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PREFACE 

The work presented here sets out the results of research carried out 
over a period of two years in French West Africa, particularly in the 
Upper Volta region, during a visit there as Research Officer of the 
Bureau of Scientific Research Overseas. Our grateful thanks are due to 
the Director of the Bureau, Professeur R. Combes, Membre de l'Institut, 
for the facilities and resources he placed at our disposal. 

We were greatly assisted in our work by the organization of the Service 
general d'Hygiene mobile et de Prophylaxie in French West Mrica: we 
directed its entomological laboratory for over a year. In addition to the well
equipped laboratories at Bobo-Dioulasso, the Service possesses, in all the 
territories of the Federation, sectors linking one or several administra
tive areas, each directed by a chief medical officer. It was therefore easy 
for us to collect from these doctors valuable information on the anopheline 
fauna of their sectors, and we wish to thank them for their friendly 
collaboration, which was of great assistance to us. 

We are deeply grateful to Medecin-General Le Rouzic, Director
General of Public Health in French West Mrica, and to Medecin-Colonel 
Jonchere, Director of the Service general d'Hygiene mobile et de Prophy
laxie in French West Mrica, for the material help and encouragement 
they so freely gave us during the course of our laboratory work, and in 
the organization of our surveys, which took us on journeys through the 
Upper Volta, the Ivory Coast, the Sudan, and a part of Guinea. These 
surveys were rendered productive by the devoted assistance of our medical 
entomologists: Alexandre Ouedraogo, Tamboula Konade, and Fran~ois 
Kabore, whom we now thank. 

Our research could not have been successful without special training 
and it is particularly pleasant for us to express our acknowledgements to 
Mile Odette Tuzet, Professeur a la Faculte des Sciences, Montpellier, by 
whom the vast field of general biology was opened up to us ; to M. R. 
Paulian, whose teaching at the Natural History Museum in Paris succeeded 
in convincing us that entomology, far from being barren, was a living and 
enthralling science; and, finally, to Professeur E. Roubaud, Membre de 
l'Institut, who has followed our work step by step, and whose directives, 
together with the wise and friendly counsel with which he has been unstint
ing, have enabled us to give here the results of our research. 

We owe to Pharmacien-Colonel Gasq and to Pharmacien-Commandant 
Monnet, Directors of the Chemistry Laboratory of the Service general 
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INTRODUCTION 

Of all the major tropical endemic diseases, malaria is certainly that 
with the most serious repercussions on the death-rate and on economics. 
After studying its influence on the distribution of populations and their 
movements, on agriculture, industry, and transport, and on education and 
social well-being, Macdonald 233 came to the conclusion that malaria 
justly takes its place among the chief concerns of doctors and health 
officers in Africa. If we consult statistics we note that, in recent decades, 
malaria has assumed increasing importance. Vogel & Riou 396 cite 
276,225 hospital cases in French West Africa in 1937. This figure 
increased in 1939 (Le Gall 214) and, according to the statistical tables of 
the Direction du Service de Sante colonial, reached 355,502 in 1941 and 
577,876 in 1945. In 1948, owing to the starting of vast antimalarial 
campaigns, the number of persons hospitalized fell to 346,080. According 
to Le Gall,215 26% of the diseases treated in Madagascar from 1936 to 
1940 were malarial and, in 1936, malaria was responsible for 14.3% of 
the general mortality. In French West Africa in 1941, malaria caused 
10.94% of the general morbidity among Europeans alone. The last 
figure, mentioned by Le Gall,216 clearly shows the primary importance of 
malaria in French West Africa, especially since the statistics quoted are 
well below the true figures. Indeed, it is necessary to take into account 
that the statistics of hospital cases are concerned with only a limited 
section of the population-principally with the inhabitants of large and 
medium-sized towns-and that the ratio between town-dwellers and the 
rural population is 1 to 17. Furthermore, malaria is such a common 
disease that Africans, particularly those in bush country, do not think it 
worth while to go for treatment in a hospital compound or dispensary, 
and deaths due to malaria, but not recorded as such, are frequent. 

It is quite clear that drug prophylaxis alone will not succeed in appre
ciably lessening the incidence of endemic malaria, and that it must be 
accompanied by severe measures against the vectors of the disease. (In 
1951, after several years of therapy with quinine and synthetic drugs, 
malaria was still the cause of 13% of the infantile mortality in the irrigated 
territories of the Office du Niger, Sudan.) However, to be effective, these 
measures must be based on a very precise knowledge of the biology of 
the anophelines concerned, and particularly of the principal vector of 
malaria in tropical Africa-namely, Anopheles gambiae. It must certainly 
be admitted that, although many studies on the behaviour of this mosquito 
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12 BIOLOGY OF ANOPHELES GAMBIAE 

have been made since Ross discovered in 1899 that it played a vector role, 
they have generally not been concerned with French territories. Although 
A. gambiae has been discovered in all the localities of French West Africa 
where medical investigations have been carried out, this mosquito has, 
nevertheless, not been the subject of detailed study, except in the French 
Sudan, where some research was undertaken to which we shall have 
occasion to revert later. 

The bridging of this gap in our knowledge was especially interesting 
since the many publications devoted to the biology of A. gambiae provide 
information that is very often contradictory ; they lead to such diverse 
conclusions that several writers have considered dividing the species into 
races or varieties. If it is clear that a species of anopheles may show 
differing behaviour patterns in several parts of the area over which it is 
distributed, according to the climatic variations affecting different sectors 
of this area, it is no less certain that variations of behaviour recorded in 
extremely diverse climatic conditions, but also recurring in an identical form 
under these diverse conditions, suggest that we are concerned with a 
species showing racial varieties. 

Our work, therefore, had a double aim : to study thoroughly certain 
aspects of the biology of A. gambiae which are of definite interest in com
bating malaria by means of modern insecticides, and to investigate and 
confirm the possible existence of races or varieties. We hope that the 
results of our research given here will help to explain the differences which 
have been apparent until now, and above all, that they will facilitate the 
task of those on whom rests the heavy burden of malaria control-since it 
is not possible to eradicate the disease entirely-in French West Africa. 
Let us hope that these results show, once more, the primary importance 
that should be given to a detailed investigation into the biology of the 
anopheline vector before vast anti-anopheline campaigns are undertaken. 
Indeed, if such campaigns are based only on results recorded in other 
regions of the globe-results which, it must be recognized, are often 
spectacular-there is a great risk of their being doomed to resounding 
failure, and of thus preventing new campaigns from being undertaken on the 
basis of valid entomological research. 



CHAPTER 1 

CLlldATOLOGICAL AND GEOGRAPFUCAL DATA 

It seemed essential to us that this study should be accompanied by 
information on the climate of West Mrica in general, and more particularly 
on that of the region of Bobo-Dioulasso (Upper Volta), where most of 
our research was carried out (fig. 1). This information will make it easier 
to understand certain aspects of the behaviour of A. gambiae on the one 
hand, and the difficulties encountered in laboratory work on the other. 

French West Mrica 

According to Richard-Molard,296 it is possible to divide the climate of 
French West Mrica into three main types: 

1. Guinean equatorial climates. These correspond to the regions lying 
south of a wavy line which reaches the coast in the south of Sierra Leone 
or in Liberia, cuts off the southeastern corner of French Guinea, and passes 
close to Dabakala (Ivory Coast) and Savalou (Dahomey). It is always 
humid there, and temperatures vary slightly around an average of 28°C 
(82.4°F). Two rainy seasons, one long, from March to July, and one 
short, from September to November, are separated by a short dry season 
which is itself not entirely free from rain. The harmattan, an exceptional 
wind in the area, blows between Lome (Togoland) and Lower Dahomey, 
where it often reaches the coast during the cool season. Several local 
variations of this climate can be distinguished : 

(a) In the :west, the annual rainfall reaches a maximum of 2 m 
(79 inches), and the long dry season is tempered by sea-breezes. It is the 
climate of the Guinean equatorial forest (in contrast to the Gabonese, 
Congolese, etc.). 

(b) In the east, the rainfall is just below 800 mm (31.5 inches) (at 
Lome) and the principal dry season is longer and more rigorous. 

(c) Finally, in the centre of the Ivory Coast, around Bouake, the 
rainfall is less heavy (1,186 mm (46.7 inches) at Bouake) and the harmattan 
is more noticeable. 
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2. Tropical Sudanese climates. Further north, the climate of West 
Africa includes only one rainy season, which lasts for seven months in the 
south and becomes progressively shorter towards the north. The dry season, 
which is long and rigorous, truly deserves its name since the average 
rainfall, at least in January and February, is nil. The harmattan blows 
from four to seven months, according to the latitude. Thus, for many 
months, the tropical Sudanese regions suffer from a complete and torrid 
drought which allows the equatorial forest to exist only as a fringe of trees 
along the watercourses. The tropical Sudanese climates can be subdivided 
into the following regional climates : 

(a) The sub-Guinean climate, which prevails along the coastal area 
from the " Rivieres du Sud " of Sierra Leone to the mouth of the Sine 
and the Saloum. There is one rainy season (from April-May to the end 
of November in the south, from June to October in the north (Casamance)), 
and one dry season. The temperature is fairly constant at about 27°C 
(80°F), and the coastal mountains are the cause of torrential rains 
(4,290 mm (169 inches) at Conakry). 

(b) The Foutanian climate, which prevails at Fouta Djalon above 
700-800 m (2,300-2,600 feet). The rainfall varies from 1,500 mm (59 inches) 
on the eastern slope to 2,500 mm (98 inches) on the slope exposed to the 
monsoon. The harmattan is very severe and the dry season lasts from 
November to April or May. 

(c) The south-Sudanese climate, south of the isohyet of 1,000 mm 
(39.5 inches), is characterized by a copious rainfall during the rainy season 
which lasts from the end of April to the end of October, with the maximum 
in July-August or August-September. The harmattan prevails for at least 
four months during the dry season, during which there are also pronounced 
nychthemeral variations of temperature. 

(d) The north- Sudanese climate follows the same rhythm, but the 
rainyseason is shorter (3n-5 months) and the rainfall very irregular. The 
harmattan blows for six months and ·raises the temperature considerably 
at the end of the dry season. 

(e) The Sahelian climates are transitional between the warm and rainy 
climates of tropical Africa and the climate of the Sahara. The rainfall is 
below 500-600 mm (20-24 inches). The continental trade wind is a regular 
feature in January and strongly· decreases the temperature. 

3. The sub-Canarian climate. This prevails along the Atlantic coast 
from Cape Verde to Mauritania. The rainfall does not usually rise above 
500 mm (20 inches), and there are two clearly marked seasons, the dry one 
being prolonged. Oceanic winds arising from the anticyclonic area of the 
Azores are superimposed on the so-called "cold current" of the Canaries, 
and blow from December to the end of :May. 
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Boromo . . 1,141.8 mm (45.0 inches) 
Dedougou. 1,033.1 mm (40.7 inches) 
Diebougou 1,130.3 mm (44.5 inches) 
Dori . . . 501.5 mm (19.7 inches) 
Fada-N'Gourma . 833.1 mm (33.8 inches) 
Gaoua . 1,222.6 mm (48.1 inches) 
Hounde. . 1,033.5 mm (40.7 inches) 
Kaya . . . 692.1 mm (27.2 inches) 
Koudougou 816.6 mm (32.1 inches) 
Ouagadougou 881.3 mm (34.7 inches) 
Ouahigouya . 741.6 mm (29.2 inches) 
Tenkodogo . 1,131.2 mm (44.5 inches) 

It is clear, therefore, that during the very long dry season most of the 
rivers and streams dry up ; only the great rivers such as the Black Volta, 
the Red Volta, the White Volta (and their large tributaries), the Leraba, the 
Comoe, and the Bani remain, and even their flow is greatly diminished. 

Although the mean annual temperature varies little in the country 
considered as a whole (26.35°C (79.43°F) at Bobo-Dioulasso, 27.39°C 
(81.3oF) at Gaoua, 27.91°C (82.24°F) at Dori, 28.47°C (83.25°F) at 
Ouahigouya, 28.59°C (83.45°F) at Fada-N'Gourma, and29.75°C(85.55°F) 
at Ouagadougou), great variations are to be seen in the absolute tempera
tures, particularly during the dry season. Table I shows maximum and 
minimum temperatures during the months of April (dry season) and 
September (rainy season) at various stations. 

TABLE I. MAXIMUM AND MINIMUM TEMPERATURES DURING 
APRIL AND SEPTEMBER AT VARIOUS STATIONS 

April September 

Station 

I I maximum minimum maximum minimum 

Bobo-Dioulasso 38.2"C 22.3"C 31.0•C 20.4•C 
(100.8"F) (72.2"F) (87.8"F) (68.7•F) 

Dori .. 42.5"C 22.7•C 34.7•C 21.7"C 
(108.5"F) (72.9'F) (94.5"F) (71.0"F) 

Fada-N'Gourma. 43.1•C 25.o·c 33.2•C 20.7•C 
(109.6"F) (77.0"F) (91.8•F) (69.3•F) 

Gaoua .. 36.9•C 24.1•C 30.3•C I 21.4•C 
(98.4"F) (74.4"F) (86.5"F) (70.5•F) 

Ouagadougou 41.6•C 24.3"C 33.5•C 21.1•C 
(106.9"F) (75.7"F) (92.3•F) (70.0"F) 

Ouahigouya • 41.1•C 24.9•C 33.2•C 22.2•C 
(106.0•F) (76.8•F) (91.8"F) (72.0"F) 

Extreme temperatures recorded at the following places during the dry 
season were as follows : 

Bobo-Dioulasso 

Dori ..... 

1l.OOC and 46.0°C 
(51.8°F and 114.8°F) 

5.7°C and 45.8°C 
(42.3°F and 114.4°F) 
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The combination of the two factors, temperature and relative humidity, 
imposes quite particular characteristics on the biology of anopheles, 
especially during the dry season ; the rainfall factor intervenes only to 
regulate seasonal variations. 

Bobo-Dioulasso District 

The district of Bobo-Dioulasso is shaped like a quadrilateral, bounded 
on the north by the districts of Dedougou (Upper Volta) and Koutiala 
(Sudan), on the west by the district of Sikasso (Sudan), on the north-east 
and the east by the districts of Ouagadougou (Upper Volta) and Gaoua 
(Upper Volta), and finally, in the south, by the Kong district (Ivory Coast), 
from which it is separated by the Leraba. Its area is about 40,000 km2 

(15,000 square miles). It forms a plateau with a low relief; the highest 
points, which are in the Tagoura massif, do not exceed 600 m (2,000 feet). 

Each side of the quadrilateral belongs to a hydrographical basin-the 
Leraba to the south, the Bougouriba to the east, the Black Volta to the 
north, and the Bagoe (which rises in the Sikasso district) to the west. 

Administratively, the district of Bo bo-Dioulasso comprises three sub
divisions: Banfora, Bobo-Dioulasso, and Hounde. The census figures of 
1949 showed a population of approximately 290,000 inhabitants, distributed 
as follows: 

Subdivision of Banfora . . . . 
Subdivision of Bobo-Dioulasso 
Subdivision of Hounde . . . . 

