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Malaria and Agriculture in Bengal. 

INTRODUCTION. 

Malar.ia and Agriculture. 

"Only the greatest wilderness or the most complete culture of 
lhe land protects a district from malaria." 

ASCHENFELDT; 

•• The neglect of cultivation of the soil and the decay o~ land 
recently built on are conducive to malaria, whereas, on the. contrary, 
a rational culture of tile soil caus~s the gradual disappearance· of 
malaria." 

SCHEUBE. 

"Experi,~nce teaches that the soil is the more insalubrious the 
l~ss it is cultivated. In the cultivation of the soil, we include 
several factors, namely, the regulation of the ground moisture by 
caualisation, drainage, etc., the growing of plants, which, by .using up 
the water, contribute to the drying of the soil, anJ finally, the 
number of the population, etc." 

· MANNABERG. 

1 -MalaPia and AgPicultuPal Decline. 

A clos~ association has always been recognised between· 
malaria and agricultural conditions, · and it has long been 
known that a gt·eatly increased prevalence of the dis~ase 
almost invariably accompanies the decay of agriculture. and 
the decline of cultivation. For example, Pliny, iii his 
Natural History, writingof malaria in ancient Italy, records 
that: - . · - . 

" The Pontine mari!hes were anciently a fertile and -well•. 
cultivated plain occupie<l by twenty-four villages, but towards the 
close of the republic gradually fell into their prt>sent condition, owing 
to the decline of agriculture." . · · 

A similar explanation has been given of the· increase ·of 
malaria in the Tuscan Maremma: · ·· ' --

.. During the Etraican period, it possessed several' ·considerable 
towns, hut on the decline of agric"lture in Italy and the conversion 
of the farms into pastura lands, the desolation of the coast tlistricts 
maJe rapiJ progress." 



Of the Roman Campagna also, it is stated :-
.. Once a densely-peopled land with numerous anti prosperon~ 

t.lwns, it is now a dreJry waste, of which barely ono-Lt>nth part i:~ 
furrowed by the plough share. In May, when malaria bl•gim1 L•, 
prevail, herdsmen and cattle retire to the mountains; while the few 
individuals, who are compelled to remain behind, lead a miserable 
and fever-stricken existence. The cause of this changd dates from 
as remote a period as the last centuries of the republic, when t.he 
independent agric11ltural population was gradually dio~placed by 
proprietors of the large estates and pasture~ This system inevitably 
entailed the ruin of the country, for a dense population and a high 
degree of culture alone can avert the malaria which is produced by 
defective drainage and the collection of stagnant water in the 
undnlating and furrowed volcanic soil." 

2. The great epidemic of malaria in Mauritius and 
Reunion in 1867 followed a d~terioration of agricultul'o. 
Hirsch points out, when describing this outbreak, that-

"The coast and level country of the Mauritius, which formerly 
afforded a rich soil for the growing of coffee, indigo and cotton, had 
been gra•Jnally allowe.J to go out of cultivati~n and had become 
entirely barren." 

· "Mauritius is over-drained," says one of the reports on the 
epidemic," the localities which are the driest, and where health and 
agriculture suffer most, being low lands on the eastern, north­
we~~tern and northern coasts." • 

"Meanwhile, the }ield of sugar estates on and near the eastern, 
north-western and northern coasts began to decline and, tht>ir 
unprodnctiveness continuing to increase, some of them were at 
length abandoned. Since 1864 or 1865, about 35 sngar house:J on 
the low land have been closed and extensive plains, which at one 
time were highly fertile, are now barren. The present sterility of 
these lands .is generally ascribe~ to want of sufficient moisture. It 

· is said that, owing to the clearings which have been made on the 
elevated lands to windward, the soil and air on the low Janus to 
leeward· have become too hot and above all too dry for sugarcane.· 
Others ag11in, while not disputing that deboisement on the high land 
has prodncad injurious effects on the low lands, cont~ider that the 
principal cause,of the sterility is exhaustion.of that soil induced by 
long continued cultivation of the same plant." 

3. Hirsch associated the increase of malaria m 
Georgia (U.S. A.) with very similar conditions :-

"In Georgia, the disease prevails widely and in severA forms, not 
only in the numerous creeks of the coast, but also in the interior, the 
neglect of agriculture having greatly conduced in quite recent times, 
as it. seems, to au increase both· in the amount and intensity of 
endemic fever." · 

· · ·" l'here was waste land." says Winwood Reade, " in abundanc~ 
at the South i but it- wa1:1 dead. Their style of agriculture was 
precisely that. which is pursued in Central Africa. They took n 
tract from the wilderness and planted it again and again with 
cotton and tobacco till it gave np the ghost and would yield no more. 



They then move•i on and took in another piece. Obliged to spend 
all their 0:1sh in buying prime slav~s at two hundred pounds a piece, 
they could not afford to use manure or to rotate their cro>ps •••.•• 
The North•~rner, who travell~d down South, was astonished to find 
that the cities of the maps Wrlre villages and the villages clusters of 
log lutts. Fidds cov~reJ with weeds and moss-grown ruins showed 
where farms once flourishing had been." 

Norcom, .&riting in 1874 regarding the rerrtarkable 
increase of malaria in the Southern States of t.lu~ Union, 
remarks:-

" Befor\3 the war, the Southern States were in a high state of 
cultivation and the lands thoroughly drained; hence the malignant 
forms of malarial di~ease as a general rule were not .known, except 
in very low, badly-drained swamp lands. Within the past eight 
years, owicg to so much land lying waste,. Jefective drainuge'and 
the general insanitary condition of the country, the malarial_ poison 
has acted with intense virulence and caused the disease we are now 
considering." 

4. At a much later date, Laveran, when· de13cribing 
t.he malarious districts of France, states that : 

•• La Sologne fiorissante BOllS Henry IV etait devenue au. com~ 
mencement de ca siecle, a Ia suite de !'abandon de la culture du sol, 
nne des regions les plus miserables et les plus insalubres de la 
France." 

5. 'rhe passages quot.ed above . emphasize the over­
whelming importance of cultivation of the ~:;oil in relation 
to malaria, and with good reason, for the question of rural 
malaria is so closely bound up with that of agriculture that 
the one cannot be properly understood without some 
knowledge of the other. Moreover, as will be shewn later, 
there are grounds for believing that the mitigation and 
prevention of malaria in the rural districts of Bengal, a 
problem for which no adequate solution ha& yet been 
suggested, may eventually be secured hy measmes, design­
ed as much for preserving or restoring agricult.ural pros-
perity as for directly dealing with malaria. · 



APPENDIX I. 

Some Economic Aspects of Bengal Malaria. 

1. One hundrad and thirty years ago ~Ialthus, an obscure 
country clergyman, stated in his no-v famous essay that "everything 
d~pends on the rdativ"' proportions between population ami food." 
Fifty years later Darwin was led to apply this doctrine to the whole 
animal ?.nd vegetable world, and the results of his work, published 
loug afterwards, laid the foundations of th.i modern science of 
biology and produc~d a re7olution in every department of thought. 
The laws of populatiotl enunciated by Malthui and extended by 
Darwin have thus exerted a profound influence upon -nearly 
every branch of knowledge; anJ tht'ir fundamental im .>ortaoce 
in connexion witn the study of epidemiology and th"' problem of 
disease prevention is at last being recognized. 

2. Ev~ry organic being naturally incro>ases at so higlt a rate 
that, if ·not d-.Jstroyed, the earth would soon be Mvered by the progeny 
of a single pair. There is no exception to the rule ; even slow­
breeJing man hai doubled in twenty-five years. But a continual 
doubling of his numbers every quarter of a century cannot take 
place. In any long settled country mankind cannot inc• ease at 
anything like the maximum rate. Th~ fundamental r<lason of this 
is to be found in the tendency to diminishing returns from the soil. 
On any given area that tendency shows itself for all agricultural 
pro.luce. The tendency towards increase in population must then 
be counteracted; and it may be counteracted in two ways, to which 
:\lalthus gave the names • positive' and 'preventive' checks. By 
positive checks he meant those which cut down numbers already 
brought into the world~tarvation, disease, war, misery in all 
its forms. By preventive checks he meant those which prevent 
numbers from being brought into the world. 

3. The present paper concernR diRease, one of Malthus' positive 
ehecks, which operates through a high death-rate, or in other words 
through an excess of deaths. 

4. Bengal is a huge swamp, peopled, as the Raglaubansa puts it, 
with eaters of rice and fish and dwellers in boats. ·• A good rice 
swamp is a bog at all seasons, and at one season a bog covered with 
water," says Adam S!llith; and he points out, it is "unfit either 
for corn or pasture and the lands fit for those purposes are not fit 
for rice." But it has one great advantage: "A rice field produces 
a much greater quantity of food than the most fertile corn field.'' 
Rice itself is an aquatic grass which cannot thrive without ample 
water and which suffere> from deficiency far more than from excess. 
It can adapt itself to floods but it cannot stand drought. The long­
stemmed varieties will grow 12 inches in 2! hours and withstand 
submerging for three days; and provided the crop is not drowned 
outri~ht t.he greater the depth of water on the fields the better the 
yield of grain. Besides producing rice, swamps abound in fish,· 
another valuable food of man. Hence rice-swamps supplied with 
sufficient water teud to become very densely populated. •• The 
nu'llhers t)f a population," says Darwin, "depend primarily on the 
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meana of subsistence and this depends partly on the physical nature 
of the country, but in a much higher dtlgree on the arts which 
are there practised." 

5. Agriculture is the art most widely practised in Bengal ; rice 
occupies 85 per cent. of the cultivable area, and jute, another swamp 
crop, a further 10 per cent., and as we shall see later, these facts 
have an important bearing ou the dtlnsity and growth of population 
which arP. by no means uniform throughout the country. 

6. Bengal is divided by'its main river systems into four natural 
divisions, viz., We:~tern, Uentral, Northern and Eastern Bengal, 
respectively. Since the first Census of 1~72, there have been 
remarkable variations in the rate of _growth of the population in 
these fou1· divisions as may be seen from the statements noted 
below:- • 

Western Bengal 

Increase of population. 

Population 
io 1871. 

Population 
lo 19:11. 

Central ' . 7,604 661 
8,l!O:l,7b0 
8,045,432 

8,039,704 
9,433,5a 

10,358,303 
18,650,139 

" Northern , 
Eastern 

" 

W esterr;1 Bengal 
.Central · , 
Northern , 
Eastern 

" 

10,980M4 

Density of population. 

Veo~ity per 
equnre mile 

---"""""--..., 
1872 
545 
424 
418 
479 

1921 
570 
539 
53f! 
815 

1sn-1~:u. 
Iooreage 

per een,. 

+ 5·i 
+ 27•1 
+ 28"8 
+ 6\1"8 

Incrt•ase. 

+ 25 
+ 115 
+ 120 
+ 336 

7. The extraordinary development of the population in Eastern 
Bengal is due entirely to natural growth by excess of births over 
deaths; thP.re are few towns and no important industries to attract 
immigrants; t-his natural division also, as a matter of fact, has lost 
rather than gained by migration. This area affords therefore an 
example of· normal expansion occurring in au agricultural popula­
tion living under relatively favourable conditions. Conditions are 
<>bviously very different in the other divisions, all of which possess 
important industries which attract immigrants in large numbers. 
Western Bengal, for example, possesses coal, iron and mills, etc., 
Central Bengal has a number of towns with mal!y mills, and 
factories and Northern Bengal includes nearly 200,000 acres 
under tea. Estimate:~ of the gain by migration from these and other 
causes are difficult, but the excess of immigrants over emigrants in 
1901 and 1911, respectively, was found to be about 6•3 and 7·4 p<!r 
cent. of the population in Northern Bengal and 5·8 and 8·8 pt!r cent. 
in Central Bengal. Much of the expansion in this latter division is 
undoubtedly due to immigrants to its many towns. Western Bengal, 
<>n the .other hand, lost nearly as much by emigration from certain of 
its rural areas as it gaine1 by immigration into its towns and indus­
irial tracts. 
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8. What would the present populations of Western, Central and 
~orthern Bengal be, respectively, if they had expandetlPince 1872 
by 69·~ per cent., the rate of growth which has actually occurrc.>d in 
Eastern Bengal? We!:!tern Bengal would have nearly five millions, 
Central Bengal nearly four millions and Northern &ngal over three 
millions more inhabitants ; and the province as a whole: would 
posseHs a population greater by more than twelve millions than it 
does at present ; that is 58,605,420 against 46,481,690. Why is it that 
this expansion has not occurred? A partial explanation is to be 
sought in the fact that for a very long period the population of large 
areas in the several divi11ions has ceased to expand at a healthy rate; 
bnt a factor of even greater imp)rtance is the actual decline of 
population that has taken place in tracts covering many thousands 
of square miles. The statement below gives particulars of the area 
in each na~ural division in which population h:~.s shown a decline at 
each of the last five census enumerations. 

Area in square miles in which pnpulatiun has declined. 

1872-81 1881-91 1891-01 1901-11 19ll~21 . 

We.t Bengal 7,149 5,027. 1,428 5,339 11 515 

Central ,, 1!,590 4,444 4,488 5,262 7,126 

Nortl• ., 6,534 5,-183 3,878 3,175 6,961. 

P.nstero 
" 

6,47li 1,109 2,180 1,388 465 

Total ~2.749 16,063 11,974 15,1£4 26,070 

9. With the exception of the period 1872-81, the decline of 
population has affected a relathely small area in Eastern Bengal at 
each sncceeding decade. The cause of the large area found decadent 
in ll-181 was the storm wave of 1876, which affected much of 
Bakarganj and Chittagong and parts also of Noakhali and Tippera 
and resulted in an appalling loss of life. 'fhe fi~ures for the last 
decade give the best idea of the relative conditions of the different 
parts of the province. They ehow that 83 per cent. of \"\"'estern Bengal 
i::~ decadent, t;o per cent. of the inhabited portion of Central Bengal is 
in a &imi\ar condition, and 36 per cent. of Northern Bengal is affected 
by decline of population, whereas in Eastern Bengal only 2 per cent. 
of the total area has shown a reduced number of inhabitants. 

10. It may be that when population has ceased to expand rapidly it 
is merely because local circumstances, as for example the food supply, 
are not specially fal"ourable to expansion. But an actual los~ of 
population means ~ery much more than a lessened rate of expansion. 
It points to some definite change in th" climat-, or in other conditions 
vitally affecting the Wt>lfare of the population which bas made a 
reduction of their numbers inevitable. The effect of such a change 
is likely to be very far-reaching, as Darwin has pointed out in his 
Origiu of Species. "We shall best understand the probable course 
of natural selt>etion," he says, "by taking the ease of a couutry 
undt>rgoing some ph}sical change, for instance, nf climate. The 
proportional numbers of its inhabitants would almOBt immediately 
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undergo a change, and some species might become extinct.'' "'\\'e 
may conclude," he adds." from what we bavP. seen of the intimate and 
complex manner in which the inhabitants of each country are bound 
together, that any change in the numerical proportions of som!'! of 
the inhabitants, independently of the chang!'! of climate itself, 
would seriously affect many of the others." What Darwin wishes 
to convey by this passage is that when a change occur~ sufficient to 
affect the numbers or rlistribution of any living organism, animal or 
vegetable, the other organisms, living in the same area, are bound 
to be affected also. When, therefore, a change of climate or of local 
conditions has resulte1 in a decline of the hum'\n population living 
in an area, it is bound to be reflected in the flora and the fauna of 
the locality also. 'l'he history of Kas:~imbazar afford~ a striking 
example of this and incidP.ntally serves as an illustration of the sort 
of change to which Ddrwin ref~:rs in the pas:~age jnst quoted. 

11. "The decay of Kassimbazar dates from the beginning of 
the nineteenth century," statt,s the Imper-ial Gazetteer, "when its 
climate, which ha•i previously b!'en celebrated for its salubriti, 
underwent an unexplained change for the worse, so that tho margin 
of cultivation receded and wild beasts increased." Here is an ins­
tance in which both the plant and animal life of the locality are 
noted as having been influenced as the result of a change which 
affectAJ the human population. The receding cultiution and the 
increase of wild animals indicate a serious alter!ltion of former 
conditions. 

12. Knowing what we do of tb.e causes of tropical disease, we 
cau saftlly affirm also that a corresponding change took place in the 
number and distribution of such lower forms of life as anopheles 
mosquitoes and malarial parasites, and hence the "unexplained 
change for the worse" of the former salubrious climate. We shall 
have occasion to refer to .the cam1e o( the changtl of climate at 
Kassimbazar a little later Meanwhil", we mn~t. return to the 
discussion of the larger question regarding the more recent serious 
depopulation of so many portions of Bengal. 

13. Attention has already been called to the fact that a serious 
decline of population indicates that a definite change has come over 
th.• affected area ; and as we have seen, the effects of such a change 
are not limited to man but are certain to exert a very marked 
influence r&lso on both the flora and fauna of the locality, resulting 
in an inc1·ease of certain species and a decre·1se of others. This view 
is borne out by the evidenc~ which showR that both the plant and 
animd.llife of the areas undergoing depopulation exhibit an increase 
in ct::rtain 'directions and a decrease in othea·s, and many of these 
increasei'l ~nd decreases are of special importance to man from an 
economic standpoint, affecting as they do the question of available 
food supply very greatly. 

H. The most prominent an I b~st recognize·! change in relation 
to fauna iii to be t!een in the gr~at increase of mal~ria. If we 
compare a map of the areas suffering from a decline of pop11lation 
with another showing the relative prevalence ,)f roc1.laria we shall 
see that there i:~ a rough correspondence between them. Depopula­
tion is, tltereford, gtmerally,.. as::~ociated with intense malaria. Evi­
dence points to the fact that in the area:! in which •h•l h oman 
population is declining.- m:llaria has increased very greatly during 
the last sixty years. 
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The 1·elative prevalence of malct1'ia. · 
Fever indicesc .----_ ..... __ ___ 

18f8 1912 1920 
Per cent. Per cent. Per c;ent. 

