
Bull. Org. mond. Sante 1 1971, 44, 635-641
Bull. Wid Hlth Org. I

Aedes aegypti (L.) and Aedes albopictus (Skuse)
in Singapore City

3. Population Fluctuations *

B. C. HO 1, K. L. CHAN2 & Y. C. CHAN 3

Fluctuations in the adult Ae. aegypti and Ae. albopictus populations and their relation-
ship to rainfall were studied by weekly collections from a number of stations in the city.
Aedes aegypti populations generallyfluctuated with the rainfall, with multiple peaks, except
in the middle of the year when there was no increase in rainfall at the time of the peak
in population. It is suggested that other regulating factors, in addition to rainfall, also
determine thefluctuations of this species. Aedes albopictus also fluctuated, with threepeaks
in a year, and these bore a close relationship to rainfall.

In one area, both larvae and adults of Ae. albopictus were studied simultaneously. The
larval populations were investigated by exposing tin cans in the field. The population
peaks of larvae were found to precede those of adults by almost exactly 2 months. It is
suggested that each adult population peak represents the cumulative effect of more than
one generation of mosquitos.

Rao (1967), in his review on the seasonal pre-
valence of Aedes aegypti and Aedes albopictus
in the Indian subcontinent and South-East Asia,
found few published data on the subject. He quoted
studies by other workers and concluded that in
India the seasonal prevalence of Ae. aegypti was
related to rainfall, with the species occurring in
greatest abundance during the monsoon months.
Reuben (1968), who investigated the fluctuations
of Ae. aegypti larvae and pupae in exposed tin
containers and adults in houses in Vellore, South
India, also reported a similar finding.
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The seasonal prevalence of Ae. aegypti adult
populations has also been studied by Do-Van-Quy 4

in Saigon, Viet-Nam, and by Scanlon (1966) in
Bangkok, Thailand. They too reported peak pre-
valence of this species in the rainy season.
The seasonal fluctuations of Ae. aegypti in Bang-

kok have been the subject of two recent studies
by the World Health Organization Aedes Research
Unit in Bangkok: Sheppard et al. (1969) studied an
adult population in the residential compound of a
Buddhist temple, using a mark-release-recapture
procedure, and Tonn et al. (1969) compared the
numbers of occupied larval habitats in 14 localities
during the wet, the cool, and the hot seasons of the
year. It was concluded in both studies that Ae.
aegypti in Bangkok showed only small fluctuations
during the year.
Most reports of the seasonal prevalence of Ae.

albopictus have stressed its relationship with rain-
fall. Studies in Thailand (Thurman &Thurman, 1955;
Gould et al., 1968), India (Rao & Rajagopalan, 1957),
and Guam (Reeves & Rudnick, 1951) have shown
that this species is abundant in the rainy season.
We studied the weekly fluctuations of adult pop-

ulations of Ae. aegypti and Ae. albopictus in
the urban areas of Singapore between 1966 and

2677 - 635



636 B. C. HO, K. L. CHAN & Y. C. CHAN

1969. The weekly populations of Ae. albopictus each house, using hand nets, suction tubes, and
larvae were also investigated using artificial con- electric torches. At the station in Geylang, two
tainers exposed in the field. This paper describes the collectors were used throughout the study period
results of these studies and the relationship of and they spent 15 min in each house.
rainfall to population fluctuations. Aedes albopictus was collected by the human bait

trap method. Collections were made once weekly
STUY AREAS at each station for a 1-hour period, usually from

15.00 to 16.00 hours. At each station, the four col-
Four fixed stations were used for the collection lectors worked in two teams, with each team con-

of Ae. aegypti adults and three stations for the sisting of one" bait " and one collector. Both teams
collection of Ae. albopictus adults (Fig. 1). Each collected at the same time and at a distance of
Ae. aegypti station had 10-18 houses, all of the shop- 2-4 yards (2-4 m) from each other. The "bait"
house type, which has been described previously sat on a stool with his forearms and legs exposed
(Chan, Chan & Ho, 1971). The same houses were while the collector swept around his body with
visited each time, but substitute houses were used a hand net. The " bait " also collected mosquitos
when the regular houses were inaccessible at the from his own body, using a suction tube.
time of collection.