130,000 
127,000 

33,000 

In general, the district is subject to a climate of the south-Sudanese 
type, and only the Banfora region is exceptional in having a higher 
relative humidity in the dry season, and a heavier rainfall. The charac
teristics of this climate have already been described. The rainfall in 1949 
was 1,150.9 mm (45.3 inches), a figure differing little from the average 
for ten years-1,177.7 mm (46,4 inches). 

The figures for average temperature and humidity for the year 1949 
are as follows : 

Average temperature . 
Maximum temperature 
Minimum temperature 
Relative humidity . 
Maximum humidity . 
Minimum humidity . 

27.52°C (81.54°F) 
33.77°C (92.79°F) 
20.06°C (68 .11 °F) 
59.7% 
78.0% 
41.9% 

However, as fig. 3 shows for the period January 1949 to September 
1950, the figures sometimes vary considerably from one year to another. 



CHAPTER 2 

RESEARCH TECHNIQUES 

We did our utmost to standardize the methods used in our surveys of 
anopheles in the various West African territories as far as possible, since 
we wanted to be able to make valid comparisons of the results obtained 
from investigations widely separated in space as well as in time. With 
this end in view, we adopted a certain number of techniques, some of 
which possessed the advantage of being as useful for work in the field as 
for laboratory studies. During our surveys, we set ourselves the task of 
collecting the maximum amount of data on the adults as well as on the 
early stages of anopheles, thinking that the capture of adults alone could 
provide us with only a relative idea of the fauna of a locality. We searched 
everywhere for A. gambiae, in huts that were inhabited as well as in those 
that were empty and abandoned, in cattle-pens, pigsties, bushes, and wells, 
and in all the other places that could serve as shelters. Moreover, as 
recommended by Schwetz,335 after having carefully searched the larval 
breeding-places, we set to work then and there, whether travelling or in the 
laboratory, to rear the first stages we had collected. Obviously we had some 
losses when these rearings were undertaken in a small lorry on long journeys 
over "corduroy" roads. We had only one object in view as far as these 
rearings were concerned-namely, to add to the results provided by the 
capture of adults, and to collect all the stages (from the egg or the larva 
to the adult) of the anophelines, particularly of A. gambiae, so that we 
could study morphological variations in the laboratory. 

In the course of our investigations, we collected the maximum amount 
of information on the localities to which we were going-information on 
geography, on demography, and on health and sanitation. In most cases, 
we undertook a malariological survey during which we examined chil
dren from 1 to 14 years of age and established the splenic and haematic 
indices (plasmodial and gametic). Finally, a card (or a labelled diagram) 
was completed, on which were noted the places where the adult anopheles 
had been found, and the location of the larval breeding-places. 
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Collection and Transport 

Eggs, larvae, and pupae 

Eggs floating on the surface of the water were collected in small first
aid dishes of white enamel. They were swept up with a scrap of filter
paper to which they adhered, and were then taken to the laboratory in a 
small glass tube at the bottom of which was a small ball of damp cotton 
wool ; the number of the breeding-place and the date of collection were 
written in pencil on the filter-paper. 

For collecting larvae and pupae we did not use muslin nets, or nets 
of the Aube type, but simply a varied assortment of white-enamel 
medical dishes and kitchen ladles. The use of a medical dish, which 
depresses, and then draws in, the surface of the breeding-place, is to be 
recommended and gives excellent service, especially when it is a question 
of looking for larvae and pupae in a breeding-place where the vegetation 
is plentiful, such as along the banks of a river or a backwater. Ladles 
were used mainly for small breeding-places, such as the footprints of man 
or animals, rain-puddles, and, in general, any place which was not suffi
ciently deep to allow dishes to be used. 

For collecting larvae and pupae from wells, a bucket and a long cord 
were generally sufficient. 

When we wished to examine a breeding-place that was at some distance 
from the edge-as in the case of a swamp, for instance-we used a ladle 
with a long bamboo tied firmly to the handle. 

When dealing with holes in trees, we removed the water from the 
breeding-place first with a spoon, and then with a draw-tube made from 
a long pipette. The same method was employed for the holes of crabs 
and of rats. 

The larvae and pupae collected were sorted in the dish or ladle with a 
pipette, and then placed in wide-mouthed flasks half full of water with 
a capillary tube passing through the cork ; pieces of alga, or simply 
leaves, were placed in the flasks so that the larvae could cling to them and 
thus withstand the vibrations of the journey. One flask, numbered for 
identification, was assigned to each breeding-place examined. When we 
wished to obtain individual rearings, each pupa or larva was placed in a 
small tube, 70 mm X 12 mm, corked with a scrap of cotton wool and 
containing a twig to facilitate the emergence of the adult. The numbered 
tubes were then assembled in wooden test-tube racks, each of which could 
hold some sixty tubes. 
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Adults 

Two methods were used to capture the adults, each of which had 
advantages and drawbacks : collection by hand, and collection by means 
of pyrethrum, i.e., by "Flitting". Hand collecting, for which test-tubes 
were used, was undertaken as follows : the mosquito was spotted, a tube 
was brought slowly up to it, and the insect was imprisoned in the opening. 
The anopheles having been taken, the tube. was closed with a piece of 
cotton wool that was pushed, with the mosquito, towards the bottom of 
the tube. This operation was repeated until there were five or six mosquitos 
in the tube, each isolated from the others by a layer of cotton wool. 
Some entomologists use conical flasks or aspirators, but these necessitate 
the transference of the mosquitos to tubes and there is a risk that the 
captured insects may be damaged in the process. 

When pyrethrum is used for catching the mosquitos, the room where 
the collection is to be made is sealed hermetically and then sprayed every
where with a mixture containing a pyrethrum base, a small syringe of the 
" Flit " type being used. The anopheles are then collected on a white 
sheet, the four corners of which are held by assistants. It is also advisable 
to search for any anopheles that may have fallen to the ground. It is 
clear that this method can be utilized· only in the case of dwelling-places 
and is completely unworkable in the case of shelters in the. open air or in 
animal-pens such as cattle-stalls. However, inthe case of dwelling-places, 
it is obvious that this technique gives better results than collection by 
hand. Indeed, Ribbands,292 in Sierra Leone, was able to prove that, in 
huts which were specially constructed to facilitate hand collections, 28% 
of the anopheles (A. gambiae and A. funestus) escaped, and that this 
method did not· allow a valid estimate to be made of daily fluctuations in 
the number of anopheles. Likewise, Vincke,393 after collecting by hand, 
carried out controls by spraying, and observed that, of 5,148 anopheles 
collected, 26.4% had escaped during the first collection. In the .course of 
their work in New Guinea, Symes & Hadaway 369 found that, in places 
where DDT had not been used, they caught three times as many anopheles 
by spraying as by hand collecting (133.5 as compared with 46.5); where 
DDT had been used the difference was even more clearly marked-2.8 as 
compared with 0.4. More recently, Davidson,75 studying various methods 
ofcollection, has shown that spraying always gives a higher figure than that 
obtained by other techniques. 

However, the use of pyrethi'um has an obviously repellent effect on 
anopheles, an effect which was actually made use of by Rib bands 294 in 
experimental huts when he wished . to attract into traps only hungry 
females searching for food, and not those who would merely have sought 
shelter there. It is not advisable, therefore, to rely on daily counts made 
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in the same huts after pyrethrum spraying, because the figures for the 
captures made after the first spraying will be invalidated by this repellent 
effect. We made this experiment ourselves on the outskirts of Bobo
Dioulasso by analysing, for five consecutive days, the collections made in 
five huts by means of daily pyrethrum spraying, and in five huts where 
pyrethrum was used only on the first day. After taking into account the 
fact that hand collection left 30% of the anopheline population in the 
huts, and by establishing a hypothetical figure for population density, we 
were able to observe that 23% of the anophelines were subject to the 
repellent effect of pyrethrum. Consequently, we used the spray collection 
method only for quick mosquito-surveys in places where we devoted only 
one session to the capture of adults. 

Although hand collection provides only relative data on the fauna of a 
locality, many entomologists have used this method to the exclusion of 
all others, e.g., Haddow,150 in Kenya, and Hocking,168 who, noting that 
50% of the anophelines escaped capture, preferred this method for evaluat
ing the results of anti-anopheline campaigns in which residual insecticides 
were employed. This is the method that we used most, particularly since 
the results that we expected from our collections of A. gambiae did not 
demand a precise estimate of the anopheline population. 

In addition to the catches made in the course of our surveys, we 
used gambiae captured at the five catching stations shown in fig. 4. 

FIG. 4. CATCHING STATIONS IN THE BOBO·DIOULASSO AREA 

c:::::J = catching station 
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Station 1 : Bobo-Dioulasso 
At this station we continued the work started by our colleague Vilain 392 in May 

1948. Every week, ten districts of the town were visited, each by three "mosquito
boys " for three hours. Each district of the town was thus surveyed weekly from 
May 1948 onwards, but we have taken into account only the results recorded from 
August 1949 onwards, the time when we noted the number of dwellings visited and 
the number of dwellings where positive results were obtained. 

Station 2 : Koua (5 km (3 miles) along the Bobo-Ouagadougou road) 
Monthly collections from January 1949 to June 1950. The number of huts inves

tigated and of the mosquito-boys employed was recorded. 

Station 3: Sakaby (8 km (5 miles) along the Bobo-Dedougou road) 
Monthly collections from January 1949 to June 1950. Same remarks as for station 2. 

Station 4: Darsalamy (18 km (11 miles) along the Bobo-Banfora road) 
Monthly collections from January 1949 to June 1950. Same remarks as for station 2. 

Station 5: Sisal mill at Farako (12 km (7~ miles) along the Bobo-Banfora road) 
Monthly captures from January 1949 to June 1950, in dwelling-huts on the one 

hand, and in unoccupied or half-destroyed huts on the other. Same remarks as for 
the preceding stations. 

In addition to providing data on the seasonal variations of gambiae 
and of the sporozoite-rate, the collections at these five stations enabled us 
to establish, for this anopheles : 

(1) the average anopheles density per hut (AAD) 

number of gambiae captured 

number of huts visited 

AAD x sporozoite-rate 
(2) the average infective density (AID) = 

100 

Rearing 
In the laboratory 

To rear A. gambiae we used either eggs collected from the breeding
places or eggs deposited by females that we had bred. In both cases, the 
eggs, collected on the surface of a piece of filter-paper, were placed in a 
small crystallizing-dish, 10 cm in diameter, containing tap-water. After 
hatching, the larvae were collected by means of a pipette and transferred 
in batches of 10 or 20 to other crystallizing-dishes also containing tap
water, .but with the addition of powdered biscuit or a powder obtained 
from scraping the bark of trees. When the larvae to be reared came from 
the collections made during surveys, rearing was carried out in the water 
of the breeding-place, with or without supplementary food. 
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After pupation, each pupa was isolated in a small tube, 70 mm x 12 mm, 
containing a little water and a twig to help the adult to emerge ; the tube 
was closed with a plug of cotton wool. The newly emerged adult was 
transferred to a Roubaud cage, 15 cm X 5 cm x 8 cm, placed above a Borrel 
tube which was filled with water. 

Throughout the whole process of rearing, the temperature of the water 
was noted, as well as the temperature and humidity of the laboratory, 
recorded on a thermo-hygrometer. We were thus able to make certain 
that, during the rainy season, the difference between the temperature of 
the water in the crystallizing-dishes and the temperature of the laboratory 
was practically nil and did not amount to 1 °C ; however, during the dry 
season, this difference could exceed 3°C. 

As far as the rearing of several generations of gambiae was concerned, 
a slightly different technique was followed in that the newly emerged males 
and females were transferred to large cages of mosquito netting, 
40 cm x 20 cm x 20 cm, to allow them to mate ; the fertilized females were 
then isolated in cages 15 cmx 5 cmx 8 cm. Humidity was ensured by placing 
in the cage the lid of a Borrel tube filled with water on the surface of which 
was placed a little round of filter-paper on which the female could deposit 
her eggs. Although we were able to obtain several generations of gambiae 
in the laboratory during the rainy season, we were not able to do so during 
the dry season. Variations in the outside temperature and in humidity 
were such that it was practically impossible to keep the adults alive for 
more than two or three days after they emerged. We were thus obliged 
to install the breeding-cages in a room in our house so that we could 
keep a constant watch and ensure that conditions of temperature and 
humidity were satisfactory. However, we must mention that we rarely 
raised more than four generations, succeeding no better in this than De 
Meillon (personal communication, 1950); in Nigeria, Bruce-Chwatt 
(personal communication, 1950) obtained more than four generations only 
by introducing new females into the breeding-cages. Sautet 327 points out 
that it was easy to rear gambiae in cages of 40 cm x 50 cm x 40 cm at Mar
seilles during the summer, but he does not give the number of generations 
obtained; and Mathis,247 who reared five generations at Dakar between 
29 April and 14 July (the end of the dry season and the beginning of the 
rains), does not say whether he stopped the experiment or whether the 
mosquitos died out. MacGregor 236 obtained fertilization of the females 
in cages at Mauritius, but he does not give details of the fate of their 
descendants. There seems no doubt that the difficulties of rearing lie in 
regulating the microclimatic conditions; A. gambiae lives and reproduces 
itself very well in captivity, even in a confined space, which makes it a 
stenogamous species; there is no nuptial flight. Feeding the females 
was very easy ; we verified this on our own arms and could confirm that 
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gambiae was able to take a daily blood-meal. Hocking & Macinnes 170 

noted that this was so, but pointed out that this daily rhythm seemed to 
inhibit oviposition, although a female fed for 11 days in succession~howed 
two complete ovarian cycles. On our part, we noticed nothing like this 
except that, on the day before depositing eggs, the females often refused 
to bite. In any case, we did not observe the irregularity of feeding by 
anopheles in captivity pointed out by Barber & Olinger .15 

In the field 

In order to verify the duration of the cycle in the actual breeding-places, 
we selected, irr the primary forest atKou(about 20 km (l2Y2 miles) from 
Bobo-Dioulasso), a number of breeding~places, the chemical and physical 
characteristics of. which were noted. Each breeding-place was covered 
with a frame of brass wire on to which mosquito netting was sewn, and 
left for eight days. All the larvae and pupae, as well as the adults which 
had been able to emerge, were then collected. After some days, a second 
visit was made to collectthe larvae that had hatched from eggs deposited 
by the adults which had emerged the preceding week. The emptied 
breeding-places were then sown with eggs collected from. females reared 
in the laboratory. In the course of successive· daily visits we noted, for 
each breeding~place, the appearimce of thelarvae and pupae, and, finally, 
ofthe adults, which were then captured. · 

Dissection Techniques 

Determination of the maxillary index 

The work of Roubaud,307 and of Roubaud et al., 312-315• 317 has shown 
the extreme importance that should be attached to the study of the 
maxillary index of anopheles in Europe and the Far East, .so that food 
preferences may be established, and, consequently, effective antimalarial 
measures. 

