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Investigations leading to the Identification of Members
of the Anopheles umbrosus group as the Probable

Vectors of Mouse Deer Malaria
R. H. WHARTON,1 DON E. EYLES,2 M. WARREN,2 D. E. MOORHOUSE3

& A. A. SANDOSHAM I

Although mosquitos of the Anopheles umbrosus group have long been recognized as
important vectors of human malaria in Malaya, there have been doubts about the origin of
some of the malaria infections found, especially in A. umbrosus and A. letifer. Investiga-
tions have accordingly been carried out in the Malayan swamp-forest, in conjunction with
laboratory studies, into the nature of malaria infections in wild-caught mosquitos, the biting
behaviour of anophelines and the presence of malaria infection in man and animals. The
authors conclude from the results reported in this paper that A. umbrosus is a vector of
mouse deer malaria and rarely, ifever, transmits primate malaria; that A. letifer transmits
both human and mouse deer malaria ; and that A. baezai and A. roperi are probably vectors
of mouse deer malaria.

Mosquitos belonging to the Anopheles umbrosus
group have long been regarded as important vectors
of human malaria in Malaya. The early evidence
was epidemiological, and Watson (1921) based his
classical and highly successful demonstrations of
malaria control in rubber estates bordering swamp
forest on the observation that these were typically
mosquitos of the forest or forest fringe:

.

. . . as we pass away from the jungle the number of
mosquitoes decreases, and at half a mile (40 chains) the
number has so decreased that malaria, as indicated by
the spleen rate, has disappeared, although occasional
cases of malaria do occur."

Unfortunately there has been much confusion
regarding the identity of A. umbrosus and related
species. This has led to many difficulties in the
interpretation of earlier findings since there have
also been doubts about the identity of some of the
malaria infections found in mosquitos identified as
A. umbrosus. Barber (1918) noticed that " in some
specimens of A. umbrosus the sporozoites appeared
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abnormally thick and short, and in other specimens
they were apparently normal ". Similarly Hodgkin
(1956) suspected that at least a proportion of the
infections found in A. umbrosus were of monkey
origin.
Our knowledge of the A. umbrosus groups has

grown steadily over the years, culminating in a
detailed account of the systematics and biology by
Reid & Hodgkin (1950). Among the present nine
members of the group, five would originally have
been identified as A. umbrosus. These are A. baezai
Gater, A. brevirostris Reid, A. letifer Sandosham,
A. roperi Reid and A. umbrosus Theobald. Malaria
infections have been recorded in all except A. brevi-
rostris. Reid & Hodgkin (1950) summarize our
knowledge of their biology and relation to malaria
as follows:

" The various species have preferred breeding places
that result in a characteristic zonation: baezai in brackish
water along the coast, letifer in pools and drains in culti-
vated land on the plains, umbrosus in jungle swamp on
the plains, roperi in the foothills, and separatus scattered
throughout much of this range outside the jungle.

" Both letifer and umbrosus feed readily on man, and
the latter species will attack by daylight in the jungle.
It seems probable that baezai and roperi also feed readily
on man; separatus, on the other hand, tends to be
zoophilic.
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" A. letifer is an efficient vector of malaria, and at the
present time it is economically the most important species
of the umbrosus group in Malaya. A. umbrosus is also an
important vector, but its distribution is restricted to
jungle swamp and its immediate vicinity. The status of
baezai required further investigation; for the present it
will be well to suspend judgment, while remembering
that the evidence suggests that it is a vector in those few
localities where it is abundant. It seems probable on
epidemiological grounds that roperi is also a vector where
it is common. A. separatus does not appear to take any
part in the transmission of malaria in Malaya."

At that time, then, it was considered that A. letifer,
A. umbrosus and probably A. baezai were vectors of
human malaria but that A. umbrosus and A. baezai
might be carrying other malaria parasites. Sub-
sequently Reid & Weitz (1961) studied the coastal
area where A. baezai had been infected and came to
the conclusion that the infections were not of human
or monkey origin.
The present investigations were primarily con-

cerned with A. umbrosus, and stemmed from the
finding of unusually large oocysts in A. umbrosus
caught attacking man by day in swamp-forest far
from any houses (Wharton, 1958). Later observa-
tions showed that the sporozoites were dissimilar to
those of primate malaria parasites. This paper
describes the efforts made to determine the origin
of the infections.

MALARIA INFECTIONS IN WILD-CAUGHT MOSQUITOS

Observations were made in several freshwater
swamp-forest areas on both sides of the Malayan
peninsula (Fig. 1). Much of this forest is dry for the
greater part of the year and is only seasonally
inundated. The anopheline fauna is limited to a few
species and is dominated by Anopheles umbrosus,
which attacks man by day, sometimes in very large
numbers. A. letifer is present, mainly at the edge of
the forest, and in certain areas A. roperi, A. separatus
and occasional specimens of A. brevipalpis are found.
Other species occur where the forest has been cleared,
but rarely in large numbers.

East Pahang
Along the lower reaches of the Pahang river there

are narrow strips of cultivated land on the river
banks backed by many square miles of swamp
forest. This was the area where filariasis studies
revealed the presence of an animal reservoir of
Brugia malayi in forest and domestic animals
(Wilson, 1961). In 1957 oocyst infections were found

FIG. 1
SWAMP-FOREST AREAS (SHADED) IN MALAYA

in A. umbrosus caught biting man in the swamp
forest at least two miles (3 km) from houses. The
oocysts were more than 100,u in diameter, much
larger than either human or known monkey malaria
parasites, which rarely exceed 60,t in diameter
(Shute & Maryon, 1952). Additional dissections at
that time showed that there was a high natural
malaria infection rate in A. umbrosus; this was
confirmed in 1960-61 when further dissections were
made (Table 1). Many of the oocysts were much
larger than those of the primate malarias and the
sporozoites were also different. They were short and
fat, only 7-9,t in length, and many were almost
cigar-shaped. Typical spindle-shaped sporozoites of
primate malaria were not seen.
The combined oocyst and sporozoite infection

rate for mosquitos dissected within four days of
capture was 9% and the sporozoite rates for both
immediate and delayed (5 or more days after capture)
dissections were about 6 %. In a small group of
A. umbrosus the parous rate determined by examina-
tion of the ovarian tracheoles was 45% (24/53). This
means that approximately 20% of parous A. um-
brosus were infected. No infections were found in
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TABLE 1

MOSQUITOS CAUGHT BITING MAN IN SWAMP-FOREST
TWO MILES FROM HOUSES IN EAST PAHANG AND

EXAMINED FOR MALARIA PARASITES

No. No. infected with: Infection rate (%)
Species exam- Sporo- Sporoined Oocysts Spoito- Sporoe- Total

Mosquitos dissected within 4 days of capture

A. umbrosus 250 9 15 6.0 9.6

A. separatus 3 0 0 - -

Mosquitos dissected 5 or more days after capture

A. umbrosus a 195 3 13 6.7 8.2

a Three filarial infections were recorded; two with immature
larvae in the thorax, and one with a mature Setaria larva.

three A. separatus examined. Three filarial infections
were also found in A. umbrosus, all presumed to be
of animal origin.

