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

4. Competition Between Species *

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

There is a current beliefstemmingfrom statements made in the literature that Ae. aegypti
is displacing Ae. albopictus in a number of cities ofSouth-East Asia and in Calcutta, India.
A critical review of these works showed that either the observations were inconclusive or
the methods of collection were biasedfor one or the other species.

Extensive surveys of the larval habitats of the two species in Singapore showed that
the sharing of breeding habitats was uncommon in both urban and rural areas. In the
laboratory, Ae. aegypti took a slightly shorter time to complete its development from
egg-hatching to adult emergence.

It is concluded that information available at present is insufficient to interpret the
Ae. aegypti-Ae. albopictus population balance resulting from interspecific competition
in Singapore. The pattern of distribution of the two species is unlikely to be the result of
competitive displacement; it is, rather, probable that this pattern results from factors
that favour the rapid increase and spread of one species over the other. It is suggested
that Ae. aegypti in the city is favoured by rapid and extensive urbanization and by the
higher fecundity and shorter life cycle of the species.

There is a current belief that the immigrant Aedes
aegypti has replaced or is progressively replacing,
by interspecific competition, the indigenous Aedes
albopictus in cities of South-East Asia. Macdonald
(1958) believed that Ae. aegypti was more successful
as a domestic species and had replaced Ae. albopictus
to some extent in Malaya. The former species was
found only in coastal towns at the beginning of the
century but within 60 years had become one of the
most common urban mosquitos both inland and
along the coast. Rudnick (1965), in discussing the
relationship of Ae. aegypti and Ae. albopictus to
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dengue and dengue haemorrhagic fever in South-
East Asia, wrote: " It appears that the recently
introduced A. aegypti is continuing its spread in
southeast Asia, along with the postwar growth of
cities and towns, as evidenced by its progressive
replacement of the ' competing ' native A. albo-
pictus. In Bangkok, A. aegypti has almost com-
pletely replaced A. albopictus. In Kuala Lumpur,
A. aegypti occurs in relatively small numbers in
comparison with A. albopictus. These two cities
represent the extremes, with Manila, Singapore, and
Penang representing intermediate stages." Gilotra,
Rozeboom & Bhattacharya (1967) suggested that in
Calcutta the two species were engaged in competi-
tive displacement. They further said: " We appear
to be observing in Calcutta the type of competitive
displacement that DeBach calls' stable equilibrium '.
The larger proportions of the two populations are
allopatric, but there is a zone of overlap in small
gardens... In those parts of the habitat which are
shared, the two species are close to being ecological
homologues. Here A. aegypti is the superior com-
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petitor in domestic premises, while A. albopictus
has the advantage in outdoor or silvatic sur-
roundings."

Earlier workers had also recorded the replace-
ment of Ae. albopictus by Ae. aegypti. Stanton
(1920) stated that " Within the past ten years,
A. aegypti has replaced A. albopictus as the
common Stegomyia species in Kuala Lumpur, an
inland town of the Malay Peninsula 27 miles from
the sea." Senior-White (1934) also stated that
Ae. aegypti appeared to have gradually replaced
Ae. albopictus in Calcutta during the present cen-
tury. His observation was based on his study of
the relative prevalence of the two species in 1931
and 1933 and on the data reported by Brunetti in
1907 and by Paiva in 1912 (see Senior-White, 1934).

Recently, however, Gould et al. (1968), who inves-
tigated an epidemic of dengue haemorrhagic fever
on Koh Samui, an island on the western side of
the Gulf of Thailand, found little evidence of the
displacement of Ae. albopictus by Ae. aegypti on
the island. They found that both species appeared
to coexist in distinct but overlapping ecological
habitats.
There have also been reports of the replacement

of Ae. aegypti by Ae. albopictus. This seems to
have occurred in Hawaii and Guam. According
to Usinger (1944), both species were introduced
into Hawaii, and by 1892 Ae. aegypti was wide-
spread whereas Ae. albopictus did not become numer-
ous until 1902. In 1911, the two species were equal
in proportion but in 1912, Ae. albopictus outnum-
bered Ae. aegypti by 4 to 1. In 1913, however,
Ae. aegypti was found to outnumber Ae. albopictus
by 2 to 1. Ae. albopictus was dominant again in 1914,
by 12 to 1, and continued to be dominant in 1915
and in 1926. During the dengue epidemic of 1943-44,
as many as 85% of the day-time mosquitos were
Ae. albopictus and only 15% were Ae. aegypti.
In Guam, Ae. aegypti was the dominant species
in 1945 but, following a control programme, this
species was not found in 1948 and 1951 whereas
Ae. albopictus was common (Hull, 1952). Hu (1953)
said that " A. albopictus is more versatile and has
replaced A. aegypti in Guam, as it has already
done in Honolulu."
Macdonald (1956) has shown experimentally that

Ae. aegypti is a better competitor than Ae. albopictus.
He found that many more Ae. aegypti than Ae. albo-
pictus adults emerged when equal numbers of these
two species were reared together in earthenware jars
and in tree-holes.

