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Outdoor Resting of Culex pipiens fatigans
in Rangoon, Burma*

BOTHA DE MEILLON,1 MYO PAING,2 ANTHONY SEBASTIAN, & Z. H. KHAN 2

The sites occupied by resting adult mosquitos are of importance, since they may be
accessible to treatment with insecticide. It has usually been assumed that Culex pipiens
fatigans feeds and rests indoors, thus making itself vulnerable to indoor spraying. However,
work in the Kemmendine Experimental Area ofRangoon, Burma, has now shown that many
C. p. fatigans rest out of doors in a variety of shelters. The lower parous rate in outside
catches as compared with indoor catches tends to confirm the view that newly hatched C. p.
fatigans rest out of doors for some time before setting off to feed. The percentage of
infected mosquitos is remarkably constant from site to site andfrom month to month and
does not differ significantly from that obtained in indoor resting catches or on bait out
of doors. It appears that the possibility of acquiring infection out of doors will have to
be seriously considered in any anti-filariasis campaign.

At the end of our work on indoor resting and
biting and outdoor biting Culex pipiens fatigans,3 we
embarked on an examination of the outside resting
population. Simultaneous examination of inside and
outside resting would have been more satisfactory,
but lack of staff prevented this.
Only a few references to outdoor resting by C. p.

fatigans have been found in the literature and all
emphasize the low density of outdoor collections as
compared to indoor ones. Rao & Rajagopalan
(1957) reported densities (per man-hour) of 3.5 for
outdoor shelters and 14.6 for indoor shelters in
various parts of the State of Bombay, India.
Although Wattal & Kalra (1960) observed a lower
density of 0.5 in outdoor catches (against 14.3 in
indoor catches), they suggest that Rao & Rajago-
palan's study area was different in topography and
had more extensive breeding places. Pal et al. (1960),
finding an outdoor density of only 0.082, compared
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with an indoor density of 31.4, concluded that C. p.
fatigans rests predominantly indoors. These obser-
vations are in marked contrast to those reported
below for the Kemmendine Experimental Area,
where a relatively dense outdoor resting population
evidently exists.

In order to avoid complications that might arise
from the use of artificial shelters or traps, we have
sought out resting adults in naturally occurring sites
unoccupied by man in the Kemmendine Experi-
mental Area. Our only contribution to resting sites
has been the placing of six unglazed Pegu jars in the
area.

MATERIALS AND METHODS

The catching sites
The outdoor resting sites, each of which was

visited once a week, were as follows (see also tha
accompanying figure).

(1) Underground drains. These vary in diameter
from about 3 ft to 6 ft (0.9 m to 1.8 m). They are
intended to carry storm and other water from sur-
face drains to the Hlaing River.. Breeding takes
place in the drains only in the dry season (Khan,
unpublished); during the time of the present catches
breeding was not occurring in them to a significant
extent. The drains also act as underground sewers
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and collectors of decaying debris, dead animals and
so on. The conditions in them are foul and danger-
ous, because of the accumulation of poisonous gases.
Having satisfied ourselves that infected mosquitos do
rest in them, we stopped further collection.

(2) Shelters unoccupied by humans. These consist
of garages, vacant living quarters, bazaars, schools,

timber warehouses (godowns), firewood sheds, pig
runs and so on.

(3) Vegetation. This includes shrubs, grass and
other vegetation growing near breeding places,
mostly along roadside drains. The location of such
sites has varied from time to time because ofchanging
conditions.
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(4) Unglazed Pegu jars. These were placed in
sites selected for safety against breakage and theft,
but near breeding places. The amount of light
falling on the jars varied and one, at least, was in
direct sunlight, but in fact it was found that the siting
is not critical; distance from the breeding place is
what matters. The area already contains a large
number of glazed Pegu jars owned by the inhabitants,
but we decided to add our own so as to prevent dis-
turbance by local people. The jars are 26 in (66 cm)
high and their maximum diameter is 28 in (71 cm);
the diameter of the opening is 11 1/2 in (29 cm).
Each jar was about one-quarter filled with water to
provide a humid atmosphere. C. p. fatigans is rarely
found breeding in this water while it is unpolluted.
The water is, however, favoured by Toxorhynchites
and its prey Aedes aegypti.
The jars were normally emptied of adults in a few

minutes because of the ease of capture and the low
numbers. For these reasons Pegu jars are listed
separately in the tables and the number of adults is
given per jar instead of per man-hour.