Western Bt>ngal 21:9 40·9 ~1·7 

Central ,. 17•3 32·3 ·h·9 
Northern " 

22•3 23·7 33·5 
}<jastern 

" 
9·3 7·5 ·14·0 

15. Burdwan, Birbhum, Bankura, Midnapur and Hooghly in 
We:;tern Bengal were at one time relati.vely free of malaria and 
were regard<ld as sanitaria. Similarly Murshidabad and Nadia and 
a grzat portion of Jessore in Central Bengal were formerly healthy, 
and Pabna and :Maida in North Bengal were also relatively salu­
brious. In Eastern Ben~al, Tangail in Mymensingh, Manikganj in 
Dacca and the northern portions of the Faridpur district, which are 
now malarious, were formerly relatively free of tbe diseasp; 

16. This admitted iucrease of malaria can only be explained on 
the aFsumption that there has been a corresponding increase in the 
number and distribution of anopheles mosquitoes and malaria 
parasites in the area:5 affected. Unfortunately, thertl are no actual 
<>bservations on this point. But it must be remembered that the 
malarial parasite was only discovered in 1880, and the part played 
by anophelt's mosquitoes in its transmission as late as 1891), long 
after this increase of malaria had taken place. Many healthy loca­
liti.,s in which population is increasing usually show scauty signs of 
malaria. But anopheles mosquit.oes of species capablll of harbouring 
the malarbl parasite are to be found everywhere and often occur in 
lal'ge numbers in these healthy areas. 'r<:&hey do not, however 
appear to multiply greatly during the wet se son as they do in the 
unhealthy areas, so that tbe period of their greatest prevalence does 
not correspond with that most suitable for the proliferation of 
malarial parasites. l\Ieanwhile, it may be noted that there are 
grounds for believing that in the decadent areas anopheles mos­
quitoes are now far more pr.walent rluring the period of July to 
October than they used to be, and that this c\1ange is associated with 
a greatly lessened supply of water. 

17. Other important variations in the fauna of the areas under­
going depopulation are the notable del}reae in fish of all kinds and 
the great increase in tne prevalence of certain mammals, wild hog 
for example. The decrease of fish is generally recognise<) and has 
been reported on by Sir K. G. Gupta, I.C.S., and Mr. K. C. De, C.I.E., 
I.C.s. The increase of wild bog and other vermin is also generally 
admitted and is often ascribed to the increase of jungle. Both of 
these changes are important f1·om an economic stand point ; the 
rt>duction in fish, because it means a lessening of the food supply, 
and the increase of wilu hog, etc., becausP it results in greater damage 
tu crops. A further minor change in the fauna of certain of the 
areas now nndergoing depopulation is the reduction in the number of 
silkworms pt·oduced. This is also a matter of economic importance 
to man. 
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18. We have now to consider certain changes that have taken 
place in the flora of the areas undergoing depopulation. As will he 
seen, many of these changes are of supreme importance to man from 
an economic standpoint.. 

19 .. The inost noticeable change is the lapsing of cultivated or 
inhabited areas into jungle. This was previously noticed in the case 
of Kassimbazar, but it bas become so apparent in later ye·ars as fre­
quently to be accepted as a primary cause both of the general 
in::rease of malaria and of depopulation. Certain facts require to be 
noted about this increase of jungle. In the first place, it is confined 
almost entirely to the more elevated and drier localities, the hi¥h 
banks of the rivers and on village sitt>s for instance, and it is 
especially noticeable in pldces where populati<?n has declined. In 
the second place, contrary to what is often stat-ed. this 'growth of 
jungle, as the Nadia Fever Commission pointed uut, "is of a kind 
that }lrefers a dr~· to a damp ·habitat." It is not swamp vPgetation 
that increases, but trees and shrubs whose roots require a soil in 
which aeration occurs .. This fact has a very important bearing upon 
the nature of the climatic change that has occurred in the areas 
und~.>rgoing uepopulation. . 

20. Turning to the broad question of cultivated and waste land 
res;>ectively, some idea of the relative distribution of the various 
classes of land way be got from the following tabular summary 
which gives the percentages for each natural dbdsion. 

Percentage Pe•centage - Perceutage 
cultivable area cultivnble c•nrent 

cultivated. wa~tP. fallow. 

Per cent Per cent. Per cent. 

Western Bengal 61 26 12 

Central , 58 18 2-t 

Northern 
" 

71 14 !;') 

Eastern ,, 90 1 3 

21. There is little statistical information regarding changes in 
the proportions of cultivated and uncultivated land respectively, but 
a few general statements are on record relating to particular areas . 
. Fot' example, it is reported that in Bnrd wan prior to the epidl'mic. 
fever seven-eighths of the.land was under cultivation, whereas th& 
latest returns show only 47 per cent. of the cultivable area as being 
cropped. This latter figure compares very unfavourably with Da<-'ca~ 
where during the same season 92 per cent. of the cultivable area was 
cultivated. A progressive contraction of the cultivated area in 
Nadia has been reported by the successive Collectors. And a loss of 
fertility and consequent agricultural deterioration hils beP.n noted in 
many other districts of Central and Western Bengal and elsewhere. 
Take for example the following remark from page . 50 of the­
Settlement Report of Faridpur: "It was impossible for landlords to. 
enhanct' rent and to evict tenants when the fertility of the soil was. 
declining and land wr's gradually going out of cultivation." 

NOTB.-The italics are mine-C. A. B. 
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22. Taking into consideration the broad fact that only 58 9ntl 
60 per cent. of the cultivable area is under culti \"ation in Centra) 
and Western Bengal, respectively, compared with 90 per cent. in 
Eastern Bengal, it would appear, in view of the marked decay of 
population that has taken place in the former areas, that some 
climatic change has oc\lurred which has affected the flora of these 
areas to such an extent as to diminish very seriously the food supply 
of the people. 

2:t When we come to examine !n some detail the crops g1110wn, 
certain very significant facts are brought to light. 'l'ake the 
character of the rice grown in different parts of the country. There 
are three main varieties of rice, Arnan or Winter rice, Aus or 
Autumn rice and Bm·o or Summer rice. These different classes of 
rice flourish best in different situations and differ in the amount of 
water they require. Aus paddy grows on rPlatiYely high land and 
requires least water; rtma.n requires abundant water and Boro 
grows heat along the edges of river;, or permanent swamps. The 
proportions of these three kinds of rice grown in different localities 
vary very greatly and depend primarily on the water supply. Ban, 
paddy gives the most abundant yield, Aman paddy the finest g1·ain 
and Aus vaddy the smallest outturn and the coarsest ricP. In spite 
of this fact A"s paddy is gradually replacing Aman in certain areas. 

24. The liazettee-r of the Jt•ssore district, for example, state~· 
that the area under Aman rice is contracting owing to deficien: 
floods; and a comparison of the agricultur11l statistics of 1920-21 
with those of 1906 shows that in Jessorc the normal area under Atts 
llas been increased by 10 per cent. and in Nadia by 50 per cent. 
Wherever the supply of water is scanty A us pa.ddy tends to replace· 
.-l.man. The figures for individu1l thanas in the ~'aridpur district 
are very instruetive in this respect, showin~ as they do that the 
extraordinary variation in the growth of Aus paddy in different 
parts of the district bears a relation to the water supply. "In the 
north of the district," says the Settlement Report, •· water for­
drinking and other purposes has become very !'carce." 'l'he north 
of the district is malarious and in the malarious northel'n thanas of 
Pangsa, ~hu,;hna, Baliakandi, Goalundo and ~'aridpur the proportiolll 
of A us paddy grown is from :U to 46 per c~nt. of the total, wherea:> 
in the non-malclrious more southern thanas it is very small, ranging 
from 6·3 per cent. in Kotwalpara to 7•5 and i·9 and 9·~ per cent., 
respectively, in Madaripur, Gopalganj and Muksudpnr. The outturn 
of A man rice val'ies greatly according to the supply of water. The 
yiel•l of Anum rice grown in the south of Faridpur is v"ry heavy. 
says the Settlement Report, " but in the north of the district it is: 
ordinarily much poorer and only becomes good when inundations: 
co:ne early and are widespread." 

25. Jute comes next in importance to rice. As in the case of 
rict> so for jute also ample water is ntlcessary, largely governing th~ 
distribution of the plant and the character of the c:-op. Ab<Indant 
water is also required for the re-tting of the fibre. "It is-necessary 
to have water convenieutly near," says the Settlement Report of the 
Faridpur district, "in which the jute can be steeped. This limits 
the amount of jute that can be grown in the north of the dist.rict 
considerably, bot in the- Madaripur subdivision the limit, owing to 
the abundance of small rivers and streams, has not been reached.'• 
The figures for jute cultivation in the province as a whole show that 
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~H pl'r cent. is grown in Eastern Bengal, 26 per cen:. in Xorthern 
Bengal. and only 8 and 2 per cent. in Ce:1tral and Western Bengal, 
rP.spechvely. And a comparison of data regarding the relativt! 
:abundance of water indicatu a close relation:>hip between 1 he 
'SUpply of water and the yield of jnte. Generally speaking also a 
npid increase of population occurs in areas where jute is larg .. ly 
grown, whereas a reduction in the cultivation of jute is often 
iollowed by decline uf population. 

2&.. Among other minor changes in the flora of areas that are 
losing population, the disappearance of indigo and thil reduction of 
mulberry may be mentioned. Indigo was formerly cultivated very 
wi-lely, especially in Western and Central Bengal and in parts of 
Faridpur and Dacca; but it is no longer grown in any quantity and 
tho indigo factories are all in ruins. Mulberry, too, has already 
undergone a very marked reduction in consequence of the decline 
iu sericulture. Another change is the practical disappearance of 
-cotton as a cultivated crop in the greater majority of the districts 
within the last century. But this latter change appears to have 
occurred long before the great increas~ of malaria and the rapid 
decline of population with which we are now concerned, and it is 
only thert'fore mentioned in passing. 

27. Putting aside for a moment the increase of malaria and the 
ioss of population, it will be seen that the other changes that have 
been noted as occurring among the fauna and the flora, respectively, 
of the decadent areas we have- been discussing, point to the con­
-clusion that a reduction in the water supply is the origin of the 
trouble. First of all there is thP. rece ... ing margin of cultivation. 
This is invariably associated with a lack of water. It is always 
the drier and more elevated lands that go out of cultivation. 
Then there is the increase of jungle which is largely confined to the 
l'elatively high banks of rivers and old village sites, showing that the 
type of vegetation is one which prefers a dry situation rather than a 
-damp water-logged one. The tendency for Aus paddy to displacs 
the Aman variety is also an indication of diminished moisture. The 
decreasing supply of fish affords further evidence of a lessened 
:eupply of wat<lr ; and the increase of wild hog and oth1~r animals 
which has followed the increase of jungle points in the same 
.direction. The •,mly fact, the!'efore, whicb appears to militate 
against this viP.w of th~ situation is the very great incrc.ase c.f 
malaria which has taken place along with these other changes, and 
"'W'hich at first sight appears to preclude the possibility of a di miniE;hed 
"Supply of water being the cause of the trouble. 

28. But we have only to recall two well-known facti in regard 
to malaria in order to realise that this difficulty is only an apparent 
one. Ever since Empedocles flooded the marshes surrounding 
Selinos in Sicily by a canal constructed for the purpose, and in this 
way freed the city from malaria, it has been known that swampy 
low-!ying localities cease to be unhealthy when temporarily snb-

. merged; and in the old days flooding was often deliberately applied 
.both in Italy a&d Holland for ameliorating malaria, with most 
-excellent rE>snlts. But while the fl.ooLling of swamps has long been 
resorted to for checking malaria the partial removal of water from a 
marshy area has always been_ regarded as a most dangerous proceed­
ina calculated to pro•!uce a serious intensification of the disease ; 
thi'~ belief being justified by the numerous occasions in which the 
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reclamation of swamps has led to s~vere outbr~akd of malaria. Three 
well-known in!ltances of this kind are the case of the Grand 
Chartreuse Swamp in France, the low lands of Biensten and de 
Wonner in HPlland and the Whittlesea Mere in England. Such 
outbreaks were formerly ascribed to miasma given off from the 
exposerl bottom of the marsh. But now-a-days the accepted e.x:phna.­
tion is the great increa;;e of anophe:es that takes place when, by 
partial drying up, a large ex:panse of water is converted into many 
small shallow pools. 

29. We see therefore that all the important changes which can 
be shown to have occurred in association with the loss of population 
that has taken place in so many areas in Bengal are consistent with a 
a reJuction in the water supply of the affected localities. This 
naturally prompts the question: Is there any direct evidence of such 
a diminution having taken place? In reply it may be ~tated that 
for many years the complaint has been general throughout the areas 
afflicted with sevt:re malaria and undergoing depopulation, that 
water supplies have diminished. In 1867, the Revd. G. Schurr, 
of Kaspadanga in Nadia, reported in a letter to the Ma!!'istrate: 
"During the twenty years I have been in this 1iistrict I have observed 
a gradual diminution of water supply in old tanks and khals as well 
as in the rivers." 

30. The following year Dr. Sutherland observed of the same 
district : •· The district is becoming more and more arid, tanks and 
()ther reservoir" of water dry up even before the hot weather, tanks 
full to overflowing in the rains rapidly dry up-facts which prove 
that there has beP-n of late no increase or ex:ceRs of moisture in the 
soil.'' Similar ·Complaints have been put on record at various 
times in regard to every malarious district. As late as 1912, 
Mr. Bhola Nath Banarji, l<~x:ecutive Engineer in charge of the 
Special Drainage Division, while at work in Jessore repor1f.d: "If 
we draw a line from Pultia on the lchamati to Jhikergacha on the 
Ka badak, the country lying to the north of this line may be generally 
taken as suffering from a scarcity of good drinking water." "It 
is reported," he adds, "that tanks in those parts do not hold 
water but dry up with the subsidence of the rh·ers." And he 
concludes by pointing out that most of the Jhenida subdivision 
aud parts of Magura where people suffer from want of water 
are the most malarious partl! of the district. Quite apart from 
general statements of the kind quoted, there is a certain amount 
of direct evidence pointing to the abnormal dryness of many 
localitieil that have long been suffering from increased malaria 
and depopulation. The Nadia Fever Commission, state that: 
"Observations in December of the water level in wells 
showed it to be from 15 to 24 feet from the general soil surface 
level in the west and north-west of th~ district." A few years 
earli<h". similar observations were placeJ on r~cord for Birbhum 
district by Dr. Jackson, the Sanitary Commis5ioner. Recent 
observations in Burdwan, Nadia, Jessore, Pabna and Murshidabad 
have shown very similar results and have proved that, contrary 
to commonly accepted ideas, the areas in which the level of the 
subaoil water ii specially low are far more malarious and unhealthy 
than those iu which it approche:> within thrde to five feet of the 
~t·ound surface. Iu Burdwan, which is one of the worst districts 
for malaria and depopulation, the mean level of the subsoil water, 



taken in twenty-eight wells in different par~ of the distrtct, i~ 
26 fed in thP. dry weather and 9 feec in the rains ; wher .. as in 
healthy parts of Howrah, Dacca and :Yymensingh it varies from 
3 to !) feet in the llry weather and is level with the ground surface 
in the rains. Apart from the moisture that is stQred in th~ 
subsoil and which, as we have seen, is subject to very great Taria­
tions in different parts of the province, the unhealthy, mal.nious 
and cleeadent tracts possess the lowest supply. ·The s·)urces from 
·which the country derives its supplies of water are the rainfall anJ 
the overflow from the rivers in the flood season. Although th~ 
rainfall fluctuates from year to year there is no reasou to suppose 
that the average amount precipitated hlls undergone any mark(:J 
diminution. On the other hand. there is plenty of evirlence to show 
that the embankments that have been constructed along the margin 
of the rivers and for the purpose of roads and railways have haJ 
the effect of shutting out from the surface of the country a large 
amount of water which found access to it in formE>r times. There 
are now many thousands of miles of embankments, which cover 
the country with a net-work extending in almost every dirtction. 
And there is no doubt that their effect has been to deprive the 
coun*ry of mnob of the moisture it formerly enjoyed. Time an•l 
again it has been suggested that these t>mbankments have obstructed 
drainage and led to water-logging which has resulted in an increase 
of malaria. But repeated investigation!' have only served to show 
tha'- except in a very few places, the country within the influence 
of the embankments, instead of being damper than formerly, is 
actualJy much drier than it used to be. And in the light of the 
facts brought forward in this paper the explanation is a simple 
one. n is in the main to the construction of these embankments 
that we must look for the cause of the increase of malaria and the 
depopulation that has accompanieoi that increase. The decay of 
Kassimbazar, which has already been referred to, followed the cons­
truction of an embanked pakka road from BE>rhampur cantonment to 
Yurshidabad, city. That decay was. as we have seen, accompanied 
by a decline of agriculture and a chang~ in the climate. Anfl the 
same sequence of events can be traced in the history of almost enry 
decadent tract in Eeng~l at the preseut time. 
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APPENDIX II. 

Areas most In need of Anti-malarial Projects in Bengal. 

What are the are'ls in Bengal mos• urgently in need of measures 
for the amelioration of malaria ? This question can best be 
answer~d by reference to statistics relating to the prevalence of 
malaria in different districts and the census r•!ports showing the 
growth or decline of population. These are safer guides than death­
rates. n~ath-rates are largely influenced by high birth-rates and 
are also affected by the acc:uacy of the reporting agency, and are in 
consequence sometimes misleading. For example, some of the 
most unhealthy districts of Central and Western Bengal, whose 
death-rates always exceed their birth-rates, show a lower fever 
d~ath-rate and total death-rate than healthier areas in Northern 
Bengal, which have birth-rates far above the average. Mortality 
rates do however, give valuable information which will be used in 
this note, but population figuret1 and fever in<lices will be first 
referred to. Before dealing with individual districts, attention 
must he directed to the general condition of the four natural 
divisions of the province in these two respects. 

2. Expansion of population.-The recent census has disclosed 
the following results regarding the expansion of population in the 
four natural divisions of Bengal, viz., Western, Central, Northern 
and Eastern Bengal, the first three of which correspond to the 
respective administrative divisions of Burd wan, Presidency and 
Rajshahi, while Eastern Bengal inclnd~s the two administrative 
divisions of Dacca and Chittagong :-

Natural dh·ision. Expansion of 
1872-1921. population. 

Per cent. Per cent. 

Western Beugal (Burdwan Division) - 5•J. + 5•7 
Central ., (Presidency 

" 
) - O·l + 27·1 

Northern ( Rajshahi .. ) + 2·2 + 28·8 
Eastern .. (Dacca anj Chitta-

gong Divisions) + s·o + 69·8 

The Chittngong Hill Tracts are excluded from tht> latter, as they 
<liffer in every w .. y from ordinary plains districts. 

The figures for total expansion since 1872 suggest good health 
conditioiJs in Eastern Bengal, unsatisfactory conditions in Central 
and Northern Bengal and very bad condition in Western Bengal. and 
those for the last decade especially point to a very Rerious state of 
affairs in Western and Central Bengal. 

3. The figures relating to the density of population per square 
mile in ll'i72 and 1921, respectively, are equally illuminating:-

Density of population. Increase. ,.... ----,. 
187?. 19~1. Total. 

