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FiG. 3.—BUKIT [JoK ESTATE, FEDERATED MALAY STATES.

Subsoil drainage to tap springs on the side of a steep ravine.

| Faece page 16.





















a2 BRITISH MALAYA

objectives of the Board do not require enlarging upon,
except that it was decided to carry out a scheme of anti-
malarial drainage in a selected area which could be tested,
and, if found successful, be used as a model scheme for
other similar places. Early in 1911 the Liverpool School
of Tropical Medicine published a book entitled 7/e Pre-
vention of Malaria in the Federated Malay States, by Dr
Malcolm Watson, which contains a wvaluable record of
successful work accomplished by the author, as well as
a description of a method of dealing with ravine streams
in hilly country, which is nearly always intensely malarious
after being opened up. On two rubber estates in the
Batu Tiga district—Glen Marie and Seafield—a thorough
system of underground draining has been carried out.
The underlying principle was, that springs and streams
being favourite breeding-places of a very dangerous
mosquito, these springs and streams must be conveyed
underground, and then the insect will be exterminated.
On a larger estate such drainage of all streams would be
too costly, so Dr Watson decided to render a certain area
completely dry, and place all the inhabitants in the centre
of this area. The next step was to decide upon the
method of drainage. Ewven in a selected area the Panama
system was shown to be almost prohibitive, as material
would have to be carted very long distances at great
expense. So an ingenious idea has been adopted of
laying ordinary rough, agricultural pipes along the course
of streams, and tapping springs, these pipes carrying all
the daily flow; then in order to accommodate the occa-
sional tremendous rush of storm-water, open ditches are
made of considerable width, so that scouring is prevented
and a storm flow only allowed to develop a depth of a
few inches. The method is simple and extremely
economical, and if efficiently carried out should prove
successful. That pipes get choked occasionally, and from
time to time some of them get washed out in exceptionally
heavy storms, goes without saying, but replacement is only
a matter of a few hours’ work and insignificant expense,
so that accidents of this sort need not cause anxiety, and
it has to be borne in mind that the most expensive
drainage pipes and culverts laid with elaborate precau-
tions do not escape destruction by storms. These experi-
ments are being watched with great interest; they are
being carried out by a man of experience, who has studied
















































38 BRITISH MALAYA

beri-beri when immigrant into the very worst foci of
beri-beri in the Malay States,” while ‘‘their sickness
rate from all other causes exceeded that of all the
other classes of natives beside whom they lived, and
with whom they were equally exposed to the incidence
of all supportable infective agencies.” At that time
Braddon had no knowledge of Eijkman's observa-
tions, and was influenced by the current views which
entirely discredited the idea that there could be any
connection between rice and beri-beri. Gradually,
however, the evidence accumulated to show that
there was a definite connection between the two ; and
in 1go1 he submitted evidence to a Congress of
Medical Officers of the Federated Malay States
strongly indicating that the freedom of the Tamils
from beri-beri was due to their use of a particular
kind of rice, which he called “cured” rice. This
paper and a subsequent one produced the hot con-
troversy without which progress towards the truth
would be much slower than it is; and in 1904
Braddon was in a position to publish a large volume
of evidence in favour of his rice theory, and to show
that all the observations brought forward by his
opponents fell into line with his own theory. But
for the controversy many of these observations would
never have been made:; having been made, they
helped to establish the truth.

In the face of all the facts now showing a connec-
tion between rice and beri-beri, medical opinion in
the Federated Malay States had to be revised ; and
Government gave facilities for Braddon, in associa-
tion with Drs Fraser and Stanton, to conduct an
important experiment on free Javanese coolies, who
were engaged in road construction. The result was
a further striking proof of Braddon’s theory that
cured rice with the pericarp was a preventive of beri-
beri, and a cure for the disease, if not present in too
advanced a stage. For all practical purposes the
cause of beri-beri was known; we had also learned
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was from the knowledge of this fact that the authors
of books on tropical sanitation advised peopl:& to
build their dwelling-houses on high, dry situations,
“avoiding a clay soil if possible.” ‘“As high gro}md
as possible, is a golden rule for a camp.” * Against
the vertical uprising of malaria, elevation, however
small, affords some protection.” In Italy, too, the
association of malaria with swamps was no mere
schoolman’s theory. It was something so real to
thousands that it had woven itself into the texture
of their daily lives. Year by year, as the summer
months came round, thousands left the plains each
evening and slept in the hills, to return in the morning
to their daily task. To spend a night in the plains
was only to court the disease; and the lesson had
been taught too often by bitter experience to be
unknown even to the most ignorant. The distribu-
tion of the disease was indeed so peculiar, that men
much less acute than the leaders of medicine in Italy
could not fail to mark it.

