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Introduction.

Early in 1922 the writer had the honour to
be invited bY H. H. the Sardesai Maharaj ©of sa-
wantwadi with the sanction of the Bombay Gov-
ernment to conduct an enquiry into the great pre-
valence of malaria in his State: the result of
which investigation is here recorded.

For Western India the enquiry- broke new
ground and was therefore the more interesting,
an interest which the prevailing physical conditions
enhanced. In Sawantwadi State, however, the
presence ©f malaria had been noted py non-medi-
cal observers ]ong ago, for in their interesting

Memoir of the Sawant-Waree State," published
in Selections from the Records of the Bombay
Government, 1855, Mr. W. Courtney and Major
Auld wrote: The diseases which have been most
prevalent in this country for the last fourteen years
have been fevers of the remitting and intermit-
ting types," while the medical observations for
Western India, excluding any i Bombay City,
have been reported in the Proceedings ©f the 3rd

All-India Sanitary Conference in a gypplement
to the Indian Journal of Medical Regearch, 1914-

Froilano de Mello wrote of malaria in Goa, des-
cribing the administrative  Jifficulties, and =e-
counted future programmes ©f sanitation, but
scarcely touched ypon the epidemiology of the
subject: while Majoribanks reported the condi-
tions on Salsette Island and came to the conclusion
that a proximity teo hills, where a spleen index
of over 50 per cent, was ugual, was the most
important factor. On the coastal flats the index
was often nil.*

Physical Conditions.?The gtate, with an area
of about 1,000 gquare miles, lies almost wholly in
the Bombay Konkan. A small tract of it however,
yith an gyerage altitude of some 2,500 ft. lies

above-ghat," in the Deccan, as a marwrow strip,
which runs parallel to the edge of the ghat and
includes the delightful hill station of Amboli.

To the South the State is bounded by Portu-
guese-Goanese territory; to the West by = very
narrow strip of British Indian territory or waters
which wash the once important harbour of Ven-
qurla, t° the North by the British Indian district
of Ratnagiri; to the East by the Maharatta Kalha-
pur State and the British district of Belgaum.

Nearly the whole state is gently undulating o=
Sllghtly hllly, in some regions of course being
more broken than in others; but the ghat with its
buttresses holding up the Deccan partakes ©f =
mountainous character. The agricultural indus-

* 1t is understood that Mhaskar has made a gubsequent
contribution to the gtudy of malaria epidemiology in
Western India in a paper on the disease in Kanara
District, in a voluminous report to the Government of
Bombay which has not been published.
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tries of the State centre around paddy-cultivation;
in some places a winter crop being taken by
means Of irrigation in addition to the usual crop.
The cultivation in the hillier partg is restricted to
the terraced neighbourhood ©of the nullahs,
whereas the whole of the gently undulating lands
is covered by the fields. Excluding the patches
of cultivation, the forest holds sway; and from
it good teak and other woods are obtained.

The climate above-ghat even in the hot months
of ppril and May i§ very pleasant, while at
Christmas it is delightfully cold. On the other
hand pelow-ghat the humidity and enervating
nature of the air is yeyry trying.

Except in o few small bazars and in Sawant-
wadi town the people do not live in dense aggre-
gations; their houses are discrete and each set in
its own small holding of land, so that their con-
dition is exactly comparable to that of a parish
in England.

Preliminary Enquiry.?At the outset of the
enquiry the writer found that malaria had become
a serious menmace at yery definite dates in certain
localities; for instance Narur at some time be-
1860-70, Amberi 1870, Mangaon 1918,
Sawantwadi town 1919, Insuli 1921. The popular
opinion With regard to these outbreaks implied
that the vyillages were previously sterile and by
mischance had become infected from without,
and there was a fear that places considered now
sterile also might become infected.

Now although there can be no doubt that at
these dates in these localities malaria started to
assume alarming proportions; for the census
returns, as also the abandonment of the villages
and cessation of cultivation of lands proved it,
yet proofs equally exist that infection was present
previous te the epidemics, which, by their viru-
lence, have left such a mark ypon the popular
imagination. This is an important point; these
virulent epidemics do not need the explanation of
a mischance infection from without, even if such
an explanation Pe sound. They sprouted from
the seed sown before, perhaps long before in the
place. For instance Sawantwadi town was
supposed to have become infected in 1919 from a
neighbouring village Kolgaon, ©but Courtney and
Auld, as already stated, noted its infection in
1855, and the Municipal Secretary informed the
writer that 25 years ago at least and as 1ong as
he can remember in his long and official asso-
ciation with the town, some few cases of fever
have always occurred. Add to this that in
1917-18, 84 deaths from fever were reported,
and in 1918-19, 381, and the reader may be sure
that even granting the fact that influenza raged
in 1918-19, = large number of these deaths were
due to malaria.

