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Experiments on the Mating of
Culex pipiens fatigans in the Laboratory*

ANTHONY SEBASTIAN 1 & BOTHA DE MEILLON 2

Few studies have been conducted into the mating and insemination of C. p. fatigans,
despite the importance of this behavioural aspect for the production of fertile eggs and
their development after a blood meal. Moreover, detailed knowledge of the behaviour of
male mosquitos is required before the potentialities ofgenetic manipulation and sterile male
techniques for the control and eradication ofmosquitos can be fully investigated.

The laboratory studies described in this paper show that high percentages of successful
matings and insemination can be obtained in relatively small cages in the laboratory and
suggest that the classical swarming of males, which takes place in the open, is not essential
to mating.

Swarming and mating of mosquitos have received
close attention in recent years and, as a result, older
concepts linking the one with the other have come
in for modification, or even rejection. Nielsen &
Haeger (1960), in an informative review, concluded
that, contrary to popular belief, swarming is not
necessary for the initiation of mating. Copulation
does take place in swarms, but largely as the result
of the accidental approach of females. In the
experiments reported here, the emphasis was on
mating and, since it was found that this took place
even in small cages whenever the sexes were active,
swarming did not come into consideration. There is
some indication of a tendency for mating activity to
reach a peak at dusk and in the morning; Nielsen
& Nielsen (1962, 1963) have reported that swarming
in Culex pipiens.fatigans also reaches a peak at these
times and is inhibited by darkness and by full
daylight. It is to be expected that, since swarming
is a sign of great activity, it may induce more mating,
but this does not mean that the two phenomena are
mutually exclusive.

Past experience had shown that Barraud cages and
the FRU standard 16 in (41 cm) cubic cages are
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suitable for studying the mating of C. p. fatigans in
the laboratory. From preliminary experiments
(unpublished) it had become evident that older males
(ca 72 hours old) gave a higher percentage of insemi-
nation than younger ones (ca 48 hours old) when
allowed to mate with standard females (ca 24 hours
old). It had also been shown that, when the number
of males and females was equal, less than 100%
insemination always occurred. The following experi-
ments were carried out to see whether an increase
in the proportion of males to females would increase
the extent of insemination and to determine certain
other characteristics of mating.

EFFECT OF INCREASE IN PROPORTION OF MALES
TO FEMALES ON EXTENT OF INSEMINATION

Pupae of C. p. fatigans were collected from the
field and placed singly in vials. To ensure that the
adults were of approximately the same age, only
those that emerged between 16.00 hours one day and
09.00 hours the next were taken. All the males were
released into a standard cage and left on an ap-
proximately 10% sugar solution; the cage was
covered with wet towels. The females were treated
similarly in another standard cage. When they were
3 days old, the males and females were released in
four other standard cages at about 16.00 hours.
They were left overnight to mate and the following
morning they were caught and chloroformed, and
the spermathecae were removed and examined under
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TABLE I
EFFECT OF PROPORTION OF MALES TO FEMALES

ON EXTENT OF INSEMINATION

Cage No. of males No. of females Insemination

A 100 50 94

B 50 50 83

C 25 50 75

D 13 50 55

_I

the compound microscope for the presence of
sperms. The results are shown in Table 1.
The 2: 1 ratio of males to females, which gave

the highest percentage of insemination in this experi-
ment, was used in all subsequent experiments.

OPTIMUM AGE FOR MATING OF C. P. FATIGANS

The age of the mosquitos is another factor of
importance in mating, and it was therefore decided
to investigate how old both the males and the females
should be to give the highest percentage of in-
semination.

Adults were obtained in the same way as before.
Of these, 100 males and 50 females were released
in a standard cage and left overnight to mate. On
the following morning they were examined for the
presence of sperms. The same procedure was
repeated with other mosquitos on the second and
third days, when they were 48 and 72 hours old,
respectively. The results obtained are given in
Table 2.

In a further series of experiments, the percentage
insemination was 0-1 % (probably by chance) for
mosquitos 24 hours old, 32 %Y-42% for those 48 hours
old and 84 %-96% for those 72 hours old. Clearly,

TABLE 2
EFFECT OF AGE ON EXTENT OF INSEMINATION

AT A MALE: FEMALE RATIO OF 2 :1

Age of males and females Insemination
(hours) (%)

24 0

48 42

72 84

the optimum age for mating is 72 hours (3 days)
old or more.