Western Bengal .'}45 510 + 25 
Central ., 124 5:l9 + 115 
:!Sorthern .. 418 !jiJ8 + 120 
Ea.> tern 479 ~15 + aa6 

The extraordinary development of the population in Eastern 
Bengal is •lue entirely to natural growth by excess of births over 
Jeaths; there are few towns and no important industries to attract 
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immigrants; this natural divi3ion also, as a mattt'r of fact, has lost 
rather lhan gained by migration. This area affords ther£>fore an 
example of normal expansion occurring in an agricultural population 
living under relatively favourable con11itions. Conditions are 
obviously very different in the otber divisions, all of which posse;;s 
important industrios which attract immigrants in 'large numbers. 
Western Beng~tl, for example, possesses coal and iron mill;;, etc., 
Central Bengal has a number of towns with many mills and factories 
and Northern Bengal include<~ nearly 200,000 acres under tea. 
Estimates of the gain by migration from the~£> and other causes are 
difficult, but the excess of immigrants over emigrants in 1~01 and 
1911, respectively, was fountl to be about 6·:J antl 7•4 per cent. of 
the population in Northern .Bengal and 5·~ and 8·8 per cent. in 
Central Bengal. MucJ:t of the expansion in this latter division is 
undoubtedly due to immigrants to its many towns. Western Bengal, 
on the other hand, lost nearly as much by emigration from certain 
of. its rural areas as it gained by immigration into its towns and 
industrial tracts. The conclusion to be drawn fl'Om the facts men­
tioned is that attention to the conditions affecting the growth of the 
rural population, especially in Western, Central and Northern 
Pengd, is urgently required. 

4. Decline in expansirm IJf popt,lation.-A mod•!rate e:~timate of 
the normal rate of expansion for healthy populations in Bengal is 
10 per 1,000 per annum or over 10 per cent. in a decade. We may 
assume, ther~fore, that the expansion of population since 1872 
should everywhere have been roughly speaking at least 50 per cent. 
Examining the population expansion figures for the four natural 
divisions on this basis, we find that, whereas the total expansion 
of population in the 22,879 square mil~s of Ea~~tern Bengal (exclud­
ing the Chittagong Hill Tracts) for the whole period has exceeded 
this estimate of normal healthy growth by as much as 19·8 per 
cent., the populations of Central and North~rn Bengal, respectively, 
have shown on the other hand little more than half the estimated 
expansion ; while in tht> course of <!.9 years, the population of 
Western Bengal has expanded by only 5·7 per cent. The figure~ 
for the last decade are even more sign!ticant. The population of 
Eastern Bengal has shown an expansion of approximately 8 per 
cent., a figure rather below the normallO per cent. and very much 
less than its former rate of growth; the population of Northern 
Bengal has expanded by less than a quarter of what might have 
be .. n anticipated, and in both Central and Western Bengal there has 
been an actual decline. 

The figures given below show, for each of the natural divisions, 
the deviatioua from the estimated normal rate of expansion for 
the whole period, 1872-1921, and for the last ,lecade :-

Deviation J1·om estimated normal expansion of population. 
Period of fle<'ade, 
187~-1921. 1911-1921. 

Per cent. Per cent. 

Western Bengal -4!·3 -15·1 
Central , -22 9 -10·1 
Northern , -21•2 -7·8 
Eastern .. / +13·8 -2·0 
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5. \\1 hat would the prEsent population~:~ of Western, Central and 
Northern Bengal, respectively, be if since HH2 they had expanded 
at the estimated nornal rate of 10 per 1,000 per annum, or if they 
had grown by a total of 69·8 pet· cent. equal to the expan~:~ion which 
has actually occurred in Eastt>rn Bengal ? The table below gives the 
an.swers to these questions:-

I I I I I I 
' . ExpRnsiou Actu:d Ezpansion t 

Popula~oo at W per populatio;J, Difference. at 69 8 Diifereoce-
iul87 ••• cent. 1921. percent. 

tern Bengal ... . .. 7,604,661 11,40d,991 8,0~!»,704 - 3,36i,287 12,912,714 - 4,b73,0l()o 

Vent ral . , ... ... 8,202,780 12.304,170 9,433,544 -2,870.626 13,381,424 -3,947,'lE& 

Nor tberu .. . .. ... 8,0,5,432 12,068,148 10,35~.303 -1,709,845 13,~51,143 - 3,302.~60' 

ru .. ... . .. 10.~80,504 16,470,7ll61 18.650,139

1 

+2.17P~383 18,650,139 ...... 
I 

East. 

!!'rom the figures given above, it will be seen that if the popula­
tion in We~>tern, Central and Northern Bengal had expanded at the­
estimated normal rate no less than 7,~47,758 p~::rsons would in· 
the aggregate have been added to the total actually foun<l to be 
existing at the recent census; and that had the populations in 
these three divisions increased iu the same proportion as in Eastern 
Bengal, th~ inct•ease would havP- added 12,123,730 persons to the 
existing number, thus making ihe total population of the four 
divisions 58,605,420 in place of the actual figure of 46,481,690. 
Why has this expansion not occurred? 

6. The commonest explanation offered is the prevalence of 
malaria; and colour is given to this view by available data regard­
ing the relative distribu tiou and intensity of the disease in the 
different natural <.livisions. Malaria may check the ·growth of 
even a prosperous popuh.tion by increasing thP death-rate and 
reducing the birth-rate. And when malaria is associated with. 
deficiency of the available food supply, healthy expansion of 
population becomes absolutely impossible. The food supply of a 
population is governed by the agricultural production. The statistics 
relating to agriculture in Bengal show that production varies greatly 
in the four natural divisions. In Eastern Bengal generally, agri­
culture is prospering, but in the areas in which malaria is prevalent 
and normal expansion of population has br en checked, agriculture 
appears to havA suffered relative declinE'!. · 

7. On comparing the figures relating to the total cultivable 
area and the net area normally cropped in the various divisior,s 
with those of the respective populations, we get the results not.e<l 
below per bead of the population :-

.-lcre per head of population. 

Western Bengal 
Central ,. 
NorthPrn .. 
Eastern .. 

Cultivable. Net cropped. 

0·87 
0·69 
0·90 
0·54 

0·54 
0·40 
0·64 
O·B 
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These figures point to a vast uiffereuce in th~.> relath·p fertility 
~f the various divisions. Ea::tern Bengal is obYiously the most 
fertile area, Northern Bengal comes second with a rt>latiw fertility 
.80 per cent. that of Eastt>rn Bengal, and land in Western Bengal 
anf") Central Bengal appears in the ratio of 70 and 65 p~r cent. 
when compared with the same standard. In other words, an area 
~fa size sufficient to support a population of 100 persons in :Eastern 
Bengal will only serve for 80 in Northern Bengal, 70 in Western 
Eengal and 65 in Central Bengal. As a matter of fact, the number 
.given for the two latter divisions is an over estimate, bec:&use it 
makes n•' allowance for the much 'larger proportion of the popula·· 
tion in these two divisions supported by industry rather than 
agriculture. Further light is .thrown on this question of relative 
fertility and its effect on the agricultural prosperity of the different 
-divisions by statistics relating to the approximate proportion of 
the cultivable area cultivated, that lying waste and that occupie,l by 
-current fallows. 

8. It will be seen from the figures given below how much ·more 
favourable conditions appear in Ea~tern Bengal than in the other 
natural divisions:-

Percentage Percentage Percentage 
cultivable cultivable current 
area culti· was~e. fallow~. 

vatcd. 
Per cent. Per cent. Per cent. 

Western Bengal 61 26 1"' iJ 

c.,ntral .. 58 HI 24 
Northern 

" 
71 14- 15 

Eastern 
" 90 1 3 

Western Bengal is apparently only just over two-thirds and 
Central Bengal under two-thirus as well cultivated as Eastern Bengal 
and in Northern Bengal only 4 acrt-s are cropped against every 5 
cultivated in Eastern Bengal. Again for e--.ery Mlre of cultivable land 
lying waste in Eastern Bengal there are in proportion 2 acres lying 
uncultivated in Northern Bengal, 2i acres in Central Bengal and 
3·7 acres in Western Bomgal. As regards laud lying fallow, it would 
appear to be in proportion 4·3 times as common in Western Bengal 
as in Eastern Bengal, five times as common in Northern Bengal and 
eight times as common in Central Bengal. In connexion with the 
question of fallows it must be remembered that the term as ordinarily 
applied in Bengal is really a misnomer. The fallows of Europe 
and American farming consist in land that is ploughed but on which 
no crop is actually sown. Whereas in Bengal current fallow usually 
means land which is temporarily out of cultivation in contra11istinc­
tion to waste land which is permanently uncultivated. 

9. To those familiar with the relation between lack of cultiva­
tion and growth of u.'leless veget-ltion aud the presence of malaria, 
these facts have a special significance. It may be asked why do not 
th~ people in Western, Central and Northern Beng:d cultivate a larger 
·proportion of the land than they do? The answer to· this question 
lies at the root of the problem of mabtria prevention in Bengdl, and 
before :lealing with it attention muRt be directed to a few more 
figures relating to the agricultural conditions existing in the various 
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di \'isions. The figun~s noted below refer to the average deviation 
from the estimated normal production of rice during the period 
1901-1:)11 and for the year 191~ :-

Percentag-e crop deficiency. 
r------"------. 

1901-11. 1918. 

Western Bengal -22 -381 

" 
Central 
Northern , 
Eastern 

" 

-21 -34 
-12 -49 
- 7 -27 

Tbe figures that have been quoted show how very much less 
favourable ara agricultural conditions in We11tern, Central and 
Northern Bengal than in Eastern Bengal. 

10. What is the explanation of the remarkable differeoce in the 
agricultural prospf:'rity of the four natural divisions? The main 
causes of the disparity observable may be aummed np in three words: 
(1) water, (2) manure and (3) labour. The area. that is most pros­
perous is thJ one enjoying the largeilt water-supply, receiving the 
greatest amount of manure and in which the population, hence the 
labour efficiency, is least affected by malaria. And conversely, the 
least prosperous areas are those where· the majority of the population 
is subject to recurring attacks of malarial fever. 

11. Water-supply.-In agriculture, water-supply is of supreme 
importance. "It is only when we fully appreciate the important 
role played by water in crop production that we are in position 
to r~ee how necessary to large yields is the right amount of water 
at the right time", says King. ~ater not only renders cultivation 
possible but largely governs the resulting outturn. "Experience 
a;; well as numerous rigorous experiments have shown," says Hilgard, 
"that under ordinary conditions of culture and within limits varying 
for different soils and crops, proiu::tion is almost directly propor­
tioned to the water-supply during the period of active vegetation." 
Turning to the following rainfall statistics of the province, we find 
that Eastern Bengal, where agriculture is most flourishing, where 
population has grown most rapidly and where malaria is least 
pre,·alent, enjoys a much heavier rainfall than the other natural 
divisionR. Whereas Western and Central Bengal, where malaria is 
intense, population decadent, and agriculture is in a parlous condition, 
recein tl.te lowest rainfall:-

R~.INFALL OF BENGAL. 

Normal average of natural divisions. 

Western Bengal 
Centrai ., 
Northern , 
Eastern , 

Inches 

57·00 
61•02 
81·77 
~4,-~5 

The normal average rainfall of Eastern Bengal is about 60 per cent. 
greater than that of Westt~rn and Central Bengal. Apart from 
any other factor this alone is sufficient to secure an immense 
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superiority in agricultural production. The cultural experiment~ 
of Tucker and Von Seelhori;t have shown for example that an 
increase of less than 60 per cent. in the moisture provide•! raisi!J 
the yield of oats by 65 per cent. on unmanurc:<l and 97 per cent. on 
manured soil, re:~pectively. An abundant supply of water is even 
mor;; essential in the case o( wet crops. Take the case of rice. A 
former Director of Agriculture in a special report on the cultivation 
of rice emphasizes its nee<l of abundant water in the followin.,. 
words:-" Compared with the advantages of a proper supply of wate~ 
all other questions in its cultivation, namely, the quality of the seed 
usecl, the nature of the soil on which it is grown, the m:.nures 
applied and the mode of cultivation adopted are things of very minor 
importance.'' If this view is correct, Eastern Bengal, which enjoys 
the heaviest rainfall, should produce the best rice crops; and what 
do we find ? "The yield per acre of cleaned rice is estimated at 
11·02 cwts. for winter rice and 7·3! cwts. for the early and spring 
crops", says the Imperial Gazetteer. And then it qualifies the state­
ment with the significant rem11rk: "In the rich ric1:1 swamps of Eastern 
Bengal, the return is at least half as much again.'' Local rainfall is 
not the only source of the "ater supplied to the land in Eastern 
Bengal. Much of this favoured area is subject to natural irrigation 
with river water. "It is the_height and duration of the flood, even 
more than the local rainfall, which decides whether the harvest in 
Dacca will be good or bad", writes Mr. B. C. Allen, I.C.S. "These 
floods serve a double purpose for they uot only supply th" cr()p with 
the moisture it requires, but they restore fertility to the soil by the 
rich deposits of silt which they bring down." The process of natural 
irrigation by river water, referred to in the above passagt>, increases 
the yield partly as a result of the abundance of moisture supplied to 
the crops and partly owing to the manurial value of the silt, which 
the river waters contain, "The gneissic, laterite and old alluvial 
soils ard alike mainly dependent upon artificial manures to maintain 
their fertility." Whereas the recent alluvium is periodically ferti­
lized. by fresh deposits of silt 'from the overflowing rivers. "The 
latter ptocess," adds the Census Report, "is most active in Eastern 
Bengal in the deltas of the Gange::t and Brahmaputra, whose waters 
possess the fertilizing properties of the Nile.'' Nile silt has n high 
manurial value. "At soluble commercial fertilizer rates," says 
Foaden, "the value of the mud deposited on an acre is approximately 
equal to£ 1·50." 

There is a little question that inundation hy the silt-laden waters 
of the rivers conduces very greatly to the agricultural prosperity of 
Eastern Bengal and the portions of Northern Bengal, which also 
enjoy this advantage. It is these areas in particular which provide 
the bulk of the jnte harvests upon which so much of the prosperity 
of Bengal depends. Silt-laden wvter possesses a further advantage: 
it checks the growth of weeds in the fields and in the drainage 
channels; and al; the same time it reduces the breeding of anopheles 
mo!Jquitoes owing to the fact that for some unexplained reason the 
larvre of these insects appear to be unable to flourish in silty water. 

12. Labour efficiency.-It is not e!lsy · to form an estimate of 
the relativt~ efficiency of agricultural labour in different parts of the 
province. But the great prevalence of malaria in many areas 
cannot be without its effect. Malarial fever, as is well known, 
tends to relapse again and again, an-i it is therefore a potent cause of 
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sickness and disability. Over-exertion and fatigue are potent factors 
also in determining relapses in the casP. of infected individuals. In 
many parts of We,tern anrl Central Bengal, over 90 per cent. of the 
rural population is probably infected with malaria, and in these 
circumstances the loss of working efficiency must sometimes be very 
great indeed, especially at the time of harveating the winter rice 
crop. The average fever indices of the four natural divisions, which 
are cited in a succeeding paragraph. show a great disparity in 
favour of Eastern Bengal. In connection with labour efficiency, the 
fact that the twice-cropped area is far greater where there is least 
malaria is possibly not without some significance. With these facts 
before us, we can begin to grasp the causes underlying the more 
rapid growth of population in Eastt>rn Bengal when compared with 
the other natural divisions. And when we have considered the 
figures relating to the relative prevalence of malaria in the different 
areas, we shall begin to understand the special character of the 
remedies most likeiy to effect the amelioration of malaria in the 
parts of the province speciaUy subject to the disease. 

Normal twice- Pe,.centage of 
Natural Divi•ions. cropped cultivable 

area. area. 

Western Bengal 379,000 acres 5·3 
Central 

" 
784,500 

" 
12•3 

Northern 
" 

1,649,100 .. 17•0 
Eastern 

" 2,046,700 
" ~o·o 

13. The relative prevalence of malaria.-The fever indices 
given below ah;o show that malaria is far more pravall·nt in Western, 
Central and Northern Bengal than in Eastern Bengal:-

1868. 1912. 1920. 

Per cent. Per cent. Per cent. 

