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The Distribution of Two Major Malaria Vectors, Anopheles
gambiae and Anopheles arabiensis, in Nigeria

David Y Onyabe, Jan E Conn™

Department of Biology, Marsh Life Science Building, The University of Vermont, Burlington, VT 05405, USA

The distribution ofAnopheles gambiaand An. arabiensiscross the ecological zones of Nigeria
(arid savanna in the north gradually turns into humid forest in the south) was investigated. Results of
the present study were compared to the distributions determined from samples of indoor-resting females
reported by an earlier study over 20 years ago. Larvae were sampled in the rainy seasons of 1997 and
1999 from 24 localities, 10 of which were sampled in both years. Specimens were identified by the
polymerase chain reaction method. Results showed that species composition changed significantly
among the 10 localities in both yeap€£13.62, P = 0.0002), but this change was significant in only
four of the 10 localities. The identity of the prevalent (more abundant) species changed between 1997
and 1999 in only three of 10 localitiesn. arabiensisvas prevalent in several localities in the southern
Guinea savanna, an area where it was virtually absent over 20 years ago. The data sugdest that
arabiensishas extend its range, although differences in sampling technique (larval sampling versus
adult collection) can not be ruled out as a possible explanation.
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Members of theAnopheles gambiaeomplex An. gambiaemay sometimes be more abundant
are the most important vectors of malaria in sulthanAn. arabiensigluring the dry season or vice-
saharan Africa. The complex consists of aboutersa (Service 1970, White & Rosen 1973).
seven species that vary in their ability to transmit Based on collections of indoor-resting females,
malaria (White 1974, Hunt et al. 1998). Two specie€oluzzi et al. (1979) concluded that the distribution
of the complexAn. gambiaeandAn. arabiensis of An. gambiaendAn. arabiensiscross the eco-
are both the most broadly distributed and the mogigical zones of Nigeria was “puzzling”. They found
efficient vectors of malaria (White 1974, Coetzee ghatAn. gambiaavas prevalent in forest zones but
al. 2000). was also abundant in several localities in the sa-

The range and relative abundancefof. vanna. Converselyin. arabiensisvas predomi-
arabiensisandAn. gambiaeappear to be strongly nant in several Sudan, Sahel and northern Guinea
influenced by climatological factors, especially tosavanna localities, was absent from the interven-
tal annual precipitation (Lindsay et al. 1998). Gening southern Guinea savanna, but reappeared in
erally, An. arabiensidends to predominate in arid forest zones farther south.
savannas, whereadmn. gambiads the dominant We have begun a population genetic study of
species in humid forest zones (White 1974, Lindboth species in Nigeria and, as a necessary first
say et al. 1998, Coetzee et al. 2000). Moreover, whestep, we determined the distribution of both spe-
the two species occur in sympatry, large changeses across the country. We then addressed the
in species composition often occur, wiétm. following question: has the distribution of the two
arabiensispredominating during the dry seasorspecies changed since the study by Coluzzi et al.
andAn. gambiadecoming more abundant during(1979)?
the rainy season (Di Deco et al. 1981). However, MATERIALS AND METHODS

Study area As one travels from north to south
in Nigeria, mean annual rainfall increases and the
number of dry season months decreases (Davies
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Mosquito collection- Mosquitoes were col- and Coetzee (1987). Rearing success was at least
lected from 24 localities across Nigeria (Figurep5%, and emerging adults and occasional dead lar-
during the rainy season between June and Augusie or pupae were fixed in 95% ethanol. In Sapele
1997 and between May and June 1999. Ten of tt{£999 collection only), Garki, and Enugu, however,
24 localities were sampled in both years (Table)arvae and pupae were killed and preserved in 95%
Giwa, Zaria, Lafia, Bida, Jebba, Otukpo and Beniethanol. All specimens were then hand-carried to
were each sampled over two or more days, wheretlee University of Vermont.
all other localities were each sampled in one day. DNA extraction and species identificatien
Samples were not collected from two ecologicaFollowing DNA extraction (Collins et al. 1987), each
zones, Mangrove forest and Sahel savanna, duedfat least 30 randomly selected individuals per lo-
logistic difficulties. cality (Table) was identified to species by the poly-

