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Potential Use of the Spermatheca in the Separation of Species A and B
Females of the Anopheles gambiae Complex in Northern Nigeria
by J. L. CLARKE 1

Research carried out in the last 8 years has shown
that the Anopheles gambiae complex consists of at
least 5 closely related species (Davidson, 1962; 1964).
An. melas from West Africa and An. merus from
East Africa are salt-water species, while the fresh-
water species have been provisionally designated A,
B, and C.

Species C occurs in eastern and southern Africa
from Ethiopia to Swaziland and has not, as yet,
been found in West Africa, while species A and B
are both extremely efficient malaria vectors and
widely spread over the Ethiopian geographical
region. These last two sibling species occur in
sympatric association over much of their ranges.

Extensive investigations have been carried out in
an attempt to find morphological differences that
could be used to separate these 5 species (Coluzz,
1964; Chauvet & Dejardin, 1968; Chauvet et al.,
1969; Ishmail & Hammond, 1968; Zahar et al.2).
No real differences were, however, apparent between
adults of An. gambiae A and B, although in the
larvae Coluzzi indicated the possible taxonomic
usefulness of prothoracic seta no. 1, particularly in
larvae from the Upper Volta, and Chauvet that
of mesothoracic seta no. 1 in larvae from Mada-
gascar.

Determination of An. gambiae A and B at present
depends on crossing to known colonies or on
examination of polytene chromosomes in either the
salivary glands of fourth instar larvae or the nurse
cells in ovaries of adult females at the Stage III of
Christopher (Coluzzi & Sabatini, 1967; Coluzzi,
1968).
The separation of An. gambiae A and B using

morphological characteristics is difficult because of
the existence of wide intraspecific gradients that tend
to conceal the interspecific differences, thus limiting
the taxonomic reliability of almost all characters
when studied over the whole Ethiopian geographical
region.
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The present investigations have been confined to
adults of colonized An. gambiae A and B originally
from areas of northern Nigeria in which the two
species are known to be sympatric, thus allowing a
geographically limited comparison to be made.

Materials and methods
Adult female mosquitos of An. gambiae A and B,

preserved in 70% alcohol, were supplied by Dr
G. Davidson from five laboratory strains maintained
in the Ross Institute of Tropical Hygiene, London
School of Hygiene and Tropical Medicine. In
addition fresh eggs were supplied from three strains
and subsidiary colonies established at Newcastle
University. The total number of separate strains
was six; two An. gambiae A and four An. gambiae B
(Kaduna B was initially established in Nigeria from
Kankiya B).

Details of the strains, all of which originated in
northern Nigeria, are shown in Table 1.

Initially, slides were prepared for the measurement
of spermatheca size by placing the female abdomen,
after removal of the terminal segments, in 10%
NaOH overnight at room temperature, followed by
clearing in lactophenol and mounting in gum
chloral without a cover-slip. Measurements of
spermatheca size were made the same day, to
minimize any distortion due to drying of the gum
chloral.
The measurement of spermatheca size was made

with the spermatheca in such a position that the
spermathecal duct could be seen clear of the sperma-
thecal bulb and the actual measurement was made
from the point of entry of the duct across the centre
of the bulb, as shown in Fig. 1. This was found
in nearly all cases to give a maximum reading.

Rotation of the spermatheca sometimes occurred
in the mounted abdomens, rendering it impossible
to make the above measurement. It was found
to be easier to dissect out the spermatheca in
normal saline and measure it directly without any
further preparation of the material. This technique
was used on all colony material reared at Newcastle.

In the studies on fresh material, wing length has
been used as an indication of size of the mosquitos.
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Table 1. Mosquitos studied in this investigation

Species 1 Obtained as: Geographical source

An. gambiae A Preserved adults Natsini, Sokoto Province (NAT A)

An. gambiae A Fresh eggs Natsini, Sokoto Province (NAT A)

An. gambiae A Preserved adults Kaduna (KAD A)

An. gambiae B Preserved adults Natsini, Sokoto Province (SBR 2)

An. gambiae B Fresh eggs Natsini, Sokoto Province (SBR 2)

An. gambiae B Preserved adults Kaduna (KAD B)

An. gambiae B Preserved adults Kankiya, Katsina Province (KAN/U/B)

An. gambiae B Fresh eggs Ambursa, Sokoto Province (AMB B)
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Fig. 1. Measurement of spermatheca size.

Two measurements have been made of wing length:
the actual length of the wing from the wing tip to
the point of articulation with the thorax (X) and the
length from the wing tip to the axillary lobe, i.e.,
excluding the alula (Y) [Y = 90-91% of X in both
An. gambiae A and B].

Results and discussion

Measurements of spermatheca size for the 6 colo-
nies of An. gambiae A and B from northern Nigeria
are summarized in Table 2. Initial data on limited
numbers of mosquitos indicated that possibly there
was no overlap in spermatheca size between An.
gambiae A and An. gambiae B. As further mea-

surements were made it was observed that there
was limited overlap at about 130 ,tm.

Table 2 does show, however, that the smallest
mean value of An. gambiae A was 137 1 [m +
5 3 vm while the largest value of An. gambiae B
was 122 7 pm ± 5-3 ,um.