When we search for the explanation of the freedom
from malaria of the Italian hills, we at once find
it in the habits of the local Anopheles. In Italy the
only mosquitoes that carry malaria live in swamps,
pools, and very sluggish drains overgrown with
vegetation. From the drains they disappear when
these are freed from vegetation, or when the current
reaches a certain velocity. In Italy, unlike the Malay
States, no Anopheles are to be found in the hill
streams ; and so in Italy, no malaria is to be found
in the hills. While, then, it is a golden rule for
Italians to avoid the plains and live in the hills, the
rule does not apply to Malaya; nor, as we shall
see, to many parts of Asia, where the distribution
of malaria is different from what it is in Italy, since
the Anopheline fauna have different habits.

Physical Conditions Favouring Malaria.—Italy
consists of the high lands of the Appenines, and a
stretch of flat land from the hills to the sea. In the
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flat lands or plains there is little “fall,” and the waters
find the sea with difficulty. Dashing down the hills
laden with detritus, the rivers soon reach the plain.
Now no longer able to carry their burden, where the
current slackens they throw it down, and sometimes
the bed of the river is above the level of the land
through which it flows, and over which it would flood
but for the confining banks made by man. The sea,
too, seems to have joined in the conspiracy to swamp
the land. Practically tideless, the sea for ever holds
up the rivers as they seek to empty themselves, and it
dams them back in stagnation for miles. Were the
sea but to recede three or four feet even for a few
hours in the twenty-four, it would stir the rivers to
life. It is the stagnation that brings malaria and
death. And not content with this sullen grip of the
river's life, from time to time in the paroxysm of its
storms the sea throws barriers of sand along the
shore, and across the river, as if trying to shut it up
completely. Sometimes the river bursts through
these bonds; more often, winding along the coast
behind the sand dunes, after a long detour it reaches
the sea. But in its course it has become a swamp
rather than a well-defined river. This is the cause
of many marshes along the coast of Italy, not the
least well-known of which are the Pontine Marshes.
The physical conditions favour the creation of these
marshes along the coast ; and malaria was so prevalent
in the Italian littoral that the Tuscan school formu-
lated the theory that malaria was due to a mixture
of fresh and salt water. A map of the marshes of
Italy was indeed a map of its malaria ; and not only
were the Italians aware of the direct connection
between swamps and malaria, but they were aware
—they had proved it hundreds of times—that the
thorough drainage of swamps had freed portions of
the land from the pestilence. Rome itself was an
example of the beneficent result of drainage. Yet
with the physical conditions just described, it will be
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MALARIA IN ITALY 43

seen that drainage generally along the coast pre-
sented the greatest difficulty, and we can readily
understand why the Italians often abandoned the
attempt. The project would have appealed probably
more to those great engineers, the Dutch.

Referring to the prevention of malaria by the
destruction of mosquitoes, Celli writes :'—

“ Nevertheless, to the old and reliable methods of the
campaign against malaria, namely, draining and agrarian
sanitation, our efforts were directed.

“The hygienic effects of the sanitation by drainage
already carried out were studied. The result was that on
large extensions of land the best drainage sanitation very
frequently failed to drain off all the water or to give it
sufficient velocity to impede the aquatic life of Anopheles.
Frequently also the deficiency or the neglected state of the
complementary drains and the discharging canals helped
to maintain the anophelism.”