Aedes albopictus adults were collected outdoors LARVAL POPULATION STUDY
and the sites selected were shaded by low trees or
shrubs and were not far from human habitation. Condensed-milk tins, one of the major breeding
The station for larval study was located in McAlis- habitats of Ae. albopictus (Chan, Ho & Chan, 1971),
ter Road (Fig. 1) and shaded by clumps of banana were used as simple ovitraps. Each tin measured
trees and patches of lalang grass (Imperata cylindrica). 3 in (7.6 cm) in diameter and 3 in in height. Before

use, the tins were filled with water, covered with

COLLECTION OF ADULT MOSQUITOS mosquito netting, and allowed to stand in the
laboratory for one week to rid them of any viable

Except for the Ae. aegypti station in Geylang, mosquito eggs.
the same team of four collectors was used for all On each occasion 25 tins were set out in rows of
Ae. aegypti and Ae. albopictus stations throughout 5 with 5 ft (1.5 m) between the rows. Each tin
the study. Ae. aegypti were collected once a week contained 150 ml oftap water. The tins were exposed
in the morning, usually from 08.30 hours to 11.30 for a period of 7 days, after which they were replaced
hours. The collectors worked in pairs and spent about with a second set of 25 tins. The two sets of tins
20 min searching all rooms on the ground floor of were used alternately throughout the study period.

A t Cityrea *A

A. aegypti stations D A. albopictus stations

L Rayman Avenue A. McNair Road

2 Henderson Square B. College Road
3. Dickson Road C. Lorong 29

&Geytong D. McAlister Rood

Fig. 1. Collecting stations for adult Ae. aegypti and Ae. albopictus
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Fig. 2. Monthly rainfall for the years I1966-69 and the 10Oyear average
monthly rainfall (1960-69)

In the laboratory, larvae from each tin were trans-
ferred into a small bottle to which was added a few
drops of a Farex '-yeast mixture. The larvae were
identified when they reached the 3rd or 4th instar
or when they became adults.
Weekly collections of adult mosquitos were also

carried out in the study area by the human bait
trap method.

ANALYSIS OF DATA

Throughout this paper, the numbers of adults
and larvae of the two species collected each week
are presented as 3-week moving averages. For
Ae. aegypti the numbers of males and females have
been pooled, whereas for Ae. albopictus only the
data for females are presented.

The amount of rainfall shown for each date repre-
sents the mean weekly rainfall for the previous 5
weeks. The duration of the life-cycle of the two
species in nature was assumed to be in the region
of 3 weeks and since the adult mosquito populations
are presented as 3-week moving averages, a 5-week
period of rainfall was used to take into account the
effect of rainfall during the development cycle.

CLIMATOLOGICAL DATA

The climate of Singapore has been described
previously (Chan, Chan & Ho, 1971). The monthly

1 A proprietary mixture of cereals prepared for infants.

rainfall during the period of study and the average
monthly rainfall for a 10-year period (1960-1969)
are shown in Fig. 2. The rainfall data were obtained
from the metereological station at Singapore Air-
port, which is 71/2 miles (12 km) from the city centre
(near Chinatown).

RESULTS

Annual fluctuations of adult Ae. aegypti populations
The weekly populations of adult Ae. aegypti

at the stations in Rayman Avenue, Henderson
Square, and Dickson Road were studied from
January 1966 to January 1967. The weekly fluctu-
ations observed at the three stations, the mean popu-
lation fluctuations, and rainfall are shown in Fig. 3.