Roubaud 307 insisted on the need for a standard method· of examining 
maxillae: indeed, as he says, "very often there is a marked difference 
between each of the blades of the same maxillary pair in the one mosquito ; 
... also, the terminal teeth are oftenhardly visible and are difficult to make 
obvious; finally, ... the shaft of the maxillae, near the blade, frequently 
possesses toothlike rugosities" (p. 561)." .. When making our counts, we 

.a "Tres sotivent il y a une inegalite marquee entre· chacune des scies de 1~ meme paire 
maxillaire, chez un meme moustique; ... souvent, .aussi, les dents extremes sont peu appa
rentes et difficiles a mettre en evidence ; enfin; . . . frequemment la . hampe des maxilles 
presente, au voisinage de la scie, des asperites dentifotmes." 
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ourselves noticed that the sharp maxillary teeth appeared, like the denticles, 
to be darker in colour than the blade. 

After the mouthparts have been separated as a whole from the head of 
the mosquito, they are placed on a slide in a drop of lactophenol; the 
various elements are dissociated by rapid boiling in the flame of a spirit
lamp, and a fresh drop of lactophenol and a coverslip are then added. 
The slide is placed on the stage of a microscope where the maxillae are 
located under a low power. Then, with a 1/12 immersion lens, the number 
of teeth on each maxillary blade is counted ; the total number divided by 
two gives the individual maxillary index. The index for a whole population 
is established from the arithmetical mean of all the individual indices. 

We used this method m regularly in French West Africa, both in the 
bush and in the laboratory. 

Determination of the sporozoite- and oocyst-rates 

That A. gambiae plays the role of vector in a given place or at a given 
time can be demonstrated only by dissecting the captured females and 
investigating the malarial parasites in the salivary glands (sporozoites) and 
in the stomach (oocysts). 

The female must be killed (preferably after she has digested the blood 
on which she has fed) either by the fumes of ether, xylol, or chloroform, 
or, more simply, by tobacco smoke. The insect is then put on a slide in 
a drop of saline, and the slide placed on the stage of a binocular microscope. 

To isolate the stomach and salivary glands we followed the technique 
described by Russell, West & Manwell.325 

(a) Isolating the stomach 

After the wings and legs have been removed, the insect is placed on 
. its back and, with the help of fine needles, two slits are made in the 

integument between the abdominal segments V and VI. 

The thorax is then held still with one mounted needle while, with 
another, the terminal abdominal segments are gently pulled away, bringing 
with them the intestine with the Malpighian tubules, and then the stomach 
and the oesophagus. 

The stomach is separated and deposited on another slide in a drop of 
saline ; a coverslip is placed over it and it is then examined under the 
microscope. The oocysts are easily recognized as rounded, slightly opaque 
and pigmented structures; in mature oocysts, numerous striations are to 
be seen which represent the developing sporozoites ; by pressing on the 
coverslip, the wall of the oocyst is ruptured and the sporozoites freed. 
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(b) Isolating the salivary glands 

A mounted needle is placed on the insect's head to keep it steady, 
and the thorax is gently pulled down towards the abdomen. The salivary 
glands are pulled. out of the thorax and remain attached by their ducts 
to the tissues of the head. 

The glands are isolated and placed in a drop of saline on a slide. After 
being teased. out, they are covered with a coverslip and examined under a 
microscope for the sporozoites, which appear as thin elongated bodies, 
shaped like a banana or a crescent. 

The oocysts and sporpzoites stain easily in Giemsa after fixation in 
methyl alcohol. 

Examination of the male hypopygium and the female pharynx 

We thought that it would be interesting, while stqdying the biological 
races of A. gambiae, to see whether we could establish the presence of 
modifications in two structures that are of importance in anopheline 
systematics-the male hypopygium and the female pharynx. 

With this end in view, we dissected several hundreds of anopheles, 
using simple techniques which gave excellent results. 

(a) Hypopygium 

The terminal segments of the abdomen are cut off and left to 
macerate in the following fixative and clearing agent (for some days if 
the solution is cold, some minutes if it is hot) : 

Gater No. 1: 

Distilled water . 
Chloral hydrate 
Glacial acetic acid . 

37 ml 
57 g 
6 g 

The segments are then placed on a slide in a drop of mounting fluid, 
Gater No. 2: 

Distilled water . 
Gum arabic .. 
Chloral hydrate 
Glucose syrup . 
Glacial acetic acid . 

10 ml 
8 g 

74 g 
5 g 
3 g 

The parts are dissected on the stage of a binocular or monocular micro
scope and a coverslip is placed over them. 
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(b) Pharynx 

Barraud & Cove11 18• 19 demonstrated that the pharyngeal armature of 
the female anopheles was a character for determining species, and Sinton 
& Covell 353 made use of this character for separating subgenera, groups, 
and species. It seemed to us that the study of the pharynx of gambiae 
might prove to be of some interest in the research we had undertaken on 
the biological races of this anopheles. 

We modified the original technique of Sinton & Covell 393 and 
proceeded as follows : 

The head was separated from the rest of the body, placed in an evaporat
ing dish with some drops of lactophenol, boiled for 10-15 minutes, and 
then stained with warm basic fuchsin for five minutes. It was then trans
ferred to Gater No. 1, where it was left for 15-30 minutes, and was finally 
placed in a drop of Gater No. 2 on a slide and dissected under a binocular 
microscope. The pharyngeal armature was isolated and transferred to a 
drop of Gater No. 2 on another slide, and a coverslip was placed over it. 
The various elements of the armature could be separated by pressing on 
the coverslip with fine needles, or by moving it in various directions. 

Determination of Ingested Blood (Precipitin Method) 

Following Grassi (1922) (quoted by Missiroli & Hackett,256 page 13), 
who studied the food preferences of anophelines by means of a precipitin 
test, many investigators have endeavoured to make specific determinations 
of the blood contained in the stomachs of anopheles collected in given 
regions or localities. Before vast antimalarial campaigns were launched, it 
was indeed of paramount importance to establish which anopheline species 
fed on man and were thus likely to transmit the malaria parasites. It is 
on the anthropophilic index, established by the study of the maxillary 
armament and of food preferences, that the orientation of prophylactic 
measures must depend. 

King & Bull 197 made use of the precipitin method in their work on 
A. quadrimaculatus and showed that 39% of the females were engorged 
with human blood. Davis & Shannon 78 established an anthropophilic 
index of 50% in A. pseudopunctipennis in Argentina. On the other hand, 
Walch & Sardjito 397 showed, that in the Dutch East Indies, when A. rossii 
and A. aconitus were found in dwellings, they were mainly engorged 
with buffalo blood. Laurel 205 established that, in the Philippines, more 
than 90% of A. minimus captured during the day were engorged with ox 
blood; but Mesnard & Toumanoff 254 showed that, in Cochin-China, this 
:species fed almost exclusively on human blood. Boyd & Aris 43 pointed 
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out that, in Jamaica, 43.2% of A. vestipennis and 50% of A. albimanus 
reacted positively to human antiserum. Vargas, Casis & Earle 388 made a 
study of the food preferences of A. punctipennis, a .vector in the rice
growing areas of Mexico. Kligler & · Liebman,200 collecting A. elutus, 
A. superpictus, and A. sergenti from stables, established that all these 
anophelines contained animal blood. 

The main purpose of the precipitin method is to demonstrate that certain 
anopheles can feed on the animals connected with man. Indeed, Roberts 
& O'Sullivan 297 established that A. punctulatus farauti, a vector in New 
Guinea, reacted positively to human antiserum in only 9% of their tests; 
they quote Atherton & Lemerle, who ascertained that, of 88 specimens 
of this species, 19% had fed on inan, 47% on dogs, 33% on pigs, and 
1% on cats. On the other hand, this method also makes it possible to show 
that species which habitually feed on animals can bite man when the 
opportunity offers, as Bang & Simpson 12 demonstrated in the case of 
A. walkeri. 

In the Far East, Toumanoff 377 established the connexion that exists 
between the food preferences and the vector role of A. minimus and A. jey
poriensis; he showed that, in highly malarial districts, these two anopheles 
were almost always engorged solely with human blood. A. aconitus, a 
secondary vector-species, was generally found to be full of human blood, 
but the presence of the blood of other animals could be· shown· more fre
quently than in the preceding species. Similarly, Senior White 399 has 
shown a relationship between the anthropophilic index and the infestation 
index in A . culicifacies, A. jluviatilis, A. varuna, A. minim us, and A. annu
laris ; with Ghosh & Rao 400 he envisaged the existence of biological races 
in A. varuna, taking into account the differences between the exophilic 
and endophilic populations on the one hand, and between the anthropo
philic . and infestation indices on the other. 

In tropical Africa relatively few investigations have been made of the 
food preferences of A. gambiae: in Kenya, Symes 367• 368 and Kauntze & 
Symes ; 194 in Ethiopia, Corradetti ; 68 in the French Sudan, Sautet 
&Marneffe.330 We shall study their results later. 

We prepared our precipitating sera in collaboration with Medecin
. Capitaine Lapeyssonnie, Director of the Study Centre on African Trypano
somiasis, using the so-called "glucose method ",which we have described 
elsewhere.171 · 

We injected our rabbits intravenously with 6.5 ml ofthe serum in 
three stages: 3 ml, 2ml, and finally 1 ;5ml. There was a three-day interval 
between the injections, and two hours before each injection of serum the 
animal was injected with 10 ml of a 10% solution of glucose in saline 

. containing 0.85% NaCl. 
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We thus obtained precipitating sera which, when checked, were found 
to be active in solutions of antigen diluted to 1/10,000. The antisera 
prepared were the following: antihuman, antibovine, antiporcine, and 
anti-antelope (Cephalophus sp.). The anti-antelope serum presented a 
problem because, in the Bobo-Dioulasso area, there are large numbers of 
antelopes of very many kinds and it was not possible to prepare antisera 
with the blood of each of them-Redunca, Tragelaphus, Hippotragus, 
Ourebia, Bubalus, etc. However, by taking blood samples whenever 
there was an opportunity while we were hunting, we were able to estab
lish that the blood of the various species gave reactions of the same 
type . and that, with the single antiserum prepared from the blood of 
· Cephalophus, we could determine whether the blood ingested by gambiae 
was or was not that of an antelope. This was, however, conditional on 
the results of the reaction being left unread for at least 30 minutes. 

The precipitin reactions were carried out on fresh stomach-contents 
or, more often, on blood taken from the stomach and preserved on filter
paper in numbered test-tubes. In addition, we carried out a certain 
number of tests on anopheles which were sent to us from distant places 
in the Upper Volta; in such cases, the hard, compact mass of the engorged 
stomach was crushed in a mortar and diluted with saline, and the blood 
collected was absorbed on filter-paper. In order to prove that we could 
depend on the reactions given by the latter method, we kept for a time 
some gambiae that had been fed on human blood in the laboratory before 
being killed, and then tested the reaction of the precipitins on the crushed 
stomach ; no difference could be detected between this and the precipitin 
reactions produced with fresh stomach-contents. Moreover, Do Amaral 
& Aguiar 95 obtained typical reactions in five minutes with dried specimens 
that had been preserved for a year. 

For the test itself, we employed the method described by Uhlenhuth 
& Weidanz.383 Using Pasteur pipettes, we put some drops of antiserum 
in an ampoule; each pipette was then sealed in a flame. Then, with another 
pipette, some drops of the diluted blood-extract were run on to the top 
of the antiserum, care being taken to see that it ran down the side of the 
pipette containing the antiserum in order to avoid too rapid mixing, which 
would have given a false reading of the result. The pipette containing the 
two superposed liquids was then placed on a specially constructed support, 
and all that was required. was to await the moment when a ring of pre
cipitate appeared where the antiserum and the extract were in contact. 

We did not take into account those reactions in which no ring of 
precipitate formed but, instead, a definite turbidity was apparent, nor 
those in which the reactions were apparent only after 60 minutes. Thus, 
in interpreting our results, we considered only those reactions where a 
ring of precipitate appeared in less than 60 minutes. 
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Mounting and Preservation of Material 

The eggs, slightly stained with a warm solution of basic fuchsin, were 
mounted between a slide and a coverslip in Gater No. 2. 

Living larvae and pupae were directly mounted in Gater No. 2, between 
a slide and a coverslip, the latter being raised on four pieces of coverslip 
glass placed under the four corners. 

The cast skins of larvae and pupae were left in 70% alcohol for some 
hours, and were then immersed in Gater No. 1 for 24-48 hours before 
being mounted between a slide and a coverslip in Gater No. 2. 

We tried out several liquid mounting-media but came to prefer Gater 
to the others, taking care, however, to modify it during the dry season in 
the following way : 

Distilled water . 
Gum arabic .. 
Chloral hydrate 
Glucose syrup . 
Glacial acetic acid 

25 ml 
8 g 

74 g 
5 g 
5 g 

We did this to avoid too rapid a drying process, involving the crystal
lization of the mounting medium and the loss of the preparations-an 
experience we had suffered to our cost. Furthermore, during the dry season, 
it is advisable to slow down desiccation by placing the preparations on a 
metal stand above a crystallizing~dish filled with water, the whole being 
covered with a wooden or cardboard box. 

Unmounted eggs, larvae, and pupae were kept in 70% alcohol to 
which a few drops of glycerol had been added. 

The adults were either kept in 70% alcohol to which some drops of 
glycerol had been added, or were dried; in the latter case, they were 
attached with very fine pins to the undersurface of the cork in a small 
glass tube, or were simply deposited between two layers of cotton wool 
in a glass tube. 

Study of the Larval Breeding-Places 

The study of the larval breeding-places of A. gambiae is of particular 
interest on· account of the presence of this anopheles wherever there is 
water available for the female to deposit her eggs. All antimalarial 
measures directed against the early stages of this insect must necessarily 
include a detailed investigation into the conditions under which gambiae 
will reproduce itself. We have therefore, in our surveys, considered it of 
fundamental importance to list the types of breeding-places in which 



RESEARCH TECHNIQUES 33 

gambiae is to be found and to note all their characteristics. In order to 
standardize the reading of our results, we printed, with the agreement 
of the Director of the Service general d'Hygiene mobile et de Prophylaxie 
in French West Africa, bulletins on the larval breeding-places, containing 
all the details that could be useful to us. Information was collected on 
the following points : 

Type of breeding-place: rain-puddle, swamp, edge of stream, well, etc. 
Substratum: clay, sandstone, sand, etc. 
Vegetation: vertical, horizontal, mosses, algae, etc. 
Fauna: Culicidae-Culex sp., Aedes sp., Taeniarhynchus sp., anophe

line species. Other insects. 
Data concerning the rearing of the larvae and pupae collected. 
pH of the breeding-place: the pH was estimated with Prolabo's calori

metric apparatus. 
Temperature of the breeding-place : as far as possible the temperature 

was taken at different times of the day. 

