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THE EFFECTS 0]' LARGE DRAINAGE WORKS ON 
THE PREVALENCE OF MALARIA. 

By LIEUTENANT,COLONEL F. P. NICHOLS. 

Royal Army Medical Oorps. 

"What time the gray fly winds her sultry horn."-LYCIDAS. 

TOWARDS the end of 1904, Major (now Lieutenant-Colonel) 
Hodder, R.E., published a pamphlet entitled, "The Destruction 
of Mosquitoes," being an account of the drainage and other works 
carried out with this object during 1902 and 1903 at St. Lucia, 
West Indies-a most excellent, instructive and comprehensive work, 
in which he gives in detail, with some excellent maps and illustra
tions, the various works, large and small-including drain-cutting, 
reclamation of swamps, pumping, concreting, clearing and burning 
jungle and mosquito-proofing-undertaken in that island during 
those years by the Royal Engineers, together with the cost of each 
item and an account of the difficulties met with and the ingenuity 
shown in overcoming them. In a review of this pamphlet, 
published in a contemporary, regret was expressed that the same 
officer on the spot had not. collaborated in the paper and added 
some scientific report on the results. It happens that these 
officers had collaborated to the fullest extent, as the reviewer 
might have seen had he read either the preface or the epilogue, 
where Lieutenant-Colonel Hodder most generously thanks them 
for their constaut help and assistance. It was not, however, 
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344 Effects of Large Drainage Worlcs on Malaria 

thought that sufficient time had then elapsed for any expression 
-of opinion as to the effects of these works to be of real value, and 
our assistance was therefore limited to giving the author all the 
aid and advice in our power in the compilation of his work, and to 
€diting those parts of the manuscript where our scientific know
ledge was useful. Since that time more than two years have 
passed, and St. Lucia has been evacuated. I have been enabled, 
by the courtesy of the Director-General, Army Medical Service, 
to study the Annual Reports down to the time of the withdrawal 
of the troops; and this little paper is a humble attempt to draw 
an inference as to the results of the work described so ably in 
Lieutenant-Colonel Hodder's pamphlet. 

The island of St. Lucia is manifestly designed for the comfort 
and reproduction of mosquitoes, and it is permitted to hope, though 
with less confidence, that the posting of troops there, the building 
of e~pensive barracks, and the subsequent withdrawal, was also the 
result of some less evident purpose, perhaps as a gigantic malarial 
experiment. The climate is moist, with an average rainfall of 
100 inches, and there are not many rainless days in the year; it is 
also reasonably warm, the temperature ranging between 750 F. and 
85° F., and the thermometer mostly standing at 80 0 F. The con
formation of the land is a series of precipitous mountains and 
deep ravines closed with dense, almost impenetrable, Jungle, which 
grows in rank luxuriance on the stiff clayey soil, resulting from 
the disintegration of the gneissic rock of which the island is geo
logically composed. Here the mosquito reigns supreme, and man 
-mere man-is but a condition of her existence; man, the sea
farer, who has to live beside the element that feeds hinl; man, 
the trader, who has to inhabit the low-lying port; man, the sugar
planter, the cocoa-planter, the agriculturist, who must occupy the 
valleys for the purpose of his livelihood. 

Nature marshals all her forces to favour insect life; each ravine 
is a series of sheltered, stagnant pools and hollowed stones, which 
retain the water of the )ast freshet till dried by the sun or 
replenished by a shower; the mouth of every streamlet blocked 
with debris washed down by the frequent torrential rains becomes 
a swamp; every indentation in the impervious soil holds water till 
it evaporates in a rare succession of sunny days. Here is no 
question of draining isolated puddles-the labour would be endless, 
::1 topsy-turvy Danaid task-or of oiling stagnant pools, except in 
the interest of the" Standard Oil Trust;" it is a problem of large 
works: the clearing and levelling of jungle, the drainage and 
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FIG. I. 
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~46 Effects of Large Dra1:nage Works on Malaria 

pumping of low-lying swamps; the gentle but expensive art of 
guiding rainfall into cemented channels along the natural water
courses. 

