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A Study of the Age-composition of Natural
Populations of Culex pip/ens fatigans Wiedemann

in Relation to the Transmission of Filariasis
due to Wuchereria bancrofti (Cobbold) in Ceylon

W. A. SAMARAWICKREMA 1

Filariasis due to Wuchereria bancrofti is becoming an increasingly important problem
in many countries ofsouthern and south-eastern Asia. From 1962 to 1964, a study was made
of the vector of this disease, Culex pipiens fatigans, in two districts of Colombo, Ceylon,
one with vector control by larviciding and one without. Catches were made of the house-
resting, biting and ovipositing populations, and the stages of ovarian development, parity
and infection were determined by examination of the external appearance of the abdomen
and dissection for ovariole dilatations and filariae. It was concluded that 10 %-12 % of the
house-resting female population survived to the infective 2-parous stage and about 1.5 %
to the 3-parous stage. Daily mortality vas estimated as 13 %-24 % for the district with
vector control, and 18 %-28 % for that without. A field experiment based on the recapture
of marked females confirmed these results. Biting took place indoors from 18.00 h to
06.00 h, with a single peak around midnight. Most females returned to feed directly from
oviposition.

INTRODUCTION

BACKGROUND OF THE INVESTIGATION

The incidence of filariasis due to Wuchereria
bancrofti (Cobbold) has been on the increase in
many countries in southern and south-eastern Asia
during recent years. This is due firstly to the popula-
tion increases of the vector Culex pipiens fatigans
Wiedemann, which has thrived on man-made
habitats resulting from urbanization and industrial-
ization, and secondly to the poor results of control
programmes. In Ceylon, C. p. fatigans has steadily
established itself despite control operations with
chemicals lasting over a decade. Even with the
present efficiently organized Anti-Filariasis Campaign
with wide coverage of larval breeding sites, the
problem remnains a difficult one. Filariasis has thus
become a vital public health problem in Ceylon.

This situation demands intensive research on all
aspects of the biology and ecology of the mosquito
so as to formulate more efficient control measures.
Much valuable information on C. p. fatigans is

1 Entomologist, Department of Entomology, Medical
Research Institute, Colombo, Ceylon.

now available from other Asian countries, notably
from the WHO Filariasis Research Unit in Burma
(reported in a series of articles by de Meillon and
collaborators in Bull. WldHlth Org., 1967, 36, No. 1),
from Japan (Sasa et al., 1964), and from Thailand
(Sasa, Kurihara & Harinasuta, 1965). Published
reports on the biology and ecology of C. p. fatigans
from Ceylon are few (Chow & Thevasagayam, 1957).
The successful application of the Polovodova (1949)
method of age determination of mosquitos, based
on the count of follicular relics (or dilatations) in the
ovarioles, to C. p. fatigans populations in the
endemic filariasis zone of Ceylon has already been
demonstrated (Samarawickrema, 1962b). It was
found that there was no significant increase in the
length of the gonotrophic cycle of C. p. fatigans in
the south-west endemic belt. Following this inves-
tigation a detailed study of the age-composition of
natural populations of C. p. fatigans in two urban
council areas in the endemic zone, close to Colombo,
was carried out between January 1962 and December
1964; the results of this study are reported in this
paper.
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FIG. I
THE EXPERIMENTAL AREAS, PELIYAGODA AND HENDALA a

a Hendala Town Council area extends about 1.5 km north of the upper edge of the map; the
area not shown is mostly marshland.

LOCALITY OF THE INVESTIGATION

The two urban districts chosen for the work are
situated near each other to the north of Colombo,
as shown in Fig. 1.

(a) The Peliyagoda Urban Council area, covering
4 mi2 (ca 10 kM2), lies just outside the city limits
of Colombo and is separated from the latter by the
Kelani Ganga river. The area is densely populated
and contains over 22000 people. The main road
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north out of Colombo branches in Peliyagoda,
just outside the city limits, into two trunk roads.
The land is flat, the area between the trunk roads
being low-lying and marshy. Most of the low-lying
area is cultivated with leafy vegetables, and much of
it is under water during heavy rains. Housing is of
a varied nature. Commercial establishments and
shops are found on either side of the trunk roads and
people reside in most of these premises. In the
vicinity of the commercial area, situated between the
trunk roads, are numerous shanty-towns and slums.
The general increase in human population in the
country and the movement of people from neigh-
bouring areas have caused an alarming increase in
the number of shanty dwellings. Along the side roads
away from the main trunk roads are permanent
middle-class houses. This area is too congested for
much cultivation, but there are coconut and banana
plantations in home gardens where space is available.

C. p. fatigans is the most abundant mosquito in all
houses in this area. The shanty dwelling, which is
often a dark ill-ventilated single-roomed house with
wooden walls and a thatched roof, provides numer-
ous indoor resting sites for the mosquito. The main
breeding sites of C. p. fatigans in this area are catch-
pits behind latrines, soakage pits where coconut-
palm leaves for thatching (cadjan) are dumped to
soak, drains, and polluted edges of the marshland. In
low-lying areas where vegetables are grown there
are water-holes or shallow wells used to supply
water to the plantations during dry weather. These

shallow wells are also used as soakage pits and are
often breeding sites of C. p. fatigans. Discarded
receptacles near permanent breeding sites contribute
to the breeding. In Peliyagoda vector control,
involving the weekly application of l2-1 UK fl oz
(ca 14 ml-28 ml) of malathion 50% emulsion
concentrate in heavy oil as larvicide, has been carried
out in Peliyagoda for over 6 years by the Ceylon
Anti-Filariasis Campaign.

(b) The Hendala Town Council area, covering
3 mi2 (ca 8 kM2), is situated barely a mile north of
Peliyagoda, away from the main road. The terrain
is flat with sandy soil and close to the sea. There is
an elaborate network of roads serving the very
evenly distributed middle-class houses. The popula-
tion is around 16 000 and spread out without
congestion. In recent years there has been an
increase in the number of middle-class houses.
Shanty-towns are not common in this area. Larval
habitats of C. p. fatigans in Hendala are mainly
catch-pits, soakage pits, drains and discarded
receptacles. There is no vector-control programme.

The climate is much the same in Peliyagoda and
Hendala, and is equable. The mean monthy tempe-
ratures in an average year range from 76.0°C to
86.0°C and the relative humidity from 76% to 85 %.
The monthly rainfall figures for 1962 and 1963 were
not similar (see Table 9) although in both years most
rain fell in the monsoon months (May, September-
October).

METHODS

HOUSE-RESTING POPULATON

Mosquitos were collected from houses in the
morning between 07.30 h and 10.30 h 1 by the hand-
catching method, using sucking-tubes and torches.
Three catching teams participated in the work, each
team consisting of 1 entomological assistant and
1 field attendant. Each team covered 18 houses

1 All the times given in this paper are expressed in terms
of the " catching time " proposed by Lumsden (1952),
according to which 18.00 h is taken as the time of sunset.
This has advantages in the study of phenomena depending on
the day-night cycle near the equator, where the day length
remains practically unchanged while the time of sunset and
sunrise may vary by about an hour. For our purposes,
clocks were adjusted so that 18.00 h corresponded to the
time of sunset as published by the Ceylon Meteorological
Department, Colombo.

during the 3-hour morning collection round. The
mosquitos were brought to the laboratory by noon
and were immediately anaesthetized lightly with
chloroform vapour. They were then transferred to
a " bijou " bottle (a 7-ml screw-capped bottle)
labelled with all particulars of the catch, and stored
at -45°C until dissection.
At the outset, with the small staff available, the

investigation was confined to a restricted area of
Peliyagoda. With the addition of more staff, Hendala
was included in the investigation. Five to 15 visits
were made to each area per month. To reduce any
bias that may be shown in the results of a survey of
a small area it was thought proper to sample as far
as possible the whole area within the two urban
council limits each month (see Fig. 1).
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BITING POPULATION

A series of hourly catches off human bait using
2 volunteers (Haddow, 1954) was carried out on an
enclosed verandah of a middle-class house situated
in a moderately congested area in Peliyagoda. The
entrance to the verandah was by a single doorway
which was permanently open. The 2 volunteers
stripped to the waist and lay down or slept on camp
beds with their legs exposed. Using torchlights
and sucking-tubes, 1 entomological assistant and
2 field attendants collected all the mosquitos that
alighted on the volunteers.