Western Bengal 21·9 40·9 51•7 
Central 

" 
17•3 32•3 44:9 

Northern 
" 

22•3 23•7 33·5 
Eastern 

" 
9·3 7·5 14·0 

What is the cause of the disparity ? Before attempting to answer 
this question, we must briefly glance at the salient facts relating to 
the disease. ·Malaria is caused by a small animal parasite inocculated 
into the blood of men through the bite of anopheles mosquitoes. 
These mosquitoes are not naturally infected with malaria but have 
first to obtain the parasites by sucking the blood of human beings 
already infected. Now mosquitoes require water in which to breed; 
the adult insects cannot exist for many days in a tlry atmosphere; and 
the malaria parasite also requires a certain tempAratnre to enable it to 
develop in the body of an anopheles mosquito. Before malaria can 
become prevalent in any locality, or at any given season therefore 
certain conditions must be fulfilled : (a) firstly, infected human 
beings must be present; (b) secondly, suitable collections of surface 
water for the breeding of anopheles in sufficient numbers must 
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exist; (c) thirdl]l, the humidity of fht! atmosphere must be favour­
able to the lvngivity of anopheles, and (d) fourthly, thtl temp,.rature 
of the atmosphere must be high enough to allow the parasite tC\ 
develop. Although (a) and (b) often occur at every se<Lsou of the 
y~ar, malaria cannot spread unless the conditions (c) awl (d) are 
satisfied also, which usually occurs only during the wet season. 
Malaria naturally tends to increase therefore uuring the wet season, 
and the -.naj01·ity of new inftlctions are as a rule contracted during 
this period. But owing to the nriable incubation period, which may 
extend to several we~>ks, and the fact that the sudden onset of colder 
days and nights tends lo determine attacks of fever in tho11e who 
have become infected and bring out relap3es iu persons who harbour 
the parasite, it often happens that the gr<>atesl number of actual cases 
of malarial fever occurs after the end of. the rains just at the begin­
ning of the cold season. Thus, it often happens that when cases of 
malaria are most numerous the conditions actually responsibld for 
the presence of the infection have for the moment passed away with 
the change of the season. The great<lst morhlity from malaria is 
usually met with at a still later period owing to the fact that persons 
who are chronic cachetics fall victims to malaria in far greater num­
bers than do those who are suffering from the initial acute attack 
that usually follows first infection. Malaria, as we have seen, is 
chiefly propagated during the wet season, as a direct result of 
the climatic conditions and the great increase of facilities for the 
breeding of anopheles, which ordinarily occur at this time of the 
year, owing to the multiplication of collections of surface water. 
But in certain circumstances, to which special reference will be made 
subsequently, an incrP.ase of surface water instead of favouring the 
breeding of anopheles, tends to diminish their number. The nature 
of collections of water in which anopheles breed, their size, the 
character of the water and the temperature to which this water is 
raised by the heat of sun, all have an important bearing on the 
multiplication of anopheles. Small collections of water in pools, 
drains and streams, which possess a larg~ proportion of weedy edge, 
are most favourable to anopheles larvm, owing partly to the amount 
of shelter and food provided and also because the temperature of the 
water remains relatively low. Large collections of water possess 
a relatively smaller ratio of dangerous edge to surface and tend to 
have a higher temperature. Exposure to the sun may render them 
very unfavourable for mosquito larvm while muddy river water 
appears to be inimical to anopheles larvm. Now the cultivation of 
rice is carried on during the rainy season, which coincides with the 
periods when anopheles mosquitoes ordinarily tend to multiply, and 
the transmission of malaria infection therefore becomes most active. 
In the 'circumstances best suited to the growth of rice in Bengal, it 
might be thought that the amelioration of malaria was a hopeless 
undertaking, because it is often assumed that increasing the water 
must also increase the mosquitoes and the resultant malaria. But, as 
.we have seen, there is a point beyond which an increase of surface 
water instead of being favourable to anophele3 larvm becomes 
unfavourable to them, and results in their rapid destruction. This 
explains the apparent anomaly that those districts, which have the 
highest rainfall and possess the greatest amount of surface water 
during the cultivating season, are the areas where malaria is least pre­
valent, where agriculture is in a mC\St flourishing condition and 
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where the rural populations have multiplied at a rate far in excess of 
what might have been thought possible. An ample supply of 
surface moisture therefore confers a double benefit, improving the 
yield of the crops and protecting the population from malaria, and. 
these bent>fits are most conspicuous in the areas li!ible to inundation 
with silt-:aden river water. Although malaria is chiefly propagated' 
in the wet st>ason, its raYages become most apparent when that season< 
is over. Tbe anopheles have by this time practically finished their 
season's work. and no attempt to reduce their numbers can therefor~ 
have much effl'ct. It follows that when malaria is causing th~ 
greatest amount of sickness and mortality the only remedy that can 
prove immediately useful is the relief of the sufferers by adequate 
treatment of the disease. If sufficientl-y intensive to cure the indi­
vidual and sufficiently extensive to improve the general health of 
the community the remedial tr~ atment of malaria by quinine may 
eff~ct a considerable improvement in the conditions o[ a limited 
population. But it offers little hope of effecting a permanent ameli­
oration of malaria in a locality, because it leaves conditions relating 
to the breeding of anopheles (which are thosd primarily responsible 
for the existence of the disease) absolutely unaltered. The aim of 
the sanitarian, therefore, must be to change or control the environ­
ment, so that conditions during the season when malaria is actually 
propagated are made as unsuitable M possible for the breeding 
of anopheles mosquitoes, while at the same time the human popu­
lation is benefited directly and indirectly by the measur~s adopted. · 

14. Westem BMgal.-We are now in a positil)n to examine the 
data relating to indi~·idual districts in Western Bengal with a view 
to discovering the areas in that division most urgently in need of 
remedial measures. The expansion of popuiation in the districts of 
this are,. between 1872-1921 and 1911-19~1, respectively, are giveu 
below:-

1872-1921. 1911-1921. 

Burd wa•1 - 3·1 - 6•4 

Birhhum 0·5 ~·- 9·5 

B1nkura + 5•:3 -10·5 

Midnapur + 4·6 5·9 

Roughly 3·6 1•1 

Howrah -56·2 + 5·a 

The figures show that, since 1872, there has been an absolute 
decline of population in three districts and that during the last decade 
the procesa of depopulation has extended and accentuated, fivo out 
of the six districts being largely decadent. The area of the decadent 
thanas aggregated 5,a39 square miles in 1911, and there is little 
rloubt that the recent C<:!nsus will show a considerable increase when 
the figures become available. Some idea of the waste of human' 
life tha~ has occurred in this division during the past 50 years may 
be obtamecl by an estimate of the deviation that has taken place 
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from the normal rate of increase at 10 per l,OOO per annum. The 
following figures give the districts arranged i!l order to show the 
greatest loss of natural increase :-

Hooghly 
Burdwan 
Birbhum 
Midnapur 
Bankura 
Howrah 

Since 1812. 
Per c,.nt. 

