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Observations on Possible Competitive Displacement
between Populations of Aedes aegypti Linnaeus

and Aedes albopictus Skuse in Calcutta*
SUSHIL K. GILOTRA,' LLOYD E. ROZEBOOM 2 & N. C. BHATTACHARYA 3

The possibility of competitive displacement in Calcutta between Aedes aegypti, a
known vector of arboviruses, and A. albopictus, a suspected vector, was explored by
general collections of immature stages from all types of breeding-places and by exposing
oviposition traps in tenement houses, andgardens in urban, suburban, and rural environments.
A. aegypti was predominant in houses and tenements in urban areas, but A. albopictus was
not excluded. Both species occurred in about equal densities in small urban gardens. In
suburban and rural areas, A. albopictus was predominant, or the only one ofthe two species
present. It readily entered houses for the purpose of oviposition, especially in the absence
of A. aegypti.

It is suggested that the two species are exhibiting the effect of competitive displacement,
with A. aegypti beingfavoured in urban premises and A. albopictus in the outdoor environ-
ment ofsuburban and rural areas, while in small urban gardens there is a state ofequilibrium
in which the densities of the two populations are about equal. The possibility cannot be
excluded that eradication ofA. aegypti in the city might lead to an increase in the A. albo-
pictus population in houses and tenement dwellings.

Outbreaks of dengue and chikungunya fevers
have been associated with Aedes aegypti. In recent
years, extensive epidemics of these diseases have
occurred in Manila, Saigon, Bangkok, and Calcutta
and other parts of India. The importance of A.
aegypti as a vector has been demonstrated repeatedly
by numerous isolations of the viruses from wild-
caught specimens. However, dengue is indigenous
to Asia (Smith, 1956), while A. aegypti is an immi-
grant to South-East Asia from Africa. Therefore,
prior to the introduction of A. aegypti to this part
of the world, dengue must have been maintained by
other species of Stegomyia, and of these, as suggested
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by Rudnick (1966), Aedes albopictus is the species
most likely to have been involved.

Perhaps the most typical habitat of A. albopictus is
bamboo groves, either close to or far removed from
human habitations. Stumps of cut bamboo, or
sections which have fallen and split, catch water
during the rainy season, and A. albopictus larvae are
usually found in every one of these. Dense popula-
tions of this species also occur in coconut groves,
where discarded coconut shells also furnish ideal
breeding-places.
Although primarily an outdoor, silvatic species,

A. albopictus readily invades the domestic environ-
ment, where it utilizes the same kinds of artificial
water containers that are the principal sources of
A. aegypti. The extent of this invasion into human
habitations appears to vary. Robertson & Hu
(1935) described how in Shanghai, at the time of their
observations, A. albopictus was a serious pest, breeding
" about the house " in cans, pans, broken pots, jars,
barrels, and gutters, as well as in bamboo stumps and
stone holes. Presumably A. aegypti was not present.

In Taiwan, A. albopictus is found in the forests,
but according to Lien (1962), in urban areas it breeds
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in the artificial containers that are exploited else-
where by A. aegypti. These include vases, barrels,
tires, ant-proofing pans, jars, bottles, and flooded
concrete floors.
Where both species occur together, A. aeygpti is

predominant indoors while A. albopictus seems to be
more or less restricted to gardens and other out-of-
door locations. This raises a question that has been
asked several times; i.e., has A. aegypti pre-empted
the indoor, domestic environment, and by compe-
titive displacement, relegated A. albopictus to its
outdoor habitats? If this is true, then one may
wonder whether eradication of A. aegypti would
permit reinvasion of houses by A. albopictus.
The latter possibility was brought to the attention

of one of us (L. E. R.) in 1954-55, while collecting
mosquitos in the vicinity of Manila. DDT for
malaria control had apparently eliminated A. aegypti
from these hamlets or barrios. That this species had
existed in these barrios at one time was indicated
by the fact that it was common in Tala, where DDT
had not been used. In neighbouring barrios which
had been sprayed for malaria eradication, almost
every small tin can, bottle, and other artificial
receptacle, as well as bamboo stumps, contained
larvae of A. albopictus.

