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Introduction.

The main gbject in here reproducing this
paper which was read before the Assam Branch

of the British Medical Association at its Jorhat
Meeting o= March 2nd, 1925, is to publish it
with the illustrations which were gjven by lantern
and to correct a few minor misapprehensions
thereanent which have arisen.

The gubject was the conclusions arrived at
from a mogquito malaria gyyvey Of the tea gup_
dens of Assam which the Endowment Fund of
the School of Tropical Medicine was enabled to
finance by the generous help of the Indian Tea
Association. Further study of the detailed ob-
servations which have oply recently been con-
cluded mgy Of course oplige ws to modify the
opinions expressed here, but in the meantime they
are submitted for = pecessary action."

I wish to repeat here that I owe a great deal
to Lieutenant-Colonel J. W. D. Megaw, i.m.s.,
Director of the School of Tropical Medicine, for
his sympathetic administration of the work under-
taken, and to the officers and members of the
Indian Tea Association for their help in eyery,
way. The work would have been impossible had
it not been for the gcceptance ©f the gpirit of
the scheme by the Medical Officers of the tea
estates, for they placed all information at my
disposal and eyery possible facility for collect-
ing the data which I required.

The Advantages orl a Survey.

While = malaria-prevention campaign Without
= previous survey can indeed be carried out py
employing certain measures which are of general
application, = survey has three advantages,

enabling eme to (1) find out if a pealthy site be
aVailable; (2) localise the area in which pro-

phylactic measures should be taken; and
(3) choose the most gppropriate measures to
deal with the situation. The last item is very
important because some anti-malarial methods not

being of general application might, if tried with-
out knowing what situation is being dealt yith,
cause worse trouble. Take' for instance, open
earth-drainage; one drains a gwgmp and eradi-
cates the species umbrosus, one drains another
and introduces maculatus or fypegtyg. In this

connection Boyd says 21l anopheline mosquitos
are not carriers of the malaria parasites, and

gross variations with regard t° breeding habits
are found gpong the different gpeciegs of ano-
phelines. ?Thus, it often happens that in a mos-
quito-infected district where malaria is occurring,
only = small portion of the total mogquitos are
of the carrier type, and these ngy, have quite
specialised breeding habits, =so that general
measures of mosquito destruction might miss them
altogether. The first essential in gpy district jg,
therefore, te make a critical survey to ascertain

what mosquitos =re carrying the parasite and
what their breeding habits 4re; after which, if

feasible, steps specifically directed gagaingt the
carrier species may be undertaken. To illustrate
the diversity ©f breeding habits the following
instances may be quoted:?Anopheles maculi-
pennis, = well-known carrier, breeds chiefly in
swamps and marshes and does not breed in run-
ning water, so that it can be attacked by draining
the gswamp. Conversely, A- maculatus, which
gave rise to much trouble in the Federated Malay
States, breeds in running water. Other things
being equal, therefore, draining by open drains
(the usual method) would not abolish but rather
encourage the breeding ©f this gpecies. Yet an-
other, A. gtephensi, is almost exclusively = well-
breeder and can only be countered by screening
or oﬂ_lng the responsible wells. It can thus be
seen that haphazard measures are almost bound
to involve a waste of time and popey, and may
even render the last state of affairs worse than
the first Ly taking away conditions under which
harmless mosquitos were breeding and replac-
ing them by others suitable to the propagation of

carrier species" (1924).

On the same subject Sir Ronald Ross at a

meeting of the Royal Society ©f Tropical Medicine

(1924) stated how different species of mosquitos
must be dealt with in different ,,,5  He said

" We must deal with each gpecies om its merits
to which dictum Major Austin agreed, and
Dr. Balfour and Major Austin both were of the
opinion that it was pecessary to make careful
biological investigations before gtarting upon any
anti-malarial campaign. Watson (1924) in this
connection gaid, = Ivet me candidly admit that for
some years we Cleaned yp the ravines in our hill-
land in Malaya making the malaria worse. We
had to gdopt == entirely different method. Let me
remind oy too that in 1901 when the Federated
Malay States Government ggye me the money to
clean ,, Klang, Dr- Braddon applied for money
to clean Seremban, =a town on the main range.
Presumab}y he would have felled jungle and
trained = gtreams, and would have caused a big
outburst of malaria ip, at that tipge, = healthy
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town. Had that occurred I canm imagine the pro-
gress Of malaria prevention in the Federated
Malay States would have been seriously retarded
as it has been in India by the experiment done in
Mian Mir."

The fact that Watson started to preach this
doctrine of the gpecific prevention of malaria in
1911 and that it is still pecessary in 1925 for the
Society of Tropical Medicine to reiterate it seems
rather lamentable.