Regular catches throughout the year were not
made, but the A. umbrosus population increased
following the onset of the north-east monsoon in
October-November, and fell again in March-April
at the end of the monsoon period. There were very
few in the forest during the dry season from April
to September. Infections were recorded in January,
February, March, August, October, November and
December.3

Bukit Mandul

Bukit Mandul, which is an aborigine settlement at
the edge of the Kuala Langat Forest Reserve in
Selangor, has been the site for ecological studies on
monkey malaria and for studies on the transmission
of Wuchereria bancrofti.1 The aborigines had a
crude malaria parasite rate of 28 % and a W. ban-
crofti microfilaria rate of 18 % when surveyed in
December 1960. The swamp-forest which borders
the settlement is seasonally flooded with fresh water,
and extends south for about eight miles (13 km) to
the Langat river. Bukit Cheeding, where Hodgkin
(1956) studied the Anopheles fauna, is an island of
low hills in the centre of this swamp-forest about
three miles (5 km) south-west of Bukit Mandul.

1 Wharton, R. H., Laing, A. B. G. & Cheong, W. H. The
transmission of filariasis and malaria among aborigines in
Selangor, Malaya (manuscript in preparation).

Regular catches of mosquitos attracted to human
and monkey bait were made in the aborigine settle-
ment and in the forest over a period of 12 months
in 1961 with some additional catches in 1962.
Standardized biting catches on human bait inside
and outside houses and in the forest have also been
made in this area as part of a general study on the
biting cycles of Malayan Anopheles.2 Table 2
summarizes the dissection results from Bukit Mandul
and the near-by swamp-forest.
The infection rate in A. umbrosus was again high.

Mosquitos dissected within four days of capture had
a sporozoite rate of 1.7% and a combined oocyst-
sporozoite rate of 3.5 %. In mosquitos kept for
five or more days before dissection the sporozoite
rate was 4.4 %. Large numbers of A. letifer were
also dissected but the sporozoite rate was only 0.2%
while the combined oocyst-sporozoite rate was 0.4 %.
Small numbers of A. donaldi, A. separatus and other
species examined were all uninfected.
The infections in A. umbrosus resembled those

seen earlier in Pahang. It was possible to examine
only two of the five sporozoite infections in A. letifer
carefully. One resembled the sporozoites of primate
malaria but one was clearly the same as or similar
to the sporozoites found regularly in A. umbrosus.
A third sporozoite infection was found in a mosquito
which also had mature larvae of W. bancrofti. None
of the oocyst infections in A. letifer appeared to be
of the large type seen in A. umbrosus. Three filarial
infections were found in A. umbrosus, two with
immature larvae in the thoracic muscles and a third
with three mature Setaria larvae. Twenty-one
filarial infections were found in A. letifer; eight were
identified as W. bancrofti and 13 as Dirofilaria.
Age estimates of A. umbrosus based on the appear-

ance of the ovarian tracheoles showed that 30%
were parous. Combining immediate and delayed
dissection results this means that 14.2% of the
parous mosquitos were infected with malaria
parasites.

A. umbrosus were present in large numbers in the
swamp-forest from December to April or May.
Numbers were directly related to the flooding of the
forest which follows heavy rains, usually in the
period October-December. In the drier months of
the year there were very few A. umbrosus in the
forest (Table 3).

1 Moorhouse, D. E. & Wharton, R. H. Studies on
Malayan vectors of malaria; methods of trapping, and
observations on their biting cycles (unpublished).
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TABLE 2
ANOPHELES MOSQUITOS CAUGHT IN SWAMP-FOREST AT BUKIT MANDUL,

SELANGOR, AND EXAMINED FOR MALARIA PARASITES

No. No. Infected with: Infection rate (%)
examined I_ -.. - -Oocysts ISporozoites Sporozoite Total

Mosquitos dissected within 4 days of capture

895

2 867

4

22

21

16

6

15

5

1.7

0.2

3.5

0.4

Mosquitos dissected 5 or more days after capture

39I 892 4.4 5.0

a Three filarial infections were recorded; two with immature larvae in the thorax and a third with
three mature Setaria larvae.

b Eight Wuchereria bancrofti (five mature larvae) and 14 Dirofilaria infections were recorded.

TABLE 3

SEASONAL PERIODICITY OF A. UMBROSUS
IN SWAMP-FOREST a

IA. umbrosus per Rainfall (inches) b

Month man-hour

1961 1962 1960 11961 11962

January 12.8 7.7 10.3 3.82 9.48

February 5.9 5.5 3.93 7.33 1.96

March 4.9 3.8 10.93 8.14 11.03

April 8.7 1.9 3.76 9.99 6.76

May 4.0 No catch 1.65 3.70 9.54

June 1.5 No catch 3.14 4.72 6.59

July 1.3 No catch 3.22 4.80 1.89

August 0.2 No catch 4.88 4.47 6.30

September 0.0 No catch 5.81 4.13 7.62

October 0.0 No catch 9.33 7.58 -

November 0.2 No catch 6.47 11.96 -

December 9.7 No catch 11.78 13.54 -

a Monthly figures expressed as the number per man-hour
compared with rainfall.
b 1 inch = 2.54 cm.

Sungei Dusun
A short visit was made to a swamp-forest area at

Sungei Dusun, south of the Bemam River, Selangor,
in March 1961. This area is completely isolated and
is at least 10 miles (16 km) from any human settle-
ment, receiving only infrequent visits by a small
aborigine group. A. umbrosus adults were plentiful
at the time of the visit and examination of a small
sample showed that 3.8% were infected with malaria
parasites similar to those found in A. umbrosus
elsewhere (Table- 4). Three A. roperi were examined
but no infections were recorded. The parous rate
of A. umbrosus at Sungei Dusun was 27% (16/59),
thus an estimated 14% of the parous A. umbrosus
were infected with malaria parasites.

