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Taxonomic value of spermatheca size for
distinguishing four members of the Anopheles gambiae
complex in East Africa*
G. B. WHITE1 & J. N. MUNISS 2

Measurements of spermatheca diameter and wing length were made on 8 East African
mosquito populations comprising Anopheles merus and A. gambiae species A, species B,
and the " Bwamba cytotype " (=species D). The results showed that, on average, the
spermatheca in species A females is larger than in species B. In each of two Tanzanian
localities harbouring sympatric populations of A and B an overlap of 20 % was observed
between the frequency distributions ofspermatheca diameter in this pair of species. In the
Bwamba cytotype, spermatheca size resembled that ofspecies A but the wings were longer
than in all other populations investigated. A. merus females had a small spermatheca
enabling about 50 % of individuals to be distinguished from species A and about 30 % to
be distinguishedfrom species B. The correlation coefficient between the two measurements
was positive but low. It was concluded that no taxonomic advantage exists in combining
both these features for clqssifying individual mosquitos. With multiple samples, however,
the relationship of mean wing length to mean spermatheca diameter appeared to be charac-
teristic for each member of the complex. It is concluded that with these East African
populations of the A. gambiae complex, the measurement of spermatheca size has little
value for distinguishing between individual females of the different sibling species.

Clarke (1971) proposed that spermatheca size may
serve to distinguish between species A and species B
of the Anopheles gambiae complex (Davidson et al.,
1967) in field studies. His findings, based on labora-
tory colonies all originating from northern Nigeria,
indicate that species A populations have a signifi-
cantly larger spermatheca than species B, with only
a very small amount of overlap in their observed
ranges of size. For 3 populations of species A,
Clarke recorded mean diameters of 137-145 ,m
compared with means of 110-123 ,um for 5 popula-
tions of species B. Observed overall ranges of sper-
matheca size were 130-157 um for 72 females of
species A and 93-135 ,um for 116 females of spe-
cies B. When spermatheca size was plotted against
wing length of females no overlap was found between
the values for one species A and one species B colony.
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Clarke concluded that, at least in northern Nigeria,
spermatheca and wing measurements are potentially
valuable for separating females of these two sibling
species. He also pointed out that the technique
would overcome some of the inherent limitations of
Coluzzi's cytotaxonomic method of identifying these
cryptic species (Coluzzi 1966, Coluzzi & Sabatini
1967) through its applicability to mature female
pupae and all age groups of living and dead female
adults.
To satisfy the obvious need to investigate this

feature in other regions of Africa, we have recently
made spermatheca and wing measurements on sev-
eral samples of the A. gambiae complex from East
African countries. Results for 8 populations com-
prising 4 species of the complex are reported here.

MATERIALS AND METHODS

Sympatric populations of A. gambiae species A
and species B were studied in two separate areas of
north-eastern Tanzania: Segera (5°18'S, 38'33'E),
where the humid coastal lowlands merge into the
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more arid inland scrub, and Gonja (4°23'S, 38°04'E),
at the eastern foot of the South Pare mountains.
Wild-caught specimens of species A were also col-
lected from aroung Muheza (5°10'S, 38°47'E) in the
foothills of the eastern Usambara mountains of
coastal Tanzania. Additional data on species A
were obtained from the oldest existing laboratory
colony of the A. gambiae complex, which was started
in about 1950 from specimens collected at Kisumu
(0°05'S, 34°48'E), Kenya (Moores, 1953). This
Kisumu A strain has been maintained at Amani
since 1953 (Shute, 1956).
Comparable data on a third member of the com-

plex that breeds in fresh water, a form provisionally
termed the "Bwamba cytotype ", were obtained
from specimens collected at Sempaya (0°50'N,
30°10'E) in Bwamba County of Uganda and pre-
served for 2 months in lactophenol. The Bwamba
cytotype population may be a chromosomal variety
of species C but is more probably a new sibling spe-
cies of the A. gambiae complex.1

Finally, A. merus Donitz, the east coast salt water
breeding species of the complex, was studied using
specimens from an 8-month-old laboratorycolony
originating from the Mkulumuzi river estuary at
Tanga (5°04'S, 39005'E), Tanzania, and maintained
in an insectary at Tanga using 20% natural sea
water for larval development.