It will, however, be seen how important it is
to do a preliminary survey. &8 Dr. Murphy of
Sylhet has said very concisely to obtain the most
successful results with the economical

expenditure it 15 necessary that a preliminary
detailed gyrvey Should be carried out."

most

Previous Surveys in Assam.

From time to time other gyuryeys than that
which is the subject of the present paper have
been conducted in Assam. Not all of them have
been in tea_garden tracts, but I have included a
consideration of some of them in this paper be-
of the general similarity of the terrain
described with that of the tea gardens.

These gyurveys have been made at Lumding
Junction by many Mmedical officers in co-operation,
"the report being published by Lieutenant-Colonel
T. C. McCombie Youngl im.s. (1921) ;at Nal-
bari, Kamrup District, reported by Lieutenant-
Colonel 8. R. (Christophers, (1922),
Lieutenant-Colonel McCombie young i.ms., and
and Captain B. S. Challam (1923); at pasighat
by Lieutenant-Colonel McCombie Young, i-m.s.
(1921) ; and lastly, at Doom Dooma by Sir Mal-
colm Watson (1924). A analysis ©of these
reports has been made in conjunction with the
data collected in my gurvey and details will be
noticed below.

cause

im.s.

The Mosquitos of Assam.

Of the 42 known Indian and Malayan ano*
phelines 15 have been found in Assam and of
these g, because of what is known of their acti-
vities elgsewhere, must be on their value
Suspected and will be the only ones considered
here; With regard to seme of the others, however,
= mental reservation might be held pending fur-
ther information.

The six are:?umbrosus, jeyporiensis, aconitus,
funestus* culkifacies, and maculatus.

face

A. umbrosus.

This species was one Of* those responsible for
so much trouble in Malaya before Watson show-
ed how to deal with it. W& now know it is yery
casy to tackle; rough open earth-drainage, even
through the jungle is sufficient to eradicate it.

! . . .
It lives in pools °r swamps I° the jyngle o= in
densely-shaded places, °° that by merely cutting
down the shade one becomes rid of it.

*A. funestns minimus and listoni.
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As it can be so harmfull the question arises
as to the place it takes in the malaria problem
in Assam.

I have caught it in several places in Assam
jungles, £or instance, in the gywampy ground under
jungle mear to Lokra in the Balipara Frontier

Tract, (fig. 1),
it is not to be found in all similar situations.

and I have no reason to suppose

Fig. 1.?Daphla chang in the jungle near Lokra.

But does it do gpy, harm? I ggree with Wat-
son that in gardens which are well cleared such
as in the Doom Dooma district the gpecieg 1is
perhaps of no importance, nevertheless it is Signi_
ficant that of the estates along the Dibru or
similar rivers, which he mentions as 'heing so
malarious, some are Opposite the Dibru Forest
Reserve. The evidence of the seasonal incidence
of malaria in the gardens i also compatible with
this being at least partly due to umbrosus, for
being @ swamp breeder it is probably much in-
creased in numbers during the raing, when malaria
is also more prevalent.

At pasighat which Lieutenant-Colonel Mc-
Combie Young, i.m.s., surveyed’ umbrosus was
not incriminated but I am inclined to think on
reading his description of the terrain that
umbrosus gy have been partly to blame. It
seems to me gignificant that great improvement
in health followed cytting down a belt of jungle
300 yards from the lines.

Then one must note too that at Lumding Junc-
tion where all a_nOphelineS except some breeding
in the bed of a river have been got rid of and
the Spleen_index reduced from about 80 to 30 per
cent., = community ©f sweepers living near the
jungle boundary still have a hjgh malaria-rate
and a gplenic-index of about 90, so Dr. Leitch
tells me.

As a final point I would cite the ill reputation
for fever" that the Nambur Forest has for
officers on tour.

In general I would give my opinion that any
undrained jungle in relation to tea gardens should
be considered gangerous until it has been proved
not to be so.



516 THE INDIAN MEDICAL GAZETTE.

A. MACUIYATUS.

McCombie vYoung 1in his pagighat survey
determined that maculatus was the cause Of pogst,

if not j]], of the trouble. At Lumding, where it
was found breeding in the Sandy bed of the
considerable river the Horn Langpher (fig. 2),

mmt iMU*

Fig. 2.?The gandy bed of Horu Langpher breeding
A. culicifacies and A. maculatus.

it was not incriminated to the same extent by
James, Young, and Fry; and as gubsequent anti-
malarial measures seem to have eradicated the
other Spec]_es one may conclude that maculatusl
which still breeds in the bed of the river, is
probably responsible for the gpleen-index of
about 30 per cent, which persists. I am indebted
to Drs. Weldon and Leitch for ., data.