Several authors have implied that through compe-
tition or some other factor the invasion of South-
East Asia by A. aegypti has had an effect on the
populations of A. albopictus. Senior-White (1934)
presented the following evidence of a change that
appeared to have taken place in Calcutta: in 1907
Brunetti reported A. albopictus, but not A. aegypti;
in 1912 Pavia found both species, with A. albopictus
representing only 35.8% of the two populations; by
1931-32 only 5% ofthe two species were A. albopictus.
Stanton (1920) said that within a 10-year period,

starting about 1916, A. aegypti had replaced A.
albopictus as the common Stegomyia mosquito in
Kuala Lumpur. According to Rudnick (1965),
A. aegypti has almost completely replaced A. albo-
pictus in urban Bangkok.

It is possible also that A. albopictus may have an
adverse effect on A. aegypti. This seems to have
occurred in Hawaii, although the changes in the
relative proportions of the two mosquito popula-
tions must have been caused in part by the differen-
tial effect of control measures. A. aegypti was wide-
spread in Hawaii in 1892, and shortly thereafter
A. albopictus was introduced (Usinger, 1944). By
1912 A. albopictus had become dominant and during
the dengue epidemic of 1943-44, 85% of the day-

time mosquitos were A. albopictus and 15% A.
aegypti. It is of interest to note that Usinger found
A. albopictus larvae in ant cups, flower pots, tin
cans, jars, tires, and tanks, as well as in plant
cavities. Gilbertson's statement (1945) that A.
aegypti densities were greater in epidemic foci
suggests that this species remained predominant in
some parts of Honolulu, and that these may have
been the urban environments more favourable to
this species.
The experience on Guam also suggests the possi-

bility that A. albopictus will move into the A. aegypti
habitat when the latter is absent. A. aegypti was
abundant in Guam in 1945, but apparently A. albo-
pictus was rare (Bailey & Bohart, 1945, cited by Hull,
1952). A control programme brought A. aegypti to
very low densities, and in 1948 Reeves & Rudnick
(see Hull, 1952) could find no specimens, while
A. albopictus was common. In 1951 Hull could find
no A. aegypti, but A. albopictus was present through-
out the island. He concluded that " A. albopictus has
become well established, filling the niche formerly
occupied by A. aegypti ". Larvae were present in
tin cans, barrels, tires, and other artificial containers,
as well as in plant cavities. -Hu (1953) found it in
73 % of the containers he examined, and said " A.
albopictus is more versatile and has replaced A.
aegypti in Guam, as it has already done i n Hono-
lulu ".

Calcutta presents a variety of environments for
both A. aegypti and A. albopictus. Ghosh (personal
communication, 1965) observed that the former is
predominant in houses, while A. albopictus is limited
for the most part to gardens and similar out-of-door
habitats. Wattal (1964) conducted an Aedes survey
of Calcutta following an outbreak of haemorrhagic
fever in 1963. He found a high A. aegypti index,
but noted that A. albopictus was present and " could
be expected to be present in high numbers, parti-
cularly in the outskirts, during peak density levels ".
We were interested, therefore, in reinvestigating the
predilection of the two species for breeding-con-
tainers in or near houses, in gardens and parks, and
in rural areas. It was hoped that we might uncover
some evidence of competition or other factors which
would help to explain the present relative densities
and habitat preferences of the two species in and
around Calcutta.