Adult An. gambiae showed great variation in size
and this overlap between An. gambiae A and B
occurred only between large specimens of An.
gambiae B and small specimens of An. gambiae A.
The relationship between spermatheca size and

insect size was therefore investigated using 152
females reared from five separate egg batches of
the Ambursa B colony maintained at Newcastle;
the larvae were reared at 23°C. Wing length was used
as a measure of the size of the insect, measurement
being made from the wing tip to the axillary lobe.
The accompanying scatter diagram shows sperma-

theca size in relation to wing length for these
females, together with the calculated regression line,
the formula for which is y=0-0355+0 026x. The
correlation coefficient between spermatheca size and
wing length is 0 69.
The Ambursa B data cover wing sizes (measure-

ment Y) from 2 68 mm to 3*67 mm. A small
sample of 35 females taken from preserved An.
gambiae material received from the Anopheles
Control Research Unit 1 at Kaduna, collected from
the study village of Angwan Maaza, gave wing
measurements (Y) of 26 * 5-3 - 38 mm.
The same measurements from a sample of

24 Ambursa B females from the Newcastle colony in
March 1971 gave a very similar regression line to
that obtained from the five egg batches, the formula
being y=0-0387+0 025x.
The accompanying scatter diagram shows the

calculated regression line (y = 00738+ 0- 024x) for
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Table 2. Spermatheca size in colonies of An. gambiae A and B originating from northern Nigeria

SciesC y N rI Observed Mean 95 % Confidence S.D. Coefficient of
Species Colony Number Reared at range (Is) (ps) limits (f) (MA) variation (%)

A NAT A 15 London 134-157 144.5 140.6-148.4 7.1 4.9

NAT A 42 Newcastle 131-155 141.3 139.2-143.4 6.9 4.9

KAD A 15 London 130-150 137.1 134.2-140.0 5.3 3.9

B KAN/U/B 11 London 111-131 122.7 119.1-126.2 5.3 4.3

KAD B 17 London 111-131 121.8 119.1-124.4 5.1 4.2

SBR2 12 London 107-123 116.7 113.5-119.9 5.1 4.4

SBR2 38 Newcastle 93-129 109.9 107.3-112.5 8.0 7.3

AMB B 38 Newcastle 95-135 113.7 110.6-116.8 9.7 8.5

Natsini A for a series of 70 An. gambiae females.
These were from the Natsini A colony maintained
at Newcastle. The correlation coefficient in this case
was 0 56.
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The two regression lines are approximately paral-
lel, indicating that at any given wing length the
average diameter of Natsini A spermathecae is
approximately 32 ,um greater than the diameter of

3.0 3.2 3.4 3.6
WING LENGTH - MEASUREMENT Y (mm)

Fig. 2. Relation between spermatheca size and wing length in colonies of NAT A and AMB B of the Anopheles
gambiae complex in northern Nigeria.
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those of Ambursa B (33 ,m at wing length (Y)
266 mm to 31 ,um at 3 55 mm).

These two scatter diagrams show no overlap and
thus it is possible to distinguish Natsini A females
from Ambursa B females by the size of the sperma-
theca considered in relation to the wing length of
the mosquito.
Both the Natsini A and Ambursa B colonies

originated from the Western Sokoto area of northern
Nigeria and results indicate the potential use of the
spermatheca as a taxonomic character in the
An. gambiae complex. Undoubtedly selection will
have occurred in maintaining colonies under
insectary conditions, but it is unlikely that this will
have affected six separate colonies so that the
spermatheca size of females of the four An. gambiae B
colonies is consistently smaller than the spermatheca
of the females of the two An. gambiae A colonies.

If these findings can be confirmed on material
obtained directly from the field this will prove a
useful and relatively quick method of separating
species A and B of the An. gambiae complex, at least
in northern Nigeria. It may be found especially
convenient to make the spermathecal diagnosis in
samples being dissected for other purposes.

This method of separation can be used on alcohol
preserved females, from which it is relatively simple
to dissect out the spermatheca, allowing material to
be preserved and examined at a later date if necessary.
The other methods of separation can only be carried

out with live material and in the case of chromosome
determinations during only limited periods of the
life cycle, or gonotrophic cycle.

In many cases the method can be used on long-
dried specimens after relaxing, providing the
spermatheca has not been damaged during drying.
Spermatheca size can be determined in the late pupal
stage.
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Field and Laboratory Observations in Sabah, East Malaysia on
the Proportion of Anopheles balabacensis balabacensis Eggs Hatching
After Holding in a Humid Atmosphere
by N. RAJAPAKSA

Anopheles balabacensis balabacensis is one of the
most important vectors of malaria in South-East
Asia, and is the main vector of malaria in Sabah,
East Malaysia. It is a mosquito of the rain forest
and its fringe. Interest in this species has been
stimulated by the fact that the presence of Plasmo-
dium falciparum strains resistant to all or most
synthetic antimalarial drugs appeared in areas where
this species is the sole or principal vector (Sandosham
et al., 1963). The failure to interrupt malaria
2722F

transmission in many areas where this species is a
vector has also stimulated more fundamental re-
search on its bionomics.
Sabah is highly mountainous with forested hills

and ridges occupying the major part of the country.
The climate varies markedly from one valley to the
next. Two monsoon rainy seasons occur, but many
areas in the interior that are in the rain shadows of
hill ranges have frequent dry spells lasting up to
2-3 months.


