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as to necessitate tedious and time-consuming searches. The pits have
also proved to be very attractive to the A.funestus group and to A. demeilloni.
A. rufipes, A. pretoriensis, A. marshalli and A. coustani have also been taken
in these pits, but not in sufficient numbers to judge their degree of attraction.
Indeed, the numbers of A. coustani taken in this way have been small in
comparison to those attracted to live bait in the same area at night, and it
appears likely that with this particular species the pit shelter may be of
rather less value.

The use of pit shelters as a routine sampling method was first developed
in the Shamva district in the north-east of Southern Rhodesia. Since then
these shelters have been tried out with encouraging results in the Sabi
Valley of south-eastern Southern Rhodesia by other field teams.

Further work is being done to determine the best conditions for siting
and operating these pits, but already a stage has been reached where the
construction of pit shelters is regarded as an essential preliminary to the
survey of new areas, and they are expected to play an important part in the
entomological assessment of anti-malaria activities in this region.

Notes on Exophily in Anophelines in South-East Asia

by W. BUrllIKER, Ph.D., Entomologist, Advisory Team for Malaria Eradication No. 3,
World Health Organization

The study of exophily in anopheline vector species is one of the most
important problems which face the malariologist, and in recent years
increasing attention has been paid to the occurrence of outside-resting
populations of anophelines in many parts of the world. Various searching
methods have been employed: direct searching in the Philippines by Russell,a
in the Transvaal by de Meillon,b in Southern Rhodesia by Leeson,c in
Ceylon by Rajendram and co-workers,d in Malaya by Wharton,e and in
Trinidad by Senior White;f portable net-traps were lowered over the
vegetation on the savannahs of Colombia by de Zulueta; g and collections
of mosquitos have been made with the aid of artificial resting-shelters near
river banks in the Philippines by Russell & Santiago." Other shelters for
the purpose of investigating outside-resting populations of anophelines
have been used in the United States of America by Smith.'

a Russell, P. F. (1931) Philipp. J. Sci., 46, 639
b Meillon, B. de (1934) Publ. S. Afr. Inst. med. Res., 6, 241
C Leeson, H. S. (1930) Proc. roy. ent. Soc. Lond., 5, 26
d Rajendram, S., Cader, M. H. M. A. & Visvalingham, T. (1950) Nature (Lond.), 166, 486
e Wharton, R. H. (1951) Med. J. Malaya, 4, 260
f Senior White, R. A. (1951) Indian J. Malar., 5, 465
g Zulueta, J. de (1950) Amer. J. trop. Med., 30, 325
h Russell, P. F. & Santiago, D. (1934) Proc. ent. Soc. Wash., 36, 1
i Smith, G. E. (1942) Amer. J. trop. Med., 22, 257
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Studies on exophily considering also the natural day-time resting-places
were made in East Africa by Thomson3 and Gillies,k in French West
Africa by Holstein' and in Mauritius by Halcrow.m Crab holes as mosquito
shelters were described by Blin.n

During recent malaria surveys in Ceylon and Burma some new entomo-
logical sampling techniques were used in order to assess the anopheline
vector densities in field and jungle areas. It was found that owing to repeated
applications of DDT sprays in towns and villages a decrease of the vector
specimens in these restricted areas had taken place.

Our investigations were extended to remoter areas where only a few
more or less temporarily inhabited dwellings proved to be present, particu-
larly agricultural labour camps and watch huts in shifting plantations. In
addition a variety of natural resting-places such as tree holes, termite heaps,
birds' nests in river banks, riverine palm thickets and over-hanging roots
were inspected, as it was suspected that the anopheline population could be
at a considerably high level.

It is felt that these and similar methods would be of interest to field
workers in malaria eradication and where occasional and remote vector
resting-places may play an important practical role. In addition, the search
for anopheline mosquitos in remote places might give an opportunity to
obtain the necessary vector specimens for performing tests for susceptibility
to insecticides.