I must here call attention to the map (fig. 1) kindly placed at 
my disposal by the Royal Engineers' Institute, where Lieutenant
Colonel Hodder's pamphlet was published, in which are shown, 
though on a small scale, the situation of the barracks and the areas 
principally affected by the drainage and clearing works. Instinctive 
reasoning long before the knowledge of the association between 
mosquitoes and malaria-and also probably ideas of health and 
comfort-led to troops occupying, where possible, the tops of hills 
and windward sides of ridges. It will be seen that barracks. were 
situated in three localities, on the Morne Fortune, a flat-topped 
SOO-feet hill; at La Toe, a ridge cresting a deep ravine, and at Vigie. 
a hill sloping up from a large expanse of swampy ground, the only 
flat surface in this part of the island. Of the Morne it is unneces
sary to say much, for during most of the period covered by this 
paper it was practically uninhabited, at first on account of an out
break of yellow fever, next because of a new and up-to-date 
sewerage system being installed, and later because it became the 
site of some very fine new barracks not occupied. La Toe is a 
knife edge of volcanic rock overlooking deep ravines on either side, 
that on the west being densely forested and a fine breeding ground 
for mosquitoes. It was occupied by a company of non-European 
Royal Garrison Artillery, who provided a very substantial quota of 
malarial cases. No very special works were carried out there, but 
it shared in the genetal improvement of sanitation in the way of 
jungle clearing, draining and cementing. 

Vigie (fig. 2) merits a more detailed description, for it was there 
that the troops were most exposed to the peril of mosquito-breeding 
swamps, it was there that a great epidemic of malaria occurred in 
1901-2, and there was carried out the big scheme of reclamation 
and drainage which transformed the aspect of the place and was 
followed by a wonderful diminution of mosquitoes and a most 
satisfactory drop in malarial fever. 

Vigie is a steep volcanic rock connected with the mainland by 
a narrow neck of 10wlYlng sand and swamp, along the north side of 
which has been builta road or causeway. In 1901 all the ground 
from the very foot of the hill, on the slopes of which new barracks. 
had been lately built, to the War Department boundary SOO yards. 
away, was continuous swamp, never thoroughly dry, squashy after 
moderate rain, a quagmire in which your horse sank to his hocks. 
during the rainy season, from May to October or November. 
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348 EjJ'ects of La1'ge Dminage W01'lcs on Malaria 

For convenience of reference this lowlying ground was divided 
into the parade ground swamp (B)~for this was the normal function 
of part of it-and the cocoa-nut swamp CIJ). Another dreary quag
mire lay beyond, running up to the War Department boundary, 
called the mangrove swamp (Z), but to attempt to reclaim .this was 
beyond the dreams of our ambition-or the funds allotted. The 
first to receive attention was the parade ground swamp and the 
marshy land (C) sloping from it towards the hill at whose base lay 
the uewly constructed barracks. What was done I give in 
Lieutenant-Colonel Hodder's own words: "Both filling and drain
'ing were resorted to. The drains, which were given as much fall as 
:possible, consisted of trenches filled with stones; these trenches, 
being so near the sea-level, formed places where the water could 
collect rather than run off, and so percolate gradually into the sea. 
rt would have been useless to place drain-pipes in the trenches as 
the ground was so soft that they would have become choked in a 
few years; " " the portions of ground (C) close in front 
of the barrack blocks were pitted with numerous holes and old 

. ditches, which were all filled with water in wet weather" . 
" the actual parade ground was raised and levelled by sand filling." 

The next area to receive attention was the cocoa-nut swamp. 
This consisted of many acres of very low-lying ground, at one time 
under cane cultivation, and continuous to the south with the great 
mangrove swamp. Again I quote Lieutenant-Colonel Hodder: 
" A concrete catch-water surface channel, one yard wide, had reen 
formed at the commencement of operations to prevent this land 
being flooded from the above-mentioned hill (a hill to the south, on 
which was built a Government quarter); as this only partially 
fulfilled its object and as the catch-area of the surrounding ground 
was very large, small improvement was manifest. A project for 
a deep concrete drain with dry rubble sides running right round 
from Vigie creek to the large mangrove swamp was then proposed 
and approved (E). There is a large depression in the centre 
of this line, and to get over the difficulty of gradient, the centre 
portion of the concrete drain was given a fall to this depression 
where a 'sump' was constructed and a pump worked by an 
air-motor erected." Perhaps I should explain that "sump" is 
Sapperese for a deep pit, and that in these regions of trades-winds 
the air-motor (a glorified windmill which has exchanged its sails 
for a circular fan) works merrily, day in, day out. The improve
ment that resulted in these swamps was simply astonishing. After 
heavy rain the drains could be seen running 10 or 12 inches deep, 
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F. P. Nichols 349 