- 53·6 
-5:H 
-~0·.) 
- 45·-1 
-44·7 
+ 6•2 

These figures show that the Howrah district is the only one that 
has experienced a satisfactory growth of population. Part of this 
growth is owing to gain by immigration. The remaining districts are 
in a parlous condition, an•l it is obvious from the figures of the 
last censu3 that radical measures of relief are required in every one 
~~~. . 

15. Fever indices in Western Bengal.-The fev~r indices noted 
below show that with the exception of Howrah every district is 
seriously affected with -malaria:-

lfl20. 19H. :Mean. 

Burdwan 62·X 5-1'4- 5~·6 
Hooghly 56·! 36·8 47·6 
Bankura 55·1 24·7 39·9 
Birbhom 54•0 %9·1 46•6 
Midnapur 40·2 31·6 35·9 
Howrah 20·1 23·6 21·9· 

The diseast:" is, as a whole, less intense in Midnpore and Howr11h 
th"n in the remaining four districts. There are con&ideraJ.1e varia­
tions in the local intensity of the disease in the different districts. 
The data available regarding the fever inuices of a number of 
different localities in each district suggests the following classification 
for each district :..,--

Intensely :M alarions. Slightly 
malarian&. mnlarious. 

Per cent. Per cent. Per cent. 

Burdwan 72·4 24-·0 3·4 
Hooghly 47·d 39•1 13·0 
Banknra 46·1 3~·4 15·3 
Birbhum 31·2 6~·0 o·o 
Midnapor 26·9 46•1 26•9 
Howrah O·O 50·0 50·0 

The healthiest portion of Bnrolwan is situ"ted in the Asansol 
subdivision in the extreme west of the district ; in Hooghly, the low-

- lying J>Ortions of the Singlir and Chanditola thanas are relatively 
/ree of malaria ; in Banknra the high undulating tract in the west of 
~he district is the most healthy artla; in Midnapur, the low-lying 
.Contai and Tamluk subdivisions contain the least malarious 
localities; and in Howrah, the southern half of the district is less 

· }nalarious than the portion to the north-west, 
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Feve1· death-rates.-The following mean fever-death rates of the 
ten years 1911 to 1920 emphasize the extreme unhealthiness of ev~ry 
district except Howrah, but show tha.t .Midnapur is not yet quite so 
bad all the other four districts; this is owing to the fact that nearly 
a third of the district is still relatively healthy :-

l3irbhum 
Burdwan 
Bankura 
Hooghly 
Midnapur 
Howrah 

Mean of 1911-20. 

3!·!) 
28•9 
26·2 
24·3 
21•2 
11•9 

1~. C!)nclusim regarding the Burd~van Division.-(!) The need 
of remedial measurt>s in the majority of the districts of the Burdwan 
Division is obvious from the facts sta.ted above. · 

(2) Work is urgently required in at least five out of the six 
Jistricts. 

(3) Hooghly and Bard wan have beon longest unhealthy and have 
lost in the_aggregate the greatest population. 

( 4) Birbhum and Bankura have both suffered very severely from 
malaria and loss of population in recent years and are rapidly 
approaching the condition of Burdwan and Hooghly. 

(5) A large portion of Midnapur is retrograie. 
(6) Howrah district is at present far less unhealthy than the 

others. 
17. Central Bengal.·-The following statement ~ives the 

expansion of population in the districts of Central Bengal for the 
total perio I 1S~2-1921 and the decade 1911-21 :-

24-Parganas 
Nadia 
Murshidabad 
Jessore 
Khulna 

1872-19~1. 

+65·0 
- 0·3 
+ 2·5 
+19·7 
+39·5 

1911-19~1. 

+7·8 
-Sl 
- 9·:3 
- 1•2 
+6·8 

Nadia uistrict bas exp·.~rienced an absolut.e decline of- populatiun 
as comparet.l wilh 1872, whereas all the other districts have shown 
some increase, though that in :Murshidabad is insignificant. During 
the last decade, three districts, Nadia, Mw.rshidabad and Jessore, 
have lost population, the two first very considerably. 24-Parganas 
and Khulna, which show the greatesl aggregate increase, are the only 
districts that have gained population in the last decade. Jessore in 
which the aggregate gain of population since i872 is about half that 
of Khuln<~., has lost ground slightly since 1!!11. l'he decadent thanas 
in the division at the time of the census in 1911 covered an area of 
5,2li2 square miles, situated almost wholly in Nadia, Murshidabad and 
Jessore. At the time Jessorc ha•l in proportion thd largest area 
deca.Jent, but there is little question that precedence in this respect 
must now be gi\"en to Nadia and Murshidabad. 'fhe deviation from 
the estimated normal rate of increase of population for each district 
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during the past 49 years may be seen by reference to the figures 
noted below wbil}h are arranged in the order of the greatest pro­
portional Joss:-

1872-1921. 1911-1~21. 

Per cent. Per cent. 

Nadia -50·3 -18·1 
Murshidabad -47·5 -19·3 
Jessore - 30·3 -11·2 
Khulna -10·5 - 3·2 
24:-Parganas +15·0 - 2•2 

It will be seen that, with the exception of the 24:-Parganas, "here 
the growth of population has Axceeded the normal rate of inciease, 
every district has lost ground ; the two most decadent districts being 
Nadia and Murshidabad, while Jessore comes midway between these 
two districts anJ Khulna, where the deviation from the normal has 
been relatively small. 'fhese figures suggest the need of remedial 
measures in the first three districts named, the need being especially 
urgent in Nadia and Murshidabad. 

18. Feuer indices.-The fever indices given below relating to 
various districts of Central Bengal show that malaria is widely 
prevalent, but that while the disease is intense in Nadia, Murshidabad 
and Jessore, it is less prevalant in the 2!-Parganas :-

1920. 1912. Mean. 

24~Parganas 35•4 29·4: 3~·4: 

Nadia 5:1•9 36·7 45·3 
Murshidabad 57•! 33·9 45·7 
Jessore 45·8 42·0 43·~ 

Khulna 37·2 28·1 32•7 

The examination of different localities in each district gives the 
following results :-

lntt>nsely 
malarious. Malarious. Slightly 

malarious. 

Per cent. Per cent. Per cent. 

Mnrshidabad 50·0 45·8 4•1 

Nadia 36·0 60·0 4·0 

Jessore 15•0 85·0 O·O 
2!-Parganas • 3•7 62·9 ::>3·3 

Khulna o·o 70·8 29·1 

These figures show that half of Mnrsbidabad, more than a third 
of Nadia and about a sixth of the localities in Jessore are intensely 

·malarious. In Morsbidabad and Nadia, a few localities near live 
rivers are still relatively healthy. In Khulna, considerable propor­
tion ot the low-lying Sundarbans tracts are healthy and in the 
24-Parganas the Diamon:l Harbour subdivision is, as a whole, 
relatively free of malaria. 
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19. f'ever death-rates.- The following mean fe-ver death-rates of 
the decade 1911-20 show that :Murshidabad and Nadia have been 
specially seriously lffected, and so far t!Upport the conclusions arrived 
at by a consideration of the population figures and the fever 
ladices :-

Murshidabad 
Nadia 
Jessore 
Khulna 
24-Parganas 

Mean 1911-20. 
Per thousand~ 

34:0 I 

3~·~ 

24:9 
19·0 
16·:1 

The Drianag1! Committee Cor the Presidency Division in 1906-01 
put forward the view that th'l distl'icts of Jessore and Nadia were 
the most malarious in the division, although they mentioned that 
there was a tract of some 1,91~ square miles in tha Murshidabad 
district in which the disease was of m!irked virulence. But the facts 
that have been brQught forward in this note seem to show that 
Mnrshidabad, at least in recent years, has suffered as severely as 
Nadia and that these two districts are in a worse condition than 
Jessore, which has long been notorious for its unhealthy climate. 
It would appear, therefore, that while every distrlct in Central 
Bengal requires attention, efforrs should he concentrated el'pecially 
upon 1\furshidabad, Nadia and Jessore, and that if any order of 
precedence be givea it should be assigned to the districts m the 
order named. 

20. Northern Bengal.-The following statement, which ghes the 
percentage increase of population for each district of Northern 
Bengal since 18i2 and during the decade 1911-1921, shcwa that 
condiLions in this area compare favourably with those of Western 
and Central Bengal. But they are not wholly satisfactory. N'> 
district, it is true, bas 1mffered an actual decline of population since 
1872, but the increase has been v~ry small in Rajshahi and in 
Pabna ; Rangpur and Dinajpur also indicate very slow expansion. 
The figures for the last decade also indicate a loss in two districts, 
Pabna and Maida, and an insigl'ificant increase in Rajshahi and 
Dinajpur, while in no district batt the increase exceeded th~ very 
moderate rate of 6·6 per cent. 

Pvpulutt'on e.lpansion. 

18i2-1921. 19ol-192L 

Rajsh'ihi + 4:~ +0·7 
Dinajpur + 18·~) +0·8 
_Jaipaiguri +12-18 +3·s 
DarjE>eling +196·2 +6·0 
Rangpur + 16•3 +5·0 
Bogra + 63·5 +6·6 
Pabua + 15·1 -2·4 
.Maida + 47·3 -O·a 
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21. If we examine the deviation from the estimated normal rate 
()f growth since 1872, Rajshahi, Pabna, Rangpur and Dinajp"lr 
appear to have suffered severe checks of normal expansion. In 
the case of Maida also, where population has developed at a rate 
closely approaching the normal, it is . clear from the small Joss 
reported at the last census that the district is now on the down grade. 
Bogra has more than exceeded the natural rate of growth and in 
Jalpaiguri and Darjeling the expansion has been extraordinary. 
In the former district, population has on the average grown at 
2! times the normal rate and in the latter at almost exactly four 
times this figure. · 

Rajshahi - 45•2 - 9·3 

Pabna - 34•9 -12·6 

Rangpur - 33•7 5·0 

Dinajpur - 31•1 - 9•2 

Maida 2·7 -10·5 

Bogra 13·5 3·4 

Jalpaiguri - ;4·8 - 6·2 

Darjeeling -146·2 - 4•0 

·22. -'l'he fever indices of the various districti!, noted below, throw 
a rather dill"e:::-ent light upon the health conditions of North 
Bengal:-

Fever Indices in Northern Bengal. 

1920. l!l12. Mean. 

Rajshahi 29·7 28·6 29·2 

Dinajpur 38·4 33·1 35·8 

Jalpaiguri 38·1 21·2 29·7 

Darjeeling 20·2 23·0 21•6 

Rangpur 28•0 17•1 22'6 

Bogra 42•0 16·6 29·3 

Pabna 37·8 23•0 30·4 

Maida 42·4 39·4 40·9 

In 1920 Maida, Bogra, Dinajpur, Jalpaiguri and Pabna were the most 
feverish, whereas eight years. earlier Bogra was relatively less 
malarious an<l Maida, Dinajpur and Rajshahi headed the list. 
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Further information as to the relative intensity of malaria in 
different Ioc:ilities in the various districts is given below-:-

J"lpaiguri 
Maida 
Bogra 
Pabna 
Dinnjpur 
Darjeeling 
Rangpur 
Rajshahi 

Intenoely Malarions. 
malarious. 

Per cent. Per cent. 

27·2 
23•5 
16·6 
H·2 
15•0 

9·0 
7·5 
O·O 

6:-J-6 
76·! 
77·7 
71•4 
82·6 
54•5 
52•5 
7-7·7 

Slightly 
malarious. 
Per cent. 

9·0 
O·O 
5·5 

14:2 
4•3 

36·3 
40·0 
23·2 

23. Fever death-rates.-The main fever ueath-rates of the 
decalie 1911--1~20 show Dinajpur, Maida, Rajshahi and Jalpaiguri. 
to be more unhE!althy than the remaining districts, while Pabna is 
low down on the list. It must be remembered that these rates are 
all calculated on the census populations of 1911 and as a result the 
fever death-rates for Jalpaiguri, Rangpur, Darjeeling and Bogra 
appear too high and that for Pabna too low. In so far as the figures 
appear to reprasent Pabna as more healthy than Malua and Rangpnr, 
they are probably misle:1ding. 'f-h.e tendency in this division as a 
whole is to find the largest proportion of death recorded under the 
head of "Fever" and the fewest under "Other causes," hence the 
fenr death-rates are swelled to abnormal proportions. 

Dinajpur 
Ma.lda 
Rajshahi 
Jalpiguri 
Rangpur 
Darjeeling 
Pabna 
Hogra 

Mean. 

34·3 
31•3 
31•2 
30·7 
29·4 
28·8 
27·4 
24·3 

24-. Eastern Bengal.-Reference has already been· made to the 
extraordinary expansion of population in Eastern Bengal, and the 
figures for the indiYidual districts are me1·ely given below for the 
.sake of comparison with those of the other divisions:-

Dacca ... 
Mymensingh 
Fa rid pur 
Eakarganj 
Chittagong 
Tippera 
Noakhali 

+ 76·0 
+1052 
+ 4!·3 
+ 39·0 
+ 42·S 
+ 89·4 
+ 74·9 

+ 8·5 
+ 6·8 
+ 4•8 
+ s·o 
+ o·s 
+ 9·4 
+12·9 

It will be seen at once that this natural division exhibits 
a very marked contrast to the other three. The can<!es of this 
difference will be discussed later ; meanwhile attention may, 
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be directed to . the figur~s relating to deviation from . the 
estimated normal expans1on in the last 49 years. In four 
districts, the actual expansion is iu excess of this, a fact which 
proves conclusively that the standard assumed is not too high. 
In three districts, tha rate of expansion is below the normal. In 
the case of Bakarganj, the fact that the total expansion since 
1872 has not reached the normal estimate of 50 per cent., is largely 
due to the great storm wave of 1876, which directly or indirectly 
caused enormous loss of life. In the case of Chittagong, emigration 
is a very constant and heavy factor. .!!,or example, in 18i'7 
emigrants exceeded immigrants by 8 per cent. and in 1911 by 
5 per cent. In the case of Faridpur, the northern half of the 
district is decadent and has long been suffering depopulation from 
causes similar to those affecting the neighbouring districts of Nadia 
and Jessore. This part of the district requires measures for the 
amelioration of· malaria. The figures for the last decade show that 
only one district, Noakhali, has actu!llly exceeded the esti­
mated normal r~te of growth but iu the case of Tippera the 
deviation is very small. As we shall see by the fever indict's 
referred to below, these two districts are at present less affected hy 
malaria than any other part of the province =-

Bakarganj 

Chittagong 

Faridpur 

Dacca 

Noakhali 

Tippera 

Mymensingh 

Dacca 

Mymensingh 

Fa rid pur 

Bakarganj 

Chittagong 

Tippera 

Noakhali 

J8i3-192l. 
Per cent. 

-11·0 

- 7·2 

5•7 

+16•0 

+24:9 

+32•4 

Fever Indices. 

1920. 1912. 

16·4 7·1 

13·0 5·3 

26·9 16·9 

13·9 10·6 

20•2 6·8 

7•6 4:2 

11•6 4:4 

1911-21. 
Per cenl. 

- 2·0 

-3·2 

- 5·2 

-1·5 

J.!ean. 

11·7 

9•1 

21·9 

12•2 

13·5 

5·9 

s·o 
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The figures relating to incidence of fever show that Faridpur 
ir> more seriously affected with malaria than any other district of 
Eastern Bengal. But the dat:l relating to localities, given below, 
throwa more light upon the relative dist~tibution of the disease in 
this division :-

Inteneely 
malarious. 

Malarian•. Slightly-affected , 
111alarious. 

l'er cent. l'tr cent. 

I<'aridpur 0 42-S 57-1 

Dacca 0 20·4 79·5 

Chittagong 0 20·0 so·o 

Mymensingh 0 11·6 88·3 

Bakarganj 0 I:S•5 91•4 

Noakhali 0 5·2 94·7 

Tippera 0 0 100 

These figures accord with what Wtl know about Faridpur, viz., 
that about half the district is malarious, although as a whole the 
disease h!lS n'>t yet reached the degree of Stlverity met with in 
Western and Central Bengal. In Dacca, about a fifth of the district 
is malarious, the disease being most prevalent in parts of the 
Manikganj subdivision and l\Iadhu(.oUl" Jungle Tracts. In Chittagong, 
portions of the district are malarious ; in 1\fymensingh, parts of 
Tangail and Jamalpur subdivisions are specially affected. In the 
<>ther districts the malarious localities are few and far between. 
Altogether Eastern Bengal offers a striking contrast to the other 
parts of the provinct~ in respect to malaria, the only areas calling 
for immediate attention being those named above; and .even in 
their case although certain localities are no doubt very badly 
affected, the problem of amelioration does not present the same 
urgent need of solution as that is offereJ by the districts in Central 
and Western Bengal. , On the other hand, !<~astern BP.ngal has its 
own special need, viz., malaria prevention. In its way this is as 
important as •nalaria amelioration. Signs are apparent pointing 
to the threatened extension of malaria eastward, and precautions 
are necessary, if the tragedy of Western and Central Bengal is not 
to be rep~ated. But this question does not concern us at· the 
moment and. must be made the subject matter of a further note. 

25. Conclusions as to districts in which work must be 
undPrtaken.-Having examinaJ figures relating to the various 
di~tricts of the province we can state that in four, Burdwan, 
Birbhum, Hooghly and ~adia, where population has declined below 
what it was in 1872, measures of ameli<'ration must be undertaken 
without further delay. AnJ if this is admitted, the districts of 
Rankura, :\{ur;;hidabad, Midnapur, Pabna, Jt>ssore and Maida, which 
b:tve lost population since 1921, must be included in the list. But 
this selection would exclude districts, such as Rajsbahi and Dinaj- · 
pur, which ha,·e long be~n suffering from malaria, and Bogra, in 
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which the disease appears to haTe recently undergone great inten­
sification. The best method of coming to a conclusion is to 
arrange the data for all districts in the order of inten!lity :-

»e.iatina fr, m normal 
expaoaion, 
1873-1921. 

l'evialion f!Om normal I 
eip"SDSIOD. 
11111-192%. 

)(eao fenr 
indices. 

Peoceuta~~e localitie& 
ioteosely 
malario1hl. 

Percent. Percent Per c.ot. Per ""Dt 

Boogb1.J - 53 ·e Banknra 68"6 Burdwaa 

:Bard wan 

:Birbbnm 

- 53•1 Blrbbnm 

-t0·6 Bnrdwan 

'-19•i Boogbi.J 47"6 Hurshid•b...t ••• •o·o 
-liO"i llnrsbidabad -· - J8•J Birbbam 

Badia -liO·B Badia -18"1 Horsbidabad 

)(nrsbidab•d ••• -47"5 :Bariwan -16"4 Nadia 

llidoapnr - 45"4 lfidnapnr - 15•7 Jessore 

Rajsbabi - 45"1 Paboa -12"4 Maida 

:Banknra -44·7 J-ore -n·t :&oltnra 

Pabna .,. 14"1 Booghl.Y -11·1 llidoapore 

Bangpnr - 33"7 llalda -JO•Ii Dinajpnr 

D;oajpor - 31"1 Bajsbabi ·1"3 Kholna 

J"""""' -30·3 Dioajpor - l"t 14· P arganas 

:Bakargaoj -11·0 Jalpsigori -S·J Pabna 

Xbnlna - 10"7 Faridpor - i·t J alpaigori 

Cbittagoog -7·1 Raogpor • 5"0 Bogra 

Farldpor - 5•7 Howrah - t•7 Bajshabi 

4&·e Hocgbi.J 

41i"7 B•nltara 

45"3 Nadia 

43·1 Blrbbom 

40"9 Jalpaigurl 

39"1 llidnapnr 

35•1 Maida 

3o•8 Bcgra 

32•7 Jessore 

32•4 Dinajpnr 

30"4 l'aboa 

29·7 Darjeeling 

29"3 Raogpnr. 

ll9"2 24·Pargouas 

Maida - 2· 7 Darjeeliog - 4•0 R~ngpnr 22"6 

Howrab +6•1 Bcgra - 3"4 l'aridpor 2111 

Bcgra ·-. +13"i Kbnlna -311 Darjeejng 21"6 

tt-Pargaoas +15"~ Hy~~reu.iogh -· - 3"1 Howrah 21"9 

Dacca +I&il Chittagoog - 3"2 Ohittagong 13"o 

Noakhali +2411 24-Pargauas -l"ll Bakarganj 12"6 

rippera +39"4. :Bakarganj - 2·0 Dace a 11"9 

K.rmensingh +U·ll Dacca - •D Noakbali 8•0 

Jalpaignri +7411 Tippera -o·s Hymensin~~;il 8"1 

Darjeeling -· +146"1 NoakbaU +2"9 Tippera 5·9 
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APPENDIX Ill. 

Relationship between obstructed Rivers and Malaria In 
Lower Bengal. 

In Lower Bengal, it has long been observed thut a deterioration 
of the public health, more especially from an increase of malaria, 
almost always occurs in assot'liation with the decay of the river 
systems of the delta. . It is often stated that the blocking of river 
channels is the immediate causa of this ill-health and Goverament 
is continually being asked to arrange for the removal of obstructions 
from the beds of khals and rivl'rs in order to diminish sickness and re· 
duce mortality. 

2. An extraordinary amonnt of misconception exists regarding 
the epidemiology of Bengal malaria. Malaria in the delta tracts, 
coutrary to what has long beeu taught and is still generally believed, 
is raruly associated with a great excess of surface water, even when 
this excess produces actual water-logging of the land and da!Hage to 
crops. • On the other hand; an intensification of malaria results 
wherever the drying-up of the delta tracts is carried beyond. a certain 
point. This is particularly noticeable in the case of Burdwan~ 
Hooghly, Nadia and Jes:3ore. 'fhe Nadia Fever Commission of 1881 
remarked in their report:-

·'In fact as Dr. Slltherlaud observed in 1868, the district iR becoming more 
and more arid, tank~ and otlu~r reservoirs of water dry up even before the hot 
season, tauks full to overflowing iu the rains rapidly dry up·-facts which prove 
that there has been no increase or excess of moisture in the soil. The very 
jungle, contrary to the assertions of sJmt• natives we met, as Dr. Lidderdale 
points out, is of a kind which prefers a dry to a damp habitat." 

3. More t•ecently Babu BhQla Nath Banarji, Executive Engineer 
in charge of the Special Drainage Division, who has been investi­
gating conditions in Jessore, states in his report · of September 
1912 :-

"If we draw a line from Pultia on the Icluimati to Jhikergacha on the 
Kabadak, the country lying to the north of this line may be generally taken as 
suffering from scarcity of good drinking water • • . Thi~ is due .to the silt­
ing of this part of the couutry by action of deltaic rivers ; smaller bils do not 
get any flushing from the rjveu. • . . • . . There are no big-sized tanks 
in most of the villages, and people have to travel a long distance to the nearest 
ri\•er or bil for their supply of drinking water. It is reported that tanks in those 
part11 do not hold water, but dry up with the subsidence of the rivers, and are 
conS('quently too expensive to be ex,Javated below the subsoil water level. It will 
not be out of place, if we not'=' the fact that the tl·acts away from the· river 
and also pla;:es which complain of scarcity of water and where bill and pits dry up 
much earlier, are not free from malaria as it ought to be, if dampne~s alone was 
the cause of rna.laria. Most of Jhenida snbdivision and parts of the Mao-ura sub­
d_ivision, where people suffer from want of water and which are away fr;.n the big 
r1vers an•l high lauds constit11te the most malarious parts of the district." 

*This is the es:act opposite of what takes place in naturally higher and drier a.reaa, anch 
ae the Punja.b and Upper Bouru&. 
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4. The increase of malaria which has gone on side by side with 
the partial dr-yiag-up of certain of the delta traets of Bengal is in 
accord with observations in other parts of the world, for it is well­
known that largt! swamps usually remain quite healthy while they 
are abundantly supplied with water, whertlas th~:y ofLen tend to 
become malarious during the process of reclamation and may remain 
intensely unhealthy as long as th~y are only partially dried. The 
explanation of this is that large water surfaces are rarely a source of 
anopheles ID'>squitoes, whereas the grassy or weed-grown edge of a 
ditch, stream or pool, may often be found to harbour enormous 
numbers of their larvre. And th~ partial Jraining or drying-up of a 
swamp grelltly increases the ratio of this dangerous" edge" and may 
lead to an enormous inerease in the output of anopheles mosquitoes. 
When this fact is grasped, the great increase of malaria that has gone 
on pari pa.ssu with the dtcay of rivers and the drying-up of delta 
tracts in Bengal may he readily understood. 

5. The Presidency Division, which includes the western half 
of the Gangetic delta, is now much more malarious than when its 
network of river channels was active. l<'ormerly, it was kept free of 
malaria by the same agency which maintained the activity of these 
rive1·s, namely the flooding of almost the whole surface of the cotmt·ty 
during the rainy season with spill water from the rivers. This 
flooding of the country temporarily levelled up the surface, abolish­
ing for the time the greater part of the dangerous "edge" of the 
myriads of dobas, ditches and pools, which would otherwise have 
tmpplied enormous numbers of anopheles mosquitoes. And although 
mosquitoes undoubtedly increast:d when the floods began to fall, the 
