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Time of Arrival of Gravid Culex pipiens fatigans
at an Oviposition Site, the Oviposition Cycle
and the Relationship between Time of Feeding

and Time of Oviposition*
BOTHA DE MEILLON,1 ANTHONY SEBASTIAN2 & Z. H. KHAN3

One of the most important activities in a female mosquito's life is the flight to the
breeding place and the subsequent deposition of eggs. During this phase, motivated by
endogenous and exogenous stimuli, the female is particularly exposed and susceptible to
attack. It is therefore important to investigate these episodes in the gravid female's life.

The work reported in this paper shows that gravid Culex pipiens fatigans females are
easily trapped over breeding-water; there are two peaks in the arrival at a breeding site,
one just after sunset and the other at sunrise. The oviposition cycle is biphasic, the two
peaks coinciding, in calm weather, with the two arrivalpeaks; wind and rain cause marked
disturbances in the oviposition cycle.

The mean duration of the gonotrophic cycle depends on the time offeeding; this finding
is ofpractical importance since the length of the cycle is often used to calculate the daily
survival rate of adult mosquitos. It appears that oviposition is stimulated by a change in
light from light to dark for mosquitos ovipositing in the evening andfrom dark to light for
those ovipositing in the morning.

Apart from revealing some hitherto unknown behaviour patterns, the techniques evolved
could also be used in the assessment ofmosquito populations and hence the effects ofcontrol
measures.

ARRIVAL AT AN OVIPOSITION SITE

AND THE OVIPOSITION CYCLE

The breeding-place selected for this study was a
septic tank in the sheltered compound of the Bishop
Bigandet Convalescent Home in Rangoon4 in
which breeding was heavy. The part of the tank
used measured 28 ft x 9 ft (8.5 m x 2.75 m), the
depth was 6 ft (1.8 m) and at the time of these
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observations the water was about 1 ft (0.3 m) from
the top. There were two manholes which normally
effectively sealed the tank off from entering or
exiting mosquitos; however, two 6-in (0.15-m) air
vents were open, the gauze having long ago rusted
away, and through these the females could enter and
leave without hindrance. These vents were closed
during this investigation.

Material and methods
Trap for incoming mosquitos. This consisted of a

wooden frame measuring 21 m x 20 m (53 cm x
51 cm) at the base and 28 in (71 cm) high in front.
It fitted snugly over one of the manholes when the
cover was removed. The roof was of three-ply wood
and sloped from the front to the back in order to
keep the rain out. The top half of the frame was
covered with gauze and on one side there was a
sleeve giving free access to the interior. The bottom
half was of stiff plastic sheeting so constructed as to
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provide a half-inch (13-mm) louvred entrance all
round, as shown in the diagram (Fig. 1). The bottom
of the trap was covered with gauze so that the adults
that entered could not get into the septic tank.

FIG. 1
CAGE OVER BREEDING-PLACE FOR TRAPPING

C. P. FATIGANS ARRIVING TO OVIPOSIT

Plastic LoGauze

Plastic --|\ Louvre

Oviposition cycle. For this aspect of the investiga-
tion a large galvanized iron tray measuring 3 ft x 2 ft
(0.9 m x 0.6 m) and 4 in (10 cm) deep was used.
This tray was placed near one of the manholes so
that it could easily be emptied and refilled with
septic-tank water each day. The septic-tank water,
complete with scum and other floating debris, was
poured into the tray so as nearly to fill it. A high roof
of palm leaves and plastic sheeting was erected on
four poles about 4 ft (1.2 m) above the tray in order
to protect the raft collectors from frequent down-
pours. The collectors, who worked in pairs in three-
hour shifts, removed the rafts as they were depo-
sited, by means of a piece of stiff white paper. This
is fairly easy to do, as the rafts, which are cream-
coloured when deposited, show up very well against
the dark background of the septic-tank water. The
presence of the roof and the two collectors, and the
frequent visits of a supervisor, did not appear to
disturb the gravid females as they came in to ovi-
posit. The rafts removed from the tray of septic-tank
water were placed in a small dish of clean water.
The number laid each hour was counted on the
spot and recorded.

Catching and collecting schedule. Each hour's
catch of females in the trap was put into a separate
previously labelled cage. In the morning all the
cages were taken to the laboratory for emptying and
analysis of the mosquitos.

