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PREFACE. 

ThP. malariology of this country is very incomplete and it is necessary to exercise 
extreme caution in accepting generalised conclusions without considering the amount 
of data on which these are based. Conclusions based upon a certain number of ob­
servations in any one locality may have to be given up or modified by the collection 
of more data, and much more likely is this to be the case when observations from 
other looolities are added. 

The variety of opinions on the subject of malaria is evidence of a lack of 
caution in arriving at conclusiolls, and action based on incomplete data is 
likely to be wasteful and l)Ossibly harmful. The main object, therefore, of the work 
at the Bureau is to collect full and accurate data on malaria. rather than to 
add another opinion on the subject, and it is submitted that work along these lines 
will bring about gre11Ler uniformity in conclusions and opinions. · 

For the::;e reasons no general conclusions on the subject of malaria will be isS'Iled · 
from the Bureau until they can be based upon an incontrovertible mass of facts. 
It is proposed, however, to publish from time to time volumes containing reports on 
various subjects in practically the form they were originally issued to Government, 
8howing the time, place and number of observations, and the conclusions that could 
be arrived at on the given data in th~ light of the knowledge available at the time the 
report was written. These volumes will be copiously indexed so as 'to -render the data 
readily available for immediate use as a basis for practice. They will also act as 
reference books of data from which, in the future, a more uniform theory and prac-
tice of malaria prevention and treatment may be developed. · 

This volume consists of a selection of the reports issued since :Uay 1917, and con­
tains all the work dooe in connection with the Railway; some data on the change of 
anopheline fauna caused by the felling of jungle, and some data ·bearing on the 
relation of A. maculatus and A.. lcarwari to malaria. During this time the Ento­
mologist has been working single handed, and is therefore responsible for the whole 
of the present volume. In the near future, however, others will be appointed, and 
then each report will bear the name of the member of the staff responsible for collect-
~~~ . 

In no aspect is the incompleteness of our knowledge of malaria. more marked 
than on the subject of the relative malaria carrying properties of the various species 
of anophelines, and the conditions that control these properties. The pathogenicity 
of jungle species in particular is practically an untouched subject. This peculiarly 
intricate field of investigation calls especially for co-ordinated research, and no at­
tempt has l>l>en made to deal with it; but the lines along which work might be 
begun _have been laid down and will be followed as soon as help is available. In the 
light of the work of Stanton, Watson and others, these reports should be read with 
the idea that A. maculatus is the most important carrier in hilly country;'A. cwonitus 
and A.. fuliginosus in open swampy oountry, and A. umbrosus in low-lying j1mgle. 
The recent work of Barber, however, suggests that in certain circllllJ.Stances most of 
the species may become infected and therefore may carry ma.laria. 
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Throughout this volume, for the sake of brevity, the type of A. rossi most 
common in Malaya will be referred to as A. rossi, instead of by its proper name 
A. rossi var. inikfinitWJ. Wherever the true A. rossi, which is rare in this country, is 
mentioned it will be referred to as A. rossi (Giles). .Moreover, it has been found ex­
tremely difficult to differentiate between the larvae of A. ma-eulatus and A. karu·ari, 
and jt is much wiser in identifying these species to allow the lanae to develop into 
adults whe~ there is no difficulty in distinguishing between the two species. In 

, view of the possibility of a marked difference in the pathogenicity of the two species, 
for which some slight evidence is adduced in this Yolume, whereYer the identification 
depends solely on examination of larvae the letter L. is placed after the name of the 
species; wherever the identification has been confirmed by the hatching of adults 
this mark does not appear . 

. In publishing these reports I wish to express my indebtedness to .Mr. T. R. 
Black for the time and trouble he took oYer the very excellent reproductions of my 
rough photographs and plans. 

H. P. HACKER. 

Kuala Lumpur, 
• 

NoYember, 1919. 
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REPORT I. 

ON THE CONDITIONS AFFECTING THE INCIDENCE OF l\IALARIA 

ON A SITE AT SUNGEI BESI, FEBRU~Y, 1919 . 

. 1. Reason for the investigation. 

A request for a determination of the likelihood of men· contracting malaria 
on a site chosen for a camp for the Malay States Volunteer Rifles wa.11 receiv~>d. from 
Lieut .• Col. A. J. Fox. 

2. Amount of malaria at present on the site. 

The !orality h11s a very good reputation for health and Mr. Ta:lalla, who has 
been t~tationed at the Sungei Besi Hospital for 7 years, affirms that he has had no 
cases from that neighbourhood, although from the 7th mile on the Kuala Lumpur­
Sungei Besi Road he has bad a few cases. Twenty-five persons living near the site 
were examined for evi<lenees of malaria. The spleen was found to be enlarged in 
only two of them and no malarial parasites were found in their blood. 

Thc- population is a very stationary one, and consists mainly of vegetable garden­
ers. All the 9 children examined had been born near the site, and the average 
length of resitlence of the 16 adults was five years, and thi~:~ includes 4 new arrivals 
who had lived there less than a year. 

3. Species of anophelines found and their general· distributio~. 

Sungei Besi lies 7 miles south of Kuala Lumpur and ahout 2-! miles from the 
sea. The site is on undulating ground near the Chinese cemetery. It is about 200 
feet above sea level, and on either side of the site is a series of w-ide ravln.es. The 
rarines Wl·re mainly open, but c·ontained patches of rather dense secondary jungle 
e:;pecially towards their heads, and one ra"ine head was under primary jungle pre· 
1-1erved as a water collecting area. 

The lack of a good topogra.phical map made it impossible to plot out with any 
accuracy the distribution of the anophelines mentioned in the following table A 
whic·h shows the species found in 1S4 breeding places examined, and their relative 
freqtwnry. In general however, the umbrosus-like larvae, the A. aitken.i and A .• 
leucospll yrus were found in the jungle and secondary growth, while the other species 
were found in the open floors of the ravines. · 

The following TaLle A shows the species found and their rela.tive frequency. 
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TABLE A. 

Species. I 
Times I larvae. found. 

Larvae of A. maculatus or A. karu·ari .. .. 38 1158 
A. rossi .. .. . . . . .. 30 431 
A. 1-ochi .. . . . . . ~~ ~ . ·---- .. - 14 57 . . .. 
A. te.ssella.fus .. .. . . .. 4 6 
A. aconitus .. . . . . . . 12 168 
A. fuliginosus .. . . . . . . 23 308 
A. barbirostris • .. .. . . .. 25 193 
A •. sinensis . . .. . . .. 83 660 
A. leucospli yrus . . .. .. .. 7 21 
A. aithmi .. .. . . . . 9 98 

Umbrosus·like larvaet 
A •. umbroS'Us ... .. . . . . 7 13 
A. hunter\ .. . . .. .. 13 50 
A. fiOVumbroS'Us . . .. . . . . 1 4 
A. albotaeniatus var. monfanus .. . . 2 11 

' 268 3178 

• All the 141 adults hatching from this type of larva were 
A. i'arwari~ rendering it likely that the rest of the larvae were of 
that species and not A. macula111s. 

t The presence of A. umbr08118 so far inland is of interest in 
showing that thill species is by no means limited to the coastal area. 
(See also page 37). 

4. Malaria carrying properties of the species found. 

Adults. 

141"' 
68 
45 
-
13 
55 
20 
87 
-
3 

1 
8 
2 
1 

444 

A. maculatus, probably the most dangerous species of ,anopheline, was not found 
in the neighbourhood of the site, its place being taken by the very similar form 
A. karwari. Other records at the Bureau suggest that A. karwari is by no means as 
dangerous as A. maculatus. In this connection it is interesting to note that at the 
7th mile Kuala Lnmpur..Sungei Besi Road, from which district cases of malaria are 
reported, A. maculatus was readily found. 

Tht> other species which may be regarded as dangerous are A. aconitus, A. fuli­
ginosus and A. umbrosus, although .it is possible that any species of anopheline may 
become infected and therefore dangerous. 

5. Conclusions. 

The absence of any marked malaria on the site, and the absence of A. maculatus 
are points in favour_ of the site; but it must be allowed that sufficient anopheline 
breeding exists to cause malaria. .if other conditions become suitable. The fact that 
the population is stationary, and not subject to an influx of newcomers, must be 
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borne in mind; and if a large labour foree containing carriers of malarial infection 
were brought in, an outbreak of malaria might well occur ill t,his neighbourhood. 
If, however, the incoming population were ·free from the carriers· of infeetion, 
the site could be used probably with impunity. 

la. SOME EVIDEN,CE ON THE RE.LATIVE IMPORTAN1CE OF A. MA.CU­

LATCT::; AND A. KARlV ARI AS CARRIERS OF MALARlA. 

rrhe main interest in the a.bove report is that all the adults from larvae of the 
maculatus-karwari type .obtained from the healthy site were A. karwari, whereas 
at a place a mile and i half away, from which cases of malaria are reported, the 
adults hatched out to be A. maculatus. This is suggestive of a difference in the 

· relative malaria carrying properties of these two species, and the other records re­
ferred to in the report as supporting this idea may be summarised as follows :- . 

1. On estates. A rubber estate, visited in January and February, 19119, on which 
I . 

a bungalow had to be abandoned on account of malaria, showed all of the 
13 adults ~btained from this type of larva. to be A. maculatus~· another 
estate, visited in July, 1917, on which the cooly lines had to be abandoned 
on l"!.ccount of malaria showed 22 out of 3() adults to be A. maculatus; 
whereas an estate visited in December, 1917, because it was healthy in spite 
of the presence of "maculatus," based on the identification of larvae 
by the Medical Officer of ·the estate, showed only A. karwari and no 
A. maculatus. 

2. In Kuala Lumpur. The adults hatching from maculatus·karwari larvae ob~ 
tained from different districts of Kuala Lumpur varied considerably with 
the locality from which they were obtained. This variation is shown in 
Table B in which the names used for denoting districts of Kuala. Lumpur 
are those shown on the Survey Department's map No. 81/16 and do not 
refer to the villages of the same name just outside Kuala Lumpur. 

TABLE B. 

Adults hatched out Precentage 
District. from maculatus- of A. macu-

karwa.ri larvae. latus. 

N orth-east-Ampang and Batu •• .. 398 &% 

. 
South-east-Pudu, Lama and Bukit Petaling 400 60% 

West-Kolam Ayer .. . . .. 155 91% 
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Although no definite figures are to be obtained, a general impression is produced 
by conversation with medical practitioners that the incidence of malaria in these 
ilistricts varies in much the same way as the percentage of A. maculal1M in the 
table. ' . 