It was mainly, then, on account of the difficulty of
draining many parts of Italy that Celli so strongly
advocated the use of quinine, and the drug was widely
distributed by the State, with the result that the
number of deaths from malaria in Italy has been
greatly reduced ; but in many respects their experience
with the drug has been identical with that in the
Malay States. Celli, indeed, writes of it : 2—

“We have proved over and over again that some fevers
are pertinacious in recurring in spite of the abundant and
protracted use of quinine, either alone or in association
with the so-called re-constituents (iron and arsenic). . . .
It follows from this that even the best treatments in the
pre-epidemic period do not succeed in preventing,as Koch
thought they would, the development of malaria in the
following summer.

“Therefore by the quinine treatment alone, to exter-
minate malaria from an extensive locality is much more
difficult than one would imagine. In any case it must be
a work of long duration ; that is to say, treating, in every

' The Prevention oy Malaria, by Ross, p. 412. ® Ihid.
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period of the year, day by day, energetically and assidu-
ously every case of malarial fever.”

Commenting on this in 1909, I wrote :'—

“To me it seems only the vision of a dream that any
organisation will ever induce a whole tropical population
to take quinine in doses required by the Italians. And
when it is further considered that the population, even
when taking quinine, would still be infectious, the policy
of spending money on quinine for an indigenous population
where drainage is physically possible appears to me inde-
fensible, either on medical or financial grounds.”

As the discovery of the best method of eradicat-
ing malaria was the most important medical question
in Italy, a strong and representative Commission
investigated the whole subject, and presented a
report to the Superior Council of Health in 1910.
A summary of this report appeared in the August
number of the Monthly Bulletin of the Paris Inter-
national Public Health Office, and has been trans-
lated 2 by Major N. P. O'Gorman Lalor of the Indian
Medical Service. The Commission found that ““ great
progress”’ had been made in treating the sick. “ The
treatment of malaria has everywhere advanced by
leaps and bounds. The laws in force against
malaria have created an excellent social prophylaxis
by placing quinine at the disposal of all, and have
thus made it possible for the sick to be treated from
the outset of the disease.” They also found that *“it
is absolutely certain that malaria has undergone
notable diminution in places where the windows of
dwelling-houses have been provided with wire gauze
mesh to prevent the entry of mosquitoes. Neverthe-
less the experience of former years shows the grave
difficulties which the application of this measure has
encountered.”

\ The Prevention of Malaria, by Ross, p. 562. )
¢ The Campaion against Malaria in [taly, by Lalor, published by
Thacker, Spinck, & Co., Calcutta, 1912,
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]‘-‘Ialaria Committee of the Royal Society, published
in 1902, a map will be found showing the malaria
index of Bengal. The report says :—

“The following map and table will at once show how
in proceeding from Calcutta northwards till the foot of the
Himalayas was reached—a distance of some 300 miles—
we passed from a region the endemic index of which was
0-0 per cent. through regions with increase in indices of
endemicity, till at the foot of the hills, in a district known
as the Duars, a very high degree of infection was reached,
40 per cent. to 72 per cent., as high indeed as that found
by us in West Africa. We have, then, in a region not
above 300 miles in latitude, subject to almost identical
climatic influences, an endemic index varying from 0-0 per
cent. to 72 per cent.”

Commenting on this, I wrote :—

“If! we take a map of the Klang district from the sea
to the hills we find that malaria may be represented on,
say, an estate on the Kapar Road by a spleen index of
nil ; passing inwards we find perhaps an increased index
due to proximity to jungle. Once, however, we reach the
first of the hills, even of the small hills, of the Peninsula
the spleen rate rises to from 70 to 100, and the most
intense malaria is met with, due to an Anopheline which
breeds in hill streams. The distance from the place with
the spleen rate nil to that with a spleen rate of 100 is
about 3 miles. The climate of the two places is the same.

“It is impossible to look at these two maps without
the idea at once springing to the mind that the similarity
is more than a coincidence. We find that the malaria in
both is highest when we reach the hills, and that the
carrier of malaria in the hill land of both is an Anopheline
which breeds in the hill streams. '

“In both, when we reach the plains another Anopheline
is the carrier. Malaria is much less intense, and may even
be entirely absent. Is it too much to believe that our
observations in the Malay Peninsula give the key to the
malaria of India?

“In the Malay Peninsula in the short span of one
generation the country has been reclaimed in considerable
areas from absolute jungle.