Challam at Nalbari, in 1920, found no macula-
tus; in 1921, during October and November, =
few; and in 1922, after ppri],
concluded nevertheless that they were not the
source of much malaria, in which view McCombie
Young concurred. On the other hand, maculatus
was one Of the gpecies which Watson considered
to be a dangerous factor in the Doom Dooma
gardens. He found it abundantly in January.

I did not find maculatus myself very often, only
17 times out of a total of 2,774 catches of all
and of those most were found in hill-

some more. He

species,
side streams where one would expect the species;
however, the paycity of my catch is not gyrprig-
ing when one considers the general lack of suit-
able hreeding places for it in most tea gardens.
A. maculatus is eggentially = sStream breeder
(flg 3), or a drain breeder, se that where drains
hold spring-water they may Pe dangerous; it is
not a gwamp breeder. Watson says, &- macula-
tus lives in the purest water, so it is found in hill-
streams, springs at the foot of the hills and banks,
and in bhils. It is never found out in large fllat
pathars (rice-fields) away from hills, but| in
narrow Valleys in the hills, it may be found in the
small p01taJ1s or areas Which are lrrlgated by clean
water. It is hjghly semsitive to pollution, or its
food {5, for even daily washing of clothes at the

[NOV., 1925.

head of a small valley will drive the insect from
the main stream."

With regard te Watson's conclusion that the
Species must be regarded as one of the chief
causes Of malaria in the Doom Dooma gardens,
it must be remembered that he found it in the
months January to March, and as this is not the
malaria season its connection with maculatus must
still be proved. No observer has yet reported
it during the malaria season.

Watson gayg, and I ggree, that the species is to
be found breeding in pools in the beds of big
rivers like the Brahmaputra, but that big rivers
not associated with malaria":
which proves that the mere fact of finding macu-
latus in gpny place is not evidence of ,py connec-

as a rule are

tion with malaria there.

The gpecies having such a liking for seepage
water 1s an additional argument against it being
very prevalent in Assam or cayusing much trouble,

for the land is generally low-lying and there is
not much seepage; what there is will be found

Fig. 3.?Maculatus is a stream-breeder.

where the land is more hilly =s in Cachar (fig. 4).
In such places; it my opinion, it 18 moxe likely
that maculatus is doing harm, although ! found
no direct evidence of it.

A. CULICIPACIES.

This species has been reported in the Nalbari
and in the Lumding survey. At Nalbari it was

found in June breeding scantily in rain pools in
paddy-fields, but not much importance was
ascribed to it. At [ymding it was found by
Weldon in large numbers in a tank as well as in
pools in the bed of the big river and much of
the malaria was pyt down to it Unfortunately
the season during which it was found breeding
was not mentioned.

Watson caught none of the species but in his
conclusions thinks that perhaps it is of some

importance.
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Likewise, during my three months preliminary
survey Of the tea gardens 17 1923, I found none.
However there is no inherent improbability that
culicifacies is a factor in tea-garden malaria.
Watson and I caught none because we tried at
(October te March). The

species 1s a pool breeder like ymbrosus, so it
should be looked for at the advent of the rains

the wrong Season

Sti

iy

lljfrj

Fig. 4.7A. Maculatus will be found where land is more
hilly, as in Cachar.
when the malaria season is starting. It is =
clean water breeder; seepage ©F fresh r'water
pools in the beds of streams or drains in the up-
lands or where subsoil drainage is good are its
natural habitat. It would not be found on low-
]_y]_ng lands like the pathar level, hence a place

like Dibrugarh is not malarious. Drainage eradi-
cates it as it cannot breed in running water.

A. JUYPORI’NSIS.

This species, in the light of our pregent know-
ledge, need not be seriously considered.

I only found it on one occasion in South
Sylhet; Dr. Meek has since sent (from Cachar)
a number of gpecimens caught it August, but as
no one during the previous surveys has reported
it, it cannot be of any great epidemiological
importance.

A. FUNESTUS (minimus) AND A. ACONITUS.

I will deal with these two species together as
they are closely related. It is not usual to find
them on the pathar level; their habitat lies in
streamlets of running water edged Wwith grags,
(figs. 5-7). The larvae have the thorax parti—
cularly well developed, which enables one to
distinguish them from most other apgphelines
with the naked eye. Watson gays they are found
in the clearest water, e.g., i0 the bhils."

McCombie Young in the Lumding survey and
Challam and McCombie Young at Nalbari
decided that in these places funestus was the chief
carrier, while Watson in Doom Dooma con-
cluded that it was of the greatest danger to the
tea gardens; he found it in abundance and of
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adult anophelines caught in houses 45 per cent,
were Of this Speciesl

rasH

jaa

Fig. 5.?Streams breeding A. funestus.

Fig. &.?Streams breeding A- fumestus.