The districts also show a regular progression in their natural conformation, thus 
the Xorth-east may be called flat, the South-east undulating, and the "\rest hilly; but 
the actual breeding places in which the larrae were found were wry similar in each 
district. 

3. Summary. The evidence obtained so far is purely epidemiological, and is based 
on a correlation between distribution of species an~ distribution of malaria. 
It is dangerous to rely on this type of evidence, but as there· are no data 
pointing in the opposite direction it is· strongly suggestive that A. macu· 
latus is more' dangerous than A. karwari, although the larvae and breeding 

' places of these two species are so similar. 

Work should be directed to determine whether the results of experi­
mental infection support this conclusion; and if so the reason for this 
difference in closely related species is a promising field of work. .More­
over, should this difference be demonstrated it becomes of importance to 
determine what natural conditions control the majority of these two species 
hcing A .• maculatus in one district, and A. kartcari in a neighbouring dis­
triet in very similar breeding places. 



REPORT II. 

On the · breeding places of anophelines found 

along the ralf\\'ays in Kuala Lumpur, August, 1917. 

1. Reason for the investigation. 

2. llethods of survey. 

3. List of breeding places. 

4. Photographs illustrating types of breeding places found. 

5. Remarks (a-d). 

6.. Suggestions (a and b). 



HEPORT II. 

ON THE BREEDING PLACES OF ANO.PHELINES FOUND ALONG THE 
;· . 

RAILWAYS IN KUALA LilliPUR. 

1. 'Reason for the investigation. 

During the investigation of a small outbreak of malaria at the European Hos· 
pital, Kuala Lumpur, the breeding places of several species of anophelines were_ 
discovered. Among these the only one in· which A.. maculatus L. (probably the 
most potent carrier of malaria in this country) was found, consisted of certain 
springs in a ra1lway drain almost opposite the road to the hospital. . 'This was 
reported as the most likely source of the outbreak. Further, a proli,fic source of 
A.. maculatus (photograph No.1, page 20) was found in the railway cutting near the 
Gaol. On account of these two findings, it was thought- that a complete survey of 
the railways in Kuala Lumpur would be adviswble as the conformation of cuttings, 
embankments, and drains might afford suitable sites for the permanent breeding 
places of A. maculatus. 

2. Methods of survey. 

The consent and very valuable assistance of the Railway Authorities was obtained 
before commencing the work. At their suggestion, the sites of the breeding places 
have been identified by noting the number of the nearest teleg'!aph post, and the 
terms right and left are used as in facing the direction of increase in mileage. 

The survey has been limited to the railway fence on either side of the track, 
with the exception of the breeding places 34-37 which are outside the right fence 
but on the Railway Reserve extending to Brickfields Road. 

3. List of breeding places found. 

The breeding places found have been arranged in tabular lists which show the 
position of the breeuing place, the nature of the place and the species found therein. 

Table C shows the places found on the liain Line in going frmn the Maxwell 
Hoad Bridge to the junction of the Port Swettenham line. 

Table D shows those found on the Pudu Line in going from Pudu Station to 
Sultan Street Station. 



18 

CD 
CJ 

= .. . ... o 
~:zt 
CD 

1%4 

1 

.2 
3 

4 

5 
6 
7 

8 
9 

10 

11 
•12 
13 

14 
15 

16 
17 
18 
19 
20 

21-33 

34-37 

38 

39 
40 
41 
42 
43 
44 
45 

R.utw.n:s I~ Ku.1u LuMPUR. 

TABLE c. 
M..u..'i LI!\"'E FROli MAxwELL RoAD BRIDGE TO JUNCTION OF 

PoRT SwETTENHA.li LINE. 

.r:1 :; 
f.l'. .. . ..... ... 

Description of breeding places. bOlD 0 Species found. .. o 
'il:l.t G) 

'l;l 
e-.. a; 

~-

240jl2-13 R Pools in side drain in the cutting .. .. A. maculatl.lll L • 
A. karrmri L. 

240jl3 L Spring in side drain .. .. .. J.. maculatus • 
240jl3 L I Side drain .. .. . . .. A. si11e11sis, 

I 
J.. koclli. 

240jl4 R Spring in side drain with grass .. .. A. ·maculah1s, 
i A. kamari. 

240jl4 R I Pools in side drain .. .. .. d. lwrwari. 
240 jl5-16 R Pools in side drain .. .. .. A. maculatus L. 
240j16-17 R Cross tlrain carrying.~water from jungle, 

Culvert 970 . . · .. .. .. Species not iden. 
tified. 

ditto. L ditto. J.. si11e11sis, 
241/ 1- 2 L CroSI:J tlrain, Culvert 9i2 .. .. .. A. kochi, J.. rossi, 

d. si11e11sis. 
241/ 4- 5 R Cross drain with algae and fine grass Culvert 

973 (see photograph No. 3) .. .. A. ·maculatu.'J L. 
ditto. L ditto. .4.. maculatus L. 

241/ 8- 9 R i Spring in side drain .. .. .. .4.. rossi. 
24ljl0-ll R I Cross drain, round muddy pool in square cut· 

I ting, spring in wet weather, Culvert 974 A. ·Jiwcu/atus L. 

I 
A. rossi. 

ditto. L Same cross drain .. .. . . A. maculatus L, 
24ljl3 L Pool in side drain .. .. . . A. kochi. 

near 
24lj19-20 R Muddy pool in cross drain, Culvert 977 .. A. rossi. 
241j19-20 L Muddy pool, no grass, same cross drain .. A. maculatus L. 
24lj20-21 R Muddy pools in side drain at bottom of bank .4.. rossi, A. 1cochi. 
241j21-22 R Spring in side drain at bottom of bank .. A. mamllatus L. 
In yard L Pools behind Mr. Shaw's house .. .. A. ro~si. 

Swamp L Five places .. .. .. . . A. koclti. 
from Three places .. .. .. .. A. ross-i. 

242j27 to One place· .. .. .. .. .4.. maculatus L. 
243j3 One place .. .. .. .. A. tessellatus. 

One place .. .. .. ... d. barbirostris, 
One place .. .. .. .. A. si11e11~i8. 

· {A. barbirostris, 
One place .. .. .. .. A. SilllillliiS, 

· A. (uligi11osus. 
Swamp R Four places .. .. .. .. A. maculatus L. 
from .4.. kochi, 

242j27 to · A. barbirostris, 
242j29. · A. sinensis. 
243/ 4· 5 R Springs in side drain .. .. .. A. maculatus L. 

A. rossi, A. kocM. 
243/ 5 R Stagnant pools in drain .. .. .. A. rossi. 
243/ 5 L Earth drain near bridge .. .. .. A. maculatus L. 
243/ 9 L Stagnant water in side drain .. .. A. rossi. 
243jl0 L Stagnant water in side drain .. .. A. rossi. 
243j12 L Side drain overgrown with coarse grass .. A. barb i rost ris. 
243j15 R Muc.ldy pool in side drain . . • • d. ro.q.~i. 

243j19 R Hoof marks in silted stream near junction of 
Port Swettenham line .. .. · A. kochi. 
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TilLE D. 

Prnu LIXE FROM Punu STATION TO SULTAN STREET. 

3/ 3 

3/ 4 

ditto. 

3/ 5 

3/ 6 

3j 8 
3jll 

3j12·13 

3j16 
3j16-l7 
3/17-20 

ditto. 

3j23 
3j25 
4j 1- 2 

4/ 2 

4/ 3 

Deseription of breeding plaoee, 

L Grassy pools below bank •• 

R Grassy pools below bank .• 

J, Small grassy pools 

R Grassy pool below bank •. 

L Pond in swamp •• 

R Pool ncar turn-stile •• 
L Grassy drain, ftowing water 

L Drain from Gaol, Culvert 18 

1~ Pool beside drain . . . . • • 
L Sine drain 10 yards from bridge 19 .• 
R , Shle drai.n at base of cutting, film of water 

runnmg over sand and algae, many small 
1 

springs (see photograph No. 1) •. 

Ll 
I 

:I 
L 

L 

R 

I 

Stagnant tll'ain with a few springs (see 
photograph No. 2) . • • • • • 

Pool beside drain. . . . . . . 
!:lpring water in damp place near fence .. 
Seepage from bank ftowing over concrete side 

of drain (see photograph No. 4) . , 

Spring in side drain 

Grassy pool beside drain •• 

Speoiea found. 

A. karwari, 
A.. kochi . 
.J.. aconitus, 
.A., barbirostris, 
A. kochi. 
A. tessellatus, 
A. koclii. 
A.. aconitus, 
A. rossi. · 
A. fuliginosus, 
A. rossi, 
A. sinensis, 
A. sinensis. 
A. rossi, 
A.. sinensis, 
A.. kochi, . 
A. rossi, 
A.. sinensis. 
A. rossi. 
A.. rossi. 

i maculatus, 
A., karwari, 
A.. rossi, 

·A. rossi, 
A.. maculatus. 
A.. rossi. 

I A. maeulatus L. 

4. maeulatus, 
A. karwari. 
.A.. rossi, 
A.. maculatus. 
A.. sinensis; 

4. Photographs illustrating types of breeding places found. 

Photographs 1-4 on the following pages show the features of certain typical 
breeding places encountt>red. In a)l of them A, macttlatus (31) larvae were ob­
tained and they illu~trate the danger of the small inconspicuous patches of fresh 
seepage water so common along the course of a railway. 
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PHOTOGRAPH 1. Breeding place 56. 
Numerous small springs with a thin film of water flowing over sand. 

Much green algae and fine grass. 

A '"err large number of lanae were obtained from here 
and 113 adults were hatehed out. Of these there were:-

A. maculatus 99 = 87.6% 
.l. X·arrcari 8 = 7.1% 
A. rossi . . 6 = 5.3% 

l'F.oTOGiill'H 2. Breeding place 57. 
A more stagnant drain on the opposite side of the railway. There were a 

few springs, but the water was polluted by the side drain marked D. 

Ol 25 adults bred out from this site only 2 or 8% 
were A. maculattu the rest being A. ro.t.ri. 

This site is not so dangerous as that shown in 
Photograph 1, but it is advisable to destroy it it possible. 
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PHoTOGRAPH 3. Breeding place 10. 