Wild-caught females of A. gambiae sensu lato
were freshly dissected and later identified to species
from the banding pattern on the X-chromosome of
ovarian nurse cell nuclei (Coluzzi, 1966, 1969). After
removal of the ovaries for chromosome preparation,
the fresh spermatheca from each female was trans-
ferred to normal saline on a cavity slide and measured
in the uncrushed state. The same general procedure
was adopted for freshly dissected specimens from
the colonies of species A and A. merus and for
preserved females of the Bwamba cytotype. Crushed
or damaged spermathecae were rejected. The maxi-
mum diameter of each spermatheca was recorded in
the manner described by Clarke (1971), using a tra-
velling microscope with a micrometer eyepiece hav-
ing 1 000 intervals, each representing a calculated
real measurement of 0.182 ,um on the focal plane.
Spermathecal observations were all made with a
Wild monocular microscope using a x 10 eyepiece
and a x42 objective. One wing was removed from
each female mosquito and placed flat on a slide for
measurement, when fresh, under a Watson binocular

1 See postscript.

dissecting microscope with transmitted light, using
a x 1O eyepiece and a x 5 stereoscopic objective.
Wing length was estimated in units of 12 ,um using
a fixed scale mounted in one eyepiece, and measured
as the distance from the point of articulation to the
tip of the wing cuticle, excluding the fringe.

Statistical assessment of the results involved cal-
culation of mean size measurements plus or minus
their standard error. Standard deviations and coeffi-
cients of variation and correlation were also cal-
culated by conventional methods (Swaroop, 1966).
Populations were compared using the coefficient of
difference devised by Mayr et al. (1953). Proportions
of overlap between populations were estimated using
a graph drawn from data given in Table 12 of Mayr
et al. (op. cit.).

RESULTS

The observed dimensions of wing length and sper-
matheca diameter in these 8 East African popula-
tions of the A. gambiae complex are summarized
in Table 1. Mean wing length, an index ofoverall
mosquito size, ranged from a maximum of 3.68 mm
in females of the Bwamba cytotype to 3.54 mm in
A. merus, 3.46-3.55 mm in species B down to
3.30-3.43 mm in species A. All populations exhibited
a positive correlation coefficient for the relationship
of wing and spermatheca size. The strength of corre-
lation between these two factors was of a weak to
medium order, being lowest for the Bwamba cyto-
type (0.36) and greatest for the highly inbred Kisumu
A colony (0.71).
Data on spermatheca size in these populations

are shown in Fig. 1. Mean spermatheca diameters
of all four species A populations (131-138 um) and
of the Bwamba cytotype (133 ,um) were greater than
for both species B populations (119 and 127 Mum)
and for A. merus (112 ,Mm). The mean spermatheca
size of Gonja B (127 ,tm) was nearer to Segera A and
Muheza A (both 131 Mum) than to Segera B (119 ,um).

Differences in the absolute ranges of spermatheca
diameter of species A and B in sympatric association
at Segera and Gonja indicated that a small propor-
tion of females could be identified specifically from
this feature. Thus females having a spermatheca
diameter below 116 ,um at Segera or 123 ,um at
Gonja are probably species B, while those measuring
above 133 ,um at Segera or 144 ,um at Gonja are
probably species A individuals. The observed pro-
portions identifiable in this way were 34% of 67
specimens from Segera and 22% of 91 specimens
from Gonja.
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Spermatheca diameter (im)
Fig. 1. Ranges of spermatheca diameter in 8 East
African populations of the A. gambiae complex.
One hybrid A x B female is included also. Vertical
lines indicate the mean diameter for each population;
shaded areas show the 95 % limits of confidence of the
means; unshaded areas delineate one standard deviation.
The number of specimens in each sample in also shown.

The frequency distribution of spermatheca size
for the Bwamba cytotype population overlapped
45-70% with each of the species A populations and
20-40% with the two species B populations (Table 2).

