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SCIENTIFIC NOTE

THE ROLE OF UNUSED SWIMMING POOLS AS A HABITAT FOR
ANOPHELES IMMATURE STAGES IN URBAN MALINDI, KENYA

DANIEL E. IMPOINVIL,1 CHARLES M. MBOGO,2 JOSEPH KEATING3
AND JOHN C. BEIER4,5

ABSTRACT. We conducted larval surveys in habitats located in urban Malindi, Kenya, in 2005 and 2006
with the goal of determining the productivity of unused swimming pools in relation to other habitats. Of the
250 habitats sampled, 66 were unused swimming pools, 93 were wells, 60 were drainage troughs, and 31 were
miscellaneous areas, such as septic tanks, swamps, concrete tanks, fish ponds, car-track depressions, and
drainage ponds. Anopheles gambiae s.l. was the only anophelines species found in the habitats, whereas Culex
quinquefasciatus made up .95% of all culicine immature stages found. Of the 110 habitats found to be
positive for mosquitoes, unused swimming pools represented 42.7%. One hundred and forty-eight anopheline
pupae were found in 8 of the 66 unused swimming pools, but none was found in the other habitats. Using a
nonparametric test, Kruskal–Wallis H test, there was no significant difference in the abundance of culicine
pupae found in the 4 habitat types (x2 5 7.350, df 5 3, p 5 0.062). Unused swimming pools in Malindi
provide ideal habitats that should be targeted for mosquito control.

KEY WORDS Unused swimming pools, Anopheles gambiae s.l., Malindi, Kenya

Studies of larval habitats in urban environ-
ments have identified wells (Robert et al. 1998,
Afrane et al. 2004, Matthys et al. 2006), puddles
in unpaved streets (Afrane et al. 2004), ditches
(Afrane et al. 2004), and agricultural areas
(Matthys et al. 2006) as major proliferation sites
for Anopheles gambiae Giles. In Malindi, Kenya,
unused swimming pools have been found to
collect rainwater, which provides optimal condi-
tions for mosquito development during off-
tourist/vacation seasons (Carlson et al. 2004,
Keating et al. 2004). During the off-season in
2005 and 2006, we conducted larval surveys in the
urban environment of Malindi to further explore
the importance of unused swimming pools for
An. gambiae propagation relative to other habitat
types, such as wells, drainage troughs, and others.

This study was conducted in the coastal town
of Malindi, the 10th largest town in Kenya and a
major tourist destination. The study area has
been described previously (Macintyre et al. 2002;

Keating et al. 2003, 2004). Malindi is located
approximately 120 km north of Mombasa bor-
dering the Indian Ocean. Climatic conditions are
generally hot and humid all year with 2 rainy
seasons: 3 months of rain occurring April
through June and 2 months of rain occurring
October through November.

A geographic sampling strategy, described
previously (Keating et al. 2003), was used as a
framework to randomly select areas to conduct
larval surveys in urban Malindi. Larval surveys
were conducted from May 26 to November 18,
2005, and from April 06 to August 17, 2006, using
standard sampling (O’Malley 1989) and identifi-
cation procedures for immature mosquitoes
(Gillies and Coetzee 1987). Different areas and
sets of habitats were sampled in the 2 years of the
study. Within each area, all accessible habitats
found by our field team were sampled for
mosquito immature stages. All habitats were
classified according to type. Since this study was
exploratory, no polymerase chain reaction anal-
ysis was done to identify members of the An.
gambiae complex, although other studies in the
area have shown over 85% of the Anopheles
collected are An. gambiae Giles s.s.; other species
include An. arabiensis Patton and An. merus
Dointz (Keating et al. 2004, Jacob et al. 2005).
The percentage of emergence—defined as the
ratio of pupae to the total abundance of
immature stages 3 100%—was calculated for
Anopheles and culicine immature stages within
each habitat type. For habitats positive for
pupae, nonparametric tests, Kruskal–Wallis H
test and Dunn’s multiple comparison test (Glantz
2002), were used to compare pupal abundance
among the 4 different habitat types. For habitats
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that were sampled multiple times ($2 times), the
mean pupal abundance value per habitat over the
entire study period was used in the analysis. Data
were analyzed in SPSS 14.0H for Windows
(Chicago, IL) and Microsoft Excel 2003H.