Pacific Tin
The Selangor river forms the southern border of

a large area of swamp-forest. At the edge of this
forest, about four miles (6 km) north of Berjuntai,
mosquito studies have been made in connexion with
the Malaria Eradication Pilot Project. Although a

large number of oocyst infections were found in
A. umbrosus, all apparently of the same type as in
other areas, only one sporozoite infection was found
(Table 4). The parous rate was 33 %, thus an

estimated 15 % of parous A. umbrosus were infected.
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Species

A. umbrosus a

A. letifer b

A. barbirostris

A. donaldi

A. separatus

A. brevipalpis

A. maculatus

A. umbrosus a
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TABLE 4

MOSQUITOS CAUGHT IN FOREST AT SUNGEI DUSUN, PACIFIC TIN AND K.K.K. MINE,
SELANGOR, AND EXAMINED FOR MALARIA PARASITES

SpeciesNo. No. infected with: Infection rate (%)
Species examined Oocysts Sporozoites Sporozoite Total

Sungei Dusun

A. umbrosus 79 2 1 1.3 3.8

A. roperi 3 - - - -

Pacific Tin

A. umbrosus a 508 23 1 0.2 4.7

A. roperib 95 - 1 1.1 1.1

A. Ietifer 1245 2 - - 0.2

A. separatus 152 - - - -

A. donaldi 29t 2 - - 0.7

K.K.K. Mine

A. umbrosus c 159 3 2 1.3 3.1

A. roperic 231 14 16 6.9 13.0

A. letifer 510 2 2 0.4 0.8

A. donaldi c 521 2 3 0.6 1.0

A. separatus 1 - - - -

a Five filarial infections were found in A. umbrosus; two with mature larvae presumed to be
B. pahangi, and the remainder immature larvae in the thorax.

b The A. roperi mosquito with sporozoites also had oocysts 90 js in diameter, and had five
mature Setaria larvae.

c Immature filarial larvae were seen in the thorax of two A. umbrosus and three A. roperi, while
Dirofilaria larvae were present in the Malpighian tubules of one A. donaldi.

Five filarial infections were recorded, including two
with mature larvae presumed to be B. pahangi.

Oocysts were also seen in A. ketifer, and one
A. roperi which had both oocysts and sporozoites
was also infected with mature Setaria larvae. The
oocysts and sporozoites in A. roperi resembled those
seen in A. umbrosus.

K. K. K. Mine

Another forest area just south of the Selangor
river and four miles (6 km) west of Ulu Yam, was
utilized for studies on the biting cycle of A. donaldi.1
This area consisted of low hills with intersecting
swampy ravines. An open-cast tin mine with about

1 Moorhouse & Wharton-unpublished (see footnote on
page 359).

30 labourers had been operating in the area for six
months, but none of the 25 labourers examined in
November 1962 had malaria parasites, nor was there
any record of fever. Surprising nmmbers of A. roperi
were present in the forest, together with large
numbers of A. letifer, A. umbrosus and A. donaldi.

Malaria infections were found in all four Anopheles
species (Table 4). The infection rates differed sharply
between the four species. A. roperi had the highest
infection rate-6.9% with sporozoites and an over-
all infection rate of 13.0 %. A. umbrosus had a 1.3%
sporozoite rate and a 3.1 % combined oocyst-
sporozoite infection rate, while in A. letifer and
A. donaldi the infection rates were much lower. The
parous rates for all four species were also recorded,
and, taken in conjunction with the infection rates,
show that 36.6% of parous A. roperi, 9.3% parous
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A. umbrosus, 3.4% parous A. ketifer and 2.8% parous
A. donaldi were infected with malaria parasites:

Malaria Parous rate Percentage
Species infection rate (%J parous infected

(%)
A. roperi 13.0 35.5 36.6
A. umbrosus 3.1 33.3 9.3
A. letifer 0.8 23.4 3.4
A. donaldi 1.0 36.2 2.8

The sporozoites and oocysts in A. roperi and
A. umbrosus resembled those seen in other areas,
except that some of the sporozoites in A. roperi were
longer, 10-ll,t in length. Certain of the oocysts in
A. letifer were mature when only 50-60,u in diameter
while others were up to 125,u in diameter. However,
the sporozoites in both infections were short and
similar to those seen in A. umbrosus. Several
infections were recorded in A. donaldi. In one
infection the oocysts were very large and resembled
those of P. traguli but many cysts were apparently
degenerating. In other infections the cysts could not
be identified. The sporozoites though short, 7-9,u
in length, tended to resemble those of primate origin.
Immature filarial larvae were found in the thorax

of two A. umbrosus and three A. roperi, and Diro-
filaria larvae were present in the Malpighian tubules
of one A. donaldi.

BITING BEHAVIOUR OF ANOPHELES
IN SWAMP-FOREST

The mosquitos examined for malaria infections
were collected in various ways, thus providing some
information on the biting habits and behaviour of
Anopheles in swamp-forest. In particular, biting
catches inside and outside houses and in the forest
at Bukit Mandul and K.K.K. Mine demonstrated
clear-cut differences between the various species,
particularly between A. letifer and A. umbrosus.1
Table 5 summarizes these differences and Fig. 2
illustrates the biting cycles of the two species in
swamp-forest. Though large numbers of A. umbrosus
were caught in the forest, few were caught near
houses and none inside houses. On the other hand,
A. ketifer was common both in the forest and near
houses. More were caught near houses at Bukit
Mandul but the great majority of these preferred to
feed out of doors. At K.K.K. Mine many more
were caught in the forest than near houses. A.
donaldi was also common in the forest but compared

1 Moorhouse & Wharton-unpublished (see footnote
on page 359).

TABLE 5
COMPARISON BETWEEN THE NUMBERS OF A. UMBROSUS,

A. LETIFER AND A. ROPERI CAUGHT BITING MAN
IN FOREST, IN THE OPEN NEAR HOUSES, AND INSIDE

HOUSES

Numbers of mosquitos

Species In forest house house

Day Night Total Night Night

Pahang

A. umbrosus 62 55 117 No catch No catch

Bukit Mandul

A. umbrosus 269 110 379 12 0

A. letifer 9 193 202 262 28

K.K.K. Mine

A. umbrosus 106 52 158 0 0

A. letifer 45 274 319 92 23

A. roperi 220 28 248 0 0

A. donaldi 138 60 198 121 85

with the other species many more were caught both
outside and inside houses. A. roperi resembled
A. umbrosus and was confined to the forest.
The biting cycles of A. ketifer and A. umbrosus also

differed sharply. In A. umbrosus the peak biting
activity was in the hour preceding and the hour
following sunset, whereas with A. letifer over 95 %
fed by night with the peak activity in the 22: 00-
24: 00-hours period. There were only slight dif-
ferences in the A. umbrosus cycles recorded from
Pahang (Wharton, 1962) and from Bukit Mandul,
and K.K.K. Mine. A. roperi again resembled
A. umbrosus in that peak biting occurred in the hour
before darkness, and biting activity continued
throughout the whole 24-hour period.

Observations have also been made on the vertical
distribution of Anopheles in the forest. In Pahang a
series of six 24-hour biting catches at ground level
and in the canopy yielded 117 A. umbrosus on the
ground, while none was included in the platform
catches (Wharton, 1962). Later observations com-
paring the numbers of mosquitos attracted to man
at ground level with the numbers attracted to mon-
keys at either ground level or on a platform, are
summarized in Table 6. These showed that all the
common species are attracted to both man and mon-
keys. More were attracted to human bait, but
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FIG. 2

THE BITING CYCLES OF A. UMBROSUS AND A. LETIFER IN SWAMP-FOREST
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A. ketifer, A. umbrosus, A. separatus and A. roperi all
entered nets baited with monkeys at ground level
and appreciable numbers of A. letifer in particular
were caught on platforms 30-40 feet (9-12 m) above
the ground in the forest canopy.