Catching commenced at 17.00 h and proceeded
throughout the night until 07.00 h. Two 24-hour
catching sessions were conducted initially to confirm
that C. p. fatigans was inactive during the daylight
hours. At the end of each hour the mosquitos
collected were lightly anaesthetized with chloroform
vapour and transferred to a " bijou " bottle which was
labelled and placed in a vacuum flask containing ice.
The staff changed over at 3-hourly intervals. The

writer visited the site during each catching session
and often supervised the work throughout the whole
session. At the end of each session the vacuum flask
with the bottles containing the hourly collections of
mosquitos was brought to the laboratory, where the
material was immediately stored at -45°C until
dissection.

OVIPOSrTING POPULATION

Ovipositing females were collected in a congested
area at Peliyagoda close to the catching site for the
biting population. Gravid females were caught as
they alighted on the sides of an open catch-pit.
Catching commenced at 18.00 h and continued for
2 hours. The material was anaesthetized and stored
without delay in the manner described above.

PRESERVATION OF MATERIAL

Corbet (1961) preserved mosquitos at -25°C
2 months before dissection and some of his material
remained fresh for 5 months. In the present study the
house-resting population was stored for from 1 to

8 months at -450C before dissection. At dissection
the material was found to be in a fresh condition.
One sample inadvertently left in the deep-freeze for
12 months was in reasonably good condition, and
1 mosquito from this sample had microfilariae still
moving about in the blood during the dissection.
Storage of anaesthetized material at -45°C and
later dissection proved to be a convenient method of
studying the physiological condition in which the
mosquitos were at the time of capture. The method
further enabled the writer personally to handle a
large number of mosquitos.

DISSECTION PROCEDURE

After identification, all C. p. fatigans were first
dissected by the writer to determine the age by a
count of the number of dilatations in the ovarioles.
In the case of house-resting females the external
appearance of the abdomen was established first,
following Sella's (1920) classification. Next, the
ovarian stage (Christophers, 1911) was noted and the
ovarioles were then dissected to count the number of
dilatations.
The slides with partially dissected specimens were

then passed on to a technician who proceeded to
dissect the specimens completely for filaria larvae.
In an infected mosquito the stages of the larvae
present were identified first, the larvae in each stage
counted and measured and, finally, the number of
dilatations also checked. By this procedure two
people independently established the age of infected
mosquitos.

In the text 2-parous and older age-groups have
sometimes been combined and referred to as the
multiparous group. Filarial larvae were classified as:
(a) exsheathed microfilariae 230 ju-250 ,u long,
(b) first-stage (short sausage stage 130 ,u-200 ju long,
or long sausage stage 200 ,u-300 ,u long), (c) second-
stage larvae (" short cylindrical'" stage with devel-
oping intestinal canal, 300 t-600 ,i long and " long
cylindrical" stage with developing intestinal canal,
600 ,u-I 100 , long) and (d) third-stage infective
filiform larvae 1100 u-I 800 ,u long.

RESULTS

HOUSE-RESTING POPULATION

Seasonal variation

The seasonal variation of the house-resting
population of C. p. fatigans was worked out for 1963,

as complete coverage of the two experimental areas
was possible in that year. The total collection from
morning catches in houses for a month ranged
from 216 to 991 mosquitos for Peliyagoda and from
116 to 392 for Hendala (Tables 1 and 2). Fewer visits
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TABLE 1

121

TABLE 2
AGE-COMPOSITION OF HOUSE-RESTING POPULATION AGE-COMPOSITION OF HOUSE-RESTING POPULATION
OF C. P. FATIGANS IN PELIYAGODA IN 1962 AND 1963 OF C. P. FATIGANS IN HENDALA IN 1962 AND 1963

No. No. in physiological age-groupMonth ~dissected N IlI L12 I
3 1J

1962

Jan.

Feb.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

1963

Jan.

Feb.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

165

130

163

231

189

225

134

107

173

229

294

143

336.

384

553

216

224

256

294

270

305

901

991

524

80 75

54 50

63

88

110

128

82

64

99

121

155

88

163

235

307

118

129

155

145

119

169

519

555

303

68

95

60

69

42

32

59

88

102

39

124

119

166

67

63

71

103

43

105

287

315

181

8

21

25

41

18

28

9

10

14

20

30

15

42

24

68

26

30

27

42

5

26

85

101

32

2

5

6

7

0

0

5

6

3

10

5

2

2

3

0

4

9

16

8

0

0

0
0

0

0

0

0

0

0

2

0

3

2

0

0

1

0

4

0

Total
1962

No. 2 183 1 132 779 239 30 3

% 100 51.9 35.7 10.9 1.4 0.1

Total
1963

No. 5 421 3 068 1 720 546 73 14

% 100 56.6 31.7 10.1 1.3 0.3

Month No. _ _No. in physiological age-group
Mont dissected N 1T 2 3 4

1962

April 108 54 37 15 2 0

May 86 51 29 6 0 0

June 187 119 51 16 1 0

July 65 41 16 5 2 1

Aug. 100 62 24 12 2 0

Sept. 141 84 42 14 1 0

Oct. 193 123 53 13 4 0

Nov. 267 148 91 23 5 0

Dec. 259 172 66 19 1 1

1963

Jan. 116 74 32 10 0 0

Feb. 226 132 64 25 5 0

March 264 162 70 27 4 1

April 139 96 32 9 1 1

May 171 105 55 11 0 0

June 252 161 69 21 1 0

July 311 194 92 21 4 0

Aug. 348 231 95 21 1 0

Sept. 269 162 80 26 1 0

Oct. 277 162 88 25 2 0

Nov. 355 205 124 24 2 0

Dec. 392 243 119 25 5 0

Total 1962

No. 1 406 854 409 123 18 2

% 100 60.7 29.1 8.7 1.3 0.2

Total 1963

No. 3120 1 927 920 245 26 2

% 100 61.8 29.5 7.9 0.8 0.1

mean 1 (Williams, 1937; Haddow, 1960; Corbet,
1963).

1 The Williams' mean, Mw, is a geometric mean modified
to allow for the possible presence of zeros in the data,
and is given by:

were made to Hendala. In order to reduce the E log (n + 1)
influence of individual large catches in the over-all log (Mw + 1) = N
results the monthly frequency was measured by the where n are the individual observations, and N the total
modified geometric mean known as the Williams' number of observations.
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FIG. 2. MONTHLY MEAN HOUSE-RESTING POPULATION
OF C. P. FATIGANS IN HENDALA AND PELIYAGODA

IN 1963 a
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a The mean population is expressed as the Williams' mean
(see footnote on p. 121). The monthly rainfall is also given, for
purposes of comparison. In the population graphs, curve A is
for the total population, curve B for the nulliparous population,
curve C for the 1-parous population and curve D for 2-parous
and older (the part of the population which may be regarded
as responsible for the transmission of malaria).