During our surveys of Ae. aegypti and Ae. albo-
pictus larvae in the urban areas of Singapore be-
tween 1966 and 1968 the question of competitive
displacement of Ae. albopictus by Ae. aegypti was
examined from data obtained in the field, and from
data collected in a similar type of larval survey in
and around houses near the Singapore Airport,
which is 7.5 miles (12 km) from the city centre.
Competition experiments were also conducted in the
laboratory, based upon the work of Macdonald
(1956). In this paper, the results of field and labora-
tory observations are reported and competitive dis-
placement between the two species is discussed.

METHODS

Collection of larvae and pupae
All the larvae and pupae were collected, identified,

and counted from all types of breeding habitat,
except the large ones such as jars, drums, and rubber
tires. One or more samples of water were taken
from large containers and the larvae were collected
from these samples.

Competition experiments
Experiments were conducted in jars and rubber

tires, using 100 and 50 first-instar larvae, respectively,
of each species hatched out simultaneously from
eggs. Food, in sub-optimum amounts," was pro-
vided at the beginning of the experiment. Both the
jars and the rubber tires were placed against the
wall immediately outside the insectorium through-
out the experiment. The adult mosquitos that
emerged were caught and counted daily.

RESULTS

Proportion ofshared habitats in urban and rural areas
Table 1 shows the percentage of habitats shared

between Ae. aegypti and Ae. albopictus found in
urban and rural areas. The sharing of habitats
occurred more frequently in the urban areas (7.1 %)
than in the rural areas (1.6%). In the urban areas,
8.5% of the total Ae. aegypti breeding habitats
were shared with Ae. albopictus; in contrast, in the
rural areas 28.6% of the total Ae. aegypti breeding
habitats were shared with Ae. albopictus. The situa-
tion was reversed with Ae. albopictus, with 31.3% of
its total breeding habitats in the urban areas and

1 The optimum amount is that amount of food that will
result in the shortest duration (about 5 days) of the life
cycle from egg-hatching to adult emergence and in minimum
mortality.
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Table 1. Shared habitats (Ae. aegypti-Ae. albopictus) tin cans. Of the outdoor breeding habitats 12.0%
in urban and rural areas had mixed breeding while 5.1 % of the indoor breed-

Urban Rural
___- - ing habitats were shared by the two species. The

Habitat ___ -_Urban | Rr shared habitats were, however, equally distributed
WNo. % No. % indoors and outdoors. Ant traps were the most

Ae. aegypti 6 362 25 commonly shared habitats indoors, while jars were
Ae. algypictus 1 292 598

the most commonly shared outdoors.
Ae. albopictus 1 292 598

Two species shared 588 7.1 10 1.6Two_species_shared _ ___ 7_1 ___ _ 1__6 Numbers of larvae and pupae in shared habitats
Total 8 242 633 Table 3 shows that 56.7% of larvae and pupae

in the shared habitats were Ae. aegypti. The table
Shared habitats as a per- also shows that 4.5% of Ae. aegypti population in
centage of all
Ae. aegypti habitats 588/6 949 8.5 10/35 28.6 the urban areas were found in association with

Ae. albopictus, while 29.9% of the Ae. albopictus
Shared habitats as a per- population shared habitats with Ae. aegypti.centage of all Ae. albo-
pictus habitats 588/1 880 31.3 10/608 1.6

Competition experiments

1.6% of its total breeding habitats in the rural The results of experiments to study the effects of
areas being shared by Ae. aegypti. association between Ae. aegypti and Ae. albopictus

on the percentage and time of adult emergence are
Types of shared habitat and their distribution shown in Tables 4 and 5. There is a significant dif-
Table 2 shows that the commonest shared habitats ference (0.02 <P <0.05) between the percentages of

found in the urban areas were jars, ant traps, and adults of each species that emerged in jars but

Table 2. Type and distribution of shared habitats (Ae. aegypti-Ae. albopictus)
in urban areas

Shared habitats (Ae. aegypti-Ae. albopictus)

