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Observations on the Flight Activities of Culex piplens
fatigans in Rangoon, Burma*

BOTHA DE MEILLON1 & Z. H. KHAN2

Knowledge of the behaviour of a vector is often of value in devising suitable methods
for assessing control or eradication measures. Flight behaviour is particularly important,
since it is during this activity of a mosquito that trapping is possible. Trapping data have
proved useful in the assessment of the action of insecticides on the vectors of malaria, and
there is no reason why this should not also be the case with the vectors offilariasis.

In this paper the difficulties of trapping Culex pipiens fatigans by conventional means
are stressed. Moreover, since flight is a dynamic process, the interpretation offlight activ-
ities from data collected by traps, which are static, is difficult. Nevetheless, the results
presented, however inadequate, show that adult C. p. fatigans move about more, both by
day and at night, than is usually suspected and that the subject would repay closer study.

Free movement involving flight is of importance
for obtaining an understanding of the behaviour of
Culex pipiens f.tigans. The subject is a difficult one,
requiring for its thorough study continuous obser-
vations on the movements of mosquitos night
and day (Gjullin, Mulhern & Husbands, 1963).
Ordinarily this is beyond the capacity of field
workers, who consequently have to be satisfied with
sampling resting mosquitos and making trap catches
at intervals. Both these procedures are particularly
susceptible to sampling errors and the interpretation
of movement from resting catches alone is difficult.
We have not been very successful with window

traps for catching C. p. fatigans in this type of study,
where the trap has to compete with other exits
and entrances, no matter how small. Van Someren,
Heisch & Furlong (1958), in a single hut with an
incoming trap on one window and an outgoing one
on the other, caught fairly large numbers in the
latter but very few in the former. Smith (1965) has
also had trapping difficulties with Mansonia uni-
formis, which, he found, prefer to leave by the
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eaves rather than fly into a window trap. Obviously,
if one wants to measure the free movement into and
out of a room there must be facilities for entry and
exit apart from the window traps. In an attempt to
reduce the errors involved we finally constructed two
experimental huts, one for catching incoming
mosquitos and the other for outgoing mosquitos.
This appears to be a promising approach.

MOVEMENT OF ADULTS DURING THE DAYTIME
OUT OF DOORS IN THE ABSENCE OF DISTURBANCE

It is generally assumed that C. p. fatigans do not
move around during the daytime. Sasa et al. (1965),
working in Bangkok, concluded that adults " stopped
the activity in early morning at about sunrise... but
again became active in the evening from about
sunset ". Our experience in Rangoon was slightly
different, as explained below.

Material and methods
The catching sites were a number of large unglazed

earthernware jars. These were placed in secluded
spots where they would not be disturbed by passers-
by and hence where they would be entered by free-
flying mosquitos.
The jars were emptied in the evening and a catch

was then made the following morning in each of
them about one hour after sunrise. This was taken
to represent the resting mosquitos that had been
active during the night. After this an evening catch
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was made about two hours before sunset, and this
was taken to comprise the day-flying population.
Altogether eight of these jars, each in a different
location, were examined at weekly intervals during
December 1964 and into January 1965.

Results
The results are shown in Table 1. They indicate

that adults fly around during the hours of daylight
and that, as judged by the percentage parous, the
daytime-flying mosquitos represent a younger age-
group than the night-flying ones.

MOVEMENT OF ADULTS DURING DAYTIME rNDOORS
WHERE NORMAL HOUSEHOLD DUTIES

ARE BEING PERFORMED

It is common knowledge that many species of
mosquito are active during the hours of darkness.
When they come to rest during this time they
normally settle anywhere, irrespective of what the
light conditions might be during the daytime. This, at
least, is true of C. p. fatigans, which we have found
resting in the open at night on exposed surfaces,
from which they disappear with the advent of light,
heat and the movement of the human population.
The outdoor-flying experiment described above
showed that in secluded spots virtually only the young
mosquitos fly around during the day. It was to find
out what happens indoors during the daytime that
the present observations were made.

Material and methods
The site was a bathroom in a ground-floor flat.

The windows were unscreened but had louvred
shutters. A gauze cage measuring about 1.5 ft3
(0.042 m3) was suspended in the room. One of the
sides, facing a window, had an opaque sliding
door, which was withdrawn to leave an opening of
about 6 in (15 cm). Over the cage was drawn a hood
made of black material, and a piece of the same
material was placed inside. The wires by which the
cage was suspended were smeared with butter, which
kept out marauding ants. The cage was cleared of
resting adults twice a day, just after sunrise and just
before sunset.