tween

With regard te places considered to be at pre-
sent gterile, and in which it was feared that infec-
tion might supervene, such were found to be not
uninfected. Banda, Ajgaon, Nerur, Kudal,
Danoli, each gayve = positive malaria gpleen-index
in the children; proof that public opinion as to the
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previous sterility of places which have suffered
severely cannot be relied on gpy more than it can
in these 1instances. Is it likely indeed that
places such as Amboli, Xudal, and Banda,
all chief towns in the State lying o=
main roads, should have remained uninfect-
ed, while on the contrary little villages o=
country footpaths are severely infected, because
infection has by good chance not come to the
former but by mischance has come to the latter?
ROSS moreover in laying down, in his Preven-
tion of Malaria, the following demonstrable pro-
position ~ Whatever the original number of
malaria cases in a locality may have peen, the
ultimate endemic malaria rate will tend to settle
down to a fixed figure directly refutes
arguments Such as those advanced to prove
that infection from without of yillages in Sawant-
wadi State has been a matter of any importance'
It was obvious then that some other reason
existed for the yery variable and eccentric inci-
dence of malaria in the gtate, and the problem
before the writer was to determine the factors
on which the variable endemicity is dependent'
Methods . ?For the purpose ©°f the enquiry the

State was divided into three characteristic divi-
sions : =

L. The glightly undulating land, comprising
the valleys of the biggest rivers.

2. The mountainous ridges
Deccan.

3. The broken hilly country distinct
these gpurs.

spurring the
from

Besides these tracts two others of rather ano-
malous nature were examined. They will be
considered under the " Anomalous
Tracts."

heading

In each of these divisions the splenic indices
were taken and the depopulation record of certain
villages == compiled by Mr. Gawan Taylor, i.c.s.,
was regarded =s confirmatory evidence of high
malarial endemj_cj_ty; sometimes the school atten-
dance registers were consulted with the
object; a malaria map kept by H. H. the Sardesai
Maharaj was very useful in indicating from what
regions reports Of severe or glight malaria had
come, and fj_na]_]_y a collateral enquiry was con-

ducted into the prevailing mosquito fauna.

same

Results.

I The glightly undulating country, ©= valleys

of the biggest rivers.

Endemicity.?Under this division is included
the strip of land above-ghat at about 2,500 ft.
above sea-level. Here the sub-assistant gyrgeon-
in-charge informed the writer that malaria 1in
the villages did not seem to be of much import-

ance. The population incidence in Amboli was
as follows:?

1s81 1891 1901 1911 1921

Year.

1,146 1,785 1,371 T'ul 1,6 4
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while the splenic indices taken were

No. of

Village. Population. children Si%}ieeilc
examined. .
Aniboli 1,644 150 8 per cent.
Gele 532 P s

Below-ghat in the region around Banda the
basin of the Terekhol River ,pong out consider-
ably into a wide and very gently undulating plain,
which extends north-east for about six miles;
here Banda town was visited, and the gplenjc index
in 109 children was 5 per cent.

Another region it this section is the basin of
the Talauda River. The malaria map Mentioned
above showed it to be free from malaria: but
Talauda village was found to have a splenic index
of 21 ey cent. (101 children), while Hodauda,
another small yillage 2 short way from Talauda,
showed in its popu]_atj_on returns no evidence of
malaria.

In the countryside @Pout the Lower Karli, = big
river, but little malaria was betrayed by the mala-

ria map . The Splenic indices were as follows : =
Kudal 15 per cent. 130 children examined.
Zarap 5 25
Salgaon 0 o 23

In addition to the above eyamples the following
cases, wWhich should not strictly come for consi-
deration into this section, may be mentioned.
Satuli, = village me=r the foot of the ghat, was
found to be very malarious, though Devsu, some-
what further away o= flatter ground, was not so
malarious. Sangeli » rather extensive yi]lage was
much healthier in the parts nearer the river than
those near the fc:ot of the hilllS; Kalambist gmong
many Surrounding badly-infected places was
comparatively free from malaria: it ]gy "more
on the flat land ": Ghaonal at the toe of the Narur
hills was not so malarious as the villages among
the hills ; while the hamlets of Insuli yi]]age, which
lay at the foot of Insuli ghat, were yery severely
infected, those on the contrary lying further down
on the flat land toward Banda being ’ quj_te
healthy." But most gtriking of all was Mangaon,
where the bazar, comparatively densely crowded,
which lay in the centre of a wide flat area surround-
ed by hills was fairly healthy, though the children
living in the houses along the foot of the hills
were yery highly infected.

All these observations establish the fact that
the flat or undulating lands of the gtate, whether
they Pe above-ghat o= in the Konkan, are com-
paratively healthy.