The overlap of spermatheca size frequency between A
and B was about 20% in the two sympatric localities
of Gonja and Segera. Gonja A spermatheca size
frequency overlapped only 35% with Segera A and
Muheza A, while Gonja B overlapped only 30%
with Segera B. There was a highly significant non-

overlap of 96% in the frequency distribution of sper-

matheca diameter between Gonja A and Segera B;
the reciprocal comparison of Segera A with Gonja B
showed 45% of overlap. A single hybridA x B female
included among the Gonja specimens had a sperma-

theca diameter of 129 ,tm.
In the A. merus colony mean spermatheca diameter

was less than in all species A populations and the
Bwamba cytotype (P <0.1) and overlapped 17-30%
with the frequency distribution of spermatheca size
in species B. Despite the long wings of A. merus,

spermathecae smaller than 107 ,tm in diameter were

restricted to this species. Among the 52 A. merus

colony females examined, 31 % had a smaller sperma-
theca than any seen in species B and 50% of A. merus

were distinguishable from the samples of species A
by this factor alone.

Variations in mean spermatheca size between these
8 populations were not in direct concordance with
their mean wing lengths. However, dividing the
mean wing length by the mean spermatheca diameter
gave a ratio for each population which varied as

follows: 25-26 for species A, 28 for the Bwamba
cytotype, 28-29 for Species B, and 32 for A. merus

(Table 1). The mean value of this ratio may well be
characteristic for each species of this complex.

Fig. 2 is a scatter diagram showing relationships
between spermatheca diameter and wing length for
the three sibling species investigated from the Tanga

Table 2. Percentages of overlap in the frequency distributions of spermatheca size
for 8 populations of the A. gambiae complex from East Africa. (Calculated from their

ccefficients of difference.)

Kisuma Muheza Gonja Segera Gonja Segera Bwamba
A A A A B B cytotype

A. merus 7 10 2 11 17 30 10

Bwamba cytotype 50 70 45 70 40 19

Segera B 13 19 4 20 30

Gonja B 25 45 20 45

Segera A 45 95 35

Gonja A 75 35

Muheza A 45
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Fig. 2. Scatter diagrams of spermatheca diameter and
wing length for 3 species of the A. gambiae complex
from the Tanga region of Tanzania. Measurements of
species B (Segera) are enclosed by a dotted outline
overlapping with solid outlines for species A (Muheza
and Segera, upper outline) and for A. merus (Tanga
colony, lower outline). Isometric lines have been added
showing the mean wing length/spermatheca diameter
ratios: 25.5 for species A; 28.5 forspecies B; and 32
for A. merus.

region of Tanzania. Data for species A populations
at Muheza and Segera have been combined and are

compared with those for the Segera B population
and the A. merus population from Tanga. Lines
have been added to indicate the mean ratios of the
two factors. This diagram illustrates the fact that,
in the Tanga region at least, the majority of species
A females may be morphologically separated from
A. merus, but that species B individuals are insepar-
able from species A or A. merus on the basis of this
combination of features.

DISCUSSION

Measurements of spermatheca diameter and wing
length in 8 East African strains comprising 4 mem-

bers of the A. gambiae complex have not revealed
any absolute differences that can serve for distin-
guishing between individual females of these forms.
The tendency of species A to have a larger sperma-
theca than species B, first reported by Clarke (1971)

for colonies of Nigerian strains, was insufficiently
pronounced in these wild populations to be of taxo-
nomic value. At two localities in Tanzania, Segera
and Gonja, harbouring populations of species A
and B in sympatric association, only 34% and 22%
of specimens, respectively, had a spermatheca large
or small enough to permit their specific identity to
be determined from this feature with near certainty.
Wing length was not correlated with spermatheca
diameter strongly enough for there to be a worth-
while statistical advantage in combining these two
factors for identifying A and B populations. The
mean ratio of wing length divided by spermatheca
diameter was significantly higher in species B (28-29)
than in species A (25-26) and significantly higher
still in A. merus (32). This ratio appears to have
some value for identifying pure populations such as
laboratory colonies.

A. merus, which occurs sympatrically with spe-
cies A at Tanga (White, 1968) and elsewhere along
the East African coast (Davidson et al., 1967), was
found to possess a relatively small spermatheca,
which serves to distinguish 50% of the individuals
of this species from the observed range of sperma-
theca size in species A and about 30% of them from
the observed range in species B. Wing length in the
A. merus colony was never as small as the lower
ranges of wing length in species A and B popula-
tions, so that combined data on spermatheca and
wing dimensions facilitated the separation of the
majority of A. merus females from species A and
of more than 30% of them from species B (Fig. 2).
Data presented here for the " Bwamba cytotype "

do little to help clarify the relationships between
this form and the recognized species of the A. gam-
biae complex. The average wing length was greater
than that of any other population investigated, in
keeping with the large apparent size of Bwamba
specimens. In the present series of comparisons,
spermatheca diameter in Bwamba females resembled
that in species A populations most closely, and
overlapped 2040% with that in species B also.
Measurements made recently by Green (1972) on
wild specimens of species C collected in Southern
Rhodesia showed spermatheca size and the ratio
between spermatheca diameter and wing length to
be intermediate between Clarke's (1971) values for
species A and B.