METHODS

The relative prevalence of the two species in the
breeding-places was determined by making collec-
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tions of larvae and pupae from as many water-
holding containers as could be found in urban, sub-
urban, and rural areas. Samples of larvae were also
obtained from the mosquito control unit of the
Calcutta Corporation. All immature stages were
reared to adults for positive identification. We have
no evidence suggesting that differential mortality
of A. aegypti and A. albopictus in these laboratory
rearings was a serious source of experimental error.
Another method was to set out oviposition traps

within or outside houses and sheds in several selected
study areas. These were the gardens and labourers'
quarters of the Marble Palace ; 1 rooms, passage-
ways, and a balcony of a tenement immediately
adjacent to these gardens; the gardens and labourers'
quarters of the Calcutta Zoo and similar situations
in the Calcutta Botanical Gardens; houses and gar-
dens in suburban Barrackpore; and houses and
bamboo groves in the village of Bandipur. At each
trapping location, one trap was a section of bamboo,
and another an unglazed earthenware pot. In some
places, supplemental traps were tin cans, broken
bottles, and coconut shells. The traps were examined
about once a week. Each time the water was poured
into a white enamelled pan, and all larvae were
transferred to bottles and taken to the laboratory
for rearing to the adult stage. After the larvae had
been removed, the water was returned to the trap,
and enough added to fill the container to the desired
level. A small amount of yeast was placed in each
trap to ensure larval survival between collections.

RESULTS

General collections
The breeding-habitats have been grouped into

four main types. For the most part, the masonry
tanks (chowbachas) are used for the storage of water
and are usually situated against the outside wall of a
house. These, as observed in 1934 by Knowles &
Basu, are the most prolific source of A. aegypti in the
city. Earthen pots are discarded unglazed utensils
or ornamental pots in gardens. The miscellaneous
containers are mostly tin cans and broken bottles.
Bamboo stumps constituted the fourth type of con-
tainer.
The results given in Tables 1 and 2 show that

A. aegypti was predominant in tenements and houses
in urban Calcutta. Here adults of this species were
encountered 761 times and of A. albopictus only

1 A private estate several blocks north-east of the Calcutta
School of Tropical Medicine.

29 times, 21 of them in association with A. aegypti.
Also, 98.8% of 7472 specimens reared to adults
were A. aegypti. It is interesting to note that A. albo-
pictus is still present, albeit in very reduced numbers,
and that about half the larvae (54.7%) were found
in association with A. aegypti.

In outdoor breeding-places in urban gardens, the
numbers of collections of larvae of the two species
were the same, and in a third of these both species
were found together. A. albopictus larvae were
present in artificial containers, and A. aegypti
occurred in bamboo stumps. Of the A. aegypti 69 %,
and of the A. albopictus 81 %, were living in mixed
larval populations. The densities of A. aegypti were
somewhat higher; 62.7% of the specimens reared
to adults were of this species.
Only 6 general collections were made in rural

villages, and only A. albopictus was found.

Collections from traps
In Table 3 the results of trap collections have been

broken down in accordance with the indoor or
outdoor location of the trap sites in each environ-
ment. The urban premises include tenements and
labourers' quarters at the Marble Palace and the
Calcutta Zoo. All but two of the traps were situated
inside rooms. The two exceptions were traps placed
on the concrete pavements of a passageway between
tenements, and obviously belonged to a " premise "

rather than a " small garden " environment. In
urban premises A. aegypti was predominant. In
374 collections this species was encountered 350
times and A. albopictus 94 times. Also, of 6620 spe-
cimens reared to adults, 95.3% were A. aegypti and
only 4.7% were A. albopictus. Nevertheless, 20.8%
of the 453 total occurrences of both species were
those of A. albopictus; thus, A. albopictus females are
active within tenements and other human dwellings.
Here they are forced to share the available ovi-
position sites with A. aegypti, and about 90% of the
larvae were found in association with A. aegypti.
The possibility that thismay have been responsible for
the low numbers ofA. albopictusrequiresfurtherstudy.

In small gardens within the city, the numbers of
occurrences and population densities of the two
species were almost the same in the outdoor traps,
although A. albopictus appeared to be favoured
slightly. A little over half of the A. aegypti and a
little less than half of the A. albopictus were found in
association with the other species. In the large
Calcutta Botanical Gardens, only A. albopictus
appeared in the egg traps, and only in those placed
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TABLE I
OCCURRENCES OF A. AEGYPTI AND A. ALBOPICTUS IN FIELD COLLECTIONS a

EnvIronment 1 Species Masonry tanks Earthen pots Miscnllineous Bstambos Tacontainers stumps No.