In each locality, larvae of all available instars, omerase chain reaction (PCR) method (Scott et al.
pupae, or both were collected from at least sevel993). However, the sample sizes employed from
shallow, sunlit, temporary rain pools (Figure) withinthe 1997 collections from Zaria, Ogbomoso, Lagos
a radius of approximately 1 km. These pools werand Sapele were 29, 20, 28 and 27, respectively
usually devoid of vegetation except in Bida (local{Table).
ity 8, Figure), where they were also collected from  Statistical analysesWe employed chi-square
fields of rice seedlings. Sample size per pool wagnalyses to test the significance of changes in spe-
not determined and samples from all pools in eaaties composition over two years, first, among all 10
locality were mixed. Sample size per locality was dbcalities and second, in each locality. The statisti-
least 200 except in Garki, where only 65 specimertal analyses were performed using the software
were collected. Similarly, the sample size of the 199IMP® version 3.1 (SAS Institute Inc., Cary, NC).
collections from Zaria, Ogbomoso, Lagos and RESULTS
Sapele ranged between 30-40 mosquitoes. R .

Larvae were reared on location in paper cups to Each ofAn. arabiensisand An. gambiaevas
adults because they were more easily distinguish@gevalent over the other in at least one locality in
asAn. gambiae sensu latwy the keys of Gillies €ach of five ecological zones (Figure). The two spe-
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Species composition and distribution Ahopheles gambiae sensu laoross Nigeria. Number of pools sampled per
locality is shown in parenthesis. Localities are numbered from 1-24 and are defined in the Table. In localities with two
pie charts, the upper chart represents data for 1997 and the lower chart is foO¥38%rabiensis@ An. gambiae
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TABLE
Species composition in 1997 and 1999 in 24 localities across Nigeria
1997 1999

Locality name (code?) Ag:AaP Ag:Aa NG P
Sokoto (1) 60:50 - - -
Garki (2) - 2:43 - -
Kano (3) - 0:30 - -
Giwa (4) 31:18 6:43 29.05 0.001
Zaria (5) 23:6 2:48 51.25 0.001
Kaduna (6) 0:50 - - -
Abuja (7) 6:44 - - -
Bida (8) 29:1 30:0 1.40 0.236
Jebba (9) 8:42 45:3 68.79 0.001
Keffi (10) - 27:3 - -
Lafia (11) 48:2 36:14 11.84 0.001
Lokoja (12) - 20:30 - -
Okene (13) 28:2 - - -
Makurdi (14) - 4:26 - -
Kwenev (15) - 50:0 - -
Otukpo (16) 1:49 0:50 1.39 0.237
Ogbomoso (17) 0:20 0:50 - NS
Enugu (18) - 50:0 - -
Okigwe (19) - 49:1 - -
Lagos (20) 27:1 50:0 2.07 0.150
Kajola (21) - 6:64 - -
Benin (22) 43:7 23:10 3.18 0.074
Oghara (23) - 0:70 - -
Sapele (24) 2:25 4:46 0.01 0.926

a: codes are as in Figute;Anopheles gambiaeAn. arabiensisNS: not significant

cies coexisted in several localities but in very distesults differ from those of Coluzzi et al. (1979) in
proportionate numbers. In fact species composfWo ways. FirstAn. arabiensisvas the prevalent
tion reached a 1:2 ratio or greater in only three SfPecies in severa}I southe_rn Guinea savanna quall-
the 24 localities: Sokoto, Giwa (1997 collection only§i€s, such as Abuja, Lokoja, Jebba (1997 collection
and Lokoja (localities 1, 4 and 12, respectively, Figonly), Makurdi and Otukpo (localities 7, 12, 9, 14
ure). and 16, respectively, Figure). In contrast, Coluzzi et
Species composition changed significanth@l- (1979) found virtually nén. arabiensisn eight
among the 10 localities sampled in both 1997 anigcalities, two of which were sampled in both the
1999 §2=13.62,P = 0.0002). Further analyses ofdry and rainy seasons, in the southern Guinea sa-
data between 1997 and 1999 revealed that speckdna. This observation suggests that.
composition changed significantly in four of 10 lo-arabiensisprobably has extended its range during
calities: Giwa, Zaria, Jebba, and Lafia (Table). Howthe interval between the two studies. Moreover,
ever, the identity of the prevalent (more abundanf)n- arabiensigrom the southern Guinea savanna