In addition, two important tests were made of the water of the breed
ing-places : 

(1) the amount of NaCl in breeding-places in coastal districts, in 
order to confirm the presence of A. gambiae var. melas ; 

(2) the amount of dissolved organic matter present in an acid medium, 
with the object of determining the proportion of organic matter arising 
from the decomposition of the flora. 

Determination of NaCI 

To 100 ml of water from the breeding-place about 0.10 g of a pure precipitate of 
calcium carbonate and three or four drops of a 10% solution of neutral potassium 
chromate were added. With a graduated burette, silver nitrate N/100 was introduced 
into this mixture until the colour changed (this was checked against a mixture with 
the same proportions of pure water, calcium carbonate, and potassium chromate). 
The number of millilitres necessary, multiplied by 0.00585, gave, in grams of NaCl, 
the quantity of chlorides contained in a litre of water. 

Determination of organic matter 

Two conical flasks are needed, one of 500 ml, the other of250 ml. To the first flask 
are added 200 ml of filtered water taken from the breeding-place and 20 ml of sul
furic acid diluted to one-third; to the second, 100 m1 of the same water and 10 ml 
of acid. With a calibrated pipette, 10 m1 of a standard solution of potassium perman
ganate is added to each flask. The two mixtures are boiled for exactly 10 minutes and 
then left to cool for half an hour. After that, 10 ml of a solution of a=oniated sulfate 
of iron is added to each flask : 

A=oniated sulfate of iron 
Pure sulfuric acid . . . 
Distilled water, to make .. 

10 g 
10 g 

1,000 m1 
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Decoloration must be total; if not, it is necessary to add another 5 or 10 ml of the 
iron solution. The pale-pink tint reappears at once when the standard solution of 
permanganate is dropped in from a graduated burette. 

The difference between the volumes of permanganate used in testing the two amounts 
of 200 and 100 rn1 respectively, expressed in millilitres, shows in milligrams the amount 

·of oxygen taken from the permanganate by the litre of water. 



CHAPTER 3 

MORPHOLOGY OF ANOPHELES GAMBIAE 

TYPICAL FORM AND VARIETIES 

The following is a list of the original works in which descriptions of 
the various types and varieties of Anopheles gambiae (originating from 
British Gambia) first appeared. 

Anopheles gambiae Giles, 1902: 

A handbook of the gnats or mosquitoes, giving the anatomy and life history of the 
Culicidae, 2nd ed., 1902, London, p. 511 

Anopheles costa/is Giles (nee Loew), 1900 : 

Mem. Lpool Sch. trop. Med. 1900, No. 2, p. 49 

Anopheles gracilis Donitz, 1902 : 

Z. Hyg. InfektKr. 1902, 41, p. 76 

Anopheles merus Donitz, 1902: 

Z. Hyg. InfektKr. 1902,41, p. 77 

Anopheles gambiensis Giles, 1903 : ' 

Mem. Lpool Sch. trop. Med. 1903, No. 10, App., p. 2 

Anopheles costa/is var. me/as Theobald, 1903 : 
Mem. Lpool Sch. trop. Med. 1903, No. 10, App., p. 11 

Anopheles arabiensis Patton, 1905 : 
J. Bombay nat. Hist. Soc. 1905, 16, p. 625 

Pyretophorus quadriannulatus Theobald, 1911 : 

Union of South Africa, Division of Veterinary Research, First report, 1911, 
Pretoria, p. 244 

Adult 
Typical form 

Figure 5 depicts a typical adult female A. gambiae. Certain morpho
logical characters are reproduced in fig. 6. Descriptions of this insect 
have been given by Evans,112 Soper & Wilson,355 and De Meillon.90 

-35-





MORPHOLOGY-TYPICAL FORM AND VARIETIES 37 

FIG. 6. MORPHOLOGICAL CHARACTERS OF ADULT A. GAMBIAE 

a 

a-d = male hypopygium 

a = coxite spines 
ea accessory spine 
ep parabasal spines 

b = harpago 
c club 
sa apical bristle 
se complementary bristle 

c = phallosome 

d = leaflets at the tip of the phallosome 

c 

d 

er 

e- g =.female pharyngeal_:armature 

e = anterior view of the armature in position 
f = isolated cone 
g = cone and rod, lateral aspect (after Bruce-

Chwatt") 
b rod 
bb bulb 
er crest 
el lateral spines of the bulb 
f filament 

root 

band, which is the same size as the median one, covers the apex of seg
ment II. 

Male palpi : Club mostly pale with a black band in the middle and 
near the base ; segment III pale at the apex ; a pale joint between segments 
II and III. 
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Female pharynx: From the dorso-ventral aspect, the pharyngeal 
armature shows a double row of 12-18 teeth, the cones and rods forming 
an incurved pharyngeal bar. 

The bucca-pharyngeal striae (Christophers' " post-armature ridges ") 
appear in optical section as rows of narrow overlapping ridges, from 
each of which there project backwards processes in the form of long and 
well-developed bristles. 

The cones {35-38 ll) possess a basal bulbwith a posterior crest from 
which the tubular root projects into the ventral wall of the pharynx. A 
long flat filament (23-26 fl) arises from the top of the bulb, which 
possesses two protuberant lateral spines. When the cones are viewed from 
the side, the upper edge of the crest is seen with 6-8 deep denticulations. 
The filaments bear numerous spicules laterally and posteriorly. 

The rods, which are shorter than the cones (14-16 11), have an oval 
base concealed between the cones. On the apical patt, which is narrow 
and tapering, there are sometimes one or two serrations in the form of 
a fold. 

Thorax 

The integument is usually light brown, varying from greyish to brown 
with orange reflections, without clearly defined spots. There is a median 
band on the mesonotum and two dark longitudinal bands on either side 
of the middle line. The median scales are cream or yellowish, pointed 
and small, broader and rounded laterally; the anterior pronotal lobes 
are covered with scales; there are 3-6 spiracular bristles. 

Legs : The femur, tibia, and segmerit I of the tarsus are speckled with 
creamy or yellowish scales forming spots (the number of which varies in 
different specimens), particularly on the fore and middle legs. The femur 
of the fore and middle legs has a spot or pale ring near the base. The 
apex of the tibia is pale. 

Anterior tarsus : Very clearly defined rings cover the basal and apical 
extremities of segments I, 11, and Ill. There is a pale basal ring, and some
times an apical one on segment IV ; segment V is dark, occasionally show
ing some light scales at the apex. 

Middle tarsus :'Identical with the preceding one but the pale rings 
of segments I, 11, and Ill are narrower. There is a pale basal ring on 
segment IV ; segment V is completely dark. 

Posterior tarsus : Very narrow pale rings but sharply defined in the 
apical region of segments I to IV; segment V is usually completely dark. 

Wings: Pale spots formed of white, cream, or yellowish scales. The 
commonest arrangement of pale spots and dark areas is shown in fig. 7, a. 
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FIG. 7. WING VARIATIONS 

~1 a ~ 
3 

~ 
6 5 
b~ 

c~ d~ 

e~ 
a = the most common pattern 

a basal spot at the base of the costa 
a' distal spot at the base of the costa 
b sector spot 
b' accessory sector spot 
c subcostal spot 
c' pale spot on the third dark area of vein 1 
d subapical spot 
A, B, C, D 1st, 2nd·, 3rd, and 4th principal dark areas of the costa and vein 1 
1, 2, 3, 4, 5, 6 veins 1 to 6 

b = melanic form described by Evans m 

c = specimen Bamako 123 
d = specimen Sikasso 67 
e = specimen Abidjan 89 

Costa : This shows four principal dark areas. The basal region is 
broken by two pale interruptions. 

Vein 1 : Pale interruption in the third dark area: the second dark 
area has a basal and a subapical interruption. 

Vein 2: Mostly pale at the root, except for a broad dark sub-basal 
area ; the upper branch has two very variable dark areas ; these are more 
stable on the lower branch. 

Vein 3: Mainly pale with an apical spot and two spots, basal and 
sub-basal. 

Vein 4: Two black areas at the root, one median, the other where 
the two -branches separate ; the branches have a stable pattern-a basal 
spot and a subapical spot. 
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Vein 5: Pale at the root except for a dark sub-basal area; the upper 
branch has three dark spots-basal, median, and subapical; the lower 
branch has a dark subapical spot . 

. Vein 6: There are usually three dark spots of limited size. 

Alar fringe: Pale spots at the ends of veins 3 to 6. 

Abdomen 

The integument is light brown, often yellowish, appearing darker, almost 
black, in engorged females. The dorsal and ventral surfaces are covered 
with yellowish hairs. There are light submedian spots on the sternites 
of segments 11-VII, some pale scales on the sternite of segment VIII, and, 
sometimes,-on that of segment IX. The female cerci have dark setae and 
dark and light scales. 

Male hypopygium : Coxite (basal lobe, first segment of the terminalia, 
basistyle or lateral segment) elongated, relatively narrow, with scales and 
long setae on its external surface. On the basal half of its inner surface 
there is a group of five strong bristles or spines-four parabasal spines, 
and an accessory spine (inner spine), longer and more curved, inserted 
higher than the other four. 

The second segment· of the terminalia, the style ( clasper or dististyle) 
prolongs the coxite ; narrow and elongated, it curves inwards and is 
thicker in the terminal quarter, which bears a small lateral bristle. At its 
tip there is a rudiment of the third segment in the shape of a chitinized 
claw. 

At the base of the coxite a lobe can be distinguished, the harpago 
(gonapophysis), the anterior outer edge of which bears spines joined 
together to form a club or spatulate process. On the side of the club there 
is a long bristle, the apical bristle, which is separated from it by one or two 
shorter complementary bristles. 

Between the base of the coxites is the median phallosome (penis, 
mesosoma, or aedeagus), into the base of which lead the ejaculatory 
ducts. On either side of its distal opening there are a certain number 
of appendages (from 5 to 8 pairs )-the leaflets ; these have a denticulate 
inner border and vary in length from 42.5 1-1 to 52.5 1-1. 

Variations 

Wings 

A. gambiae is subject to very numerous individual variations, notably 
concerning the ornamentation of the legs and the distribution of the dark 
and pale areas on the wings (see fig. 7). However, according to Evans,l12 
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specimens from East Africa show a tendency to lose the pale interruption 
on the third dark area of vein 1, and Christophers & Chand 63 noted that 
the pale areas were better developed in specimens from East Africa than 
in those from West Africa. We ourselves never came across albinoid 
specimens such as Evans described. On the contrary, we often had an 
opportunity to see forms that were more or less melanic. Evans has de
scribed, in Sierra Leone, a form characterized by the spreading of the 
dark areas on the root of vein 2, the root of vein 4, and the upper branch 
of vein 5. We shall describe here the most obvious variations that we 
have been able to demonstrate. 

Specimen Bamako 123. Extension of the dark area at the root of the 
costa ; reduction of the pale basal spot at the base of the costa ; coalescence 
of the dark basal areas of the lower branch of vein 2 ; and extension of the 
dark areas on the root of vein 2. 

Specimen Sikasso 67. Coalescence of the dark basal areas on the 
lower branch, and extension of the dark areas on the root, of vein 2. 

Specimen Abidjan 89. Reduction of the pale distal spot at the base 
of the costa and disappearance of the pale basal spot ; extension of 
the first dark area on the subcosta and on vein 1 ; extension of the dark 
areas on the root of vein 2, the root of vein 4, and the upper branch 
of vein 5; coalescence of dark median and apical areas on vein 6. 

Legs 

There are very great variations in the extent of the speckling on the 
femora, tibiae, and anterior tarsi; also, the tarsal rings, particularly 
on the hind legs, are very variable. De Burca & Yusaf 80 have drawn 
attention to the great extension of pale spots on the hind legs in their 
albinoid form from Eritrea ; we found very many specimens in which 
the speckles and rings on the hind legs were almost identical with those 
on the forelegs, but which did not differ in any other morphological charac
ters from those of typical gambiae. 

Palpi 

It is, on the other hand, interesting to note the variations affecting 
the palpi of the females ; the character of quadruple ringing of the 
palpi has been abandoned in determining the variety melas since, in addi
tion to its inconstancy, it has been found in females taken from fresh
water breeding-places inland. We established this character in 12.3% 
of typical gambiae from the Lower Ivory Coast, Guinea, and the 
Casamance. At Bamako, 4.0% of the specimens possessed palpi with 
quadruple banding. At Darsalamy, near Bobo-Dioulasso, 9.0% of the 
females reared from larvae and pupae displayed this character. 
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In all these cases, the gambiae came from breeding-places that 
we describe as "organic", or were collected, with A. funestus, A. rufipes, 
or A. pharoensis, in the vicinity of such breeding-places. 

In the coastal districts of West Africa we repeatedly collected typical 
gambiae in which the pale apical band of the pal pi was very much reduced 
and covered only the apex of segment V. 

Egg 

Typical form 

Figure 8, a, shows the normal egg, which has been described by Annett, 
Dutton & Elliott 8 in Nigeria, Evans 112 in Nigeria and Liberia, Gibbins 138 

in Uganda, Patton 275 at Aden, De Meillon83 in the Union of South 
Africa, Deane & Causey 79 in Brazil, and da Cruz Ferreira 117 in the Cape 
V er de Islands. 

It is strongly convex below, and concave, almost flat, above; the 
anterior. extremity is wider than the posterior. The floats are composed 
of 25-30 folds. The striated border or" frill", which is narrow but extends 
the whole length of the egg, encloses an elliptical surface, narrower 
posteriorly than anteriorly and constricted in the centre. The surface, 
ventral and dorsal, is ornamented with a polygonal pattern, clearly visible 
in fresh specimens. This pattern is formed by the juxtaposition of the 
polygonal surfaces of small raised areas, separated by the walls of larger 
raised areas. 

Length: 0.47-0.48 mm 
Width: 0.16 mm 
Length of floats: 0.30 mm 

Deane & Causey 79 give the following measurements for specimens 
from Brazil : 

Length: 0.48-0.52 mm 
Width: 0.19-0.22 mm 

Da Cruz Ferreira 117 mentions the differences in length between fresh 
specimens (0.49 mm) and specimens that have been mounted between a 
slide and a coverslip (0.57 mm). 

Variations 

In the Union of South Africa, De Meillon 83 saw one batch of eggs 
in which the polygonal pattern was missing. Bruce-Chwatt (personal 
communication, 1950) and the Malaria Service of Nigeria 270 report that, 
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FIG. 8. EGGS- MORPHOLOGICAL CHARACTERS OF LARVAE 
IN THE FOURTH INSTAR 

~) 
b 

c 

a = normal egg 
b = abnormal eggs (after Soper &. Wilson "') 
c = clypeal bristles 

1 antero-internal 
2 antero-external 
3 posterior 

d = anterior dorsal bristles of the prothorax 
1 internal 
2 median 
3 external 

e = mesothoracic bristles 
f = palmate abdominal bristles : leaflets of segment V 
g = comb of segment VIII 

43 
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on several occasions at Lagos, they observed abnormal eggs with the 
exochorion covering the whole surface. Deane & Causey 79 described 
a certain number of abnormal eggs obtained in the laboratory; several 
stages were observed up to the almost complete obliteration of the dorsal 
surface by the exochorion ; the authors showed that the percentage of 
abnormal eggs could be raised by keeping fertile females for three days 
or more in a refrigerator at l0°-13°C. Fig. 8, b, shows some abnormal 
eggs (after So per & Wilson 355). · 

Typical form 

Length : 5-6 mm 

Head 

Larva 

Fronto-clypealpigmented spots: Very variable, sometimes reduced to 
a few small spots, sometimes very clearly marked with a dark transverse 
zone in the front half and with black spots behind the frontal bristles. 