V Prevention of Malaria in lhe Fedevated Malay States, p. 123
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I*:Ia:::. VII. of the Reports of the Malaria Commis-
sioners to the Royal Society, I observed the small
foot-note on p. 37 :—" In Report V1. 4. metaboles was
throughout erroneously printed for A. maculatus.”
A. maculatus by this time proved to be identical with
our A. willmori in the Federated Malay States, and
had a new interest for me, and turning back to Report
VI. I found it referred to a mosquito found in the
Duars. * The district known as the Duars is a strip
of land extending for some hundreds of miles along
the foot of the Himalayas. It is a gently sloping
tract of from 8oo ft. to 1200 ft. above the sea, and
abounding in small streams.”

In the Duars the Commissioners found three
Anopheles, namely : A. rossiz, A. christophersi, and
A. maculatus. From experiments, and from the
fact that the spleen rate in Calcutta was o, although
A. wrosszz abounded, they concluded it was not a
carrier of malaria.

Of A. christophersi, however, they say (p. 10):
“This species is undoubtedly a good carrier, Sporo-
zottes were found in four out of sixty-four specimens,
or 6.25 per cent.” “* A. metaboles (maculatus).'—From
the difficulty of obtaining the adult insects, sufficient
numbers were not examined to determine whether
this species carried malaria. Eleven specimens from
huts were negative” (p. 10). ‘‘ A. metaboles \macu-
latus)® was in the Duars also a very common
mosquito, judging by the large numbers and wide
distribution of larvae " (p. 8).

Referring to their breeding-place, the report says
(p. 19): *“ A. christophersi.—In the Duars this species
breeds in sluggish streams with grassy edges. It
was never found by us in puddles in the coolie lines,
or in small ponds, roads, paths, etc. In some cases
larve were dipped up from water running with con-
siderable velocity, but always among the grass at t_he
edge.” Of A. metaboles : “The larvae of this species

1 M. W. M. W.

























62 NOTES ON SUMATRA

part of the journey calls for no special comment. It
was through Kampongs, full of fine old fruit-trees,
and full, too, of the weeds and lalang so character-
istic of native cultivation. So far as could be
ascertained from the train, the country was flat, like
the alluvial flats of the Peninsula; but in reality it
was not so; and Medan stands 50 feet above the
level of the sea. Through Medan a small river
flows, and it has cut a channel with almost vertical
sides 15 to 20 feet below the general level of the
ground. The current of the river at Medan is
4 or 6 miles an hour in dry weather. No water
stands in the roadside ditches in and around the
town. Evidently the natural drainage of this part
of the country is excellent, and the ground-water
is low. During my stay at Medan, I noted a general
freedom from mosquitoes, and greater dryness in
the air, than in the Federated Malay States. In
fact this was a very pleasant feature of Medan. The
town is well laid out and well looked after.

Calling on Mr Mathewson, I explained the reasons
for my visit, and he arranged for me tg see a con-
siderable tract of the country. He also introduced
me to Mr Van Tyn, the chief administrator of the
Deli Maatschappij, who in many ways gave me
assistance.

sth March. Medan to Tandjong Kassan.—From
Medan to Tandjong Kassau is 64 miles; and the
road runs, roughly speaking, parallel with the sea,
and from 10 to 20 miles inland. On leaving Medan
the scenery was as different as possible from that of
the Federated Malay States. In the Federated
Malay States when the land is not under cultiva-
tion, or under lalang following the abandonment
of the old tapioca clearings, it is covered by
jungle, and the road is only a narrow lane
cut through dense forest. But in this portion
of Sumatra practically the whole country has been
cleared of jungle ; and on the T. Kassau road I did
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68 NOTES ON SUMATRA

the estate it was at once apparent that in every
way it could be classed as a hill estate, and in
Malay would be, except by the very rarest good
fortune, intensely malarious.