After an analysis of the incoming gravid catch
had shown two peaks, the raft collection was under-
taken. Therefore, the catches of gravids and the
collection of rafts unfortunately were not simulta-
neous. This was all the more regrettable because, by
the time it was realized that the oviposition cycle
should be examined, the monsoon rains were
becoming increasingly heavier and were creating
problems for Culex pipiens fatigans.

Results
Arrival at an oviposition site. The results obtained

during June 1965 are shown in Fig. 2. Clearly there
are two peaks: the first, just after sunset, declines
only slowly until midnight, when there is a sharp
fall. At 05.00-06.00 hours, the time of sunrise, there
is again a rapid rise and this time an equally rapid
fall.

FIG. 2
ARRIVAL TIMES OF GRAVID C. P. FATIGANS

AT A BREEDING-SITE a
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" Sum of seven 24-hour catches on 8-16 June 1965.

There was a possibility that the early morning
peak might be due to gravid females coming to the
breeding-place simply to rest until evening and not
to oviposit, so it was decided to examine the ovi-
position cycle.

The oviposition cycle. This is depicted in a series
of graphs (Fig. 3A-3J), which show the cycle and
the influence on it of wind and rain.
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FIG. 3

OVIPOSITION CYCLE OF C. P. FATIGANS AND THE EFFECT OF HEAVY RAIN AND STRONG WiND
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Fig. 3A shows the -cycle during 24 hours of rela-
tiy calm weather characterized by a very feeble
drizzle. Two peaks coinciding well with those shown
inFigit2 are obvious. Fig. 3B-3CGdepict progressive

stagesin the advent of strong wind:andd-heavy rain

and their effects, delay of a

peak.(Fig. 3B and 3Q. to its,almost entire oblitera-
lion (Fig. 3G)- The collect reported that during
heavy -rain the nu of approaching gravids fell
sharply and that during heavy wind the gravids
rested on the inside of the roof until the wind abated,
after which they settled on the breedinig-water. This
spell of poor weatherwas followed by iaiht of

relative Fig. 3H shows the oginal rhhm,

depicted in 3A, egi reassert itself.
Finally, two s ary graphs are presented. The

first (Fig. 31) shows the sum of raft colecions made.
during four consecutive relatively calm nithts
(6-10 July) and the- second (Fig. 3J) the sum of

H First rain-free period following several
150F doys of inclement weather
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Sum of four 24 - hour catches (6 - 10 July)
durino a relatively roinfree period

Sum of ten 24-hour catches (22 June-6 July )
during intermittent rain and wind
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TABLE 1
DISTRIBUTION OF MOSQUITOS ACCORDING TO TIME

OF FEEDING AND TIME OF OVIPOSITION

Time Cohort Total Number of mosquitos
of feeding Cohort number of ovipositing after:
(hours) code mosquitos 2 days 3 days

17.45-18.45 A 13 10 3

18.45-19.45 B 11 6 5

20.30-21.00 C 31 20 11

21.45-22.45 D 11 7 4

23.30-24.00 E 2 0 2

Subtotal A-E 68 (100 %) 43 (63 %) 25 (37 %)

02.00-02.15 F 49 4 45

04.30-05.00 G 6 0 6

05.45-06.15 H 19 0 19

06.45-07.45 I 17 0 17

Subtotal F-I 91 (100 %) 4 (4 %) 87 (96 %)

All cohorts 159 (100%) 47 (30%) 112 (70%)

10 collections made during periods of intermittent
rain and wind (22 June-6 July). The disturbance in
the cycle caused by wind and rain is obvious.

RELATIONSHIP BETWEEN TIME OF FEEDING AND
TIME OF OVIPOSITION 1

Having shown that in the field there are two peaks
of arrival by gravids at an oviposition site and that
these correspond to peaks of oviposition, we thought
it would be of interest to determine whether there is
any relationship between time of feeding and the
length of the gonotrophic cycle. It would be of
further interest if light could be thrown on the cause
of the biphasic nature of the oviposition cycle.
With these ends in view mosquitos were fed on

chicken at different times throughout the night. The
fed adults were placed singly in test-tubes over water
and kept under continuous observation up to ovi-
position. Time of feeding and time of oviposition
were recorded for all female mosquitos that fed
during the night.

t The statistical analysis of the experimental data in this
section was prepared by Dr B. Grab, Statistician, Health
Statistical Methodology, WHO.

