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Table 1. Occurrence of P. gallinaceum sporozoites in An. quadrimaculatus adult
females that had or had not previously been infected with a Nosema species

Mosquitos with nosematosis MIosquitos without nosematosis

Test Number Number with Percentage Number Number with Percentage
examined sporozoites sporozoites examined sporozoites sporozoites

A 6 0 0 5 1 20.0

B 6 0 0 15 8 53.3

c 6 1 16.7 9 9 100.0

D 6 6 100.0 4 4 100.0

E 11 1 9.1 9 5 55.6

F 2 0 0 5 3 60.0

G 15 0 0 5 2 40.0

total 52 8 52 32

average 15.4 61 .5

adult is shortened; thus many female mosquitos do
not live long enough to transmit malaria. This
result was evident from our studies; indeed, we had
difficulty in obtaining sufficient mosquitos infected
with both Nosema and malaria to conduct the tests.
Further studies are required to evaluate all these
factors and to determine the levels of Nosema infec-
tion that can be attained in natural mosquito
populations.
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Observations on the Mating Behaviour of Aedes aegypti in Nature
by W. K. HARTBERG 1

At present relatively little is known of the mating
behaviour of Aedes aegypti (L.) in nature. A
thorough knowledge of such behaviour would be
invaluable in determining the feasibility of incorpor-
ating laboratory-reared genetic material into field
populations for biological or autocidal control pro-
grammes.

It has recently been established in the laboratory
that females of Ae. aegypti are monogamous (Craig,
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1967; Spielman et al., 1967). Gwadz (1967) and
simultaneously Lea (1967) reported that very young
Ae. aegypti females are refractory to insemination.
Gwadz & Craig (1968) demonstrated that the females
begin copulation soon after emergence, but are
refractory to insemination for about 48-72 h; hence
copulation by very young females does not result in
insemination.
The genitalia of the males of Ae. aegypti must

rotate through 180° after emergence before the
males are able to copulate. In the laboratory, males
have been known to copulate before rotation is
complete; however, most copulate only after com-
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plete rotation (Roth, 1948), which takes 15-24 h.
As the females are refractory to insemination during
the first 48-72 h, and males unable to copulate for
15-24 h, there is ample opportunity for dispersal of
the adults from the breeding sites before successful
insemination takes place. This probably allows for
a thorough 'mixing ' of the population, thereby
lowering the incidence of inbreeding. Thus it follows
that mating (i.e., successful insemination) probably
does not take place at the breeding site.
The order of precedence of biting and mating

varies between species (Clements, 1963). Biting was
found to precede mating in the great majority of
Ae. aegjpti in the field in Kenya (Teesdale, 1955).

In all the biting catches conducted by the East
Africa Aedes Research Unit, a number of Ae. aegypti
males have been observed and collected on or near
the human bait. This phenomenon has been noted
by workers in different geographical locations
(Yasuno & Tonn, 1970). During our studies in
Tanzania Ae. aegypti was the only Stegomyia species
in which males were taken in biting catches. More-
over, Ae. aegypti has been observed mating on two
occasions when biting catches were being conducted
in Uganda (McClelland, 1959).
The foregoing facts and observations suggest that

perhaps Ae. aegypti commonly mates near the host
in nature. The studies described herein were under-
taken to investigate this possibility.

Methocls

Two areas in Dar es Salaam, Tanzania, were
chosen for the studies. One was an automobile
dump surrounded by small houses in the Buguruni
section, where extensive breeding of Ae. aegypti
occurs in the discarded tires and car bodies. Many
people uise a well that is situated within the dump
and thus the mosquitos can readily find blood. The
second area was in Keko, an area with light industry.
A survey of the area disclosed that breeding of
Ae. aegypti was concentrated next to a warehouse in
some discarded ceramic w.c. pans. A thorough
search of the area revealed that it was the only
breeding site, except for a few discarded tins, within
a radius of over 200 m. This site was chosen to
investigate where mating of Ae. aegypti occurred in
relation to the single main breeding place, by estab-
lishing observation points at different distances from
it. Workers in the nearby warehouses and factories
constituted a ready source of blood for the mosqui-
tos.