From the road the path runs for about half a
mile on the level, but surrounded on all sides by the
curious bank-like hills seen in Sumatra. On the
left was jungle, the boundary of the estate. In the
flat portion of the estate was a small stream and a
number of drains; in the stream no larve were
found ; nor was my search in the drains more fruitful
until I reached their upper ends. Here, especially
in one drain, where there was grass, | took many
Culex larvee, but no Anopheles. Climbing over a
ridge, I reached a ravine which came out of the
jungle only 100 vards away. The water in the
drains was beautifully clear, quite unlike what had
been seen in the lower portions of the country. |
should mention the soil of this estate was black,
not the usual red. In the masses of alga, Culex
larvee and egg-rafts were abundant; but the most
careful search did not discover a single Anopheles.
In some of the drains there was considerable current.
Proceeding to the next ridge, I had a magnificent
view of the block of the estate under cultivation, and
of the country in general. But of most interest to
me was a deep ravine, with many side branches
and steep sides scored in the earth a full hundred
feet. The sides were so steep that the path down
consisted of steps. If anything was to be called a
ravine this deserved the name, and it was with some
haste 1 descended. But here, as in the previous
ravine, no Anopheles could be found. Of Culex there
was abundance, especially in the algee. And I I'I{Jt.{?d
particularly that these mosquitoes were present In
the algz of the various streams, despite the existence
of shoals of small fish. When I returned to the main
road, my man reported he had not caught any adult
Anopheles in the houses.
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plant, to miss a spell of dry or wet weather is to miss
the season, and lose a year's crop. These times
would be the Chinaman’s opportunities for squeezing
the estate. Under the circumstances one can under.
stand why the Sumatra planter is a strong advocate
of the indentured system. The labour is under the
control of a government department; and, as will
be seen, under it the coolies enjoy a degree of
health and prosperity unapproached by anything they
have ever enjoyed or ever are likely to enjoy else-
where.

Delr Maatschappy Hospital at Medan.— This, the
largest hospital belonging to the Deli Maatschappij,
contains about 600 beds. Dr Rémer, the chief
medical officer, kindly showed me over it. Most
of the buildings have been up many years : neverthe-
less, the wards are large and freely ventilated
through the lattice-work sides. There are no
verandahs; the floors are of cement; the roof of
shingles. The beds are either plain planks or wire
mattresses. The latter are disliked by the coolies,
and are not used unless the other beds are occupied.
There is an excellent dispensary, and an up-to-date
operating room. An examination room, fitted with
X-ray and other apparatus, enables the fullest possible
examination to be made in obscure cases. The
latrines consist of troughs full of disinfectant. These
and all the sewage from the hospital drains are run
off into the river once in the twenty-four hours.

In his office the medical officer has a fine medical
library. Careful records are kept, and the Annual
Report of about fifteen closely written pages deals
with each disease in detail, and is full of statistical
tables and charts. Dr Romer was kind enough to
allow me to peruse his report and make extracts;
and since my return to the Federated Malay States
Dr De Jong has kindly given me some additional
information. It is a most interesting record of the
health of a great tropical labour force, whose diseases






















Fig. 8.—A RAVINE IN BaNDAR TALU ESTATE, SUMATEA.

Fi6. 9.—RICE FIELDS AT BRASTAGI, IN THE BARAK HIGHLANDS
OF SUMATRA.

[Face page 76,
















































F1G. 10.—NATURAL NULLAH, OR MOUNTAIN STREAM, Hong Kona,

T'he breeding-place of Angpheles maculatus. (After Clark.)

Foee page 90,







































102 PANAMA

for news of the ship. Every American was asking
himself, Would she escape? Would she fall into the
hands of the enemy and share the fate of the Maine ?
That month of suspense decided the question of the
Canal. There must be a canal. It was necessary
for safety. Without it two fleets must be kept, one
in each ocean. And that is why the Canal is being
built by the War Department of the United States
of America.

Preparation for the Labour Force.—There were
political difficulties to be overcome before the work
could be begun; but the revolution whereby the
State of Panama broke away from the Columbian
federation, proclaimed itself a separate republic,
and placed itself under the protection of the United
States, smoothed the way for the work. Even then,
however, the Americans did not rush a large labour
force on to the Canal at once. They realised how
much disease had contributed to the French failure,
and they sent Colonel Gorgas, who had won his
spurs in ridding Havana of vellow fever, to make
the Canal zone habitable. It was well they did so,
for when after eighteen months sanitary work, the
staff and labourers began to arrive in numbers, a
fierce outburst of disease occurred. Yellow fever
spared neither high nor low, and, for a time, work
on the Canal had partly to be abandoned. The
Canal Commission could not work in harmony;
and, as I heard Colonel Gorgas tell a W&shmgton
audience, the executive asked for hlS_ (Cc:-lnnt:!
Gorgas's) removal. They wanted a “practical man,
not one who wasted time and money in ﬁghtrqg
mosquitoes. This really was th@ crltxcal_moment in
the history of the Canal when in American hands.
[ wonder how many countries would at that time
have given the right decision. The‘ wrong decision
would have meant failure. Had a " practical man
been sent to replace Colonel Gorgas &ﬂﬁl his un-
practical methods, one need have no hesitation in





























































