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SUMMARY:Anophelinesof the south-westernpart of the IndianOcean belong to the Afro-tropicalfauna.Their presence in the archipelagoesof this
region result from human settlemenrs.However, the process of introductionof malaria vectors and the conditionsof a successfulestablishmentin
each island vary, mainlyaccording to different ecological situations. Indeed, the malaria epidemiologicalsituation,especially in a small islandbio-
rope, is directly related to environmentalmodificationsresulting from human activities. After an initial epidemicperiod, transmissionbecameper-
manent in coastal areas with stable malaria. Lately,as has been observed in Mauritius and Reunion,sprayingcampaignsassociatedwith socio-eco-
nomic development, urbanization and pollution, favoured species selection, setting up unstable malaria and anophelism without malaria
transmission.
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INTRODUCTIO

In the south-western Indian Ocean, between the equa-
tor to the north, the East African coast to the west and
the 70° east meridian, lie 3 archipelagoes around Mada-
gascar: the Seychelles (with some 110 islands), the Co-
moros (Great Comoro, Anjouan, Moheli, Mayotte) and
the Mascareignes (Mauritius, Reunion, Rodrigues). Iso-
lated islands are also scattered in this area (Fig. 1).

The main feature of all these islands is their ancient
isolation. Madagascar was separated from Africa before
the emergence of apes around 100 million years ago; all
the other islands are volcanic, appearing at the end of the
tertiary period. The advent of man is more recent, occu-
ring at the beginning of the historic period, perhaps 2000
years ago. All these areas are part of the Ethiopian zoo-
geographical region.

An important link among these islands is their com-
mon human history: initially contacts with the European
nations competing for the spice trade, followed by the
slave trade and finally the Anglo-French wars. The out-
come was the division of the area between the French
and the British.

Analysis of historical data about malaria shows:
- Malaria has been present in Madagascar since early

human history. Ancient legends report high mortality
among the Merina on the coast, which probably was
the reason for their withdrawal to the High Plateau.
Mortality due to fevers amongst Portuguese sailors
who reached Madagascar in 1500 suggests high ende-
micity at the start of written records (JULVEZ, 1993);

- The introduction of malaria by Malagasy invaders at
the end of the 18th century (JULVEZ & BLA CHY,
1988) in Mayotte, Anjouan and Moheli (Comoros Ar-
chipelago) has yet to be confirmed; however, records
show the occurence of epidemic malaria in Great Co-
moro in 1920 and 1924 (RAYNAL, 1928);

- Small epidemic outbreaks occured on Seychelles' ou-
ter islands (Aldabra and Assumption Islands) in 1908
and 1930 (MATHEW & BRADLEY,1932); the vector was
still present in 1975 (L.S.H.T.M., 1980);

- Epidemics in Mauritius in 1867 (REGNAUD, SMALL &
NAZ, 1868), and in Reunion in 1869 (BARAT, 1869)
are reported in many documents. The African origin of
the disease has been pointed out by JULVEZ, MOUCHET
& RAGAVOODOO (1990).
The comparison between available assessment of en-

tomofaunas is difficult because of qualitative variations
according to each island's accessibility. Otherwise it
may be incorrect to gather various results collected in
different times when the state of the art was not the
same. The spread of vectors between continents and
neighbouring islands is permanent; the situation in each
island is no more than a temporary result of a long pro-
gressive evolution.

ANOPHELES SPECIES IN THIS AREA

Geographical distribution

With the exception of Anopheles mascarensis, an en-
demic species from Madagascar, anophelines of the
south-western Indian Ocean are undoubtedly of African
origin. All the others species found in the region belong
to the Afro-tropical mainland fauna; and are also present
in Madagascar (GRJEBLNE, 1956a). Only Socotra Island,
off the coast of Somalia, north of the equator, has been
colonized by an oriental species of the A. culicifacies
complex (ZAHAR, 1985).

Most of these species are anthropophilic or anthropo-
zoophilic; their presence in the archipelagoes is related
to human settlements. Only A. pretoriensis, present in
Madagascar, is almost entirely zoophilic. It has spread
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Fig. 1.- Geographical location of the South-west Indian Ocean archipelagoes.

only up to the nearest islands of the Comoros archipe-
lago.

