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The Bionomics of Salt-water Anopheles gambiae
in East Africa

R. IYENGAR'

Following residual spraying ofhouses in Pemba Island with dieldrin as part ofa malaria
eradication programme, Anopheles gambiae were found breeding in salt-water pools in
many parts of the island. Studies were made on the bionomics of this salt-water form of
the mosquito, dealing in particular with its behaviour, feeding preferences, role as a malaria
vector, larval reaction to brackish water and adult susceptibility to dieldrin.

The first-stage larvae of the freshwater and salt-water forms were found to exhibit a
distinct difference in their reaction to 75 % sea water, the former dying within 1112 hours
and the latter surviving 6 hours or more. It is suggested that this reaction may provide the
best way of distinguishing with certainty between the two forms in East Africa.

The results ofprecipitin tests and indoor and outdoor catches showed that, after spraying,
the salt-water form was mainly exophilic with a preference for feeding on cattle. Exposure
ofadult to 0.4 % dieldrin by the WHO test method indicated that they were still susceptible
to that insecticide after two spraying cycles.

A malaria eradication programme was started in
June 1957 in the Protectorate of Zanzibar, which
consists principally of the two islands of Zanzibar
and Pemba. After a preliminary entomological
survey lasting eight months in the two islands,
residual spraying of houses was started in Zanzibar
(April to September 1958) and in Pemba (November
1958 to February 1959) with the object of achieving
total eradication of malaria from the Protectorate.
The insecticide used was dieldrin 50% water-dis-
persible powder at a nozzle dosage of 80 mg per
square foot (0.8 g/m2). The second spraying cycle
with dieldrin was carried out in Zanzibar from March
to August 1959 and in Pemba from September 1959
to January 1960. Entomological investigations were
continued in the two islands both during and after
the initial and subsequent spraying cycles.
During our routine entomological investigations

following the first residual treatment of houses in
Pemba Island, Anopheles gambiae were found breed-
ing in salt-water pools in two areas in the southern
part of the island. The areas had been residually
treated with dieldrin 50% water-dispersible powder.
Further searches showed that the breeding of salt-
water A. gambiae was not confined only to these two

1 Entomologist, WHO Malaria Eradication Project,
Zanzibar.

areas but was more widespread (see the map). Larvae
were found, in both the northern and southern parts
of the island, in pools which had formed as a result
of high spring tides and which were constantly
diluted by rainfall or seepage from the land. It was
then decided to study the various aspects of the
bionomics of this mosquito, with particular re-
ference to its house-haunting habits, role in malaria
transmission, feeding preferences, etc. For the pur-
pose of these investigations two areas were chosen in
the southern part of the island, and a field laboratory
was set up in each area. These studies were carried
out between September 1959 and September 1960.
The object of this paper is to present the results
obtained in our studies and to collate the available
information from other parts of East Africa on this
salt-water form of A. gambiae. It is admitted that
the results from Pemba deal only with the behaviour
of the salt-water form following residual spraying.
Moreover, there being no unsprayed control area in
the island, it was not possible to carry out any com-
parative studies in sprayed and unsprayed areas.

IDENTIFICATION OF SALT-WATER A. GAMBIAE

The difficulty of differentiating morphologically
the salt-water and freshwater forms of A. gambiae in
East Africa has been experienced by several workers.
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PEMBA ISLAND, SHOWING RESEARCH AREAS
AND BREEDING-PLACES OF A. GAMBIAE

Females bred from salt-water A. gambiae larvae may
either possess three-banded palps (as in freshwater
A. gambiae) or four-banded palps (as in A. melas in
West Africa). While the four-banded forms could
easily be distinguished from freshwater A. gambiae,
the three-banded adults are identical with the latter
in all morphological characters. Kuhlow (1961) has
suggested differences in the size of the egg and in the
tergal plates and anal gills of larvae of the two forms,
but it is evident that only a more detailed study of
egg, larval, pupal and adult characters could reveal
some clear-cut morphological differences.