The most frequently encountered habitat types
included unused swimming pools, wells, and
drainage troughs. Other habitat types were
grouped as miscellaneous (e.g., septic tanks,
swamps, concrete tanks, fish ponds, car-track
depressions, and drainage ponds) due to the low
frequency upon which they were encountered.

Figure 1 shows two of the typical unused
swimming pools that were sampled. In Malindi,
250 individual habitats were identified: 66 unused
swimming pools, 93 wells, 60 drainage troughs,
and 31 miscellaneous others. Overall, there was a
higher abundance of culicine immature stages (n
5 17,750) than Anopheles immature stages (n 5

3,362). All Anopheles mosquitoes were identified
as An. gambiae s.l., whereas .95% of culicine
mosquitoes were identified as Culex quinquefas-
ciatus Say. Unused swimming pools had the
highest abundance of Anopheles (n 5 3,295) and
culicine (n 5 11,269) immature stages (Fig. 2). Of
the 110 habitats found positive for immature
mosquitoes, 42.7% were swimming pools, 20.0%
were wells, 25.5% were drainage troughs, and
11.8% were miscellaneous others. The percentag-
es of habitats positive for Anopheles immature
stages were 43.9% of 66 unused swimming pools,
2.2% of 93 wells, 1.7% of 60 drainage troughs,
and 6.5% of 31 miscellaneous. The percentages of
habitats positive for culicine immature stages
were 71.2% of 66 unused swimming pools, 22.6%
of 93 wells, 45.0% of 60 drainage troughs, and
41.9% of 31 miscellaneous. Figure 2 illustrates
the decreasing abundance of each subsequent
immature stage to the next, as expected. All of the
148 Anopheles pupae collected were found in 8 of
the unused swimming pools (no pupae were
found in the other habitat types). The percentage

of emergence of adult Anopheles from unused
swimming pools was 4.5% (148/3,295), assuming
100% survival of pupae. No statistical tests were
done to compare abundance among the 4 habitat
types because only unused swimming pools
contained Anopheles pupae. The percent adult
emergence of culicine pupae was 3.1% (347/
11,269) from unused swimming pools, 9.2%
(131/1,429) from wells, 10.5% (402/3,837) from
drainage troughs, and 10.0% (121/1,215) from
miscellaneous others, assuming 100% survival of
pupae. Among the 4 habitats positive for culicine
pupae (n 5 44 of 250 habitats), there was no
significant difference in pupal abundance of (x2 5

7.350, df 5 3, p 5 0.062). The Dunn’s test also
revealed no significant differences between pair-
wise combinations of habitat types (P . 0.05).

In this study, we explored the productivity of
different habitats for Anopheles and culicine
immature stages. Unused swimming pools, ac-
counting for 42.7% of all 110 positive habitats,
harbored the highest numbers of immature
mosquitoes. These unused swimming pools are
located in up-market residential and tourist areas.
These results suggest that unused swimming pools
are productive habitats for mosquitoes in urban
Malindi; this may be particularly true for
Anopheles, since their pupae were recovered from
this habitat type only. It is not clear why
Anopheles pupae were not recovered from the
other habitats. For that reason, it would be useful
to investigate the developmental rate of immature
stages of Anopheles in the urban habitats of
Malindi. Nonetheless, at the beginning of the
high-peak tourist/vacation periods, after the rainy
season, Malindi’s residents, hotel and domestic
workers, and tourists may be at risk of being
bitten by mosquitoes emerging from unused
swimming pools and, consequently, exposed to
mosquito-borne pathogens. Thus, unused swim-
ming pools in Malindi should be targeted for
mosquito control. For example, city ordinances

Fig. 1. Pictures illustrating unused swimming pool in up-market areas of Malindi (A) on the grounds of a
private residential home and (B) on the grounds of a tourist hotel.
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can be passed requiring swimming-pool owners to
regularly drain, clean, cover, or treat swimming
pools to prevent rainwater collection during off-
peak periods.
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Fig. 2. Mosquito density (number of mosquitoes per habitat) of (A) Anopheles immature stages and (B) culicine
immature stages sampled from swimming pools (n 5 66), wells (n 5 93), drainage troughs (n 5 60), and other
miscellaneous habitat types (n 5 31; i.e. septic tanks, swamps, concrete tanks, fish ponds, car-track depressions, and
drainage ponds) located in different urban areas of Malindi, Kenya.
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