Clypeal bristles: (1) Antero-internal series, widely separated at the 
base (the distance between the points of insertion of the bristles is about 
one-third of their length), slender, delicately arborescent or with clear 
lateral branches, which are sometimes compound structures and are present 
mainly on the apical half ; their length is from one-third to two-fifths of 
that of the fronto-clypeus. (2) Antero-external series, simple, bifid, or 
with 3 or 4 branches ; from one-third to niore than half the length of the 
antero-internal bristles. (3) Posterior series, more slender and shorter 
than the antero-external bristles; simple or with 1-3 branches (fig. 8, c). 

Postfrontal bristle (occipital bristle or Senevet's internal suture bristle) : 
Simple or bifid. 

Antennae: With short or scarcely visible spicules, mainly on the basal 
half; antennary bristle, short and simple, situated about a third of the 
length of the antenna from the base. 

Mentum: With 9 teeth, the two subapical ones, of varying length, 
determining its general shape. 

Thorax 

The prothoracic anterior submedian bristles or " shoulder hairs " are 
poorly developed. The bases of the inner and median bristles are widely 
separated ; that of the inner bristle is without a clearly chitinized tubercle, 
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Palmate bristle (Senevet's metathoracic bristle I) : Represented by a 
short bristle with 2-4 branches. 

Pleural bristles 

Prothoracic: (1) antero-dorsal, strong with numerous ramifications 
that are longer and more bushy at the tip (fig. 8, d, and 9); (2) antero
and postero-ventral, long and simple ; (3) postero-dorsal, equal to half of 
the two preceding bristles, simple, bifid, or with three branches. 

Mesothoracic: (1) antero-dorsal, long and simple; (2) postero
ventral, short and simple ; (3) strong basal spine, c;:urved and pointed 
(fig. 8, e). 

Metathoracic: (1) antero-dorsal, long, strong, and branched; (2) 
antero-ventral, long and simple ; (3) postero-ventral, short, simple, or 
bifid. 

Abdomen 

Palmate bristles 

Segment I: Rudimentary, showing 7-12 lanceolate leaflets without 
differentiated filament. 

Segment II : From 11 to 13 leaflets, more or less differentiated. 

Segments III-VII: Well-developed bristles with 14-18 leaflets of 0.7-
1.2 mm. The leaflets are constricted above the "shoulder" to form a 
filament that may become half as long as the leaflet. Between the filament 
and the shoulder, the edges of the leaflet are often jagged like the teeth 
of a saw (fig. 8, f). · 

Dorsal plates : Moderately developed, with an accessory plate ; on 
segment V, the plate is equal at most to half the distance between the 
bases of the palmate bristles; on segment VI, it is equal to, or slightly 
more than, this distance. 

Bristle of tergite X (" saddle hair ") : Simple. 

Comb of segment VIII : Irregular, with 4-5 long teeth alternating with 
four groups of 1-6 shorter teeth, the latter being more or less ornamented 
with spicules ; the relation between the short and the long teeth varies 
from 3:7 to 3:4 (fig. 8, g). 

Variations 

Coloration 

The colouring of the larvae is subject to great variation. Most com
monly, the young larvae are black and possess a pale collar, which is 
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almost white and very distinct, while the adult larvae are light brown 
or greyish, without obvious ornamentation. MacGregor 237 pointed out 
the pallor of larvae collected from holes in coral rock, and Hopkins 
(quoted by Evans,112 page 307) noted that, in Uganda, he occasionally 
collected specimens of a brick-red colour. We found rust-coloured 
larvae at Bamako in some breeding-places containing a great deal of iron 
and covered with a thin film of oxide. On several occasions in the course 
of our surveys we were able to collect larvae of a light-green colour, and 
we think that, in all these cases, the unusual colouring is due to the nature 
of the food-supply, perhaps to the ingestion of coloured chemical com
ponents with the food particles. 

Melanism 

The question of melanism is more difficult to solve. Gibbins 139 has 
described from Uganda some melanic larvae with a heavily pigmented 
fronto-clypeus, and Jepson, Moutia & Courtois 187 found some melanic 
larvae in Mauritius resembling those described by Gibbins. These workers 
were able to show that there was no correlation between the degree of 
melanism on the one hand, and pH and salinity on the other. Indeed, a 
proportion of 85% melanism was found to exist in breeding-places with 
very different salinities (0.4 and 19.1 g of NaCl per litre); and in two 
breeding-places with an identical pH (8.3), the proportions of melanic 
larvae were, respectively, 85.0% and 14.3%. The authors drew attention to 
the fact that high percentages of melanism were found in breeding-places 
with a high temperature, in the neighbourhood of 400C (104°F). 

Our own observations showed us that melanism was linked neither to 
salinity, nor to pH, nor to temperature. At Grand Bassam (Ivory Coast), 
in two practically identical breeding-places-holes in the sand at the edge 
of a lagoon-with salinities equal to 0.051 and 0.062 g of NaCI per litre, a 
pH of 7.8, and temperatures of 36.8°C (98.2°F) and 37.5°C (99.5°F), we 
found, in December 1948, gambiae larvae of which 4% and 100%, respec
tively, were melanic. 

Near Kokry, in the irrigated territories which are under the jurisdiction 
of the Office du Niger (Sudan), we collected in May 1949 typical gambiae 
larvae, with light-beige colouring, from a borrow-pit (in clay) in which 
the salinity was nil, the pH 6.5, and the temperature 41.2°C (106.2°F). 
On the other hand, at Darsalamy (Upper Volta), in a breeding-place 
where the salinity was nil, the pH 7.0, and the temperature 28°C (82.4°F), 
12% of the larvae we found were melanic. 

Bristles 

The variations pointed out by Evans 112 as affecting the anterior clypeal 
bristles appear to us to be quite individual. While examining several 
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hundred larvae from the Ivory Coast, Guinea, the Upper Volta, Senegal, 
and the Sudan, we were unable to delimit these variations geographically. 

On the other hand, the number of branches of the prothoracic anterior 
submedian bristles, atid the distribution of the short teeth on the comb 
of segment VIII, appear to us to be the result of the following geographical 
variations : · 

Prothoracic bristles (fig. 9). The number of branches on the inner and 
median bristles is higher in specimens collected on the Lower Ivory Coast 
than in those collected in the Upper Volta. On the Ivory Coast, notably 
at Abidjan, Bingerville, and Grand Bassam,, the number of branches on 
the inner bristle varies from 8 to 14, and on the median bristle from 9 to 
12, while in the Upper Volta, at Bobo-Dioulasso, Dedougou, Gaoua, 
and Koudougou, the corresponding numbers of branches are from 4 to 
11 and from 6 to 10, respectively. By working out the average number of 
branches per bristle the following figures are obtained : 

Ivory Coast . 
Upper Volta 

Comb of segment VIII 

Inner bristle 

12 
9 

Median bristle 

10 
7 

We have drawn attention to the clearly marked differences between 
the combs of gambiae from the coast of Senegal and those of gambiae 
from other territories in French West Africa. These differences relate to 
the number of short teeth contained in the groups of these teeth separated 
by 4-5 of the long teeth. 

After having noted the number of teeth in each of these groups and 
arranged the latter in six categories, according to the number of teeth 
(1-6) they contain, we determined the proportion of each category in all 
the groups takentogether. We were thus able to establish that specimens 
from the coast of Senegal show a much higher percentage of groups with 
three teeth, while specimens from other territories possess almost identical 
numbers of groups containing one, two, and three teeth, and few or no 
groups with. six teeth. 

Groups comprising : 

1 tooth 
2 teeth 
3 teeth 
4 teeth 
5 teeth 
6 teeth 

Senegal coast 

12.6% 
15.6% 
40.7% 
15.6% 
9.4% 
6.1% 

Other territories 

29.1% 
21.9% 
28.1% 
12.5% 
7.4% 
1.0% 
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Pupa 
Typical form 

Figure 10 shows the arrangement of the dorsal bristles according to 
Senevet. 343-344 

Spine A 

Segment VIII : About half as long as the segment ; central shaft 
elongated and wavy with six or seven lateral bristles and a terminal bunch 
of two or three bristles. 

Segments VII- V: Thin, curved, with a pointed tip; on segment VII, 
half as long as segment VIII ; on segment VI, equal to two-fifths of segment 
VII; on segment V, equal to one-quarter of segment VI. 

FIG. 10. PUPAE - DORSAL BRISTLES 

R o 

After 5enevet '"• 1" 
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Segment IV: Very much reduced, with a soft tip, equalto one-tenth 
of segment V. 

Segments Ill and II: Reduced to a small soft tubercle. 

Bristle B 

Segments VII-V: About two-thirds of the. segment . following the 
segment of insertion ; simple on segment VII, with three or four wen.:. 
developed branches and, sometimes, one or two slender supplementary 
branches on segments VI and V. 

Segment IV : 3-4. branches. 

Segment Ill : 4-6 branches. 

Bristle C 

Segments VII- V;· As long as, or longer than, the segment ofinsertion ; 
simple. · 

Segment IV: Two~thirds of segment V; 3~4 branches. 

Segment Ill: Two-thirds of segmentiV; 4 branches. 

Segment ll:. Half of segment Ill; 4-6 branches. 

Bristle C' 

Segment VI: Aboutone-quarter of bristle C; simple or bifid. 

Bristle.IV 

Segments VI/and VI: Short; 3 branches. · 

Segment V : Average ; 3-4 branches. 
Segment IV : · 4 long branches. 

Segments Ill and IT: 3-6long branches. 

Bristle Ill 

Segments V!Fand VI : Short ; 2-3 branches. 

Segment V: Long and simple. 

Segment IV : 4-5 rather long branches. 

Segments 111 and II: Stout and long; simple. 

Fins 

On the outer edge, from about the middle to almost the last fifth, 
there are spines becoming longer and more slender, directed towards the 
back where they are gradually replaced by a fringe of fine hairlike setae. 
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Terminal bristle long, curved to form a crook, and pointed. 

Accessory bristle simple, bifurcated or trifurcated ; equal to about 
half the preceding one. 

Respiratory trumpet 

Meatus well developed, wide open, measuring from a third to half 
the length of the trumpet. 

Variations 

Extremely slight; according to Evans,112 they seem to affect only the 
length of certain bristles-particularly bristle C-and spine A. The 
specimens that we examined from various territories of French West Mrica 
were almost all identical. 

The descriptions given by Wesch6 398 and Senevet 343 seem to apply to 
the great majority of pupae. 



CHAPTER 4 

BIOLOGY OF THE EARLY STAGES 

La"al Breeding-Places 

Critical study of data from different workers-Diversity of breeding-places 

Many investigations into the larval breeding-places of A. gambiae 
have been made throughout the areas of its distribution range, particularly 
in the following countries : 

Anglo-Egyptian Sudan . . 
Belgian Congo (Stanleyville) 
Brazil . 
Egypt ... 
Gabon 
Ivory Coast 
Kenya. 

Liberia 
Madagascar 
Mauritius . 
Mozambique . 
Northern Rhodesia 
Nyasaland .. 
Sierra Leone . 

Somaliland . . 
Southern Rhodesia 
Tanganyika 
Uganda ..... 

Union of South Africa 

Bedford 24 (1936) 
Vincke & Parent 395 (1944) 
Barber 13 (1940), Shannon & de Andrade 347 (1940) 
Shousha 348 (1948) 
Galliard 123 (1932) 
Bernet 28 (1948-50) 
Syines 367 (1932), Wiseman, Symes, McMahon & 

Teesdale 408 (1939), Symes 368 (1940-1) 
Barber, Rice & Brown 17 (1932) 
Monier 257 (1937), Doucet 97 (1949) 
Kirk 199 (1937), Jepson, Moutia & Courtois 187 (1947) 
De Meillon 89 (1941) 
De Meilfon 86 (1937) 
Lamborn 202 (1925) 
Blacklock & Evans 31 (1926), Muirhead-Thomson 259 

(1945) 
Bagster Wilson & Notley 406 (1943) 
Leeson 211 (1931) 
Bagster Wilson 401 (1936) 
Hancock 157 (1934), Haddow, Gillett & Highton 154 

(1947) 
Ingram & De Meillon 182 (1927-9) 

The extraordinary diversity of the breeding-places described caused 
Symes to write : 

"A list of the types of water and conditions under which A. gambiae breeds or 
may breed would occupy some considerable space. It is easier perhaps to define types 
of water in which it will not breed. These are briefly :-

(1) Heavily shaded water. 

(2) Fast running water. 

(3) Very 'dirty' water such as one finds in some partially dried up pools during 
August and September. 

(4) Very alkaline and/or polluted water".868 (Page 445) 

-52-
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This is a general definition which seems to us preferable to that given 
by Evans,112 who stated that, throughout most of its range, A. gambiae 
was characteristically a "small-pool breeder", its breeding-places being 
almost always exposed, at least partially, to direct sunlight. 

In fact, although one very often finds gambiae larvae in small natural 
pools that are partly or completely exposed to the sun, one frequently 
finds them in breeding-places that are totally different, that are, as 
Schoeman recorded,332 "quite contrary to the well-known textbook 
breeding-places ". b 

Thus, Hopkins 170 showed that, in Uganda, larvae were present in 
ponds in grassy swamps, several hundreds of metres from the edge ; 
Melville, Bagster Wilson, Glasgow & Hocking,252 at Gota (Ethiopia), 
1,080 m (3,540 feet) above sea-level, made collections in running water in 
the backwaters of streams ; in Brazil, where gambiae breeds typically in 
small sunlit puddles, Causey, Penido & Deane 62 mentioned that gambiae 
was found in wells filled with algae, in grassy swamps and, once, in an 
irrigation ditch covered with Pistia stratiotes. Sice & Vaucel 352 have given 
the relative incidence of various types of anopheline breeding-places in the 
neighbourhood of native villages at Brazzaville : 

Stagnant water . . . . . 
Marshes ....... . 
European dwellings 
Unknown breeding-places . 

Number of breeding-places 

10 
6 
2 
5 

The analysis of more than 3,000 pools showed us what we have 
emphasized elsewhere,U4 namely, that for gambiae preferential breeding
places do not exist. In order to facilitate the presentation of the results 
of our observations we have classified the breeding-places into a certain 
number of types : 

Small puddles of stagnant water, which may be either rain-puddles or 
residual puddles in the beds of rivers and streams, exposed to the sun 
and without vegetation. 