Type of habitat Total Indoors Outdoors
no. | No. % No. %

Jars 116 19.7 45 15.4 71 24.1

Ant traps 108 18.4 104 35.5 4 1.4

Tin cans 76 12.9 23 7.8 53 18.0

Rubber tires 52 8.8 5 1.7 47 15.9

Bowls 44 7.5 36 12.3 8 2.7

Drums 42 7.1 15 5.1 27 9.2

Tanks 24 4.1 9 3.1 15 5.1

Others a 126 21.4 56 19.1 70 23.7

Total 588 100.0 293 100.0 295 100.0

Shared habitats as a percentage
of the total no. of breeding
habitats b 7.1 o/ 5.1 Y, 12.0%

a 37 different types.
b Total number of breeding habitats (both species) - 8 242; indoors = 5 788, outdoors 2 454.
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Table 3. Number of larvae and pupae of Ae. aegypti and Ae. albopictus in shared
habitats in urban areas

Number of larvae and pupae in 1 Percentage of each species
Species All habitats Shared habitats in all shared habitats

Ae. aegyptl 52 813 2 376 (4.5%) 56.7

Ae. alboplctus 6 077 1 816 (29.9 %) 43.3

Total 58 890 4 192 100.0

Table 4. Competition experiments between Ae. aegypti and Ae. albopictus in the laboratory

Volume of Amount of No. of 1st Mean percentage of adult Mean no. of days from egg-
Type of No. of water per food per instar larvae emergence (range) hatching to adult (range)
container exper- container container per species

d
container iments (litres) (mg) per container Ae. Ae. Ae. Ae.

aegypti albopictus aegypti albopictus

Jars 27 20 500 750, 100 70.2 a 58.4 a 8.8 c 9.4 C

1 000 (40-94) (21-96) (5-22) (5-24)

Rubber tires 13 1 250,500, 50 59.7 b 57.1 b 8.5 b 9.1 b

1 000 (44-92) (28-92) (6-16) (6-16)

a t - 2.189; 0.025<P < 0.05. b t = 0.341; 0.70<P < 0.80. c t = 10.96; P<0.001. d t = 5.59; P<0.001.

Table 5. Number of days for the emergence of more significantly in the number of days to adult emergence
than 90 percent of adult mosquitos in both jars and rubber tires. Ae. aegypti took a

Percentage (cumulative) of adults slightly shorter time (0.6 day) to complete its devel-
emerged from opment from egg-hatching to adult emergence but

emeencea Jars Rubber tires the difference is highly significant (P < 0.001)emergene A. Ae. Ae. Ae. (Table 4). Table 5 shows the day on which more

aegypti albopictus aegytpi albopictus than 90% of the adults emerged. Ae. aegypti
emerged 1 day sooner in jars and 3 days sooner in

6 3.8 1.1 7.9 3.1 rubber tires than Ae. albopictus.

7 24.3 16.1 26.3 17.6

8 42.5 32.7 54.5 44.0 DISCUSSION

9 67.6 54.8 78.8 67.6 The replacement (or displacement) of Ae. albo-

10 88.5 78.0 95.4 83.3 pictus by Ae. aegypti in South-East Asian cities is
11 96.5 84.5 84.5 a subject that has been much discussed recently
12 94.5 89.9 (Rudnick, 1965; Gilotra, Rozeboom & Bhattacharya,
13 935 1967; Do-Van-Quy & Tran-Van-Mau, 1968) and it

forms the basis of a hypothesis that seeks to explain
the recent appearance of extensive epidemics of

a From egg-hatching. dengue haemorrhagic fever in several cities of South-
East Asia (Rudnick, 1965). According to Rudnick,

there is no significant difference in emergence in there is evidence to suggest that the native Ae. albo-
rubber tires (Table 4). The two species also differed pictus-transmitted dengue is a relatively mild dis-
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ease, while the introduced Ae. aegypti-transmitted The relative distribution of Ae. aegypti and
dengue is a more serious illness, which may appear Ae. albopictus in Singapore is very similar to that
in epidemic form. Rudnick considers that this seen in Calcutta (Gilotra, Roseboom & Bhatta-
apparent difference may represent a modification in charya, 1967) and in many urban centres of South-
the virus strain resulting from a change from a East Asia, e.g., Penang (Rudnick et al., 1965),
native to an introduced invertebrate host. Manila (Rudnick & Hammon, 1960), and Saigon