Three population peaks were observed, two major
ones in February-March and June-July, respectively,
and a minor one in October-November. Except
for the peak in June-July, the population fluctuations
correlated fairly closely with differences in rainfall.
The 3-year (1967-1969) study in Geylang (Fig. 4)

also showed consistently two population peaks per
year, one in May-July and the other in November-
December. In 1967 a third peak occurred in Feb-
ruary-March, as at the other 3 stations. In addition,
a smaller peak in September-October was observed
in 1967 and 1968 but not in 1969. There was close
correspondence between rainfall and population
fluctuations throughout the 3 years, although the
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Fig. 3. Weekly population fluctuations of Ae. aegypti in three city areas
and their mean plotted against weekly total rainfall from January 1966
to January 1967. The number of mosquitos shown is the total number
of male and female mosquitos collected by 4 men from 14-18 houses
in 3 hours; the weekly collections are shown as 3-week moving
averages. The rainfall is the mean weekly rainfall of the 5 weeks

preceding each collection date.

May-July peak was proportionately greater than has been moved to the right in relation to that for
the corresponding increase in rainfall during the the curve of the adult population in order to
period. demonstrate that the peaks of the larval population

always preceded that of the adult population by
Annual fluctuations of adult Aea albopictus popu- almost exactly 2 months.

lationls
Fig. 5 shows the weekly fluctuations of the popu- DISCUSSION

lation of adult Ae. albopictus at McNair Road,
College Road, and Lorong 29, the mean population Relationship ofAe. aegypti adultpopulation to rainfall
of the 3 stations, and rainfall. This study was carried The adult populations of Ae. aegypti in Geylang
out from February 1966 to January 1967. There studied over a period of 3 years and in another
were clearly 3 population peaks during the year of 3 areas for 1 year showed 3 peaks, one in February-
study, one in March, a second in June-July, and March, a second in May-July, and a third in
a third in November-December. The fluctuations October-December. The fluctuations of the popu-
of the populations closely followed the fluctuations lations closely followed those of rainfall, except in the
of rainfall. middle of the year when the population peak was

not paralleled by an increase in rainfall. A better
Relaionship between larval and adult populations of correspondence between population and rainfall was

Ae. albopictus found in Geylang than in the other stations. This
Both larval and adult populations of Ae. albopictus difference in results may be related to the source

were investigated in McAlister Road (see Fig. 1) of the population studied. There is a suggestion
from May 1966 to June 1967. The data from the that half of the Geylang population originated from
weekly collections of the two populations are shown outdoor breeding, as shown by the 1: 1 ratio of
in Fig. 6. For the larval population curve the time scale indoor to outdoor breeding habitats of this species,
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Fig. 4. Weekly population fluctuations of Ae. aegypti
in Geylang plotted againstweeklytotal rainfall, 1967-69.
The number of mosquitos shown is the total number
of male and female mosquitos collected by 2 men
from 10 houses in 2 % hours; the weekly collections
are shown as 3-week moving averages. The rainfall
is the mean weekly rainfall of the 5 weeks preceding

the date of each collection.

as compared with the ratio of 3 : 1 in the other
areas.1 It is reasonable to assume that rainfall would
affect the population in Geylang more than in the
other areas where the populations were derived
predominantly from indoor breeding habitats.

In the studies on distribution and density of this
species in Chinatown (Chan, Chan & Ho, 1971),
replicate surveys during March-April and No-
vember-December showed no significant change in
the population. This finding could now be explained
by the present observation that the periods of
survey coincided with the population peaks of the
mosquito.
The influence of rainfall on Ae.aegypti populations

in Singapore is not unexpected since outdoor

1 Unpublished data.
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Fig. 5. Weekly population fluctuations of Ae. albopictus
in three city areas and their mean plotted against
weekly total rainfall from March 1966 to January 1967.
The weekly collections of mosquitos are shown as
3-week moving averages. The rainfall is the mean
weekly rainfall of the 5 weeks preceding each collection
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Fig. 6. Weekly population fluctuations of adult and
larval Ae. albopictus. The two population curves are
shown after moving the time scales to match the
larval curve with the adult curve. The weekly collections
of larvae (mean number per ovitrap) and adults (per
man-hour) are shown as 3-week moving averages.
Selected dates of collections are shown} for both
populations to show the time intervals between larval

and adult peaks.
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breeding of this species is common in many city
areas. It has been found that 15-39% of Ae. aegypti
larvae occurred outdoors (Chan, Chan & Ho, 1971).
However, the multiple population peaks observed
in the present study cannot have been due to rainfall
alone. There are no marked seasonal changes in
climate in Singapore and rains fall throughout
the year, with December usually being the wettest
month. The mean daily temperature varies little
during the year, the December and May averages
for the last 10 years being 25.5°C and 27.3°C,
respectively.
Any effect of rainfall on the population would

be expected at the end of the year when rainfall
is exceptionally high. The cause of the population
peak in the middle of the year when the rainfall
is relatively low must be sought elsewhere.