Urban:
Premises A. aegypti 582 137 42 0 761 96.3

A. albopicfus 23 4 2 0 29 3.7
Both found 17 2 2 0 21 2.7

Urban:
Gardens A. aegypti 9 12 0 5 26 51.0

A. albopictus 6 9 0 10 25 49.0
Both found 6 6 0 5 17 33.3

Rural:
Premises A. aegypti 0 0 0 0 0 -

A. albopictus 0 3 1 2 6 100
Both found 0 0 0 0 0 -

a Numbers of collections from natural breeding-places. In urban premises, there were 790 collections, in which A. aegypti
was found 761 times (96.3 %) and A. albopictus 29 times (3.7 %). In 21 of the 790 collections the two species occurred together.

NUMBERS OF LARVAE AND
TABLE 2

PUPAE OF A. AEGYPTI AND A. ALBOPICTUS COLLECTED
FROM BREEDING-PLACES

Masonry Earthen Miscellaneous Bamboo Total
Environment § Species tanks pots containers stumps No. %

Urban:
Premises A. aegypti 6 151 868 367 0 7 386 98.8

A. albopictus 78 5 3 0 86 1.2
Total 6 229 873 370 0 7 472 100

A. aegypti with A. albopktus 173 39 54 0 266 3.6 a
A. albopictus with A. aegypti 42 2 3 0 47 54.7 a

Urban:
Gardens A. aegypti 182 113 0 64 359 62.7

A. albopictus 114 46 0 54 214 37.3
Total 296 159 0 118 573 100

A. aegypti with A. albopictus 141 43 0 64 248 69.1 a
A. albopictus with A. aegypti 114 28 0 32 174 81.3 a

Rural:
Houses A. aegypti 0 0 0 0 0

A. albopictus 0 32 48 29 109 100

a Percentage of first-named species found in association with the second-e.g., 26617386 = 3.6 %; 47186 = 54.7 %.
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TABLE 3
COLLECTIONS FROM OVIPOSITION TRAPS

Environment and I Occurrences Reared specimens
No. of collections Species Total | % Total | %

Urban:
Premises A. aegypti 359 79.2 a 6 308 95.3c
(374 collections) A. albopictus 94 20.8 a 312 4.7 c

A. aegypti with A. albopictus 79 22.0 b 1 918 30.4 d
A. albopictus with A. aegypU 79 84.0 b 278 89.1 d
Total 453 6 620

Urban:
Small gardens A. aegypti 274 44.1 a 5 545 46.3 c
(458 collections) A. albopkfus 348 55.9 a 6 423 53.7 c

A. aegypti with A. albopictus 164 59.9 b 3 595 64.8 d
A. albopictus with A. aegyptl 164 47.1 b 2 414 37.6 d
Total 622 11 968

Urban:
Large gardens A. aegypti 0 0 -

(35 collections) A. albopictus 82 ioo a 1 991 100 C

A. aegypti with A. albopictus 0 0 -

A. albopictus with A. aegypti 0 - 0 -

Total 82 100 1 991 100

Suburban:
Premises, indoors A. aegypti 4 33.3 a 209 48.7 c
(10 collections) A. albopictus 8 66.7 a 220 51.3 c

A. aegypti with A. albopictus 2 50.0 b 124 59.3 d
A. albopictus with A. aegypti 2 25.0 b 62 28.2 d
Total 12 429

Suburban:
Premises, outdoors A. aegypti 71 21.8 a 403 7.3 c
(258 collections) A. alboplctus 255 78.2 a 5 109 92.7 c

A. aegypti with A. albopkfus 68 95.8 b 307 76.2 d
A. albopictus with A. aegypti 68 26.7 b 1 376 26.9 d
Total 326 5 512

Rural:
Premises, indoors A. aegyptl 0 0 -

(66 collections) A. albopictus 66 100 a 794 100 c
A. aegypti with A. albopictus 0 0 -