In both the Buguruni and the Keko study areas
preliminary biting catches were conducted with six
men sitting in the open, catching the biting females
in test tubes stoppered with cotton-wool. The 4-hour
catches were made between 06.00 and 11.00 hours
local time. The females were then taken to the
laboratory and dissected in saline (Hayes, 1953) and
the spermathecae were examined with a compound
microscope for the presence of spermatazoa. The
purpose of these preliminary catches was to deter-
mine whether non-inseminated females were coming
to bite.
A second set of biting catches (" observation"

catches) were made in the two study areas in order to
make direct visual observations of the mating of the
mosquitos. At Buguruni the catches were conduc-
ted with two men acting as bait and the author as
observer. The men sat in the open in the centre of
the dump and the catches were conducted between
05.30 and 09.00 hours. The female Ae. aegypti from
the Buguruni catches were taken to the laboratory
and dissected to determine the state of insemination
and the condition of the ovaries. The condition of
the ovarian tracheoles (Detinova, 1962) was used to
establish whether the females were parous or nulli-
parous.
At the Keko study area, 3½/2-hour biting catches

and observations were performed at four sites. The
catches at sites 1 (at breeding site), 2 (25 m from
breeding site), and 3 (51 m from breeding site) were
made using five men as bait and the author as
observer. The catchers and observer conducted
the catches sitting inside an open-ended orange-
coloured canvas tent (Trpis, 1962). The catch and
observations at site 4 (120 m from breeding site) were
made by three men sitting in the open beside some
bushes. The catches were performed on consecutive
weeks at the four sites, between 05.30 and 09.00
hours. No determinations of insemination rates
(except for preliminary observations) or of ovarian
condition were undertaken with the females collected
during the Keko catches.

Results

The data from the preliminary catches at Buguruni
and Keko provided information on the relative
number of inseminated and non-inseminated biting
females (Table 1). The two catches at Keko gave
virtually identical proportions of non-inseminated
females, but the proportion was much higher in the
Buguruni catch. The percentage of the total number
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MATING BEHAVIOUR OF AEDES AEGYPTI

Table 1. Number of inseminated and non-inseminated
Aedes aegypti females in biting catches

II
Total No. Females

Location no. females of females not inseminated
examined inseminated&

No.

Keko

Keko
Bgu

Buguruni

total

200

100

154

454

172

83

90

345

28

17

64

109

14.0

17.0

of females that were not inseminated in the four
" observation " catches at Buguruni (Table 2) was
virtually identical to that observed in the preliminary
catches at Keko. It may be that the preliminary
Buguruni catch coincided with a peak period of
emergence of new females.
From the second set of catches (" observation"

catches) at Buguruni, figures on the state of insemina-
tion were obtained as well as on parity, and the
ratio of females: males was determined (Table 2).
Of the total number of Ae. aegypti females taken
in the four catches, over 60O% were nulliparous,
indicating that they were taking a blood meal for
the first time. Nearly one-quarter of these nulli-
parous females had not been inseminated. It is
probably safe to assume that a number of the
inseminated nulliparous females were inseminated

when they came to the host. Over 40 % of the total
number of Ae. aegypti taken in the " observation "
catches at Bugurundi were males. In the biting
catches at sites 1, 2, 3, and 4, at Keko, the propor-
tions of the total numbers of Ae. aegypti taken that
were males were 21.7%, 14.6%, 12.5%, and 28.8%
respectively. It should be noted that the males taken
in these catches were caught on the bait.

Visual observations at Buguruni andat Keko. In the
course of the observations of the mating behaviour
of Aedes aegypti, in the vicinity of human hosts,
mating was seen to commence at about 06.00 hours,
the males arriving at about the same time as the
females.