The monthly house-resting population in Peliya-
goda and Hendala in 1963 is shown in Fig. 2. The
rainfall pattern for 1963 was the same for both areas

but the seasonal trend of the house-resting popula-
tion was different. At Peliyagoda the mean catch was
low from January to September; the application of
larvicides in breeding-places in the area could have
been the reason for this. The lowest numbers in
April coincided with the start of the rainy season.
The sharp rise in house-resting population from
October to December follows the rains of September-
October and the possible interruption of the larval
control programme during the rainy weather.
In Hendala, the untreated area, on the other hand,
the monthly mean density was at a high level
throughout the year. The decrease in density noted at
Peliyagoda during the rainy months was seen at
Hendala too. Monsoon rains flushed out many types
of C. p. fatigans breeding sites and thus could have
brought about the decrease in density. Breeding
continued, however, and numbers of adults were
found resting inside houses.
The nulliparous, 1-parous and multiparous

components of the population are plotted separately
in Fig. 2. It is of interest to note that fluctuations of
the over-all population are equally reflected in all
age-groups in both areas; thus, the proportion of the
population in each age-group remains more or less
constant from month to month in spite of the over-all
fluctuation in density.

Abdominal appearance

The house-resting population of C. p. fatigans is a
heterogeneous one consisting of females with a
varying degree of ovarian development and blood
digestion. A study of the external appearance of the
abdomen of the female provided indirect information
on the movements of these mosquitos between
breeding and feeding grounds. On the basis of the
external appearance of the abdomen the population
was divided into four broad categories-(a) unfed,
(b) freshly fed, (c) half-gravid and (d) gravid. By
external examination of the abdomen and subsequent
dissection it was possible to relate these four cate-
gories to Sella's (1920) stages and Christophers'
(1911) ovarian stages.
The classification of the house-resting population

by abdominal appearance was made separately for
Peliyagoda and Hendala but in fact the results were
very similar and the data for 1963 are pooled in
Table 3. Unfed females (11.7%) form the smallest
group caught inside houses in the morning. These
unfed females consist of newly emerged females and
late arrivals in houses which were unable to feed
because of the onset of daylight. They would remain

z20

-J

z

W 10

0

30

HENDALA A

B

C

J F M A M J 1 A 5 0 N D

z'0

-J
20

Ia-
0
Z

10Q!i 10

I1=~
iLU

0
z,
1w

-J
F 40
z
0

30

20

10

0

PELIYAGODA

;V <D

122



AGE-COMPOSMON OF C. P. FATIGANS AND BANCROFTIAN FILARIASIS IN CEYLON

TABLE 3
HOUSE-RESTING POPULATION OF C. P. FATIGANS IN PELIYAGODA AND HENDALA

IN 1963, BY ABDOMINAL APPEARANCE

Unfed Freshly fed Half-gravid Gravid
Month

No. % No. T

No. % No.
Tota

Jan. 78 17.3 142 31.4 143 31.6 89 19.6 452

Feb. 122 20.0 229 37.5 171 28.0 88 14.4 610

March 107 13.1 269 32.7 314 38.4 129 15.8 817

April 41 11.6 130 36.6 113 31.8 71 20.0 355

May 60 15.2 142 35.9 120 30.4 73 18.5 395

June 56 11.1 173 34.1 195 38.4 84 16.3 508

July 62 10.2 208 34.4 211 34.9 124 20.5 605

Aug. 100 12.7 334 42.5 232 29.5 119 15.2 785

Sept. 62 10.8 186 32.4 184 32.1 142 24.7 574

Oct. 77 6.5 335 28.4 432 36.7 334 28.4 1178

Nov. 128 9.5 381 28.3 519 38.5 318 23.6 1 346

Dec. 104 11.4 187 20.4 352 38.4 273 29.8 916

Total 997 11.7 - 2714 31.8 | 2986 35.0 1844 21.5 { 8541

indoors till the following night. The freshly fed
females (fed the previous night) and the half-gravid
females (fed 24-60 hours earlier) together comprise
the major proportion (66.8%) of the house-resting
population. The gravids (21.5%) were those not
ready for oviposition during the greater part of the
night and prevented from flying out for oviposition
by the appearance of daylight. These results are in
keeping with the endophilic behaviour normally
associated with C. p. fatigans.

Age-composition
The results of dissections for 1962 and 1963 are

given for Peliyagoda in Table 1 and for Hendala in
Table 2. In 1962 the proportion nulliparous at
Peliyagoda was low (38.1 %-48.5 %) during the first
4 months of the year. Thereafter, this proportion rose
to above 50% in all months. The proportion 1 -parous,
on the other hand, was highest during the first
4 months and fell subsequently. The proportion
multiparous varied from 6.0% (January) to 20.8%
(April), with a yearly mean of 12.4%. The yearly
results for Peliyagoda in 1963 were similar to those
in 1962 despite the increased area sampled. There was,
however, less variability in the proportions in each
group from month to month. The nulliparous

population was the largest group in all months of the
year. The I-parous group was correspondingly less
and the proportion multiparous was mainly similar
to the previous year.
The results for Hendala were similar (Table 2).

The nullipars made up more than 60% of the catch
in both years, a higher value than for Pellyagoda.
The total proportion 1-parous was correspondingly
lower at Hendala in both years. The proportion
multiparous was also lower in this area. These
results show a remarkable stability in the age-
composition of C. p. fatigans from month to month
in the two areas. The oldest specimens recorded from
the experimental areas showed a life-span of four
ovipositions.

BITING BEHAVIOUR

A total of 32 14-hour catches were conducted
inside the enclosed verandah of a house between
March 1963 and August 1964. These may be con-
sidered as indoor catches as this part of the house was
generally used for sleeping by some of the inmates.
Most C. p. fatigans collected were unfed females.

A small number were either completely fed, partially
fed or half-gravid. There were also a few gravid
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FIG. 3
BITING CYCLE OF C. P. FATIGANSa
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a The mean percentage biting is given as the Williams' mean
(seefootnoteon p.121). The various curves refertothefollowing
populations:

A: total population (1615 specimens)
B: o-o-o nulliparous population (711 specimens)

x-x-x total parous population (904 specimens)
C: 1-parous (434 specimens)
D: 2-parous (352 specimens)
E: 3- and 4-parous (118 specimens).

females. Some incoming males also alighted on the
bait. The probing behaviour of the fed females was

closely followed. They were allowed to settle down
on the host and closely observed to see if they fed
again. Feeding was observed in two partially fed
females. Others did not feed even after 20 minutes.

The unfed females, on the other hand, settled dowf
to feed without any delay. For the purpose on
recording the hourly biting activity of C. p. fatigans
only the unfed females were counted. A total of 1615
unfed females were collected and dissected. The
biting cycles of this population and of its component
age-groups are given in Fig. 3 in terms of the
Williams' mean (Haddow, 1960), reduced to a
percentage to facilitate comparison.