and the swamp rapidly dried. When I first visited this morass in 
December, 1902, my horse sank to his hocks in the ill-smelling 
mud, and it remained in the same condition until the completion of 
the drainage works during the following year, shortly after which 
I constantly walked over it dry-shod. Where in 1902 I could find 
larvffi in every cupful of water, in 1903 I was able to find no water 
in which mosquitoes could breed. The whole character of the 
country was changed for a distance of 600 yards. Other works at 
Vigie consisted, as at Morne and La Toc, in concreting the 
bottoms of watercourses where pools formed in dry weather, 
letting off water from cattle-ponds, and filling up, cutting and 
clearing bush, concreting surface channels, and rendering water 
tanks mosquito-proof. The summaries given in Tables 1., H. and 
IH. show the works executed at Vigie, Morne Fortune, and La Toe 
respectively, from December, 1901, to February, 1904, with the cost. 
One or two other points must be mentioned before leaving this 
part of my subject. During the building operations on the Morne, 
where much stone was required, use was made of the innumerable 
gneissic boulders left as "cores" after the disintegration of the 
softer parts of the rock. These were dug or blasted out of the 
clayey matrix, and the resulting holes made excellent breeding
grounds for mosquitoes. All these holes had to be filled up. At a 
less scientific period of St. Lucian history the surface gutters along 
the Morne roads had been broken by catch-pits to collect the silt 
brought down by heavy rain; more perfect breeding places for 
Anopheles could not have been designed, but considerable expense 
was involved in getting rid of them. A mere bald description'such 
as this gives little idea of the thought, resource, and ingenuity 
devoted to carrying out these manifold works by the officers of 
the Roya'! Engineers. I think nothing quite like them has been 
accomplished before, as the conditions were very exceptional and 
many had to be begun tentatively, seeing they were reallyexperi
mental. All through the officers, Royal Engineers and Royal 
Army Medical Corps, worked cordially together, and suggestions 
were frankly offered and adopted, or not, after full consultation. 

Having given some account of the natural conditions of the 
island and of the means taken to modify them in favour of human 
occupation, I propose now giving some impressions (as they are not 
based on any scientific observations, I fear I can call them by no 
higher name) on the apparent effects of the foregoing works on the 
prevalence of mosquitoes and malaria. Early in 1902, on account 
of an outbreak of yellow fever at the Morne, the white troops (one 
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350 Effects of Large Drainage Works on Malarria 

TABLE I.-SUMMARY OF WORKS EXECUTED AT VIGIE, FROM DECEMBER 1ST, 1901, 
TO FEBRUARY 29TH, 1904. 

Item. 

Low-lying swamp 

Parade-ground 
Slope east of barrack blocks 

Cocoa·nut swamp 

" Beds of two watercourses 
Eight large cattle-ponds 

Numerous small pools 
Surface channels 

Area. 

3 acres 

4 

7 acres 

7 " 
1,200 ft. 
15 to 20 ft. 

diameter 

Nature of Work. 

Filling with earth and sand; forming 
drains filled with stones. 

Filling with sand. 
Filling numerous small holes, levelling, 

clearing, &c. 
Deep artesian drain, with air-motor pump. 
Catch. water surface channel. 
Concreting bottom. 
Filling or running off. 

Filling up. 
Renewing and laying in various places. 

About thirty water-tanks 
Bush .. 

Various sizes Rendering roofs mosquito-proof. 
75 acres Cutting and burning. 

Minor swamps 

OOST 01>' ABOVE 

Draining with agricultural pipes and 
stones. 

£1,935. 

TABLE n.-SUMMARY OF 'NORKS EXECUTED AT MORNE FORTUNE, FROM 
DECEMBER 31ST, 1901, TO FEBRUARY 29TH, 1904. 

Item. Area. 

Swamp near drill-shed 3 acrcs 

Holes on slopes of Morne 
Surface channels and water

courses 
Thick old bush 100 acres 
Swamp near the mount 3 acres 

Concrete catch· pits .. 
About 100 water-tanks All sizes 
Watercourses 

COST OF ABOVE 

Nature of Work. 

Draining with agricultural and stone 
drains. 

Filling and running off water. 
Concreting bottom. 

Clearing and cutting tre~s. 
Cutting open drains and clearing thick 

bush. 
Filling up to pipe level. 
Making covers mosquito-proof. 
Clearing and filling holes. 

£1,613. 

TABLE IlL-SUMMARY OF WORKS EXECUTED AT LA Toc, FROM DECEMBER 1ST, 1901,. 
. TO FEBRUARY:29TH, 1904. 

Item. Area. Nature of Work. 

Ooncreting. 
Various sizes Making mosquito-proof. 

Surface channels 
About twenty tanks 
Various holes aud small Filling and draining off. 

swamps 
Large trees and old bush 30 acres Cutting, clearing, and burning. 