122 PANAMA

The Geography of the Isthmus and Canal.— Before
going into details of the sanitary administration in
the Isthmus of Panama, it will be convenient if I give
a short description of the geographical conditions of
the Canal zone and the Canal. A knowledge of this
is essential to an understanding of the sanitary work.

Where the Isthmus is pierced by the Canal it
runs almost east and west; and so the Canal,
contrary to what one would expect, runs almost
north and south, and its banks are always spoken of
as the east or west bank, as the case may be. The
latitude is approximately 9° north, and the longitude
80° west, of Greenwich.

By the treaty with the Republic of Panama, the
United States obtained in perpetuity a lease of a
strip of land 5 miles wide on each side of the middle
line of the Canal. This is called the Canal zone;
and over it the Government of the United States has
even greater control than it has over land in the
States themselves, for the zone is really under the
Department of War, which operates through the
Isthmian Canal Commission. By the same treaty
the capital of the republic, the city of Panama, on
the Pacific coast, and the town of Colon on the
Caribbean Sea, are expressly excluded from American
control, except in regard to sanitation.

The town of Colon is close to the Atlantic end of
the Canal, and is indeed the terminal town on the
Canal. But in order to give the United States pro-
prietary rights over the docks and other works at the
end of the Canal, a portion of Colon has been brought
within the Canal zone. This is called the town of
Cristobal. The boundary between the two is a well-
made street. Colon and Cristobal are really one
town, although the administration of the two is in
different hands. Similarly, at the Pacific end of the
zone, the city of Panama, the capital of the republic,
is separated from the American town of Ancon' only
by a street. The end of the Canal is about a couple
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FiG. 13.-

A SuBsollL DRAIN COVERED BY STONES AT ANCON.
To prevent water from the pipe washing away the railway line, the end of the pipe
discharges below and against a concrete covering.

[ Face page 184.
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140 PANAMA

fill. It was an excellent piece of land, with just
sufficient sand in the mixture to prevent the sun-
cracks which occur when pure mud dries.
Returning to Gatun, we visiteda Y.M.C.A. After
a much-needed wash, we dried ourselves with a
“sanitary towel,” which consisted of a tough blotting-
paper torn froma roll. Then we went to the “hotel”
which belongs to the Canal authorities, where we had
lunch, consisting of soup, steak pie, and the inevitable
ice-cream. The lunch was served in excellent con-
dition, although we arrived at two o'clock, the end of
the meal hour. On the table was a pink-coloured
quinine mixture, containing 5 grains of quinine to the
ounce of water. It also contained a little alcohol.
After lunch we visited a ravine in which pipes were
being relaid, because they had ceased to act properly.
This was due partly to the roots of a certain coarse
grass having gained entrance, and partly to the kind
of stone that had been placed on them. These pipes
had been down six years, and had been covered with
stone from the Culebra Cut. This, as we have seen,
is compressed volcanic ash, which weathers quickly,
in fact becomes almost liquid when in contact with
water, and when dried again forms an impervious
black layer. Ithadacted, indeed, like cement, and had
sealed the subsoil pipes so that water could not enter
them. Even thesoil here becomes almost impervious
to water. So now a different stone is placed around
the pipes and over them until above ground-level.
No earth is placed over them, nor is grass allowed to
grow over them. At places I saw pipes only about
18 inches below the ground, and some of the lateral
drains were not 6 inches below the surface. This
appears to me too superficial, and perhaps is from a
wish to economise in stone. If deeper, it seemed to
me they would not silt so easily; but, as 1 learned
later, this fear is unfounded; nor would grass roots
enter so easily. But I am chary of dogmatising, for
the local conditions are evidently very different from
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144 PANAMA

favourable to or difficult for the inspector, I saw the
same intelligent care in the sanitation. Men evidently
worked with brains on the Canal zone.