The mosquitoes found in these tracts.?Paddy
is extensively grown o= these yndulating lands;
while the nullahs of relatively big rivers, some-
times through tributaries which pursue & tortuous
course over the land, take the drainage of the

fields. The fields are but seldom summer-cropped;
after the winter .yop is harvested they are dried
off, so that during the hot months the only water
to he found o112 the land is in the river beds, or
perhaps in the tributary nullahs, in innumerable
small surface wells from which stock is watered,
o1+ in deep wells, from which man's requirements
are satisfied.

During the rains the nullahs are seething tor-
rents, but during the dry weather small pools
dammed ,p Ly silt or debris are left ac the sides
of the river beds. These pools were found to
harbour the natural carrier culicifacics, == also
the slight carrier fuliginosus, a= well as rossi and
vagus; the presence Of yagus 1n these tracts is
interesting as it has previously been taken to be a
more eastern gpecies; however there was no doubt
about its occurrence for adult specimens were
hatched out from larvae with posterior clypeal
hairs set close together, which is diagnostic of
this specieS. A summer crop of paddy is taken
very Often from the beds of the nullahs above-
ghat, and at times Iin the fields jamcsi and culici-
facics were found in ]Jarge numbers.

In the tributary nullahs, which have carved a
tortuous course over the land a gOOd deal of scour
takes place during the rains, and afterwards when
the water decreases weeds spring up, and ano-
pheline breeding pools are formed. In such
situations jamcsi, vagus and rossi were found,
whether the bed of the nullah was rocky or
earthy.

The writer's visit did not correspond with the
cultivation of the winter-paddy, but it seems likely
that its mosquito fauna would be identical with
that which he found in the fields of the gparse

summex crops, These gpecies were :?punctulata
(one specimen), jamcsi, barbirostris, rossi, vagus
and cylicifacics.

A large number of larvae were identified as of
either barbirostris or sinensis* but not a gingle
specimen of the latter species was hatched out at
any time, a most gtriking difference from that
obtaining in more eastern paddy fields.

In the shallow wells for watering stock the
mosquitoes found were yagus, rossi, fuliginosus,
barbirostris, jamcsil none of them a potent carrier.

The mosquito survey then in this section bears
out the conclusion reached in the endemicity
survey that the glightly undulating regions of the
State, whether ghove-ghat o= in the Konkan, suffer
but yery slightly from malaria; the mosqtiitos here,
with the exception ©f culicifacics are not serious
carriers: here and there (ylicifacies occurred
in fair numbers while jamesi and fuliginosus, both
slight carriers, were taken in enowrmous quantities
in some Of the paddy fields. Nevertheless the
conditions of village life seem to be such that a
fair prevalence of a gpecies which is a bad carrier

or a great prevalence of a slight carrier does not

This species is mow correctly named hyrcancus, Put
it is better known as sinensis. In the larval stage it 18

indistinguishable from barbirostris.
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produce generally mewre than a yery, low endemic
index.

2. The mountainous ridges spurring the
Dcccecin and the Villages along the ghat_

Endemicity.?The ghat forms a bastion some
2,000 ft. in height, the Deccan at its gymmit, the
Konkan at its foot. Within the limits of the
State it is gpurred by twe gigantic buttresses,
which gy be termed the Narur Massif, and the
Mangaon-Mansantosh Ridge ; each of which

was the object ©of investigation.
(a) The Narur Massif.?This region it is

that has suffered so severely during the last gepe-
ration and in it malaria has probably been endemic

for sges; but the epidemics which have produced
such alarm date from the decade 1860-70.
The malaria pmgp shows that almost without ex-
ception the villages here have suffered geverely;
the  depopulation having been considerable
(Gawan Taylor) as the following table shows:?

1881 1891 1911 1921
Gotos* 1105 830 640 406
Nawaji 618 562 388 213
Wados 366 297 247 145
Tulsolit. Narur 533 490 349 210

(?6) The Mangaon-Mansantosh Ridge.?This
ridge is a long spur with subsidiary spurs about
30 miles along its main axis. It is comparatively
narrow and gteep, and its elevation is gradual
from its toe to the level of the Deccan. To the
south it is pot-hook shaped, and the bend of the
hook embraces the site of the capital town Sawant-
wadi.

The vyillages along the ridge are very severely
affected, though those which have lands approxi-

mating te the larger streams in the bounding
Valleys are not so unhealthy: moreover those which
lie hlgher up °n the ridge’ or toward the hlgher
end of the ridge are not so badly hit. The mala-
ria map bears out these general statements vyery
well: the pap shows yery strikingly that the
villages high up on the ridge, or om the ghat at
the Deccan end are marked as only slightly-
affected.f

The following figures give examples ©of depo-
pulation 11 yillages o= the ridge:?

1881 1891 1901 1911 1921
Kaleli 951 1,000 819 494
Kurkcri 1,565 1,704 1,257

The gplenic indices of the following villages
were taken with the result shown.