(5) Random sites. The selection of these sites was
left largely to the collectors themselves and they natu-
rally varied in type, structure and situation from
catch to catch. They consisted of any collection of
material not mentioned above and which looked as

if it might give shelter to adult mosquitos, e.g., empty
oil drums, tree holes, collections of timber, lava-
tories, piles of old machinery and sunken pits
(sumps) on pipelines.

Catching time and number of catches
A catch was made at each site once a week

between 18 August and 30 November 1964, from
07.30 to 10.30, by one or two catchers.

Technique of catching
Ordinary suction tubes were used and the catchers

soon become very skilled in capturing the insects.

Handling of caught material
Mosquitos caught in the morning were brought to

the laboratory as soon after the completion of catch-
ing as possible, but in any case before midday. On
reaching the laboratory they were chloroformed,
sorted into species, sexed and placed in the refri-
gerator until the next morning, when they were

dissected.
Knowing from earlier studies that green mosquitos

are ones that have not yet had a blood-meal and
therefore cannot be infected, we recorded this group

but did not dissect them. This has saved many hours
of labour.

RESULTS

Density

It is obvious that outside resting places are more
exposed than indoor ones to the vagaries of the
weather. Moreover, catching of the mosquitos is
more difficult out of doors and is subject to greater
error; also, a catcher may have a good and reliable
catching site one week, only to find that it has been
disturbed or even destroyed the next. For these and
other reasons it is difficult to compare outdoor cat-
ches with one another or with indoor resting catches
or to detect any trends.
However, it can be confidently concluded that C. p.

fatigans rests in large numbers out of doors in a
variety of shelters. The number caught per man-hour
was highest in underground drains, where the mos-
quitos rest on the walls, but this may only reflect the
ease of capture (Table 1). Except in this site and in
the Pegu jars, which offer a relatively small sheltering
area, the numbers caught do not differ very much be-
tween sites. As far as sex is concerned, the numbers
of males and females caught per man-hour follow a
similar pattern, in that the largest numbers come from
underground drains and the smallest from unoccu-
pied shelters.

Table 1 shows that the lowest percentage of green
adults (recently emerged young adults that have not
had a blood meal) was found in the random catches
and the highest in vegetation; this difference is mainly
related to the distance from the breeding place. It
was found that the collectors concentrated on vege-
tation actually overhanging the breeding place, as a
source of high-density and trouble-free catches.

In Table 2 the monthly catches are shown. Un-
fortunately, the period was too short to enable any
trends to be detected.

Parity, gravidity and infection
Since the percentage of green mosquitos found is

related to the distance of the point of capture from
the breeding place, such mosquitos have been ex-
cluded from the subsequent discussion, leaving a
number of stable populations probably randomly
distributed and apparently qualitatively comparable
with one another.
As far as parity is concerned, vegetation still leads

in the number nulliparous. Apart from this, the
percentage parous is remarkably constant, which
leads us to conclude that, in spite of the wide variety
of catching sites, the populations are qualitatively
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TABLE I
DENSITY OF C. P. FATIGAIVS IN OUTDOOR CATCHES ACCORDING TO CATCHING SITE

No. Green mosquitos No. of mosquitos
Ct eof rNo Duration of mosquitos caughtCatching site of rounds of catches of catching caught No. % per man-hour

9 9 9 Total |d |

Underground drains 21 143 283.2 5881 8099 3159 3616 54 45 49 21 29

Unoccupied shelters 14 115 262.8 2 717 3 465 994 1 413 37 41 24 10 13

Vegetation 14 104 270.2 3 779 5 358 3 259 4144 86 77 34 14 20

Random 11 46 107.5 1 388 1 743 235 382 17 22 29 13 16

Total 60 408 923.7 13765 18665 7647 9555 56 51 35 15 20

No. of jars No. of mosquitoscaught per jar
Pegu jars 11 66 66 562 549 396 385 70 70 17 9 8

similar. The same thing can be seen in the percentage the view that newly hatched C. p. fatigans rest out of
gravid. The relatively high percentage gravid (in doors for some time before setting off to feed.
contrast to the low percentage parous) in catches on The percentage of infected mosquitos caught per
vegetation is probably due to the accumulation of month or per site, whether based on the total number
gravids at oviposition sites and their departure im- dissected or the number parous and gravid is re-
mediately after oviposition. markably constant from site to site (Table 3) and from
The lower parous rate obtained in outside catches month to month (Table 4). What is more important,

as compared with indoor catches tends to confirm however, is that, though lower on the whole, it does