TIME OF MATING OF C. P. FATIGANS

Adults obtained as before were maintained on an
approximately 10% sugar solution. On the third
day, the adults that were about 72 hours old by
16.00 hours were taken up into 4 cm x 11.5 cm
plastic tubes by means of an aspirator, the sexes
being kept separate. Each tube contained either
50 males or 25 females and altogether 36 tubes were
prepared, 18 containing males and 18 containing
females. This was done so that time would not be
lost in collecting and releasing mosquitos as required.
Two standard cages were lined with white paper

so that mosquitos in them could be seen easily. At
15.00 hours males and females from a pair of the
tubes were released into one of the cages and at the
end of one hour all were collected. Another set of
males and females was then released into the other
cages. It took about 15 minutes to collect all the
mosquitos and make the cage ready for the release
of the next batch. The collected mosquitos were
anaesthetized, and put into a screw-cap vial labelled
with the hour of release. This procedure was
repeated hourly until 09.00 hours the following
morning. The mosquitos were then examined for the
presence of sperms. The results obtained in four
such experiments are given in Table 3; as it was not
always possible to obtain a sufficient number of
emerging adults per hour, in some cases two- or
three-hourly intervals were used.
The results of the first and the last experiment show

some irregularities, probably because of their in-
completeness. On the whole, however, they support
the results of experiments 2 and 3, which are pre-
sented graphically in Fig. 1. It is clear that mating
starts early in the evening and attains its first peak
at around 20.00 hours; after a slight fall there is
a further gradual build-up to an early-morning
maximum between 04.00 and 06.00 hours. This latter
finding was unexpected, since mating in mosquitos
is usually considered to occur in the early evening
when swarming takes place. It is possible, of course,
that the mating behaviour in the field differs from
that in the laboratory.

EXTENT OF INSEMINATION FOR MALES AND FEMALES
OF SAME AGE AND OF DIFFERENT AGES

Having shown that the extent of insemination
depends on the ratio of males to females and on the
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TABLE 3
THE TIME OF MATING OF C. P. FATIGANS

1st Experiment 2nd Experiment 3rd Experiment 4th Experiment
Time of mating No. No Insemin- No. N Insemin- No. No Insemin- No. No Insemin-hours) idissect- No. ation dissect- .No ation dissect- No. ation dissect- No. ation

ed positive (% ed positive () ed -positive (% ed -positive

15.00-16.00 - - _ - _ - 23 0 0 - - -

16.00-17.00 - - - 25 0 0 24 5 21

17.00-18.00 - - - 25 2 8 25 0 0 - - -

18.00-19.00 24 2 8 25 2 8 25 12 48 13 4 31

19.00-20.00 - - - 25 12 48 25 15 60 - - -

20.00-21.00 25 19 76 25 8 32 24 14 58 20 4 20

21.00-22.00 - - - 25 12 48 25 9 36 - - -

22.00-23.00 26 15 58 25 9 36 25 10 40 20 9 45

23.00-24.00 - - - 25 10 40 25 15 60 - - -

24.00-01.00 - _ - 25 12 48 25 17 68 21 9 43

01.00-02.00 - - - 25 15 60 24 13 27 - - -

02.00-03.00 24 10 42 25 12 48 25 15 60 - - -

03.00-04.00 - - - 25 12 48 25 21 84 19 14 74

04.00-05.00 25 20 80 25 18 72 25 16 64 20 12 60

05.00-06.00 - - - 25 18 72 26 22 84 18 11 61

06.00-07.00 25 12 48 25 8 32 25 13 52 20 4 20

07.00-08.00 - - - - - - 25 0 0 - - -

08.00-09.00 25 0 0 -_ - 24 2 8 - - -

FIG. 1. TIME OF MATING OF C. P. FATIGANSa
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a Data from Experiments 2 and 3 in Table 3 combined.
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age of the mating adults, it was decided to study the
effect of having (a) males and females of the same
age and (b) males and females of different ages. The
results obtained from groups containing 50 males
and 25 females are shown in Table 4.

TABLE 4
EXTENT OF MATING BETWEEN MALES AND FEMALES

OF SAME AGE AND OF DIFFERENT AGES

Age of males Age of females Extent
(hours) (hours) of Insemination

(%)

Both sexes of same age

24 24 0

48 48 42

72 72 96

Sexes of different ages

18 72 39

24 72 86

72 24 19

It will be observed that when the males and females
are both 24 hours old, mating does not occur, but
when either of the sexes is older it does. This sug-
gests that 3-day-old females have some means of
attracting males that are only 18 hours old and in
which the terminalia have not completed rotation.'

Mating of young mosquitos of one sex with old
mosquitos of the other

Some experiments were carried out with newly
emerged mosquitos of one sex mated with old mos-
quitos of the other. By " newly emerged" is meant
mosquitos 1 hour old at the time of release into the
cage at 16.00 hours and therefore 16 hours old at
dissection; " old" mosquitos are those 72 hours old
at release and therefore 88 hours old at dissection.

In each of four standard cages, 50 males and
25 females of different ages were released at 16.00
hours and left to mate overnight. The next morning
they were chloroformed and examined in the usual
way. The results obtained are shown in Table 5,
from which it is clear that newly emerged males can
inseminate old females, whereas old males cannot
inseminate newly emerged females. To determine
what is the least age at which newly emerged males

1 See the paper on page 163 of this issue.

TABLE 5
EXTENT OF MATING BETWEEN NEWLY EMERGED

ADULTS OF ONE SEX AND OLD ADULTS
OF THE OTHER

Age Age Extent of
Cage of males of females Insemination

(hours) (hours) (%)

A (control) 1-16 1-16 0

B 1-16 72-88 32

C 72-88 1-16 0

D (control) 72-88 72-88 84

can inseminate 72-hour-old females, further ex-
periments were carried out as follows.