A culvert through which the cross drains are led. At tlJ.e bottom of the 
hank there is fresh spring water, abundance of algae and fine grass . 

.J.. maculat·us L. larvae were readily obtained here 
among the fine grass at the edge of the drain. 

PHOTOGRAPH 4. Breeding place 60. 

A concrete drain over the edge of which there is a flow of seepage water 
from the banks. 

In the thin film. of water and algae on the side of 
the drain ..4.. maculattU larvae were readily obtained. 
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5. Remarks. 

(a). A large proportion of the places reported are breeding A. maculafus, a 
;most dangerous species of anopheline. 

(b). This is because A. macula ius prefers fresh spring or seepage water such 
as is supplied for it in the ruttings, embankments and cross drains i 

of the railway. 

(c). Many of the places reported (for example photographs 1, 3 and 4) are 
in the nature of permanent Rpring water. 

(d). It is possrble therefore that the railway is the permanent source of 
A. maculatus in Kuala Lumpur from which other sources of fresh 
water (e.g. a newly-dug foundation or a suibsoil pipe that is blocked) 
become infected. ' • 

6. Suggestions. 

(a). That efforts shouldbe made to destroy the breeding places as thoroughly 
as possihle. 

(b). That, say, six months later, a further survey be made to test the success 
. of these efforts. 
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On the examination of a ravine covered by 

secondary jungle, April, 1919. 

1. Reason for the investigation. 

2. Date of examination. 

3. Results. 

4. Conclusions (a-e). 

lila. Notes on a comparison of anopheline larvae 

found in an estate ravine kept under jungle 

with those found in the open cultivated 

ravines, June, 1917. 

1. Observation. 

2. Conclusions (a and b). 

lllb. Notes on the anopheline breeding found In a 

newly-opened ravine, February, 1919. 

1. Observation. 

2. Conclusions .(a and b). 
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0~ THE EXAMINATION OF A RAVINE COVERED BY SECONDARY 

JUNGLE. 

I. Reason for the investigation. 

During the work at Perhentian Tinggi, a ravine at the 4th mile Serembari­
Tampin Road was noticed to be under very heavy secondary jungle, except for a 
narrow path running across it. The opportunity was taken of determining the 
species of anophelines found in the jungle and comparing them with those found 
in the open parts of the ravine, namely, on the pat~1 and at the lower edge of the 
jungle. 

2. Date of examination. 

Th(; first examination was made on March 19th, 1919, and photographs were 
taken and a further examination made on March 24th, 1919. 

3. Results: 

In the jungle only 9 breeding places were found during a thorough search, and 
the species present were A. aitkeni ( "/ tim~s), A. leucosphyrus (twice). 

Along the path, see · photograph No. 5, A .. maculatus L. was found in two 
places. 

PHOTOGRAPH N 0. 5. 

Narrow path erossing a jungle eovered ravine Note the dense growth 
on either side of the path. Larvae of A. maculattU L. were not found in 
the shade of this jungle but 'Were present on the path. · 
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The part of the ravine at which the secondary growth ended is shown in photo­
graph Xo. 6. Where the assistant is working, on the bank of the stream just as it 
rome!' into the open, A. maculafus L. was fmmu. 

PHOTOGRAPH N 0, 6, 

Note the dense wgetation in the back-ground under which only A. 
aitkeni. and A. leuco.~phyrus were found. .tl.. maculatus L. was found on 
the very edge of this jungle as soon as the shade of the vegetation ceased. 

4. Conclusions. 

(a). These obsenations confirm other records in showing that A. maculatu.~ 
does not breed under the shade of secondary growth or jungle. 
(See page 28) . 

(b). They show how slight the opening may be in order to allow A. maculatu.~ 
to breed. 

(c). Therefore, in adopting vegetation as a prewntit.e measure against this 
dangerous species, great care must be taken . to produce a uniform 
shade. 

( d!. The main points to be guarded against are:-'-
i. Patl}s across the ravine as in photograph No. 5. 
n. The point of emergence of the stream from the jungle, as in photo­

graph No. 6, needs atte,!lf.oJI.~ 
iii. Openings made for bathi~ pools. "{cf. photograph No. 13, page 46). 
iv. Patches of veget~~ionkmed by :water ~r silt. ( cf. photograph No. 12, 

page 45), · ·· 
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v. The oYer-o-rowth of certain trees ·should be wakhed for and prevented 
0 . 

as this may cause a killing out of the sur;rounding vegetation and 
so form a relatirely open patch. 

(e). In fact, if vegetation is to be used as a method of excluding A. macu· 
lalu.~, it should he carefully cultivated and treated as a strict reserve, 
and, prpferalJly, fenced off to preYent the aecess of labourer~ and 
cattle. 

Ilia. NOTES 0~ A COUPARlSON OF .ANOPHELINE Il\RYAE_ FOUND 

IN AN ESTATE HAVINE KJ;.}P'l' UNDER JUXGLE WlTH THOSE 

FOFXD IN THE OPEN CUI~TlYATED RAVtNES, JUNE, 1917. 

1. Observation. 

An estate was risited in June, 19•17, in order to compare the· breeding found 
in a jungle c·overed rarine with that found in the open ravines. _The jungle covered 
rarine was fiat and swampy with a stream flowing through it. A slight opening had . 
heen made to pro ride a bathing place. which was surrounded by reeds. ·on the path 
to the bathing place A. sinen.~is was breeding. In and around the bathing place 

. A, s1'nen.~i.~ and .1, te.~.sellatus were found, while in the jtmgle, breeding was scarce 
nnd A. te.~.~ellatus was found twice, and.A.. sin:ensis once. 

In the opened rarines, A. maculatu.s was found 10 times (8L), A~ koclti 4 
timE>:o;, A. bm·birostris (onee) and A. sinensis (once). 

2. Conclusions. 

(a.). The entire absence of A. maculatus from the jtmgle co,:ered ravine and 
its frequency in the open ravines is a characteristic finding. 

(b). The jungle species found, A. fessellatus, differs from those found in the 
ravine which is the subject of the main report. 

IIIb. X01'E ON THE ANOPHELI~E BHEEDIXG ~"''U~'TI I~ A NEWIS 

OPEXED RA VIXE, J.'EBRU ARY, 1919. 

1. Observation. 

In Oc·tober, 1918, an opportunity arose for studying the anopheline breeding 
in a rarine in which rather heavy secondary jungle had been felled recently. The 
clearing had eommenced on September 1st, and at the time of examination felling 
had ju~t been completed and the debris had not been completely cleared. Photo­
graph Xo. 14, page -17, shows the condition present. The number of cut stumps 
and smcunt of fallen regetation showed that the whole area had lleen under quite 
dense shade previous to the felling. 
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The following table E shows the species 'l.lnd the relative frequency with which 
they were found in the examination of 38 breeding places, 

TABLE E. 

Species Found. Frequency. 

23 times r· maculalus (17TJ), 
Open small pool breeders .. .. A. rossi 2 , 
. 

' A. kochi 1 
" 31 , 

Open swamp breeders .. .. .. A. barbirostri.~ 
r· sineW 

3 
" . ' 

A. aconitus 2 , 

Shade breeder .•. .. .. .. A. tes.~ellatus 2 
" 

A. tessellatus, the only shade breeder found, is probably a remnant of the original 
fatma. The other species present are all species which prefer open breeding places 
and in particular A. rnaculatus has never been found in jungle or secondary growth 
on the basis of the description of origin of over 30,000 larvae, (see also page 34). 

On the hillside of the ravine there was a small vegetable garden in the furrows 
of which A. rnaeulatus L. was readily found, and it is probable that this is the source 
from which A. maculatus spread widely _over the newly opened area. 

·Support is given to the idea that A. maculatus and A. sinensis were new arrivals 
by the following observations in· a small branch of the ravine which was the last to 
be opened and in:which the invasion was observed to occur. A. tessellatus was also 
found in this branch. 

October 7th. One_breeding place of A. sinensis was found. 

October 16th. A. maculatus L. was found in this breeding place together with 
A. sinensis, and two other breeding places of A. maculatus L. were fotmd. 

Octobe-t 22nd. Six breeding places were found, five of which contained A. 
maculatus L.,· and four A. sinem;is. · 

2. Conclusions. 

(a). That the felling of vegetation a~ows the entry of light-loving species, 
and that the commonest species found in a. newly opened ravine are 
A. sinensis and A. maculatus. These results are closely similar to 
those observed at Gemas (see page 52). 

(b). If a ravine is to be opened, steps should be taken to prevent the access of 
. the dangerous species A. rnaculatus. 
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REPORT IV. 

0~ THE MALAHL.-1 PROBLEll AT GEMAS. 

I. Reason for undertaking the work. ' 

A demand for information on this ~ubject was received from the Principal , 
~ledieal Offi<'er, Federated Malay States, qn accoupt of the difficulty experienced in 
maintaining a staff at Gemas. Th~ work was watched with interest and was assisted 
greatly by all the authorities concerned in keeping a staff there, particularly the 
Dh;trict Oflieer, !'ampin, and the oflicials of the Hailway. 

2. Date of investigation. 

The work was done from August 7th to September 4th, 1918. 

3. Weather during the investigation. 

X o rainfall statistit·s were arailahle; but, preceding and during the first half of 
the work, there had been \ery little rain. Many of the small pools and seepage 
areas were dry therefore, and this affeds the resuLts of the field work by minimising 
the freyucuey of spedell whieh breed in these situations. 

4. Amount of malaria. 

~pleen aud blood exanl.inations w~re carried out to determine the amount of 
malaria present. In 132 cases examined the spleen rate was 52.3, the parasite rate 
was H.7, and the total iueidenee rate was 60.6%. These results show that the 
hau reputation, of the di:5tritt is justified; but the in<:idence of malaria could be 
rery much higher. · 

(a). Hl~LATlOX OF 1Xt'W1~X<'E OJ<' lL\L.\RIA TO THE SITE OF UE~IDENCE, 

The resultt:; haYe been analysed ac<·ording to site of residence in order 
that some information can be obtaineu on the relative incidence of 
malaria iu different sites, thus:-

Site I. Rest House hill and Hailway quarters by examining the. 
Railway staff. · 

Site II. Opposite hill and head of valley by examining the Cus· 
toms, Police, Post and Forest staff. 

Site III. Base of valley by examining persons from the new Town 
site. 