Mosquitos were grouped according to feeding time
in nine classes (" cohorts "). Table 1 shows the
number of mosquitos in each cohort and the break-
down according to the number of days up to ovi-
position for each of these cohorts.
Roughly speaking, two-thirds of the mosquitos

that had their blood-meal before 24.00 hours ovi-
posited after two days (third night) and the remaining
one-third after three days, whereas practically all of
the mosquitos that had their blood-meal after mid-
night oviposited after three days (fourth night).
Average durations of the gonotrophic cycle have

been computed for each mosquito cohort and also
separately for the two subgroups (according to
number of days before oviposition). The results are
reported in Table 2. It is seen that mosquitos ovi-
positing after two days had a mean gonotrophic
cycle of 57 hours (2.4 days), whereas those ovi-
positing after three days had a mean gonotrophic
cycle of 70 hours (2.9 days). The over-all mean
duration of the cycle was 66 hours or 2.75 days
(closer to 70 hours than to 57 hours because more

TABLE 2
DURATION OF GONOTROPHIC CYCLE ACCORDING
TO TIME OF FEEDING AND NUMBER OF DAYS

BEFORE OVIPOSITION

Duration of gonotrophic cycle
(hours)

Time Cohort-
of feeding code Mosquitos ovipositing
(hours) All after:

mosquitos
2 days 3 days

17.45-18.45 A 64.1 58.8 82.0

18.45-19.45 B 64.5 55.5 75.2

20.30-21.00 C 63.4 57.4 74.4

21 .45-22.45 D 61.9 56.3 71.8

23.30-24.00 E 74.8 - 74.8

Subtotal A-E 63.8 57.3 75.1

02.00-02.15 F 68.3 52.9 69.7

04.30-05.00 G 67.5 - 67.5

05.45-06.15 H 66.5 _ 66.5

06.45-07.45 l 67.6 - 67.6

Subtotal F-I 67.8 52.9 68.5

All cohorts 66.1 56.9 69.9
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FIG. 4
DISTRIBUTION OF OVIPOSITION TIMES ACCORDING TO TIME OF BLOOD-FEED

Blood-meal Oviposition Oviposition Cokoit
18h 1st night 8h 18h 2nd night 8 18h 3rd night 8h 18h 4th night 8h
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than two-thirds of the mosquitos oviposited after distributions, in which mosquitos feeding before
three days). midnight and those feeding after midnight are dealt

Fig. 4 shows on a time scale the distribution of with separately, are shown in Fig. 5. This figure
individual intervals between time of feeding and also gives the distribution for all the 159 mosquitos
time of oviposition, separately for each successive studied. From the information obtained above it is
cohort as defined in Table 1. Similar consolidated possible to determine the distribution of female
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FIG. 5
CONSOLIDATED DISTRIBUTION OF OVIPOSITION TIMES FOR MOSQUITOS

FEEDING BEFORE OR AFTER MIDNIGHT

Oviposition
- ---

18h 2nd night 8h i8h 3rd night 8h

I I .
6 ' 14 22 6 14 22 . 6 14

Ti me (h-ours)

mosquitos ovipositing in a particular night according
to the time of oviposition.

In Fig. 6 the distribution of mosquitos according
to time of oviposition is shown separately for mos-

quitos feeding on two consecutive nights. As already
seen, 70% of the mosquitos feeding during the first
night oviposit during the fourth night (three days

later); on the other hand, 30% of the mosquitos
feeding during the second night will also oviposit
during the fourth night (two days later). Therefore,
of the mosquitos ovipositing during a given night,
some had fed three nights earlier and some two
nights earlier. Fig. 6 also shows the resulting over-

all distribution of mosquitos according to time of
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FIG. 6
DISTRIBUTION OF TIMES OF OVIPOSITION FOR MOSQUITOS FEEDING