Relationship of the Ae. albopictus adult population
to rainfall
Aedes albopictus is essentially an outdoor breeder.

In urban Singapore, 50% of the breeding habitats
associated with houses were located outdoors
(Chan, Ho & Chan, 1971), with a much larger
population occurring in open spaces in some areas
(Chan, Chan & Ho, 1971). Any fluctuation in the
rainfall should be reflected in the population, and
this has been found in the present study.
The human bait trap method was used in this

study to follow the fluctuations of the population.
This method was found to be very satisfactory for
this purpose, as shown by the consistent fluctuation
pattern obtained at the 3 collecting stations. In this
study, we have attempted to minimize as much
as possible the many variables associated with the
use of this method of collection, e.g., by exposing
the bait during the peak of the biting cycle," by using
more than one bait, by using the same team of bait
and collectors on all occasions, and by catching
from the same site throughout the period of study.

Relationship between larval and adult Ae. albopictus
populations
The larval population of this species has been

studied with artificial containers (tin cans) as ovi-
traps. The fluctuation patterns of larval populations
were similar to those of the adults in the area.
However, the population peaks of the larvae always
preceded those of the adults by almost exactly
2 months. This time lag of 2 months between the
peak populations of larvae and adults is probably
the interval needed for the adult population to
increase following an initial increase in the larval
population. Each adult population peak probably
represents the cumulative effect of more than one
generation of mosquitos.

1 Unpublished data.
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RI2SUMJt

AEDES AEGYPTI (L.) ET AEDES ALBOPICTUS (SKUSE) DANS LA VILLE DE SINGAPOUR:
3. FLUCTUATIONS DES POPULATIONS

On a suivi les fluctuations des populations d'Aedes
aegypti et d'A. albopictus dans la ville de Singapour en
proc6dant a la collecte hebdomadaire d'adultes a des
postes fixes. A. aegypti etait capture le matin a l'interieur
des habitations tandis qu'A. albopictus etait piege sur
homme l'apres-midi, periode d'agressivite maximale.
On a egalement etudie les populations larvaires d'A. albo-
pictus en disposant des pondoirs pieges (boites de conserve
remplies d'eau) dans un secteur de la ville. Le nombre
d'adultes et de larves captures chaque semaine a servi

a etablir une moyenne portant sur trois semaines.
Les donnees relatives a la pluviosite sont presentees sous
la forme de la moyenne hebdomadaire des quantites
d'eau tombees pendant les cinq semaines consecutives
precedant la capture des moustiques adultes.

Les populations d'A. aegypti etudiees de 1966 a 1969
ont presente au moins trois clochers au cours d'une
annee: en fevrier-mars, mai-juillet et octobre-decembre.
Ces fluctuations etaient etroitement liees aux variations
du regime des pluies, sauf en ce qui concerne le pic
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de mai-juillet qui ne s'accompagnait pas d'une augmen-
tation parallele des pr6cipitations. I1 semble qu'en dehors
de la pluviosite d'autres facteurs interviennent pour
provoquer les variations des populations de moustiques.
L'influence des chutes de pluie sur les densit6s d'A. aegypti
i Singapour est attribuee au fait que cette espece 6tablit
egalement ses gites a 1'exterieur des maisons dans beau-
coup de secteurs de la ville.

Les populations d'A. albopictus ont aussi present6
trois pics durant l'annee, correspondant A une augmen-
tation de la pluviosit6. L'accroissement des densit6s
larvaires precedait celui des densit6s d'adultes de
deux mois. Selon les auteurs, chaque clocher dans les
populations d'adultes est probablement le resultat de
l'intervention cumulative de plusieurs g6nerations de
moustiques.
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