Results
The results are shown in Table 2. The differences

between morning and evening catches were not as
marked as in the earlier experiment.
From Table 2 it is seen that, in contrast to the

situation in secluded locations, some mosquitos of the

older age-groups do fly into the shelter of the trap
during the daytime, presumably because of distur-
bance by people living in the house. On several
occasions gravid or bloodfed adults that were resting
on the outside of the cage in the morning were seen
to fly directly into the darkened cage when disturbed.
Sasa et al. (1965) found that adults in all physio-
logical states entered a box-trap in the early morning
and ceased activity during the day. This is under-
standable, since they were protected by the darkened
box-trap.

MOVEMENT INTO AND OUT OF AN UNOCCUPIED
EXPERIMENTAL HUT

Material andmethods
Our first attempts to study movement into and

out of an unoccupied hut were made in a single hut
with a door, two windows and open eaves which we
made from bamboo and palm leaves. It was far from
mosquito-proof and not unlike some structures used
by the local people. Each window was provided with
an ordinary cone trap, which could be used to catch
either incoming or outgoing mosquitos.
The catches on three successive nights, when many

adults were biting outside, were so poor that a change
was made: the eaves were provided with flaps that
could be raised or lowered at will. The hut was
allowed to stand open for a night and a day; during
the evening of this day (day 1; Sunday) the flaps were
closed and a trap was set at each of the windows.
The following morning (day 2) incoming adults were
collected continuously from the traps from 05.00
to 09.00 hours. This was followed by a two-hour
catch of mosquitos resting on the walls of the hut.
In the evening an incoming catch was again made
from 17.00 to 21.00 hours. The cages were then
removed and the flaps opened. The next day (day 3)
and night adults were again allowed to enter and
leave at will. On day 4 the flaps were closed in the
morning and the traps set for outgoing adults, which
were trapped from 17.00 to 21.00 hours. The next
morning (day 5) outgoing adults were collected be-
tween 05.00 and 09.00 hours. The traps were then
removed and the windows and flaps left open. On
day 6 (Friday) a resting catch was made from 09.00
to 11.00 hours. The hut was then allowed to stand
open until Sunday evening, when the whole procedure
was repeated.

This change in method improved the catches,
which continued for a month (April). Judging from
the number of adults that could be caught resting in
the hut, it seems evident that they were still finding
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TABLE 1
C. P. FATIGANS CATCHES IN EARTHENWARE JARS IN SECLUDED LOCATION

No. caught Green mosquitos a Percentage of mosquitos
Time of Density Inetd Gravid Bodcatch

N _

| i (per jar) Parous Infected and Blood-
No._ % No. _%_ _ __i |__ 1A-gravid fed

Morning b 282 198 146 52 102 52 60 39 2.5 25 3

Evening c 66 42 29 44 14 33 14 0 0 19 e

a These are very young mosquitos; a high percentage of this category in the catch indicates that the catching site is close to
a breeding-place.

b Catch contains mosquitos that entered the jars during the night.
c Catch contains mosquitos that entered the jars during the daytime.

TABLE 2
C. P. FATIGANS CATCHES IN CAGE IN OCCUPIED HOUSE a

No. caught Percentage of mosquitos
Time of _________ Green Gravid
catch __I .Blood-

catci { 9 Parous Infected and fed9 ~~~~~~Y2-gravid

Morning 108 56 16 4 24 6.1 50 19

Evening 14 18 7 8 17 0 33 28

a Totals of 15 consecutive catches.

their way in by holes and entrances other than the
windows.

Results
The results obtained are given in Table 3; they are

discussed in the next section because of the similarity
of the results obtained in the two experiments.

CONTINUOUS CATCHING OF C. P. FATIGANS ENTERING
AND LEAVING TWO OCCUPIED EXPERIMENTAL HUTS

It now became necessary to undertake some
continuous all-night trapping to see if the evening and
morning activity shown in Table 3 was the result of
the restricted trapping times or not.