Males swarmed around the catchers' heads and
legs, flying a horizontal figure-eight pattern. Mating
was usually initiated in flight at a height of not
more than 1 m from the ground. Copulating pairs
were observed in flight, on the catchers' bodies, on
their trousers, and on the ground.

Discussion

The foregoing observations indicate that the
mating (successful insemination) of Aedes aegypti in
nature commonly takes place near the host. Mating
is usually initiated in flight 1 m or less above the
surface. The present study does not, however, rule
out the possibility that mating also occurs in other
places.
The males of Ae. aegypti appear around the host

at practically the same time as the females. Once at
the host, in close proximity to females, the males

Table 2. Results of biting catches of Aedes aegypti with data on the state of insemina-
tion, ovarian condition, and sex ratio

No.
of females
examined

29

44

18

7

No. of inseminated \No. of non-No finemiated inseminatedfemales ~females Ratio
_ females: males

Parous Nulliparous Nulliparous

10

1 5

10

4

18

17

7

3

1

1 2

0

30: 25

44 29

18: 5

7:10

98 36 45 14 99:69
(39.8) (45.9) (14.3) (58.9): (41.1)

a Percentages are given in brackets.

12

Catch
no.

4

Location

Buguruni

Buguruni

Buguruni

Buguruni

total a
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probably identify the females by sound (Roth,
1948). The factors that attract the males to the host
are unknown, but they could be chemical (Grant,
1969) or visual (Fay, 1968; Sippell & Brown, 1953).
The attraction of both sexes to the host is, in the
author's opinion, probably the main means whereby
the sexes are brought together when they are physio-
logically ready to mate.
The males fly a horizontal figure-eight pattern to-

and-fro around the host in groups or singly. In
watching this " patrolling " of the males, one gets the
impression that they are acting individually and not
in concert. The males appear to wait for the females
and pounce on them as they appear. The mating
occurs with only one male present as well as when
several are flying about. Mating definitely seems to
be a pair activity and " swarming" is unnecessary.
Peyton (1956) observed males of Aedes varipalpus
swarming over warm-blooded animals and pouncing
on the females as they came for a blood meal.
Mating of Ae. aegypti in nature probably occurs

most commonly during the peak activity periods. In
the present study the observations were made during
the morning period of peak activity. McClelland
(1959) reported observing mating of Ae. aegypti in
Uganda on two occasions between 16.30 and

17.50 hours, during the afternoon peak activity
period, while conducting biting catches in Uganda.
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Laboratory Colonization of Aedes simpsoni (Theobald)
and Eretmapodites quinquevittatus Theobald *

by W. K. HARTBERG 1 & E. J. GERBERG 2

Aedes simpsoni is a known laboratory vector of
yellow fever (Bauer, 1928; Philip, 1929) and it has
played a major part in several epidemics (Mahaffy
et al., 1942; Serie et al., 1968b; Smithburn &
Haddow, 1946). Mosquitos of the genus Eretmapo-

* This study was supported jointly by Public Health
Service research grant No. CC 00174 from the Center for
Disease Control, Atlanta, Ga., USA, and by the World
Health Organization.
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dites are good laboratory vectors of yellow fever
(Bauer, 1928) and chikungunya (Gilotra & Shah,
1967). Viruses isolated from wild-caught Eretm1apo-
dites include Rift Valley fever virus (Smithburn,
Haddow & Gillett, 1948), Semliki Forest virus
(Macnamara, 1953), Spondweni virus (Brottes et al.,
1969; McIntosh et al., 1961; Worth, Patterson &
deMeillon, 1961), Nyando virus (Ardoin & Simpson,
1965; Serie et al., 1968a), Okola, Middleburg, and
Nkolbisson viruses (Brottes et al., 1969), Bunyam-
were virus (Dr B. E. Henderson and Dr D. Metselaar,
personal communication), and an unidentified viral
agent MTMP 131 (Henderson et al., 1969). It is
desirable that laboratory colonies of Ae. simpsoni
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