Akeri 97/.
Pediya 60%
Mangaon 64%
Mazgaon 51%
IColgaon} ..97%
Sawantwadi & en-

virons. 85%
Chr. rathe 63%
Insuli 64%
Dobachichal t. Insuli 91%

The mosquitoes prevalent in these tracts.?The
species of anopheline in the ravines which course

Gotos in 1861 had a population of over 1,600.
fThis remark applies also to the villages of the
Narur Massif.
t Here Dr. Kulkarni, assistant to the enquiry, found
in a boy a case of transposition of the viscera.
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down the sides of these hills which one would
expect to find more than any Other is maculatus,
the bad malaria carrier. And indeed it was
discovered in all such gityations; for example in
the rocky nullahs on Narendra Hill behind
Sawantwadi town.** Where however such
nullahs were dengely shaded by foliage leucos-
phyrus was found, while in gprings or swamps ©f
water at the hill-foot, rather below the maculatus
range, the gpecies theobaldi which is stated to be
a carrier, was very prevalent. Sometimes among
much aquatic vegetation theobaldi was associated
with fuliginosus and jamesi o= where the water
was fouler or muddier with yagug and rossi.

In the paddy fields at the foot of the hills and
in the little ya]leys between the hills, the writer
unfortunately had ne gpportunity ©f making any
observations before the land was dried off; where-

as some potent carrier have been found in

may
those situations. In one place, = few gpecimens
of the reputed carrier karwari were captured
in a swampy grass-grown ravine where the con-
ditions much resembled those of paddy cultiva-
tion, which indicates that during the wet seasen
this gpecies may Pe more commonly found in the
paddy. Besides this finding a few patches of
irrigated paddy harboured punctulata, barbiro-
stris, jamesi, rossi, vagus and fuliginosus, o= the

same fauna as in paddy on the gently undulating
lands.

It is permissible here to introduce = comparison
with another coyntry, Malaya, where the mosquito
fauna is Indian in type. In the paddy fields
there gmong the hills the variety °f minimus,
named gconitus, = bad carrier, delights parti-
cular]_y in  the swift I‘Lll’ll’lil’lg water of the
irrigation Channels; its occurrence therefore in
these Indian paddy fields is not improbable.
However in the course of the enquiry only
two irrigating channels which were being used
were encountered and galthough very carefully
searched, yielded =o other gpecies than jamesi.

In the shallow surface wells at the edge of
all paddy fields are found fuliginosus, bar-
birostris, vagus, and rossi; in pukka wells of
which a yery large number were diligently
examined, only two contained anophelines
(fuliginosus, vagus].

Where the hill streams have debouched on
to flatter or less hilly country °v have dis-
charged their waters into rocky streams run-
ning through the main yalleys which bound
the Deccan gpurs, the mosquito fauna changes
its character. Except rarely =e maculatus is
found; but swarms of cylicifacies, r0ssi, vagus,
fuliginosus, barbirostris; en ome occasion the
variety aconitus. During the rains  these
water courses must be raging torrents, and

probably nothing living therein survives; but
after the rains the scour of the gpate has left

most attractive ganopheline breeding places;

* This species associated with a protanopheles, at
present unidentified, was also taken above-ghat in the
rocky nullahs of the low hills.
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the danger of which must be considered most
carefully.

To these streams with their swarms of
culicifacies or to what other factor is the yery
high endemicity °f these tracts due? Are the
hill nullahs responsible, ©r the paddy fields, o=
the ,pen surface wells, or a combination of
them?

The streams may indeed hold cylicifacics in
large numbers, but the spleniC indices shew
that proximity to them is not so dangerous as
in the hills where maculatus lives.

The paddy fields probably are not a consider-
able cause of trouble; any more than they are on
the flatter lands of the State, for three reasons:=

(1) The malaria season lasts from October
to about January in all parts of the State. At
this season the paddy fields have been dried off
after harvesting, so that paddy-anophelines
are not so prevalent, and would cause less
malaria, not more.

(2) The variety aconitus which would prob-
ably be the chief culprit is a variety which

lives chiefly in the irrigating channels; but
when the malaria season starts the irrj_gatj_ng

channels are empty.

(3) The mosquitoes Which were cgught 1in
the off-season in a few blocks of irrigated
paddy werxe all only slight carriers, if carriers
at all; and it 1s not likely barring aconitus,
that in the malaria season the ymogquito fauna
would be different.

As for other poggible factors in the terrain
the evidence of endemicity i unequivocal that
the hills and not the flatter land harbour the
source of malaria, and as in the hills gyery-
where the bad carrier maculatus was found,
presumably this is the main cause of the
trouble.