The results are shown in the following Table F. 

The !:iites referred to are shown on the accompanying plan, page 48. 
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Site. 

I. Railway Quarters 

II. Opposite hill and head 
of valley .. . . 

TABLE F. 

(1). ADUL~S. 

Evidence of malaria, 

Nil. 

20 8 14 

6 4 

7 49 

1 18 

Cases with 
evidence of 

Malaria. 

Total.· Percen­
tage. 

29 59.2 

11 61.1 

III. Base of valley, 
Town site .• 

new 
14 7 16 2 39 25 64.1 

(2): CHIT.DREN. 

I. ;Railway Quarters .. 10 - 8 1 19 9 47.4 

• 

III. Base of valley, new 
Town site .. . . 1 - 6 - 7 6 85.7 

-- --- -- -- -- -- --
Total .. 52 21 48 11 132 80 60.6 

I 

The analysis, although the groups are small, shows that the Railway Quarters 
are freer from malaria than the town, and the quarters on the opposite side of the 
valley are intermediate between these two sites. In the ease of the children, the 
evidence in favour of the Railway Quarters site is more marked. This, probably, 
is due to the children being a more delicate test of the amount of malaria, and to the 
fact that they are more localised to their site of residence and do not visit the other 
sites at night as much as the adults do. · 

(b). RELATION OF INCIDENCE OF M.A.L.A.RI.A. TO PERCENTAGE OF HAE.MOGLOBIN. 

~he haemoglobin percentage, which is a good index of the capacity for 
work of a population, is closely related to the incidence of malaria. 
The 41 adults without e~idence of malaria had an average haemo­
globin of 89.3%, while the 56 cases with evidence of malaria had an 
average of 79.5%. 

The same figures for the children were 86.8% and 65.7% respectively. 
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(c). RELATION OF INCIDENCE OF M.A.L.A.RI.A. TO LENGTH OF RESIDENCE. 
I 

When the correlation of incidence of malaria and the length of residence 
is studied, no relationship can be detected if small groups or sma.ll 
periods are taken. The :figures are very discordant and suggest 
that no connection exists between these factors. It is possible, how­
ever, by taking all the cases and arranging them in rather long 
time-periods to show some kind of orderly progression of the in­
cidence rate. This has been done in Table G. 

TABLE G. 

Cases Cases with Incidence Period. of residence. examined.. evidence of rate. malaria.. 

Up to 3 months .. . . . . 24 12 50% 

From 3 to 6 months .. . . 29 17 58% 

From 6 months to 1 year .. .. 18 12 66.7% 

From 1 to 2 years .. . . .. 20 14 70% 

From 2 to 4 years .. .. .. 22 14 63.6%. 

From 4 to 'l years . . .. .. 10 6 60% 

From 7 to 13 years .. .. . . 9 5 55.5% 

Total .. 132 80 60.6% 

' 
This arrangement of the results may be merely juggling with :figures; but the · 

fact that such groups can be arranged seems to indicate that the incidence of malaria 
tends to increase up to the second year of residence and then to diminish. 

5. Species of anophelines found. 

The following Tal.Jle H shows the frequency with which the various species were 
found. The species have been grouped according to their characteristic breeding 
places, and in each group the Sl)ecies usually recognised as dangerous carriers are 
shown :first and marked thus: t. It is wise, however, to regard all the anophelines 

.as possible carriers of malaria. 
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TABLE H 

' 

Characteristic breeding place. Species. Times found. Specimens. 

.. •· 

Small open pools and seepage - A. maculatust .. 31 (191) 177* 
areas in open hilly. country. .A. rossi .. ··-·-· .. 46 . . ~· . 252 

A. lcochi .. . . 24 53 
.1. aconitust .. 4 7 

Large grassy pools and streams A. fuliginosust .. 21 170 
·in open swampy country. A. sinensi-s .. . . 69 216 

A. barbirostris .. 90 536 
A. 1tmbrosust 76 542 

Jungle. In swampy _patches·· A, albotaeniatus ·-var. 
of low-lying jungle and montanus .. .. 37 189 
"alo!ig -the -course 'of streams- X. ·brevipa1pis --- · ... 10 -23 .. 
in j~ngle covered _ravines. A. tessellatus .. 17 25 

·A. leucosphyrus 20 .... 
49 . . 

A. aitkeni . . .. 42 198 
. ..... 

Total .. 487 2437 

* 18 _larvae hatche.d, all were A._ maculatus. 
t Species usually 'recognised as carriers of malaria. 

6. Distribution of anophelines. 

The sites_ referred to by letters are shown· on the accompanying plan by the 
corresponding letters in red. · 

(a) .. ·. OPEN HILLY COUNTRY, 

These areas are on either side of the valley; thus the Railway Quarters 
hill Q, and the Post Office hill P. They are bounded on one side 
by jungle (marked green in the 'Plan), and on the other by the 
l!irge swampy areas (marked yellow). The characteristic species 
of anophelines are the small open pool breeders A. kochi, A. rossi 
and A. mac1tlatus. The relative infrequency with which these 
species were found is due to the very dry conditions under which 
most of the work was done. A. maculatus L., probably the most 

-dangerous species, was found only 31 times; but there are many 
sites in the opened area where it would breed freely in wet weather. 
That the weather was unsuitable for this species is shown by the 
fact that 23 larvae of A. macu:Zatus were found in a disused kerosine 
tin, a rather unusual pla~e for it to breed in. It was never found, 
however, in jungle or secondary growth even when the conditions . · 
in the open were so unfavourable for its breeding. -The followjng . 
are the different types of places in which it was found:..,....., .. : .. ·. 



(i). 

(ii). 
(iii). 

(iv). 

(v). 
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Seepage areas in the open country especially round the Railway 
Quarters, Q, and on the Post Office hill, P. 

Springs at the foot of the railway embankment marked J. 
Rail"'ay cuttings. A good example exists at H, near the new 

Town site and is shown in Photograph 7. 
This kind of breeding place is· frequently found along 

railways at the base of cuttings and embankmentst. There 
is often, as in this case, a mere film of water flowing over 
sand and algae. The species commonly found is A. macu-­
. latus because the fresh spring water is a most favourable 
condition for that species. That this kind of place is danger­
ous is shown by the fact thai cooly lines No. 118 were pointed 
out by the District Engineer of the Railway as being the most 
unhealthy of all lines between Gemas and Tampin. Ad~ 

jacent to these lines was a cutting, shown in photograph 9, 
from which A. maculatus was readily obtained. Her~ again, 
as will be seen from the photograph, there is only a slight 
amount of water. 

Cuttings on lloads. Breeding places suitable for A. maculatus 
are produced by roads as well as by railways. Roads, how~ 
ever, having a greater choice of gradient, tend to pass above 
the ground water level in crossing a ridge and not to cut 
into it to the same extent that a railway has to do. They 
are therefore. not so liable to open seepage areas and thereby 
tend to be less dangerous to health than railways. 

Photograph 8 shows the cutting G on the road near 
the Town. It is a cutting through the eame ridge as the 
rail~ay cutting H but it is at least 15 feet above its level. 
It was dry at the time of examination; but there was, how­
ever, a green film of dried algae which shows that it would 
be suitable, probably, for A. maculatus in wet weather. 

Photograph 10 shows a breeding place of A. maculatu.s in 
a road cutting L at the mouth of Ravine M. 

Open parts of ravines. Photograph 11 shows a very typical breed­
ing place of A. maculatus in a recently opened part of ravine 
E. This photograph, as also Nos. 7, 9 and 10, is of im­
portance in showing the inconspicuous patches of wet ground 
which are sufficient for A. maculatus to breed in. 'l'his 
point.cannot be emphasised too strongly. .The assistant is 
not standing in water, but in rather boggy ground in which 
a foot mark readily fills with water. .Such a place would be 
passed by most engineers as insignificant and they would 
pay attention to larger swampy areas which may not 1--e so 
dangerous. The methods for collecting A. maculatus may 
be described in order to emphasise the point still further. 

t See also pages 20 and 22 
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One method is to scoop up wet earth and .alga~ ~to tae 
examining dish, add water from another source and pick up 
the larvae as they rise to the surface. Another method is to 
scoop out a hole in the wet earth, wait till it fills with water 
and then collect the larvae, 

(b) . OPE".ti sw Al!PY AREAS. 

These areas are indicated in yellow on the plan. The chief ones are 
along the side of the railway, C and T; the site of the new recreation 
ground, K; near the· new Town site, F; and, in fact, the whole of 
the floor of the main valley. They are characterised by large open 
pools and streams with grassy edges, and are not so much affected, 
therefore, by the dry weather as the small open pools. 'The pre­
dominant species are A. barbirostri8 and A. sinensis with which are 
associated A. fulig·inosus and A. aconitus, the latter probably being 
active carriers of malaria. 

A.t F, near the new Town site, A. fuliginosus was found 4 times in 11 
breeding places of A. barbirostris and A. sinens·is. 

When the swampy areas adjoined jungle, some intermixing of the 
characteristic faunae was observed. In these circumstances, A . 

. urnbrosus and A. aitkeni were occasionally found in open swamps, 
and A. barbirostri8 and A.. sinensis in: swampy jungle; but A. 
aconitus and A. fuz.iginosus were never found in jungle. These 
swamps will be reclaimed to a large extent in order to make use of 
the land; but filling will not rank in the same degree, as an anti­
malarial measure, as the obliteration of the small inconspicuous 
places in which, it has been shown, A. maculatus breeds. 

:{c). JUNGLE. 

The fauna of flat swampy jungle differs considerably from that of the 
hilly ravines. This can be shown best by comparing the percentage 
composition of the 409 specimens obtained from the low-lying 
jungle of areas A., B and D, with the percentage composition of 
295 specimens obtained from the jungle-covered parts of ravines 
:U, 0 and R. This has been done in the following Tahle J. 

TABLE J. 

Species. Hilly jungle-covered Low-lying swampy 
ravines M, 0 & R. jungle A, B & D. 

A. aitkeni .. .. . . 41.3% 2.0% 
A .. albotaeniatus var. montanus .. 39.7% 2.2% 
A. leucosphyrus . . . . .. 11.5% .5% 
A. tessellatu.s .. . . . . 4.1% 1.7% 
. A. u.rnb.rosus. , .. . ..... . .. 3.4% 93.6% 
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(i). Low-lying jungle. The predominant species is- s~en fro~ Table 
J to be A. umbrosus. The frequency: with which it was en­
countered ran be seen from ~able H. This is_ the first time 
that this species, to which Dr. Watson attaches so much im­
portance on the roast, has been found ~ bulk so far inland. 