COST OF ABOVE £302. 
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company Royal Garrison Artillery and one company infantry) were 
moved hastily into two new brick barrack blocks at Vigie, recently 
completed and furnished with every modern sanitary convenience. 
These blocks were built on the lower slopes of Vigie hill, to wind
ward of the extensive swamps before mentioned, and in the vicinity 
of many waterholes, uncemented nullahs, &c., the breeding-ground 
of innumerable mosquitoes. Shortly afterwards, malarial fever 
broke out among them as an epidemic: two died, an enormous 
percentage were affected-117 cases among 229 men during January 
and February-and it was found necessary to remove them to Pigeon 
Island, a breezy, barren spot, some few hundred yards from the 
mainland, where they quickly recovered. Malaria was not epidemic 
among the non-European troops stationed on the top of Vigie hill 
or at La Toc, but was practically confined to this body of men. 
Major (now Lieutenant-Colonel) J. Will, RA.M.C., in medical 
charge of the troops, attributed the' outbreak to the swarms of 
mosquitoes in the new buildings, bred in the adjacent marshes and 
infected by the numerous native labourers employed by the Royal 
Engineers. As soon as the cause was recognised steps were taken 
to remove it, drainage, clearing, concreting, filling, protecting, fumi
gating, were at once begun and the larger schemes detailed above 
were shortly afterwards commenced. The apparent effects were 
very marked, as noted by both officers and men, by Major Bent, 
RA.M.C. (to whom I am indebted for many notes on the point), 
and by the other Royal Army Medical Corps officers, and as testified 
by the immediate drop in the admission-rate for malarial fevers
which began at once and has cont'inued ever since. Lieutenant
Colonel Hodder says: "At the present time (1904), in buildings 
which were formerly infested with mosquitoes of all kinds, scarcely 
a sign of one exists; but it has taken two years of continuous work 
to effect this result." 

Major Bent, RA.M.C., who had experience of the island both 
before and after the drainage operations were well in hand, was 
loud in his appreciation of the results. I may here add, in sweet 
harmony, my own pffian of praise. I arrived in December, 1902. 
The parade ground swamp at Vigie had been filled in and drained, 
the marshy ground between it and the new barracks had beell 
levelled, cleared, and drained, tanks had been mosquito-proofed, 
and much cementing had been done both at Vigie and also at the 
Morne and La Toc. The new barracks at Vigie were occupied 
by West Indian troops. The admissions for malarial fevers were 
dropping rapidly. No troops were stationed on the Morne, but the 
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Military Hospital-an old building-was there and mosquitoes were 
fairly plentiful in it. At Vigie mosquitoes were comparatively rare 
except in the evenings, when they drifted in from the large swamps 
300 yards away. The cocoa-nut swamp had not then been tackled, 
and I well remember my first introduction to it by Major Bent 
soon after my arrival-a noisome morass of many acres in which 
our ponies could not move, where every handful of water contained 
Anopheles larval; twelve months later this swamp at the same 
time of year was dry. In the new hospital at Vigie, which had 
meanwhile been opened, a mosquito was regarded as a rara avis, 
and even in the barracks, which had swarmed with them eighteen 
months previously, as an intruder. 

At the risk of personal prosing let me give one detailed account 
of what I believe (although I cannot prove) to be an example of 
direct benefit due to draining and clearing. Soon after arriving 
at St. Lucia I dined with some friends inhabiting a Government 
quarter on the Morne, at the head of a deep ravine. During dinner 
such swarms of mosquitoes appeared that the windows had to be 
closed, and my host informed me that this was no uncommon 
proceeding, their lives being rendered miserable by these insects, 
which seemed to be blown by the evening wind into the house from 
the neighbouring bush. Next day I carefully examined the house 
and surroundings. I found that it was built on the leeward side 
of a deep narrow valley running from the Morne road to the sea, 
some 600 feet down and three-quarters of a mile away. The sides 
of the valley were densely covered with rough grass, boulders, bush
jungle and large trees, so thick as to make progress a very difficult 
11latter. This jungle extended to within 30 yards of the house, 
which occupied a small clearing of a few square yards cut out of 
the forest. At the bottom of the valley was a watercourse filled 
with huge water-worn boulders-a trickling stream in dry weather, 
a rushing torrent in wet weather. Sixty yards from the head of 
this ravine, almost hidden in the dense jungle, I found a native 
hut and a well, surrounded by a morass of stinking mud. The well 
was used by washerwmilen and was full of Anopheles larVal, which 
were also to be found in abundance in the numerous puddles of the 
watercourse. After consultation with the Divisional Officer of the 
Royal Engineers, we determined to clear this pestiferous place. 
The well was closed, not without protest. an army of coolies with 
axes, machetes, spades, picks and dynamite, was let loose on the 
picturesque but unwholesome spot, and in three months' time the 
valley was cleared for 400 yards, cemented drains carried the rain-
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fall down the slopes, boulders were blasted and removed, holes 
filled, jungle cut and burned, hundreds of large trees felled
a lovely valley was turned into a hideous eye-sore, and we were 
voted madmen and vandals. The effect in the Government quarter 
previously mentioned, a;nd in other q narters in the vicinity, was 
magical, and made amends for the unpopularity we had incurred. 
Mosquitoes became interesting curiosities, jalousies could be kept 
open night and day, and though I frequently visited my friends 
again, I never dined with closed windows. This is but an instance 
of what was effected in many places; the same cause, clearing and 
draining, produced the same results-absence of mosquitoes and, 
of course, malaria-but it was expensive, the above little experi
ment costing over £200. 