A Santtary Inspector's Office.—Returning to
Gatun, we visited the sanitary inspector’s office.
Prominently on the wall was a chart showing the
weekly malaria rate for the station for the past three
years. It was one of the duties of the inspector to
keep this chart up to date, so that the health of the
station can be seen at a glance. In addition, he has
plans of the whole station, showing the drainage
systems and the grass-cutting plots. Every drain
and its lateral of each system is marked in a uniform
way. The systems are A, B, C, D, and E. The
lateral drains are 2, 4, 6, 8; the even numbers on the
right hand going up; and 1, 3, 5, 7, etc., the odd
numbers on the left. In a table on the plan is shown
the kind of ditch, and the number of feet. The plan
of the grass plots gives the area of each plot. The
work of cutting grass is no longer done by the
Sanitary Department, but by the Quartermaster's
Department on requisition by the sanitary inspector,
who sends in his requisitions on Monday mornings,
stating the number of plots, the number of square
yards, the estimated cost, and whether to be done
by horse-mower or scythemen. The cost of the work
is charged to the Sanitary Department.

Mirafloves, Monday, 19tk May—By the 6.50
train to Miraflores, where I was met by Mr Shrimpton,
the sanitary inspector. Near to his office we saw
a well-burnt ditch. Oil is sprayed among the grass
roots on the side of the ditch, and burned at the same
time. The grass is almost killed, while on the surface
of the ground a deposit of heavy asphalt takes place,
which delays the reappearance of the vegetation.
Although it does not entirely kill out the grass, it
is certainly very effective in checking its gmwr:h.
On some ditches asphalt was so thick that the :..Sldﬁ
looked like an asphalt path. This can have required
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Fi1c. 21 —Suows A IDITCH WHERE THE CRASS HAS BEEN CLEARED BY
BURNING, MIRAFLORES STATION,

Ultimately this will form part of the Miraflores Lake.

| Face page 146.
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148 PANAMA

the jungle, but which before entering the lake had
lost itself in a bank of sand. Cut off from the lake,
and imprisoned in the stream, were thousands of
little fish about twice the size of “millions.” A few
were dead, and the remainder were reduced to a
minimum of water, and in great danger of death,
They formed almost a solid mass. Following up
the stream we found a few larvee in shady side-
pools, especially among some masses of whitish
roots. They bred out as A. malefactor, a mosquito
which does not carry malaria. Mr Bath told me
before we went there he did not expect to get
A. albimanus. Returning to the lake, we went to
another and larger stream with a considerable
current. It was full of grass, and in Malaya I would
have expected A. albirostris, but no larve were
found, and Mr Bath told me A. albimanus could
not live in such a stream. Clearly A. albimanus is
not a stream-breeder like A. maculatus, or even
like A. albirostris.

Then to another stream where the current was
almost absent in the wider portions of the channel.
Algz had grown here, so the inspector told us; but
he had drawn 5 lbs. of copper sulphate in a bag
' a few times up and down the stream, and destroyed
them, so no larvae were found. Copper sulphate
is used in the reservoirs whenever alge threaten
to grow. | was not surprised to hear, a few days
later, that Mr Bath had returned to the reservoir
and lifted the imprisoned fish back into it; nor that,
improvising a sifter with his handkerchief, he had
removed all debris left by the grass-cutters we met
on the dam, and every larva with it. To some 1'.his
may appear meticulous care; yet it 1s Just this
thoroughness which has made the construction of
the Canal possible. Mosquitoes may be small, but
they are formidable opponents, ever ready to find
the weak spot in the human attack or defence.
Those who know this enemy best are the most
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Fi1G. 23.—ONE OF THE MEN BELONGING TO THE SANITARY
WITH A KNaAPsACK OIL-SFRAYING MACHINE.

DEPARTMENT

i fr W TR TR
F1G. 24.—TW0 MEN SPRAYING OIL ON A SWAMP AT GORGONA.