TABLE 2
DENSITY OF C. P. FATIGANS IN OUTDOOR CATCHES ACCORDING TO MONTH

Duration No. of mosquitos Green mosquitos No. of mosquitos
Nof No. of of caught caughtMonth No.uf catches catchingo No. per man-hour

l | | ~~~~(h) d j'I Ttl|

All sites except Pegu jars

August 11 104 239.7 1068 1 759 a - a - 11 4 7

September 16 120 313.2 5 757 7 822 4 267 5113 74 65 43 18 25

October 17 101 197.8 1 740 2455 436 591 25 24 21 9 12

November 16 83 173.0 5 200 6 629 2 944 3 851 57 58 68 30 38

Total 60 408 923.7 13 765 18665 7647 9555 56 51 35 15 20

Pegu jars

September 2 12 299 229 238 197 79 86 44 b 25b 19 b

October 5 30 165 187 113 134 68 72 12 b 6 b 6 b

November 4 24 98 133 45 54 46 41 10b 4 b 6 b

Total 11 66 562 549 396 385 70 70 |17b gb 8b

a Not determined.
b No. per jar.

70



OUTDOOR RESTING OF C. P. FATIGANS IN RANGOON, BURMA 71

03
0c

%- 0
00 -

0

co co go co az

0~~~~~0C
C)

-

c

Cl C CO C

0~~0

Z CM Omco-

o0~~~~~~~~~~~~~~~~c
co~~~~ ~~~~~~~~~g

005
L- __o_

0 L

CM r-~~~~~~~C

I-~~~~~~~~T
o ClCo

- 0~~X, - 04r

oU co0 4 0 M c

z _ _ _ _ _ _ _ _ _

00
0w- 0 Cl COcoQ D Cl @

z 0~~~~~

0 e4

> 4) ~ 0 C) 4 co --00 CD

L- C4~~~~~~~~~~I

not differ significantly from that obtained in indoor
and in outdoor catches (Table 5). Furthermore,
our records for indoor resting catches during August
to October 1963 show that only 93 infected C. p.
fatigans were obtained, whereas the figure for the
present outdoor resting catches is 305 (Table 3). The
two catches are not strictly comparable, but it is
reasonable to conclude that infected (including in-
fective) mosquitos readily rest outdoors. We con-
sider that the possibility of acquiring infection out
of doors must be seriously considered in any anti-
filariasis campaign. The relevant data for compari-
son from our 1963-64 records in the Kemmendine
area are set out in Table 5.

Abdominal appearance
The abdominal appearance of caught mosquitos

in relation to catching site and month of capture is
shown in Tables 6 and 7. It should be noted that the
"1/4 gravids" and the blood-feds are the same for
all practical purposes. The object of these tables is
to show that mosquitos in all physiological states
rest out of doors. We have reported elsewhere 1 that
the percentage of mammal-fed females is about the
same in outdoor as in indoor catches.

CONCLUSIONS

The outside resting mosquito population, when
allowance has been made for the preponderance of
newly emerged adults, resembles the inside resting,
the indoor biting, and the outside biting populations
in most respects. We believe that the outside biting
population is drawn from the outside resting popu-
lation, just as we have already shown2 that the inside
biting population derives from the inside resting mos-
quitos. This conclusion, and our experiences with
outside biting, indicate that there is now ample
evidence that the risk of acquiring infection out of
doors is at least equal to, if not greater than, that
obtaining indoors.

It is obvious that any campaign directed against
adult C.p. fatigans as a control measure for bancroft-
ian filariasis in Rangoon will be ineffective if the
outside resting and biting population is neglected.
The evidence obtained further strengthens our

contention 2 that outside transmission, which is dif-
ficult or impossible to prevent by methods ordinarily
available to poorer people, may account for differ-
ences in infection rates between Indians, Burmese,
Chinese and Europeans.