3. The broken hilly country distinct fyom the
Deccan gpyrs.

Endemicity.?To the south-west, and to the
west of the State are tracts of hi]ly land which
are geparated by low-lying land from the
spurs buttressing the Deccan for instance the
hilly land to the south-west is nowhere con-
nected with the Mangaon-Mansantosh Ridge
by land more than 160 ft. above sea-level. To
thé south-west, taking the orientations in
order, the country Das the repytation of being
malaria free, the malaria psp showing only
one yillage == slightly malarious (gherle),
while at Madura the spleen-index of the chil-
dren was found to be 0 o, cent. In the
western blo(ljlk, so Mr. Gawan Taylor informed
the writer, the mOst g5tounding increases of
population have taken place in recent years";
and on the malaria map neo place is marked
as malarial. The gpleen-indices there axe:-=
Math 8 per cent., NETUT 4 oo cent., Nerurpur
12 per cent., and Sathe Awath 0 per cent.

The Anophelines of this section.?These
tracts in their physical features are charac-
terised mainly by rice-field terraces on the
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hill sides as well as on the flatter expanses
of country; nullahs running up into the hills
and nullahs through the flatter country.

In only eme hill side nullah was a spring of
water found and in its weedy pool fuliginosus
and jamesi were taken. Probably at certain
seasons in such situations maculatus would
also be found, but as the splenic indices shew,
this gpecies is here not . serious thing. In
some nullahs on flatter ground theobaldi, rossi,
jamesi were captured.

From the rice fijelds, which were for the
most part dry, only jamesi was taken, in an
irrigating channel. Probably the paddy
mosquito fauna in general is the same as that

found on the undulating tracts already des-
cribed.

Special mention gy, be made of a tank at
Nerurpur artificially formed between some
hills. In this tank fyliginosus and jafncsi were
found in large numbers, and such a prolific
breeding place is likely to cause trouble Ly
sheer weight of numbers , which may account
for the fact that here the splenic index was
higher than elsewhere.

Such malaria therefore as occurs in this
division is to be ascribed to gpecies which are
not serious carriers or perhaps to serious
carriers, e.g., maculatus, Which are not present
in considerable numbers.

4. Anomalous Tracts.

Reference must now be made shortly to the
two somewhat anomalous tracts, lying in the
south-eastern and northern corners of the
State. Each 1is of a broken hilly nature,
though unlike the conditions in the hj_l]_y tracts
described above, malaria incidence in them
does not assume a uniform character.

The south-eastern tract is reputed healthy,
and on the palaria-map =e village in it is
marked as mglarious, while Mr. Gawan Taylor
who provides the following population returns,
concluded that vyillages in its eastern (Banda)
patha had suffered less than gpy in the State:??

1881 1901 1921
Talkot 337 492 497
Degwe 665 783 742
Kalne 407 423 388
Khadpade 78 76 47
Fukeri 215 219 211
Kotgar 543 542 590
Asniye e 349 339 369
Parpoli "shows a bin- increase of

population."

However on yigiting such villages the
following splenic indices were Obtained:?

Dhanoli* 73% Digne 0% (10 children)
Satuli = 50% Degwe 27%
Kesari 95% Mokgaon 28%
Wafoli 21% Tamboli - 5% (1-20, in =

boy who frequently
went to a malaricus

town.)

*

Mr. Gawan Taylor says that its population has been
stationary for 30 years, = rather remarkable thing with
such a high endemic index.
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Of these places Dhanoli and Satuli He de-
finitely at the foot of the Deccan Ghat, while
Kesari ‘1? situated at the top °f a spur of the ghat
which is yery well seen from Amboli at
2,300 ft. so that they are analogous to those
described above in section 2. The other
villages in the tract with lower splenic indices
probably correspond to those in " the broken
hilly tracts distinct from the Deccan spurs";
for as far as the writer could see they were
separated by low-lying land from the ghat o=

ghat spurs.
The Northern tract ppears to be compar-

able to the South-Eastern. It comprises a
block of hilly land some of which definitely
buttresses the ghat and some consists of dis-
crete hills. For instance the only malarious
villages in the block occur on the Kalsuli

ridge, 2 spur of the Deccan, Wwhereas away
from it malaria is not prevalent.

Conclusion.

In the main the observations above recount-
ed have proved that (1) the glightly undulating
land of the State is only slightly malarious;
(2) the villages lying along the gpurs ©f the
Deccan Ghat are intensely malarious ;x (3)
those lying in broken hilly ground distinct
from the ghat axe only very slightly malari-
ous .

Now between the incidence of the disease on
plain and hill ene pight expect to find some
difference, but here is a distinction as between
two sets of hills, those connected and those
not connected with the ghat, although te all
appearance the condition of each is the same,
with their little patches of paddy and rocky
hill-streams coursing down the sides of well-
wooded hills.