Fig. 7.?Streams breeding A. funestus.
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I found 136 breeding places out of 1,730 during
September to November, 1923, umbrosus being
the next among the malaria carriers with 29.
The gpecies was not found in comparatively mon-
malarious localities.

It is generally agreed then that this is an enemy
of the first importance and this is equivalent to
saying that the streams and irrigating channels

of the rice-fields are culpable (figs. 8, 9).

MmSMé&? vz

Fig. 8.7?The irrigating channel of a rice-field.

Fig. 9.?Rice-fields irrigated by = side channel, which
harboured A. aconitus.
Conclusions Regarding the Relative;
Importance oe the Species.

Of the known malaria carriers which occur in
Assam I have concluded then that fypegtyg and

oconitus, represented im the paddy-fields, are very
dangerous; that probably during the rains culici-
facies breeding in pools ©f pure water is also of
danger; that maculatus breeding in Spring—water
cannot on present €vidence be incriminated with

[Nov., 1925.

doing much harm; that umbrosus lurks in all
undrained jungle which should be viewed with

great suspicion; and that jeyporiensis takes mno
important part in the causation of the disease.

Mosquito Control.

Measures not Dependent upon a Mosquito
Malaria Survey.

On the gubject °f mosquito control ome may

first consider those methods which are not

dependent = = mosquito survey.
Sterilising the blood of the carriers of the

parasite.?The carriers from whom the mosquito
mainly becomes infected are the children, and
every effort, I suggest, should be made to treat
such children with quinine se as to prevent them
infecting the mosquito. A similar principle is
observed in the practice of protecting from
mosquitos 3l persons With parasites in their
blood, for instance, in screened hogpitals o=
segregating the sick. Parasite parades might be
held regularly, emee = week, using Knowles' and
Das Gupta's (1924) excellent thick-film method
for discovering the parasite.

Quinine* unfortunately bas many limitations,
of which the outward symbol is the excessive

malarial incidence of the estates. It is to be
hoped that the chemists will scon discover some-
thing as effective for the malaria p]lgsmodium ==

trypan-blue is for piroplasma canis.
Protection fyonp the bite gf the insect.?For the

European some protection is afforded by the use
of mosquito boots and the Eyuropean in Assam is
to be Congratulated on his general attention to
such matters; but this does not protect Other
parts than the ankles. For this reason, I strongly
recommend the use of mosquito-proofed houses
or at zpy rate proofed dining-room and lounge.
And it is to py mind more important than any-
thing else that clubs should be thus protected.
Nobody who has not lived in = screened house

can gppreciate its comfort (fig. 10). One gbjec-
tion that is often made against it, is that it is

impossibly stifling in the hot weather.  (ertainly
that is so if the gereening is fixed, but if it is
made to' be gpened up from sunrise to sundown,
my experience is that it does not make the air
appreciably hotter.

This measure 15 0f course Only applicable to
the staff of the estates though I wonder if it
would not repay the Companies to giVe their

labour cheap and strong bed nets, starting with
those who would apply for them. We all know

how the cooly will get under a net except for his
feet, but even then his chance of infection is
much lessened (gnd his feet ought to be horny

enough to look after themselves).

General Methods of Mosquito Control
which ark not Dependent on the: Species of
Mosquito Present.

1. Water-tidiness.?When any specieg' breed-
ing-place i " tidied-up = (fig. 11) it is rendered

*1 will deal in another
quinine prophylaxis.

place with the so-called
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Fig. 10.?A mosquito-proofed bungalow.

I

5%

Fig. 11.?Water-tidiness, clean-weeding paddy.

less suitable for the life of the mosquito because
In pools and
ditches of Slowly-running water this implies the
clearing out of as much debris and foreign matter
as possible, also the oiling and burning of all
plant life; in streamlets it implies the keeping of
the banks and edges clear of yegetation o= facing
them with concrete (fig. 12) or gteps, and train-
ing " or deepening the water-channel to such an
extent that plantg ©annot grow.

Water-tidiness has /been the raison d'etre of the
drains p'l.lt in at Lumdlng where the old earth
drains have been lined with a concrete invert
constructed of
enough to carry oft" the normal drainage and the
banks above the drains have been shaped and
smoothed down and curved.

its protection and food is removed.

reinforced concrete and deep
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Fig. 12.?Water-tidiness, concreting the bed of a hill-stream.

For water-tidiness a mosquito gang under an
overseer should be employed.

2. Subsoil  drainage @nd filling.?Subsoil
drainage will not be discussed here as in

" practical politics." An-
other general measure 1§ fillingl but this is
expensive. The tank at Lumding was filled.
The principle is the same as subsoil drainagel
that {5, the is kept underground. In
Orissa I have seen shallow natural pyllghs, which
are prolific breeding-places ©f certain malaria-

rarrying anophelines, filled in by the nat.ives to
level y, the land for rice cyltivation; an instance

of economics and sanitation going hand in hand.