Biting commenced after sunset (18.00 h). Three
hours later activity was still low. There was a
steady increase in activity from 21.00 h until the
peak was reached at 23.00 h. The peak lasted for
3 hours with maximum activity from 01.00 h to
02.00 h, after which point there was a steady decline
till biting ceased with the appearance of daylight
(06.00 h). It is not possible to give an explanation for
the reduction in activity after 02.00 h. Thus C. p.
fatigans has one prolonged peak biting period
lasting 3 hours and commencing 1 hour before
midnight.
The biting cycles of the different age-groups

followed the same basic pattern, with low activity
during the first 3 hours of biting. There are, however,
some features of difference which are of interest.
Each age-group had 1 peak, lasting 1 hour, after
which there was a gradual decline in activity. The
time of the peak for each age-group also varied
within the over-all peak period. The nulliparous
population, which formed 44.0% of the population,
reached the peak at 02.00 h. The peak for the
I-parous population, 26.9% of the total, was
found at 01.00 h, 1 hour ahead of the peak for
nullipars. The 2-parous component (21.8%,) had a
prolonged peak between 23.00 h and 02.00 h with a
minor reduction at 01.00 h; this curve closely
followed that for the total population. The oldest
age-group, made up of 106 3-parous and 12 4-
parous females and together forming 7.3% of the
population, reached peak activity between 22.00 h
and midnight, somewhat earlier than the other
age-groups. It would appear, therefore, that when
we consider the prolonged peak of the total popula-
tion from 23.00 h to 02.00 h the oldest mosquitos
contributed more to the earliest hour and the nulli-
pars to the last hour of the peak. This may be seen
when the curve for the total parous population is
superimposed on the nulliparous curve (Fig. 3B):
taken together, the parous females reach peak
biting activity between midnight and 01.00 h, in con-
trast to the peak biting activity of the nullipars at
02.00 h.
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Rain had a marked effect on the entry ofmosquitos
into houses. Within a few minutes of the start of a
shower mosquito activity came to a standstill till the
rain ceased. Activity began again within 10 minutes
of the cessation of the rain. While these catches were
in progress, unfed C. p. fatigans females were often
observed resting on the leaves of vegetation nearby
in the compound of the house. They were probably
" conditioning " themselves before they entered the
house to feed; this phenomenon has previously been
described under the name of intercurrent resting by
Mattingly (1965).

Proportion of the biting population returning to feed
immediately after oviposition. It was found on dis-
section of the ovaries of some females coming to bite
that the ovariole sacs were still loosely stretched and
elastic, indicating that dilatations had not yet been
formed following the last oviposition. As shown for
Mansonia uniformis by Samarawickrema (1962a), for
M. fuscopennata by Corbet (1964) and for Anopheles
gambiae by Gillies & Wilkes (1965), the presence of
loose ovariole sacs in biting mosquitos indicates that
they have returned to feed shortly after oviposition.

Table 4 shows the total parous population taken
in the complete series of biting catches, arranged
according to the hours of capture and the number
of specimens out of each hourly total with uncon-
tracted ovariole sacs. In order to interpret the results
more accurately the time taken for ovariole sacs to
contract into dilatations was established in a labo-
ratory experiment. Fully gorged wild females were
caught and maintained in the laboratory until gravid.
Forty females were confined, each in a 3 in x 1 in
(7.5 cm x 2.5 cm) glass tube containing a layer of
polluted larval medium for oviposition. Starting
from 18.00 h, the tubes were checked every 10 min-
utes for oviposition. When oviposition was found,
the time of oviposition was noted and the tube put
aside for a period of from 1 to 12 hours. The female
involved was then lightly anaesthetized with chloro-
form and stored in ice till dissection the next morn-
ing. On dissection it was found that ovariole sacs
were very elastic and easily stretchable in females
during the first 2 hours after oviposition. Thereafter
the elasticity of the ovariole sacs was less; they re-
mained stretched up to 10 hours after oviposition.

TABLE 4
PROPORTION OF C. P. FATIGANS COMING TO FEED DIRECTLY AFTER OVIPOSITION a

1-Parous 2-Parous 3- and 4-Parous Total

of start Females with Females with Females with Females with
of catch No. ovariole sacs No. ovariole sacs No. ovariole sacs No. ovariole sacs

(h) taken taken taken N taken
No. % No. % No. No. %

18.00 21 6 28.5 12 5 41.7 3 3 100.0 36 14 38.9

19.00 21 13 61.9 11 7 63.6 5 4 80.0 37 24 64.9

20.00 19 9 47.4 14 9 64.3 5 4 80.0 38 22 57.9

21.00 18 9 50.0 26 21 80.8 7 5 71.4 51 35 68.6

22.00 47 23 48.9 35 23 65.7 17 11 64.7 99 57 57.6

23.00 47 30 63.8 47 37 78.7 22 17 77.3 116 84 72.4

00.00 69 48 69.6 47 39 80.0 16 14 87.5 132 101 76.5

01.00 53 40 75.5 52 42 80.8 15 13 86.7 120 95 79.2

02.00 47 31 66.0 41 35 85.4 9 6 66.7 97 72 74.2

03.00 39 34 87.2 25 19 76.0 7 6 85.7 71 59 83.1

04.00 33 24 72.7 24 21 87.5 9 6 66.7 66 51 77.3

05.00 20 16 80.0 18 14 77.8 3 2 66.7 41 32 78.0

06.00 0 - - 0 - - 0 0

Total 434 283 65.2 352 272 77.3 118 91 77.1 904 646 71.4

a Data from 32 catches on human bait.

9
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Definite contraction of the ovariole sacs occurred 11
hours after oviposition. It is concluded that under
laboratory conditions the ovariole sacs remain un-
contracted for 10 hours after oviposition. When
these results are applied to the population coming
in to bite at night it is clear that all the females with
uncontracted ovariole sacs would have oviposited
during the same night. Thus, as shown in Table 4,
38.9% of C. p. fatigans taken between 18.00 h and
19.00 h had arrived to re-feed less than 2 hours after
oviposition. These females had the characteristic ex-
tremely elastic ovariole sacs, more stretchable than
the ovariole sacs of females taken later. From 19.00 h
onwards there was a steady increase in the proportion
of females arriving directly from the breeding
grounds, and after 23.00 h this proportion was over
72 %. The results also show that at all times the per-
centage returning to feed directly from oviposition
was more or less the same in all parous groups, sug-
gesting that the impulse to feed shortly after ovi-
position was similar in all parous females whether
after the first oviposition or the third. Thus in a
locality with suitable breeding-places and sufficient
human hosts the majority of C. p. fatigans return to
feed the same night that they oviposit.

AGE-COMPOSITION OF OVIPOSITING POPULATION

Dissection of 179 gravid females alighting on the
sides of a catch-pit showed that 85 (47.5 %) were nul-
liparous, 68 (38.0%) were 1-parous, 23 (12.8%) were
2-parous and 3 (1.7%) were 3-parous. A few unfed
females-caught immediately after oviposition-and
some newly emerged ones were also taken but were
not dissected. The age-composition of the gravid
population was similar to that of the house-resting
and biting populations.

INFECTION WITH WUCHERERIA BANCROFTI IN

RELATION TO OVARIAN DEVELOPMENT AND PARITY

House-resting population
The results of dissections of infected mosquitos

have been analysed to show the phases of oogenesis
and gonotrophic cycle in which the different stages
of filariae were commonly found. Table 5 shows the
analysis of the pooled results for 1962 and 1963. The
numbers indicate the total number of mosquitos in
each ovarian stage found infected with parasites at
the various stages indicated. It is possible to deter-
mine the landmarks in the oogenetic and gonotrophic
cycle where changes in the development of the filarial
larvae take place in the majority of females. It is

possible by this analysis to determine the average age
at which C. p. fatigans becomes infective, and also to
follow the fate of microfilariae ingested by parous
females. Not all the larvae in a single infected mos-
quito were in the same stage of development; the
most advanced stage observed was therefore used in
the classification of the infection.
The exsheathed microfilariae from an infective

primary meal by a nulliparous female were found up
to the end of digestion of the meal. Thus in Table 5,
series 1,1 140 freshly fed nulliparous females (feeding
for the first time) had ingested microfilariae and 123
half-gravid nullipars still had exsheathed micro-
filariae in the stomach and thorax.
The short " sausage " larva was most commonly

found in nulliparous gravid females and also in
freshly fed specimens following the first oviposition.
The long " sausage " stage was common in I -parous
females during the latter half of oogenesis: this stage
was found in 40 1 -parous half-gravids and 28 1-
parous gravids. The " sausage "-stage larvae first
appearing at the end of the first oogenesis continue
till the end of the second oogenesis.