Material and methods
Two identical experimental huts made of

bamboo and palm leaves, each with a door and two
windows, were erected near to one another. There
was always someone sleeping in each hut. One hut
had an exit trap, and the other an entrance trap,
attached to each window. No inside-resting catches

were made. At the approach of evening a collector
was assigned to each hut and was relieved after a
shift of from two to three hours. Each night worker
did one shift only in 24 hours, our usual practice.
Each hour's catch was placed in a separate container.
The catches continued for one month during

October and November 1965.

Results
The results are shown in Table 4.
The results summarized in Tables 3 and 4 are, in

general, similar. It is clear that most adults enter huts
in the morning and most leave in the evening. In
both incoming and outgoing groups males outnumber
females, whether the hut is occupied or not. However,
we know ' that male and female mosquitos emerge
from pupae in similar numbers. Unfortunately, the
numbers of mosquitos caught in occupied experi-
mental huts during the night are small, except in the
pealk hours, and therefore do not show, as we thought
their rtnight, that males move around more than

1 See the paper on page 163 of this issue.
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females and are consequently more easily trapped.
Heavy breeding was taking place immediately
next to the experimental huts and it may be that
newly emerged males disperse more slowly than
females and therefore preponderate in the catches.
On the basis of the number of green mosquitos

trapped, the percentage of young mosquitos leaving
is less than the percentage entering-2% and 37%,
respectively, in unoccupied huts (Table 3) and
23% and 46% in occupied ones (Table 4). Probably
most recently hatched mosquitos rest indoors until
they have lost their green coloration.

In the unoccupied huts (Table 3) the highest
proportion of males was found among adults that
entered in the morning, but in the occupied ones
(Table 4) among those that left in the evening. We
cannot suggest any explanation for this difference,
except that it might be due to poor technique and
to sampling errors.
The highest proportions of parous and gravid

mosquitos in the unoccupied huts were found among
the entering and resting populations; it is not known
why mosquitos in these physiological states were not
found leaving. The numbers trapped in the occupied
huts were too small to enable any conclusions to
be drawn.

DISCUSSION

Interpretation of the data is difficult. On the one
hand they are rather sparse and on the other the
techniques employed are primitive and open to
criticism. Some traps are more efficient than others
but they all suffer from error in that they are static,
whereas one is trying to assess a dynamic process.
Once a mosquito has entered a trap its movements
are interrupted and it is removed from the scene;
yet it is a matter of common observation (both in
Africa and in Burma) that mosquitos will fly in and
out of a window at least once without coming to rest.
They may do so repeatedly, but observation of the
same mosquito beyond one entrance and exit is
difficult. It seems that a proportion of mosquitos fly
around at random.

In addition to the problems posed above, it is
generally assumed that mosquitos in all physio-
logical states fly at the same level above the ground.
That this may not be so is suggested by some work at
the WHO Filariasis Research Unit which shows that
gravid mosquitos fly very close to the ground and
that, when there is a choice, by far the largest propor-
tion of rafts is deposited at ground level (de Meillon
et al., 1966).
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OBSERVATIONS ON FLIGHT ACTIVITES OF C. P. FATIGANS

TABLE 4
C. P. FATIGANS TRAPPED ENTERING OR LEAVING OCCUPIED HUT

Number (and percentage) b of mosquitos caught Number of mosqultts
Time of
catch Male Female

(hours) To al e T Green Total Bloodd- Y-gravid Gravid Parous
Total | Green Total | Green ll l