sea&on was then so far a'lvanced that no great spread of malaria 
~ould occur. This was probably owing to the fact that anopheles 
mosquitoes do not become infected with mal~ria when the 
temperature has fallen below a certain minimum, neiLher do they 
survive sufficiently long to gain infe.:tion from malarious patients 
-and become capable of transmitting ic again if the atmospheric 
humidity is low. The flooding of the country with spiH water from 
the rivers, besides preventing malaria, had the effect of flushing the 
hils and it also kept the water-courses open. This wr.s owing to the 
fact that the enormous volume of comparatively clear water, which 
had to be discharged from the land surface at the end of each flood 
-season effectually scoured out every channel. Hence the increase of 
malaria in the delta traci.s of Bengal, the silting up of the rivers 
and khals and the obstructed condition of the drainage to which the 
increase of malaria has heen commonly ascribed, are all due to a 
common cause, namely, the shutting-out-spill water from the 
.sur face of the delta. 

6. The following passage extracted from an unpublished report 
€x.plaills the mechanism of the process of the river decay iu the 
delta-: 

"The description of an acti111J delta branch ri11er.-If we examine the head 
-of an active branch river or delta eflluent, we may observe that the off-take 
from the maio river is roughly triangular or funnel-shaped, that it gradually 
narrows to a sort of neck when: it cuts through the relatively high books of the 
maio river, aorl that after passing through thi~ neck the chanuel usually widens 
-out a little as it enters the lower country beyond. Suppose we take a boat and 
t~ail down one of these efllueots during the flood season. \V e shall first of all 
.()bs~rve that its banks are raised slightly above th11 level of the surrounding 
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country so that the land slopes away from the river. And if ti;e level of the 
river i• high, we may note that water is spilling over wherever the banks happen 
to be a little lower thaa u~ual aud is rushing away inland. At the height of the 
6oo<l season, we shall lind that, with the exception of the narrow strip of higher 
laud on eitloer ~ide of the river, which is usua!ly densely crowded with villages, 
the country appears to be almost wholly sn!Hncrged. But the wide expanses of 
water, which extend in ~ome directions ae far as the eye can reach, are broken here 
'.lud there by distant lines of trees and dense masses cf vegetation marking the 
preoence of ridges of higher land, which bound the channel of some other Rtn:am.­
As we pass downwards, we shall come after a time to the mouth of a small creek 
or khal into which water from the river is flowin~. Entering this khal, we shall 
J:il~d a narrow winding channel pas~ing possibly for several 111iles inland. At first 
its bauks are fairly high nod like th~se of our river and lined with villages ; but 
if our boat goes forward, sooner or later, we shall pass out into one of the wide 
expan:s<B of water that we ha,·e outed from the banks of the river. On returning 
to the river and continuing to travel downstream, we paM tl•e mouths of a large 
number of the khaiB which serve to connect it with lowlands in the interior. 
These inland d<!pre8oions form a series of lateral Mpill basins ..ln either side of -the· 
ri1·er, and whenever 1ts fi,,od-level is higher than that· in the lateral basins, water 
coutiuues to !low from it through the khals into them. If we examine the ·same 
z·i1·er, when the flood season is over and the water is falling, we shall find great 
changes occurring. In the firot place, the "current enterir.g the head is sluggish 
aud the wide triangular off-take is r11.piuly silting up, with the result that a sort of 
bar is forming across the mouth and probably a large sandbank is showin~ well 
above the wat~;r in the ceutre. When we reach the neck of the effluent~. we shall 
find that a decreasing amount of water is entering from the main river, but 
where the channel narrows there ia proilably as yet a fair cnrrent. Pas11ing 
down-stream, we shall fiud that the banks are now well above the river-level and 
n·• water is spilling over them ; moreover, the shorter and shallower of the 
1.-h<~.ls arc probably already dry, alrhougl• the deeper on~R still contain water. But 
u·hereas we noticed during thejloe>d that u·ater fr"rn the ri~:er was passing into theBe 
khalB and flowing awuy inland we now find thei1· Cllrrent re~:ersed with water frgm 
the interior of the country p•JUring through them into the rit·er channel. And on 
passing up a khal, we fi...t also that tiw opeu country beyond, instead of being 
.tSubmerged as at our former \'isit, has uow become a huge expanse of rice-ficlda 
with the crops nearly ready for cutting. The khal wir.dH through those rice-fields 
and finally opens iuto a bil or permanently-flooded urea of lowland in the centre. 
Bils which are the lowest parts o1: the spill basins on either side of the river form 
the drainage sumps of the country, and the khals which lead frc.m them are the 
discharge channels through which the immensP volume nf water contained by the 
i~pill basins during the flood season eventually passes into the river after having 
.deposited its silt and fertilized the laud. 

1. "The mechanism of silting rtwl scottr.-Broadly speaking, a 
·stream of water, such as a delta branch river which flows through a 
channel composed of sand and silt, may be said to be iri a state of 
silt-saturation. That is, it always tends to carry the maximum 
amount of silt in suspension that its velocity will allow; and if the­
velocity of a silt-laden della effluent were to remain constant it· 
would neither scour nor deposit silt. Hence the silt-laden water, 
which has entered a branch delta ch~nnel from the maiD river, 
~an only take up more solid matter in suspension if its velocity 
mcreases, and on the other hand, it muijt deposit some of its burden· 
of &ilt wherever its velocity diminishes. The velocity c.f a stream 
~f water is largely governed by its T"Olume, its depth and the slope of. 
lis ~urface.. And in the case of delta rivers, which experience alter-. 
natu~g penods of flood ~nd low water, these factors are consta-ntly. 
'"arymg so that the veloctty of the stream is subject to very frequent: 
ehanges. As a consequence of this, most delta ch muel~ (especially_ 
those above tidal influence) tend to silt up at certain timns of the 
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year. During the flooJ season, active delu elfiuents take off from the 
main river much larger \"Olumes of water than can be accommodated 
in their channels ; and this surplus water spills ovt-r their banks or 
finds Hs way into their lateral spill basins by backing up through 
the khals. Thus it comes about th;,t an immense volume of water 
collects upon the surface of the low-lying country adjacent to an 
active delta ri\"er and is held up there as long as the stream is in 
flood. And at the end of the flood season as the wat~r-level in tho:! 
stream is falling, this huge volume of spill water escapes, producing 
tremendous scour in every khat or discharge channel through which 
it passes, flush.ing them out in a very effective manner. This scouring 
action extends to the river-bed also, and thus effectually counteracts 
the natural tendency for it to become Rilted up at the end of tl:e 
flood season. 

8. The system of a delta effluent.-A delta effluent possesses a 
very cvmplex system, consisting of (A) the head or off-take from the 
main river, (B) the central channel~ (C) the numerous khals or small 

· branches leading off from the .central channel, one season acting as 
distributaries and at another as feeders, and (D) the lateral spill 
basl.ns· on each side of the central channel of the effluent, with their 
bils or drainage sumps, which are connected with the river system 
by means of the khals. Under natural conditions, a river system of 
this kinil performs a double function : during low water thP- bils, 
khal:s and the central channel serve the purposes of drainaga, carry­
ing off water (rom the depressed land surfaces of the lateral river 
basins: but in the flood season the water-cours~:s cease to be drains, 
anu entirely reverse their action, takit'g on at this time the character 
of irrigation channels. It is to this system of natnral irrigation that 
active ddtas owe their fertility. But this fact bas attral.lted littl~ 
attention in Peugal, so that the importance of maintaining free river 
spill from the point of view of agriculture has been almost entirely 
overlo~ ked. }[oreover, the other important function of the river 
spill iu the delta to provide for the natural scouring-out of the water 
channels has almost escaped notice with the result that irretrievable 
damage has been done to the rivers in many parts of the delta owing 
to the .restriction of free river spill as a direct consequence of the 
construction of thousands of miles of embankments. These embank­
ments have been designed either for the controlling of the rivers or 
for the purpose of railways and roads. Bnt whatever their object, 
their effect bas been the same, namely, in the first place, preventing 
the flood irrigation which formerly enriched the land and kept it free 
from malaria and in the second place, disorganizing the natural 
system of flushing or scour which is so essential to delta channels 
if they are to remain open. As a direct result of these embankment:!, 
the soil of many districts has become impoverished, harvests have 
diminished and malaria has increased; moreover, silt and sand have 
accumulated in the beds of many of the rivers to such au extent that 
they have ceased to be acti\"e streams. 

9. The importance of ri1:~r spill.-The importance of fre~ riYer 
spill in keeping open the channels of the delta is, perhaps, more 
easily grasped if a few points are illustrated by figures. Let us take, 
the cas~ of an active delta effluent with a total cour3e, allowing 
for corns of about 150 miles. A. stream of this length will 
tra-y,.rse in a direct line about 100 wiles of country anJ. in its acti>e 
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t>tate may possibly feed 1,000 square miles of lateral river basint!. 
At flood season, it will take off from its parent stream a far great~r 
l"Olume of water than that required to completely fill its own channel. 
This excess water spills over its banks and probably submerges a 
great part of the 1,000 square miles of lowland or spill basin adjoin­
ing it. If, at the height of the flood, the mean depth of water upon 
the 1,000 square miles of land surface is three feet, over 83,000,000,000 
cubic feet of water will be held up alongside the river, ready to be 
discharged from that channel a1 soon as the flood-level permits. At 
the height of the flood, the spill water on the land surface becomes 
nearly stationary and owing to its loss of velocity is forc~d to deposit 
almost the whole of tho solid matter it originally carried. As the 
lenl of the river falls, this enormous volume of silt-free water begins 
to move once more and passes gradually from the surface of the 
conntry into the river channels. And as soonas it is in motion, it 
begins to take up solid matter into suspension and scours out the 
channels through which it passel. If the flood water on the 1,000 
square miles of spill area runs off at the rate of au inch in the 24: hours 
it will form a stream larger than the Thames at Teddington with a 
volume of 27,000 cubic feet a second; and if, in its passage through 
the kllals ar.d the river channel, this water attains a mean velocity 
sufficient to enable it to lift and carry away one volume of silt in, 
400 (the water of the Ganges and Hooghly during flood often carries 
250 parts of silt per 100,000), it will have removed by the time it has 
entered the sea over 200,000,000 cubic feet of solid matter from the 
beds of the watercourses along which it has flowed. Roughly speak­
ing, this would represent a deposit a foot deep and 100 feet wide in 
about 4 00 mileR of channel. This is the kind of scouring-out proce1.0s 
which goes on during the time of a falling flood throughout the 
whole length of an active effluent channel below the off-take; and 
it is entirely owing to this process that the upper reaches of branch 
channels in the udra are kept open and active. 

10. Silting at the llead of an eJtluent.-The off-take of a delta 
branch river, as we have already se(;'n, is wide at the mouth and · 
coutracteJ at the neck. This contraction has a double effect: during 
a falling flood in the main river it serves as :, check to the velocity 
of the entering water with the result that silt is deposited in the 
wi.de triangular mouth: and with a rising flood in the main river 
an incre!lsing am nnt of water is poured into the off-take with the 
preosure of the rising flood behind it, producing tremendous scour 
at the contractt>d neck so that· much of the silt and sand- deposited 
in the off-take during low river is washed away. Therefore, the 
tendency of a delta effiuent to silt up at its head during a falling 
flood is largely conntt>racte.l by this tendency to scour with a rising 
flood; thus as· lonl{ as every other part of its system is working 
efficiently, the vitality of the stream is rest.ored at every flood season. 
The silting at the off-take when the main river is falling seems to 
be a protective proces; which automatically shuts off the supply of 
silt-laden water at a time when the decreasing velocity of the current 
would tend to cause a deposition of silt in the lower channel. _And 
just at the time when this silting of the ofl-take is taking phlce the 
lower channel is being tb,lrou'thly sconre1 out by the run-off from 
its Ia teral spill ba;;ins. Heuee a silted-up off-take and deeply­
scour .. d lower channel woul<t appear to be the natural condition 
of a healthy branch delta river at the end of the flood season. 

1.1 A 
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·u. Silting-up of the khals.-lu tha case of khals leading from 
the hils, au alternate process of silting and scouring also occurs. 
But ir. this case the proc~s~ is the exact opposite of that which occurs 
at the off-take of a branch riYer, for silting t 'kes place with a rising 
flood and scour during a falling flood. We have already seen that 
bils are the lowe::.~t portion of lateral river basins which form the spill 
reservoirs of the rivers in their vicinity. Bils are usually poi!sesseJ 
of both afferent anti elferant kh(lls. The former ara merdv the 
drainage channels which Si.'rve to carry the water from the pet·ipbery 
of the basin to the bil or drainag" sump, wht!reas the latter are 
the channels through which the water collected in the lat~ral spill 
basins is finally discharged into the river durbg a falling flood. Spill 
water enters river b:lsins either by free flow over th" bauks of the 
rivers or through small khals which take off from the riv~r. During 
high flood in the river al~o water not only pours over the banks into 
the basins bul backs up th1'ough tlie kht;t(s ot' discharge chann!!ls until 
the level in both b'Jsius rmd river is the same, and at this tiiJle silt, 
often in large amount, is dep'Jsited in the khals. But when th~! water­
level of the river falls, the rush of cl!Jar water from the spill tJasins 
clears out these channels mo3t effectually a~ the following example 
from the Dacca district will show.· In 1877, there was a very low 
flood in the Brahmaputtra, aud the khals in the Manikgauj subdi vi· 
sion became partly silted up as a result of it. But in 1879, there was 
a high flood and it is recorde.J that-

" The increased volume of water which left the surface of the tLanas during 
October and November 1879 had the effect, as ~tated by the District Engineers, 
of deepening some of these khala by as much as 21 feet." . 

12. The· vitality of a delta e.tftu.ent depends upon the int~grity 
of its spill b7-sins.-A.lthou'gh it is Ct>mmonly believed that the 

decay of a delta effluent is primarily due eithet• to the blocking of its 
off-take or the silting·up of its channel, changes of this sort are not 
the real cause of the trouble. An effluent system, as we have already 
seen, consists of a head or off-take from the main river a central 
channel, and a net-work of khal.~ together with a S<:!ries of lateral 
basins into which the river spills over when it is in flood. And it is 
tbese spill basins that form the most vital, and at the same time the 
most Yulnerable, pat·t of t110 whole system. For while they continue 
to receive an adequate supply of spill-wat!or at every flood Eeason, 
the vitality o{ the whole effluent system is maintained, wherPas 
deterioration of the central channel, the khals, and the off-take 
through the permanent· accumulation of silt iii. bound to occur 
whenever the spill area of a river is restricted, either by natural 
changes or as a result of artificial interference. Mr. Addams 
Williams, in a recent series of lectures, has graphically dt>scribed the 
silting that has bl'en going on in a cettain of the tidal channels in 
the lower parts of the delta, pointing out that this condition occurs 
wherP.ver tidal spill is restricted. And exactly the same principle 
applies in the case of the fresh-water channels of the upper delta, 
the only difference being that in this case wa are tlealing with a 
spill of fresh-water during a flood season, in place of a spill of salt 
or brackish water at every high tide. Once the vital importance 
of this process of "flush alternating with flood" bas been clearly 
grasped, th~ nec~ssity for maintaining the integrity of tile spill 
area . of delta channels· can readily be understood. For it follows 
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that when the integrity of the spill basina connected with the 
effluent ch:mnels of the delta is destroyed or if from any cause 
the volume of the flood water passing into these basins is greatly 
reduced, water-courses are sooner or later bound to be obstructed 
by silt and sand which gradually accumulates in their, beds. 

13. The decay of a brauch river in the delta.-From what 
has been stated above, it should be obvious that, in the absence 
of this natural system of flushing, eflluent channels can never 
be self-cleansing, but must eventually become more or less com­
pletely blocked. To make this poi~t clear, let us take the case 
of a hypothetical delta eflluent that no longer spills over the country. 
Suppose this stream to possess a current whose mean velocity during 
flood exactly equals the velocity at which silt-laden water from 
the main rivers enters it. In this case the net ar:r;ount ol solid 
matter carried down to the se·a by the effluent during the flood 
season cannot exceed th~ amount brought into its channel from 
the main river, and the scour that occurs in the deep and narrow 
p:uts of its channel will be exactly balanced by the silt deposited 
in the wide and ~;hallow reaches. But when the volume of the 
stream decreases after the flood season, its velocity will, of course, 
diminish and a certain amount of silt will then b£< deposited in 
its bed. And if year after year this process is continued nothing 
can prevent the channel from eventually b~coming almost com­
pletEly blocked up. In actual practice, other factors, such as rainfall, 
etc., have, of course, to be taken into account. But broadly 
r;;peaking, a proceE>s resembling that just described is now going 
on in many of the river channels in the older parts of the Gangetic 
delta. For, on examining one of these dying rivers, we find, in 
the first place, that, at end of every flood season, silt begins to 
accumulate in its bed as th~ velocity of the current diminishes; 
and remains there because the run-off of relatively clear water 
I rom the lateral river basins is so small owiug to the shutting-out 
of river spill Lhat it cannot provide an efficient scour. In the 
seconJ place, we may see that the silt deposited in the khals when 
water from the river is packt-d up in them at a time of flood, 
r<!mains in their channels owing to the fact that. the bile with 
which they are connected only provide a very little water for 
flushiug out their beds when the water-level of the river falls . 
.From what has been stated, it should be clear that the accumula· 
tion of silt in the channels· of a delta river systt•m is directly 
due to the greatly-diminie.hed supply of water receiv.ed by the 
adjacent land f.'urface; and this silting-up must not be regariled 
as the primary cause of the decay of the rh'er channel, but should 
rather be lookfld upon as a symptom of the disorganization of 
the system of lateral spill basins which has led to their being 
deprived of an adl-'quate supply of water during the flood season. 
A change o.f this s':lrt may come about naturally, as jo1· example, 
tche1~ a delta 1·iver has raised its banks to such an extent that 
water ca11 no longer sptll over them eveii at high food. But it 
apJ.ears more often to be the ·,·esult of a1·tiji.cial interference, such 
as that occasioned by river embankments or to the shutting-out 
uf f1'ee riVtll' spill owing t•; the const1·uction of r ads and J"ailu:at/8. 
The causes of river decay are,· therefore, to "be sough~. not in the 
affected channels thcmsdves, but upon the adjacent land surface 
of the delta. It follow& that attempts at merely clearing the bed 
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of a damaged waterway can rarely effect any permanent improYe· 
ment. Moreover, work of this kinrl may in some casei actually 
accelerate deterioration, as, for e~ample. when the off-take of a 
stream, already shut off from ita spill basins, is dredged durin!l 
low flood so as to allow a larger volume of silt-laden water to 
enter it from the main river. A case of this sort occurred recently 
near Faridpur station where two or three years ago the dredging 
of the head of a small river, wboss spill had been somewhat 
limited by the raising of a road that ran alongsid~ it, was [ol· 
lowed by the tremendous siltjng-up of the off-take and channel. 
It is possible also that the present deplorable condition of the 
upper reaches of the Bhagirathi is partly a result of the attempts 
that have been maoie for years past to keep the head of that river 
open during the season of low water, whilst at the same time 
free rh er epiJI during flood has been almost entirely prevented 
by means of embankments.'' 

14. In the past, the question of river decay in relation to 
the public health has be~u. considered only from the point of view 
of drainage, for medical men and egineers, as well as the lay 
public, have been obsessed by the idPa, firstly, that "obstructed 
drainage" is the cause of Bengal malaria ; secondly, that the rivers 
in the delta are mere drainage channels; thirdly, that the collection 
of silt and other obstacles in the beds of Lhe~e channels iR the 
eause of this obstructed dninage ; and, fotlr!hly, that this condition 
can be remedied by the removal of obstructions from riverbeds or 
by special drainage schemes. It is these views which led to the 
passing of the various Bengal Drainage Acts ; the same ideas 
inspired the Special Drainage Oommittee ()f 1906; and similar 
notions underlie e~ery rect'nt proposal for the c1earing of dead river­
beds and carry;ng out of large drainage projects with the idea of 
improving the public health of rural areas. But none of the remedies 
yet proposed can ;>ossibly effect the purpcse intended. For the evils 
which require relief are due neither to water-logging nor to deficient 