Second-stage (" cylindrical ") larvae were found in
females at the end of the second oogenesis. Their
highest frequency was in I -parous gravid females and
the second highest in freshly fed females after the
second oviposition. This stage of development was
also found in several I -parous half-gravids.
The final change into infective larvae was first seen

in appreciable numbers at the time of the feed follow-
ing the second oviposition, but was more frequently
observed during the resulting oogenesis: 16 2-parous
freshly fed specimens, 24 2-parous half-gravids and
16 2-parous gravids were found with infective larvae.
In freshly fed specimens the infective larvae were
present together with second-stage larvae, so that all
the larvae would become infective at a later stage of
oogenesis. This analysis shows that when the infec-
tion is acquired in the primary meal the succeeding
stages of the filariae appear in progressively ad-
vanced physiological states of the mosquito and the
infective stage is reached when the mosquito is in
the 2-parous state. Transmission could take place
for the first time during the feed following the depo-
sition of the third batch of eggs. This confirms earlier
work in the endemic filariasis zone of Ceylon
(Samarawickrema, 1962b).

' The experimental results of Table 5 were split up into
series 1, 2 and 3 according to whether it was assumed that
the mosquito in question was infected during its first, second
or third blood meal respectively.
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TABLE 5
CORRELATION BETWEEN OVARIAN CONDITION AND FILARIAL DEVELOPMENT AMONG

THE HOUSE-RESTING POPULATION a

No. of females

Fidarial Nulliparous 1 -Parous 2-Parous 3-Parous

FF HG G UF FF HG G UF FF HG G UF FF HG G

Series 1

E xsheathed
microfilariae 140 123 13

First stage, sho rt 20 69 9 19

long 1 4 10 5 20 40 28

Second stage, short 5 11 16 3 6

long 16 33 6 24 1

Infective stage 1 5 16 24 16 3..

Series 2

Exsheathed
microfilariae 107 55 3

First stage, short 8 40 2 12

long 1 ~5 8 4

Second stage, short 6 1 4

long 4 1 5

Infective stage 1 4 2

Series 3

Exsheathed
microfllariae 49 4

First stage, short 1 5

long 1 1 2,

a Pooled data for Pellyagoda and Hendala, 1962 and 1963 .
The abbreviations used In the table have the following significance: UF: unfed; FF:-freshly fed; AG: half-gravid; G: gravid.

-.

In the second series, 107 freshly fed and 53 half-
gravid 1-parous females were recorded with micro-
filariae. These microfilariae would have been in-
gested during the second meal (following the first
oviposition). Here the infection was presumably
acquired one cycle later than the females of the first
series and the stages of filariae appear correspond-
ingly one cycle later. In this cycle of development
the infective larvae appear during the fourth oo-
genesis and these would be transmitted during a
meal following the fourth oviposition.

In a third series, 49 2-parous freshly fed females
had ingested microfilariae. Few older mosquitos with
later stages of the parasite were found. This indi-
cates that mosquitos infected during the third and

subsequent mreals do'nt live long enough in nature
in this area to transmit the infection.

Filarial stages have appeared in females appar-
ently too young to harbour ;*hese stages.. J?9r
example, the long " sausage" stage wasfound on one
cccasion in a freshly fed nulliparous female and on
another occasion infective larvae were found in a 1-
parous gravid female. COne explanation for these
early appearances of filariae is that the infective meal
could not have resulted in oogenesis, owing either
to the insufficient quantity of blcod ingested or to a
phenomenon similar to that leading to the pre-gravid
condition of An. gcmbiae in Africa reported by
Gillies (1954). The latter condition has been observed
in C. p. faligans both in fully gorged wild females
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kept in the laboratory for egg production and in labo-
ratory-bred females fed and weighed for studies on

the intake of W. bancrofti (W. J. Niles-unpublished
data, 1961). Most evidence points to its being a rare

event in the field.

Biting population
In the series of biting catches, 113 females were

found to be infected by mnicrofilarie. The details of
these infections are set out in Table 6 to show the
correlation between stages of development of micro-
filariae and the parity of the mosquito. The popu-
lationkm p here was homogeneous: empty
fema}& wUl d probing on the body of the bait to
feed. The cerrlation is clear-cut: in series 1 the
" sausage" stage was found in I-parous females, the
second stage in 2-parous females and the infective
stage in 3-parous females. All these mosquitos would
have acquired the infection during the primary meal.
Of great interest was the finding of 18 3-parous
females probing on or piercing the skin of the host
in the act of transmitting the infective larvae. This
confirms the findings concerning infective larvae in
the house-resting population. In series 2 the stages
of microfilariae have been correlated with females
one cyck older than those in series 1. These would

have b1n infected during the second meal (after the
first oviposition).

,gIW^vUkg p.jwlation
The stages of development of the microfilariae

found on dissection of gravid females are shown
in Table 7. These gravid females, again forming
a bomogeneous population, were examined for
microfilarial infection only a few hours before they
were expected to bite again. The correlation of
the stages of microfilarial development with the
parity of the mosquito fits in well with the pattern
showA.ny the other two populations dissected. The
aridbt bet these results provides supporting
eviice oftu pted progress of the gono-
trophic cyc1 v p. fatigans in this area.

Double and triple infection

During dissections of C. p. fatigans populations,
examples of doubly and triply infected mosquitos
were found, with microfilariae in different stages;
these microfilariae were obviously of different broods

originating from different meals. In each case of
these infections, when each brood of larvae was cor-

related with the ovarian stage and parity of the mos-
quito it was found that the rate of development in

relation to events and phases of the gonotrophic
cycle was identical in all broods and similar to the
speed of development of microfilariae in a single
infection. Thus, during her life-span (4 gonotrophic
cycles) a female C. p. fatigans could incubate and
transmit two separate infections acquired during her
primary and second blood meals.
De Meillon, Hayashi & Sebastian (1967) have

shown, by infecting a batch of laboratory-bred C. p.
fatigans twice with microfilariae of W. bancrofti from
volunteers (the second infection following 10 days
after the first) that the rate of development to matu-
rity of microfilariae of the second brood was not
affected by the presence of the existing first infection.
The present results on double and triple infections
in wild C. p. fatigans support these laboratory find-
ings on the absence of immunity in C. p. fatigans to
reinfection with W. bancrofti.

LENGTH OF GONOTROPHIC CYCLE

To determine the duration of the gonotrophic
cycle in nature, and also to test the data presented
above on the correlation between physiological aging
and filarial development, an experiment involving
the release and recapture of marked C. p. fatigans
was carried out in an area of about 2 acres with 56
houses in a congested part of Peliyagoda. Most
houses were ill-ventilated and dark, with one or two
rooms. Larger, better-class houses were also in-
cluded in the experimental area. Catch-pits behind
several latrines and stagnant drains formed the main
breeding sites for the mosquito.

Laboratory-bred C. p. fatigans were lightly anaes-
thetized with chloroform vapour in twos and threes,
1 day after emergence and marked by the topical
application of coloured paints by a modification of
the method described by Gillies (1958). Five batches
of 200 to 600 females-2200 in all, each batch marked
with a different colour-were released. All releases
were made from a central point and on one occasion
inside a house, after dusk at approximately 19.00 h.