Considerable difficulty was often encountered in
measuring a spermatheca accurately. Apart from the
extreme care needed to avoid including distorted
spermathecae in the samples it was found that sper-
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mathecae would dry up and collapse if left too long
on an exposed slide. This made measurement impos-
sible and no treatment could be devised that would
reconstitute the original shape and size. Although
this drying-up could be avoided by dissecting fresh
material into 5% glycerol/saline, insuperable difficul-
ties of the same kind were encountered in trying to
measure the collapsed spermatheca of pinned and
dried specimens. It is thus difficult to measure the
diameter of an undamaged spermatheca with the
required accuracy, except on fresh specimens or
specimens preserved in liquid media.

To summarize these observations, no taxonomic
value was revealed in the sizes of wing and sperma-
theca, taken separately or in combination, for identi-
fying the majority of wild females of species A,
species B, and a third form represented by the
Bwamba cytotype population. Wing and sperma-
theca measurements had some value for determining
a proportion of the A. merus colony females, but
even if this approach were to prove equally valid
in the field it would not be as simple or successful
a technique as the identification of A. merus females
from their high palp ratio (Coluzzi, 1964).
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RI-SUMt

VALEUR TAXONOMIQUE DES DIMENSIONS DE LA SPERMATHEQUE POUR LA DIFFERENCIATION
DE QUATRE MEMBRES DU COMPLEXE ANOPHELES GAMBIAE EN AFRIQUE ORIENTALE

On a mesur6 le diametre de la spermath6que et la
longueur de I'aile chez des anopheles femelles de diverses
populations d'Afrique orientale comprenant 4 especes
du complexe Anopheles gambiae: espece A, espece B,
cytotype Bwamba et An. merus.
En g6neral, on n'a constat6 qu'une correlation moyen-

nement positive entre le diametre de la spermatheque
et la longueur de l'aile, et on n'a pas d&eel de diftfrences
franches entre les dimensions de la spermatheque chez
les differentes especes. Les diametres moyens atteignaient
112 ftm chez An. merus, 119-127 um dans l'esp&ce B
(2 populations), 131-138 jum dans l'esp6ce A (4 popu-
lations) et 133 jm chez le cytotype Bwamba. Cependant,
en raison des petites dimensions de la spermath6que
chez An. merus, on arrive a differencier 50% des insectes
de cette esp&ce de ceux de l'espece A et 30% d'entre eux
de ceux de l'espece B. Dans deux populations sympa-

triques appartenant a F'espece A et a 1'espece B, 34%
et 22% seulement des insectes ont pu etre distingues en
fonction des dimensions de la spermatheque. II semble
en revanche qu'on puisse identifier des populations pures,
comme des colonies de laboratoire, en se basant sur
le rapport entre la longueur de l'aile et le diametre de
la spermath6que. Ce rapport est en moyenne plus Olev6
chez An. merus (32) que dans l'esp&ce B (28-29) et dans
l'esp6ce A (25-26).

Les auteurs concluent que, en Afrique orientale, la
mesure des dimensions de la spermatheque ne pr6sente
qu'un interet tres limite en tant que moyen de diffe-
rencier des esp&ces germaines du complexe An. gambiae.
La methode offre en outre le desavantage d'etre tr6s
laborieuse et d'exiger de multiples precautions si l'on
veut obtenir un minimum d'exactitude.
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Postcript

Recent investigations in the Ross Institute using
living material of the Bwamba cytotype collected by
L. Mukwaya of the East African Virus Research Inst-
itute have shown that sterile hybrid males are produced
from crosses between the Bwamba cytotype and all

five other members of the Anopheles gambiae complex
(Davidson & White, 1972).

It becomes necessary, therefore, to recognize the Bwam-
ba cytotype as the sixth sibling species of the A. gambiae
complex, to be provisionally designated " species D ".