A. albopictus with A. aegypti 0 - 0 -

Total 66 100 794 100

Rural:
Premises, outdoors A. aegypti 0 - 0 -

(131 collections) A. albopictus 131 100a 1 952 100 c
A. aegypti with A. albopictus 0 0 -

A. albopictus with A. aegypti 0 - 0 -

Total 131 100 1 952 100

a % of total occurrences-e.g., 359/453 = 79.2 %; 941453= 20.8 %.
b % of all occurrences of species-e.g., 791359= 22.0 %; 79194 = 84.0 %.
c % of total specimens-e.g., 6308/6620 = 95.3 %; 312/6620 = 4.7 %.
d % of all specimens of species-e.g., 1918/6308= 30.4 %; 278/312 = 89.1 %.
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out-of-doors. A possible factor contributing to the
absence of larvae from indoor traps may have been
the low density of the A. albopictus population in
these gardens. There are many large earthen or

concrete basins in certain parts of these gardens
which are kept filled with water for the hand-
watering of potted plants. These are in shaded areas

and, in spite of agitation of the water by dipping with
buckets, would appear to be ideal breeding-sites for
A. albopictus. However, they were uniformly negative.

In the suburb of Barrackpore A. albopictus was

predominant in the outdoor traps in our study area

and was also found inside houses. So far it has been
possible to make relatively few collections from
indoor traps because of molestation, but it is evident
that A. albopictus readily enters houses for the pur-

pose of oviposition.
Table 3 shows only A. albopictus as occurring in

both indoor and outdoor traps in the rural village
of Bandipur. In two of some more recent collec-

tions, 5 A. aegypti adults were reared from material
collected at Bandipur. This observation requires
confirmation.

Trap preferences
One factor in the differential distribution of

A. aegypti and A. albopictus in an urban environ-
ment could be a preference on the part of the gravid

TAE

DISTRIBUTION OF A. AEGYPTI AND A. ALBOPICT

female for certain types of oviposition sites. There-
fore five different kinds of traps were set out at the
Calcutta Zoo and the Marble Palace, consisting of
earthen pots, sections of bamboo, bottles, tin cans

and half coconut shells. Groups, each consisting of
one of each type of trap, were placed within or

immediately outside a dwelling, or in banana or

bamboo groves at various distances from houses.
The traps in each group were placed close together.
The data in Tables 4 and 5 represent only those

observations in which all five types of traps were

equally exposed. Table 4 gives the percentage dis-
tribution of occurrences, and it is evident that this
distribution is essentially the same for a given species
regardless of whether it occurred alone or in associa-
tion with the other species. In other words, the
presence of one species did not inhibit oviposition
by the other. Earthen pots and bamboo cups were

about equally attractive to both species; the other
traps were less attractive, perhaps because of their
smaller size and less accessible oviposition surface.
There was no difference between the species in
selection of the oviposition sites.

Table 4 also gives the percentage distribution of
the specimens reared from material collected from
the traps. Again it is evident that there was no real
difference between the species in the relative den-
sities of the larvae in the various types of traps.

BLE 4

'US IN DIFFERENT TYPES OF OVIPOSITION TRAPS

Percentage distribution in traps
Species Total

Pots Bamboo Bottles Tins Coconuts

Occurrences

A. aegypti alone 153 36.0 27.5 5.2 16.3 15.0
A. aegypti with A. albopictus 89 34.8 27.0 1.1 7.9 29.2
Total A. aeqypti 242 35.5 27.3 3.7 13.2 20.3

A. albopictus alone 172 28.5 36.6 9.3 16.9 8.7
A. albopictus with A. aegypti 89 34.8 27.0 1.1 7.9 29.2
Total A. albopictus 261 30.7 33.3 6.5 13.8 15.7

Reared specimens

A. aegypti alone 1 748 39.0 36.2 8.0 4.2 12.6
A. aegypti with A. albopictus 1 334 54.4 20.5 0.2 4.2 20.7
Total A. aegvptt 3 082 45.7 29.4 4.6 4.2 16.1