Previous reports of the replacement of Ae. albo- (Do-Van-Quy & Tran-Van-Mau, 1968). Ae. aegypti
pictus by Ae. aegypti in Kuala Lumpur and in is the dominant species in Singapore City and
Calcutta should be interpreted with caution. The breeds predominantly inside houses, while Ae. albo-
authors of these reports made their claims on the pictus occurs most abundantly in suburban and
basis of the relative density of the two species in rural areas and breeds mainly outside houses in
early records and from their own observations. the urban and suburban areas. The sharing of
However, contradictory statements on the relative breeding habitats between the two species in both
prevalence of the two species had been published urban and rural areas is relatively uncommon (7.1 %
by other workers. When Stanton (1920) stated that and 1.6%, respectively), in common with the finding
Ae. aegypti had replaced Ae. albopictus in Kuala of Gilotra, Rozeboom & Bhattacharya (1967) in
Lumpur, he did not provide evidence to support Calcutta. Macdonald (1956) in Malaya, however,
the claim. Lamborn (1920), on the other hand, found a higher percentage (about 12%) of associa-
reported that Ae. albopictus was the most abundant tion of the two species. Our results show association
species of 3850 culicid larvae collected. More recent- in 8.5% of the urban Ae. aegypti breeding habitats
ly, Reid (1954) and Rudnick (1965), also without in Singapore, in contrast to the figure of 16-27%
supporting data, stated that Ae. albopictus was more found by Macdonald (1956) in Malaya. In the
numerous than Ae. aegypti in Kuala Lumpur. Thus, shared habitats, about 57% of the larvae and pupae
if one were to believe all the four authors' observa- were Ae. aegypti, a figure in agreement with that
tions, it would seem that Ae. aegypti, which was found in Malaya (Macdonald, 1956).
the predominant Stegomyia species in Kuala Lumpur The results of our competition experiments do
in 1920, has now been replaced by Ae. albopictus. not entirely support the findings of Macdonald
A similar discrepancy appears in the reports by (1956). We found no significant difference in the

Brunetti and by Paiva on the relative prevalence of percentage of adult emergence in rubber tires but
the two Stegomyia species in Calcutta (see Senior- there was a significant difference in jars. The num-
White, 1934). Brunetti noted in 1912 that Ae. aegypti ber of days to emergence of the two species differed
was not so common as Ae. albopictus, but Paiva, significantly. In terms of larval competition in
also in 1912, reported that of the total of the two mixed populations, the shorter time required for
species bred (from larvae collected), 35.8% were development by Ae. aegypti would seem to give this
Ae. albopictus. species a competitive advantage over Ae. albopictus.

It seems to us that the contradictory findings on Further experiments are in progress to examine the
the relative prevalence of Ae. aegypti and Ae. albo- competitive abilities of the two species under varying
pictus by different authors arose mainly from surveys combinations of food levels and species proportions.
that were conducted with a bias for one or the other There is insufficient information on which to
species. For instance, Senior-White (1934) based interpret the Ae. aegypti-Ae. albopictus population
his conclusion that Ae. aegypti was the predominant balance observed in Singapore and in other cities.
species in Calcutta in his 1931-33 study on the Gilotra, Rozeboom & Bhattacharya (1967) suggested
results of his indoor catches of adult Ae. aegypti that in Calcutta competitive displacement between
and Ae. albopictus carried out in the early morning the two species had been completed and that the
at 11 stations. It is well known that Ae. aegypti is distribution of the two species was completely
predominantly an indoor mosquito while Ae. albo- separate except for a narrow band of overlap. We,
pictus is predominantly an outdoor one. The method however, believe that Ae. albopictus had never been
of collection of the two species by Senior-White replaced by Ae. aegypti from the urban areas and
was undoubtedly biased for Ae. aegypti. A biased that the relative dominance of Ae. aegypti could be
collection method probably also accounts for Stan- due to factors that favoured the increase and spread
ton's (1920) observation in Kuala Lumpur, as has of this species. Of these factors one should consider
been suggested by Reid (1954). (a) the rapid and extensive urbanization of the city,
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(b) the difference in fecundity between Ae. aegypti would be greater for Ae. aegypti, which has a higher
and Ae. albopictus, and (c) the difference in the dura- fecundity than Ae. albopictus. The slightly shortes
tion of the life cycle of the two species. time required by Ae. aegypti to complete its develop-