All houses in the experimental area were searched
for marked mosquitos between 07.00 h and 10.30 h
on the following days. Mosquitos were collected by
the hand-catch method by the technique of " catching
to depletion ". In all, 22 marked females were re-
captured. All except one were dissected for dilata-
tions and microfilarial infection.
The results of dissection of the 21 specimens are

given in Table 8. The period between release and
recapture was measured in days from the night of
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TABLE 6
CORRELATION BETWEEN PARITY AND FILARIAL DEVELOPMENT AMONG

THE BITING POPULATION a

No. of females
Filarial development

Nuliparous -Parous 2-Parous 3-Parous 4-Parous

Series 1

Exsheathed microfilariae

First stage, short 18

long 5

Second stage, short 8

long 28

Infective stage 18

Series 2
Exsheathed microfilariae

First stage, short 12

long 7

Second stage, short 5

long 6

Infective stage 3

a Pooled data for Peliyagoda, 1963 and 1964.

TABLE 7

CORRELATION BETWEEN PARITY AND FILARIAL DEVELOPMENT AMONG
OVIPOSITING POPULATION a

No. of females
Filarial development

Nulliparous I-Parous 2-Parous 3-Parous 4-Parous

Series I

Exsheathed microfilariae

First stage, short 8

long 1

Second stage, short 3

long 3

Infective stage 4

Series 2

Exsheathed microfilarlae

First stage, short 5

long

Second stage, short

long 3

Infective stage ]

a Pooled data for Peliyagoda, 1964.
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TABLE 8
CORRELATION BETWEEN OVARIAN CONDITION AND AGE IN RECAPTURED MARKED

FEMALE C. P. FATIGANS a

Nulliparous

Half-gravid

Earlyb Late c

x x

x x

x

x x

Gravid

x x

x x

130,4

1 -Parous

U nfed

140 ii

Freshly fed

Early d Late e

x

x

2-Parous

Half-gravid

Early b Late C

205

x
260

Gravid

x

Freshly
fed

x

ean age _I
(days) 0 1.? 3 2.6 3 3 44.5

_ _5 _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a Each cross indicates a singte female recovered. The symbol @ denotes a female found to be infected with first-stage
filaria larvae; the length of the larvae is given underneath the symbol.

b Corresponding roughly to stage 3 of Sella (1920).
c Corresponding roughly to stage 4 of Sella (1920).
d Still with distended ovario!e sac.
e Ovariole sac contracted, leaving dilatation.

release to the night preceding the morning of recov-

ery. The results show that females became gravid
48 to 72 hours after release. This agrees with the
time taken to reach the gravid state by females under
laboratory conditions. The half-gravid females
recovered in 72 hours would almost certainly have
missed the feed on the night of release. Recaptured
72 hours after release were also 1 unfed 1-parous
female and I freshly fed 1-parous female, both with
loose ovariole sacs, indicating that oviposition had
taken place during the early hours of the morning.
These findings show that when the opportunity is
available gravid females oviposit and feed on the
same night, completing a gonotrophic cycle in 3
days. The 1-parous unfed female would probably
have fed on the following night to complete the gono-
trophic cycle in 4 days. The freshly fed female re-

covered in 4 days with no evidence of recent ovi-

position would have experienced a similar pattern
of events to complete the cycle in 4 days. The results
show that there is also a variation in the time taken
by individual mosquitos to complete the gonotrophic
cycle. It is concluded that the duration of the gono-
trophic cycle in nature under normal conditions is
3 to 4 days.
Four specimens were found to be infected by

filaria larvae-all in the " sausage " stage. The ear-

liest stage found was a short " sausage " stage 130 ,t
in length in a nulliparous gravid female recovered
72 hours after release. The latest stage was a long
" sausage " stage of 260 ,u in a 1-parous half-gravid
female recovered 5 days after release. The infection
in the marked and recovered females agrees well

with the time of appearance and the range of
occurrence of " sausage "-stage larvae in wild
mosquitos.

Frehl

Freshly
fed

x

No.
of days
between
release
and

recapture

0

1

2

3

4

5

6

7

8

9
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DISCUSSION

INFECTION

The above results indicate that, whether the in-
fection is acquired in the primary meal or in the meal
initiating the second gonotrophic cycle, the micro-
filariae mature into the infective' stage during the
third oogenesis counting from the infective meal.
The finding of infective larvae in C. p. fatigans early
after the third meal by Ho & Jung (1966) in China
agrees with these results. From the data given in
Table 5 it may be seen that most transmission is by
females acquiring the infection during the primary
meal. Some females infected during the second blood
meal (following the first oviposition) also survive to
transmit the infection, but females older than 1-
parous ingesting microfilariae do not survive long
enough for the completion of the extrinsic cycle of
the parasite. As Tables 1 and 2 clearly indicate, the
proportion of the population old enough to harbour
infective larvae shows a mean value of approximately
12% for Peliyagoda and 10% for Hendala. In
Peliyagoda, which has a higher microfilaria rate,
mosquitos with mature larvae have been recorded
every month during the 2 years; this may be taken
as evidence of active transmission in this area
throughout the year.

NATURAL MORTALITY

Previous work
Estimates of natural mortality in C. p. fatigans

have been made by Laurence (1963) in Vellore, South
India, using two methods-namely, that based on the
parous rate and that based on the number of infected
mosquitos harbouring different stages of W. ban-
crofti, the latter being an application of the method
of Macdonald (1957) used for vectors of malaria.
In presenting this method Laurence pointed out that
the use of parous rates in estimating the mortality
of C. p. fatigans might be objected to on the basis of
the finding by Wharton (1959) of infective Mansonia
longipalpis in a remote swamp forest in Malaya with
a history of one oviposition; this had been attributed
to the greater length of time taken during flight be-
tween breeding and feeding grounds. The two
methods, however, produced similar values for the
mortality of C. p. fatigans at Vellore. The two me-
thods have also produced similar results for C. p.
fatigans in Rangoon (de Meillon, Grab & Sebastian,
1967).. Parous rates have been used to estimate

mortality of C. tritaeniorhynchus in Vellore by
Reuben (1963). These two methods have been used
in the present study to estimate the mortality of
C. p. fatigans in Peliyagoda and Hendala.

Parous-rate method
In Table 9 are given the parous rate and the calcu-

lated daily survival and percentage mortality of the
house-resting population of C. p. fatigans on a
monthly basis, separately for Peliyagoda and
Hendala. The principle of the calculation may be
made clear by the following example. The parous
rate in January 1963 for Peliyagoda was 0.515. From
the experiment on the recovery of marked females it
is known that the duration of the gonotrophic cycle
is either 3 or 4 days. Therefore the probability of a
mosquito surviving through one day (p) is 0.80 when
p3=0.515 and 0.85 when p4=0.515, giving a mean
survival of 0.83, or a mean daily mortality of 17%.
Again, the proportion surviving 2 ovipositions for
the same month at Peliyagoda is 0.146. The proba-
bility of a mosquito surviving through one day (p)
is then 0.73 when p6=0.146 and 0.79 when p8=0.146,
giving a mean survival of 0.76 and a mean daily
mortality of 24%.
The results show a remarkably constant mortality

over the months. Any change in the weather due to
drought or monsoon rains does not seem to alter
the pattern of mortality. There is, however, a differ-
ence in mortality between the house-resting popu-
lations in the two areas, with a slightly higher mor-
tality at Hendala. As the climate is similar the ex-
planation for this finding may be that better condi-
tions prevail at Peliyagoda for the breeding and
maintenance of the C. p. fatigans population. The
congestion of people at Peliyagoda and the con-
sequent greater availability of hosts and wide variety
of breeding sites offer better feeding and oviposition
facilities for the mosquito and the many dark, ill-
ventilated temporary houses provide ample preferred
resting sites.
The average mortality rates of C. p. fatigans

over the period 1963-64 for 1, 2 and 3 cycles
in biting populations were similar, estimates of p
being 0.85, 0.84 and 0.78 respectively. One and two
cycles in ovipositing populations gave estimates ofp
of 0.83 and 0.75. -Mortalities calculated in all three
populations are similar, despite the homogeneous
physiological condition in biting and ovipositing
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TABLE 9