The main African vectors of human malaria, A. gam-
biae s.l. and A. funestus, are found in this area and th-
roughout the East African coast and Madagascar. Two
other species, A. coustani and A. mascarensis, are inci-
dental vectors and their public health importance is still
doubtful (GLLLlES& DE MEILLON,1968).

A. funestus, present in three of the Comoros (Mayotte,
Moheli and Anjouan), also reached Mauritius but disap-
peared after the first round of house-spraying during the
malaria eradication programme (DOWLI G, 1953). It
was probably present in Reunion prior to the first mala-
ria campaign.

.'
.•. ...,., r
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A. gambiae s.l. is widespread, although limited to the
Comoros and the Mascareignes, with temporary spora-
dic introductions in the southern-most islands of the
Seychelles archipelago (Aldabra and Assumption Is-
lands). However, it has never reached Mahe and Praslin,
the main islands of this archipelago (BRUCE-CHWATT,
1976), located far away in the north.

Various species of the Anopheles gambiae complex

In the Comoros, HUNT & COETZEE(1986) described
A. gambiae s.s. in Great Co moro, which was later confir-
med by SABATINELLI(1988) and PETRARCA (1990).
They found the same species in Anjouan and Moheli by
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polytenic chromosome analysis. In Mayotte, no cytoto-
pic identification has yet been made.

Since larvae have frequently been found in brackish
water (GRJEBrNE, 1956b; BRUNHES, 1978), especially in
Mayotte, the presence of A. merus is supposed.

In Mauritius, after VINSON's first description (1916)
and other works (GEBERT, 1936; JEPSON, MOUTlA &
COURTOIS, 1947), HALCROW (1957) isolated a brackish
water variety, described as A. gambiae litoralis, which
was A. merus Donitz, 1902. PATERSON (1964) described
two fresh water species, A. gambiae s.s. and A. arabien-
sis. Early observations made in Mauritius were of great
interest for the study of the A. gambiae complex
(BRUCE-CHWATT, 1974). After reintroduction of malaria
in 1975, cytogenetic studies revealed the presence of A.
arabiensis (BRY AN & GEBERT, 1976). From 1976 to
1987 (GOPAUL & KONFORTION, 1988) only A. arabien-
sis and A. merus were encountered. Mauritius is actually
the eastern limit of A. arabiensis.

Before house-spraying in Reunion, the presence of A.
gambiae s.s. was possible. However, the only cytogene-
tic determination (LO DON SCHOOL OF HYGIE E A D
TROPICAL MEDICI E, 1980) showed A. arabiensis. The
evidence of brackish water species (HAMON, 1956) indi-
cate the presence of A. merus.

In the Seychelles, the species of the A. gambiae com-
plex recorded have not been identified. However, accor-
ding to its bad vectorial capacity, this does not suffi-
ciently explain the epidemic outbreaks.

The distribution of anopheline species in the south-
western islands of the Indian Ocean is summarized in
Table I.

Origin of anopheline species

A. merus from Mauritius are similar to those of East
Africa (PATERSON, 1964). Chromosomal polymorphism
found in A. gambiae s.s. from Great Comoro and Mo-
heli, is similar to those from East Africa (SABATINELLI,
1988).

PETRARCA et al. (1990) showed chromosomal evi-
dence that A. gambiae s.s. from Great Comoro, Anjouan
and Moheli apparently belongs to the same forest forms
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(COLUZZI et aI., 1985) as specimens from the northern
coast of Mozambique (PETRARCA et al., 1984). Both
have monomorphic standard 2R and the same frequency
of polymorphic inversion 2La.

Cytogenetic studies also revealed that A. arabiensis
from Madagascar is closely related to the East African
type (RANDRIANSOLO & COLUZZI, 1987) and that it can
be the same in the archipelagoes.

