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Identification of Mosquitoes of Anopheles gambiae Species

Complex A and B by Analysis of Cuticular Components

Abstract. Two important vectors of malaria in Africa, Anopheles gambiae and
Anopheles arabiensis (Diptera: Culicidae), often occur sympatrically and cannot be
distinguished morphologically. A chemical method was developed to identify individ-
ual laboratory-reared adult males or females of either species by extraction and
analysis of cuticular components with gas chromatography. Statistically significant
differences were seen between species when selected pairs of peaks were compared.

The Anopheles gambiae Giles com-
plex of Africa includes two species that
breed in salt water, namely An. melas
Theobald in West Africa and An. merus
Donitz in East Africa. Three more spe-
cies, which breed in freshwater, were
previously designated as species A, B,
and C and are now designated An. gam-
biae Giles, An. arabiensis Patton, and
An. quadriannulatus Theobald (I, 2), re-
spectively. A fourth member, species D
(Bwamba cytotype), is found only in wa-
ters with high mineral contents in the
Semliki forest of Uganda (3). The two
most important species, An. gambiae
(A) and An. arabiensis (B), are highly
anthropophilic, are the principal vectors
of malaria in the Afrotropical region, and
occur sympatrically in many areas. They
are true sibling species in which inter-

SCIENCE, VOL. 207, 7 MARCH 1980

breeding gives sterile males, and they
can only be separated with confidence by
the banding of the polytene chromo-
somes of either the fourth-instar larval
salivary glands ) or the adult ovarian
nurse cells of half-gravid females (5). Re-
cently, however, a method has been de-
scribed for identifying larvae and pupae
of these two species by fluorochrome
bisbenzimid staining of the mitotic kar-
yotypes (6). In another procedure that
has been tried, diagnostic allozymes are
used for separating certain species of the
gambiae complex (7, 8).

The usefulness of these methods for
work in the field requires further evalua-
tion because each has severe technical
limitations. For example, only females
can be identified by chromosomal stud-
ies, and they must be half-gravid. In ad-
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dition, cytotaxonomic identifications are
difficult on preserved material with the
result that many individuals cannot be
identified (9). For allozyme studies it is
necessary to keep field-collected sam-
ples continuously frozen in Dry Ice from
time of collection until laboratory analy-
sis.

We therefore investigated alternative
methods of identifying adults of either
sex of An. gambiae and An. arabiensis .
Extraction and analysis of chemically
stable and easily obtained cuticular hy-
drocarbons was carried out by gas chro-
matography (GC) to discover whether
there were specific ingredients or unique
relationships that could serve as mark-
ers. We report here some minor but sta-
tistically significant differences in the
cuticular components of laboratory-reared
adults of these two sibling species.

Sample of 2- to 3-week-old unmated
mosquitoes were obtained from labora-
tory colonies of An. gambiae and An.
arabiensis maintained at the Liverpool
School of Tropical Medicine in England.

Crude lipids were extracted from cu-
ticular samples of individuals or pooled
samples of each sex and species by soak-
ing each sample twice in a minimum of n-
heptane. The extract was transferred to a
clean glass vial, and the solvent was re-
moved for shipment by evaporation with
a stream of dry air. Crude extracts were
redissolved in a minimum amount of
hexane (10 wl) for immediate GC analy-
sis (Fig. 1) or added to a column pre-
pared from a disposable Pasteur pipette (5
mm in diameter), dry-packed with 60 to
200 mesh silica gel (2 cm) over 20 percent
silver nitrate-impregnated silica gel (1
cm). Saturated paraffins were eluted with
n-hexane, olefins with 1 percent ether in
hexane, and polyolefins with 15 percent
ether in hexane. The volume of each sep-
arated sample was adjusted to 10 ul for
GC analysis (10).

The major constituents of the crude
lipid extract were n-paraffins of 21 to 33
carbons and branched paraffins of 29 to
44 carbons, consistent with a previous
analysis of pooled samples of 500 mos-
quitoes (/7). Patterns in the chromato-
grams of components with 21 to 44 car-
bons appeared to be similar in all sam-
ples. Also in this range were smaller
peaks, but none that appeared to be
unique to either species or either sex.
Saturated or unsaturated hydrocarbons
that might be species markers were not
found in sufficient quantities to be useful.

Quantitative data on the distribution of
larger peaks suggests that there are at
least three relationships that can be used
for identification markers of females of
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These results merit detailed appraisal
of the value of the cuticular components
of wild adults for the separation of these
and other sibling species of the An. gam-
biae complex, and perhaps other com-
plexes, for example, species of the Culex
pipiens or Aedes aegypti. Examination
of materials from these and other mos-
quito species with the same techniques
showed dissimilar distribution of com-
ponents, suggesting that some cuticular
components may possess biological ac-
tivity related to species or sex recogni-
tion, or both. There is ample precedent
for this in higher Diptera, because rela-
tively nonvolatile cuticular hydrocar-
bons are responsible for male sexual
stimulation and sex recognition in the
“tsetse fly (16) among others.
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