Stagnant ponds and pools of clear water, partly sunlit, with abundant 
vegetation. 

Ponds and pools covered with Pistia stratiotes. 

Cultivated rice-fields. 

Drains and ditches, with stagnant water, muddy ; borrow-pits m 
" banco " ; c ruts. 

b " ••• absolument contraire aux gites bien connus des traites ". 
c " Banco " is a clay soil used in the form of unbaked bricks for the construction of 

native huts and, sometimes, of European dwellings; it is usually mixed with straw for extra 
strength. 
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Grassy swamps covered with vegetation. 

Wells. 

Records of gambiae from each type of breeding-place give us the 
following figures : 

Number of Number of 

breeding- positive 
% 

places breeding-
places 

Small puddles of stagnant water . 930 480 51.6 
Ponds and pools of clear water 504 322 63.9 
Pools containing Pistia 85 29 34.1 
Rice-fields 47 11 23.4 
Drains and ditches 427 358 83.8 
Grassy swamps . 480 233 48.5 
Wells 1,214 132 10.9 

It is therefore clear that it is difficult to attribute a definite type of 
breeding-place to gambiae and that this anopheline is likely to breed in 
almost any water that happens to be available ; admittedly, it can be 
said to show a. slight preference· for· small sunlit pools; but it does not 
follow that these represent the characteristic breedingcplace of this mosquito. 

The figures given by Monier in 1937 for Madagascar, reproduced 
below, emphasize this aspect more clearly and show that gambiae develops 
perfectly well in conditions far· removed from those considered to be 
" classical ''. 

Cultivated rice-fields . . . . 
Uncultivated rice-fields . . 
Drains with running water . 

.·Streams and rivers (running water) . 
Srn:all puddles· (stagnant water) . 
Ponds and stagnant pools 
Domestic. breeding~places · 

Exceptional breeding:..places 

"Percentage of infested breeding-places 
Ivato Tananarive 

district district 

20.0 47.0 
4.2 7.8 

10.0 6.6 
0.0 0.0 
6.6 14.0 
3.0 6.1 
0.0 0.0 

_A. gambiae's ability to make use of a very great variety of breeding
places entails discovering places where eggs are laid exceptionally ; such 
places are worth pointing out, in spite of their being unusual, since they 
constituiefoci of anopheline development which must be taken into account 
in the· course of an antimalarial campaign directed against the larval 
instars. · · 

Thus larvae have been found in holes of rocks (Hermitte 164), in holes 
of coral rocks (Aders; 5 Wiseman, Symes, McMahon: & Teesdale 408), 
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in holes in trees (Macfie & Ingram; 235 Dunn; 101 Bagster Wilson 4°1), 

in the stumps of banana-trees (Garnham 126), and in the axils of the leaves 
of banana-trees (Bagster Wilson 401). At Accra (Gold Coast), Dalziel 74 

found that 7.3% of the mosquitos collected from the holes of crabs were 
gambiae, and Dunn 101 obtained 26 gambiae out of 4,536 mosquitos reared 
from larvae and pupae collected from such holes at Lagos. In the same 
locality, Bruce-Chwatt & Fitz-John 55 found, in the rainy season, 4 crab 
holes, out of 150, each sheltering an average of 20-25 larvae. Garnham 126 

pointed out that the larvae were present in the foul water of a latrine 
trench, and· Blacklock & Evans 31 and Aders 3 found them in water thick 
with putrefying material. The extreme case of an exceptional breeding
place seems to be that described by De Meillon, 88 who, at Mozambique, 
discovered larvae in stored rain-water, in complete darkness, in two 
large, subterranean cisterns, closed and concreted. 

De Meillon 88 attributes the presence of gambiae in these unusual 
situations to two factors: (1) the absence of other breeding-places, and he 
then gives the example of larvae found in wells (vre shall revert to this 
later); and (2) an overflow from the habitual breeding-places due to over
crowding in them-an overflow which would explain the presence of 
gambiae in heavily shaded waters (Causey, Deane & Deane,60 in Brazil), 
in swamps (Vincke & Parent,395 at Stanleyville), and on submerged islands 
covered with vegetation (Parent & Demoulin, 2i 4 at Yanganbi, Belgian 
Congo). Although, in some particular cases, it is possible to advance the 
latter hypothesis, we do not think that it provides an adequate explanation 
of the presence of larvae and pupae of gambiae in some of these breeding
places, We were able to show on several occasions that gambiae was 
present in unusual breeding-places near those that were perfectly classical ; 

·thus, at Bouake (Ivory Coast), in December 1948, we collected a large 
number of the first instars of this anopheline from stretches of water which 
was entirely covered with duckweed, and which was being used for watering 
the house plots of the inhabitants, while a few metres away some borrow
pits gave us a smaller collection. This seems to point to the conclusion 
that, unless the available breeding-place possesses some physicochemical 
characteristic unsuitable for larval development, gambiae is capable of 
depositing its eggs in any sort of water. Vole, ourselves, found it in unusual 
situations, but in sufficient numbers to rule out Hopkins' hypothesis 
(quoted by Evans,112 page 314) that the presence of larvae under such 
conditions is due to the accidental deposition of an egg by a resting female. 
For example, the larvae were found in a flush at Abidjan (Ivory Coast) in 
December 1948; in the cracks of the trunks of silk-cotton trees (Joyeux 190 

also made the same observation in Guinea) and in those of ftcus on the 
outskirts of Bobo-Dioulasso in 1949; in the hollow trunks of fallen trees 
at Dubreka (Guinea) in October 1949; in the troughs of a deserted pigsty, 



56 BIOLOGY OF ANOPHELES GAMBIAE 

near Sikasso (Sudan), in April 1949; and in holes in sandstone rocks in 
the bush between Bobo-Dioulasso and Sikasso in April1949. 

Breeding-places created by man 

In studying gambiae breeding-places, an essential fact on which ento
mologists are agreed should be borne in mind-namely, that the pullulation 
of this anopheles is closely bound up with human activity. This pullulation 
produces a high degree of malarial endemicity, so that the increase in the 
incidence of malaria in a locality or region is often directly correlated with 
an intensive development of agricultural work or, quite simply, with an 
increase in the population for one reason or another. 

King 196 divided the types of anopheline breeding-places created by 
man into two general categories : 

(1) collections of water which are caused by carelessness, indifference, 
or ignorance and which could be prevented ; 

(2) collections of water which inevitably result from agricultural work 
or from other human needs. 

Causey, Deane & Deane 60 put forward the suggestion that the inva
sion of Brazil by A. gambiae was facilitated by the fact that most of the 
breeding-places where it could develop were those resulting from human 
activity. Anderson,6 for his part, has pointed out the fundamental impor
tance of such breeding-places in Nigeria. As early as 1906, Le Moal,224 
studying the succession of breeding-places at Conakry (French Guinea), 
showed that those created by man were the principal factors in anopheline 
pullulation; indeed, gambiae were found in the breeding-places given 
below. 

(1) All the year round: wells, ornamental ponds in town gardens. 

(2) During the rainy season : hollows in trees and rocks, empty 
unused receptacles. 

(3) At the beginning and end of the rainy season : constructions for 
water drainage (culverts, drains, gutters). 

(4) During the period of heavy rainfall (July to September): natural 
or artificial depressions in the soil (marshes, holes in the street, ditches). 

One can include in King's first category artificial domestic containers 
(Joyeux 190), barrels (Graham 145), cement tanks, andjars(Wiseman, Symes, 
McMahon & Teesdale 408)-although Ingram & De Meillon 82 have pointed 
out that gambiae is rarely found in artificial containers such as earthenware 
jars. Larvae have been found in the hollows of artificial rockeries at 
Freetown, Sierra Leone (Stephens & Christophers 356) ; in the eaves of a 
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house (Le Moal 223); in canaris (native jars made ofterracotta) at St. Louis, 
Senegal (d'Anfreville 'l); in water-towers, cisterns, and reservoirs in the Sahel 
(Sautet 327); and in canaris, ornamental ponds, and holes resulting from the 
removal of ochreous earth used for mural decoration (Sautet, Ranque, 
Vuillet & Vuillet 331). We have collected eggs, larvae, and pupae princi
pally from canaris, domestic vessels, empty tins, and scrap-iron heaps, 
and, on one occasion, from a canari containing indigo dye. All these 
breeding-places are easily controlled and their disappearance depends as 
much on the goodwill of the population as on the proper functioning of 
the local health service. 

King's second category is much more interesting for it concerns, in 
short, the whole economic development of a given region, and we shall 
consider several aspects of the increase in the number of gambiae breeding
places as a result of the work of man. 

One of the most important aspects is undoubtedly the increasing extent 
to which rice is being cultivated over vast stretches of territory in Mrica. 
Malaria epidemics due to rice-growing have been described many times 
in America, China, Indonesia, Italy, Portugal, Spain, and, in spite of its 
comparatively recent introduction there, Mrica. 

As long ago as 1918, Legendre 217 drew attention to the cultivated rice
fields near Tananarive (Madagascar), and mentioned the presence of 
numerous larvae in the terraced fields as well as on the plains irrigated 
by canals. In 1925, Couvy 73 wrote: "As far as the establishment of 
anopheline breeding-places is concerned, one can claim, without contra
diction, that man has been the principal agent of this scourge." a His 
work in Madagascar led him to conclude that the rice-fields constituted 
one of the chief causes of ill-health. In 1937, Monier 257 established the 
fact that rice-fields counted among the chief factors of the pullulation of 
anopheles and that cultivated, rather than uncultivated, rice-fields 
harboured a very large number of gambiae larvae. More recently, Doucet 97 

indicted the rice-fields of harbouring in a similar manner all the anopheline 
species of the island. 

Grainger 146 reported that considerable numbers of gambiae were present 
in a rice-field near Kisumu (Kenya), and De Meillon 89 made similar obser
vations at Mozambique. In Gambia (Cape St. Mary and Bakau), Bruce
Chwatt 51 noted the decrease in the number of larvae at the end of the grow
ing season ; Sautet 327 had noticed this phenomenon of the depletion of the 
larvae in fields where the rice was tall, and thought that the eggs of gambiae 
were drawn by capillarity on to the surface of the stems where they dried 
up. Making the same observation, Russell & Rao 322 concluded that the 

d " En ce qui concerne la constitution des gites a anopheles, on peut pretendre, sans 
paradoxe, que l'homme a ete le principal artisan du fleau. " 
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disappearance of A. culieifacies after ·the plants had reached a certain 
height could be explained by the fact that these plants formed a barrier 
against the insects during their oviposition flight, and thus prevented the 
eggs from being deposited. However, observations made by Muirhead
Thomson 259 in Sierra Leone seem to show that this is not the case with 
gambiae. We were able to examine a certain number ofricecfields at dif
ferent times of the year and to follow the development of this anopheline 
while the rice was growing. We observed a decrease in the number of 
gambiae larvaeat the end ofthe growing period, shortly before the harvest, 
but in every case this decrease was accompanied by an increase in the 
number of larvae of other anopheles-principally, A. pharoensis and A. squa
mosus, and often A. funestus and A. rujipes. One cannot therefore con
sider that what would act as a barrier against gambiae would not do so 
for other species .. On the other hand, at the end of the growing period 
there is a very marked increase in the number of gambiae in the canals 
irrigating the rice-fields and the pools surrounding them. In these cir
cumstances it is difficult to believe that the growth of the rice produces 
a reduction, even temporarily, in the number of gambiae. 

Indeed, on the contrary, it can be affirmed that, wherever rice-growing 
has been undertaken, gambiae has developed. A typical example is that 
of the irrigated territories under the. jurisdiction of the Office du . Niger 
where, in the rainy season, the average anopheliue density (female only) 
per hut may reach 765 (October 1952), gambiae accounting for 92% of the 
anopheline fauna. ·If the cultivation of these areas has not been followed 
by malaria epidemics, or even by an important increase in the degree of 
endemicity, the reason is that strict, although still clearly inadequate, 
medical control has been instituted. However, this was not the case in 
some districts we visited where rice-growing, essentially a family affair, has 
been accompanied by an increase in the number of cases of malaria, the 
growth ofthe gambiae population not having led to any attempt to combat it. 

Rite~growing is not the only cause ; in general, one finds gambiae 
larvae in all cultivated fields, drains, and irrigation canals. We have 
pointed out that gambiae is present at Bamako (Sudan) in cultivated fields 
developed in the low-lying areas along the banks of the Niger.173 Wherever 
agriculture or gardening results in the stagnation of water for a sufficient 
length of time for the development of the larvae and pupae, gambiae is 
present. Hancock 157 showed that it was the utilization of the marsh at 
Namanve, near Kampala (Uganda), that provoked the appearance of 
gambiae which had previously been absent. 

Mulligan & Afridi266 have exposed the danger resulting in India 
from large-scale public works (buildings, roads, railways, dams, land 
reclamation, etc.); the problem is the same in Africa. The presence of 
gambiae has been observed in Decauville tip-trucks (Le Moal 223 at Abidjan ; 
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Sautet, Ranque, Vuillet & Vuillet 331 in Mauritania), and in the installa
tions for experimental fish-breeding in Northern Rhodesia (Pielou 277). We 
collected larvae and pupae from borrow-pits resulting from the con
struction of roads and dykes (in the Markala district, at Sansanding and 
Kokry,in the Sudan, and at Grand Bassam on the Ivory Coast); in ditches 
and conduits in big centres (Abidjan, Bamako, and Ouagadougou); in 
the chassis of cars (at Abidjan); and in lighters, pinnaces, and dinghies 
under construction or rotting away (at Segou and Mopti, on the Niger). 
An important breeding-place for gambiae is provided by badly planned or 
poorly constructed drainage-works, such as those we noted at Bamako. 

On the Lower Ivory Coast, a rather special problem, caused by man's 
unintentional creation of certain gambiae breeding-places, exists-that of 
logs of wood stacked in the open. The timber from various kinds of trees 
felled and sawn in the forest to the north of Abidjan is assembled in rafts 
on the rivers debauching into the Gulf of Guinea, especially on the most 
important of them, the Comoe. The rafts are floated down to Grand 
Bassam where the timber is shipped from the wharf on to cargo-boats. 
However, between their arrival at Grand Bassam and their departure on 
cargo, the timber is stacked in the open air on the land bordering the 
lagoon, sometimes for quite a long time. Rain pours on the logs and 
causes shallow pools to form on the ground bet\veen them ; gambiae 
swarms in these pools, which are completely or almost completely in the 
shade. 