Previous observerst have regarded this species as limited to 
the coastal plain and this observation iS important. in show­
ing that it does exist in its appropriate breeding places as 
far inland as Gemas which is over 30 miles from the sea.. 
Moreover the observation is not an isolated one, (see page 

· 12), it has been found also in the Gardens area of Kuala 
Lumpur in ravines still under jungle. 

A. tessellatus is found in about the same percentage in 
both kinds of jungle; but A. aifkeni, A. albotaeniat-da var. 
monfanus and A. leucosphyrus are relatively rarely found in 
low-lying jungle as compared with hilly jungle. 

Apart from artificial clearfugs, such as wood cutters huts 
and bathing pools, patches of jungle are killed o<X:asionally 
by water or silt and this lets in the open swamp breeders. 
An extremely good example of this is shown in photograph 
12. This place is on the right side of the railway near tele­
graph post No. 342/16. The photograph is taken with the 
railway behind the camera, and the large open swamp is due 
to the virgin jungle being killed by water; which has accu­
mulated, probably, because natural drainage from the jungle 
has been blocked by the railway. The intact low-lying 
jungle is seen in the bark-ground and on both sides of the 

· picture. In the rentral swamp A. fuliginosus and A. aconitus 
were obtained. In the intact jungle these species were not 
found, but A. umbrosus, A. tessellatus and A. brevipalpis 
were present. A. sinen818 and A. barbirostris were found in 
both places, but were more common in the open swamp. 

(ii). Jungle covered rarines. In hilly jungle, as is shown in TableD, 
the characteristic species are A. aitkeni; A. albotaeniatus var. 
morlfanus and A. leucosphyrus; but A. tessellatus and A. 
umbrosus are found O<X:asionally. 

In ravine R, A. wnbrosus was not found; but all the other species 
just mentioned were obatined. 

In ravines li and 0, A. maculatus was obtained from opened 
areas at their bases, and ;will probably spread in to them if 
the clearing is not done according to the principles laid down 
by the Executive Engineer, Malaria Advisory Board. 

t C. W. Daniels. Studies Inst. Med. ResEareh, Vol m, Part 3, p. 265, C, Strickland, 
l'ederal Couneil paper, No. 15 of 1915, p. 3. 
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Ravine E is interesting as being an epitome of the distribution of 
an?phelines throughout the distric~. At its head, El, 
A. aitkeni, A. albotaeniatus var. montanus and A.. leucos­
pllyrus were found. At E2 it broadens out, but is still 
under jungle, and here A.. umbrosus was found. At E3 
the ravine has been opened, and the small open pool breeders 
A macu1atus (see photograph 11) and A..l·ochi were obtained. 
The SWilmp F may be regarded as the base of the ravine and 
here A. fuliginosus was found in association with the large 
open JlOOl breeders, A.. barbirostris and A.. sinensis. 

7. Conclusions. 
(a). It is of little use, from the anti-malarial point of new, to do extensive 

filling of swamps if the relatively inconspicuous breeding places of 
A.. maculatus are not destroyed at the same time, as A.. maculatus 

. is probably the most virUlent species present. 
(b).· The natural conditions were so unfavourable to A.. maculatus that it 

was found breeding in an old kerosine "tin. In spite of this, how­
ever, it was never found in jungle or secondary growth. 

(c). A. ·umbro8113 is not necessarily limited to the coastal area, as commonly 
·stated, but may be found plentifully as far inland as Gemas. 

(d).·· If the opinion of Dr. Watson on the pathogenicity of A.. 'llmbro8113 is 
· justified, the jungle in this neighbourhood cannot be regarded as 

harmless. 
(e) .. If, however, the low~lying jungle were to be cut down, A. aconitus and 

A. ful{ginosus would appear in the open swamps left behind; if 

(f). 

· jungle covered ravines were to be opened, A.. maculatus would ap­
.pear; and thl! results would almost certainly be worse than the 
present condition. 

The present site of the Town is not so good as the old site, because:­
(i). The incidence of malaria is higher than in either of the other 

· two sites :Uivestigated on this point. 
(ii). lt is near extensive breeding places of A. maculatus (E 3, G, H 

and J), of A .• fuliginosus (F) and of A. umbrosus {A, B, 
D and E 2). 

(iii). Its low-lying character may make it difficult to treat from an 
engineering point of view. 

8. Suggestions for malaria prevention. 
(a). Education of engineerS. The engineers in charge of the betterment of 

the present condition or the further development of the Town 
should bear in mind the fact that the most dangerous mosquito 
breeds in most inconspicuous places. The two Railway Engineers 
who attended th~ field demonstration were duly surprised at the 
places shown in photographs 7 and 11, but if this fact is not con­
stantly home in mind undue attention will be paid to filling and 
draining swamps. 



(b). Swamp· filling. If the above point is kept: in view, as much swamp 
filling as possibie is advisable. The filling s!:tould be begun at the 
upper end of the swamp. When it is begun at the lower end, as in 
two cases noted recently, the filling is saturated with water and 
breeding is found ·on its surface; and, ·moreover, the· water is· 
danimed back in the head of the ravine fo~ing suitable breeding 
places for the large pool breeders. 

Care must be taken, also, that in obtaining the material necessary :for 
filling, breeding places suitable for A. 'trUlcul~tus are not maqe. It 
is quite po!isible" to dig away enough of a hill to expose the ground 
water level, and thus produce an area of seepage eminently suitable 
for A. maculaiUs. . . -- . . 

(c). "Jungle Treatment" of ravines as an anti-malarial measure. In further 
opening of the hill jungle, which is necessary for the development 
of the place, an attempt might be made to keep the ravines, which 
contain practically all the water, and therefore all the breeding 
places, under the original jungle and so prevent the access of 
A. maculatus. 

If this measure is adopted, the ravines should be watched very carefully · 
as there is a likelihood of silt from the opened hill-side killing 
patches of jungle. 

The population must be watched, also, lest they make a way down to a 
bathing place in the ravine. Photograph 13 illustrates this danger 
very clearly. It shows an open bathing place in a ravine covered 
by secondary growth and long grass. Througliout the rest of the. 
ravine breeding places were rare, and the only species obtained were 
A. barbirostris and A. sinensis; but at the bathing pool, A. 'trUlCU· 
latus L. was found. 

(d). Ravine drainage. If it be decided to drain the ravines, this should be 
done, as recommended by the Executive Engineer, Malaria Advisory 
Board, before the jungle is cut down. Photograph 14 shows the 
wrong method of commencing to drain a ravine~ for in the pool 
by which the assistant is standing, -A. maculatus was obtained; 
and it is highly improbable that it existed in such a situation before 
the vegetation was cut down. (See page 28), 

(e). · Methods against A. umbrosus. These consist of draining and felling 
the low-lying jungle, and might well be undertaken since A. urn,.; 

brosus is a proved carrier of malaria. Here again it is advisable 
to drain the jungle before felling it, as it would be unwise to 
replace A. umbrosu.~ by A. aconitus ot A. fuliginosus. 

(f). Detection of breeding places. In undertaking any work for the im• 
provement of a site or for opening new country, 1t would pay to 
have a competent staff for the detection of breeding places. Breed­
ing places detectetl slwuld he oiled until they can be permanently 
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eradicated by the engineer. The staff for detection and the taff 
for treatment of breeding places hould be distinct from each other. 
At the first ign of collusion between the two, one or other should 
be tran £erred to a different district. It means hard work and the 
expenditure of money; but any place, even Gemas, could be opened 
up without causing malaria; but, if Gemas is opened up in a 
haphazard manner, the usual out-break of malaria is to be expected. 

9. PhotoP'rstphs illustrating breeding places. 

PHOTOGRAPH 7. Railway cutting marked H. 

A. 11WC11J,Qtus L. was found, where the assistant is working, in a 
thin film of water seeping out of the bank. The fresh clean character 
of the water renders it suitable for this dangerous species; no actual 
pool of water is necessary. This type of breeding place is frequently 
found along the course of railways. (See also pages 20 and 22). 
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PnoTOGBAI'II 8. Cuttin~ on road, marked G. 

This cutting is through the same ridge u the railway cutting shown in photograph No. 7, 
It ia over 15 feet higher than the latter cutting and was dry during "thl!l investigation. 'fhe 
faC!t that there were green algae in the side drain shows, probably, that this also would l•e a 
favourable site for .4. maculattU in wet weather. 

Photographs 7 and 8 illustrate the faet that roads are leBB liable than railways to pro. 
duee breeding-places for .4. maculatus although both tend to do so. 
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PuoTOGH.Arii 9. Railway cut:ting near cooly lines No.llS, about 4 miles from Gemas. 

Cooly lines 118 were pointed out as being the most unhealthy of all between Gemas and 
Tampin. The cutting shown in the photograph is adjacent to these lines, and .A. maculatus 

~ w~~ Qbtained readily in the trickle of. wate1 shown. at A .. in the .photograph. This illustrates 
. the danger of cuttings in whi.ch ·the slightest amount of seepage is allowed to remain open. 
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J>uoroGUAPH 10. Roadside cutting marked L~ 

A. maculatus was obtained here, which shows that roads are not free from the respon-
sibility of opening seepage areas. · 

Thia breeding plaee is situated at the mouth of the jungle covered ravine M in whieh 
·nothing but jungle species of anopheline& were found. It would form a source from whieh 
A. tMCUlatus could spread into the ravine; if the ravine is opened without proper preeautions. 
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PHOTOGIUPH 11. Opened part of Ravine E marked E 3. 

The assistant is standing in a boggy patch of ground from which many larvae of 
A. macvlatus were obtained at the time the photograph was tal:en. This photograph illustrates 
the inconspicuous nature of the wet ground which is sufficient for .J.. tnGCUlaful to breed iD. 
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PHOTOGRAPH 12. Patch of jungle killed by water, about 8 miles from Gemas. 

This is an example, on a large scale, of what is often seen in jungle; that is, an opeu 
patch which is too wet for the growth of jungle. In the open swamp, the malaria carriers 
A. tJConitus and A. fuliginosus were found. In the surrounding jungle these species were not 
present; but .J.. umbrosus, .J.. tessellatus and A. brevipalpis were found. In both places .&. 
barbirostri& and A. sinensis were obtained but these species were more common in the open. 