These observations are of comparatively little use
in determining the actual hosts of the mosquitos in

TABLE 6

RELATIVE ATTRACTION OF ANOPHELES MOSQUITOS
TO MAN IN A NET-TRAP AT GROUND LEVEL COMPARED
WITH MONKEYS (MACACA IRUS) IN NET-TRAPS AT

GROUND LEVEL OR ON A TREE PLATFORM

Monkey
Species Man Mn

Ground Platform

A. baezai 2 3 0

A. brevipalpis 2 0 0

A. letifer 1 457 263 202

A. roperi 14 6 1

A. separatus 22 5 3

A. umbrosus 63 31 9

nature. Unfortunately, apart from A. baezai, which
in certain areas has been found resting blood-fed on
the stems of nipah palms by day (Hodgkin, 1956),
recently fed Anopheles of the umbrosus group are
difficult to find in nature. Identification of the blood
in A. baezai has not helped in identifying the malaria
infections recorded in this mosquito (Reid & Weitz,
1961). The finding of Wuchereria bancrofti larvae in
A. letifer showed that this species must feed on man,
but at the same time the larger numbers of Diro-
filaria infections would suggest that a greater propor-
tion feed on the vertebrate hosts (probably mainly
dogs) of this parasite. A. letifer is also attracted to
domestic fowls, a fact first noted by Moorhouse &
Wharton,1 who saw large numbers of A. letifer rest-
ing around fowl pens underneath houses. Some
were blood-fed and the blood had nucleated red
cells. When a comparison was made between the
numbers of A. letifer attracted to man and to four
chickens in net-traps 63 were caught on chicken bait
while only 27 came to man.

Indirect evidence of the feeding habits of A. um-
brosus is less conclusive. The origin of the filarial
infections presumed to be Brugia pahangi is not
known, nor is the origin of the Setaria infections.

1 See footnote on page 359.
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INOCULATION OF SPOROZOITES INTO ANIMALS

Sporozoites from wild-caught Anopheles have
been routinely inoculated intravenously into un-
infected rhesus monkeys (Macaca mulatta) as part
of the general monkey malaria investigation in
Malaya. These inoculations resulted in the identifi-
cation of three members of the Anopheles leucosphy-
rus group as vectors.' The following animals have
been inoculated with sporozoites from A. umbrosus:

Man 4
Rhesus monkey Macaca mulatta 20
Long-tailed macaque Macaca irus 8
Mouse deer Tragulus javanicus I
Porcupine Atherourus macrourus 2
Java sparrow Padda oryzivora 4
White-breasted Amaurornis phoenicurus 1

water-hen chinensis
Chicken 9
Canary 6
Pigeon 5

All inoculations failed to produce malaria infec-
tions. The mouse deer, purchased in Singapore and
stated by the dealer to have been born in captivity,
was found to be infected on the day of the inocula-
tion. Efforts have been made to obtain uninfected
mouse deer, so far without success.

Sporozoites from A. letifer (4) and A. roperi (9)
which were inoculated into rhesus monkeys failed to
produce infections. One sporozoite infection from
A. roperi was also inoculated into man unsuccess-
fully.

SURVEYS OF MALARIA PARASITES IN ANIMALS

Large numbers of forest animals have been sur-
veyed for blood parasites in Malaya as a result of
collections by the US Army Medical Research Unit
and the Institute for Medical Research. The results
of these surveys have been reported briefly in the
annual reports of the Institute and much of the
material is at present under study by Laird (1959).
In the present studies a general survey was made

of the animals in the swamp-forest at Bukit Mandul
and Pacific Tin, Selangor. The results are shown in
Table 7.

1 Eyles, D. E., Warren, M., Wharton, R. H. & Sandosham,
A. A. Malaria as a zoonosis; summary of studies to date
(unpublished). See also Eyles et al. (1963).

Malaria parasites were recorded only in man,
monkeys, mouse deer, chickens, squirrels and bats.
No infections were found in forest birds and the
only Plasmodium parasites were in man, monkeys
and mouse deer. In man infections of P. falciparum
(5), P. vivax (11) and P. malariae (16) were found.
The mouse deer had both Plasmodium and Hepato-
cystis infections and it was not possible to identify
the infections from the examination of the blood.
The parasites in squirrels and bats were all Hepato-
cystis. There are, of course, other animals in the
swamp-forest, but they are unlikely to be common.
Monkeys were definitely rare at Bukit Mandul be-
cause they are hunted by the aborigines, but were
common at Pacific Tin.

Similar survey data from the swamp-forests of
East Pahang are also included in Table 7. These
surveys were made primarily for filariasis and some
malaria infections in animals may have been over-
looked. This is particularly true for the early mouse
deer examinations. Man was infected to a very low
degree but both macaque monkeys (Macaca spp.) and
leaf-monkeys (Presbytis spp.) had malaria infections.
Apart from man and monkeys, mouse deer and the
flying-lemur were the only animals with Plasmodium
parasites.
Domestic chickens were examined following the

finding of large numbers of A. letifer around fowl
pens. Twenty-five fowls were examined and five had
a gallinacea-like parasite, subsequently identified as
Haemamoeba (= Plasmodium) gallinacea (Moor-
house & Wharton, 1962). It should also be recorded
that, though malaria parasites were not found in the
birds examined from swamp-forest, McClure (1962)
has recorded malaria infections in Malayan birds
from coastal mangrove swamps and from the mon-
tane forest.
The malaria parasites in the mouse deer Tragulus

javanicus have recently been described as Plasmodium
traguli and Hepatocystisfieldi by Garnham & Edeson
(1962). Their original specimens came from mouse
deer trapped in East Pahang, Malaya, in 1958. Sub-
sequently mouse deer have been examined from a
number of areas and infections have been recorded
from all localities (Table 8).
Only two of the localities were swamp-forest and

the infection rates were equally high from hill-forest
regions. Unfortunately it is not yet always possible
to identify the different parasites from single blood
films, and it is not known whether both Plasmodium
and Hepatocystis infections occur in all localities.
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TABLE 7
RESULTS OF SURVEYS OF MAN AND ANIMALS IN SWAMP-FOREST AREAS IN SELANGOR

AND IN EAST PAHANG FOR MALARIA PARASITES

East Pahang a Selangor

Man and animals No. No. infected with: No. No. infected with:
exam- Plaismo- Hepato-

exam- Plasmo- Hepato-ind
dium cystis

ind

dium cystis

Primates:

Man (Aborigines) 31 2 - 118 33

Man (Malays) 385 - - - -

Long-tailed macaque (Macaca irus) 147 49 - 31 11

Pig-tailed macaque (Macaca nemestrina) 16 1 - 7 1

Dusky leaf-monkey (Presbytis obscurus) 47 10 - 4 -

Banded leaf-monkey (Presbytis melalophus) 21 4 - 3 _

Slow loris (Nycticebus coucang) 47 - - - - -

White-handed gibbon (Hylobates lar) 6 - - - - -

Carnivores:

Palm-civet (Paradoxurus hermaphroditus) 52 - - - -

Palm-civet (Arctogalidia trivirgata) 3 - - - - -

Civet (Viverra zibetha) I - - - - -

Binturong (Arctictus binturong) 2 - - - - -

Leopard-cat (Felis bengalensis) 9 - - - - -

Flat-headed cat (Felis planiceps) 7 - - - - -

Otter (Lutra sumatrana) 5 - - - - -

Edentate (Pholidota):

Pangolin (Manisjavanka) 13 - - - - -

Insectivores:

Tree-shrew (Tupaia glis) 50 - - _ _

Moon-rat (Echinosorex gymnurus) 5 - - - _

Rodents:

Rats (Rattus spp.) 107 - - 184 _

Bamboo rat (Rhizomys sp.) I - - _ -_

Porcupine (Hystrix brachyura) 2 - _ _ _

Porcupine (Atherourus macrourus) I - - -

Squirrels (Callosciurus spp.) 61 - 8 12 - 11

Giant-squirrels (Ratufa spp.) 20 - 7 - _

Flying squirrels (Peturista spp.) 2 - - - _

Mouse (Mus musculus) - - _ 4 _

6
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TABLE 7 (continued)

RESULTS OF SURVEYS OF MAN AND ANIMALS IN SWAMP-FOREST AREAS IN SELANGOR

AND IN EAST PAHANG FOR MALARIA PARASITES

East Pahang a Selangor

Animals No. No. infected with: No. No. infected with:
exam-Pladsmo- Hepato- exam- Plasma|- Hepato-

dium cystis dium cystis

Dermoptera:

Flying-lemur (Cynocephalus variegatus) 5 3 - _ _

Bats:

Insect-eating bat (Mkrochiroptera sp.) 6 - 2 - -

Fruit bats (Megachiroptera):

Cynopterus brachyotis - - 9 - 7

Cynopterus horspleldi _ _ _ 8 - 8

Balionycterus maculata - - - 1 - 1

Pteropus vampyrus 29 - 29 2 - 2

Ungulates:

Goats (Capra hircus) 22 - - 3 - -

Wild pig (Sus scrofa) 10 - - - -

Mouse deer (Tragulus javanicus) 53 19c 19C 16 16c 16c

Birds:

Little spider-hunter (Arachnothera p. pilosus) - - - 13 - -

Short-tailed babbler (Malacocincla m. malaccensis) - - - 3 - -

Red-winged tree babbler (Stachyris e. erythroptera) - - - 2 - -

Fluffy-backed babbler (Macronus p. pilosus) - - - 2 - -

Red-eyed brown bulbul (Pycnonotus b. brunneus) - - - 2 - -

Large olive bulbul (Pycnonotus p. plumosus) - - - 2 -

Black-headed bulbul (Pycnonotus a. atriceps) - - - 2 -

Purple-naped sunbird (Anthreptes m. macularia) - - - I -

White-eyed brown bulbul (Pycnonotus s. simplex) - - - I -

Domestic fowl (Gallus gallus) 11 d - - 45 e 6

Domestic duck (Anas sp.) I - - 6 - -

Owl (Ketupa ketupa) 3 1 - - _

Hornbill (Buceros rhinoceros) I - - _ _

Teal (Dendrocygna javanica) 2

a The surveys in East Pahang were made by Dr J. F. B. Edeson and Dr A. B. G. Laing in the course of studies on
filarial parasites.

b Three pangolin had Babesia infections.
c Identification of the parasites as Plasmodium or Hepatocystis was not possible.
d Two domestic fowl were recorded with Leucocytozoa infections.
e One domestic fowl was recorded with a Leucocytozoa infection.
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TABLE 8
MALARIA PARASITES FOUND IN MALAYAN MOUSE DEER

(TRAGULUS JAVANICUS), 1958-62

No. Infected
Localities examined

No.

Swamp-forest:

East Pahang 52 19 37

Bukit Mandul 16 16 100

Hill-forest: a 20 19 95

Tioman Is. 1 1 -

Singapore Is. 2 2

a Bukit Lagong, Bukit Lanjang, Subang and Ampang Forest
Reserves in Selangor.

EXPERIMENTAL MALARIA INFECTIONS IN MOSQUrTOS

Observations have been made on the susceptibility
of A. umbrosus, A. letifer and other members of the
A. umbrosus group to infection with monkey malaria
parasites, the avian parasite H. gallinacea, and the
mouse deer parasite P. traguli. Mosquitos were also
fed on bats infected with Hepatocystis and on a
flying-lemur infected with a new species of Plasmo-
dium (Dunn, Eyles & Yap, 1963). No recent ob-
servations have been made with the malaria para-
sites of man, but earlier studies summarized by
Reid & Hodgkin (1950) showed that A. letifer, A.
baezai and A. separatus were poor hosts. More data
are required to assess the susceptibility of A. um-
brosus to human parasites.

Plasmodium cynomolgi bastianellii
A broad survey of the susceptibility of Malayan

Anopheles to infection with the monkey malaria
parasite P. cynomolgi bastianellii included members
of the A. umbrosus group.' Table 9 summarizes the
results of experiments in which the control mosquito,
A. maculatus, was heavily infected. The mosquitos
were dissected after 5.5-8.5 days at a time when
oocyst development could be readily observed.

A. ketifer, A. umbrosus and A. separatus all showed
oocyst development. Infection rates were much
lower than in A. maculatus, and the number of
oocysts was also considerably smaller. Conditions

1 Warren, M., Eyles, D. E., Wharton, R. H. & Ow-Yang,
C. K. The susceptibility of Malayan Anopheles to Plasmo-
dium cynomolgi bastianellii (unpublished).

TABLE 9
SUSCEPTIBILITY OF MOSQUITOS OF THE A. UMBROSUS
GROUP TO INFECTION WITH P. CYNOMOLGI BASTIANELUI

No.

Positive
Species examined No.

A. baezai 5 0 0

A. letifer 148 29 20

A. roper 2 0 0

A. separatus 8 2 25

A. umbrosus 151 29 19

A. maculatus - 117 - 110 94

were ideal for obtaining infections in these experi-
ments (many of the A. maculatus mosquitos had
hundreds of oocysts per gut) and A. umbrosus and
A. letifer are clearly not good hosts for P. c. bastia-
nellii. In addition the cysts did not develop to
maturity. No sporozoite differentiation was seen and
the salivary glands were negative in mosquitos kept
for up to 13.5 days after feeding.