VECTOR BEHAVIOUR A D ECOLOGY

Comoros Archipelago

A. funestus larvae have never been found in Mayotte
and Moheli (BRUNHES, 1978) but was recently discove-
red in Anjouan (BLANCHY, BENTHEIN & SABATINELLI,
1987). Due to an habitual low density, its responsibility
in malaria transmission was presumed to be small, alt-
hough it became a problem during the dry season in Ma-
yotte and Moheli (SUBRA & HEBRARD, 1974). Despite
the systematic house-spraying in Mayotte starting in
1976, and according to a strict anthropo-endophily
(BRU HES, 1978), A. funestus was still collected in hou-
ses of some coastal marshy areas (JULVEZ et al., 1987)
but it has now disappeared (unpublished personal obser-
vation, 1996).

A. gambiae s.l. is anthropophilic and endophilic
(BRUNHES, 1978). Its biting reaches its peak during the
middle of the night. It leaves the houses only at dawn.

In Gret Comoro, due to the lack of surface water, the
only breeding places are the rain water tanks or the wash
basins in private homes and mosques. They retain water
throughout the year and anophelines can be found in
houses at all times. These breeding sites allow a conti-
nuous presence at low density.

In Anjouan, Moheli and Mayotte, seasonal variations
occur. The rainy season provides multiple breeding sites,
related or not to human activities. However, very heavy
rain may wash off breeding places, leading to a decrease
in vector density (SUBRA & HEBRARD, 1974). During
the dry season, estuaries blocked by sand constitute the
main breeding places in Moheli and Anjouan. On the

Species Madagascar Mauritius Reunion Great Comoro Moheli Mayotte Anjouan Aldabra
(I) (2) (3) (4) (4) (4) (4) Assumption

A. gambiae 5.5. + (+) (+) + + [+] + [-]
A. arabiensis + + + ? ? ? ? ?
A. merus + + [+] [+] + l+l ?
A·funestus + (+) (+) + + +
A. coustani + + + + + +
A. mascarensis + + + +
A. maculipalpis + + + +
A. pretoriensis + + + + +

Table 1.- Anopheles spp. distribution in the south-western islands of the Indian Ocean. (+) = species may be initially present but actually
absent; l+l/l-l = likely present/absent. (I) GRJEBINE(I956); (2) HALCROW(1954); (3) HAMON(1953); (4) BRUNHES(1978).
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northern coast of Anjouan, where the coastal plain is na-
rrow with a few estuaries, the vector density is low in the
dry season (BLANCHY, BE THEIN & SABATl ELLI,
1987).
In Mayotte, in villages without streams, the density is

low at the beginning of the rainy season, increases gra-
dually during the rains, and drops again during the dry
season. In contrast, villages crossed by a river have hig-
her vector densities at the beginning of the rainy season.
Stagnant estuaries in the dry season were previously res-
ponsible for a high vector swarm (SUBRA& HEBRARD,
1974; GALTlER& BLANCHY,1982). Increasing popula-
tion and economic development have led to environmen-
tal pollution, particularly with detergents in estuaries,
and Culex species have replaced the Anopheles species
(JULVEZet al., 1987).

Mauritius

A. funestus was considered as the main vector (Dow-
Ll G, 1951) on the coastal plain, below 150 m altitude
(MAC GREGOR, 1923). Due to its anthropophily and en-
dophily, it may have been eliminated by the first spra-
ying campaign and has not been observed since 1952
(DOWLING,1953; GOPAUL& Ko FORTIO , 1988).
DARUTYDEGRANDPRE& D'EMMEREZDECHARMOY

(1900) described A. gambiae s.l. behaviour as exophilic.
Absent during the dry season, its proliferation during the
rainy season reinforces transmission.
Its activity reaches its peak during the early evening,

while people are still outside their houses; after this pe-
riod, it feeds on animals (goats and dogs) which sleep on
the verandahs (HALCROW,1954). A. gambiae s.l. repla-
ced A. funestus when urbanization developed, and after
antimalarial measures (JEPSO , MOUTIA & COURTOIS,
1947).
Malaria transmission was briefly interrupted in 1952,

despite the persistence of A. gambiae s.l. populations du-
ring the dry season (DOWLlNG, 1951); this suggests a
marked zoophilic evolution. During the period from
1956 to 1966, MAMET(1976) confirmed its opportunis-
tic behaviour according to the availability of man or cat-
tle as hosts.
By 1972, the roof-top pools of houses made of con-

crete blocks seemed to have become the best breeding
places for A. arabiensis, which was probably the only
vector involved in the spread of malaria in 1975 (Go-
PAUL& KONFORTION,1988); these sun-exposed bree-
ding sites appear to maintain this species in the high-
lands during the dry season.

