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SYNOPSIS

Residual spraying of DDT for the control of Taeniorhynchus
(Mansonioides) uniformis, the mosquito vector of rural filariasis
in Ceylon, was carried out in Induruwa, a village on the west coast
of the island. The results showed that the insecticide retained its
effectiveness for a period of 4-6 months.

During the course of this investigation, various observations
were made on the behaviour of T. (M.) uniformis. Its host plants,
day-time resting-places, feeding habits, and response to light-
particularly moonlight-were recorded. An increase in T. (M.)
uniformis prevalence was observed to coincide with the onset of the
north-east and south-west monsoons, when the paddy-fields are
inundated and become overgrown with Isachne australis, the most
common aquatic plant in the area and a favourite breeding-place
of this mosquito species.

Introduction

The vectors of rural filariasis (Wuchereria malayi) in Ceylon are
Taeniorhynchus (Mansonioides) uniformis and, to a less extent, Taenio-
rhynchus (Mansonioides) annuliferus. Their early developmental stages
and breeding habits for long remained a mystery until Brackley (1907) dis-
covered the larvae and pupae of an allied species in the rootlets of aquatic
plants. Subsequently, other workers incriminated Pistia stratiotes (water
hyacinth) as the host plant of Mansonioides mosquitos. These mosquitos
are highly specialized in their habits. The female lays its eggs on the under-
side of the leaves of aquatic plants (Iyengar, 1933) and the larvae, when
hatched, anchor themselves to the rootlets of the plants by their modified
siphon tubes. They derive their air from the vascular channels of the plant,
and their food is suspended organic matter. The pupae behave similarly
to the larvae, attaching themselves to the rootlets by their trumpets until
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the time comes to rise to the surface, just before the adult emerges. Thus
the larvae and pupae do not come to the surface to breathe.

It was assumed that with the eradication of Pistia, rural filariasis could
be easily controlled, as it had been in Travancore (Iyengar, 1938). As a
result, manual clearence of Pistia was undertaken for some years. Subse-
quently, herbicides were used in an attempt at eradication. Yet, in some
places, Mansonioides persisted, being collected either in houses or in cattle-
baited traps, or in both-even in the absence of Pistia. It therefore seemed
that Pistia stratiotes was not the only host plant. Carter (1950) reported
the presence of eggs and/or larvae on other aquatic plants and suspected
that a few of these acted as host plants. It has been found that Mansonioides
mosquitos breed profusely in Salvinia cucullata, a plant which has recently
been introduced into Ceylon and now grows rife in the western and southern
coastal areas. This plant has proved difficult to control.

The present investigation was therefore undertaken to study the control
of Mansonioides by the residual spraying of houses and outhouses with
DDT. Concurrently with these experiments, various observations were
made on the habits of the insect. A technique for the collection of larvae
is given in an annex.

Experiments

The experiments were carried out in Induruwa, a fishing village on the
west coast of Ceylon, situated in the wet zone, 43 miles south of Colombo.
The land is flat from the beach for about half a mile inland, and thereafter
a gradual rise is perceptible. This area receives its rain during the north-
east and south-west monsoons; the average monthly rainfall is 16 inches
(410 mm), the wettest periods being from March to June and from Sep-
tember to December.

From records and from blood-films examined in the laboratory, it was
found that rural filariasis (W. malayi) was prevalent here, although all
Pistia stratiotes had been cleared about a year earlier, and the area had
been declared Pistia-free. But Salvinia cucullata was found during certain
periods, in addition to various other aquatic plants.

Induruwa village proper consists of 12 small hamlets averaging 100
houses per hamlet. Although many types of houses are to be found, the
majority are of similar structure. A typical house has an open verandah,
20 ft x 5 ft (6 m x 1.5 m), extending along the length of the frontage; a
sitting-room and a bedroom, each 10 feet (3 m) square; and an enclosed
extension of the bedroom, which is used as a kitchen or as an open multi-
purpose outhouse. The outhouses are more often utilized for tethering
cattle or for stacking firewood. The walls are wattle and daub (a wooden
framework packed with clay) and are often lime-washed. The roof is
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thatched with cadjan (woven coconut leaves) and is invariably 20 ft (6 m)
high at its highest point.

The experiment was conducted in the 12 hamlets (10 were treated and
2 were used as controls). These hamlets bordered large low-lying areas
covered with aquatic vegetation, nearly all of which are turned into paddy-
fields during the cultivation period, from May to August and from October
to January of each year. The experimental work was started in December
1953.