drainage. Ou the contrary, they are the results of a greatly dimi· 
nished supply of surface water. As regards the clearing out of dead 
river-beds, a measure which has often been suggested as a remedy 
for the great deterioration of the public health that has taken placa 
in many parts of the delta, it may be remarked that, in the first 
place, this measure will not increase the total supply of water nor 
prevent the growth of weeds, and although it might lead in some 
cases to more water being temporarily diverted down one or other 
moribund waterway, in the conditions generally existing, this result 
car. only be obtained at the expense of other channels, anu may, 
therefore, do as much harm as good. 

15. Among the arguments pu~ forward in· support of attempts 
_to improve dead rivers by the clearing-away of fishing weirs, and· 
kumars and by r<!-opening, if possible, tbe portions of their beds that 
have already been brought under cultivation, the question of de­
population has been introduced; and. in a recent case, it bas bl!en 
suggested that "the removal of obstructions alone would do immense 
gooJ to the •lraiuage and by keeping the river alive, the depopulated 
villages on its bank may again revin" It may b.! remarked that 
the occurrence of depopulation is continually being urged as a reason 
for carrying out projects of this nature. This being so, it will be well 
to briefly discn:'ls this phenom~non of depopulation, which, in the 
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popular mind, is supposed to be a direct result of disease. But this 
view, it may be remarked, only explains how a reduction of population 
is hrougbt about, aud provid.;:s no answer to thP. more fundamental 
question of why a population declines. Yet it is the latter problem 
that must be solved if we arP. to check the evil. And in this con­
nexion, the following passage from .Mr. Udney Yule's · Theory of 
Statistics is illuminating:- . • 

" If the population of a district is increasing at a rate above the average, thi!:l 
is prima facie evidence that its industries are prospering : if the population i1 
decrea@ing or not increasing as fast as the average; this strongly snggest:1 that 
the industries are suffering from a temporary lack of prosperity or ·permanent 
decay." 

16. The population of Nadia and Jessore districts, which have 
long showed a tendency to decline, are dependent almost entirely 
upon agriculture; and the condition of that industry may be 
gauged from the fact that during the decade 1901-11 the outturn of 
crops, per acre cultivated, has fallen very short of the ncrmal in 
both Jessore and Nadia, the defici~ncy being over 30 per cent in the 
former district and nearly 40 per cent. in the latter. The cause of 
this deterioration may be inferred from thP. following quotations:~ 

"Dimit!ishedfertility of the soil in Nadia.-There is a consensus of opinion 
among Europeans and natives that, except in the lower land~ used for the rice 
-crop reaped in the cold weather, there is a distinct decrease in fertility of the 
soil of Nadia. Considering that no land except that used for sugarcane and 
tobacco is ever rnannred, and that thtl Gauge11 floodi which are so fertilizing are 
shut out by the embankments of the rivers, it is not to be wondered at that 
grarlually the soil ehould b ·come partially exhausted." (Report of the Nadia 
Fever Commis$ion of 1881.) 

"There is no doubt that the soil is getting less and less fertile. The average 
yield of crops is low as will be seen from the fact that the average yield of 
winter rice is 805 lbs. per acre and of autumn rice 835 lbs , while in Jessore 
it is 1,145 and 871), and in the 24-Parganaa it is 843 and 1,014, respectively. 
Another noticeable feature is that it is becoming necessary to allow the land to 
lie fallow for longer periods between croppings. During the five years from 
190-l-05to 1908·09 only about 40 per cent. of the total cultivable area was 
aetually cropped." (Bengal Census Report of 1911.) 

"In Nadia Lhe soil i11 deteriorating ou account of the gradual Rilting-up of 
the rivers." (Report nf the Director of Agriculture, 1910-11.) 

"It is reported that cultivation has sutf~red from the deterioration of the 
river11, \Vhich year hy year used to deposit a layer of silt on their banks and in the 
bils during the flood time Thi11 natural form of fertilization has 
-ceased. . . • The ar*'a nnrler aman rice is contracting, owing to deficient 
floods." (Jesfore District Gazetteer.) 

"Owing to the rivers having silL~;d up at their head . the periodical 
inungations, which used to occur when they were in tlood, ha'l"e cea~ed. In the 
Jhenida snb-divi~ion there have been no floods for t'1e la~t 15 years, aud. the 
country is the poorer for it. while in the .Magnra sub-division the floorls are now 
comparatively slight and the ls.nd is not fertilized to the same extent as 
formerly." (Jessore Distl·ict Gazetteer.) 

17. 'fhe facts recorded in the passdges quoted afford an adequate 
explanation of the decrease of population that is going on in Jessore 
and Nadia. Any increase of population would be impossible under 
the circumstances mentioned. Depopulation, therefore, is occurring 
in these districts, becausod the land can no longer support a popula­
tion as dense as it once could, owing to the decrease that has taken 
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place in ag.-icultural production. To put it briefly, the populatit'n 
must decline, because the available food-supply has bt>en 
diminished. 

18. In Lower Bengal, river decay, agricultural deterioration, 
increased prevalence of malaria and depopulation are all due to one 
common cause; namely, the shutting-out from the land surface of 
the delta of the flood water which, while it remained on the surface 
of the country, fertilized the soil, kept down the number of 
anopheles mosquitoes, and thus prevented malaria, and when it 
passed back into the riYer channels effectually scoured out their beds 
and so preserved their vitality. And the evils that haYe followed 
the stopping of the~e annual floods cannot be remedied by schemt>s 
for the tiilying-up of dead river channels or the further drying·nl' 
of a country_ which is already suffPring acutely from a greatly­
diminished supply of surface water. From eYery point of ,·iew, 
therefore, projects of this so1t must be condemned. They are based 
upon an entire misconception, firttl.y, of the character cf delta 
channels; secondly, of the origin of their decay; thirdly, of causes 
underlying the increase of malaria in the delta tracts ; and, fow·thly, 
of the factors responsible for depopulation. Nearly every scheme 
for the improYement of the &anitation of rural areas by drainage 
projects or the betterment of rivers that bas been put forward in 
recent years is open to these fundamentai objt:ctions. Many of 
these proposals aim at removing from the lanrl surface of the delta 
as much water as possible, usually by some system of drainage. But 
measures of this sort, if successful in diminishing the surface watt-r 
during the rainy season, will almost certainly intensify malaria and 
increase depopulation....:....the _very evils that they are intended to 
remedy. On the other band, any scheme which will proTide for 
increasing the supply of surface water during the monsoon and for 
so controlling it that neither too much is collected on the land for 
agricultural purpos·~S nor too little allowed to remain there for 
health, ought to receive every consideration, in view of the fact that 
we now poss~ss definite eYidence to show that in Ll)wer Bengal the 
greater the amount of flooding of the land surface durin~ the rainy 
season, the less malaria will there be. 
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APPENDIX IV. 

Drainage of Blls as a Public Health Measure. 

For many years, it has been suppos~d that the mitigation of 
malaria in the rural tracts of Bengal can best bP. accomplished by 
urainagP.. And wilh this view, proposal for the dr~inage of large 
swamps or bits are frequPntly put forward as sannary measures. 
But an extraordiuary amount of misconception exists regarding the 
epidemiology of Bt"ngal malaria, because recent investigation has 
shown that contrary to what bas long been taught and is still gene­
rally believed, malaria in the delta tracts is not associat~d with a 
great excess of surface water, even when that excess prouuces actual 
water-logging of the land and dama~e to the crops. • On th" other 
hand, an intensification of the disease occurs where\oer the partial 
drying up of the country is carried beyond a certain point, this 
condition being particularly noticeable in the districts of Burdwan, 
Hooghly, Nadia, Jessore, Mursnidaba<.t, and it!. a few parts of the 
Dacca and Rajshahi Divisions. 

2. The Nadia Fe-.er Commis.sion of 18Sl remarked in their-. 
report-

" In fact, as Dr. Sntiteriand obsernd in 1868, the district is becoming more 
and more arid, tanks and other reservoirs of water dry up eYen before the hot 
season, tanks full to overflowing in the rains rapidly dry up-facts which prove 
that there has heen uo inc1·ease or excess of moisturf' in the soil. The very 
jungle, contrary to the assertions of Fome uatives we met, as Dr. Lidderdale 
points out, is of a kind which prefers a dry to a <.lamp habitat." ' 

And more recently Babu Bholanath Banarji, E~ecutive Engineer,. 
in charge of the Special Drainage Division, who has been investi­
gating conditions in Jf'ssorf", states in his report of September ln2--

" If we draw a Iiue from Pnliia on the Ichamati to Jhi~;;ergacha on the 
Kabadak, the country lying to the n<'rth of this line may be generally taken a& 
suffering from sca1·city of good drinking water . This is due to the< 
~ilting of tbi~ part of the country by action of deltaic rivera • • . • • 
There are no big sized tank~ in most of the viilagee, and people have to travel a 
long distance to the nearest:river or bil for tl&eir b11pply of drinking water. It. 
is reported that tanks in thl)~e parts do not hold water, but dry up with the 
suusidence of the rivers, anci are .consequently too expensive to be excavated 
L~low the subsoil water !eYe! It will not be out of place, if we note the fact 
that the tracts away from the riYer and a!Ho places which complain of scarcity 
of water and where bils and pits dry up much earlier, are not free from malaria,. 
as it ought to be, if dampness alone was th11 cause of malaria. Most of the 
Jhenidn subdivision and parts of the l\lagura 8ubdivision, ~here pt~ople suffer 
from want of water and which are awlly from the big rivers and high lands, 
constitute the mo;,t malarious parts of the district." 

3. The view expressed in the above passage confirms the state-· 
ment made by Babu Um~sh Chandra Ghosh, B.L. (one time the 
Chairman of the Jessore Municipality, and Vic.,-Chairmon of tl.e 
District Boad) in a pamphlet published in 1905, to the effect that-

"It may be pointed out that the unhea)tl,iness of this district (Jessore) is­
nCJt due to tl&e humidity of the soil caused by the presence of the bils, but tQ, 
the diseased condition of the rivers. Some of the a·h·ers are half dead; while 
<•thers are slowly dying. The districts of Bakarganj and Faridpur, which abound 

• This is the exact opposite of .,·hat takf's place in naturally higher areas such a.a the 
Pnnjab and Upper Burma. . 
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with bill of various sizP.s, are not unhealthy. Par~aua Telit.ati which consists 
~f more than 300 vil}a~e~, is lll•?stly co,·ered with bil&. If one' looks at a mnp 
of the pargana he Will see nothlllg but a vast sheet of water, dotted with ele­
vated earth_en ~uonnds here and there, which are .utilized for the pnrposea of 
human halntat10n. Tloe people, though living in these biZ-clogged villages, are 
I'Obust and healthy. ThPre can be nl' doubt than that the existence of the bilt 
is not the cause of the malaria which prevails in tt.is district. 

4. The fact that in Jessore malaria is most severe on land which is 
t'e!atively high and in areas which are suffering from a lack of water 
.-ather than an excess, is in accord with many earlier observations 
in other parts of Bengal. For example, Dr. J11ckson, when reporting 
in 1872 on the outbreak of epidemic fever in the ea~:~tern portion of 
8urd wan dis~rict, states that-

"It was m~re fatal in the higher· and Letter drained than in the low 
Jands.'.' 

Dr. Wise, writing in the same year about thA occurrence of 
severe malaria in the l!tfauikganj sabdivision of the Dacca district, 
Temarks :-

" The cau3e3 which have rendered this subdivi<illn the most unhcaltloy in 
the whole district are uot, ( think, difficult to indicate. It is the moot northern, 
the most elevatt••l, and the driest i.n the district. Tue raiufall is much less than 
.at Dacca." 

The Sanitary Commissioner, reporting in 1~77 on a servere out­
break of malaria in the Keshpur and Narangarh circles of :Midnapur, 
'Observes that-

" These circles are well raised and comparatively dry, .;uff :ring as a rule 
uther from drought than excess of the moisture." 

The Civil Surgeo:1 of Faridpur, commenting in lti84 on the 
prevalence of malaria in the thanas in the north-we3t of that district, 
acjdsthatthey-

" Art> situate I high abovt thtl l~vel of the floJd>~." 

. · .-\nd a year later, the Sanitary Commissioner quott>; the Deputy 
:Magistrate of Chuadanga subdivision of the Nadia district as 
remarking that-

" 'rbe pre\·alence of fever in his suiJJ.ivision appeared toLe d:1e to J~ficiAnt 
-.,,·ater·su pply." 

5. The instances citei above suffic~ to show that, unlike other 
parts. of India, possessed of widely different physical configuration 
and climate~ the d~lta tracts of Bengal almost invariably show an 
increai!ed prevalence of malarial infection whenever the amount of 
water, which ordinarily collects on the land surface during the wet 
season, is seriously diminished ; whereas villages in the midst of 
large swamps or situated in badly drained low-lying areas l~able to 
flooding during the rainy season often. possess_ populations __ _o.f 
superior physique, vitality and fecundity, and at the same time 
enjoy a comparative immunity from malaria. This fact has 
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freqnently attracted attention The Lieutenant-Governor of Bengal, 
in a 1.aote upon the Burdwan fHer published in 1873, remarked-

"I am very much stroJCk, in c.nnparing the population returns with the 
map, to observe lhat tioe highest P"pnlation almost exactly corresponds witb the 
tra::t marked by Colonel Haig in tloe deepest C<>lours as most in want of drainage 
and improvement, and with a similar tract in Midnapur, which has similarly 
suff~re<a from Hood, and tloe difficulty of carrying off the water, as I myself 
witne-sed a few mouths ago. Colonel Ilaig gives a \'ivid, -and, I may say,. 
horri!Jie ole~criptiou of the tract, as one in which Lhere i~ absolutely no healthy flow 
of water whate\·er, and too escape-a hollow in wJ,ich the water stagnate@, and a 
mas!! of decaying vegetatio.m festers in it ; where noxious fumes exhale in the 
hot weather, while the damp of the raw cold weather, and extremes of tempera­
turd then prevailing render it still more unwholesome. Yet. iu the reeking 
swamps, the human race •eeand to ha\·e multiplied to a greater extent than any 
where in India-perhap~ in the wurld, It seems, as if it may be alm_ost said, 
that we cannot have too much wat.er in this conntry, and that, iu such conditions 
in this climate, all sanitary scieuce notwithstandin~, the human race multiply till 
it is wa~te<l by great calamitie~. A11 it i~<, Colonel Haig tnaly ousen·e~ that up to 
this time there has he~n much les'i fever in these reeking swamps thl\n in the 
higher parts of BurJwan and Hou~hly where there is a sen-;ii>le natural 
drainuge." 

In 1884: also, Dr. Ghosh, Deputy Sanitary Cummi::;sioner, when 
reporting on the health conuitiuns of villages in the Bistupur than~ 
of the Diamond Harbour subdivision of the 2-l-Parganas, obsen-ed 
that-

"These villages are all situated on the bils (cultivated, and known as the 
bada) in connection with the Kaurapnknr nala, the huh are peeping out of a 
vast sheet of paddy fields, and almost every hou~e haa to be reached by means of 
a dug-out. Paddy cultivation, fishing and dnck farming are their principal 
occupations. Tl1e people seem to be in perfect laealth, children fat and healthy. 
women strong and hard-working, very differcrat from what is seen in a Bengai 
village. This proves what I have always maintained, that moioture por se is 
not the origin of 111alaria. There is too large 'quantity of water here for it to 
be injurioud • • • • • Go to the south of the Khulna district and parts of 
Barisal, culti,ated \·ery largely with paddy, and there one cannPt help being 
l'trnck with the fine robust constitution of the peuple." 

ti. This extraordinary immunity from feyer often enjoyP.d by 
bil ,-illages greatly impressed the meJical men and other officers 
who investigatt~<l the Burdwan epiJeanic. Colonel ~laig, R. E., 
reported that-

•· No counexiou has yet Leen traced between the intemoity of the fever and 
proxirnit! to otaguant marshes . • . On the' contrary, there are numerous 
f~cts wh•ch are abs?lutely irreconcilable with such a ~<uppo11ition. Sume of the­
\'allag-es on the ltordeu of tl.e Danknni jola11 have Leen distinguished by com­
parative immunity from the fevt:r, while it has raged in others which are quite 
f~ec from swamp.i. The Collector reports- that Chanditola and the neighbouring 
vallage 11t the 110uth·west comer of these swamps have generally beeo con~ioiered 
"exceptionally lteal thy. " 

And l\Ir. Grant, Magistrate of Howrah, remarked in the same 
connPx:ion-

" I have ?nly to say that everyone who has a;tuJied the subject must have 
Leeu struck With the fact that the fever constantly (indeed very generally) avoids 
these lu:.rrible swamps. " 
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Baba Ramesh <;handra Mukharji reported also that-

.. The. villa~es •ituated in the approacl.u to. and in the n ry hurts of, the 
great ma~a:•es-the Ra)pnr jhil, the. K~nderah jola, tl1e Bora jola and the 
Panchla JOZa-have enJoyed coruparalt-s-e Immunity f:rom fever." 

.And Dr. Sutherland observPs that-

"The ,·illage of Jenkari is on the ed~ of a -s-ast tract o~ ~wampy country 
and yet ie healthy. Xnt a few examples cf the t!ame kiml ore to be found 
near." 

' In other portions of the Bardwan Division. the experience of 
Drs. French and Jackson a!rorded further confirmation of the vi~w 
that villages in very swampy situations as a rule escaped a serir.us 
amount of fever. The former officer remarked that-

•· Villages in the vicinity of larJ:e jhila suffered ,-ery little, if nt nil, from the 
fever." · 

. And the latter stated very definitely that-

" Yillage3 on biZ. have not been JD\Jre unhealtl.\· than otloera, l•ut quite the 
re-s-erae, even when their sites are flooded in the rni;,s. ·• 

.7. The condition of things described above is by no mellns excep­
tional. Lieutenant Colonel (now Sir Leonard) Rogeril, I.li.S., as 
recentlyas 1909 calletl the attention of the Simla ::\Ialaria Conference 
to the fact that-

1' In the 2-1-Pargana;;, the Sundarban area, which was practically flooded, was 
the m?st healthy part of the district." . 

And Lieutenant-Colonel Fry, I.li.S., in his Second Report on 
Malaria, points our that villages in the Singur ant! Chauditola thanas of 
Serampur subdivision of Hooghly (an area in which the JrainagP. is 
the descrihed as being" very congested'') remain singularly free from 
malaria. The author of this note also bas recently reported on the 
existence of a si:nilar condition of things in the Howrah district ami 
in the bil tracts of Madaripur and Dacca, which all enjoy a remark­
able immunity from malaria in spite t•f numerous swamps anJ a 
general excess of surface water. ::llor.:o,·er, ther.. is an exceedingly 
simple explanation of this apparent anomaly. 

S. Ross bas shown that the prevalence of malaria in any locality 
bears a definite relation to the ratio borne by the number of anophe­
les mosquitoes present to the human population residing there. .And 
he has also pointed Of\t that malaria cannot exist unless the actual 
number of anopheles mosquitoes per head of the population exceeds 
a certain minimum. The number of anopheles mos:juitoes occur­
ring in any place is governed by the facilities which exist for their 
breeding, and althon~h insects can only multiply where thera is 
water, the character of the collections of water available for their 

. breeding exerts an important influence upon the actual number 
produced. Observations have shown, in -the first place, that small 
collections of water are relatively more fa-vourable to the breeding 
of mosquitoes than large ones; and, in the second plac.-, that it is 
only the edges as a rule, e5pecially in the case of large collections 
of water which afford shelter to their larvre. And, broadly speak­
ing, it may be stated that the number of anopheles present in a 
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definite area is }>robably uettrmined by the amount of water "euge" 
existing there. If the ratio of edge is low, the anopheles will be 
relatively few, and if h is high, it is l'ertain that they will be 
excredingly prevalent ; an:l as the prevalence of anopheles mosqui­
toes varies with the amount of water edge, so also will the intensity 
of malaria tenJ to ,·ary in the same way. 

~. A little consideration will show that the amount of water 
edge in any area is not governed by the extent of water surface . 
present. there; for a large collection of watPr may have very much 
less of the dangerous edge than that provided by a number of 
smaller pools, which in the aggregate possess a very much smaller 
surface. If, for example, we take the case of a circ11lar bil about one 
mile in diameter, we have, roughly speaking, thrt>e ruiles of edge, or 
in other words three miles of potential breeding vlac,-s for mosqui· 
toes. If this bil were to_be crained absolutely dry, the three miles of 
dangerous edge wonld of cour:'le be aboEshed, and the bit would 
ceast! to be a danger from the point of view of malaria. But if we· 
cannot entirely dry the bil, drainage may be a Yery risky measure, 
if it does not reduce the amount of water edge existing during the 
of'ainy season (the only period which we need bother about because 
it is the only season when malarial infection e an be contra.cted). 
The attempt at drainage under these circumstances will no~ uiminish 
malaria, but on the contrary it may lead to an actual increase of the 
diseas~. The relcaiming of La Chartereuse swamp near Bordeaux 
is a classical instance of this. Work was commenced in the summer 
of 1805 with the result that an appalling epidemic occurrad causing 
18,000 cases of pernicious malaria and 3,000 deaths. Similar results 
have been observed in England also. Dt·. Paley, reporting to the 
Privy Council in 1860 on the subject of an epidemic of malaria at 
P~terborough, remarked-

" The first effect of the improved drainage of the large ten di~tricts of our 
r1eighbourhood, especially those which were formerly constautly consed with 
water, like Whittlesea l\lire, has been rather to increase the prevalence of ague." 

'!.'be ten districts of England are now comparatively healthy, but, 
a!:! is well known, they were specially reclaimed for wheat cultivation, 
and the requisite drying up of the soil was obtained by the use of. 
pumps actuated by windmills, replaced in latter years by steam 
enginAs. · 