A. albopictus alone 3562 41.3 28.7 5.8 18.7 5.5
A. albopktus with A. aegypti 1 020 39.1 28.4 0.1 4.3 28.1
Total A. albopktus 4 582 40.8 28.6 4.5 15.5 10.6
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TABLE 5
OVIPOSITION TRAP SELECTION BY A. AEGYPTI AND A. ALBOPICTUS

Distribution of species in given type of trap

Occurrences SpecimensSpeciesI
Pots Bamboo Pots Bamboo

No. % No. % No. % No. %

A. aegyptl 333 50.4 157 38.1 6 988 49.8 4006 53.4

A. albopictus 328 49.6 255 61.9 7 045 50.2 3 496 46.6

Total { 661 100 412 100 14033 100 7502 100

TABLE 6
DISTRIBUTION OF A. AEGYPTI AND A. ALBOPICTUS

IN OVIPOSITION TRAPS SET AT VARIOUS DISTANCES
FROM THE HOUSES AT CALCUTTA ZOO

HOSPITAL GARDENS

Occurrences Specimens
Location Species

No. % No. %

Within house A. aegypti 12 37.5 312 50.6
A. albopictus 6 11.1 19 1.3

10 yards A. aegypti 16 50.0 219 35.6
A. albopictus 16 29.6 390 26.7

30 yards A. aegypti 2 6.3 50 8.1
A. albopictus 12 22.2 275 18.8

200 yards A. aegypti 2 6.3 35 5.7
A. albopictus 20 37.0 776 53.2

Total A. aegypti 32 100 616 100
A. albopictus 54 100 1 460 100

Another way of examining trap preferences would
be to compare relative densities of each species in a
given type of trap. In most of the experiments, only
the two most favourable types of traps were used-
i.e., earthen pots and sections of bamboo. Table 5

groups and summarizes the data from trapping
experiments conducted indoors and outdoors at the
Marble Palace, the Calcutta Zoo, and Barrackpore.
Data from the large Botanical Gardens and rural
Bandipur, where A. aegypti is rare or absent, are
excluded. Both species preferred the earthen pots as

oviposition sites, although A. albopictus appeared to
have a greater predilection for bamboo than did

A. aegypti. The population densities of the two
species in each type of trap were almost identical.
The following conclusions may be drawn from

these trapping experiments: (1) the two species
respond similarly to the various types of traps
exposed; and (2) the presence of one species in a
container does not inhibit oviposition or larval
development by the other species.

Proximity of breeding-places to houses

To determine whether A. aegypti would compete
for breeding-containers situated some distance from
human habitations, oviposition traps were set out
in the zoo hospital gardens, inside houses, and
10 yards, 30 yards and 200 yards (9 m, 27 m and
180 m) away from the nearest dwelling occupied by
man. These were the same types of traps as described
above. The results of the collections from these traps
are presented in Table 6. It is obvious that A. aegypti
prefers the domestic environment; over 85% of the
collections and specimens of this species were from

TABLE 7

OVIPOSITION SITES OF A. ALBOPICTUS
IN RURAL BANDIPUR

Occurrences Specimens
Trap location

No. % No. %

Outdoors 57 35.6 887 45.6

Bedrooms 48 30.0 638 32.8

Cow-sheds 55 34.4 419 21.6

Total 160 100 1 944 100
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traps inside or within 10 yeards of houses. A. albo-
pictus was rather evenly distributed throughout the
garden, although it was not entirely excluded from
the traps inside the house. On the other hand, a few
A. aegypti were found even in the traps placed
200 yards away from the houses.
Another set of observations was made in rural

Bandipur, where A. aegypti is either absent or present
in very low numbers. Oviposition traps were placed
in bedrooms, immediately outside houses on veran-
dahs and in bamboo thickets, and in cow-sheds. The
results of this experiment are presented in Table 7.
A. albopictus females oviposited in the traps inside
bedrooms and cow-sheds as readily as they did in
traps placed out-of-doors.