In the studies reported in this paper, it was not pos-
sible to undertake a detailed morphological study of

the two forms of A. gambiae. It was therefore de-
cided to study whether the differences in the physio-
logical reactions of larvae of the two forms to saline
water could serve as the basis for their differentiation.
Ribbands (1944b) first employed the physiological
test to distinguish A. gambiae var. melas from
A. gambiae in West Africa, and this was slightly
modified later by Muirhead-Thomson (1951) while
working with the freshwater and salt-water forms of
A. gambiae in East Africa. How far this physiological
difference is sufficiently constant to make separation
of these two forms of A. gambiae possible was verified
by us using freshwater A. gambiae from Zanzibar
and the salt-water form from Pemba.
A brief outline of the differences between the two

islands may be relevant here. The island of Zanzibar
is for the most part a flat country with a regular
coastline. Sea water enters the island in a few places
during the high spring tides but either recedes with
the tide or is absorbed into the dry, porous ground.
No area exists which could be considered favourable
for breeding of salt-water A. gambiae. On the other
hand, A. gambiae were found breeding in large
numbers in rice-fields and in houses situated near the
rice-fields immediately following the two rainy
seasons. As will be seen later, these A. gambiae were
-entirely of the freshwater form, as shown by salinity
tolerance tests. By contrast, the island of Pemba has
a more varied relief with a strongly indented coast-
line. Sea water enters the interior of the island
through various creeks and inlets during the high
spring tides leaving behind salt-water pools as it
recedes. These pools, when constantly diluted by
either rainfall or seepage from the land, form ideal
breeding-places for salt-water A. gambiae. As will be
seen below, the A. gambiae population in these areas
consisted only of the salt-water form of A. gambiae.
In short, the situation we encountered was that,
after the first spraying cycle, only the freshwater form
could be found on one of the two sister islands, and
only the salt-water form on the other. It was under
these conditions that the tests to study the differences
in the physiological reactions of the two forms to
brackish water were undertaken.

Wild-caught adult females of A. gambiae were kept
separately in glass specimen-tubes with a pad of wet
cotton wool at the bottom, and a piece of filter paper
cut to the size of the circumference of the tube over
the pad. The open end of the tube was covered by
mosquito netting held in position by a rubber band.
When the eggs were laid they were put into separate
bowls of fresh water, and, after hatching, the first-
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stage larvae were transferred to another bowl con-
taining 75% sea water. Altogether 226 egg batches
from adults caught in the freshwater areas ofZanzibar
were bred out and the first-stage larvae tested in
75% sea water. It was observed that the majority of
the larvae died within an hour and none survived for
more than 1 l2 hours. Similar tests were carried out
with adults caught in the salt-water areas of Pemba.
When first-stage larvae from 1551 egg batches
(1307 from three-banded adults and 244 from four-
banded forms) were tested in 75% sea water, it was
noticed that all survived for 6 hours and sometimes
even for 24 hours. From these two sets of results it
will be seen that the difference in the reaction of first-
stage larvae of the two forms to 75% sea water is
quite distinct and it appears that, at present, the only
method of identifying with any certainty the two
forms of A. gambiae in East Africa is this physiologi-
cal one.
Halcrow (1957) has named the salt-water form of

A. gambiae from Mauritius A. gambiae subspecies
litoralis, mainly by reason of its physiological diffe-
rence from freshwater A. gambiae. How far this is
justifiable appears open to question.

Paterson (1961), reporting on the results of cross-
ing experiments with freshwater and salt-water
A. gambiae, is of the opinion that the two forms in
East Africa should be regarded as separate species.

It is felt that it would be of interest here to deal
briefly with the situation as it exists in West Africa
with regard to A. gambiae and A. gambiae var. melas.
Adult females of A. gambiae are characterized by the
possession of three-banded palps whereas those of
A. gambiae var. melas may be either three-banded (as
in typical A. gambiae) or four-banded. With the
discovery of morphological differences in the egg
(Muirhead-Thomson, 1945) and in larval characters
(Ribbands, 1944a), and of differences in the physio-
logical reactions of the larvae of the two forms to
saline water (Ribbands, 1 944b), var. melas was
raised to specific status by these two authors. How
far these differences are sufficiently constant to allow
of the retention of A. melas as a distinct species has
been questioned by Bruce-Chwatt (1945) and Fox
(1958).

HOUSE CATCHES

Observations during the preparatory phase (May-
December 1958) of the malaria eradication pro-
gramme now in operation in Pemba Island showed
A. gambiae in large numbers in houses in 13 different
catching-stations located in rice-growing areas. The

TABLE I
AVERAGE MONTHLY DENSITY OF A. GAMBIAE PER HUT,
AS DETERMINED BY PYRETHRUM-SPRAY CATCHES,
AND SPOROZOITE RATES AT CATCHING-STATIONS,

MAY-DECEMBER 1958

Average No. of Sporozoite
Month density salivary glands rate

per hut examined (%)

May 38.2 566 10.5

June 29.7 449 4.9

July 6.3 429 7.6

August 2.6 140 3.5

September 0.7 85 7.0

October 0.8 92 7.6

November 1.2 129 5.4

December 9.4 652 1.6

average monthly house density, as determined by
pyrethrum-spray catches from these catching sta-
tions, and the sporozoite rates for this period are
shown in Table 1. Considering the areas in which
these catching-stations were, it is considered prob-
able that the A. gambiae population in them con-
sisted entirely of the freshwater form. No salinity
tests were carried out to confirm this.