For an explanation ©f this paradox the
writer must confess that he can only hazard
a suggestion_ malaria zone lles
along the gpurs of the Deccan; and these have
above them the whole preggure Of the subsoil
water of this region: the consequence being
that the filtrate geepg out all glong the foot-
hills ; and admirable breeding-places for ano-
phelines and particularly for the evil carrier
maculatus arise. The water which gprings
into the well on the top of Narendra Hill
behind Sawantwadi probably fell as
rain on the Deccan.

On the other hand the broken pjlly tracts to
the west have lying above them no such filter-
bed from which the hill-foot gprings replenish
themselves: for instance the broken hilly
country to the south-west is connected with
the rest of the State py land only 160 ft. above
sea-level: consequently nowhere these

The virulent

town,

among

* It must be noted that this observation in 110 way
corresponds with Marjoribanks' finding in Salsette
Island, where an isolated range of hills rising to 1,500 ft.
distinct from the Deccan proved very malarious at the
hill-foot.
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hills can there be a head of water derived from
the Deccan plateau of more than 160 ft,, and
so yery little spring water can arise there.

These tracts depend entirely on the local
rainfall, and in this way 2 further reason for
the different phenomena in the two =zones
exists, in that the rainfall in the western hilly
tracts is much less than it is near the ghat and
the Deccan gpurs, and fewer breeding places
of surface water are provided. The explana-
tion put forward then is simply hydro-dyna-
mical.

For the rest, evidence to show that the
species maculatus breeding in the springs of
the hills is the chief cause of malaria in the
State has been gubmitted, and this leads the
writer to attempt t°© explain the fact that at
very definite dates in certain localities malaria
began to assume alarming proportions, that
these epidemics have never abated, and have
led to great depopulation of the affected areas.

These events were due possibly to the intro-
duction of the gpecies maculatus which —pre.
viously had not been pregent, ©r else owing to
conditions for its life becoming mere favour-
able, it may have increased enormously in
numbers. What natural enemies of macula-
tus might have affected the situation is ot
known; but a factor connected with the re-
action of this species to plant_life Supplies a
sufficient and it is to be hoped = true explana-
tion.

In 1916 the writer submitted a paper to the
Federal Council of the Federated Malay
States by order of H. E. the High Com-
missioner in which it was pointed out that
jungle growth is absolutely inimical to the
growth of maculatus, and in that country this
circumstance has led to a regular campaign
with magnificent results to keep the swamps,
streams and springs, under cover of the
natural jyngle. Now if jungle be so inimical
to the life of maculatus, unfair to
suppose that the sudden accession of malaria
in the past in certain parts of Sawantwadi
State was due to the cutting down of the
jungle adjoining the villages, probably for the
trade in firewood.t A certain amount of
colour is lent to this hypothesis by the fact
that in Villages higher up the I‘idges' where
the jyungle has been less disturbed, the malaria
incidence 1is lower; and Mr. Gawan Taylor,
I.Cc.S. when conversing o= the gubject made
unwittingly what would seem to be two
pregnant remarks: he said
matter 1is the great

it is not

very
"what is the

variation in the jungle."

f Another explanation for the epidemics in Sawant-
wadi town is needed, and this is gupplied by the fact
that here a great tank is formed, around which the
town is built (most picturesquely) but this tank has
been gilting up gradually, se that latterly water-plants
which previously could not grow have done so : in
fact it has become a bed of water-plants, on the
surface of which myriads of mosquitoes were breeding.
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and speaking- of the comparatively r?alaria—
free south-eastern villages he said
ally speaking the
with good jungle."*

These hypotheses should be at any rate the

gener-

country 1is well-covered

basis of preventative measures 1in the State.
If maculatus be the carrier which has caused

then the important
take advantage of what 1is

so much harm, most

measure 1is to

known of its biology in relation to plant life.
For other circumstances standard methods
will be followed.—}" It is fortunate that the

main trouble admits of so o545y and royal =
road to success; the easy stage will make the
whole less arduous.

The writer must conclude by thanking
Mr. G. Laird-MacGregor, i.c.s.,  Political
Agent of Sawantwadi State, for his yery

sympathetic administration of the epquiry,
and His Highness the Sardesai Maharaj for

his great help and the interest he constantly
bestowed on the work, an interest which the

writer begs to say augurs well for the ultimate
outcome of the antimalarial campaign to be
undertaken. He is also indebted to Mr. Gawan
Taylor, i.c.s., for much information regarding
population record. Also to Rao Bahadur M. B.
Rane, State Administrator, and Rao Sahib
Patankar, State Karbhari, for their efforts to

make the carrying out °f the enquiry as pleasant

a'nd easy as possible.
Mr. S. N. Kulkarni, r.s., Assistant in

the investigation must also be thanked for his
efficient and cheerful work at all times.

m.b.,

Appendix.