If jungle is kept as a precautionary measure against malaria, care must be taken that no 
open patches like this are formed by stagnation of water or by deposition of silt. 
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t>iJOrOGAPH -13_- Bukit Kiara Estate, Kuala Lumpur, bathing place in a ravine. 

This photograph indicates another precaution that must he taken if the anti-malarial 
measur~ eonsists in preserving the natural shade over water in a ravine. A, maC1.Llattl8 L. was 
found in this open bathing place. The rest of the ravine was covered by secondary growth 
and long grass, the only other species found being A. sinensis and A. barbirostris, and these 
but rarely. 
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PHOTOGHAPH 1!. Newly felled ravine. 

'l'his photograph shows the wrong way to commence draining a ravine. A. maculatus was 
found in the pool by which tbe assistant is standing, a place in which it is most improbable 
that it exi ted before the Yegetation bad been cut down. If the raYine had been drained 
b fore the general cutting down of the Yegetation, as is o strongly adrocated by the Executi,,e 
Engineer, Malaria Advisory Board, it i possible that .d. 111acu lattLS mjght ne1·er hal'e been 
found in the ravine. 
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REPORT· V. 

On the Malaria Problem at Oemas, March, 1919. 

1. Reason for the investigation. 

2. Date of investigation. 

3. Effect of felling. jungle. 

(a) In ravines. 

(b) Low-lying jungle. 

4. Effect of oiling in ravines and ·streams. 

5. Effect of oiling in open areas. 

6. Miscellaneous ohserva tions (a and b). 

7. llode of action of oil. 

8 .. Conclusions and suggestions for malaria preventiou (a:.-7~). 

NoTE -The letters used in this report to denote areas are the same as those 
used on the plan accompanying Report IV. 



REPORT V, 

ON THE MALARIA PROBLEM 4-T GE:MAS. 

1. Reason for the investigation. 

Since the first report, dated October, 1 19'18,~ containing observations made from · 
• : I 

August 7th to Septe~ber 14th, much jungle clearing and earth work had been done. 
It was to determine the effect of this work upon the mosquito breeding, and to test 

the efficiency of the oill.ng that had been undertaken to counteract the breeding 
places unavoi~ably made during the clearing, cutting and filling, that the observa­
tions now reported were made. 

2. Date of investigation. 

'rhe field work w~ done from February 4th to 8th, 1919, in rather dry weather; 
bu.t no rainfall records are available, · 

3. Effect of fe11ing jungle. 

(a). IN RA. VINES. 

Most of the jungle in the ravines had been felled; but the timber had 
not been cleared away and a very remarkable change in the anophe­
line fauna had occurred, which will be seen from the following ta~le K 

in which the results obtained from the ravines. when lllider Jungle. 
are compared with the results obtained from the same areas after 
the jungle had been felled, 
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TA..BLE K. 

Breeding places found. 
(1) Unopened jungle 

Aug: 7th to Sep: 4th, 1918· 

II 
Jungle species. Open species. 

~ . ..; ,...:; 
-~ f .;i 

..; ~ ~ ..; 1'1; 

... I:'! ~ ~ 
1,. :::s 

~ ~ 
.... 

~- .... "" . ;i 
.... 

Ravine. 
0 <o:> <:: ~ t:! ..,: 0 ,s 
"" 

~ 0 <I) ::::; <:: .l::; "" 0 ~ 
c . .,: e ..0 l.l q) q) 

,.:::) <:: ~ 

~ ~- .::: <I) ..1<! 1,. 
q) l.l g 

"' ..... 

~~ ;;;! I:'! '" ~ q) ... t:! 0 

. ~ .... t:! ..0 ..1<! ;;: 

"<l "'!j "<l ~ "'!j I "'!j "'!j ~ 
., 

Ravine 111 1 5 2 
I .. . . 1 5 - - - -

Ravine 0 .. . . 1 1 3 a 3 - - - -
Small ravine below RaU,vay ! 

Quarters .. .. - - - - - - - - -
Ravines drained by cuh'ett 

I No. 1450 K. 1. line 13 1 I 2 2 6 1 .. -- - -
~-- -- -- - ~1.-1 

I ----. -· 
Total .. 15 7 7 6 

(2) Opened Jungle 
Feb. 4th to 8th, 1919. 

Ravine. 

II \I 

Ravine M 
I 

4 2 .. . . - -· - - - -
Ravine 0 .. . . - - - - 3 - 12 - 6 

Small ravine below Railway ' 

Quarters 
I 

.. . . - - - - I - - - 1 3 

Ravines drained by culvert I 
No. 1450 K. L. line .. - - -- - - 6 - 1 

I 
I -- -- ---- -- ·.--'-

Total .. 1-=- - a I 22 1 1 12 

The almost complete disappearance of the jungle species and the univmal 
entry of A. maculatus L. is typical of what has been observed elsewhere (see page 28) 
and shows the danger of opening ravines, since A. macula.fus is a most dangerous 

species of anopheline. 
That this change of fauna is due to the felling of jungle is shown by certain 

control observations on ravines which had not been opened. 
Thus, in ravine E, of which only a small part containing no breeding places 

had been opened, the following species were found: 
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PRECEDING \'!SIT. PRESENT VISIT. 
I 

A. albotaenialu$ var. monfanus. 
A.. aitkeni. 

A. albotaeniatus var. montanvs. 
A. aitkeni. 

A. umbrosus. A. umbrosu.c;. 
A. leucosphyrus. A. sinensi.~ 

And in ravine R, A. aitkeni and A. albotaeniatu.s var. montanus were still found in 
its unopened head, while there were 4. breeding places of A. s·inensis at itS opened 
hase. 

(b). Low-LYING JUNGLF, 

A portion of the swampy jungi.e of area D had been felled, with a result 
that A. umbrosus was not found this time in that area, its place 
being taken by A. barbirosfris. Later, as grass grows in the swamp, 
the swamp carriers A. aconitus and A. fuliginosus may be expected 
here. . 

An area at the head of the valley, formerly under somewhat sparse 
secondary growth, has been opened as a Chinese vegetable garden 
and pig farm. The area opened consists mainly'of flat swamp but 
it extends on to the neighbouring. hillside. This area W3i! not 
examined on the previous visit; but on the present occasion the 
following species were found :-

A. maculafus L. 
A. rossi 
A. kochi •• 
A. sinensis 
A. barbirostris 

in 5 places. 
in3 , 
in 5 , 
inS , 
in 1 place. 

The frequent presence of A. maculatus on this newly opened area 
makes the area dangerous especially to the new Customs Quarters 
which .are adjacent. 

,j : t i I j fl ' •( I • l 
I ' 

4. Effect of oiling in ravines and streams. 
Oiling in ravines was done by placing on the course of the stream a can of 

oil from which a continuous drip was obtained by means of a wick. The apparatus 
was devised by Mr. G. S. Helps and was extremely efficient. The cans were 
examined at every opportunity and were never found to have stopped dripping. 
This method of oiling, however, was not effective as will be seen from the results 
shown in table K. 

The chief causes of its failure were as follows:-

(a). THE OIL NOT BEIXG PLACED AT THE VERY HEAD OF THE RAVINE. 

The importance of this defect in the method lies in the fact that the 
spring at the head of an open ravine is a favourite site for 
A. maculalus to breed in. The defect was most marked in Ravine 
0 where 3 breeding places of A. maculatus were found above the 
origin of the oil, · 
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(b) . R ETENTI ON OF OIL BY VEGETATION AND FLOATING DRBRIS. 

Lan ae were ne1er found in the pool into which the oil actually fell 

although there might be vegetation and debris in it. In the debris­
strewn raYines, larvae were obtained within a few yards below the 

origin of the oil, whereas in the more open streams the best results of 
the continnous dripping were seen ; and photograph 15 shows a place 

about 50 yards from the sonrce of oil which was the first place at 

whi ch larvae were obtained. The larvae are present because the oil 
is held back by floa ting debris, allowing the under flow of water, 
and not spreading sa ti sfa ctorily into all the pools. The fact that 
the investigation was clone in dry weather probably leads to an 
under-estimation of the effi ciency of the method as the flushing due 
to raiu would tend to spread the oil more evenly. 

A good example on a large scale of this holding back of the oil is shown 
in photograph No. 15 which was taken from the Kuala Lumpur 
line looking towards the extensive cutting and filling at the foot of 
the hospital site which is seen in the back-ground. 

PHOTOGRAPH No. 15. 

In the main stream in the foreground no larvae were obtained despite the heavy vegetation 
on the banks, although in the next pool about 10 yards to the right of th~ photograph, la~vae 
of A. sinensis were found . In the centre of the photograph, where the assistants are standmg, 
a small side pool, the colour of which was quite different from that of the oiled area, was 
protected from the oil by the floating log. In this pool, A. sinens·is and A. kochi were found. 
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INABILITY OF THE OIL TO REACH SEEPAGE AREAS ON . THE BANK OF A 

STREAM. The seepage areas ·on the bank above a stream are especial­
ly dangerous as a source of A .. maculatus and ai:e out of reach of 
oil appfied by this method. This factor is well shown in photo­
graph No. 16 taken in the smaJl ravine below the Railway Quarters. 

PHoToGRAPH No. 16. 

In the foreground a stream is seen heavily 
oiled by the waste oil from an open seepage drain; 
but on the bank are springs from which the 
aBSistant is collecting A. maculatm. 

5. Effect of Giling in open areas. 

The method of oiling used here was the constant drip-feed in drains from see­
page, and a~so individual oiling of seepage areas and pools. 

(a). SEEPAGE FROM HILLSIDES. 

This was extremely efficiently dealt with, and no larvae were obtained 
. . . in tiw oiled area. The .seepage among the Ril.i.lway- Quarters was 

caught in a_ contour drain which ~as ·oile~ by two .c~nstant drip 
feeds, the waste being conducted into 'the ravine on either side of 
the hill. · -

AS a control -observation~ the seepage from the · hillside in the newly 
- opened vegetable garden, which is just outside the oiled area, gave 
-a plawes breeding A. maet!la:tus L • . 
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(b). PEinUXEXT R.AILW .H C't'TTIXGS. 

The danger of these cuttings breeding A. maculalus was point<'d out in 
the first report, and the two main cuttings, the one on the Singapore 
line and the first on the Bahau line, had been well oiled and no 
larvae were obtained. . 