One type of breeding-place which is closely associated with the presence 
of man, and which is very often unavoidable, must be borne in mind by 
malaria workers in every built-up area-namely, wells. This has been 
known for a long time, but does not seem to ha Ye been regarded as seriously 
as it deserves. Le Moal, 223 in 1906, found larvae in wells at Conakry, 
GrandBassam, and Bamako, as did Leger 220 at Dakar, and Legendre 218 in 

. several places in the Upper Volta. Patton 275 mentioned the presence of gam
biae iri deep wells at Aden, and De 11eillon 88 made a similar observation at 
Mozambique. At Accra (Gold Coast), Dalziel 74 found that 13 .2% of the wells 
contained gambiae but, on the other hand, Wiseman, Symes, McMahon 
& Teesdale 408 collected this anopheline in only 18 of the 1,242 wells 
they examined, that is, in 1.4%. Phipps 276 pointed out that, in Tanganyika, 
gambiae is the species most often found in wells (other species found are 
funestus and coustmzi), and Lovett 231 wrote that, in most districts of British 
Somaliland, wells are, for the greater part of the year, the only larval 
breeding-places. We noted earlier (page 55) that De Meillon thought that 
the presence of gambiae in deep wells was due to the absence of any other 
breeding-place.90 This \Vas probably so in the cases reported by Patton 275 

and De Meillon, 88 but our own observations in \Vest Mrica led us to 
view the .problem quite differently. 
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One finds wells nearly everywhere in Africa. They are dug straight 
out of the soil, are uncovered, and are sometimes surrounded by a small 
mound. In the coastal regions they are not very deep because the proximity 
of the water-table makes it easy to sink and supply them, but in the savan
nas the phreatic table is often very deep and difficult to reach, and wells 
there are sometimes as much as 20 m (66 feet) deep. Each compound 
possesses its own well ; Le Gac, Seite & Combescot de Marsaguet 213 were 
able to count more than 2,000 at Ouagadougou, half of which contained 
larvae. A large number of wells does not necessarily mean that they are 
the only source of water in a locality, but in the Upper Volta, and in the 
Sudan, it is generally the servants and people of the lower classes who 
draw water from the marigots, and the head of the family establishes his 
social position by owning a well in his compound. 

During the dry season, the wells remain practically the only source of 
water in whichgambiaecan deposit its eggs, and for this reason, at Tiogo, 
Batie, and Darsalamy, we could account for considerable collections of 
adults, since large numbers of larvae and pupae were present in the wells. 
At Tiogo, for instance, in February 1949, gambiae larvae and pupae were 
present in 7 out of 19 wells visited, that is, in 36.8%, and, of these 7 wells, 
4 also contained A. rufipes; in November of the same year, many larvae 
were collected in the marigot, which had been dry during our earlier visit, 
and 3 wells out of 11 (that is, 27.3%) contained gambiae. In this case, 
the wells were still frequented, although more easily accessible breeding
places were available to the anopheline. We were able to make identical 
observations at Ouagadougou during the rainy season of 1949, when we 
captured the early stages of gambiae in wells close to a vast expanse of 
dam-water from which we made large collections. 

Altogether, during our surveys in both dry and wet seasons, 1,214 wells 
were visited, and of these 132 (10.9%) harboured gambiae. In 19 instances, 
A. gambiae was present with A. rufipes, and in 37 with A. nili. More 
recently (1952), in the course of our investigations in the Sudan during the 
dry season, we were able to collect numerous gambiae. It was most often 
associated with A. rufipes, and once with A.funestus and Toxorhynchites sp. 

The utilization of wells leads to the formation of breeding-places other 
than the wells themselves. The soil round them is trampled and the foot
prints fill up with rain-water or with the water spilt from the buckets drawn 
from the wells ; the presence of cattle or pigs in the compound increases 
the number of footprints and brings about the formation of a zone of 
little pools favourable to the development of gambiae. This type of 
breeding-place also occurs on the edge of marigots or stretches of water 
frequented by man or animals. 

The drying-up of a well, or other reasons such as soil sterility (due to 
excessive burning of the bush, to a too sudden deforestation, or to faulty 
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methods of native cultivation), leads whole families to emigrate to new 
sources of water or to virgin land that they can break in. Their first task 
is the construction of huts, for which bricks are made out of puddle 
clay; thus, borrow-pits are formed which are sometimes vast, but, as a 
rule, measure 2-3 m (6Y2-10 feet) in diameter. These pits fill with water, 
either by infiltration or from the first rains, and then form breeding
places very rich in gambiae. Thus, in March 1949, at Abengourou (Ivory 
Coast), we found thousands of larvae and pupae in borrow-pits in a newly 
developed quarter of the town. This pullulation was accompanied by 
a high density of anophelines in the neighbouring dwellings, that is, 
8.7 gambiae per hut. We are able to state that we found borrow-pits 
colonized by gambiae in all the localities we visited ; however, gambiae did 
not occur in pits with an old growth of Pistia stratiotes nor in those 
marked by a layer of limonite on the surface of the soil-pits with 
shallow water forming breeding-places comparable to those described 
by Wolfs 409 for Coquilhatville (Belgian Congo). Bruce-Chwatt 50 has 
shown that, in northern Nigeria, the anopheline population of borrow
pits varies from the dry to the rainy season ; he found that, in the dry 
season, both gambiae and funestus were present with gambiae markedly 
dominant, and that, in the rainy season, the ratio of gambiae to funestus 
diminished, and pharoensis and coustani arrived to complete the fauna. 

This type of breeding-place can be compared with a rather local 
breeding-place, described by Schwetz & Baumann, 338 formed by the 
holes and trenches dug in the fiats in valleys where alluvial gold is worked 
near Mongbwalu (Belgian Congo). 

Physical and chemical conditions of the breeding-places 

Attempts have been made in various countries to classify the larval 
breeding-places of anophelines on the basis of the physico-chemical 
(Beattie 22) or chemical (Rudolfs & Lackey; 321 Unti 3M, 385) constitution 
of the water, or according to the characteristics of their flora (Hess 
& Hall 165) or of their microfiora (Frohne 121). No interesting results 
seem to have been achieved along these lines. 

In Africa, the physical conditions and, to a lesser degree, the chemical 
conditions prevailing in the breeding-places of A. gambiae have been 
relatively well studied. 

In the Gold Coast, Pomeroy 282 found A. gambiae in water with a pH 
varying from 4.0 to 8.5 and has proved that, under experimental con
ditions, this species prefers water in which the established pH is between 
4.0 and 7 .8, or markedly alkaline water with a pH of 10.0. For 
Nairobi (Kenya), Symes 367 has given limits of 7.2 and 8 .4, with an average 
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of 7.6, while in Uganda, Hancock 156 and Gibbins 139 have produced 
figures of 5.6 to 7.1, and 6.0 to 7 .2, respectively. In the district of Muheza 
(Tanganyika), Phipps 276 recorded a range of 6.9 to 7.7. Hancock emphasizes 
that gambiae seems to avoid the more acid waters when acidity is accom
panied by a high percentage of organic matter. Jepson, Moutia & Cour~ 
tois,187 in Mauritius, recorded pH readings of 7.0 to 8.6, and thought 
that the neutrality or slight acidity of the. water would explain the absence 
of gambiae ih certain zones. In the Cape Verde Islands, da Cruz Fer
reira 117 was of the • opinion that the optimum pH was in· the neighbour
hood of 8;0-8.5. 

We ourselves have found gambiae in water with a pH varying from 
5.8 to 9.0. We noted that the smallest numbers of larvae and pupae were 

. collected from acid water and that the optimum pH was in the region 
of 7.8. 

Temperature 

Very varied figures have been given for the temperature of the water 
in the breeding-places. In the district of Trans-Nzoia (Kenya), Symes 367 

found temperatures ranging from 17.4°C to 23.5°C (63.3° Fto 74.3°F). At 
Madagascar, Monier 257 noted averages of l5°-l8°C (59°-64.4°F) and 
Doucet 97 those of 2l0-29°C (69.8°-84.2°F). In Tanganyika, Phipps gives 
figures of 23°-29°C {73.4°-84.2°F), noting extremes of 37.5°-39°C (99.5°-
102,20F). The maximum temperature at which gambiae can survive un
harmed was established by Jepson et al.,187 who gave the figure of 41 °C 
(105.8°F). On the other hand, the lowest limit in nature has not been 
mentioned; Leeson 211 has pointed out that, in Southern Rhodesia, 
gambiae disappeared when the air temperature (absolute minimum) fell 
below 4.4°C (39.9°F). 

It is difficult for us to draw conclusions from the temperature measure
ments we made. In the aggregate the recorded temperatures lay between 
20°C imd 30°C (68°F and 86°F) and since, even during the same season, 
these measurements varied greatly from one breeding~place to another 
and, in a given breeding-place, at different times of the day, it was not 
possible to determine the optimum temperature for gambiae. The only 
o)Jservation which we found interesting was the discovery near Kokry 
(Sudan) during the dry season (May 1949} of larvae and pupae in shallow 
excavated pools with temperatures varying between 40.5°C and 41.8°C 
(104.9°F a:nd 107.2°F). 

Organic-matter content 

Swellengrebel, Annecke & De Meillon,362 Hopkins, 176, 177 and Ran
cock 157 pointed out the absence of gambiae from pools with a high percentage 
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of organic matter. Tbis observation has been utilized by some workers 
as a " natural " control method for preventing the development of the 
anopheles. Hancock,156 in 1930, and Hopkins, 176 in 1933, checked the 
development of gambiae by adding grass cuttings or night-soil to the water 
of the breeding-places, but Harvey & Symes,159 studying the amount 
of oxygen in natural waters in Kenya, showed that no correlation 
existed between a bigh percentage of organic matter and the absence of 
larvae. 

The non-existence of any connexion between the physical and chemical 
characteristics of the breeding-places and the presence of gambiae means, 
a priori, that any classification based on these characteristics would be 
an arbitrary one, and therefore no attempt has been made to classify the 
breeding~places of anopheles according to differences of pH or of tem
perature. 

Classification of the breeding-places by various workers 

Two workers have tried to deal systematically with the anopheline 
breeding-places on the basis of either their site or their external charac
teristics. 

Schwetz,335 from bis work in the Congo, classified these breeding
places into five categories : 

(1) Artificial breeding-places : various utensils. 

(2) Natural breeding-places : breeding-places in water that is stagnant 
but clear, readily renewed, and more or less in the shade (the edges of 
lakes, pools, large swamps, and even rivers and streams). 

(3) Semi-natural breeding-places : collections of stagnant water on the 
ground as in (2), but not readily renewed (as with artificial breeding
places) and hence turbid, and sometimes even more or less polluted (old 
brick-works, clay holes, gutters, ruts). 

(4) Special breeding-places: principally the leaves of fallen trees, and 
holes in trees. 

(5) Natural breeding-places, as under (2), but rich in aquatic plants 
(papyrus, Pistia species, water-lilies, convolvulus, etc.). 

According to Schwetz, A. gambiae is collected in breeding-places (1), 
(2), and, chiefly, (3). The breeding-places in class (5) harbour only the 
Taeniorhynchus-Mansonioides group, and, among the anopheles, mainly 
A. pharoensis and A. squama sus. 
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We do not feel that this classification should be adopted when 
anti-anopheline measures are being carried out, for the following reasons: 

(a) Gambiae is very often found in the breeding-places in class (5), 
particularly when the pools have been invaded by Pistia stratiotes. The 
same measures of control of the early stages will probably be utilized in 
breeding-places {2) and (5). 

(b) Once the semi-natural breeding-places in class {3) have been 
invaded by plants (most often Pistia or Ceratophyllia, in the case of holes 
in clay or. borrow-pits), they no longer fit into any of the categories given. 

(c) The special breeding-places in class (4) often harbour gambiae, as 
we have already seen. 

Bernet,28 studying the anopheline breeding-places in the Ivory Coast, 
has produced a classification which takes their origin into account and 
attaches considerable importance to those for which man is responsible. 

(1) Domestic breeding-places: "breeding-places situated inside, or 
immediately outside, the compound'' (scrap-iron heaps, discarded con
tainers, cement basins, water-tanks, holes in trees, wells, footprints, and 
puddles). 

(2) Breeding-places resulting from man's activity : " man's activity 
is the cause of their origin and of their development at present as well as 
in the future ; the basis of their formation is the ground" (terracing, 
agricultural work, roads, ditches). 

(3) Artificial breeding-places of civilization : " the basis of their for
mation is a material worked by man : wood, iron, and particularly 
cement" (boats, barges, structures for the drainage and discharge of 
water, street-fountains, leakages from water-mains, wells common to 
several compounds). 

( 4) Natural breeding-places : " developing naturally without man's 
intervention, to which, however ,there should be added those created by 
man through work carried out in these breeding-places ". They are sub
divided into. the following groups : 

(a) breeding-places caused by rain-water {breeding-places in 
lateritic shields, hollows in rocks, leaf axils, coco-nuts, marshes formed 
by streams) ; 

(b) breeding-places caused by subterranean water (springs, streams, 
and marshes formed from springs, seepage areas in which Pistia 
stratiotes is growing). 

(c) breeding-places due to work carried out in existing natural 
breeding-places (market-gardening, rice-fields, watercress beds, drains, 
and irrigation canals in these breeding-places). 
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Although this classification is interesting because of the fact that the 
role played by man in the establishment of breeding-places is regarded 
as of primary importance, it nevertheless appears to us to be considerably 
confused. Categories (1), (2), and (3), as well as group (c) of category (4), 
are characterized by the presence of man. In our opinion, there is no 
difference between the results of agricultural work carried out in a 
previously dry soil and in a pre-existing breeding-place. In the first case, 
gambiae will be introduced into a place where anopheles did not exist ; 
in the second, the modification of the breeding-place by cultivation will 
involve the modification of the anopheline fauna, and gambiae will then 
predominate over the other species. 

On the other hand, the wells in the compounds constitute the same 
type of breeding-place as the village wells, which are common to several 
compounds and are situated within or outside a village. It is arbitrary to 
make a distinction between these two kinds of water-supply. The same 
applies to holes in trees or the axils of leaves which show the same charac
teristics in both the compound and the bush. 

In our opinion, the important objection that can be raised against 
this classification is that it does not take into account one essential differ
ence in the nature of breeding-places-the presence or absence of vegeta
tion, an essential factor in the composition of the anopheline fauna. 

Proposed classification 

We have suggested a classification based on the presence or absence 
of vegetation in breeding-places, emphasizing the differences in the ano
pheline fauna that can be found in either case.172 The quantity of organic 
matter of plant origin in an acid medium, calculated for several hundred 
breeding-places, enables us to support our first line of argument and to 
classify the breeding-places of A. gambiae into two main categories : 

(1) " Organic" breeding-places : Breeding-places in which a part or 
the whole of the surface is covered with vertical or horizontal vegetation, 
or with a mixture of both. In most cases, even at times in the absence of 
horizontal or vertical vegetation, they give cover to a submerged flora 
of algae, mosses, etc. The proportion of organic matter, after filtration, 
expressed in milligrams of oxygen per litre, exceeds 1.25. A. gambiae, 
which is rarely the only anopheline species present, is associated chiefly 
with A.funestus, A. pharoensis, A. coustani, A. squamosus, and A. rufipes. 