Immediately before spraying, mosquitos were collected from dwellings
and from cattle-baited traps. The dwellings and outhouses were sprayed
with 75 % DDT water-dispersible powder at a concentration of half a pound
per gallon of water (50 g per litre), giving 85 mg per square foot (about 900 g
per square metre) of wall surface. Thereafter, monthly examinations were
carried out. A considerable decrease in the density of T. (M.) uniformis
in dwellings was noticed soon after spraying, and there was no further
evidence of infection in these mosquitos except for an isolated case 12 weeks
after spraying. From then on, the numbers of T. (M.) uniformis gradually
increased and 3 further infected specimens were found in dwellings 31 weeks
after spraying.

Infected mosquitos were caught after 12 weeks in cattle-baited traps, and
from the 12th to the 31st week the total number of infections rose to 17.

The dwellings were sprayed a second time in August 1954-31 weeks
after the first treatment-and similar examinations were made at monthly
intervals up to February 1956. During 1954 and 1955 and the first two
months of 1956, 10 infected T. (M.) uniformis specimens were found in
dwellings and 21 in cattle-baited traps. After the second spraying, a consi-
derable decrease in T. (M) uniformis density was noticeable for 4 months,
but thereafter there was a gradual increase, and the number of infected
specimens began to rise from the eighth month onwards.

From Tables. 1 and 2 it can be seen that the mosquito population and
the infection-rate decreased appreciably after spraying. In both cases,
effectiveness seemed to last from four to six months, but after that period
the effect of the DDT seemed to have faded, as there was an increase in
both the density of mosquitos and the number of infected specimens. In
Kadawalagedera, in the dry zone area of the North Western Province,
where rural filariasis was endemic, it was found that the infection-rate
and the density of the Mansonioides mosquitos had decreased to a certain
extent after this area had been sprayed with DDT as an anti-malarial
measure. Pistia was present in this area during the period in question. No
such spraying had previously been carried out in Induruwa. Since it has
been established that Mansonioides mosquitos breed profusely in at least
three aquatic plant species, and perhaps in others too, residual spraying
seems to be a better and more effective method of controlling these mos-
quitos.
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TABLE 1. TOTAL NUMBER OF MOSQUITOS (MALES AND FEMALES) COLLECTED
MONTHLY IN 1000 DWELLINGS BEFORE AND AFTER SPRAYING

Number of Number of Number of infected
Period mosquitos T. (M.) uniformis T. (M.) uniformis

captured specimens specimens

Before first spraying * 903 217 9

Immediately after 100 42 0

4 weeks later 129 59 0

8 318 63 0

12 347 28 1

16 240 13 0

23 289 9 0

27 289 9 0

31 408 65 3

Second spraying
4 weeks later 45 6 0

8 218 3 0

12 547 10 0

16 1247 26 0

20 836 126 0

24 443 172 0

28 453 66 0

32 244 115 0

40 521 144 1

44 534 117 0

48 238 39 2

52 375 16 0

56 416 53 3

60 1334 52 0

64 927 170 4

* First spraying in December 1953
** Second spraying in August 1954

Observations on the Habits of T. (M.) uniformis Host Plants

Considerable attention has been given in recent years to the species of
plants used by Mansonioides as breeding-places. In Ceylon, Pistia stratiotes
and Salvinia cucullata have been so incriminated. Carter (1950) found
Mansonioides eggs in 22 other aquatic plants and larvae in 11 of these.
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TABLE 2. TOTAL NUMBER OF MOSQUITOS (MALES AND FEMALES) COLLECTED
FROM CATTLE-BAITED TRAPS FOR TWO HOURS AFTER SUNSET, BEFORE AND

AFTER SPRAYING

Number of Number of Number of infected
Period mosquitos T. (M.) uniformis T. (M.) uniformis

captured specimens specimens

Before first spraying ' 4217 3157 4

Immediately after 1804 1259 1

4 weeks later 1094 442 0

8 ,, 2595 1811 0

12 1958 612 4

16 1626 690 5

23 778 235 3

27 879 238 2

31 1645 750 3

Second spraying
4 weeks later 1187 288 0

8 1729 131 0

12 1969 446 0

16 954 251 1

20 2082 922 1

24 1106 393 0

28 1112 329 6

32 1014 642 1

40 1465 812 0

48 1215 509 3

52 1529 101 0

56 1175 277 4

60 1333 567 3

64 1586 913 2

* First spraying In December 1953
** Second spraying In August 1954

Induruwa was free from Pistia and Salvinia during the investigation,
except for the seasonal invasion of the latter species by way of irrigation
channels. All aquatic plants in the area were therefore examined, including
the species listed by Carter. In addition to those on which larvae had
already been found, the following aquatic plants also proved positive for
egg-masses, larvae and pupae:
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Species Local name