See the paper on page 168 of this issue.
'See the paper on page 75 of this issue.
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TABLE 4

MONTHLY RATES OF PARITY, GRAVIDITY AND INFECTION IN C. P. FATIGANS CAUGHT OUT OF DOORS

TABLE 5
NUMBER AND PERCENTAGE OF C. P. FATIGANS FOUND INFECTED IN KEMMENDINE

EXPERIMENTAL AREA: JUNE 1963-MAY 1964

% infected
Type of catch No. dissected No. parous No. infectedfor infection and gravid of no. of no. parous

dissected and gravid

Resting inside 11 417 5972 543 4.76 9.09

Biting inside 3 400 1 784 168 4.94 9.42

Biting outside 7104 3881 339 4.77 8.73

Total 21 921 11 637 1 050 4.79 9.02

TABLE 6

ABDOMINAL APPEARANCE OF C. P. FATIGANS CAUGHT IN DIFFERENT TYPES
OF SHELTER

No. Abdominal appearance
dissected _4 _2__

Catching site for Unfed ravid gravid Gravid
abdominalgrvd rad
appearance No. % No. % No. ! % No.|%

Underground drains 4483 2113 47 318 7 404 9 1 648 37

Unoccupied shelters 2 049 1 038 51 305 15 282 14 424 21

Vegetation 1 214 796 66 75 6 78 6 265 22

Random 1 361 644 47 126 9 221 16 370 27

Pegu jars 164 101 62 14 9 10 6 39 24

Total 9271 4 692 51 838 99 995 11 2 746 30
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TABLE 7
ABDOMINAL APPEARANCE OF C. P. FATIGANS CAUGHT OUT OF DOORS

IN DIFFERENT MONTHS

Abdominal appearance
No. dissected AMonth oappearancea Unfed gravid gravid Gravid

No. T% No. | % No., % No. %

August 1 759 1153 66 116 7 110 6 380 22

September 2 742 1 426 52 301 11 259 9 756 28

October 1 913 896 47 194 10 261 14 562 29

November 2 857 1 217 43 227 8 365 13 1048 37

Total 9 271 4 692 51 838 9 995 ]11j 2 746 30

RISUMt

Alors que l'on croyait g6n6ralement que Culex pipiens
fatigans se repose, dans l'intervalle des repas, surtout dans
les habitations, des recherches men6es dans le secteur
experimental de Kemmendine, Birmanie, montrent que le
moustique trouve egalement refuge dans de nombreux
abris situ6s A 1'exterieur.
Une grande variete d'abris de ce genre, certains naturels

comme des conduites souterraines d'evacuation des eaux,
des batiments inoccupes, la vegetation, d'autres disposes
intentionnellement, ont e inspect6s une fois par semaine
d'aofit a novembre 1964. Bien que les lieux de repos
exterieurs soient beaucoup plus exposes que ceux situ6s a
I'interieur des habitations, C. p. fatigans s'y refugie en
grand nombre. L'abondance des captures varie peu selon
les endroits. On note une preponderance gen6rale des
moustiques femelles et la proportion des femelles pares,
remarquablement constante, semble indiquer que les
diff6rentes populations de Culex sont qualitativement
semblables. Cette proportion est peu elevee, si on la
compare A celle que l'on trouve A 1'int6rieur des habita-

tions, ce qui laisse supposer que les insectes nouvellement
eclos se reposent A 1'exterieur avant de penetrer dans les
maisons pour s'alimenter.

Le pourcentage des moustiques infectes, remarquable-
ment constant dans les divers abris et de mois en mois, ne
differe pas notablement des pourcentages obtenus lors
des captures domiciliaires ou des captures ext6rieures sur
hote. D'aouit a octobre 1963, 93 C. p. fatigans infect6s ont
ete recueillis A l'interieur des maisons, alors que 305
specimens infectes ont ete captures a 1'ext6rieur durant
1'enquete actuelle. Selon les auteurs, on peut admettre
que les moustiques infectes (et infectants) pr6ferent se
reposer en dehors des habitations, ou ils participent
6galement A la transmission de l'infection. L'examen des
moustiques captures A 1'exterieur montre d'autre part que
tous les stades physiologiques sont repr6sent6s.

Les auteurs soulignent l'importance de ces observations
concernant les mesures de lutte contre la filariose a
Wuchereria bancrofti.
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