Assam it 1is not

water

Mosquito Control vis-a-vis Certain Species.
There are certain methods of mosquito control

which are dependent o the gpecies present.

! Open earth-drainage.?Open  drainage
imp]_ies the Confining of all masses of water
within reqular channels and a fall provided in
order to enable the water to run gyay. There
are, however, certain situations where such a
scheme is impossible.

Drainage, strange 25 it may seem, does not
appear on the schedule of measures Of general
application." Three of the malaria-carriers ..
valent in Assam, ?A. maculatus, funestus, and
aconitus?are stream breeders, the two latter fast-
stream preeders, so What one does by confining
collections of water into reqular channels is to
increase the pace or flow of the water and there-
fore make it easier for

maculatus, funestus and
aconitus to breed.

Watson in 1911 demonstrated
this; he drained his gyamps, whereupon macula-
tus?which is not a swamp Preeder?obtained a
habitat to its 1iking and malaria was increased by
the measures taken.* And there is no a priori
" Incidentally this example may dispose of the ridi-

culous hypothesis that = gpecies of mosquito driven out of
one type of habitat will establish itself in another.
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reason to gyppoge that what happened'in Malaya
would not happen in Assam, or an even worse
thing because here the gpecies funcstus is so pro-
lific, while it is altogether absent in Malaya. There
is no doubt whatever that it is chiefly in the
drains dug by the native cultivators for irrigating
purposes that fyncstus and aconitus are principal-
ly found.

There is, hOWeVer, the poss]_blllty that the
reduction of the area of water in a bhil may
countervail the factor just mentioned and the
sum-total of fyncstus output might be reduced’
drainage systems are now being used with this
idea by Watson to control maculatus and fyncstus
in the Doom Dooma gardens_

2. 0iling.?This measure might be considered
of general application except for the fact that in
fast_runnj_ng streams the film tends to flow jyay
and collect in midstream so that its influence soon
dies away on the grassy borders where funcstus*
and aconitus are found.

The utility of oiling is really in inverse pro-
portion to the rapidity of exchange of water 1in
any breeding-place whether that exchange 18 due
to surface water running away ©°~ is due to
spring-water.

In streams I feel that the cost of this measure
is out of proportion to the results and if water-
tidiness is resorted to the same results would be
much cheaper.

When one comes to consider the pool breeders
there can be no doubt of the effjcacy of oiling. A.
umbrosus is egsentially = pool breeder, as is culi-
cifacics; se is maculatus if the pool is of gpring-
water.

In all such places oiling
effective, though i® great swamps It 18 impractic-
able and they must be drained first. For ojling
constant supervision is needed and the cost of
the organisation would be high even in Assam ir.
spite of (1) the proximity of the Assam oil-fields
and (2) the digcovery ©f the use of castor-oil
for aiding the spreading qualities. Oiling has
been discarded by the Corporation of Calcutta
because of the human equation. Moreover where
there is any rice cultivation oiling cannot Dbe
used.

Larvacides, which mgy be considered here, are
mostly dangerous and possess »© advantages over
oil. But Balfour recommends for undrainable
soap" manufactured in

would be very

swamps &  Marine

Marseilles.

3. Flooding.?More might be made of this
measure. The practice is to throw a dam across
= valley when the effpct is to create a large body
of deep comparatively still water where gyamps
or running streams existed before (fig. 13).

Danger may ensue at a later gtage when silting
takes place tO SUCH an extent that water plants
may take root, or wWhen there is a mass of certain

floating water plants. Moreover, seepage Pelow
the dam may be a source of danger.

*A. funestus lives at the edge of really fast-running
streams while maculatus lives in little pockets or bays.

[Nov., 1925.

Fig. 13.?"Drowning" a dangerous ravine (Shillong).

At a still later grage the embankment pg,, hold
up = s0lid mass of silt over which the Original
flow is distributed if it is not retained beneath
the surface (fig. 14).

sg&

Fig. 14.?At the bottem of the gteps i6 a bed silt held yp
by = BStonewerk dam:

measure 1is of

4. Jungle-growing.?This
limited application as there is the danger of
umbrosus behind it. In Malaya, in parts of the
country where umbrosus is not found, among the
inland hj]ls, where are situated most of the rubber
estates, it is the best method of preventing
malaria (fig' 15) and it is now, I believe, the
law that a permit must be obtained from the
Health Department" before any jungle is cut.
With regard to the = coastal hills," where umbro-

sus is found, I suggested in =n unpublished
report to the Government of the Federated Malay
States (1916) that the umbrosus and maculafus
danger could both be averted by digging drains
through the jungle, the only alternative peing
subsoil drainage which is yery expensive.
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In Assam I have no reason to gyppose that

the same procedure would not be perfectly effec-
tive, ie,, filling up the "hulas" and " kals" with

Fig. 15.?The best yay of pfevgﬁting mgﬁﬂg
jungle-grewing.

jung]_e after dralnlng them and then neither

umbrosus, Mmaculatus noxr funegtug could breed.