Isachne australis Battadella
Ischaemum sp. Battakirilla
Mikania scandens Gampalu
Hygrorhiza aristata Gojaba
Panicum repens Atora
Hydrolea zeylanica Diyakirilla
Polygonum pulchrum Sudukimbulwenna
Alternanthera sessilis Mukkunuwanna
Marsilea quadrifolia Diya ambul ambiliya
Ceratopteris siliquosa Kukul Kakul
Cyperus exaltatus Pan

Although all the above plants contributed in some degree to the heavy
Mansonioides prevalence in Induruwa, special mention should be made of
Isachne australis, the most common aquatic plant species in the village,
found in every water-logged area. The mosquitos bred profusely on these
plants; numerous egg-masses were observed on the blades, and larvae
and pupae were found attached to the roots. In fact, 75 % of the larvae
and pupae caught by the sifting method were collected from them. Accord-
ing to Senaratne (1956), the genus Isachne is a slender, creeping perennial
grass, growing in or near water, and is often a troublesome weed in wet
rice-fields. Senaratne names several species of this genus and mentions
that Isachne globosa is also locally known as battadella. It is possible that
this is the local term for any aquatic plant of the Isachne group. In the
absence of Pistia and Salvinia, Isachne australis becomes the chief host
plant of Mansonioides in Induruwa.

Day-time resting-places

Since the Mansonioides mosquitos caught in cattle-baited traps far
outnumbered those caught in dwellings in the same area, it would appear
that these mosquitos do not usually rest inside houses. Preliminary investiga-
tions (unpublished) showed that adults were resting in shrubs in the imme-
diate vicinity of dwellings and cattle-sheds. This was subsequently confirmed
by Chow, Thevasagayam & Tharumarajah (1954), who noticed them
resting mainly among low shrubs and grasses around the places where
cattle were tethered. No further work was possible until 1955 when, during
the month of February, a comprehensive survey of the day-time resting-
places of Mansonioides was undertaken in Induruwa. This work was
continued up to September, but no further work was done during the
following three months, owing to a severe drought and scarcity of mos-
quitos. Numerous resting-places were searched and the findings were
recorded. The results obtained are given in Table 3. It was noticed that
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TABLE 3. TOTAL NUMBER OF T. (M) UNIFORMIS (MALES AND FEMALES) CAUGHT
IN AND OUTSIDE DWELLINGS DURING THE DAY AND IN CATTLE-BAITED

ALL-NIGHT TRAPS

Day collections Night collections
Month

in 1000 dwellings in resting places in cattle-baited
outside dwellings traps

1955 February 158 1321 373

March 71 860 350

April 115 322 642

June 134 226 875

July 109 326 814

August 39 43 509

September 16 20 101

October 53 No data 277

November 52 567

December 170 913

1956 January 907 1072 819

February 205 391 408

T. (M) uniformis always preferred slightly damp, shady and sheltered places
away from dwellings. They were found resting in all types of situations,
preferably in heaps of coconut husk, dry leaves, rubble, stone, cadjan,
rubbish heaps, and on the sides of earth drains, on earth embankments,
parapet walls, the outer walls of houses, quarry-pits, cement tanks, founda-
tion walls and many other moist situations. Although these mosquitos
fly into houses in search of human blood, the majority prefer to rest in the
open.

Feeding habits

T. (M) uniformis are nocturnal feeders and feed from dusk to dawn
on man and animals. The peak period of activity is between dusk and
9 p.m. in houses and cattle-sheds. They are persistent and vicious biters
and do not desist from their attacks even when disturbed, but fly off and
return in a short while for a full feed. Only when they are fully fed do they
leave the host to rest. They feed on all exposed parts of the body, and have
also been known to attack through woollen stockings or through two or
three layers of clothing. On cattle, they prefer the less hairy spots above the
hoofs, the legs, the lower parts of the body, and the ears-in that order.
Once a full blood-meal has been obtained, they fly away and rest on the
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nearest convenient spot until they are disturbed or until they have digested
the blood-meal. When disturbed by man or animal during the day, they
were observed to take the opportunity of feeding on those disturbing them.
Otherwise, they were not found feeding in the day-time.

