres villages, la lutte s6lec-
tive contre les gites larvaires et les pulv6risations a
l'interieur des habitations permettraient une utilisa-
tion plus efficace des ressources que la m6thode de
lutte traditionnelle par couverture totale.
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