Residual spraying of catching stations was begun
in December 1958 and by the middle of February
1959 all catching-stations in the island had been
sprayed. No adult A. gambiae has been caught in any
of the catching-stations since the first spraying cycle.
Searches were carried out over a period of two years
and included pyrethrum-spray catches in houses,
outdoor-resting catches and night-time indoor- and
outdoor-biting catches-all with negative results.
On the other hand, outdoor-resting catches and
night-time biting catches in the salt-water areas
revealed large numbers of adult A. gambiae. Salinity
tests on first-stage larvae bred out from eggs obtained
from these adults showed that they were entirely of
the salt-water form. It is believed possible from
these two findings that the freshwater form of
A. gambiae has been eradicated from Pemba Island
as a result of residual spraying, and the existing
A. gambiae population appears to consist only of the
salt-water form.
House catches in the salt-water areas of Pemba

have shown that salt-water A. gambiae enter houses
as early as 14 days after residual treatment; and in
May 1960, four months after residual treatment,
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107 adults were caught in 35 huts. Such adults,
however, when hand-caught, do not survive to
deposit eggs, indicating that they are, as will be seen
later, still susceptible to dieldrin. Experimental huts
made of coconut thatch and each fitted with a
window trap were constructed to study the movement
of salt-water A. gambiae in and out of houses. The
results obtained indicate that nearly 450% of adult
A. gambiae leaving unsprayed huts in the morning
are blood-fed.

Studies carried out by Muirhead-Thomson (1951)
in Dar es Salaam showed that freshwater A. gambiae
showed little tendency to leave the hut after feeding,
only about 2% of the total blood-fed mosquitos
being found in the window trap, whereas of the salt-
water A. gambiae feeding inside houses at night,
35%-40% tended to leave at dawn, a figure similar
to that obtained by us in Pemba.

ROLE IN MALARIA TRANSMISSION

Very little is known about the role in malaria
transmission of salt-water A. gambiae in East Africa.
Mackay (1938) mentioned that no " var. melas "
adults were found infected in Dar es Salaam, whereas
Muirhead-Thomson (1951) recorded sporozoite
rates of 0.80% and 9.40% respectively in the salt-
water and freshwater forms of A. gambiae in a
village near Dar es Salaam where both forms
occurred together in the same houses for several
months of the year.

After two rounds of dieldrin-spraying the salivary
glands of 1775 females of the salt-water form were
dissected and all were found to be negative for
sporozoite infection.

In 86 blood examinations performed in the course
of a malaria parasite survey in this area in June 1960,
no infant under one year of age was found with
malaria parasites.'

Recently, Pringle (1961) has shown that the salt-
water form of A. gambiae from the Tanga coast is an
efficient experimental vector of human malaria.

OUTDOOR CATCHES

The information available on the outdoor-resting
habits of salt-water A. gambiae in East Africa is
scanty. The only previous record is that of Muirhead-
Thomson (1951) from Dar es Salaam, where he
found four blood-fed and two gravid females resting
in a large pit.

I Stoker & Shute-personal communication.

Our searches in the salt-water areas of Pemba have
revealed a large outdoor-resting population. Adults
have been found resting at the base of heavily
shaded mangrove and mango trees, on the pneu-
matophoric stalks of Avicennia, on shaded termite
mounds, under coralline rocks, under fallen leaves,
and in crab holes. During the period September
1959 to September 1960, 5963 adult females were
collected. These adults were caught with great ease,
and during the period of heavy rains between April
and June it was quite possible for an experienced
mosquito searcher to collect as many as 50 adults in
an hour. Of the total, 1754 females were classified
according to their abdominal stages and the results
showed that 25 % were unfed, 63.9% were blood-fed
and 1 1.1 0% were gravid. The fact that these catches
were carried out in natural shelters situated near
houses and that cattle were tethered outside at night
would explain the high incidence of freshly fed
females. On the other hand, if collections had been
carried out in areas situated away from both houses
and cattle and nearer the breeding sites, an entirely
different picture would probably have been obtained,
with unfeds and gravids predominating, as was
shown by Gillies (1954) with freshwater A. gambiae.
Unfortunately, no such area was available during
these studies.