Of course rice cultivation would be precluded by

this measure.

5. Jungle-clearing.?Thig measure should cer-
tainly be resorted to yhere, after the land is clear-
ed, ciilicifacics and funestus will not breed. If
this would take place the health would probably
become worse. Presumably Dibrugarh and ce=-
tain tea gardens o= the so-called pathar level were
malarious when they were under jungle, but they
have been cleared and drained for settlement or
planting and are comparatively healthy.
This is what happened in Malaya where Watson
had such great success with his early efforts in
1901.

That completes the gsummary ©of the
important operations that can be undertaken in =
mosquito-control campaign.

Measures of general application:?

1. Therapy.

2. Protection from the insect.

3. Water-tidiness.

4. Subsoil drainage and filling.

Measures that depend o» the findings of =
mosquito survey:?

1. Open earth-drainage.
Olllng and larvacides.
Flooding.
Jungle-growing.
Jungle-clearing.

Summary.

Reviewing the oplnlons expressed above, one
might  6say that screening houses and egpecially
clubs i very desirable and that an organised
attempt at gterilising the blood of the children
should be made.

now

more

;o W
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While with_ regard to other measures, except in
places on the pathar level' where clearing jungle
should be all that is necessary, ©ne is confronted
by something of = jigsaw puzzle which is compli-
cated py the fact that oiling, jungle_growing and
flooding are incompatible with rice-growing.

If rice-growing need not be considered then
the situation can easily be dealt with by draining
and oiling combined, flooding, °* by jungle-grow-
j_ng combined with draining.

On the other hand, the only preventive measures
compatible with rice cultivation which may Pe

successful are the general (except
subsoil drainage) ; memne of the special measures
given above would be applicable.

The bed-rock alternative jg, therefore, which
is preferable, the rice cultivation and only
perhaps = mitigation of the malarial prevalence,
or the rice given up and = non-malarious labour
force.

measures

I expect many ©Stateé managers wWould
say " let us be content with try]_ng to mitigate our
condition by means of the general methods."
On the other hand, " some dis-

cipline there must be on eyery garden in the
interests of health."

Crawford gays

But the planter must clearly see that if he
wishes to control his malaria either on economic
or humanitarian grounds he has got to interfere
with his rice cultivation.

This rice cultivation seems to be Something
of a fetigh, for in " Castes'and Tribes of India"
published by the Indian Tea Agsociation, one
reads the following passage:?" Facilities for the
acquisition of land have in the pagt been held
out as decided attractions to estates which are
in the pogition to grant holdings,
at a nominal yept, to the permanent labour force.
This factor still, undoubtedly, carries great weight
with potential emigrantsl but at the same time

many Iinstances could be cited, particularly in
Upper Assam where khct land has never been

available, yet labour continues to flock to the

It might be argued that
such concerns are in this fortunate pOSitiOH Owing

either free or

estates in all seasons.

to their gtyropng connections in the recruiting dis-
tricts, but when we consider the favourable eco-
nomic conditions that have obtained in the dis-
tricts quring the last three seasons and the fact
that sirdars of other egtates, having the attraction
of khct land to offer, have also been endeavourlng
to recruit, but with comparatively indifferent
success, we are forced to the conclusion that the
attractiveness of an estate ]igs, not so much in
the offer of material amenities but in a feeling
of confidence and faith in the wanagement, i
brief, the personality °f the Manager."

I have mygelf seen that pany of the gardens
in the Doom Dooma District have no dhan-khet
land and yet the Doom Dooma gardens ™ust

procure coolies, fOr are they mot veritable El
Dorados? The coolies there seem to be content
with patches of aushdhan and vegetable gardens,
not to mention churches and hogpitals with bed
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sheets. I ask whether all gardens cannot get on
as well as the Doom Dooma gardens, and if not
why not?

Doubtless there is no answer, but at the same
time let pe, for the sake of argument, accept the
deep-seated feeling that exists in the matter and

see whether anythj_ng can be done to cope with

the difficulty. The following suggestions might
be made:?