PROPORTION PAROUS AND CALCULATED DAILY MORTALITY OF C. P. FATIGANS AT PELIYAGODA
AND HENDALA IN 1962 AND 1963a

Peliyagoda I Hendala

One cycle Two cycles One cycle Two cycles Tempera- Rainfall b
Month ture

Daily Proportion Daily Daily Proportion Daily (OC) (in)Proportionmortality 2-parous mortality p
mortality 2-parous mortalityparous mortal and older mty parous and older (%)

(%) and older (%) _______ _________ ________ _________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1962

January

February

March

April

May

June

J uly

August

September

October

November

December

0.515

0.585

0.613

0.619

0.418

0.431

0.388

0.402

0.428

0.472

0.473

0.385

17

14

13

13

22

21

24

23

22

19

19

24

0.006

0.200

0.196

0.181

0.100

0.124

0.075

0.102

0.087

0.088

0.126

0.124

52

21

21

22

28

26

31

28

29

29

26

26

Mean 1962 0.481 19 0.124 26

1963

January

February

March

April

May

June

July

August

September

October

November

December

Mean 1963

0.515

0.388

0.445

0.453

0.424

0.395

0.507

0.382

0.446

0.424

0.440

0.422

0.434

17

24

21

20

22

24

18

24

21

22

21

22

21

0.146

0.078

0.145

0.114

0.143

0.117

0.157

0.110

0.102

0.105

0.122

0.076

0.117

24

31

24

27

25

26

24

27

28

27

26

31

0.500

0.407

0.364

0.369

0.380

0.404

0.363

0.446

0.336

0.393

0.362

0.416

0.386

0.309

0.386

0.361

0.376

0.336

0.398

0.415

0.423

0.380

18

23

25

25

24

23

25

21

27

24

26

22

24

28

24

25

25

27

23

22

22

24

26 0.382 24

0.157

0.070

0.091

0.123

0.140

0.106

0.088

0.105

0.081

0.102

0.086

0.133

0.121

0.079

0.064

0.087

0.080

0.063

0.101

0.097

0.074

0.076

0.088

23

32

29

26

25

27

29

28

30

28

30

26

26

30

33

28

30

32

28

28

31

31

30

78.7

80.4

80.4

81.6

81.6

82.4

81.2

80.7

80.5

79.9

79.4

79.5

79.1

79.3

80.5

81.6

82.1

81.6

80.1

82.1

80.8

79.3

79.5

79.3

2.04

2.55

5.20

11.90

19.23

4.18

3.31

13.25

7.98

11.15

6.44

2.41

2.83

6.15

4.41

11.95

21.84

7.41

17.59

3.02

19.98

25.72

15.94

9.72

132

a The daily mortality given is the arithmetic mean of the values calculated from the proportion parous on the assumption
that the length of the gonotrophic cycle is 3 and 4 days.

b 1 in - 25.4 mm.
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populations and the heterogeneous condition in the
house-resting population.

Filarial-infection method
It has been found by laboratory infection experi-

ments (W. J. Niles-unpublished data, 1961) that the
short " sausage " stage of W. bancrofti appears in 2
days, the second (" cylindrical ") stage in 6 to 7 days
and the infective larvae in 10 to 12 days after the
infective meal. Further, as discussed earlier, the field
experiment on the recovery of marked females con-

firmed in nature the laboratory results for the first
two stages. Thus, in using the method based on the
number of C. p. fatigans harbouring larval stages of
W. bancrofti, the number of days taken by micro-
filariae to reach the " sausage " stage is taken as 2
days, to reach the second stage as 6 to 7 days and
to reach the infective stage as 10 to 12 days after the
infective meal.
The results of application of this method for

estimation of mortality in house-resting populations
are given in Table 10. Estimates of mortality have
been made only for Peliyagoda since the number
of infections at Hendala were few. Further, the

estimates for Peliyagoda have been made for
3-month periods. Thus, for the period April-June
1962, 54 of a total of 88 infected females in Peliyagoda
survived beyond the exsheathed microfilaria stage,
26 survived beyond the " sausage" stage and
9 beyond the second stage. The probability of
survival through one day (p) is then given by

54
p7 ~~26p2 = 0.6136, p6 or p __ = 0.2955, and

88 88
9

pIO or p12 0.1023, which give p - 0.783,
88

0.816 and 0.840, 0.796 and 0.827 with estimates of
daily mortality, 100(l-p), of 22%, 18% and 16%,
20% and 17% respectively. These results agree

closely with those obtained by the parous-rate
method.

Mortality rates obtained from the microfilarial
infection of the biting and ovipositing populations
are lower than for the heterogeneous resting popula-
tion. From the numbers given in Tables 6 and 7,
p was estimated as 0.93 and 0.85 respectively for
the biting and 0.90 and 0.84 respectively for the
ovipositing populations.

TABLE 10

CALCULATED DAILY MORTALITY OF HOUSE-RESTING POPULATION OF C. P. FATIGANS IN PELIYAGODA,
BASED ON THE PROPORTION OF FEMALES SURVIVING BEYOND VARIOUS STAGES OF FILARIAL INFECTION

Mosquitos surviving infection with

Period No. of Exsheathed microfilariae First-stage larvae Second-stage larvae

investigation mosquitos Daily Daily mortality Daily mortality
taken No. mortality a No. (%) No. (%)

(%) b 2c 1 d 2 e

1962

Jan.-March 39 27 16.8 14 15.7 13.6 3 22.6 19.2

April-June 88 54 21.7 26 18.4 16.0 9 20.4 17.3

July-Sept. 22 16 14.8 11 10.9 9.4 5 13.8 11.6

Oct.-Dec. 37 23 21.7 16 13.0 11.3 4 19.9 16.9

1963

Jan-March. 111 71 20.0 29 20.0 17.4 7 24.1 20.6

April-June 66 40 22.0 19 18.7 16.3 7 20.1 17.1

J uly-Sept. 73 48 18.9 24 17.0 14.8 11 17.2 14.6

Oct.-Dec. 263 152 24.0 60 21.8 19.0 19 23.1 19.7

a Calculated on the assumption that microfilariae take 2 days to reach the first larval stage.
b Calculated on the assumption that microfilarlae take 6 days to reach the second larval stage.
c Calculated on the assumption that microfilariae take 7 days to reach the second larval stage.
d Calculated on the assumption that microfilariae take 10 days to reach the infective stage.
e Calculated on the assumption that microfilariae take 12 days to reach the infective stage.
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The estimates of daily mortality of 13% to 24%
for Peliyagoda and 18% to 28% for Hendala are
of the same order of magnitude as those calculated
for Vellore (Laurence, 1963) and for Rangoon
(de Meillon, Grab & Sebastian, 1967). In contrast,
the daily mortality of C. p. fatigans in Djakarta
calculated on the basis of the age-compositions
published by Lie Kian Joe et al. (1960) lies between
47% (for a 3-day cycle) and 38% (for a 4-day cycle).
The reported absence of active transmission in
Djakarta is then possibly due to heavy mortality of
the vector.
The age-composition data for the two years have

been pooled for each area and treated graphically
in Fig. 4 to show the proportion of females surviving
each gonotrophic cycle. Fig. 4A shows the survival
curves for the house-resting populations of C. p.
fatigans in the two areas, and for the biting popula-
tion. The presumed age of the surviving females in
days is given as abscissa, taking the mean duration
of the gonotrophic cycle of C. p. fatigans as 3.5 days.
The slopes of both curves are low and fairly constant

up to about the end of the second gonotrophic cycle,
indicating a steady daily mortality during this period.
Thereafter, the slopes increase, indicating an
increase in mortality with age. The slightly higher
mortality rate in Hendala is shown by the shift
of the curve to the left. An increase in mortality
with age has also been demonstrated in populations
of An. gambiae and An. funestus by Gillies & Wilkes
(1965).