Haemamoeba (= Plasmodium) gallinacea
No infections were found in A. ketifer (0/27),

A. umbrosus (0/24) and Culex pipiens fatigans (0/51)
which fed on a domestic chicken naturally infected
with H. gallinacea. At the same time Aedes aegypti
(56/64) were readily infected and sporozoites were
present in the glands after 8-9 days.

Hepatocystis
A. umbrosus were fed on bats (Cynopterus hors-

fieldi) which were infected with Hepatocystis. No
evidence of infection was seen in 45 A. umbrosus
dissected 6-9.5 days after feeding on four different
bats.

Plasmodium from flying-lemur
A series of inconclusive feeding experiments with

Malayan mosquitos was included in the study of the
new Plasmodium parasite in the flying-lemur (Cyno-
cephalus variegatus). Mosquitos of 13 species,
including fairly large numbers of Anopheles, Aedes
and Mansonia were fed. All of the mosquitos were
negative with the exception of three A. umbrosus
(15 examined) and one A. baezai (two examined).
These mosquitos each had a single cyst somewhat
resembling an oocyst 9-10.5 days after feeding.
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Plasmodium traguli

Large numbers of mosquitos have been fed on
mouse deer (Tragulus javanicus). Twenty-nine
A. umbrosus were fed on an infected mouse deer in
East Pahang in 1958 but were negative when exa-
mined 4-10.5 days later. Reid (1961b) fed A. donaldi
on an infected animal but dissection of 20 mosquitos
did not show any infection. Nearly all the recent
observations have been made with mosquitos fed on
mouse deer trapped in the swamp-forest at Bukit
Mandul, Selangor. The mosquitos used have mainly
been wild-caught and care was taken in the inter-
pretation of the results because of the presence of
natural infections in some of these mosquitos,
particularly in A. umbrosus. A summary which
excludes all suspected natural infections is given in
Table 10.

All mosquitos of the A. umbrosus group were
susceptible to infection. A. umbrosus and A. letifer
appeared to be more efficient hosts and development
of the parasite was extremely rapid in these mosqui-
tos. Oocysts had reached 60/, in diameter after

TABLE 10
SUSCEPTIBILITY OF MALAYAN MOSQUITOS TO

PLASMODIUM TRAGULI

No. Positive No. of days to
Species exam- development of

ined No. % sporozoites a

Anopheles:

baezai 13 3 23 10.5

letifer 216 168 77.8 8.5

roperi 11 1 9 8.5

separatus 2 1 (50) No information

umbrosus 216 131 60.6 7.5

barbirostris 22 7 32 Nil

donaldi 60 5 8 Nil

indiensis 2 1 (50) Nil

maculafus 43 13 30 13.5

Mansonia:

annulata 23 0

bonneae 2 0

dives 4 0

uniformis 63 0

a Nil = no sporozoites seen;-= not examined.

4.5 days, and were 90-120,u after 7-8.5 days. De-
velopment of the oocysts was usually fairly uniform
but in some specimens some or all of the oocysts
developed at a much slower rate. In some experi-
ments both large and small oocysts were seen in the
same specimen with no overlap in size. This suggests
the possible presence of two Plasmodium parasites in
the mouse deer.

Differentiation of the sporozoites could be
observed in many cysts after 7-8.5 days, and oc-
casionally in A. umbrosus sporozoites reached the
salivary glands in 7.5 days. By the tenth day most
glands were infected. There was little difference in
the rate of development in A. letifer and A. umbrosus,
but sporozoites were first seen in A. letifer after
8.5 days. The over-all infection rate in A. umbrosus
was 60.6% compared with 77.8% in A. letifer.
The information regarding the development of

P. traguli in A. baezai, A. separatus and A. roperi
is scanty. A. baezai appeared to be less susceptible
than either A. umbrosus or A. letifer. In one experi-
ment in which all A. umbrosus (25/25) became in-
fected, only 2/7 A. baezai developed infections.
However, gland infections were found in two labo-
ratory-reared A. baezai 10.5 days after feeding. One
oocyst infection was seen in A. separatus and ap-
peared to be developing normally. The only experi-
mental infection in A. roperi was in a wild-caught
mosquito, but the sporozoites resembled those
found in A. umbrosus and A. letifer, and it is im-
possible to be sure that this was not a natural
infection.
Oocyst development took place in a proportion of

the A. barbirostris and A. donaldi mosquitos.
However, the oocysts were smaller, many were
degenerate and Ross's black spores were seen on
many stomachs. Sporozoite differentiation was not
observed and no gland infections were found.

A. maculatus proved susceptible to infection, but
cyst development was slow in comparison with that
observed in A. umbrosus. One sporozoite infection
was seen in a laboratory-reared specimen dissected
after 13.5 days.
No development was seen in any of the Mansonia

mosquitos which fed.
Eight mouse deer from swamp-forest at Bukit

Mandul were used in the feeding experiments. All the
mouse deer were apparently infected with P. traguli,
since a proportion of either A. umbrosus or A. letifer
became infected on each occasion (Table 11). How-
ever, there were quite sharp differences in the
proportion which became infected both between
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TABLE 11
EXPERIMENTAL INFECTIONS OF PLASMODIUM TRAGULI
IN A. UMBROSUS AND A. LETIFER WHICH FED ON MOUSE

DEER (TRAGULUS JAVANICUS)

Mouse | Date No. of A. umbrosus No. of A. letiferMouse Date
dNer of feeding Dissect- Infected Dissect- InfectedNo ed ed

57 25 May 62 20 17 - -

57 1 June 62 6 3 - -

57 7 June 62 3 1 - -

58 27 May 62 11 1 - -

59 27 May 62 13 10 - -

60 29 May 62 6 1 2 0

60 3 Aug. 62 - - 63 50

61 30 May 62 17 9 3 1

62 30 May 62 22 8 - -

64 31 May 62 9 6 - -

64 13 June 62 20 15 - -

64 14 June 62 12 1 - -

64 15 June 62 15 1 28 27

64 25 June 62 26 26 68 59

64 30 June 62 - - 28 9

64 2 July 62 3 2 - -

64 13 July 62 1 1 - -

64 17 July 62 23 23 14 14

65 31May62 9 6 - -

65 24 July 62 - - 10 8

Total - 216 131 216 {168

different mouse deer and in the same mouse deer on

different occasions. For example, mouse deer 64
infected 15/20 A. umbrosus on 13 June 1962, but
on the following two days only 1/12 and 1/15 became
infected. Ten days later 26/26 A. umbrosus developed
infections. One puzzling result was when only 1/15
A. umbrosus became infected while 27/28 A. letifer
which fed at the same time became infected.
Few experiments were made with mouse deer from

localities other than from Bukit Mandul. Infected
mouse deer from Subang and from a Singapore
animal dealer failed to infect A. umbrosus. One

experiment with a mouse deer from Pulau Tioman
was inconclusive. Oocysts developed in 3/29
A. letifer but the cysts were only 3Oit in diameter
11.5 days after the blood meal. Failure of this
infection to develop in A. letifer again suggests that
there may be more than one Plasmodium parasite
in mouse deer.