Reunion

Before the anti malaria campaign, A. gambiae s.l. was
anthropophilic and endophilic; it colonized the coastal
area, reaching an altitude of 250 m in the East and 350 m
in the west (HAMO , 1953). Its density decreased at the
end of the dry season, because breeding places dried up
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and the remaining waters were too polluted (HAMON&
DUFOUR,1954).
A. gambiae s.l. prefers clean water and sunny breeding

places, although when necessary, it adapts to polluted
water (HAMON, 1953). In summer it colonizes highlands
such as Cilaos (1200 m). This was possible by climbing
along the rivers banks, and by road transport (HAMON&
DUFOUR, 1954); however, this species seems unable to
survive a long time above an altitude of 500 m.
Although it feeds for a considerable extent at twilight,

when people are still outside the houses (HAMO , 1956),
its biting reaches its peak during the middle of the night.
After house spraying, A. gambiae s.l. became more

exophilic than endophilic, but more anthropophilic than
zoophilic (HAMON, 1956). Nevertheless, in Reunion Is-
land, traditional animal shelters did not provide a good
refuge against the wind since they did not have proper
walls (HAMON, 1954). Wherever house-spraying stop-
ped 20 years ago, A. gambiae s.l. remained exophilic.
This may mean that it has also become zoophilic (JUL-
VEZ,ISAUTlER& PICHON,1982) due to the development
of animal housing which provides a good shelter.

DISCUSSION

Introduction of anopheline vectors

Anophelines do not have long-lasting eggs, which ma-
kes their long distance spread by man more difficult than
culicines, e.g., Aedes aegypti. It is, therefore, of particu-
lar interest to discuss how they have invaded and more
or less successfully colonized the Indian Ocean islands.
In Mauritius the first malaria outbreak was in 1867

near Port-Louis (the main harbour at that time). It was
explosive because the population was not immune,
which strongly indicates the absence of a prior contact.
In Reunion, an epidemic outbreak occurred in 1869, in

the north-eastern coast area, far away from traditional
anchorages. The population's vulnerability seemed to
have been extremely high.
The theory of the vector introduction in Mauritius

brought about by the new steamer line from Madagascar
was suggested. This new route had a shorter travel time,
making it more compatible with the biological require-
ments of adult anopheles, both A. gambiae and A. funes-
tus (JULVEZ,MOUCHET& RAGAVOODOO,1990).
Similarly, for Reunion island, the same faster stea-

mer might have produced the same effect, although one
cannot exclude the theory of wind transport during the
trade wind season, since Reunion is located «leeward»
of Mauritius. The transport of the vector from Mauri-
tius to Reunion during the 1868 typhoon was evoked in
early Iitterature (BARAT, 1869). This is supported by
the fact that the malaria epidemic started in the North-
West of the island facing Mauritius and not near the an-
chorages.
The contemporary spread of A. gambiae s.s. in Great



Malaria in Indian Ocean archipelagoes

Comoro seems to be the result of the building of rain wa-
ter tanks during the vanilla boom (RAY AL, 1928). Their
successful implantation, after a major anthropic modifi-
cation of the environment, indicate the occurence of nu-
merous occasions for contact, prior to the introduction of
A. gambiae from other islands of the archipelago. In ad-
dition, A. gambiae s.s. adapted to peri-domestic condi-
tions, such as indoor basins or outdoor water tanks,
which are not classic breedings sites for this species.

Major changes in the environment of Mauritius and
Reunion Islands should be stressed: the large-scale fe-
lling of forest trees, for the extensive sugar cane planta-
tions, and the subsequent human immigration. All of
these factors coincided with the malaria epidemic (JUL-
YEZ,MOUCHET& RAGAVOODOO,1990).