PRECIPITIN TESTS

Blood meals of adults of A. gambiae caught in
houses and resting outdoors in the salt-water areas
of Pemba were identified by means of the precipitin
test at the Lister Institute of Preventive Medicine,
Elstree, England. The results obtained in these tests
are presented in Table 2. It will be seen that 59.2%
of mosquitos caught in houses had fed on man. On
the other hand, if the outdoor-resting population
alone is considered (this perhaps giving a truer picture
of the feeding habits of a species and eliminating the
bias of an indoor collection), it will be seen that only
1.6% had fed on human blood and 71.40% on cattle.
If the results obtained from the experimental huts are
taken into consideration, one would expect a higher
percentage positive for human blood than that
obtained. As noted above, in the areas where these
studies were undertaken large numbers of cattle are
kept outside the houses at night and the high fre-
quency of females showing a positive reaction for
cattle blood may be regarded as falling into the group
described by Gillies (1956) as exhibiting facultative
exophily. The local inhabitants do sit outside their
houses at night, but rarely later than 9 p.m. More-
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TABLE 2
RESULTS OF PRECIPITIN TESTS ON A. GAMBIAE FROM
SALT-WATER AREAS OF PEMBA ISLAND, EXPRESSED

AS PERCENTAGES OF MOSQUITOS POSITIVE
FOR VARIOUS BLOODS

Mosquito resting-place
Blood meal

Sleeping- Outdoors
quarters

Man 59.2 % 1.6 %

Bovid 19.7 % 71.4 %

Sheep/goat 0.7 % 0.2 %

Dog 2.1 % 0.2 %

Other mammal 12.2 % 11.9 %

Negative 6.1 % 14.7 %

Total bloods tested 147 872

over, houses in the area had been residually sprayed
at an earlier date. All these factors may have in-
fluenced the results obtained. It is considered that a
better method of sampling combined with other
experimental techniques might give more precise
information on the feeding preferences of this form
of A. gambiae.

SUSCEPTIBILITY TESTS

Susceptibility tests with the WHO test kit were
carried out on adults of A. gambiae caught in the
salt-water areas of Pemba which had been residually
treated with dieldrin twice before. Altogether 549
adults were exposed for an hour to 0.4% dieldrin
by the WHO test method, and all were killed (con-
trol mortality 19% of 394 mosquitos tested).

LARVAL HABITAT AND WATER SALINITY

In East Africa, larvae of salt-water A. gambiae
have been found mainly in pools formed in the
interior by the high spring tides and which are con-
stantly diluted by rainfall or seepage from the land.
These pools are usually fringed with Paspalum grass
and slight growth of Avicennia. It has been noticed
that dense growth of A vicennia and Rhizophora is not
very conducive to larval breeding.
Almost all previous workers studying the salt-water

form of A. gambiae in East Africa have, quite under-
standably, dealt with the salinity of the water sample
in which larvae of this form were found. Gebert
(1936) found that larvae in Mauritius underwent

complete development in water which at the begin-
ning of the experiments contained 24.55 g NaCl per
litre (i.e., about 76% sea water) and by the time the
adults had emerged had a salinity of 46.77 g NaCl
per litre. Jepson et al. (1947) reported that A. gam-
biae larvae will pass through several stages in sea
water and that in one salt-pan larvae were found in
water containing 65 g NaCl per litre. Muirhead-
Thomson (1951) found evidence that in Dar es
Salaam continuous breeding of salt-water A. gam-
biae was no longer possible when the salinity of the
water reached 26.4 g NaCl per litre (i.e., about
83 % sea water). Other records of salt-water A.
gambiae breeding in salinities varying between
14.6 g NaCl per litre and that of sea water have come
from Mackay (1938), Halcrow (1947) and Maffi
(1960).

Estimation of the sodium chloride content of
water in which A. gambiae larvae were found was also
carried out in Pemba. It was noticed that larvae
occurred in salinities as high as 59.0 g NaCl per
litre, a figure much higher than that reported from
Dar es Salaam.