The following is a description of the entomological collecting methods
used,o and the results obtained in Ceylon and, to a certain extent, in Burma,
during short assignments with a WHO Advisory Team on Malaria Eradica-
tion.

Field watch hutsP (Ceylon). The space-spray method was mainly
used for collecting anopheline mosquitos in these temporarily inhabited
structures. With the aid of cotton sheeting the hut was closed as tightly as
possible, using safety pins and pegs for holding the sheeting in the correct
position. The floors of the huts were also covered by cotton sheeting. Five
minutes after the application of a 2% pyrethrum-kerosene solution the
knocked-down anophelines were collected; they were later identified in the
laboratory.

From the results obtained it was evident that these improvised structures
may play an important role in malaria transmission, especially during
ploughing and planting, and again during harvest time, as they are then
occupied by the farmers.

i Thomson, R. C. M. (1951) Mosquito behaviour, London; (1951) Bull. ent. Res., 41, 487
k Gillies, M. T. (1955) Amer. J. trop. Med. Hyg., 4, 1103
1 Holstein, M. H. (1954) Biology ofAnopheles gambiae, Geneva ( World Health Organization: Monograph

Series, No. 9)
m Halcrow, J. G. (1955) Nature (Lond.), 175, 396
n Blin, G. (1908) Bull. Soc. Path. exot., 1, 100
° It has to be ascertained before investigating tree holes, termite heaps, etc., that no poisonous snakes

are present and the necessary care should be taken when working under such field conditions.
P These consist of four stilts rammed into the ground, palm matting, a wooden floor covered with clay,

and a roof covered with palm matting (" cajan ") or thatch. Two or three sides are open and there is an
improvised ladder to reach the floor, which may be 1-3 1/2 metres above the ground.
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Agricultural labourers' and timber camps (Ceylon and Burma). As a
rule these camps consist of only a few, temporary, improvised huts which
give shelter to the labourers in agricultural and forestry areas. They are
built hurriedly, within a few hours, and are very often left unsprayed for a
considerable time. The inspection of these structures revealed that a rela-
tively high mosquito density occurs in these places.

As these huts are of an improvised construction, frequently without side
walls, it is essential to prevent the anopheline mosquitos from escaping
during the collecting operations. For this purpose we used cotton sheeting
in order to make the interior as mosquito-proof as possible. By means of
safety pins and pegs the sheeting was kept in position while the huts were
sprayed inside with a hand atomizer (500-ml capacity) using a 2% pyreth-
rum-kerosene solution.

Tree holes (Ceylon). Many of the indigenous trees in the surveyed
area of Anuradhapura-and particularly the riverine " kumbuk " (Ter-
minalia adjuna)-have holes, cavities or cracks of considerable depth, or a
root system above ground level, which proved to be actual resting-places
for culicidae. Our first inspection of such a tree hole at Pahiwaleagama
(an unsprayed hamlet) was highly successful, as we found 32 females and
22 males of A. culicifacies. Its entrance was at ground level in a fairly large
tree with an estimated diameter of 120 cm. The practical importance of this
natural resting-place with regard to malaria transmission was apparent, as it
was situated approximately 100 metres from the hamlet where four malaria
cases occurred in a population of eleven people, and 80 metres from a
temporary field shelter, also harbouring A. culicifacies, used by three brick-
kiln labourers.

In order to obtain some idea of the origin of the blood meals of the
32 females collected in this tree-hole, precipitin tests were carried out on
19 March 1957 with the following results:

Freshly engorged . . . . . . . . 8 9 (1 bovine blood, no human,
goat, dog or pig blood)

Unfed. . 0
Gravid. . . 4
Old, hard stomach contents. . . 20 V (in aestivation ?)q

Some tropical tree species invariably have, at their base, large cavities
and holes extending vertically, sometimes for several metres, into the tree
trunk.