It has been suggested that Ae. albopictus was ment from egg hatching to adult emergence, ar
probably the first to use artificial domestic con- discussed earlier, would also contribute to its greater
tainers (Macdonald, 1958). It is also probable that, rate of population increase.
at the time of introduction of Ae. aegypti, Ae. albo- There is evidence to indicate that the successful
pictus had not become as well established in the Ae. aegypti is now spreading outwards from the
domestic environment as Ae. aegypti, and was also city as a result of urbanization, while Ae. albopictus
less domesticated than it is now. With rapid and is now following the path taken by Ae. aegypti in
extensive urbanization, an environment more favour- becoming more and more adapted to human sur-
able to the highly domesticated Ae. aegypti was roundings. Do-Van-Quy & Tran-Van-Mau (1968)
created and this led to the rapid spread and increase in Saigon reported it to be abundant in and around
in numbers of the species. The process of urbaniza- human dwellings not only in cities but also in distant
tion, at the same time, led to the removal and villages. They also found that an increasing per-
destruction of suitable breeding and resting places centage of Ae. albopictus had left their natural
of the less domesticated Ae. albopictus and the habitats to become more and more domesticated.
progressive reduction of the population of this spe- In Singapore, 8.5% of all Ae. aegypti collections in
cies. Do-Van-Quy & Tran-Van-Mau (1968) sug- the urban areas also contained Ae. albopictus, while
gested that the extensive and rapid urbanization of 1.6% of all Ae. albopictus collections in the rural
Bangkok is the main reason for the virtually com- areas also contained Ae. aegypti. Ae. aegypti has
plete elimination of Ae. albopictus. recently been found in houses close to the airport,

There is little published information on the fecun- where Ae. albopictus is the dominant species and
dity of Ae. albopictus. Del Rosario (1961) found where no Ae. aegypti had previously been recorded.
that the average number of eggs laid by 100 It is interesting to speculate on the possibility
Ae. aegypti females fed on human blood was 57, that Ae. albopictus will be totally eliminated from
as compared with 46 obtained from 200 Ae. albo- the city as a result of urbanization. Such a pos-
pictus females (Del Rosario, 1963). Macdonald sibility exists for Saigon, according to Do-Van-Quy
(1956) reported the average number of eggs laid by & Tran-Van-Mau (1968). In our opinion, Ae. albo-
63 single-feed and by 57 multiple-feed Ae. aegypti pictus will not be totally eliminated from Singapore
females fed on human blood as 74.8+1.06 and 73.4 by urbanization, or perhaps, from other cities,
4-1.86, respectively. If the mortality rate were approx- because the trend of urban development is, nowa-
imately similar in both species, it appears that, for the days, towards a " garden city ", where habitats
same period of time, the rate of population increase would still be available for Ae. albopictus.
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RESUME
AEDES AEGYPTI (L.) ET AEDES ALBOPICTUS (SKUSE) DANS LA VILLE DE SINGAPOUR:

4. CONCURRENCE ENTRE ESPkCES

Certaines observations donnent a penser qu'Aedes les auteurs, les etudes sur lesquelles est fondee cette
aegypti est en train de supplanter A. albopictus dans opinion ne sont guere convaincantes ou n'ont pas ete
plusieurs villes du Sud-Est asiatique et a Calcutta. Selon menees avec la rigueur desirable.
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Des enquetes sur les populations larvaires ont et6
faites i Singapour en milieu urbain et rural. A. aegypti
et A. albopictus ne coexistent que dans 7,1% des gites
urbains et dans 1,6% des gites ruraux. Dans la ville,
les gites communs aux deux especes sont surtout repre-
sentes (51 %) par les jarres en terre cuite, les pieges
a fourmis et les boites de conserve; 31,3% des gites
d'A. albopictus et 8,5% des gites d'A. aegypti hebergent
les deux especes. En region rurale, les chiffres correspon-
dants sont de 1,6% et 28,6%.
On a d'autre part recherche au laboratoire une even-

tuelle superiorite competitive de l'une ou l'autre espece
d'Aedes. Des larves au ler stade de chacune d'elles,
en nombre egal, ont ete elevees dans des gites artificiels
avec un apport suboptimal de nourriture. Dans le
ler type de gite, on n'a note qu'une difference a peine
significative entre le n ombre d'eclosions d'adultes de

chaque espece; dans le second, aucune difference signi-
ficative. En revanche, I'eclosion imaginale d'A. aegypti
s'est produite dans un delai un peu plus court (0,6 jour)
que celle d'A. albopictus; la difference est ici significative
et conduit a attribuer ia A. aegypti un avantage dans la
concurrence entre especes.

D'apres les auteurs, les donnees disponibles ne per-
mettent pas d'expliquer de fagon satisfaisante l'6quilibre
entre les populations d'A. aegypti et d'A. albopictus, tel
qu'il est actuellement realise a Singapour et dans d'autres
villes du Sud-Est asiatique. Le partage entre les deux
especes ne semble pas resulter d'une eviction directe de
l'une par l'autre. La predominance d'A. aegypti pourrait
etre due a l'intervention d'autres facteurs qui favorisent
sa pullulation et sa propagation: urbanisation rapide
et intensive, f6condit6 plus forte et moindre duree du
cycle vital.
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