10. In the casA of the d~lta tracts of Bengal, the configuration 
of the land surface, the heavy rainfall it experiences, and the 
character of the crops cultivated make it impossible to dry up the 
country during the wet season, and in these circumstances attempts 
at reducing the amount of water on the land~surf..c.~ are almost 
certain to be followed by an incr..-ased amount of water ed~e, an 
increasetl production of anopheles mosquitoes and an increased pl'ava­
lence of malaria. This point can be eat!ily made clear by means of 
the diagrams attacheJ. J~astern Bengal and other areas subject to 
fiooJing are kept ht>althy, owing to the fact that in these areas all the 
hollows, pits, dobas and irregularities of the land surface, the edges of 
which would harbour mosquito larvre if they ·contained a limited 
amount of water, are merged in the general inundation, levelled up 
so to speak, and thus rendered almost harmless; whereas in parts of 
the delta no longer subject to inundation the myriads of potential 
breeding places of this kind are no longer neutralized by flooding, 
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and as a resul' enormous numbers of anopheles mos.]uitoes are 
produced during the rainy season and malaria becomes proportion­
ately prevalent and severe. 

11. But, although partial drying up of delta areas m·•y be 
exceedingly dangerous and suggested drainage schemes for the rural 
tracts of Benga.l must only be adopted after the most careful enquiry 
and examination, there are alter:.atives which promise excellent 
results. These alternatives may be described briefly as (1) temporary 
il.ooding and (2) irrigation. 

In Bengal, the accidental flooding of malarious areas has almost 
invariably led to a temporary amelioration of malaria. And it may 
be pointed out that this method of combating the disease was made 
use of onr 2,000 years ago by Empedocles, who is recorded to have 
freed the city of Selenos of malaria by flooding the swamps which 
surrounded . it with water brought in by means of canals and 
aqueducts. .At i& much later period also Lancisi made use of the samo 
methods to reduce the prevalence of malaria in }'arts of Italy. 

12. ·Besides these examples, we have evidence ~o show that t!le 
introduction of an added supply of water into specially nnbealtby 
areas in Bengal has also led to an improvement in health. 

Dr. Coats, when Sanitary Commissioner of Bengai, records the 
fac' that-

.. The admil!llioo of the Vamodar water ioto the Kana Xadi in 1873-7-& and 
1875 was followed by an immediate and marked amelioration in health." 

. .And Dr. Dutt of Serampur, who visited this area in Us79, stated 
that-

··"The lettio~ ;n of the Damndar water was a mo.;t welcome relief, and that. 
but for it, parte of the country would !.ave Leeo entirl"ly depopulated • 
It bas bPen allowed to ft..,w in 1878 and 1879, and the people say that the 
epidemic has disappeared since the laat two yean1. These facta lesve no doubt 
that the Jetting in of the l>amudar water in the Kana Nadi and through it into 
the khals; drains and tanka, etc., in the interior of the subdivision, bas led to 
this improvement_" 

That this view was not merely imaginary i:t shown in a further 
report bfDr. CoatiJ, wherein he remarked-

" At a recent \iait, I mysdt fonn.J only twa per ceut. of the pe:Jple suffering 
from the effeet of former fevers, enlarged spleen ·and anremia. The patlud1ala• 
'"ere full of healthy boys, r.ot tJne of 111·horu bad splenic enlargement, cultiva­
tion was goin~ on actively, and people were eager tu have increased water •npply 
and drainage.'' 

13. In :view of the reference to drainage in the above paS:~age. 
it may be urged that villagers in Bengal often clamour for drainage 
and that .;eyerallargd scale drainage schemes that have been aLeady 
carried out, notably the draining of the Dankuni jolas, the H(\wrah 

. and Rajapor swamps, and the Magrahat Drainage Scheme appear 
to have been followed by excellent r~sults. But wh:&t are the real 
factit_?_ Colonel Haig. R.E •• reporting on the Dankuni Drainage 
Scheme in 1878. five years after its completion, obsen-ed-

"ln the first place, then, it may be remarked that experience hai proved !Jot 
merely that it is only in so far liS irrigation c"n be combined with d~ain;~,e tloat 
the full benefir of these scheme"! can be derivt-d, bot that for all practicd 
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purposes ti•e improvement ie limited to the area for which irrigation il! availablEr 
• • • • Contrary to all expectation, the experieuoe of the five yeano which 
have passed since the completion of the works has shown that in years of 
ordinary rainfall • . . . tile l!luices and drains are rcq•1ired much more for 
letting in water from the Hooghly for irrigation than for draining it off •. • • 
• Thus in 1873, during 153 • • . • days from J uue to October in whiclt 
there was a rainfall of 34 inches, the .sluice-gates were never once opened for 
drainage, hilt were openeci 15 day~ for admission of water. In 1874, with a. 
rain fall in the same months of 41"48 inche~, the sluices were not once worked". 
for drainage, but during 13 days for irrigation. In 1875, the raiufall wa3 34·6z 
inches, and the sltl'fces worked eight days for drainage aud 15 days for irrigation. 
In 1 E'76, with a rainfall of 46"71 inche11 the sluices were opened for drainage for 
eight days, and for irrigation for 26 days. In 1877 with 38 inches of rain, the 
number of dayl! were 4 for drainage and 22 folr irrigation. The capacity of the 
sluices is in fact determined, not with reference to the requirements of drainage­
at all, hut to those of irrigation ; it u,ust be such as experience shows to . b& 
necessary to raise tin: level of water iu the low grounds with tile gradual t,rrowtl•. 
of the plantA, and this is probably in excess of what is required for draina~e,. 
though the point has yet to be determined by a year of excesRive rain, whicb 
we ha\"e not had since the works were finished. The average rainfall in Hooghly 
of the five months referred to is given by the !t(eteorological Department at 
50"72 incheA. These are very curious facts, and 11how what ao irr.mense propor­
tion of the heavy rainfall of Lower Bengal is coosUiued in the process ot 
vegetation, the rice plant apparently requiring a great part of it, and the rest 
passing off chiefly by evaporation, for the subsoil drainage appe.-rs to be very 
small. h also appears from what has been said that some very important 
experience has been gaiued in this our fint experiment in drainage on a large 
scale in India, as it is now found that it iR sufficient if the discharging capacity 
of the drains is not above one:ninth of what was origir.ally thought nec,.ssary." 

The MagiEtrate of Howrah, also writing of the Howrah and 
Raja pur Scheme in the Annual Administration Report of 1897- !IS 
remarks-

" Ali the drainage schemes have prov"d to be of immer.se benefit in reclaim..: 
ing waste I!Wamps auci imp•oving the other lands. They were originally illteude<l 
for the drainage of the swamps, but thE'y are now advamtageously utilized io 
irrigating the lauds, in yearR of drought and scanty rainfllll, with fresh wat& 
from the llooghly river." 

More rect"ntly in 1905, the. Commissioner of the Burdwan 
Divisic:.n stated of these works-

"These 6Chemes have proved very -successful in reclaiming the extensiv& 
waste swampy lands west of Howrah and improving other lands. The surplus. 
water is drained out by the chBnnels and ~>luices in years of heavy rainfall ; while 
in years of drought, water from the river i,; let in for cultivation and drinking 
purpose~. The schemes have been of great benefit to the people of the neigh­
bouring tracts, who can reap a good harvest in years of drought, as well as in. 
years of heavy rainfall." 

And exactly the same thing may be said of the Magrahat 
Drainage Scheme, which has also successfully combined the func­
tions of irrigation with that of surface water control. 

14:. All the above schemes, it may be observed, although appl"ed' 
to bil areas and spoken of as "drainage schemes,•• are, strictly­
speaking, schemes for irrigation. And it is owing to this fact that 
they have uot led to an increase of malaria in tht-ir vicinity. For 
although the introJuctiou of irrigation into dry countries like the-. 
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Punjab anJ upper Burma is often followed by an extraordinary 
increase of epidemic malar.a, in swampy ow-lying deltas it has a 
~ontrary effect, :.s i:J shown by th~ hi:Jtory of irrigation in the ueltas 
of the Kavari anJ Godavari in Madras. 

In 1809, Tanjore suffered from severe epidemic malaria which 
follow~d upon scarcity of water owing to the decay of the irrigation 
system of the delta originally organized some 1,600 years ago iu 
connexion with the Grand AIHCilt. Before the trouble was finallv 
remedied, Tanjore had lost 25 per cent. of its population; but very 
shortly after a plentiful supply of water for flm,h. irrigadon was 
secure] by th~ projects of Sir .Arthur Cotton, Tanjore became a 
prosperous and comparati~ely healthy district ouce more. And the 
history of Godaveri is very similar, for that delta di'3trict wail fa~t 
passing into a state of decay, depopulation and bankruptcy when 
Sir Arthur Cotton designed the irrigation of the delta. .And as 
1"ecently as l!S72 and 1873 this area suffered from epidemic malaria. 
The irrigation system of the Godavari delta was finally completed 
in 1891, and the Gaz~tteer of the Godavari district contains following 
reference to the present health conditions in the di~trict :-

"The fact remains that the delta taluks (nnlike irrig•1teJ are,,~ iu some places 
in this Pretoidency, the valley of the Tungahh:•dra f,,r example) are not greatly 
subject to malaria, and are, in fact, the part of the district iu which it is lea8t 
prevalent." 

15 .. ·A consillcration of the facts brought forward in the preced­
ing paragraphs leads to the conclusion that in the delta tracts of 
Bengal it is necessary to approach the question of the drainage of rural 
areas 'Yith the greatest circum;pection. This is all the more neces­
sary, because of the frequent demand for the drainage of hils on the 
ground that th!! carrying out of projects of this kind will not only 
bring new land under cultivation but greatly reduce prevalP.nce of 
malaria. .As regards the pecuniary advantage likely to accrue to the 
owners of the land that may be reclaimed by such measure:~, there is 
no question, as I showed in a previous note, that it may in some 
~ases be enormous. But I.. confess that I fail to see in what manner 
the drainage of many of these swamps can possibly benefit the 
health of communities in their neighbourhood that may be suffering 
severely from malaria. In this connexton I would once more call 
attention to the view, expressed in a previous report upon a scheme 
for the drainage of the Arool Bil, that this scheme can in no sense be 
considered a sanitary measure. Formerly the scheme proposed was 
for the removal of water only. It has been considerably modified 
however and regulaturs and sluices provided, so that the depth of 
water can be controlled. Regulation and control of surface wate• is 
more desirable than mere drainage, which, while perhaps benefiting 
a <~mall area of perennial swamp, does so at the expense of thE'! 
elevated land in its vicinity. But where drainage echemes can be 
combined .with irrigation much lasting goed may be expectPd. 
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APPENDIX V. 

Flooding or Covering by Water aa a Method of Anti-malarial 
santtatlon•· 

The article on malaria in Hirsch's Handbook of Geographical and 
Historical Pathology, when discussing the effect of floods upon the 
prevalence of -the disease, remarks upon :-

"The fact that, when the w'lter is high and the ground completely covere«< by it, 
the endemic or epidemic disappears, fresb. cases of the dhtease appearing, only 
after the water has run ulf aud the surface of the country has been laid bare. 
Claasical examples of this .are furni~hed by the malariou11 regions periodically. 
inundated on the banks of the Nile, Indus, Euphrates, Ganges, Senegal, Niger, 
Mississippi and other rivers, where the endemic always begins after the water!! 
have begun to subside. There is another illustration of the fact in those tice, 
fielcls in India which are always under water, and, ad Annesley remarks, ar~:; the 
least dangerous to health. Experience also in Turkey (Sandwith), in Sardinia 
C\lorris), at several places io the Southern States of the Union (Nott), in England 
(Royston) and elsewhere, proves that the complete !boding of marshy gr'Jtmd, 
and the filling up of standing pools, ditches, and the like causes the endemic to 
disappear as certainly as if they had been dried up." 

!~lord recently, Deadrick in his text-book on "The Study of 
"llhlaria '' (1910) gives the following example of the effect .of floods 
upon malaria :-

" The primary elfdct of tl1e submerging of land, while the water is high, is to 
Jiminish malaria. A remarkable example which illustrates this occurred in Holland 
in 1748. The Dutch allowed the laiJd, for. defensive purposes, to become over­
flowed. Peace being concluded during the middle of the summer, the inundation 
was caused to subside, whereupon a serious outbreak of malaria occurred. 'l'he 
('pidemic was not succe~sfully combated until the land was again submerged _an.! 
kept so until the advent of winter. The effect upon malaria of inundations is 
almost yearly observed in the valleys of the Nile, of the Mississippi. and of other 
largt! streams." 

Many other authorities also have called attention to very similar 
facts. For example, Davidson states that :-

· '' Iu ~orne marshy countries, a heavy rainfall diminishes the prevalence of 
fe'"er by co\·ering the marshy ground with a protective sheet of water. Thus in 
the ~etherlauds, it has often beoln relllarked that rainy years are hea!rhy yeare, 
w!Jile hot and dry seasons are feverish.'• 

Scbeiibe, speaking of conditions affecting malaria prevalence, 
remarks that :.,..-

" Yery heavy rain has a deterrent influence on naturally damp soil • At 
tl1e hei);(ht ot the rainy season . . • in Deli in Sumatra (:Martin) and New 
Guinea (S:hellong), the minimum uumber of cases of illuess i1:1 notified" 

And he explains this by observing that :-

" A th'Jrough soaking of the S<>il is de!eterions to the development of tle 
mosq•Jito " 

16 
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Craig also records that :-

"In many regions. howe~er, where abundant rains occur, malaria i~ race, el"en 
thongh the anophelines are present. This is explained by .the fact that in soch 
region~; the rains are so heavy and continned that the breedin"" places of 
DlOS'}uitoea are washed out and ova and larvae do not ha~e a chance to"' dtve!op, or 
tuat no infected individuals are resident in the locality. In the f\)rmer i<~stom.:a 
an unusually heavy rainfall may act as a proteetion against malaria." 

Manson too has observeJ the same thing and explains it in the 
follo~ng passage :-

"In some places, parti('n)arly in those lhat are low lying, fiat, aud swampy, 
fevel'lJ of first in~asion disap~ar almost entirely when the country be.:•JUiei 
8ooded • • • In &Ome places mach rain will s.:onr out the mosquito pool!!, 
in otloer places it will just fill them . • • The key to the explanation of the 
varying relation of malaria to rainfall is tQ Le found in the influence of the latter 
on the local moe'}nito pools.." 

2. The passages quoted aboYe show that it has long been 
recognized that the fioodin~ of a country may exert a beneficial 
influence upon malaria. And authorities like the lat~ Professor 
Angelo Cel!i and Professor Julins Mannaberg have always regarde·l 
fiowiing or "con•ring by water" as useful m~asures for the control 
of the disease. The former author refers ir. his classical monograph 
on •• Malaria according to the !\ew Researches" to this method 
of combating malaria in the follo"ing words:-

•• C:Jvering can, so to sp~ak, also be made with -eater. If a stratum of 
water be made to cover a malariomJ site, 110 long as the water remains at a 
consrant level there will be brought about a relative improvement • • . Tlois 
submersion 1o certain C&.'"tl$ is only relati7ely beneficial, an•i its real value 
will have l\1 be tested in the light of the new theory regarding the origin 
and propagation of malaria by means of mn..qnitoe:'l Thus perhaps will be 
explained what eeems to be a paradQ:x, namely, that the soppres~ion of an 
epidemic of aqoatic origin is brought abont by the presence of water." 

And in Nothna~el's Encyclop!lldia of Medicine, the latter 
writer, when discussing the prevention of malaria, remarks that :-

"In swamps, where draio~ge was impossible, a re.~lar level WAS aimed at, 
especially during the su:nmer months. by the regulation of the incoming an•i 
outgoing water, and by the building of ilams since it was not the surface co.,.ered 
with water but tloat which was alternately under water and exposed to evapora­
tion. which was oiangeroos." 

Adding that :-

.. Exceptionally daring severe epidemic radical measures were undertaken, as 
far instance, the copious 8ooding of malarial foci. This was fir~t pot into 
practice by Empedocles, later by Lancisi." 

Some investigations by Lieutenant-Colonel Hodgson and 
King, I.ll.S., serve to tbrow a new light upon th~ rationale of 
phenomena of the kind referred t9 and enable us to understand why 
"jloating or covering by water" may b~ a most useful measure of 
anti-malarial sanitation. The following pas.'lage is extractP-d from 
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Lieutenant-Colonel Hodgson's note in the Proceedings of th& 
Lucknow Sanitary Conference, 1914:-

.. Taking the mosquito in its larval existence, we found that the optimum 
temperature for anopheles lay between 68"-78"F. Temperatures above SO"F. 
becam'l more and more unsuitable, while temperatures of 95"' to lOJ"F. were 
rApiilly fatal. In nature, during the monsoon at Delhi in Angnst. and in 
~ladras in November, we found the surface of pools to vary from 'i3"F. to-
1 Ot_•F., the difference being due to the following important facts:-

(1) The coolest pool~ were very small pools lying amongst grass. 
(2) The erlge of a pool in the day time is cooler than the centre. 
(3) The surface layer is often 3" or 4" hotter than the water 4 or 5 inches 

down at midday. 
(4) The water lying 3t the shallow edge, rnunu grass stems, is the co:,lest 

part of a pool. 
(5) When the avera~e temparature of pool~ had risen to 90" or even 100" •• 

falling rain both at Delhi and lladras was found to. be 73" _to 77"F., 
during the monsoon. 

(6) The rivPr ·at Delhi even after long d1·ought never rose above 87"F. at 
midday. 

(7). Well-water varied from SC"F. to 82"F. 
(8) The sea at Madras in the monsoon was 80"F. 
(9) Small hoof marks in grass might contain water 90"F. cooler than a large 

pool 6 inches away, particularly during hot dry weather. 
''An anopheles mosquito lays her eggs in that type of· pool which is coolest 

nt tlte time. The struggle for existence rapidly increases above· SO"F. and 
temparatures such as 1 04"F. are fatal to every single larva in less than 18 hours, 
though this is a temparature at which some pools have been found io nature. 
In the Ttrai io October water varied from 65"F. to 78"F. on the two days we­
examined it, and anopheles were breerling in miliions. The great aestroyer of 
mosquito )'l.rvre is nature and her principal means is raising the temperature of the 
water." 

• 3. It will be seen from these ob;:ervations that small collections 
of water and those possessing a large ratio of weedy edge are. far 
more dangerous than large water surfaces, becau~>e they invariably 
possess a low"!r temperature much more suitable for mosquito larvre 
than the high temperature to which large collections of water 
speedily become raised. This fact helps to expiain the beneficial 
effect of flooding up•'n the prevalence of malal'ia. When water is 
admitLed in large amount to the surface of a low-lying country, all 
the small pools are ccnverted into large ones ; on the ond hand the 
ratio of dangerous edge .is greatly reduced and on the other hanll the 
temperature of the water is speE>dily raised with the result that the 
output of anopheles mosquitoes is restricted. And when this 
meao;ure can be adopted with advantage from the point of view of 
agrict1lture also, as it may in countries where the population is 
large)~· dependent upon wet crops, a doubly beneficial result may be 
expected. 

4. In regard to the use of flooding al't well as in the case 
of other antimalarial measures specially directed a2ainst mosquitoes. 
there is anothE>r point which requires con-<ideration. This is the 
fact that, broadly speaking, it is in the rainy season only that 
measures of thia kind are required. Moreover, it is only at thi~ time 
of the year that they can prove effective. An examination of the 
mouthly curve of admissions from malaria will show that the uisease 
usually begins to FOhow an increase in the month of July or August, 
reaches its maximum in September or October and speedily declines 
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in Nov~>mber. If we Ci•mpare this sickness curve with ·the cnne of 
.mosquito prevalence, we shall find a remarkable correspondence 
between them. -That is to say, the increase of walarial f~ver always 
shows a correlation with the increase of anopheles mosquitotoS, aud a. 
speedy decline of the disease always follow a great reduction of the 
number of anopheles. Once this point is grasped, it will be seen that 
.anti-malarial J;Deas.nre-> directed against mosquitoes to· IJe dfective 
must be carried out during that p~rioJ of the year when anopheles 
:are active in ·r~ansmitting infection, and at other times efforts directed 
.against_ mosqt~ito~s will be fruitl.ess. Hence we have to consider 
the condition of land surfaces and tbe existence of mosquito-breeding 
place_s, especially. small co~lecti.on of water, during the n;~.onsoon 
months, and we most concentrate our effort upon reducing .the output 
'()f insect& at thia period. In a .low-lying -country, . such as Bengal, 
where tlte .land aur.face has l'ery little fall ::md where there is a 

•heavy rainfall it is an exceedingly difficult task to diminish the 
'()Utput of mosquitoes by drainage. 0:: the other hand, provided we 
can obtain a sufficient supply. of wa~er there should bd no great 
-difficulty in converting the d!lngerous small pools into collections of 
wat~r ~uffi~i~ntly large !lS to __ c~as~ to be a danger. !his is the 
measure that I propose _should be adopted experimentally in consulta­
tion with the Irrigation DepartmE-nt in all areas in which conditions 
will all.ow •.. ~!J.d f. or this_ ~-nrpo!Je _I have_ obtained a list of irrigation 
sluices. I.am informed that in the past very little use has heen 
made of these sluices to provide a supply of water, but in consulta­
tion with the Irrigation Department I am hopeful -that steps may be 
taken to utilise them during the present year. I have already 
arranged for an examination of the spleen indices of the villages 
servell by these sluices. And it will be possibl<-' by watching the 
results of letting in water during the flood season to carry out a 
stries o( useful experiments at a comparatively sm~:~ll cost. In 
addition to this, I am hopeful of being able in the early future to 
make ·proposals for the carrying out of one o1· more hrger scale 
experimeuts on the lines just indicated. 
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