1. In gsubmitting this appendix of recom-
mendations in more detail, it is presumed that

it would be generally impracticable for any
inhabitant of the State to remove his dwelling

and his pejng to a moxre salubrious peighbour-
hood. The Administration then must amelio-

rate his condition in his present home, and
the measures suggested are here grouped
under the three headings:?1. Policy; 2-

Organisation; 3. Methods.

1. Policy.?The policy to be pursued is of
course dependent upon finances, but as the
cost of prevention of malaria is productive ex-
penditure, it is to be hoped that as large funds
as possible will be devoted to the work. 1 he
point that such expenditure is productive need
not be laboured; the results in Ismalia, the
Federated Malay States and Panama shew
what can be achieved.

Nevertheless to put in train intensive anti-
malarial measures everywhere in the State
will not be possible’ so it is imperative to allo-
cate the available funds to the best advantage.

+ But the fact that for the most part this tract is
dfstinct from the Deccan to provide sufficient
reason for the non-malariousness.

t Details of recommendations
appendix.

seems

are given in an
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Perhaps in the capital town Sawantwadi an
intensive campaign may be instituted, but out-
side it, it secems preferable to conduct some sort
of Campaign in all the Sorely stricken places’
rather than a highly-organised one in a few.
Results should be forthcoming immediately
and the attack can then be continued all along
the line, pay1ng Special attention to the places

of greatest resistance. (oincidently = spleen
index of all villages in the State should be
taken for future comparison.

It is guggested that the quinine prophylaxis
which has been carried on up-to-date be dis-
continued. Whatever be the potential value
of quinine’ in practice it is useless. In Salo-
nica during the wax it failed gpgolutely t° pro-

tect the troops, $ whilst analysis of the
seasonal case-rate of malaria in Sawantwadi

town shews that the incidence has not
been affected in the slightest by the use of the
drug.

Only when (by rough and ready methods)
the general high spleen-index has been
duced, can the remnants of the disease be got
rid of by a more refined procedure.

2. Organisation.?The control of the work
is to be in the hands of . qualified medical
man under the. charge of His Highness the

Sardesali Maharaj WwWho is pyblic-spiritedly
determined to eradicate the canker gnawing

at the vitals of his State. TUnder the officer-
in-charge it is suggested that there should be

an

curve

re-

a sub-assistant surgeon @=° assistant, which
will allow for Contingencies such as leave,
sickness or other. A ganitary inspector

should be appointed in each of the three pathas
based on Sawantwadi, Kudal and Banda; and
they will have charge of the yillage Work.
This will be conducted by the requisite num-
ber of coolies who have been instructed by
their Superiors in their duties. If in any
village one cooly only Pe required, = literate

man With oy at a glightly higher rate than
the illiterate man would be preferable: at the

end of every month he would send in a return
of work carried out. Of two coolies employ-
ed one should be literate; of three one may be
literate, but in this case it would be preferable
to place the three
dam? (or overseer). Reports of executive work
should be submitted gyery month through the
Sanitary Inspector.  The ingpection ©f the
work should be continuous and thorough; if it
is not, the work will not be Jone; or it will be
done according te the illuminating ideas of
the coolies, Wwhich gy be at conflict with
gir Ronald Ross's. Collaterally for

men in charge of a muka-

major

works the State Engineer will be consulted
and give his co-operation to the requirements
of 4ny situation.

$ Watson on p 128 in ' Prevention of Malaria’

1921.

by
Murray,
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finally the administrative department
should be asked to sggigt, primarily through
the yillage foujdars (headmen), and next
through the Circle Ingpectors not only in the
instruction, after haying been instructed
themselves, ©f the executive coolies and
mukadams and of their rayats, Put also in the
never-ending inspection of the work being
done in their jyrisdiction. Perhaps it would
be feasible to grant a small antimalarial-work
allowance to these men on condition of a cer-
tain measure of efficiency being shewn in
these directions. Where regulations have been
framed in aid of the campaign, = few pro-
secutions should be taken out for non-com-
pliance. The reports ©of the work sent
through the ganitary Inspectors should be
compiled every month and submitted as a
report.

3. Methods.?Methods recommended are
(a) local in gpplication, (b) general.

(a) Local pmethods.?(l) To be applied
to the glightly undulating tracts, vide Section
(¥)?
The beds of the big rivers must be kept
tidy. Small pools held yp by silt can be filled
in with gilt; all debris should be taken out
and burnt. The devices of local fishermen
should be carefully watched to avoid their
giving rise to breeding pools; and strict re-
gulations framed that fine mesh fishing nets
should not be used.

The tributary nullahs on an earthy bed
should be kept clean and cleared of water-
weeds, except from the banks, where the
vegetation is useful for gypport and preven-
tion of scour: a chain of small pools o1 the
bed should not be allowed to remain, but =a
deep narrow ditch cut through them.