(1) That coolies be given their dhan-khet at
some distance from the lines and the jntervening
land not rice-cultivated, and the lines concentrated
so as to reduce the total non-cultivated area, i
am told tl:hat the coolie likes to see his rice growing
under his very nose, but on the other hand a
prominent planter of the Jorhat District, in
response to a demand from me that the planter
himself should put up suggestions =s to how the
difficulty should be pet, informed me that coolies
would be quite content to have their khets some
distance 5y5y. This view seems borne out by
the fact that coolies will sometimes leave their
khets and bustces for long periods to WOrk on
estates, only returning for the harvest.

If the lines then be concentrated on one side
and dhan-khct parcelled out to the coolies as far
away =2s possible, the intervening area can be
treated to the gpecia]l measures which are neces-
sary, either flooding, jungle-growing, o= draining
and oiling.

(2) If that suggestion be not liked another
to be submitted is based on our knowledge thai
it is the small Judas which are particularly danger-
ous, therefore, I would ask that the cultivation of
small hulas only be given up and if that be not

admitted, that at least the yery dangerous irrigat-
ing channels mg, be dealt with in accordance with

the general principles !aid down, though I =am
afraid the results would be but meagre.

We have now seen Whatever is strong e weak
in the pOSitiOn, if mosquito control is aimed at.
In general, ! do mot agree With Boyd, who has
written:?" The gimplicity of the theory, ie..
mosquito control, is too .of'ten‘ outshone by the
complications encountergdl in ‘lts pra.ctice. The
problem bristles with difficulties which may be
so great as to throw the matter out Of court on
the ground ©of impracticability."

It js, I hold, = fact that the problem, in no
place where there has been = will to gycceed, has
presented j_nsuperable difficulties, the Only real
difficulty having been the finding ©f money.

Non-Mosquito-Controi, Measures.

1. Quinine prophylaxis.?One now
consider whether “that famous prophylactic
measure?quinine administration?would be pre-
ferable, i.., quinine given to the whole labour
force to prevent their becoming infected by

mosquitos. The problem has been analysed by
Dr. Hermitte in an address to the Assam branch

of the British Medical Association. He
to the conclusion that quinine prophylaxis is
efficacious and recommended tyn doses = night
to ensure perfect results as quin_ine is excreted

must
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8 hours after its ingestion but that only
one dose would do a lot of good. On the other
hand Dr. Forsyth in his carefully-controlled ex-
periment at Kacharigaon found that with such a
system as one would use in Ordinary practice it
produced =e good results.

Hermitte did not mention the very carefully
conducted experiments conducted by army officers
at Salonika during the war. I think that ir
British army officers with highly disciplined
troops under waxr conditions came to an adverse
conclusion in the patter, their opinion should be
regarded as final. Watson's opinion is that for
prophylaxis no amount of quinine is of any avail
to gtamp out the disease. Malaria will not be
eradicated unless medicine vastly
effective than quinine is discovered or mosquitos
are destroyed.

In general, therefore, it ;may be concluded that
quinine prophylaxis offer sufficient
inducement to us to use it rather than mosquito
control.

some more

does not

2. Site selection.?Site selection is an import-
ant rival to mosquito control, but it is expensive,
It requires a careful malaria and mosquito survey
and a careful calculation as to whether the cost
of moving houses, lines, etc., to a mew site would
be less than mosquj_to control measures. Certain-
ly' howeverl when new habitations are being built
one should choose the site most carefully and
the medical officer should be the first and last
man, consulted.

Summary.

When comparing the possibilities ©f mosquito
control measures with gthers, one may Summarise
therefore that, except for site gelection, mosquito
control is best. Bassett Smith thinks that the
method of destroying the mosquito carrier is
evidently = practicable eme but that it demands =
large amount Of ¢go-operation o= the part of
those whose land is concerned. With intense
Watson, however,

states moxre forcibly that pothing Put mosquito
control can giye the desired results.

optimism much can be done.

Accessory Measures.

There are certain measures which are quite
ineffective in themselves as anti-malarial agencies,
but which nevertheless are very important in the
general campaign.

1. Education and propaganda.?Education
and propaganda amongst the directors, the share-
holders and the coolies 1is required.

The cooly, I believe, on some gardens is treated
to a cinema show and perhaps he could be © got
at" in this way by suitable propaganda.

As for the managers and directors, they have
only to be shown reggonably and lucidly what
has been accomplj_shed elsewhere to be ready to
furnish the sinews of war. In fact they seem
to want ygually very poor arguments t° persuade
them to pay yp. They are, ©f course, nervous
lest experiments should be conducted and

costly failures,

prove
for unfortunately money spent
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on the prevention of malaria has not always been
repaid. One way Of reassuring them would be,
I think, for the Assam branch of the British
Medical Association to proceed by resolution from
time on agreed_upon measures which
may be confidently recommended to the pyplic.
One resolution for instance might be that in the
future lay-out of a garden the medical officer
should be consulted; the present lay-out of some
gardens showing the necessity for such a pro-

time to

posal. I am sure the directorates would feel
that such a proceeding protects them from
faddists. I could cite an instance myself/ of

how the executive in Malaya was let down py a
highly placed medical officer who thinking, qua
the lady-novelists, that mangrove forest was

deadly got money £OT cutting it down. He acted
in quite good faith, but we now know that such

a measure converts a healthy place into an un-
healthy one.