The following species of mosquitoes have been identified in St. 
Lucia, and probably the list is not by any means exhaustive: 
Anopheles albipes and argyrotarsus; Stegomyia jasciata and 
ta;niata; Oulex jatigans, ta;niorrhyncus and nigripes; Umnota;nia 
lowii; Branchiosoma magna; Deinocerites. 

Of these S. jasciata is by far the most abundant, but both 
varieties of Anopheles can readily be found in larval form in 
suitable climatic conditions. These conditions appear here, as 
elsewhere, to be mainly modified by the incidence of the rainfall. 
Heavy torrential rains, such as we frequently experienced during 
July, August and Septemb~r, when 2, 3, or even 4 inches of rain 
would fall in twenty-four hours, washed the larval away; on the 
other hand, spells of dry weather, s1J.ch as we sometimes, though 
seldom, enjoyed, dried up the puddles and the larval too. Inter
mittent showers, with sunny intervals, provided sufficient w!J,ter 
for the laying of eggs and sufficient time for hatching them out, 
the clayey soil preventing the absorption of the water, and the 
luxuriant vegetation delaying its evaporation. One curious fact 
requires elucidation, viz., the abundance of Anopheles in St. Lucia 
and the entire absence of them in Barbados, only 80 miles distant, 
with frequent communication. Bermuda, I am told, enjoys a like 
immunity. Now both Barbados and Bermuda are coral forma
tions, though of different geologic age, and their waters are neces
sarily impregnated with lime, while St. Lucia is purely volcanic 
and contains practically no lime salts in its water. A point noticed 
by both Lieutenant-Colonel Hodder and myself was that in the 
cement tanks used for building requirements, where water had 
every opportunity of dissolving lime, we never found Anopheles 
larval, but sometimes Culex larval, although both could be readily 
found in the immediate vicinity. 
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The history of malaria in St. Lucia during recent years IS very 
interesting. I have thought it well to treat of it separately as 
affecting European and non-European, i.e., black troops, both 
because the statistics present different features of interest and 
because the conditions of life are not quite the same in the two 
cases. I present first, in Table IV., statistics taken from official 
sources of the incidence of" malarial" fevers and of " simple con
tinued" fevers on the European troops. It will be at once noticed 
how great are the variations in incidence in different years, also 
how on the whole a high incidence of malarial cases is associated 
with a low incidence of simple continued fever cases, and vice versa. 
'l'his is particularly noticeable in the years 1896, 1899, 1901, 1902. 
Now in the two latter years, 1901 and 1902, I happen to know that 
all diagnoses were made by the aid of the microscope, while in former 
years this was, I believe, not the case, and indeed, but a few years 
ago microscopical diagnosis of malarial fever, as a routine, was 
impracticable. At that time the diagnosis between simple con
tinued and malarial fevers was entirely clinical, and great variations 
of practice occurred, many officers requiring marked periodicity to 
establish a diagnosis of ague, while others considered all fevers other 
than enteric occurring in a malarial climate, so called, as malarial 
in character. I suggest that these differences were mainly due to 
the influence of the personal equation, and that it is fairer to lump 
together all fevers, i.e., malarial and simple continued, as "malarial 
fevers." In the accompanying Table IV. I have done this, giving 
in addition to the admission~ fOl' malarial and simple continued 
fevers the totals of the same and the ratio per thousand of strength. 
'l'he great epidemic of 1901 and 1902 stands out with startling 
significance followed by the equally significant decline in 1903, 1904 
and 1905. It was during 1902 and 1903 that the extensive works 
above described were undertaken. By the end of 1902 much of 
the clearing, filling and cementing had been finished and malarial 
admissions were dropping rapidly. By the middle of 1903 the 
larger drainage schemes were beginning to effect their object and 
the admissions for fevers were lower than had ever been the case 
before. This was still more marked in the two succeeding years 
when the works may be assumed to have attained their full achieve
ment. Fevers in fact declined pari passu with the completion of 
the works. Was this a genuine case of cause and effect? 