localities: localities 4, 5 and 9 (Figure). gosity per locus at 10 microsatellite loci than those

from the Sudan and northern Guinea savannas
DISCUSSION (Onyabe & Conn, unpublished observations).
An. arabiensigprevailed in some localities in Second, in the present study). gambiaevas
arid savanna zones, as expected (White 1974, Linidhe prevalent species in Benin City (locality 22, Fig-
say et al. 1998, Coetzee et al. 2000},it also was ure) in both 1997 and 1999 (86% and 70%, respec-
the prevalent species in some forest zones. Sintively). Coluzzi et al. (1979), in contrast, observed
larly, An. gambiaevas the more abundant speciesin island ofAn. arabiensignd the virtual absence
in some localities in the forest zone as well as iaf An. gambiaen this locality.
arid savanna. The observations above are in agree- Differences in sampling technique may also ex-
ment with those of Coluzzi et al. (1979), who colplain the disparities between the present study and
lected indoor-resting females. However, the presetfiat of Coluzzi et al. (1979). We employed larval
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sampling whereas Coluzzi et al. (1979) collected incoluzzi M, Sabatini A, Petrarca V, Di Deco MA 1979.
door-resting females. Adult female collections may ~Chromosomal differentiation and adaptation to hu-
be biased againgin. arabiensibecause this spe- ~ Man environments in thenopheles gambiagom-
cies is thought to be more zoophilic and lesg P'EXHTiagg%SC:mOFFI’.M?d H_yg?&_‘. _483|_'|49(715 ‘t
endophilic thaf\n. gambiag¢White & Rosen 1973, ~aVIes’ SEIse Flies in Nigeria. a nandbook for
. 2 . Junior Control Staff Oxford University Press,
Molineaux & Gramiccia 1980, Coluzzi 1984) (but see Ibadan, 340 pp.
Diatta et al. 1998). Itis not Clgar how these @ffererp_t,iatta M, Spiegel A, Lochouarn L, Fontenille D 1998.
sampling methods affect estimates of species com- similar feeding preferences shopheles gambiae
position. However, alongside larval collections in  andA. arabiensisn SenegalTran R Soc Trop Med
1999 in Kwenev (locality 15, Figure), we collected  Hyg92: 270-272.
204 indoor-resting females, all of which, like col-Di Deco MA, Rishikesh N, Petrarca V, Coluzzi M 1981.

lected larvae, were identified &%. gambiaeln Variazioni stagionali inAnopheles gambiagAnoph-
this case at least, larval and adult collections gave €les arabiensia Kaduna, Nigeri&arassitologie?3
identical results. 9-172.

d:aye O, Konate L, Mouchet J, Fontenille D, Sy N,

The shifts in species composition after tw Hebrard G. Herve JP 1997, Indawsting by out-

years in four of 10 localities in_ this study have also door biting females of thanopheles gambiagom-
been observed in other studies (Faye et al. 1997, oy (Diptera: Culicidae) in the Sahel of northern
Toure et al. 1998). Large fluctuations in species genegald Med EntomoB4: 285-289.
composition are also known to occur seasonallgilies MT, Coetzee M 1987A Supplement to the
(Service 1970, White & Rosen 1973, Di Deco etal. Anophelinae of Africa South of the SahaBauth
1981), but the present results can not be attributed African Institute for Medical Research, Johan-
to seasonal effects because our samples were col-nesburg, 143 pp.
lected in the rainy seasons of 1997 and 1999. Hunéa?n%ifeggﬁsg yéfni&v@ﬁeﬁeﬁ?ﬁrﬁmgggﬁs
e e e 5ot o e 1945 25125

years in most Iocalgndsa SW, Parson L, Thomas CJ 1998. Mapping the
ties, the changes in distibutions between th ! y S, X - Viapping

. ranges and relative abundance of the two principal
present study and that of Coluzzi et al. (1979) can African malaria vectorsAnopheles gambiae sensu

not entirely be attributed to random temporal fluc-  gtricto andAn. arabiensis using climate dat®roc R

tuations. Further population genetic data should soc London B65: 847-854.

confirm whether there has indeed been a changeMvlineaux L, Gramiccia G 1980'he Garki Project

the range of, in particula#n. arabiensis. Research on the Epidemiology and Control of Ma-

laria in the Sudan Savanna of West Afrigdorld
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