We therefore have to educate the people who
provide the money. Watson has said that most
of his life he had spent in fighting the men who
were preventing him from fighting the mosquito.

I am very glad to see that Something more than
virtue has now been his reward.

It now therefore gnly remains for the directors
to vote a large sum of money for propaganda
among Cthemselves.

2. Financing anti-malarial measures.?I am
very strongly ©of the opinion, which I see

has also been expressed by Watson, that the
cost of anti-malarial work should not effect the

commission of the staff of an estate. If it is
made to do go, the practice will act like a dead
weight o= all the efforts of those who are trying
to do some good_

3. Technical education of the Doctor Babu.?
I think it is an excellent idea that prompts
Dr. Hermitte with the sanction of his directors,
Messrs. Williamson, Magor & Co., Ltd., to send
his doctor babus in a never-ending stream to the
School of Tropical Medicine in Calcutta. Every
doctor babu gught to have a microscope and know
how to wuse it. If he went to the School of
Tropical Medicine he would learn microscopical
technique and how to jdentify mosquitos and
parasites.

The school short course is admirably adapt-
ed to meet the needs of the tea estates doctor
babus; and I am sure that the Director will giVE
the fullest consideration to gpy suggestions which
may be made by the Assam branch of the British
Medical Association for mgking it even more
suitable.

4. Research.?This necessity be
largely left to institutions equipped for the pur-
pose. One research suggested above was the
100kiIlg for chemical compounds which would
be better than quinine for clearing the blood of
the parasite. The School of Tropical Medicine
fulfils such o function and as it is largely depend_
ent on public contributions, it is to be hoped that
these will not be stinted.

must of
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Conclusion.

I have now gyrveyed the main points in the
malaria problem in the Assam tea gardens and
T hope ! may have carried the reader with me in
my argument.

If we are agreed, it is not likely that the planter
will lag behind.
to be the procuring ©f sufficient labour. As
Crawfo?fd says, TO get, and still more to keep,
labour 1is becoming yearly a more and more vital
factor." Tea has to compete with the industrial
and also with plantations in  other
countries?Ceylon, Malaya, ete- In the competi-
tion Crawford says The comparative attrac-
tion of particular estates will exercise an increas-

ing (influence o= t"he labour gupply "; the healEhi—
ness Of a place where the water is gOOd is

undoubtedly such an attraction. I have pyself
seen hOW 54, it has been for the heglthy rubber
plantations in the Federated Maglay States to
obtain coolies as Compared with the unhealthy
estates. While coolies on the heglthy coast land
were getting from 24 to 30 cents a days those in
the malarious yplands took 60 to 80 cents.

His chief problem now seems

concerns

Countries like Malaya and (eylon, have cer-
tainly paid mexre attention to sanitation than has
India in general, so they have obtained a lead in
the race which should now be reduced by Assam.
It does seem lamentable that a gquarter Of a cen-
tury after Watson started his work in Malayan
plantations that a start has only jU.St been made in
Assam. All the more credit to the Associated
Doom Dooma Companies and to Messrs. Duncan
Bros, for heing the first to make a move.

A development ©of the labour situation has come

about during = generation ©f planting in that it is
that a sufficient labour force

now seen

may
perhaps be brought up ©on an estate. There
is a growing labour force of 1,000 children,
aged from 2 to 10 years, on Alinugger
Estate in gylhet,  But this is a heglthy
estate and I doubt whether that would be poq-

sible in a highly malarious locality. As Watson
says, " Quite apart from the sickness among the
men, theé women are concerned with the sickness
and loss of their children, and where the greatest
primal instinct?the maternal instinct?is thwart-
ed, there can be no rest or gtahility among =
people. Loss of, and sickness gmongst, children
unsettle the women; they blame the ywater, the
food, the air, ghosts, spirits and other more or
less real or imaginary causes. They instinctively
seek to flee from the place, and what the woman
thinks to_day, the man thinks to-morrow. They
hear rumours and reports Of healthier places and
better pay, and as Mr. Ramsden told pme, coolies
leave here to seek employment elsewhere, but few
or none come yp here from lower down the valley.
On the other hapnd, if her children are well and
healthy a woman is generally loath to move, as
she fears for her children in a strange place.n

I conclude by saying myself that the motto
for the combat should be
children."

save the women and
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