As a control observation, the two smaller cuttings o~ the Bahan line 
('r. P. 0/13-0/19) were breeding A. mnculalus L. profusely, 
and the road cutting L was breeding A. macula.fus L. mueh more 
extensively than on the last visit; these places being outside the 
oiled area. 

(C). CUTTING AND FILLING, 

A very great deal of earthwork had been done, and the Railway Authori­
ties deserve credit for having accomplished this without causing 
a severe outbreak of malaria. Photograph No. 17 is taken at the 
foot of the new hospital site, and shows an area of seepage from 
this new earthwork. 

PHOTOGRAPH N 0. 17, 

Seepage from newly cut bank. No larvae were obtained here although 
the fresh spring water makes the place most suitable for A. maculatU8. 
Oil was applied daily to the freshly exposed surfaces. 

There were a large number of such places which are most favourable for 
A. maculatus,· but they had been oiled and no larvae were obtained in the oiled area. 
The fact that the examination. was made in dry weather probably leads to an 
over-estimation of the efficiency of the methods of oiling used, as in wet weather 
there would be many more areas of seepage and the oil would be washed away more 
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quickly thau in dry weather; but this furnishes a most satisfactory result of oiling. 
As a control oh~en·ation photograph Xo. 18-shows a similar area in the cutting and 
filling done by the Public Works Department near the town. 

PHOTOGB.iPH No. 18. 

No oiling was done here, and A. maculatus L. and A. rossi were found. 

6. Miscellaneous observations. 

(a). An empty tin in the Chinese-owned vegetable garden was found to be 
· breeding A.. maculatus L. The presence of anopheline larvae in 
disused tins is unusual, and in this instance may be due to the 
natural breeding places being reduced in number by the oiling and 
dry weather; but the tin was found outside the oiled area. 

(b). A. maculafus L. w.as found twice in shallow earth wells or bathing pools, 
once in the Chinese vegetable garden and onc-e by the · first railway 
cutting on the Bahau line. The latter well was closed by the 
Railway Authorities within 12 hours of the discovery of the breed­
ing. 

7. Mode of action of oil. 

The abi:ence of larvae frum pools which had by no means a complete film of oil 
raist•.; the doubt whctlwr the oil acts merely mechanically by prerenting the larvae 
haring I'.C"<·(•i:s to air. Photograph Xo. 19 shows a good example of an incomplete 
film. 
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PHOTOGRAPH No. 19. 

The assistant is examining the part of this rather deep seepage pool 
which is free from oil, but no lan-ae were found. 

In a deep pool like this the oil is usually found near the bank owing to the 
undercurrent of water impingmg first on the further side; but in a shallow pool the 
oil is usually found on the further side, being carried by the flow of water from the 
side nearer the bank. In either case, the tendency of the water current is to carry 
the larvae into the oil. Certain preliminary experiments on this subject seem to 
indicate that oil acts chiefly by blocking the breathing tubes of individual larrae 
and depends on the larvae merely coming in contact with the oil, so that it is more 

. important to have some oil in every pool than to attempt to get a uniform fUm. 
When the necessary apparatus is available, it is hoped to work out this proi)Jcm in 
detail and to issue a report on the mode of action of oil and the best mrtiw(!s of 

. applying it. . ' 

8. Conclusions and suggestions for malaria prevention. 

(a). The olling in open areas is extremely efficient and the Railway Authori­
ties deserre credit for having done so much earthwork without 
causing any breeding in the area of operations. Dangerous breed­
ing was found, however, in the cuttings and seepage areas outside 
the region protected by the Railway Authorities, particularly was 
this so in the cuttings on the Railway and on the Circular Road, 
the newly opened Yegetable gardens and the cutting and filling 
operations near the Town. The area of oiling should be extended, 
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therefore, to include these areas, the present ~sition of the Railway 
Administration being similar to that of an estate in the neighbour­
hood of a newly-opened area, village, ,or other estate in which no 
anti-malarial measures are being taken. Where this occurs it pays, 

· as in several eases known to the Bureau, for the person under­
taking anti-malarial measures to extend them, if possible, on to his 
neighbour's ground at his own expense. · · 

(b). The oiling acts, not· so much by preventing the larvae reaching the air, 
as by blocking the-breathing-tubes of individual larvae, and there­
fore a perfectly continuous film is not so essential as the presence 
of some oil in every pool. As extensive a film as possible is advis­
w.ble, however, as the chances of the larvae coming into contact with 
the oil are greatly favoured by increasing the extent of the film of 
oil. · · 

(c)~ The effect of felling jungle in the ravines is to allow A, maculatus and 
A. sinensis to enter into places where purely jungle species existed 

· previously. The present condition of the . ravines is, therefore, 
more dangerous than the 'original condition. . 

(d). The method of oiling used in the ravines is inefficient because. the oil 
lis held up by vegetation and debris and moreove:r cannot reach. ·th{l 
dangerous ·areas of seepage on the banks of the ·stream: .. ·The. en­
cumbering timber.shouldbe removed,_ there~ore, from the f!l-vines 

· as quickly as possible. The· courses of the streams should be defined 
and oiled by a constant drip feed placed at their very source,· and 

· the· pools and seepage areas, rendered evident by the removal of 
timber, should be oiled by hand in the same way as similar places 
in the open area have been dealt with. The oiling -should be com­
menced at once but it cannot be done efficiently until the ravines 
have been cleared of timber. · 

(e). The newly opened Chinese vegetable garden and pig farm is a source of 
A. maculatus L. and is therefore a danger to the adjacent Custom 
Quarters. Licences issued in future should be subject to the con­
dition that any measures necessary for malaria prevention may be 
carried out without entitling the licensees to compensation. 

(f.) A. maculatus L. was found in a disused tin. Empty tins and artificial 
collections of water should be cleared up, mainly with a view to 
reducing mosquito nuisance, but also to preclude the possibility of 
these receptacles being used as breeding places by dangerous species. 
Much work of this kind has been accomplished by the Railway 
Authorities. I 

(g). A. maculatus L. was found twice in shallow earth wells or bathing pools. 
These are therefore a source of danger and should be watched, 
especially those at hillfoots, and closed or oiled if found to be 
breeding A. maculatus, 
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(h) ... If it. had been possible to place a working party at Gemas for detection 
and ide_ntification of larvae, as suggested in the first report, (see 
suggestion (f.), page 39) the dangerous condition of the raYines 
would have been detected much earlier. This very advisable mea­
sure is impossible to carry out when only one man is appointed to 
undertake the imestigation of malaria throughout tlie Federated 
Malay States. 

Note on mode of action of oil. 

The experiments on oiling referred to in this report indicate, that a complete 
film is .by no means necessary in order to kill larvae but that mere contact with oil 

·is sufficient to destroy them. Momentary contact with fresh oil will doom a larva 
to death in spite of washing it free from oil and keeping it in fresh water; but the 
oil loses this activity very markedly when it is left in contact with water. These 
results may explain the remarkable success of the oiling at Gemas since fresh oil was 
used either as a continuous drip or daily applications to the new cuttings without 
any attempt to cover the pools with oil, because it is not rare to find larvae in com­
paratively well oiled pools in which oiling is done weekly or at longer intervals. 

· Experiments on the mode of action of oil and on the cause of the loss of activity 
are being proceeded with and may afford evidence as to the.best method of applying 
oil. These experimen~ will be described in detail in the next volume. 
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ON THE :hiALARIA PROBLEM AT PERHENTI~ TINGGI. 

1. Reason for the investigation. 
A request was received from the .Railway Authorities for an investigation of 

the conditions at Perhentian Tinggi on account of the difficulty of maintaining a 
staff there. · 

2. Date of examination. 
The field work was done" from March 13th to March 26th, 1919. 

3. Weather during examination. 
The weather during and .. preceding the examination was very wet, the rainfall 

on Perhentian Tinggi Estate being:- · 
· March 1st-10th 11.14 inches .. 

:March 11th-20th 6.79 inches. 
This leads probably to an under-estimation of the breeding that occurs in Ol'ldinary · 
wet weather in the railway drains and cuttings, and a slight over-estimation of the 
breeding in ravines, because the railway drains would tend to be cleared by the 
frequent heavy rains, 

4. Amount of malaria, 
Six members of the Government staff were a.vaila;ble for e:mmina.tion, out of the 

7 who usually reside there. The length of residence varied from 2 months to 2 
years. Five out of the six cases showed enlargement of the spleen,,and two showed 
parasites in the blood, the species being quartan. It is of interest to note that the 
type of fever contracted by the Medical Entomologist .on this excursion was also 
quartan. · 

5. Breeding places of anophelines found. 
Two hundred breeding places were found and examined in the area round the 

station from T. P. 295/16, culvert No. 1219 to T. P. 296/13, culvert No. 1227 and' · 
the intervening ravines, this area being shown on the plan attached. 

The following table L shows the species found and their relative frequency:-

TABLE L. 

Specimens. 
Species. Times 

I 
found. 

Larvae. Adults. 

Larvae of A. maculatus or A. karwari 147 954 113*· 
A. ~·ochi .• .. .. .. 39 113 5 
A. rossi .. . . . , . .. 18 61 7 
A. sinensis . . .. .. 19 111 5 
A. aitkeni .. .. . . 6 25 2 
A. tessellatus .. . . .. 2 3. -

I 

• Of -these 113 adults,llU. were . .4. fiJa<;t!_latiUI !lDd 3 A. karwar.. The A. karwan were ob· 
tained from two places on the railway, all the. hatchings _f~o~ the ravines being ·J. • . inaculatus. 
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It is obvious from this table that the dangerous species A. maculatus is by far 
the most preYalent species in this area. 

6. Adult mosquitos caught in houses. 
Fifteen adult mosquitos were caught in houses being: 

A. maculatus 13 
..:1.. rossi 1 
A, aconitus 1 

15 

The predominance of ..:1.. maculatus is again manifest. One of this species r.as 
found to be infected with parasites. The specimen contained two oocysts fully 
ilifl'e~entiated into sporozoites. T~e breeding place of .!, aeon it us was not found; 
but it probably breeds in the same places as the ..:1.. sinensis shown in Table L, 
because these two species are often found together. 

7. Distribution of breeding places. 
The station stands at the summit of a pass in country rery broken up by rarines, 

in fact, the llalay words perhentian tinggi mean "the high stopping place." 

(a). JaGLE. 