The following observations, taken from official reports, may be 
held to summarise the opinions of those on the spot, and therefore, 
perhaps, best capable of judging. 

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-08-04-01 on 1 A
pril 1907. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


-F. P. Nichuls 355 

TABLE IV. 

EUROPEAN TROOPS, ST. LUCIA. 

Showing by years the Avemge Strength, the Admissions for Malarial Fevers, the Admis
sions for Simple Oontinued Fever, the Total Admissions for Fevers, Malarial and 
Simple Oontinued, and the Ratio per 1,000 of Strength. 

I Average Admissions Admissions I Ratio per for Simple Year Annual for Malanal 
Continned I Total 1,000 of 

Strength Fevers 
Fever i 

Strength 

-------------------i 
1895 236 68 12 80 339'00 
1896 218 90 1 91 417'42 
1897 264 78 5 83 314'39 
1898 313 72 8 80 255'55 
1899 242 11 23 34 140'50 
1900 251 13 12 25 99'60 
1901 318 181 2 183 575'47 
1902 229 190 5 195 851'42 
1903 221 27 1 28 126'69 
1904 260 11 9 20 76'92 
1905 244 8 

I 
3 11 45'08 

1902. The Senior Medical Officer, Barbados, remarks: "Of 190 
admissions for malarial fevers at St. Lucia, 117 occurred among 
No. 46 Company, Royal Garrison Artillery, living in- newly erected 
barracks at Vigie they had been four years in the station 
and were much debilitated." 

The Officer Commanding Military Hospital, St. Lucia, writes: 
"Most cases occurred during January, February and March, all di'Y 
months-only 6 inches of raiu-so that climatic influences alone 
will not account for increase which last year occurred in wet 
months . . . . No. 46 Company, Royal Garrison Artillery, were 
removed March 9th, to Pigeon Island admissions at once 
fell New barracks swarmed with mosquitoes bred in the 
marshy land near parade ground and the cocoa-nut swamp, and 
infected by the numerous natives employed in building 
something also attributable to debilitated condition of No. 46 Com
pany . . . Vigie barracks were again inhabited-by West Indian 
troops, in July-and no excess of malaria occurred, but meanwhile 
the parade ground and cocoa-nut swamp had been drained and 
bush cut and cleared." 

This draining of the cocoa-nut swamp refers to the first drain 
cut, which proved ineffective. The swamp was not thoroughly 
drained till the middle of 1903. 

1903. The Senior Medical Officer, Barbados, attributes "the 
large drop in malarial fevers to drainage," and remarks that" similar 
drops in 1899 and 1900 were probably due to some extent to non-
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inclusion of simple continued fevers as malarial fevers." The 
Officer Commanding Military Hospital, St. Lucia, remarks on " the 
excellent effect of the drainage works on the incidence of malarial 
fevers." He notes that" the St. Lucia Company, Royal Garrison 
Artillery, supplied most owing to the dense jungle surrounding 
their station at La Toc." 

1904. The Senior Medical Officer, Barbados, says: " This large 
·decrease is no doubt due to the sanitary improvements in barracks 
and immediate surroundings which have been carried out at 
St. Lucia, together with the attention paid to filling up of all small 
pools and likely breeding places of Anopheles and the general 
crusade against this insect." The Officer Commanding Military 
Hospital, St. Lucia, says: "The above offers a great contrast to 
previous years and goes to prove conclusively that the war waged 
against mosquitoes by clearing and draining has had a most 
beneficial effect." 

1905.-The Officer Commanding Military Hospital, St. Lucia, 
notes that, in his opinion, "the continued freedom from malarial 
fevers is due to the influence of the drainage and clearing operations." 