Response to light

Dwellings in the experimental area usually harboured only a few T. (M)
uniformis specimens, or none whatsoever. But in certain instances, parti-
cular houses were persistently positive for these mosquitos, and on an
average 15-20 specimens were found in each, although no breeding-grounds
were detected in the vicinity to warrant a concentration of T. (M) uniformis
in these dwellings. On investigation, it was ascertained that the house-
holders concerned were in the habit of lighting night-lamps. In fact, any
house in which a night-lamp was used was always positive for T. (M)
uniformis. When the lighting of night-lamps was discontinued, the houses
invariably became free from Mansonioides infestation. These dwellings
were tested time and again, and the results showed that the night-lamp
attracts T. (M) uniformis to a considerable extent.

Response to moonlight

Sixteen all-night traps were set in a compound which was in close proxi-
mity to Mansonioides breeding-grounds. These 16 traps were set over a
period of four months in late 1955 and early 1956 during the four phases
of the moon, one trap being used for each phase. A mosquito trap net,
7 ft x 4 ft x 6 ft (2 m x 1 m x 1.8 m), was spread at the same spot in
the same compound every time, and cattle-always the same four animals-
were tethered around it. Mosquitos found inside and outside the trap and
all those resting on the shrubs within a radius of 25 ft (8 m) from the trap
net were collected by two persons at hourly intervals between 6 p.m. and
6 a.m. The results of these collections during the four phases of the moon
are given in Table 4.

It is evident from the figures that the highest prevalence of Mansonioides
is between 6 p.m. and 9 p.m. It is also clear that, apart from this peak
period, Mansonioides show a marked preference for moonlight. In the
first quarter, the moon usually sets at about midnight, and a high catching-
rate was obtained until 11 p.m., but thereafter the rate declined. In
the last quarter, the moon rises at about midnight, and during this
period the catching-rate from midnight onwards was higher than on
nights of the new moon and first quarter. During the new moon
period, the catching-rate was as usual fairly high from dusk to 9 p.m.,
and thereafter a steady decrease was noticed. On the nights of the
full moon, the catching-rate was more or less constant from dusk to
dawn and was very much higher than during the other phases. It will be seen
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TABLE 4. TOTAL NUMBER OF T. (M) UNIFORMIS (MALES AND FEMALES) CAUGHT
PER MAN-HOUR IN CATTLE-BAITED ALL-NIGHT TRAPS DURING THE

FOUR PHASES OF THE MOON

Time New moon First quarter Full moon Last quarter

6-7 p.m. 288.0 247.0 158.0 104.0

7-8 210.5 196.5 276.0 155.0

8-9 169.5 168.5 275.0 115.5

9-10 105.0 118.0 364.5 80.5

10-11 68.0 100.5 268.5 72.0

11-12 ,, 61.0 61.0 269.5 46.5

12-1 a.m. 36.0 49.5 237.5 47.0

1-2 68.0 36.5 184.5 55.0

2-3 69.5 25.5 307.5 77.0

3-4 ,, 47.5 24.5 169.5 48.0

4-5 35.0 14.0 157.5 76.0

5-6 55.0 27.0 94.5 58.5

that the total number of Mansonioides mosquitos caught in the 16 traps
during the different phases was 5979.0, ofwhich 2762.5 (46.2 %) were collected
on the nights of the full moon. Jayewickreme (1953) reported a high mating
activity during a night of the first quarter. During the present experiment,
however, an increase in mating activity was observed during the nights of
the full moon. The interval from one full moon to the next gives just enough
time for Mansonioides to complete their life-cycle, according to Jaye-
wickreme & Niles (1952), who reported that the life-cycle is 22-33 days
under laboratory conditions. This would explain the increased prevalence
of T. (M) uniformis during the full moon phase.

Seasonal prevalence

An increase in the numbers of T. (M) uniformis was observed to coincide
with the onset of the rains and the flooding of the paddy-fields. Induruwa is
wet during eight months of the year. The dry months are January, February,
July and August, although during a severe drought, as in 1955, September
and October may also be dry. Paddy is cultivated twice a year-in May-
August (the yala season) and in October-January (the maha season).

The paddy-fields cover a swampy, low-lying area in and around Indu-
ruwa, which becomes water-logged and overgrown with all types of aquatic
vegetation. During the yala seaon, half of this area is cleared of aquatic
plants and rice is sown. With the arrival of the maha season, the cultivated
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fields are abandoned, and the other half of the swampy area is made ready
for cultivation.