In Mauritius, the internal drainage system through
subterranean caverns left stagnant water and marshes,
providing breeding sites for A. gambiae.

In Reunion, the ecological situation is different: the
landscape is hilly with high mountains. Water surface
flows and drainage is easy; such conditions do not pro-
vide adequate breeding sites other than the flat but na-
rrow coastal plain.

Eradication and post-eradication period

The anti malaria campaign, in the two islands, aimed at
adult stages of the vectors, began with DDT house spra-
ying in 1949. Important differences between the two is-
lands should be noted. While in Reunion one adulticidal
and larvicidal campaign (1949-1952) was enough to
break transmission, two campaigns, adulticidal and
partly larvicidal, were needed in Mauritius (1949-1952
then 1960-1962) to obtain the same result. In spite of
some differences between vector behaviour in the two
islands, the same process seemed to have occured: the
anthropophilic fraction of the population disappeared.
Only exophagic and zoophilic species sub-populations,
such as A. arabiensis survived.

Despite the growing importance of trading and the re-
cent development of communications, the situation has
remained unchanged in Mauritius and Reunion. After
more than 20 years, only larvicidal control measures are
carried out, without total coverage.

A. arabiensis is the only residual vector. Its exophily
probably considerably reduced its life expectancy, thus
preventing transmission; this may be the main argument
for the Anophelism without malaria (BRUCE-CHWATT,
1974) still observed, even if some «introduced cases»
occured both in Mauritius (RAGAYOODOO,1988) and
Reunion (DENYS& ISAUTIER,1991).

The last outbreak of malaria in Mauritius was in 1975.
It was closely related to a combination of events of
strictly human origin. A vector became peri-dornestic by
adaptating to roof-top breeding (GOPAUL & Ko FOR-
TION, 1988) along with a sudden supply of numerous
Plasmodium vivax from Indian soldiers coming to assist
after a typhoon (RAGAYOODOO,1984). Anopheles natu-
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ral barriers seem to be plainless, since P. vivax requires a
shorter vector longevity for transmission.

Analysis of cases showed predominence among male
adults and teenagers; this is related to their habits of sit-
ting outside houses and walking during twilight, which
is compatible with the exophily of the vector.

EPIDEMIOLOGIC PATTERNS
AND CONCLUSION

A great paradox exists between the difficulty for in-
troduction in a new biotope for an anopheles species, its
later establishment and its settlement, and the comple-
xity of the measures needed to eradicate or control this
vector.

Environmental modifications, resulting from human
activities, are closely related to malaria epidemiology
(CARNEYALE& MOUCHET, 1980). This seems particu-
larly true in the case of the south-west Indian Ocean Is-
lands. According to species distribution and biology, the
malaria situation of the Comoros and Mascareignes Ar-
chipelagoes is now very different.

In the Comoros, especially in Mayotte and Moheli,
ecological and climatic conditions lead to a permanent
transmission with seasonal variations. Stable malaria
(MAC DONALD, 1957) prevails on the four islands, des-
pite differences in the vector density.

In Mascareignes Archipelago, appraisal is more com-
plicated, as a result of the historic evolution of the anop-
heline fauna:
- After the preliminary epidemic period, in Mauritius

and in Reunion, while transmission became continuous
in the coastal areas, with some variation during the
short dry season, it was seasonal above an altitude of
200 or 300 m due to temperature decrease. Therefore,
malaria was stable on the coast and unstable in the
highlands.

- Lately after the spraying campaigns and the eradica-
tion of some species, associated with an important so-
cio-economic development and widespread urbaniza-
tion, the theory of unstable malaria setting up
corresponds more closely to the actual situation.
Human impacts on the environment are the main fac-

tor in vector introduction and/or multiplication (MOu-
CHET & BRENGUES, 1990), particularly in the South-
West Indian Ocean archipelagoes (JULYEZ& MOUCHET,
1994); however, continuous development and economic
pressures very often produce irreversible alterations.
This may constitute the main cause for the present situa-
tion of an anophelism without (transmission of) malaria.
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