ON TWO CONSECUTIVE NIGHTS
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oviposition during the fourth night. As is already

known, this is a two-peak distribution (the peak
between 24.00 and 02.00 hours is due to the extra-
ordinary concentration of mosquitos feeding at
02.00 hours in the present experiment), as indicated
in Table 1.
The main contribution to the evening peak of

ovipositing mosquitos comes from mosquitos having
fed three nights earlier but after midnight, whereas
mosquitos having fed before midnight two nights
earlier are largely responsible for the early morning
peak. An interesting consequence of this situation
is that, on the average, the mosquitos ovipositing in
the evening have a considerably longer gonotrophic
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cycle than those ovipositing early in the morning.
It must be noted that the over-all proportions of

mosquitos ovipositing after two days and after
three days (as shown in the last line of Table 1)
depend directly on the distribution of these mosquitos
according to time of feeding. For instance, the pro-
portion of mosquitos ovipositing after two days
would be increased by an increase in the number of
mosquitos feeding before midnight, since the mos-
quitos that oviposit after two days have practically
all fed before midnight. On the other hand, an
increase in the number of mosquitos feeding after
midnight would increase the proportion ovipositing
after three days.

In the present experiment, the blood-feeding times
of the 159 mosquitos had the distribution shown in
Table 1. The expected distribution is parabolic; 1
the distribution observed in the present experiment
is not very conclusive, probably because of the

I See the paper on page 174 of this issue.

rather limited number of mosquitos under consider-
ations and the unusually large number of mosquitos
feeding between 02.00 and 02.15 hours. It is easily
seen that, if a larger number of mosquitos had fed
in the middle of the night, the evening and morning
peaks of the oviposition distribution shown to occur
in the field would have been still more emphasized,
since these are the mosquitos that oviposit either late
in the morning of the third night or early in the
evening of the fourth night.

In conclusion, it may be observed that the peaks
in the time-distribution of ovipositing mosquitos are
probably due not to an endogenous impulse but to a
combination of the time of feeding and the night of
feeding; contributions to each peak are made by
mosquitos that have fed on different nights. It
appears that oviposition is stimulated by a change
in light-from light to dark for mosquitos ovi-
positing in the evening and from dark to light for
those ovipositing in the morning. The work of
Ikeshoji (1966) is also pertinent in this connexion.

R1ESUMI

Plusieurs aspects du comportement de Culex pipiens
fatigans, 6tudies a Rangoon, Birmanie, sont d6crits dans
le present article.

L'observation au moyen de gttes pieges permet d'identi-
fier deux sommets dans la frequence d'arriv6e des femelles
gravides sur les lieux de ponte: immediatement apr6s le
coucher du soleil et au lever du jour. A ces deux periodes
d'arrive-es maximales, correspondent, en eau relativement
calme, deux pointes identiques pendant lesquelles
l'oviposition est la plus active. En cas de vent violent ou
de pluies abondantes, ces periodes de ponte privilegiees
peuvent etre retardees ou meme supprimees.
En fournissant aux moustiques un repas de sang a

diff6rents moments de la nuit et en notant le moment de
l'oviposition, on a tente de preciser la duree du cycle
gonotrophique de C. fatigans. Pour les deux tiers des
moustiques nourris avant minuit, la ponte a eu lieu la
3e nuit suivante, soit apr6s deux jours; l'autre tiers a
pondu apres 3 jours. La duree moyenne du cycle gono-

trophique a et6 de 66 heures (2,75 jours). Le maximum
d'oviposition enregistre le soir etait en majeure partie dfi
au dep6t d'arufs par des femelles nourries trois nuits
auparavant mais apres minuit, alors que les pontes
maximales observees le matin devaient etre attribu6es a
des femelles nourries avant minuit deux nuits auparavant.
Chez les moustiques qui pondent le soir, le cycle gono-
trophique a donc ete d'une duree tres superieure.

Selon les auteurs, les sommets observes dans le cycle
de ponte de C. p. fatigans n'ont probablement pas leur
origine dans une stimulation endogene, mais dependent
a la fois du moment et de la nuit oiu a lieu le repas de
sang. Des moustiques qui ont pris leur repas de sang au
cours de nuits diff6rentes contribuent A l'apparition de
ces periodes de ponte maximale. L'oviposition est favori-
see par les modifications de l'eclairement: passage de la
clart6 a l'obscurit6 pour les moustiques qui pondent le
soir, passage de l'obscurite a la clarte pour les moustiques
qui pondent le matin.
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