The bottom of such accessible tree holes was carefully lined with cotton
sheeting, the entrance hole was also closed with material, and the interior
of the cavity was space-sprayed with a 2% pyrethrum-kerosene solution.
Some minutes after insecticiding the mosquito specimens were collected
from the surface of the cotton sheeting.

q This matter is gone into further in the article on page 1063 by the present author.
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Some notes were made on the occurrence of tree holes along the Kalan-
gara River, near Kotewa, on 23 March 1957 on which the following estimate
is based:

An area of approximately 50 by 20 metres was investigated, and the num-
ber of large trees, disregarding small ones and shrubs, amounted to 39.
We found in this area six tree holes which were considered suitable resting-
places for mosquitos. The number of A. culicifacies ? found was 10, after
having subjected these places to space-spraying. An estimate based on
these figures would show an impressive mosquito density of the order of
27 000 per square mile, or 10 000 per km2.

On the basis of these figures, which are an estimate made during the dry
season, it appears that tree holes may under certain conditions represent
important resting-places for A. culicifacies, particularly when close to human
dwellings where actual malaria transmission takes place.

In the course of other field inspections some more tree holes were
investigated and found positive for A. culicifacies although a much higher
number of culicines was found, as a rule, in these natural shelters. However,
the average number of A. culicifacies found per tree hole in this region of
Ceylon is 2.0 females, as calculated from 24 holes inspected.

Tree holes and ficus-roots (Burma). Compared with Ceylon lower
vector densities were obtained in Central Burma (Mandalay region). How-
ever, it is anticipated that under certain conditions these natural resting-
places might be of some importance in malaria transmission and for collect-
ing specimens for the susceptibility tests.

Termite heaps (Ceylon). After trying out two alternative methods of
catching which seemed unsatisfactory, the following technique was adopted.
All exit holes of the termite heap were tightly closed with muslin gauze.
Approximately 5 ml of a mosquito repellent containing a benzoate derivative
as the active ingredient were poured into some of the interconnected exit
holes in order to induce the mosquitos to emerge. They were then collected
from the muslin gauze and placed in vials.

From a total of 18 termite mounds no A. culicifacies specimens were
collected and only 14 culicine (&S+ ?) adults.

Although these initial experiments were negative, it is still suspected
that some of these natural shelters could serve as occasional resting places
for A. culicifacies, at least during periods of droughts.

Birds' nests in river banks (Ceylon). It was suspected that nests of king-
fishers (Alcedidae), sand martins (Hirundinidae) and bee-eaters (Meropidae)
built into sandy river banks could harbour adults of A. culicifacies, particu-
larly under conditions when other natural resting-places are scarce or near
rivers where larvae of A. culicifacies are found in very large numbers. We
had the opportunity to investigate, on two occasions, a total of 12 nests
situated close to anopheline breeding-places. The nests of kingfishers, sand
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martins and bee-eaters consist ofa burrow some 60-80cm long, with a diame-
ter of 4-6 cm, and a chamber at the farther end in which the eggs are laid.

We subjected these nests to the following sampling method. A narrow
strip of strong paper (approximately 35 cm x 10 cm or preferably longer)
is slid along the floor of the burrow. The 2% pyrethrum solution is sprayed
by means of a hand atomizer into the burrow, which is then closed
immediately. Ten minutes are allowed to elapse before the paper strip is
removed and the insects are collected.

From the 12 nests inspected only four culicine mosquitos (d) were
obtained, besides two specimens of the ectoparasitic ffies (Protocalliphora
sp., pupae) known to occur in birds' nests.

Overhanging roots (Ceylon). The river banks overgrown with trees and
shrubs often form good resting-places for mosquitos, and in particular the
overhanging roots along the river margins may harbour A. culicifacies.
Six places were inspected with the aid of the space-sprayer and yielded one
A. culicifacies and two A. varuna.