APPEARANCE OF OOCYSTS AND SPOROZOITES

The sporozoites and oocysts of Plasmodium
traguli seen in experimentally infected mosquitos
resembled the natural infections seen in A. umbrosus
from swamp-forest areas. When mature the oocysts
are quite unmistakeable. They are very large and
are obvious even under the dissecting microscope.
The developing oocysts contain scattered large
refractile granules differing markedly in appearance
from those of known primate malarias. The differ-
ences between mature oocysts of P. cynomolgi
bastianellii and P. traguli are illustrated in Fig. 3
and 4.
The sporozoites are also quite distinct both in

living and in stained preparations. P. traguli sporo-
zoites are shorter and broader, and have a more
distinct and compact nucleus than those of known
primate malaria parasites. They do not have the
characteristic, fine, spindle shape of primate malarias,
and are frequently almost cigar-shaped. In some
respects they resemble the sporozoites of H. galli-
nacea illustrated by Garnham at al. (1961). The
differences between P. c. bastianellii and P. traguli are
illustrated in Fig. 5 and 6.

DISCUSSION AND CONCLUSIONS

There has been considerable speculation about the
part that various members of the Anopheles umbrosus
group play in the transmission of malaria. The
present observations have resolved at least some of
the doubts, particularly with respect to A. umbrosus,
which must now be regarded primarily as a vector
of mouse deer malaria and rarely if ever of any
importance in the transmission of human malaria.
This seems to be the only logical explanation for the
situation in swamp-forest areas. In several of these
areas, some isolated by a considerable distance from
human settlements, it has been shown that A.
umbrosus has a high natural infection rate. The
infections were recognized as different from those
of known primate malaria in both the oocyst and
sporozoite stages. Since A. umbrosus clearly pre-
ferred to feed in the forest, the source of these
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FIG. 3
MATURE OOCYSTS OF PLASMODIUM CYNOMOLGI BASTIANELLII ON THE STOMACH OF
ANOPHELES MACULATUS 10.5 DAYS AFTER BLOOD MEAL ON A RHESUS MONKEY

FIG. 4
MATURE OOCYSTS OF PLASMODIUM TRAGULI ON THE STOMACH OF ANOPHELES LETIFER

8.5 DAYS AFTER BLOOD MEAL ON A MOUSE DEER
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FIG. 5
SPOROZOITES OF PLASMODIUM CYNOMOLGI

BASTIANEWII

infections had to be sought within the forest. The
host aniimal had to be highly infected and fairly
common, for some 14 %-20% of those A. umbrosus
which had fed were infected in nature.

Surveys of forest animals, including birds and
bats, indicated that monkeys, squirrels, bats and

FIG. 6
SPOROZOITES OF PLASMODIUM TRAGULI

mouse deer were the only animals with malaria
parasites, and of these mouse deer and monkeys had
Plasmodium infections, while the squirrel and bat
infections were Hepatocystis. The recent discovery
by Garnham et al. (1961) that Culicoides were the
vectors of Hepatocystis in Africa suggested that it
was unlikely that the infections in A. umbrosus were
Hepatocystis. This was partially confirmed by the
failure of bat Hepatocystis infections to develop in
A. umbrosus. Similarly the preference of A. umbrosus
for feeding at ground level, combined with the
apparent scarcity of monkeys from one of the
swamp-forest areas, and the failure of sporozoites
from wild-caught A. umbrosus to infect monkeys,
eliminated monkeys as the source of the infections.
This was further confirmed by the failure of the
monkey parasite P. cynomolgi bastianelli to develop
readily in A. umbrosus, and by the differences in the
appearance of the oocysts and sporozoites. The
possibility that the parasites might be avian was
suggested by the appearance of the sporozoites. At
the same time McClure (1962) had recorded Plas-
modium infections in ground birds in mangrove
swamp. However, birds were eliminated by the
survey in the forest, by the failure of H. gallinacea
to develop in either A. letifer or A. umbrosus, and
by the failure of sporozoites from wild-caught
A. umbrosus to infect a variety of birds.
Thus mouse deer remained the only animal with

a Plasmodium infection which had not been elimi-
nated. When mouse deer became available for
feeding it was found that the infections developed
readily in A. umbrosus and the experimental infec-
tions resembled those found in nature. Mouse deer
also fulfilled the condition of being fairly common
in the forest, and they are very frequently infected
in nature. The recent discovery of a Plasmodium in
the flying-lemur (Cynocephalus variegatus) has shown
that another forest animal is infected (Dunn, Eyles &
Yap, 1963), but the flying-lemur is considered to be
rare and unlikely to have an influence on the malaria
infections found in A. umbrosus in nature. Final
proof that A. umbrosus transmits P. traguli awaits
the inoculation of sporozoites from a wild mosquito
into an uninfected mouse deer and the subsequent
development of a patent infection. This, unfor-
tunately, has not been possible because of the diffi-
culty of obtaining and maintaining uninfected mouse
deer.

A. umbrosus has been accepted as a vector of
human malaria on both epidemiological and para-
sitological grounds for many years, and considera-

371



R. H. WHARTON AND OTHERS

tion must be given as to whether it might transmit
primate malaria as well as mouse deer malaria. The
present studies would suggest that this is most
unlikely. Four sporozoite inoculations into man
and 28 into monkeys were unsuccessful. Our data
on biting behaviour indicate that A. umbrosus rarely
has contact with man outside the forest. In two
separate experiments A. umbrosus was caught biting
almost exclusively in the forest, differing sharply in
behaviour from A. letifer. The parasitological
evidence that A. umbrosus carries human malaria
has been summarized by Reid & Hodgkin (1950).
They record that considerable numbers of A.
umbrosus and A. letifer were caught in labourers'
quarters not a quarter of a mile from the jungle
edge, and both were found infected with oocysts and
sporozoites of Plasmodium. This evidence was
supported by the finding that, during a period of
drug prophylaxis, the sporozoite rate of A. umbrosus
was 0.2% (1336 examined), compared with 0.5%
(1493 examined) when there was no prophylaxis.
These differences were regarded only as suggestive,
but lose their significance when compared with the
0.2%, 1.3%, 1.3%, 1.8% and 6.0% sporozoite
rates which were recorded in A. umbrosus from
different localities in the present investigations.
A. umbrosus undoubtedly does feed to a slight extent
outside forest, and also attacks man very readily in
the forest by day. However, this is not sufficient
evidence to incriminate A. umbrosus as a vector of
human malaria. None of the numerous natural
sporozoite infections which have been examined
appeared to be of the primate type and all the
evidence now points to the association between
A. umbrosus and mouse deer malaria.
The evidence that other members of the A.

umbrosus group transmit P. traguli is not as strong.
It would provide a satisfactory answer to the identity
of the malaria infections in A. baezai on the coast
(Reid & Weitz, 1961). This mosquito has become
quite rare in the area where Hodgkin (1956) and
later Reid (1961a) worked and no recent natural
infections have been examined. The older prepara-
tions which have been re-examined are similar to
those of P. traguli but further studies are required
to confirm that A. baezai transmits mouse deer
malaria. The apparent lack of mouse deer blood
in recently fed mosquitos caught resting by day in
the area where numerous natural malaria infections
were found is puzzling if A. baezai is in fact the
vector (Reid & Weitz, 1961).