There is no jungle in tl1e immediate Yicinity; but the original anopheline 

fauna of the neighbourhood may be studied in the jungle at the 
foot of Gunongt .Angsi and along the Seremban Road. In this 
jungle the following species were found :-..:1.. aitkeni, A. leucos­
phyrus, ..:1.. albotaeniatus rar. montanus and A. 110L'umbrosu.s. 

The first three of these hare been shown to be typieal of hill land 
jungle. {See page 36). 

{b). SEco~J>.!RY Gxowm. 
A part of the raTines is co-rered "ith somewhat spar:;e secondary growth 

and it is from these plaees that the ..t. aitkeni and A .• tes.~ellatus 
shown in Table L were obtained. The places in whieh these species 
WE.'re found are shown by the letters A, B and (' on the aceompanying 
map. The secondary growth was not dense and uniform enough 
to exclude the light-lo,ing spedes .!. maculatus, because this species 
was found in erery ravine. 

{c). OPES Aru:As. 
The greater part of the ('OUntry con:;i!:ib; of open ravines with streams 

and many springs and seepage areas. ..:1.. maculatus was found in 
all the ravines shown on the plan; but the greatest concentration 
of breeding plac'E.'s was found in ranne D almost opposite the station; 
where, in the shallow earth drains and along the foot of the railway 
embankment crossing the ~a,ine, 17 breeding places of ..:1.. maculalus 
{12 L.) were fo\l]ld. The drains in this raYine receiYe the factory 
waste from the Perhentian Tinggi Factory; but the presence ----------------

t The Malay word gunong signifies mountain. 
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of this was not sufficient to elimmate breeding. Along the course 
of the Railway are Yarious cuttings the dangerous nature of which 
has been point~d outt. The chief cuttings are shown on the plan 
as E, F, G and H. Of these cutting F, the one behind the station, 
is the most da11gerous a.s there is a spring of fresh water in which 
A. maculatus L. was found to be breeding extensively. Cutting E 
was breeding A. nwcu.latus in many places, some in the side drain 
of the Railway and others up the bank of the cutting. Cutting G 
was peculiar in that the species found was mainly A. rossi, in­
stead of the usual A. maculatus, and will be dealt with in detail 
later in this report. 1Cutting H was dry at the time of e11amination. 

Of the 200 breeding places examined, 55 were found on the Railway 
and 14:5 in the ravines. The proportion of those breeding 
A. maqula.tus was high and ab~ut equal in th~ two situations, being· 
60% on the Railway and 78.6% in the ravines. This high per­
centage depends on the configuration of the country, and is probably 
the cause of the bad reputation of the place. 

The small muddy pool breeder A. rossi was found in 29% of the placet! 
on the Hailway and only 1.3% of the places in the ravines, whereas 
the small grassy pool breeder A. kochi was found 12.7% on the 
.Railway. ap._d. 22~ .in the ravines. . . · 

-- - . . 
8, Observations on previous arifi:m·a:larial· work.. . 

(a). SUBSOIL DRAINAGE, .· . ·~ ;~~ .... :~ ..• 
In 1912 some subsoil drainage was carried out, namely, the side drains 

of the Railway along cutting G and extending into the neighbour­
ing ravines. The banks of this cutting contain in certain parts a 
kind of fine clay and this caused a most interesting condition. The 

,clay was washed out of the bank and deposited on the surface of 
the. drain sealing the surface and producing stagnant pools of 
water. 

On digging up some of the pipes it was found that the flow of water 
through them was good and that after 6 years use the only effect in 
the pipe was a layer of silt 2 inches deep which did not interfere 
with the flow of water. 

1'he stagnation of water on the surface was due solely to the surface film 
of clay, because on removing a portion of this film so as to expose 
the underlying clean sand, the pools drained so rapidly that a little 
whirlpool was s~n at the cleared spot. Photograph No. 20 shows 
the original condition of a stagnant drain with some of the whitish 
clay oukropping on the Lank of the drain •. Photograph No. 20a 
shows two small holes dug through the layer of clay and the re­
sultant drying up of the drain. Photograph No. 21 shows a small 
stagnant pool in the drain, and Photograph No. 21a shows the re.. 
stil~ of digging .a ho~e through the elay. . . ' 

t See pagea 20 and 221 35 and 42. 
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PHOTOGIUPH Xo. 20. 

Showing a stagnant condition of drain due to a layer of clay on the surface. The origin 
of this clay can be seen on the right bank of the drain. 

PHOTOGRAPH N 0. 20a. 

- : Showing the co~dition of the drain a quarter of an hour after two small holes had been 
duR through th~Jayer of clay; The subsoil pipe was acting well, therefore, .but the-water wa.s 
Jlreventod from reaching it by the impemous surface layer. 
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PHOTOGRAPH Xo. 21. 

Shn\\iiJg 11 Hmall st11gnant pool in which larvae and tmrme of A. rossi were found, 

PHO'l'OGRAl'H No. 2Ja. 

Showing the etfeet of digging a hole through the impervious surface layer of clay de.· 
posite•l iu the drain from the bank, . 
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Although these pools. were breeding places, the water was staghant and 
the species present differed very much from the species found in 
pools in which the water was always being drained away and. 
repla.ced by a new flow of water: The difference is shown in Table 

• ll)n which the findings of 1; breeding places in this clay area. are 
compared with thoRe of the remaining 38 plac·es found along the 
rest of the Railway. 

TABLE M. 

Percentage of Percentage of times 
Species. times found in clay found in the rest of 

area. the railway. 

A. rossi . . .. . . .. 50.0 7.3 

A. kocki •. . . . . .. 19.2 4.9 
.. 

' . . . .. ....... \ . . .. . , .... . .. 
' 

A. sinensis · .. .. .. : .;:;15.4:. 14.6 

A. maculatus . . . . .. 15.4 (L 7.~) 65.9 (L 51.3) 

A. karwari . . .. .. -- 7.3 

It is at once seen that the characteristic species of the stagnant pools is 
A. rossi, whereas the characteristic species of the rest of the rail­
way is the much more dangerous A.. macndatus. 

(b). MmoR FILLING ON P:ERRENTI.A.N TINGGI EsTATE. 

The iower end of ravine J is close to the cooly lines· and hospital of 
Perhentian Tinggi Estate and the Manager, Mr. J. D. McCulloch, 
kindly demonstrated what had been done in 1918 to this ravine. 

Photograph No. 22 shows a new of the ratine looking from the cooly 
lines-,. 
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PROTOOBAPH X 0. 22. 

· Originally the foreground was swamp fed by a stream which entered on the right of 
the photograph. · A channel for this stream. was cut along the hillfoot in the background and 
the stream diverted into this channel by the small bund marked X. 

The swamp was then lerelled and filled in with the spoil from the new 
stream bed. This work was still unfinished and being continued, 
as will be seen from the newly laid patches of sand and gravel in 
the photograph. It is intended to go on filling in this way where~ 
e\'er a patch of wet ground is detected. 

_\ ~;un·ey of this reeently filled area gare 14 places \\ith A. kochi, 1 place 
with A. ross1: and 1 pla.ce with .L ma.ou.Zatus. This fauna is a rery 
characteristic one as A. kochi is a species which likes small open 
grassy pools, indeed the photograph may he taken as illustrating' 
the typk:al habitat of this species. 

In the stream, only one place breeding ,A. macula./ us L. was found; but 
owing to the rainy weather the stream was fairly full with an even 
flow of water. In dry weather more breeding of A. maculatus is 
to !Je expe<·ted, as was found in the stream at Tarentangl, owing to 
the formation of hays, islands, and pools along its eourse. The main 
interr~t of this ~um•y was the finding of three artifieial breeding 
plat·~, namely, empty tins scattered from the cooly lines: In two 
t·ast•s the spN·ief: pre~ent was .!. kochi, and in one A. ma.cula.tu.Y. 
The rarity 'With whic·h anopheline,- are found in artifieial breeding 
pla(·es has J,een emphasis!'d2

, and this heing an example of rapid 
~----~ 

1 See Tarentang Estlte, Malaria Bureau Annual Report 1918, page 6. 
~ See Artificial Breeding places, Malaria Bureau Annual &port 1918, pagQ 4. 
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recent obliteration of natural breeding places suggests that the 
anophelines are being driven into less congenial domestic breeding 
places; but there may be another explanation of the phenomenon. 

(c). OILING, 

Xo oil was encountered during the field work; but in ravine D two dis· 
used drip cans were found. 

(d). ScREENING, 

One room at the Post Office Q\1arlers had wire gauze over the door 
and window. This was effectiYe as far as it went, but was not eX· 
tensive enough as the occupant only used the room for actually 
sleeping in, and the verandahs and living room were unprotected. 

9. Co~clusions and sugg~stions for malaria prevention. 

(a). A. maculatus has been shown to be widely prevalent over the area in 
the streams, springs and seepage areas which abound in country so 
broken up by ravines. The eradication of this species from an 
area so abounding in breeding pla<'es suitable for it would be 
extremely difficult, and it is doubtful whether the expendihtre would 
:be justified in order to protect a labour force of 6 persons. 

(b). Th_e most dangerous places have been shown to be ravine D, and the 
cutting behind the station F. These areas are close to the station 
and the destruction of breec;ling places here might be advisable. 

' ·(c). It has been shown that the surface of the side drains of the Railway in 
cutting G tends to become sealed by a layer of clay with the pro· 
duction of stagnant pools. The remedy is easy, since directly the 
surface film is broken up the water is rapidly removed by the sub­
soil drain. 

(d). In the recently filled ravine J, anophelines were found in no less than 
three empty tins. The rarity with which anophelines are found 
in artificia). containers of water suggests that here it is due to the 
recent destruction of the many natural breeding pla.ces and raises 
the question whether anophelines may not become domesticated by 
this means. There may be, however, quite a different explanation 
of this occurrence for in well drained areas it is extremely rare to 
find the breeding in artificial receptacles, which would occur if the 
first hypothesis were true. 

(e). The protection of a small population, in an area where anopheline era­
dication is considerd to be too costly, depends on the pro>ision of 
efficient screening and whitewashing of the quarters and mediclll 
supenision of the inhabitants. The screening, to be effective, should 
include the whole house, both 'ferandah and li¥ing rooms. ·when 
this is done, the onus of maintaining health by keeping regular 
hours and taking goocl food can be placed upon the indindual. 
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PLANS1 481 71. 
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WATSON, MAL<:'lLM.1 31 371 38. . 
WEATHEB1 18, 811 34, 41, 51, 541 561 571 63, 

69. . 
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