DISCUSSION

The breeding of Anopheles gambiae in salt water
in East Africa has been reported by several authors.
Gebert (1936) recorded its presence in Mauritius,
while Wilson (1936) and Mackay (1938) found it
breeding in brackish water around Dar es Salaam,
but recorded the form with the extra dark band on
the palps as A. gambiae var. melas. Jepson et al.
(1947) confirmed Gebert's findings but reported that
all melanic larvae produced typical three-banded
A. gambiae adults, whereas Halcrow (1957) found
that 92% of the adults bred from larvae possessed an
additional dark band on the palps. Salt-water
A. gambiae has also been found on the East African
coast as far south as Natal (Muspratt, quoted by de
Meillon, 1947); at Pebane, Mozambique, in 1938; 1

and in Somalia (Maffi, 1960). This paper deals with
the first record of salt-water A. gambiae from Pemba
Island.
Although no studies were carried out to differen-

tiate the freshwater and salt-water forms of A. gam-
biae morphologically, the investigations reported in
this paper confirm the previous finding of Muirhead-
Thomson (1951) that there is a distinct physiological
difference between the first-stage larvae of the two
forms. First-stage larvae of freshwater A. gambiae

1 B. de Meillon-personal communication.
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when placed in 75% sea water lived up to a maximum
of 11/2 hours while those of the salt-water form were
found to survive for 6 hours or even more. Differ-
ences in the behaviour of the two forms of A. gambiae
have previously been observed in East Africa. Of the
adults of salt-water A. gambiae feeding inside houses
at night, nearly 45% left the hut at dawn; on the
other hand, the freshwater form shows little ten-
dency to leave the hut after a blood meal, only about
2% being caught in the window traps (Muirhead-
Thomson, 1951).

Following a residual spraying campaign, the fresh-
water form of A. gambiae was completely eliminated
from Pemba Island, and the existing A. gambiae

population appears to consist only of the salt-water
form. Results obtained from precipitin tests, ex-
perimental huts and outdoor collections showed that
-after the houses in Pemba had been sprayed with
dieldrin-the salt-water form was mainly exophilic,
with a preference for feeding on cattle. Paterson
(1961) has shown in crossing experiments that partial
sterility and some genetic disruption occurs in
hybrids of salt-water and freshwater A. gambiae.
Although no morphological difference has so far been
found between these two forms, the physiological,
genetical and behaviour differences that exist tempt
one to think of the salt-water form of A. gambiae in
East Africa as a distinct species.
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RItSUMIt

Dans de nombreux points de l'ile de Pemba, la pre-
sence de A. gambiae a ete observee dans des mares d'eau
sal6e, apres le traitement des habitations par des insecti-
cides 'a effet remanent, campagne faite dans le cadre du
programme d'eradication du paludisme dans le Protectorat
de Zanzibar.

Les oeufs, les formes larvaires ou adultes ne presentent
pas de caracteres morphologiques permettant de distin-
guer A. gambiae d'eau salee de A. gambiae d'eau douce.
Cette distinction peut cependant etre faite par les reac-
tions differentes de leurs premieres formes larvaires en
presence d'eau saumitre.

Les premieres formes larvaires de A. gambiae d'eau
douce placees dans de l'eau 'a 75% d'eau de mer ne sur-
vivent qu'une heure et demie, alors que celles de la variete
d'eau salee survivent six heures. Des larves provenant
respectivement de 226 et de 1551 ceufs d'A. gambiae d'eau
douce et d'eau salee ont ete soumises 'a ce test.
Pour autant que l'on puisse en juger sur des 6tudes

faites apres l'application d'insecticides, le r6le de vecteur

du paludisme de A. gambiae de la variete d'eau sal6e
est considere comme mineur. Des huttes experimentales,
aux fenetres equipees de pieges, ont permis d'etudier le
comportement des moustiques adultes. D'autre part, un
grand nombre de ces derniers a et capture au repos,
a l'exterieur des habitations, et classe selon l'etat abdo-
minal: la majorite etait gorgee de sang.

Les resultats des reactions de precipitation, les collectes
dans les huttes experimentales et a l'exterieur des habi-
tations, obtenus apres pulverisations, montrent que la
variete de A. gambiae d'eau salee est surtout exophile
et se nourrit de preference sur le betail.

Les tests de sensibilite effectues selon les m6thodes de
1'OMS indiquent que les moustiques sont encore sensibles
a la dieldrine apres deux cycles de pulverisation appli-
ques aux habitations.
Des larves ont ete decouvertes dans des eaux dont la

salinite atteignait 59,0 g/l de NaCI, mais la salinite
maximum ii laquelle le developpement complet peut se
faire etait de 42,0 g/l.
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