A. roperi has been suspected of carrying human
malaria on epidemiological grounds but sporozoites
have not previously been recorded. The sporozoites
from one infection were inoculated into man un-
successfully, and nine were inoculated into monkeys,
also without success. All the sporozoites were of the
P. traguli type. A. roperi has not commonly been
encountered in large numbers in the past and no
dissection results are reported by Reid & Hodgkin
(1950). This would have been due partly to the fact
the A. roperi is primarily a forest mosquito and bites
mainly by day. The astonishing over-all malaria
infection rate of 13.00% suggests that A. roperi bites
mouse deer to an even greater extent than does
A. umbrosus, since only 3.1 % of A. umbrosus from
the same area were infected. The difference may,
however, be due to differences in the Plasmodium
rather than to the biting habits of the mosquitos.
A. roperi did not appear to be as readily infected
with strains of mouse deer malaria which produced
high infection rates in A. umbrosus. More data are
required, but there would seem to be little doubt
that A. roperi transmits a mouse deer malaria
parasite.
The role of A. letifer as a vector of human malaria

must also be considered, particularly as it proved to
be an extremely good experimental host for P. traguli
and some infections found in nature were of this
type. Reid & Hodgkin (1950) have presented evid-
ence to show that A. letifer alone in some areas, and
A. letifer and A. umbrosus in others, were the only
infected anophelines present in large numbers near
man. The elimination of A. umbrosus leaves A.
ketifer, and our observations at Bukit Mandul
confirm its status as a vector of human malaria.
However, it does enter the forest and it does also
apparently transmit P. traguli.
There remains the question of the vector of mouse

deer malaria in areas other than the swamp-forest.
A. baezai is the probable vector on the coastal
mangrove fringe, but in hill forest, where numerous
malaria infections have been found in mouse deer,
A. umbrosus is rare or absent. This problem requires
further study, both from the parasitological and the
entomological aspects. The finding that sporozoites
of P. traguli will develop A. maculatus, though
possibly of minor significance in mouse deer malaria
transmission, suggests that the parasite will probably
develop in a wide range of Anopheles hosts. There
are forest anophelines, such as A. montanus, A. riparis
or A. aitkeni, whose feeding habits are practically
unknown. We know little of the relative abundance
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of Plasmodium and Hepatocystis in the mouse deer,
and we know nothing of the vectors of the Hepato-
cystis infections either in mouse deer or in the numer-
ous other animals infected with these parasites.
There is also the possibility that more than one

Plasmodium parasite occurs in mouse deer. It has
been assumed that the experimental infections in

mosquitos have been P. traguli. Differences in
oocyst appearance and in the development patterns
in A. letifer, A. umbrosus and A. roperi suggest that
more than one Plasmodium parasite may be involved.
If this is so it will be a difficult problem to determine
which is the parasite referred to as P. traguli by
Garnham & Edeson (1962).
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RtSUMt

On sait depuis longtemps que les moustiques du groupe
Anopheles umbrosus sont d'importants vecteurs du palu-
disme humain en Malaisie, mais on connait mal la nature
de certaines infections paludiques observees en particulier
chez A. umbrosus et A. baezai.
On a 6tudi6 ce probleme dans certaines zones bordant

les forets marecageuses ou l'on avait signale un taux eleve
d'infections naturelles, A de grandes distances des habi-
tations. Les parasites differaient de ceux que l'on connais-
sait chez les primates par la plus grande dimension des
oocytes (100 ,u) et celle plus faible des sporozoites (7-9 p,).
Des infections analogues ont e trouvees aussi chez
A. roperi, A. letifer, et A. donaldi.

C'est sans succs que l'on a tente d'inoculer des
sporozoftes provenant de A. umbrosus, A l'homme, aux
singes, aux porcs-epics, aux poulets, pigeons, canaris,
moineaux et a une poule d'eau.

Les modalites de la piqure d'A. umbrosus diff6rent de
celles de A. letifer. On a recolte des A. umbrosus de jour
et de nuit, mais rarement au-delA de la foret, tandis que
A. ketifer piquait surtout la nuit, mais se rencontrait dans
la foret et les villages. Les mceurs de A. roperi rappelaient
celles de A. umbrosus.
Des enquetes dans les forets marecageuses montrerent

que l'homme, les singes, le chevrotin (Tragulus javanicus),
les ecureuils, les chauves-souris, et le galeopitheque
etaient porteurs de parasites du paludisme, mais que seuls
l'homme, les singes, le chevrotin et le galeopitheque
avaient des infections A Plasmodium.

Les moustiques du groupe A. umbrosus etaient moins
sensibles a Plasmodium cynomolgi bastianellii que A.
maculatus, et l'on ne trouva pas de sporozoltes dans ce
groupe. On n'a pas constate dans le groupe A. umbrosus
le developpement de Haemamoeba gallinacea et de
1'Hepatocystis des chauves-souris, mais il semble que le
Plasmodium du gakopith&que formerait des oocytes chez
A. umbrosus et A. baezai.

A. umbrosus et A. letifer sont tres sensibles a Plasmo-
dium traguli du chevrotin, et des sporozoltes se sont
developpes chez A. baezai, A. roperi et A. maculatus. On
n'a pas observe le developpement de ce parasite chez les
moustiques Mansonia. Les oocytes et sporozoites de
P. traguli ressemblent a ceux des infections inconnues
trouvees chez A. umbrosus.

Les auteurs concluent que A. umbrosus est essentielle-
ment le vecteur du paludisme du chevrotin, et exception-
nellement - si jamais - celui du paludisme des primates.
A. baezai est probablement le vecteur de P. traguli, sur la
c6te, mais les preuves manquent pour I'affirmer. I1 semble
en etre de meme de A. roperi, qui est aussi le vecteur
presume du paludisme du chevrotin. A. letifer transmet
les paludisme humain et la filariose a Wuchereria ban-
crofti, mais aussi P. traguli.

Les differences d'aspect des oocytes et du developpe-
ment de l'infection experimentale chez A. umbrosus,
A. letifer et A. roperi permettent de penser que plus d'une
espece de Plasmodium parasitent le chevrotin.
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