Minimum age of mating of newly emerged mtales
with females 3 days old
Males that emerged in isolation between 21.30

hours and 22.00 hours were used for crossing with
females 3 days old. They were left together in a
standard cage for mating from 22.00 to 07.30 hours,
so that they were 9.5 hours old when killed. Dis-
section and examination of spermathecae indicated
that no insemination had occurred. However, when
the experiment was repeated with males 10.5 hours
old, one out of 25 females was inseminated, showing
that 3-day-old females can attract males and induce
insemination long before the male terminalia have
completed rotation. Repetition of these experiments
with males less than 10.5 hours old gave negative
results.

MINIMUM AGE AT WHICH MALE AND FEMALE

C. P. FATIGANS OF SAME AGE CAN MATE

Large numbers of pupae were brought to the
laboratory about three hours before the collection
of emerging adults was started and were placed in
enamel trays or basins. Every hour 40 males and
20 females (or, on occasion, 50 and 25), as they
emerged, were transferred to a Barraud cage by
means of an aspirator or a specimen tube, and were
left on an approximately 10% sugar solution. This
procedure was repeated each hour.
On some occasions it was necessary to chill the

pupae with ice or to warm the water in order to
retard or accelerate the rate of emergence and
obtain the required number of adults per hour.
Frequent chilling or warming of pupae over short
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FIG. 2
MINIMUM AGE AT WHICH C. P. FATIGANS MALES AND FEMALES OF EQUAL AGE START MATING AND INSEMINATION
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TABLE 6
10-HOUR MEAN INSEMINATION RATES

OF C. P. FATIGANS AGED <30-79 HOURS

Age-group Insemination
(hours) (%)

Under 30 0.0

30-39 0.6

40-49 3.6

50-59 15.3

60-69 43.8

70-79 60.7

periods was avoided, since it produced " crippled "
adults that could hardly even walk, let alone mate!
The newly emerged adults were very carefully
handled when being transferred to the cage, since
they were very delicate. To prevent any possibility
of mating taking place through the gauze with stray
adults flying about outside the cages, the cages were
in turn placed in a large cage that could hold as many
as 25-30 Barraud cages.

Chloroforming was usually done at about 22.00
hours on either Day 1 or Day 2, each set of adults
being left in the cages sufficiently long to ensure
that they had passed through the peak mating hours.
The chloroformed adults were transferred into dry,
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screw-capped vials, which were then stored in a
deep-freeze for dissection the following morning.
The extent of insemination in C. p. fatigans adults

of ages ranging from 24 hours to 78 hours is shown
in Table 6 and Fig. 2. From these it will be seen
that (a) there is no insemination when both sexes

are less than 39 hours old (the first insemination
in Fig. 2 is at 39 hours); (b) insemination does occur,
but infrequently, at between 39 and 49 hours of age;
(c) there is a much greater chance of insemination at
50 hours of age and over; and (d) the insemination
rate increases rapidly with increasing age ofthe adults.

RtSUMt

Un certain nombre d'experiences de laboratoire
ont permis d'6tudier les facteurs intervenant dans
l'accouplement et la fecondation chez Culex pipiens
fatigans.

Si l'on met en presence des moustiques des deux sexes
ages de 3 jours, on constate que le taux de fecondation
est maximal (94 %) lorsque la proportion est de deux
males pour une femelle, alors qu'il n'est plus que de 83 %
si les deux sexes sont egalement represent6s. L'age opti-
mal pour l'accouplement est de 72 heures (3 jours) ou
plus. Les accouplements debutent tot dans la soir6e et
le taux de fecondation atteint un premier sommet aux
environs de 20 heures; aprEs une l1gere chute, on note une
reprise d'activite et la frequence des accouplements est

a son maximum entre 4 et 6 heures. Lorsque l'on met en
pr6sence des Culex males et femelles de meme age, le
taux de f6condation est nul si les moustiques sont ages
de 24 heures; il est de 42 % et de 96 % s'ils sont ages
respectivement de 48 et 72 heures. La f6condation peut
avoir lieu entre jeunes males et femelles agees, alors que
les males ag6s ne peuvent s'accoupler avec des femelles
ecloses depuis peu. L'age minimal pour l'accouplement
de Culex males et femelles d'age identique est de
39 heures; l'accouplement se produit, mais rarement,
entre individus ag6s de 39 A 49 heures; il est beaucoup
plus fr6quent lorsque les moustiques sont eclos plus de
50 heures auparavant, et le taux de f6condation croit
rapidement en fonction de l'age des insectes.
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