DISCUSSION

The principle of competitive displacement can be
stated simply: two ecological homologues cannot
coexist in the same ecological niche. The converse
of this, as defined by De Bach (1966) is that " diffe-
rent species which coexist indefinitely in the same
habitat must have different ecological niches, that
is, they must not be ecological homologues ". In his
recent review, De Bach says that there are many
cases of actual or apparent competitive displace-
ment between ecological homologues, but that
apparently the only thoroughly documented exam-
ple is that between species of Aphytis, an ectopara-
site of the California red scale. Hardin (1960) points
out that it is difficult to prove the existence of
competitive exclusion (or displacement) by direct
empirical observation. To those who believe in this
theory, the instances cited above of apparent dis-
placement of A. albopictus by A. aegypti, and vice
versa would be accepted as strong positive evidence.
Nor would the coexistence of the two in small
gardens be accepted as negative evidence, for the
observer would then search for subtle differences in
which the two are not complete ecological homo-
logues.
The relationship between Aedes aegypti and

A. albopictus is therefore of more than casual
interest. Not only are the relative prevalences of
these species in a given area of importance in the
epidemiology of viral diseases, but they may re-
present another example illustrative of a basic bio-
logical principle. There are many factors which
make up the ecological niche, and in the case of
these two mosquitos the essential elements are
shelter and food for the adults and breeding-habitats
for the larvae.

Several broad generalizations can be made from
our observations. First, A. aegypti is predominant
in the tenements and houses of urban Calcutta.
However, even in such a classical A. aegypti environ-
ment, A. albopictus is present, although in very much
reduced numbers. In tenements adjacent to the Mar-
ble Palace gardens, A. albopictus was recovered from
traps placed on second-floor balconies overlooking
the garden, but also within the tenements in bed-
rooms, office, servants' quarters, and corridors.
These traps were situated from 10 yards to approx-
imately 60 yards (9 m to about 55 m) from the walled
boundary of the Marble Palace gardens. In small
urban gardens, the two species appeared to be about
equal in their population densities. In one suburban
area A. albopictus outnumbered A. aegypti, while in
the large Botanical Gardens and in rural Bandipur
A. albopictus was the only species encountered
(except for two uncertain records). Where A. albo-
pictus was predominant, it showed no hesitation to
enter houses for the purpose of oviposition.
The most important source of A. aegypti in urban

Calcutta is the masonry tanks used for water storage
inside or immediately outside houses. There would
appear to be no reason why A. albopictus should
not also be abundant in these tanks. The other factors
which constitute the niche must be acting against
A. albopictus. The preference of this mosquito for
outdoor adult resting-sites would give a decided
advantage to A. aegypti. Macdonald (1956a, 1956b)
concluded that A. aegypti is largely restricted to the
domestic environment because of its dependence
upon man as a source of blood. Thus it leaves the
breeding- and resting-habitats that are more removed
from human habitations almost entirely to A. albo-
pictus.
We appear to be observing in Calcutta the type of

competitive displacement that De Bach calls " stable
equilibrium ". The larger proportions of the two
populations are allopatric, but there is a zone of
overlap in small gardens. When two species exhibit
such " contiguous allopatry " (see De Bach, 1966),
one may have the advantage in one set of conditions
and the other the advantage in a slightly different set
of conditions. In those parts of the habitat which
are shared, the two species are close to being ecolo-
gical homologues. Here A. aegypti is the superior
competitor in domestic premises, while A. albopictus
has the advantage in outdoor or silvatic surround-
ings. There appears to be no direct effect of one
species on the other. Females are not inhibited
from ovipositing in containers shared by the other
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species, and larvae develop, apparently normally,
when sharing the same breeding-container. Thus
the principle of competitive exclusion appears to be
in operation in the extreme parts of the shared habi-
tat. The exact mechanisms are not clear, but prob-
ably involve shelter, dependence upon man or other
hosts for blood, and differential longevity, and hence
reproductive potential, in various parts of the
ecological range.