Fig. 4B shows survival curves based on the
numbers of infected C. p. fatigans given in Table 5.
The presumed age of the females harbouring each
filarial stage is based on the results of laboratory
experiments and the field experiment at Peliyagoda
referred to above. The survival curves for females
infected during the first, second and third gonotro-
phic cycles have been drawn separately. The curve
for females infected during the first cycle closely
follows the pattern of the first half of the age-
composition curve. The curves for females acquiring
the infection during the second and third meals are
steeper and resemble the second half of the age-

FIG. 4
SURVIVAL CURVES FOR THE HOUSE-RESTING POPULATIONS (A) AND THE FEMALES

INFECTED DURING THE FIRST, SECOND AND THIRD BLOOD MEALS (B) a

17.5 1
PRESUMED AGE (DAYS)

4 7 10
Wtlo 7L140

a The points marked 1, 2, 3 and 4 in Fig. 4B represent the percentage of females infected with microfilariae, first-stage, second-
stage and infective larvae, respectively.
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TABLE 11
AGE-COMPOSITION OF HOUSE-RESTING POPULATION OF C. P. FATIGANS AT PELIYAGODA

AND HENDALA IN 1963, BY ABDOMINAL APPEARANCE

Physiological age-group
Abdominal - Total
appearance N ~No.

|No. % No. % No. % No. % No. %

Unfed 747 74.9 140 14.0 99 9.9 9 0.9 2 0.2 997

Freshly fed 1185 43.7 980 36.1 469 17.3 70 2.6 12 0.4 2 714

Half-gravid 2 019 67.6 801 26.8 148 5.0 15 0.5 3 0.1 2 986

Gravid 1 059 57.4 708 38.4 73 4.0 4 0.2 0 - 1 844

Total 5010 2629 789 98 17 8541

composition curves. Thus the period of steady
daily mortality seems to coincide with the period
of incubation of the microfilariae in females
infected during the first cycle, an increase in mortality
being shown after this period. The paucity of
infective females from the population infected
during the second cycle and the absence of infective
females from those infected later support this
interpretation.

BEHAVIOUR OF C. P. FATIGANS

Resting population
Some trends in the behaviour of house-resting

females can be deduced when the 4 abdominal-stage
groups of the population are classified by age.
The pooled dissection data for Peliyagoda and
Hendala for 1963 (see also Table 3) have been
analysed in this manner in Table 11. Among the
unfed females, the least common category to be
found resting in houses in the morning, the propor-
tion nulliparous is very high. This is consistent with
the high proportion of unfed parous females found
feeding soon after entry into houses. This inter-
pretation is also supported by the high proportion of
parous females among the freshly fed section of the
population. The high percentage of unfed nulliparous
females suggests that newly emerged individuals

seek shelter in the houses soon after swarming and
mating, and remain indoors until they are ready
to feed. The high proportion of nulliparous half-
gravid females is more difficult to explain. The
expected difficulty of estimating the age of females
with partially or fully developed follicles has been
overcome by examining the ovarioles with degenera-
ting follicles. The age-structure of the 4 abdominal-
stage groups was similar in the two areas.

Biting population
It is important to know whether the older, and

therefore potentially infective, females bite more
often at certain times of the night. Several workers
have classified biting populations of vector species
into nulliparous and parous groups using the
available age-grouping methods and found that the
biting cycles of the two were closely similar (see
Corbet, 1961). In the present study on C. p. fatigans
populations, with a more detailed age analysis
based on the number of ovipositions, some differences
in the pattern of biting among age-groups have
been observed (see Fig. 3). There is, however, no
" safe " period during which only the epidemiologi-
cally young females bite. Both infected and infective
C. p. fatigans were taken during all hours of the
night from human-bait catches.
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RaSUME

L'importance croissante de la filariose a Wuchereria
bancrofti a Ceylan a incite l'auteur a etudier en 1962-1964
la composition par age des populations naturelles du
vecteur, Culex pipiensfatigans, dans deux districts urbains
voisins de Colombo. Dans l'un d'entre eux, Peliyagoda,
les larvicides etaient utilises depuis plusieurs annees, dans
le second, Hendala, aucun programme de lutte n'etait
applique.
L'examen de I'abdomen des femelles capturees a l'in-

terieur des habitations a permis de les classer en quatre
categories: a jeun (11,7 %); fraichement gorg6es et mi-
gravides (ensemble: 66,8 %); gravides (21,5 %). L'agres-
sivit6 de C. p. fatigans commence a se manifester des
le coucher du soleil (18 heures) et elle est maximale entre
23 et 2 heures. Dans chaque groupe d'age, le maximum
d'activite s'observe a des moments diff6rents au cours de
cet intervalle, mais il n'existe aucune periode <(sans
risque)> pendant laquelle l'hote serait uniquement expose
aux piquires des femelles jeunes.
Quel que soit leur degre de parite, beaucoup de femelles

(40% de 18 a 19 heures, 50 a 70% avant 23 heures, 70 a
84% aprbs 23 heures) s'alimentent de nouveau sur l'h6te
tres peu de temps apres la ponte. L'6tude des phases de
I'oogen6se et du cycle gonotrophique chez les femelles
infectees par des larves aux divers stades indique que
lorsque les microfilaires ont et6 pr6levees au cours du ler
repas de sang les larves parviennent au stade infectant
apres deux cycles gonotrophiques, au moment du 3e
repas de sang suivant la 2e ponte. La proportion la plus
elevee de specimens infectieux se trouvait parmi les femel-
les dipares mi-gravides ou gravides, et la premi6re trans-
mission de larves infectantes pouvait avoir lieu au cours

du prelevement du repas de sang, apres la 3e ponte. Ce
fait a ete confirme par la capture sur h6te de 18 femelles
tripares porteuses de larves au stade infectant. Les femel-
les qui s'infectent pendant le 2e repas de sang peuvent
survivre assez longtemps pour transmettre l'infection
apres trois cycles gonotrophiques. Lorsque les micro-
filaires sont ingerees au cours du 3e repas de sang ou lors
des repas ulterieurs, les larves n'ont pas le temps d'achever
leur evolution. Chez les moustiques captur6s a l'interieur
des habitations, la proportion des femelles survivant jus-
qu'a l'achevement de l'evolution larvaire et atteignant le
stade infectieux a ete de 12% & Peliyagoda et de 10%
a Hendala.
On a recherche la corr6lation entre le developpement

larvaire de W. bancrofti d'une part et les phases de l'ooge-
nese et le cycle gonotrophique de C. p. fatigans d'autre
part. Apres liberation de 2200 femelles marquees, 22 (1 Y.)
ont et6 recuperees, dont quatre etaient porteuses de larves
au stade < saucisse c. La duree du cycle gonotrophique
a et6 evaluee a 3-4 jours.
La mise en evidence d'une infection double ou triple

chez un meme moustique a permis d'etablir qu'une infec-
tion initiale n'est pas un obstacle a une reinfection par
W. bancrofti. La duree de vie de C. p. fatigans femelle
correspond 'a un maximum de quatre ovipositions. Lors
des captures a l'interieur des habitations, les facteurs sai-
sonniers n'ont eu qu'une influence tr6s faible sur la com-
position par age des populations etudiees. Le taux moyen
de la mortalite journali6re de C. p. fatigans a ete calcule
chaque mois durant les deux annees de l'enquete. I1 a
varie de 13 i 24% a Peliyagoda et de 18 i 28% i
Hendala.
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