Thus all, quontm. pars minima jui, unhesitatingly ascribe the 
great improvement' in the incidence of malarial fevers on the 
European troops to the effects produced by the large drainage and 
other works, and the war against mosquitoes so diligently waged 
during those years. But it is only fair to ask if there were not 
other factors working, less obviously, perhaps, towards the same 
end, and, looking dispassionately at the circumstances after some 
lapse of time, there appear to me to be two whose influence may 
reasonably be held to have had some share in the result. These 
were the debilitated state of No. 46 Company, Royal Garrison 
Artillery, and the fact that the new barrack blocks at Vigie 
were re-occupied in 1902, not by European, but by non-European 
troops, amongst whom, as will be shown later, improvement was 
less marked, the fresh company, No. 84, Royal Garrison Artillery, 
being quartered in hutments on the top of Vigie hill. No. 4G 
Company, Royal Garrison Artillery, came to the iBland in 1898. 
They had therefore been stationed for no less than three years in 
St. Lucia. Many of thenl were infected, for they had been the 
principal contributors to the admissions during the previous years; 
they were anmmic and debilitated from lOlJg residence in the 
tropics; they were suddenly launched into a hive of infected 
mosquitoes, each man, as he was inoculated, becoming a centre 
of widening infection; the vicious circle was complete, and was 
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broken only by the removal to Pigeon Island. Doubtless the 
men's condition rendered the disease more virulent, and emphasised 
the contrast between the years before and after the drainage works, 
but can scarcely be held to weaken the evidence of their value. 
With. regard to the second point, certainly the top of Vigie hill, 
200 feet, was breezier, healthier, l;1nd less haunted by mosquitoes, 
and I have little doubt that the change of site had a decided 
influence on the reduction of malaria. 

TABLE V. 

NON-EuROPEAN TROOPS, ST. LUCIA. 

Showing by Years the Average Strength, the Admissions for lYIalarial Fevers, the Admis
sions for Simple Contintwd Fever, the Total Admissions jor Fevers, and the Ratio 
per 1,000 of Strength. 

Average Admissions Admissions Ratio per for Simple Year Annual for ~falarial Continued Total 1,000 of 
Strength Fevers Fever Strength 

-------------- ---------------
1896 279 64 2 66 236'91 
1897 256 55 5 60 234'37 
1898 143 81 25 106 741'24 
1899 295 29 

I 
52 81 274'89 

1900 285 25 17 42 147'36 
1901 293 70 5 75 256'31 
1902 317 66 0 66 208'51 
1903 330 56 0 56 169'69 
1904 306 36 4 40 130'71 
1905 255 49 5 54 211'76 

Turning now to the non-European troops, Table V., it is 
noticeable that they have not shared in the improvement to an 
equal extent; also, with three exceptions, 1898, 1900 and 1904, the 
annual variations in incidence of malarial fevers are comparatively 
small. It appears to me that this mere regular incidence may be 
correlated with the domestic habits of the men. In the West 
Indies European and non-European troops are, as far as Service 
conditions go, on a perfect equality. They are housed, fed and 
clothed alike, although they inhabit different localities; but, being 
of the same race as the coloured inhabitants of the islands, they 
naturally mix more with them than do their Europeall comrades. 
Very many of them are married, and are allowed to live out of 
barracks, and they are thereby much more exposed to inoculation 
by infected mosquitoes. Thus the general sanitary improvements, 
which were directed against the insanitary conditions in the vicinity 
of barracks, touched them less. Again, a considerable proportion 
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of the non-European troops consisted of the Local Company, Royal 
Garrison Artillery, who were quartered permanently at La Toc, a 
locality much surrounded by jungle, which had less money spent 
on it than Vigie or the Morne. This would tend to steady the 
rate, and may account for the less marked improvement since 1902, 

·compared with the white troops. With regard to the exceptional 
years, 1898 shows a very high ratio of admissions, and the Officer 
Commanding Military Hospital remarks, that "severe remittent 
fever was prevalent at La Toc." 1904 shows a materially improved 
ratio, following a steady improvement in 1902 and 1903, which I 
have little hesitation in ascribing to the clearing and draining 
operations generally. 

The phenomenal drop in 1899 and 1900 must be considered in 
connection with a very marked improvement in the admission-rate 
for fevers in those years among both European and non-European 
troops, following the remittent fever epidemic among non-European 
troops in 1898. In the preparation of this paper I had not at first 
intended to make use of statistics, but when quite recently I made 
out Tables IV. and V., I was at once struck by the general resem
blance of the figures for the years 1898, 1899, 1900, and those for 
1902, 1903, 1904. In both there was evidence of epidemic malaria 
followed in both by marked decline in the two succeeding years, the 
only apparent difference being that in one case the epidemic was 
among the non-European, in the other among the European troops. 