Riverine palm thickets (Pandanus zeylanicus Solms) (Ceylon). At Hiri-
pitiya we only had the opportunity to inspect three places of palm thickets
situated at the margin of the Kimbulwana River. They looked fairly
promising as natural resting-places as this reed-like " palm " formed an
impenetrable miniature jungle. However, only eleven culicine mosquitos
were obtained by space-spraying, using a large cloth as a tray in order to
collect the insects, but no specimens of A. culicifacies were caught. The
palm thicket has to be covered with cotton sheeting in order to prevent
the mosquitos escaping when the insecticide is applied.

Rock caves (Ceylon). On 7 and 8 March and again on 30 March 1957
the rock caves at Vessagiriya (near Anuradhapura) were inspected during
the late evening (7 March 1957) and in the daytime (30 March 1957). A
total of five hours of searching time was spent but neither anopheline nor
culicine adults were caught. Checking by space-spraying with a 2% pyreth-
rum solution also met with no success and confirmed the results obtained
with hand catching.

Comments. The " exophilic behaviour ", i.e., the tendency for a mosquito
to rest outside rather than in man-made shelters during the day-time, may
depend on a variety of circumstances, such as the presence of the host at
night, the acceptance and suitability of houses or animal shelters in the
day-time and the proximity of resting-places to the nocturnal habitat of
the host.

The mosquito's choice ofresting site is largely determined by opportunity.
However, we have to emphasize the possible different inherent behaviour
tendencies between separate population groups, biological strains, etc., of
the same species. Therefore, exophily may result from sets of conditions
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which can be classified, according to Gillies,r into the following three
groups:

"1. Obligatory
" Where no houses exist in an area, it is obvious that all mosquitos are exophilic.

The occurrence of A. culicifacies in uninhabited jungle in Ceylon [d] may be quoted as an
example.

"2. Facultative
" This is the situation found when one of the preferred hosts is outside but where

human or animal shelters are plentiful in the vicinity. An instance of this has been observed
in parts of the South Pare district of Tanganyika, where the cattle are kept on the edge
of villages in open enclosures. After feeding, mosquitos such as A. gambiae appear to
fly to the nearest convenient resting site, which may be either a natural one or man-
made. Thus the preference shown is primarily influenced by ecological factors.

"3. Deliberate
" Type A (endophagic of Senior-White). This is perhaps the most important aspect

of the subject and probably represents the idea in many people's minds when referring
to exophily in malaria vectors. Essentially it describes the position where feeding takes
place inside the house or animal shelter, where apparently suitable resting sites within
the house are available, yet where the mosquitos leave the shelter for natural harbourages
before daylight. A. maculatus in Malaya and A. aquasalis in the West Indies are well-known
examples of this type of behaviour.

"Type B (exophagic of Senior-White). A second type of deliberate exophily is shown
by those mosquitos that feed mainly out of doors and tend to avoid using houses as
resting sites even when they are available. A. coustani (s.l.) and A. pharoensis fall into
this category."

From the observations made during our assignment to South-East Asia
we are inclined to believe that the degree of exophily in mosquito popula-
tions is much higher than is commonly thought. We found that considerable
anopheline populations may seek suitable shelter in tree holes, overhanging
roots and on shaded leaves, in bamboo clumps and tree buttresses in the
vicinity of or away from sprayed localities. It is felt that searching for mos-
quitos in awkward places will contribute to a considerable extent to our
knowledge of the anopheline fauna. The description of searching methods
in this note, some of them new, may give practical suggestions to the field
entomologist who can adapt them to different local conditions. In addition,
whenever the hand-catch method is feasible, the opportunity is offered to
collect specimens for the performance of susceptibility tests. Mosquito
specimens may be also obtained for precipitin tests which give, when the
mosquitos are collected from natural resting-places, a better picture of the
anthropophilic tendencies of the species.

r Gillies, M. T. (1956) Bull. Wld Hlth Org., 15, 437