Outgoing

18.00 109 (87) 26 (24) 16 (13) 7 (44) 125 (45) 1 2 1 2

19.00 33 (80) 5 (15) 8 (20) 1 (13) 41 (15) 3 0 1 1

20.00 23 (92) 3 (13) 2 (8) 0 (0) 25 (9) 1 0 0 1

21.00 7 (54) 2 (29) 6 (46) 3 (50) 13 (5) 0 0 1 1

22.00 12 (86) 2 (17) 2 (14) 0 (0) 14 (5) 0 0 1 0

23.00 2 (40) 1 (50) 3 ('60) 2 (67) 5 (2) 0 0 0 1

24.00 5 (38) 0 (0) 8 (62) 2 (25) 13 (5) 0 2 1 2

01.00 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 0 0 0

02.00 1 (50) 0 (0) 1 (50) 1 (100) 2 (1) 0 0 0 0

03.00 1 (25) 0 (0) 3 (75) 0 (0) 4 (1) 0 0 0 1

04.00 1 (20) 0 (0) 4 (80) 0 (0) 5 (2) 1 0 0 3

05.00 14 (50) 3 (11) 14 (50) 4 (14) 28 (10) 3 0 0 5

Total }208 (76) [42 (15).] 67 (24) 20 (30) [275 ] 9 | 4 J 5 [ 7

Incoming

18.00 3 (60) 0 (0) 2 (40) 0 (0) 5 (3) 0 0 0 0

19.00 3 (100) 0 (0) 0 (0) 0 (0) 3 (2) 0 0 0 0

20.00 3 (100) 1 (33) 0 (0) 0 (0) 3 (2) 0 0 0 0

21.00 3 (50) 2 (67) 3 (50) 2 (67) 6 (3) 0 1 0 0

22.00 1 (100) 1 (100) 0 (0) 0 (0) 1 (0.5) 0 0 0 0

23.00 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 0 0 0

24.00 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 0 0 0

01.00 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 0 0 0
02.00 1 (100) 1 (100) 0 (0) 0 (0) 1 (0.5) 0 0 0 0

03.00 6 (50) 3 (50) 6 (50) 1 (17) 12 (6) 0 2 1 1

04.00 16 (46) 2 (13) 19 (54) 2 (11) 35 (18) 6 3 2 3

05.00 76 (61) 42 (55) 48 (39) 30 (62) 124 (65) 2 2 8 4

Total 1112 (59) [52 (46) 178 (41) [35 (45) 190 j 8 8 1t [ 8

a The time stated is that at the start of each hourly catch.
b The percentage figures in the " Male-Total " and " Female-Total" columns refer to the over-all catch for the hour con-

cerned; those in the " Green " columns refer to the total catch of males or females for the hour concerned; those in the " Totaln
column refer to the over-all catch of males and females over the entire period from 18.00 to 06.00 hours.

The results of these experiments largely refer to
the shelter-seeking and random-flying sections of the
adult mosquito population, which are not ordinarily
sampled. Better techniques are urgently needed.

The unbaited and unlighted suction traps so suc-
cessfully used to elucidate the movement of insects
of agricultural importance over a period of 24 hours
(Johnson, 1950) would certainly be worth a trial.

19
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R-SUMIE

Poursuivant leur etude du comportement de Culex
pipiens fatigans, en Birmanie, les auteurs rapportent les
resultats de captures destin6es a elucider certains aspects
du vol du moustique. Ce genre d'observations, dont l'in-
t6r6t est apparu lors de l'evaluation de l'action des insec-
ticides sur les vecteurs du paludisme, pourrait se reveler
aussi utile en ce qui regarde les vecteurs de la filariose.

II est difficile de capturer C. p. fatigans par les moyens
traditionnels. En outre, la methode par captures, statique,
foumit des donnees difficiles a interpreter sur le pheno-
mene dynamique que constitue le vol. Cependant, les r6-
sultats pr6sentes, bien qu'incomplets, montrent que C. p.
fatigans adulte a des mouvements de va-et-vient diurnes
et nocturnes plus importants qu'on ne le croit habituelle-
ment. Si l'on compare les resultats des captures de jour
et de nuit, on constate que les moustiques adultes qui se
d6placent pendant le jour sont, si l'on en juge d'apres la
proportion de femelles pares, des individus plus jeunes

que ceux qui volent apres le coucher du soleil. Dans les
pieges places a l'interieur de cases habitees, on a pu cap-
turer des moustiques ages qui s'y etaient refugies apres
avoir et deranges par les allees et venues des habitants.
Les vols d'entree et de sortie de C. p. fatigans ont ete
etudies dans des cases experimentales, occupees ou non.
Laplupart des moustiques adultes p6n6traient dans les cases
le matin et en ressortaient le soir. Lors deces deplacements,
la proportion des insectes males etait superieure a celle des
individus femelles. Dans les cases inhabit6es, le pourcen-
tage des femelles pares et gravides etait particulierement
eleve parmi les moustiques penetrant A l'int6rieur des
locaux ou s'y reposant. Les femelles gravides volent tres
pres du sol et les ceufs sont de preference deposes au
niveau du sol.

Les auteurs souhaitent que cette 6tude soit poursuivie
en utilisant des pieges A aspiration qui ont permis d'6tu-
dier les mouvements des insectes importants en agriculture.
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