I 'he nolice board says, “ No |1.|1,' -_-.'.-L-;-'_'1 which means that the grazing of
cattle is prohibited. * Clean l.u_'::l.l]tlg * s not ;L1.1.L'1'n]:i;|:d.
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FiG. 25.—THE CHAGRES RIVER.

Anopheles found among the driftwood in the eddy at the place where Mr Bath 1s
seen in the photograph. Along the rest of the river bank no larve could
be found.

Foare page 152,
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Fic. 26,—THE Rio MAMDINGO AT Bas ORISPO.

This is not oiled except in very dry weather.

F1G. 27.—THE NORTH END OF THE CULEBRA CUT, LOOKING
TOWARDS Bas Onisro.

In the centre of the Canal is seen the drainage ditch which gathers the water
in the Cut to a pumping-station on the side of the Chagres River. By
lhi‘? IS Lhﬂ {.. ut j.-E- h,EI__JL dT}". :.r"nl."| e 154,
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F1G. 29.—The photograph shows to what depth the swamp at Culebra
has been filled.

F1G. 30.—The photograph shows how the * filling " at Culebra has completely
blocked one of the streams draining into the swamp seen in the upper

photograph.
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F1G. 35.— 0N THE EAST SIDE OF THE ROAD FROM CoLON TO MoUNT HoPE.

.

The land is very swampy, being covered by all tides. The photo shows one of
the shallow drains employed to drain this almost undrainable swamp.

F16. 36,—LOOKING TOWARDS MOUNT HOPE, FROM THE SOUTH-WEST.

I'he very swampy nature of the land in wet weather is well shown in the photoe.

| Face page 164
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FiG. 38.—AN OPEN CEMENT CHANNEL IN THE FEDERATED MALAY STATES,

which had to be replaced by a subsoil pipe in the steeper portions of the ravine
because of the soil erosion. Such a channel as this could be put down
anywhere in the Canal Zone without any such risk.
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FiG. 44.—SCREENED HOUSE OCCUFPIED BY THE SANITARY INSPECTOR
AT FRIJOLES.
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A MOSQUITO-TRAP 209

But in Panama, Mr Bath, one of the two
divisional inspectors, invented a trap of much
interest. It is made in three pieces, which can be
taken apart, and is on the principle of a fish-trap.
The bottom piece of the trap is prism-shaped ; the
base is open ; the two sides lead up to the apex, where
there is a narrow slit, through which the mosquito
readily enters, and from which it rarely escapes.
Passing through another bottom with a similar slit,
the mosquito is securely inside the trap. The trap
can be fastened to any part of a house, with the
opening either out or in, and it gives some idea of
the number of mosquitoes which try to enter or
leave the house. It may be left for a month, if the
catches are small ; but it is unwise to leave it longer,
for spiders may close it up with their webs.

During the great flight of mosquitoes at Mira-
flores, one trap caught 1018 mosquitoes between
6 p.M. and 7 A.M. In sixty days an average of seven
traps caught 37,268 Anopheles, and in addition many
Culex. In forty-four traps the catch averaged from
g0 to 110 mosquitoes for the individual traps, and
96 for the whole number. On another occasion
eight traps were exposed for six nights, and it was
discovered that the maximum flight was from ¢ p.Mm.
to midnight ; the actual figures were :—

6togP.M. . - . 3 61 Anopheles
9 P.M. to midnight . . s 290 =
Midnight to 3 A.M. g . 89 ,,
3tob6 AM. . 2 . i 153 7%

The wind was blowing from four to seven miles an
hour. These figures are of interest, because they
are not in accordance with what was observed in
the Gatun flights in 1913.

A point of practical importance has been demon-
strated by these traps; it is that, to screen a house
without giving special care to the part next to the
eaves, is to court failure; for the largest catches have
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F1G. 55.—BRITISH GUIANA : SHOWING THE COOLIE YARD OF
PLANTATION ALBION.

FIG. 56.—BrITISH GuiANA : THE CooLIE YARD OF PLANTATION ALBION,
TAKEN FROM THE HoOSPITAL.

In the foreground is the navigation trench, with floating vegetation blown to the

left. In the centre is drinking=water trench.
Face page 200,












































































