, Yet my contention was that the improvement in the latter case was 
mainly or altogether due to the great and novel drainage opera
tions of 1902 and 1903. How then was I to .explain the similar 
sequence in 1898 to 1900? I found on further investigation that 
there was evidence of considerable sanitary works being carried out 
during those years. Thus in 1898 and 1899, "extensive building 
operations were going on at Vigie; Vielle Ville creek was being 
drained (marked Q in fig. 2.) and Vielle Ville barracks repaired." 
In 1899," in addition to drainage operations of the previous year, 
surface drains at Vigie were cemented and extended to the sea," 
while in 1900 it is recorded that "the building operations are 
approaching completion and the surface gutters have been further 
improved." I find also, on reference to Lieutenant-Colonel Hodder's 
pamphlet, that he mentions, incidentally, that during 1897 to 1899 
not less than £1,000 was spent on reclamation, drainage, concreting 
and bush-cutting. No mention is made of mosquitoes, and it may 
be supposed that these works were undertaken on the general 
assumption that drainage was good and marshes and jungle bad; 
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they were working in the dark but working on right lines. I 
suggest, then, that after the epidemic of malaria at La Toe in 
1898, attention was specially directed to clearing, draining, and 
general sanitary improvement, that the large scheme of barrack 
construction probably aided in this by directing attention to the 
needs of the island, and that the improvement which followed was 
due to these measures. Although not specifically directed against 
mosquitoes, there may have been other factors at work to con
tribute to the result, just as there may have been in 1903, 1904 
and 1905. We are, I think, too apt to indulge in special pleading, 
too apt to see comforting results from measures in which we are 
specially interested, too apt to take post hoc as equivalent to propter 
hoc, to let the wish be father to the thought, without sufficient 
criticism of paternity. We know so little of the habits, the con
ditions of existence of Anopheles, even less of the plasmodia they 
carry. We know little, with exactness, of the climatic conditions 
that favour their breeding, and are only beginning to recognise 
the fine adjustment of sun and shower which is requisite to that 
end. vVe have the vaguest ideas on their powers of travel. We 
cannot explain why "certain breeds of mosquitoes exist in one 
place and not in another; why, for instance, Anopheles swarm in 
St. Lucia, yet cannot be found in Barbados, only eighty miles away,. 
with constant communication. 

But whatever other influences may have helped in the result, 
I am myself convinced that the main factor was the change in 
natural conditions produced by the drainage operations. They 
were conceived and carried out with one logical end in view-the 
destruction of mosquitoes; the results were obvious to all of us and 
were confirmed over and over again. Areas were marked out for 
clearing and draining, mosquitoes disappeared; if bush were allowed 
to grow, if the channels became blocked or inefficient, mosquitoes 
again appeared to again vanish under the scythe and spade. 
Constant effort and unremitting attention were necessary but 
met with their reward. Statistics bear out. the argument and the 
results of previous measures reinforce it-measures directed to 
the same end, but without the definite aim that modern knowledge 
gives and temporary in their effects because unbacked by conviction 
and starved for lack of funds. For large works, like those under
taken in St. Ll1cia, mean both great initial outlay and considerable· 
recurrent expendit'l1re, as well as organisation of method, intelligent 
co-operation,. and unremitting supervision. That yery unfavourable 
localities can be freed from mosquitoes and thereby from malaria 

25 
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I am convinced; whether the game is worth the candle is another 
question. The amount actually spent in St. Lucia in a little over 
two years on these drainage and clearing operations was almost 
£4,000, and another £5,000 was required to completely carry out 
our scheme. The annual recurrent expenditure was estimated at 
£1,000. Bush-cutting alone (three cuts per annum were necessary 
in that luxuriant climate) amounted to £600 a year at £3 per acre. 
The average cost per head of troops worked out at £2. 

I ought, I think, to mention that the above experiment (for so 
it may be regarded) was uncomplicated by other prophylactic 
measures. Barracks were not mosquito-proofed with wire gauze, 
mosquito curtains were not issued to troops (except in hospital), 
and no issue of quinine was made. Reliance was placed entirely 
on clearing, draining, and general sanitation directed to mosquito 
destruction. 

In concluding this paper I think I am justified in saying that 
a severe epidemic of malaria in St. Lucia led to very extensive 
drainage works, undertaken with the view of exterminating 
mosquitoes, which were followed during three succeeding years by 
a great and increasing diminution of malaria; that this is in accord
ance with similar experience elsewhere, and that the results justify 
us in urging expenditure oI;J. a considerable scale in cases where 
it is found necessary to station troops in malarious localities. 

I wish here to acknowledge in the fullest manlJer my indebted
ness to Lieutenant-Colonel Hodder, R.E., and the publishers of his 
pamphlet, The Royal Engineers' Institute. To the former I owe 
many hints and suggestions during our sojourn together in St. 
Lucia, to the latter permission to make use of figs. 1 and 2 
(slightly altered for my purpose), Tables I., Il. and Ill., and various 
quotations from the pamphlet, which I have acknowledged in 
the text. 
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