When the rains begin and the swamps are flooded, both abandoned
and cultivated paddy-fields become infested with Isachne australis, the
most common aquatic plant in Induruwa. Soon afterwards, the T. (M)
uniformis population begins to increase. As long as the water remains,
these mosquitos are numerous, but their prevalence diminishes during the
dry months.

Annex

IMPROVED TECHNIQUE FOR THE COLLECTION OF
MANSONIOIDES LARVAE

In previous investigations, the larvae of Mansonioides were searched for and collected
in one of the following ways:

(1) The aquatic plants were disturbed and a ladle was then dipped into the water
to collect the larvae.

(2) The aquatic plants were removed and their rootlets and stems were examined
for attached larvae or pupae.

(3) The aquatic plants were placed on a tray or in a vessel and their roots were shaken
violently to detach any larvae which might be clinging to them.

The larvae of Mansonioides are not easily discernible on Pistia or Salvinia, as
the rootlets of these plants are coated with mud and the larvae themselves are mud-
coloured. In aquatic plants, whether the roots are sparse or dense, the slightest disturbance
is enough to detach the larvae from the roots. In our experience, when the plants were
taken out of the water, the results were invariably negative.

The improved method, which is designed to give a satisfactory indication as to the
density of breeding, consists in examining the breeding-places by means of sifting. For
this purpose, an ordinary sieve, with a brass frame and a 20/inch mesh, is ideal. A coarser
mesh lets the larvae through, while a finer one retains too much mud. The sieve is gently
lowered under the roots of the plants and the roots are vigorously stirred inside the sieve.
If breeding is taking place, the larvae can be found wriggling on the mesh when the sieve
is taken out of the water. If the sieve is placed on the surface of the water, the larvae can
easily be picked up with a pipette.

This method of examination was extensively used in the Induruwa investigation, and
the results obtained were very satisfactory.

ACKNOWLEDGEMENTS

Thanks are due to Dr G. F. Bartholomeuz, late Specialist Officer in Entomology,
Medical Research Institute, Colombo, for initiating the experiments, for all the facilities
granted and for his kind encouragement in the preparation of this report; to all the
workers who assisted us in carrying out the work; to Mr J. Abeyanayake, Village Head-
man of Induruwa, for his very great help in all matters connected with our work at Indu-
ruwa; to Mr F. R. Karandawala for his assistance in the field and in the laboratory; to
Mr E. S. Thevasagayam, Entomologist, Medical Research Institute, for his valuable help
and advice in preparing the manuscript; and to the Deputy Director of Health, Laboratory
Services, Ceylon, for permission to publish this paper.

294



BIOLOGY AND CONTROL OF TAENIORHYNCHUS IN CEYLON 295

RESUME

La destruction de Pistia stratiotes, plante hote du vecteur de la filariose rurale A
Ceylan (Taeniorhynchus (Mansonioides) uniformis) n'a pas suffi a eliminer ce moustique.
On a soup9onne d'autres v6getaux d'abriter les larves de cet insecte, et iH a ete reconnu
en effet que Salvinia cucullata recemment introduite A Ceylan pouvait egalement jouer
ce r6le. Sa destruction 6tant pratiquement impossible, on a dui recourir au traitement
des maisons et des abris par le DDT. Les auteurs rapportent les observations qu'ils ont
faites, au cours de ces operations, sur la biologie des moustiques et le role des plantes
h6tes. Parmi les onze esp6ces vegetales sur lesquelles on a trouve le vecteur, A l'un ou
l'autre stade de son developpement, Isachne australis parait la plus importante. Au debut
des moussons, elle envahit les champs de paddy et les terrains marecageux avoisinants
et sa pullulation coincide avec l'augmentation du nombre des moustiques. Les auteurs
ont etudie, en particulier, l'action de la lumiere sur ces insectes. La lumiere artificielle
les attire, ainsi que le clair de lune. Durant la p6riode de pleine lune, l'accouplement
est intense et le cycle de developpement du moustique s'effectue d'une pleine lune a la
suivante. Ces insectes se nourrissent sur l'homme et les animaux, du cr6puscule A l'aube.
Ils piquent meme a travers les vetements, et une fois gorges, se reposent A l'air libre.
On ne les a pas observes piquant en plein jour, si ce n'est l'homme ou l'animal qui les
derange en les chassant de leur lieu de repos.
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