(11) To the tracts about the Deccan gpurs,
vide Section (i),

It is recommended that the hill-nullahs and
hill-foot springs, or in fact wherever A. macu-
latus is found breeding, be allowed to revert
to their natural condition under a covering of
= jungle of plant life. Even the smallest blade
of grass seems to have an antagonistic effect
upon the yell-being ©of A. maculatus and
should not be removed unless it is unavoid-
able. probably there are no situations in the
State where jungle would not cover yp within
a few months 5,y breeding-place of macula-
tug, but whilst this is taking place some
amelioration of the state of affairs would
ensue if the hreeding places be " trained." The
ideal to be aimed at is a ribbon of jyngle all
along the courses of the streams.

The corollary follows that in such situa-
tions-no jungle be cut down and in this res-
pect the Forest pepartment should give =
lead: requlations might be framed to ensure
this throughout the State.

(III) To the pj]ly tracts which are distinct
from the Deccan gpyrg, vide Section (Hi),
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Here the only measure Of exclusively local
application would depend o= the discovery of
maculatus breeding in the hill nullahs: in

which case the use of jungle growth must be
resorted to.

(b) General.

(1) The treatment of ricefields.?The parti-
cular danger of the irrigating channels of paddy-
fields in-so-far-as in some places they are known
to harbour the. Variety aconitus must be remem-
bered. They are therefore to be kept clear and
their edges cut gtraight and freed from weeds.

The fields themselves should be well-bank-
ed, filled with as much water as 18 consistent
with the good growth of paddy and that not
subjected to = great deal of interchange:
small larvivorous fish and other creatures will
then gpeedily appear and rapidly increase. If
there be a constant interchange of water,
large numbers of these larvivorous creatures
are washed away, while to have the water
stagnating would seem an advantage to the
crop from a fertilising point of view, Put apart
from this it appears that the more stagnant
the water the fewer are the dangerous ano-
phelines which breed in it.

Fish need not be introduced artificially as
the spawn is rapidly carried from place to
place o= the feet of wading birds, and develops

if the conditions are favourable. All paddy-
fields should be kept well-weeded, for weeds
protect larvae from their enemies. A most

dangerous situation arises when the water on
a field is ghallow, filled with weeds, and ex-
posed to the sun by poor growth °f paddy. In
fact it would probably be better for the health
of the State if poor paddy lands be not culti-
vated.

(11) Of Wells.?Wells in the State are not
incriminated with causing any malaria, yet it
would be advisable to stock them all with
larvivorous fish. The malaria medical officer
should have an aquarium in connection with
his office where a sufficient gupply ©f fish
would be available. The village officers should
be directed to send in a return Of the number
of wells in their villages and the fish distri-
buted zccordingly.

(lll) Of tanks and poo]_s' Such collections
of water are not dangerous when kept free
from weeds and of a sufficient depth of water.
They must therefore either be carefully con-
served or drained away . Netting of all fish
of over a certain size should be encouraged seo
as to save larvivorous fish from destruction.

Shallow shelving uneven edges are pro-
tective to ]arvae, and they must be cut clean
and deep. A small pOOl may be filled up, ©r
after being tidied p, sprayed with a mixture
of crude oil and kerosine, (4 parts to 1) from
a knapsack sprayer.*

* Good knapsack sprayers are obtainable from
Messrs. Leslie & (o., Chowringhee, Calcutta.

fr#
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(iv) Of drains and ditches.?Should any
swampy ground be drained by open ditches it
is very necessary that the antimalarial officer
should see that no bad malaria carrier breed
in them. This 15 egpecially important in the
maculatus =zone. If bad carriers are found
the ditches should be gyept out with stiff
brushes once a week, and oiled {vide para iii.
supra) . A deep, marrow ditch is not llkely to
lead to trouble whereas a shallow, broad one
is.

(v) Pisciculture.?Fish should play = pro-
minent part in the measures to be undertaken.
Some situations in which they would be use-
ful have already been indicated: tanks for
breeding different gpecies should be constructed
at the laboratory ©f the officer-in-charge. The
water in them should be shallow and flowing
and the natural insect food Supply encouraged
by == artificial bank of water weeds and
grasses; but this food should be gypplemented
by a little finely chopped meat which should
be kept constantly changed. As mentioned
elsewhere the natural protection of these little
fish can be ensured to a great extent by net-
ting all fish larger than themselves.

(vi) Of rocky nullahs. Rocky nullahs in
the hills are dealt with above in the local treat-
ment of the tracts about the Deccan spurs,
but when they debouch on to flatter ground
and maculatus disappears, they must be sub-
j'ected t,o different measures. It is best to

train them. All potholes on the rocky
surfaces must be filled with concrete, all other
irreqularities in the stream bed gtraightened, .
debris removed, the banks tidied and support -
ed by a growth of Vegetation small and blg,
and in general any mechanical principles
applied to enmsure the stream flowing evenly
and as deeply as possible.

SELF-INDULGENCE: CORNWALL.
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