If, as implied by Senior-White (1934), A. albopictus
at one time was the predominant Stegomyia species
in Calcutta, then an important change has indeed
taken place following the introduction of A. aegypti.
There is strong evidence that this occurred also in
Bangkok, and probably there have been similar
displacements of A. albopictus by A. aegypti in other

South-East Asian cities. In past years the invading
A. aegypti appears to have displaced A. albopictus
from these areas, and in fact this process may still
be taking place as A. aegypti expands its range.
We would agree with Macdonald (1956a, 1956b)

that competition with A. albopictus would not pre-
vent A. aegypti from becoming established in an
urban environment, and also that the dependence
of this species on man discourages it from invading
the silvan habitats of A. albopictus. However,
A. albopictus does occur in and close to houses
situated near or in gardens and parks. The possibi-
lity that it could exist in higher densities in this kind
of environment, and even within human habitations,
of A. aegypti were eliminated, cannot be entirely
excluded.

RI-SUMt

Calcutta, en Inde, presente une variete d'environne-
ments favorables au d6veloppement d'Aedes aegypti et
d'A. albopictus. La presente enquete visait 'a decouvrir
les facteurs 6cologiques determinant le choix de l'habitat
par le moustique et a mettre en evidence une concurrence
eventuelle entre les deux especes.
On a procede en premier lieu a la recolte de larves et

de nymphes dans le plus grand nombre possible de gites
naturels reperes en milieu urbain, suburbain ou rural,
l'esp6ce etant identifiee au moment de l'eclosion imagi-
nale. A. aegypti predominait nettement dans les habitations
des districts urbains et representait 98,8% des 7472 spe'
cimens recueillis. A. albopictus etait pr6sent en petit
nombre, 54,7% de ses larves etant recoltees dans des
gites qui abritaient d6ja des larves d'A. aegypti. Dans les
jardins attenant aux maisons urbaines, les populations
des deux esp&ces 6taient en nombre quasi egal. Dans six
prelevements effectues en milieu rural, seul A. albopictus
6tait identifie.

D'autre part, des pieges de ponte ont et6 dispos6s dans
des endroits choisis Li l'interieur ou i 1'exterieur des habita-
tions. Cette methode a montre egalement une forte pre-
valence d'A. aegypti dans les locaux urbains. Sur 6620
specimens, 95,3% appartenaient a l'espece aegypti et
4,7% a l'esp6ce albopictus. Dans les petits jardins, les
densit6s de population des deux especes 6taient presque
identiques, avec une l6g6re pr6dominance d'A. albopictus.

On a enfin tent6, en amenageant des pieges de types
tres vari6s, de deceler les preferences de l'une et I'autre
especes au moment de la ponte. Tous les gites artificiels
ont presente un meme attrait pour les deux especes,
A. albopictus montrant cependant une certaine pr6-
dilection pour les recipients en bambou. A. aegypti
pondait de preference dans les maisons (ou A proximit6
imm6diate), bien que des larves aient ete recolt6es
dans des pieges situes a environ 180 m des habitations.
La ponte d'A. albopictus s'effectuait de facon uniforme
dans les jardins. Dans les secteurs suburbains et ruraux,
A. albopictus etait 1'espece predominante ou unique;
il penetrait promptement a l'interieur des locaux
pour deposer ses aeufs dans les gites prepares 'a son
intention.

Selon les auteurs, une concurrence s'etablit A Calcutta
entre les deux especes locales d'Aedes, aboutissant A
l'eviction de l'une ou de l'autre en fonction des particu-
larit6s du milieu. A. albopictus l'emporte dans les grands
jardins et dans les regions suburbaines et rurales, tandis
qu'A. aegypti supplante son rival dans les secteurs urbains.
Dans les petits jardins, un equilibre s'etablit entre les
deux vecteurs. Neanmoins, A. albopictus parvient A se
maintenir dans les maisons et A proximit6 des districts
urbanises, et l'on peut craindre qu'il ne s'y multiplie
beaucoup plus activement en cas d'eradication d'A.
aegypti.
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