(2) " Inorganic " breeding-places : Breeding-places characterized by the 
absence of all vegetation, either living or decomposing. The proportion 
of organic matter is less than 1.25 mg of oxygen per litre. A. gambiae is 
almost the only anopheline present; sometimes, however, A. rufipes or 
A . nili also occur. 
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Both kinds of breeding-places are to be found in and about towns and 
villages as well as in the bush. It must, however, be pointed out that 
organic breeding-places are much less common in built-up areas, since 
the water requirements of the inhabitants lead them to keep the pools they 
use free from all plant growth. On the other hand, the bringing into cultiva
tion of marshy ground in the vicinity of built-up areas alters the nature 
of the breeding~places by clearing and drainage. 

In Chapter 7 (page 122) we shall discuss the value of this classification 
of larval breeding-places for differentiating the zoophilic and anthropo
philic races of gambiae. 

Egg~ Adult • Life~Cycle · 

Duration of the life-cycle according to various workers 

The duration of the life-cycle from the egg to the adult in A. gambiae 
has been the subject of numerous observations because of the importance 
of having an exact estimate when establishing the rhythm of operations 
in an antilarval campaign. 

If one admits that, in general, the average duration of the life-cycle is 
from 7 to 10 days, it must be recognized that the results set forth by the 
majority of workers show great differences owing to the diverse conditions 
under which the experiments or observations have been made. The shortest 
duration was recorded by Causey, Deane & Deane,60 in Brazil, who gave 
a time of4 days; 22 hours for the larval period, and 19 hours for the pupal 
period; the longest is probably that observed by Symes368 at Nairobi-
33 days from egg to adult. Between these two extremes, very many other 
figures have been advanced, most of which are difficult to interpret 
correctly since the conditions:-:-such as, for instance, temperature-under 
which they were obtained are unknown .. MacGregor 237 gives an 
average duration. of • about 15. days in favourable Circumstances,· while 
Barber & Olinger 15 indicate one of 7~8 days at Lagos. In Kenya, accord
ing to Symes,368who worked on observations made from 1935 to 1938, 
the average length of the developmental period in gambiae was 18 days, 
the minimum 12 days (March 1935), and the maxirimm 33 days (May-June 
1938). Garnham 129 found that thelife-cycle, which was 11 days a:tKisumu, 
increased with altitude and at 1,950 m (6,400 feet) lasted· for· 20 days in 
May, 24 days from June to August, and 27 days in September. Phipps,276 

in Tanganyika, gives figures of 7-11 days in the field. In Brazil, Causey 
Deane & Deane 60 showed that the cycle from egg to pupa could last from 
7 to 27 days, and the pupal instar from 19 hours to 5 days. 
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Personal observations in the laboratory and in the field 

We conducted a certain number of experiments in order to study the 
life-cycle of A. gambiae in the laboratory on the one hand and in the field 
on the other, using the technique described on pages 24-26. The results 
of these experiments are given in table Il. 

TABLE 11. DURATION (DAYS) OF THE VARIOUS STAGES 
OF THE EGG·ADUL T LIFE-CYCLE IN THE FIELD AND IN THE LABORATORY 

Oviposition-
hatching Larval stage Pupal stage Complete cycle 

Batch No. 
I Labora-Field I Labora- Field Field I Labora- Field I Labora-

tory I tory tory tory 

53 1 I 1 6 9 1 
I 

1 8 11 
34 b 1 1 8 11 1 2 10 14 
49 b 1 1 8 14 1 1 10 16 
ss~c 1 1 11 13 1 2 13 16 
51 a 1 1 13 19 2 2 16 22 

Mean . . . . . . . . . . . . . . . . . . . . . 11.4 15.8 

The eggs used came from females reared in the laboratory, and the 
water used in the study of the life-cycle in the laboratory was collected 
from the same breeding-place in which development had to take place in 
the field. 

We could see constant differences between the two sets of experiments 
which could be attributed to nychthemeral variations in the temperature 
of the laboratory which produced conditions unfavourable for rearing, 
and to the more rapid rate of evaporation which modified the proportion 
of organic matter in the water. 

These figures differ little from those given by da Cruz Ferreira : 117 

Oviposition-hatching . . 
Larval stage . . . . . 
Pupal stage . . . . . 
Duration of the cycle . 
Mean ....... . 

In the 
field 

(days) 

2 
6-10 
1-2 
9-14 
11.5 

In the 
laboratory 

(days) 

2-3 
11-13 

2 
15-18 
16.5 

This author is also of the opinion that temperature variations inter
vene to slow down the life-cycle in the laboratory, but he supposes that, in 
natural breeding-places, the amount of sunlight is a factor to be taken 
into account, an opinion shared by Evans.112 However, the amount of 
sunlight on a breeding-place ultimately involves temperature variations in 
the water. 
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Influence of temperature 

It appeared to us, then, that it would be interesting to measure the 
duration of the egg-adult life-cycle as a function of the temperature of the 
water. To this end, the average temperature was calculated by taking the 
mean of the temperatures noted at 7 and 11 a.m. and at 3 and 7 p.m. 

We ascertained that, in waters that were identical as far as pH and 
the proportion of organic matter were concerned, the duration of the 
life-cycle varied inversely with the temperature. 

The results, summarized in table Ill, suggest that the optimum tem
perature for development is about 25°-26°C (77°-79°F). Below this tem
perature, the life-cycle of gambiae is slowed down to such a point that 
Jepson, Moutia & Courtois,l87 calculating the hypothetical curve of 
development of this mosquito as a function of temperature in Mauritius, 
noted that it may be prolonged for well over a month at a temperature 
very little below l8°-l9°C (64°-66°F). 

According to our observations, the life-cycle lasts on an average for 8.2 
days at temperatures above 26°C (79°F), and for 13.2 days when the 
t~mperature falls below 25°C (77°F). At temperatures of 25°-26°C, the 
development of gambiae is completed in 10 days. This last figure is close 
to that given by Mathis 247 who, in breeding experiments at Dakar at an 
average temperature of 24°-26°C (75°-79°F), gave the following figures 
for the various phases of development : 

Oviposition-hatching 
Larval stage . . . . . . . . . . 
Pupal stage . . . . . . . . . . 

36-40 hours 
5-8 days 
24 hours 

The differences observed in the cycle also provide an explanation of 
the figures given by Ethes for the French Sudan. In October 110 the dura
tion of the gambiae life-cycle in a natural breeding-place was as follows : 

Oviposition-hatching 
Larval stage . . . . . . . . . . . . . . . 
Pupal stage . . . . . . . . . . . . . . . 

1 day 
12 days 
1 day 

while from July to December,111 in given experimental conditions (a 25-cm 
(10-inch) basin half filled with earth exposed to sunshine), it was found 
to be: 

Oviposition-hatching 
Larval stage . 
Pupal stage . . . . 

1 day 
6 days 
l day 

It is probable that, in the conditions of the experiment, the higher 
temperature permitted a shorter cycle than would have been the case in a 
natural breeding-place. 
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TABLE Ill. DURATION OF THE EGG·ADUL T LIFE-CYCLE IN WATER 
AT VARIOUS TEMPERATURES 

Number Average 

I 
Duration 

Date Batch No. of eggs temperature of cycle 
(OC) (days) 

_ June 1949 •••.. I 38 

I 
50 

I 
28.4 9 

72 30.7 7 
45 33.7 8 

55 a ! 48 I 21.9 14 

I 
50 23.5 12 
60 25.4 10 
35 27.2 11 

July 1949 .••.• 54d I 33 26.8 10 I 35 28.9 8 
55 d ' 62 28.4 9 

40 31.3 6 
30 32.7 I 7 

September 1949 • 81 48 22.1 ! 16 
55 24.6 11 
42 28.2 ' 9 I 

October 1949 .. 78 b 64 21.9 I 13 
56 25.5 

I 
10 

58 27.5 8 

Influence of organic-matter content 

The content of organic matter originating from plants in the water of 
the breeding-place is a factor which can modify the length of the egg-adult 
gambiae cycle. Our observations of natural breeding-places (see table IV) 
enabled us to establish that an increase in the proportion of organic matter 
slowed down the development of gambiae larvae. While in the breeding
places that we have termed " inorganic ", the average duration of the cycle 
is 9 days, it is as long as 15.2 days, on an average, in the " organic " 
breeding-places. 

TABLE IV. DURATION OF THE EGG-ADULT LIFE-CYCLE IN "INORGANIC" 
AND IN " ORGANIC" BREEDING-PLACES 

Date 

October 1949 

November 1949 •• 

I 
1

1 Batch 
No. 

I 
63 
78 a 
82 
72 b 
71 a 
78 c 
97 

103 a 

I Number of eggs Oxygen per litre Duration of cycle 
(mg) (days) 

"In- "Or- "In- [ 11 0r- 11 1n- "Or-
organic" ganic" organic 11 ! ganic' 1 organic" ganic" 
breeding- breeding- breeding-! breeding- breeding- breeding· 

place place place 1 place place place 

38 
45 
30 
32 
45 
48 
35 
42 

40 
45 
35 
30 
47 
50 
38 
40 

0.98 
0.12 
0.45 
0.25 
0.62 
1.03 
1.18 
0.74 

1.61 
1.83 
1.46 
2.09 
1.39 
2.41 
1.32 
1.56 

11 
7 
8 
8 

10 
9 

10 
9 

14 
16 
13 
17 
12 
20 
12 
18 
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The. factors " temperature " and " proportion of organic matter " act 
in opposing directions, to shorten or lengthen the developmental period 
of the anopheline. The shortest life-cycle will be observed in breeding-places 
with a high temperature and an organic-matter content which is well below 
1.25 mg of oxygen absorbed per litre, e.g., in rain-water puddles, free from 
vegetation, at the beginning of the rainy season. 

Resistance to Various Physical Factors 

Resistance to high and low temperatures 

The resistance limits of A. gambiae larvae to temperature have been 
little studied, and the only definite figures that we have are those given 
by Jepson et al.,l87 who showed that 25% of gambiae larvae left for an 
hour in water of 42°C (108°F) could develop, and that exposure to this 
temperature for two hours brought about the death of all the larvae. On 
the other hand, these workers established that all development ceased 
at 16.5°C (61.7oF). 

We continued these experiments by exposing batches of 25 larvae to 
various. temperatures and noting the death-rate, which was 17% in a 
control batch at 26°C (79°F) after 24 hours. The following figures were 
obtained: 

Temperature Duration ·of Mortality of water experiment 
(%) (OC) (hours) 

41 6 16 
41 12 28 
41.5 6 16 
41.5 12 24 
42 6 44 
42 12 72 
42.5 2 64 
42.5 6 lOO 
43 80 
43 3 lOO 
43.5 1 84 
43.5 1Y2 lOO 

In this way, we. verified that gambiae developed normally in water in 
an incubator at 41.5°C for 12 hours, the mortality-rate reaching only 24%. 
On the other hand, above 41.5°C the rate increased rapidly and was 100% 
for 1arvaeleft for 172 hours at 43.5°C. 
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It appears that, in the field, resistance to heat may be higher 
than in the laboratory : we have pointed out the presence of mature larvae 
in a breeding-place in which the temperature was 41.8°C (107.2°F). 
Mackerras & Lemerle 240 have shown that this is true for A. punctuiatus, 
which completes its cycle in the field at a temperature of 40°C (104°F), 
but shows a mortality-rate of 100% in the laboratory at 37°C (98.6°F). 

We tested the resistance of eggs and larvae to low temperatures by 
placing batches of 25 in a refrigerator at + 7°C and in an ice-box at+ 15°C 
for varying periods. The eggs were deposited on a piece of damp filter
paper, and the larvae in a small crystallizing-dish, 10 cm (4 inches) in 
diameter, containing water to a depth of 5 cm (2 inches). 

The results recorded indicate that low temperatures are not an obstacle 
to the ultimate development of the egg. 

Temperature Duration of HatchinFSs 
('C) experiment (%) (days) 

6.6 92 
lY, 92 
2 84 
3 88 
4 84 
5 92 
6 88 
7 80 
8 84 

On the other hand, the figures below show that the mortality-rate of 
the larvae reached 100% after exposure to 15°C for 36 hours, or to 7°C 
for 12 hours : 

Temperature 
of water 

('C) 

7 

15 

Duration of 
experiment 

(hours) 

3 
6 
9 

12 
1 
3 
6 
9 

12 
18 
24 
30 
33 
36 

lrfortality 
(};) 

20 
20 
44 
92 

100 
20 
16 
20 
24 
36 
40 
64 
96 
96 

100 
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Resistance to desiccation 

Eggs 

The persistence of A. gambiae throughout the year in certain regions, 
and, more particularly, the frequent appearance of a large number of 
adults at the beginning of the rainy season in zones where gambiae seems 
to disappear completely during the dry season, could lead one to con
clude that the survival of the anopheline is assured during adverse 
weather by its abili:ty to exist in the form of eggs that are resistant to desic
cation, as is the case with A. walkeri (Bang, Quinby & Simpson,11 and 
Hurlbut 180), A. albimanus and A. tarsimaculatus (Stone & Reynolds 359). 

However the different workers who have studied resistance in gambiae 
give experimental results which invalidate this hypothesis. 

In Mauritius, Gebert 133 has shown that only 25% of the eggs of gambiae 
were viable 24 to 48 hours after the drying up of the basins in which they 
had been placed; some were still viable after 72 hours, but no hatching 
occurred after this time. De Oliveira Castro 272 showed that no hatching 
occurred in batches of eggs exposed on damp filter-paper to the average 
temperature and humidity of the laboratory for periods ranging from 
7 days to a month ; on the other hand, at Ceara (Brazil) (in Soper & Wil
son 355), 12% of the eggs hatched after being left for 10 days on damp 
filter-paper at the temperature of the laboratory. Deane & Causey 79 

established that the resistance in damp sand differed from that in sand that 
was drying up. In the first series of experi~ents, the percentages of hatch
ings were 36, 27, and 8, respectively, for eggs kept for 8, 10, and 12 days 
on damp sand, and fewer than 1% of the eggs hatched when they were kept 
for 14, 16, and 18 days. In the second series of experiments, when the 
eggs were left for 8, 10, 12, and 18 days on drying sand, the percentages 
of hatchings were, respectively, 75, 58, 26, and 1. However, Deane 
& Causey 79 showed that the resistant eggs were morphologically distinct 
from normal eggs and could easily be obtained, experimentally, by sub
mitting fertile, engorged females to temperatures of l0°-13°C for three 
or more days. Until now, nothing similar has been found in Africa. The 
absolute limit of resistance to desiccation in gambiae eggs,· without possible 
morphological differentiation, was established by the Malaria Service of 
Nigeria : 270 5 days on dry filter-paper at an average relative humidity 
of 86%. 

Before we knew of this figure, we had proceeded with a certain number 
of experiments in the hope of determining this limit under various con
ditions. The eggs, taken from ovipositions obtained in the laboratory, were 
placed on dry lateritic sand, or on damp clay, or on damp filter-paper, 
in open Petri dishes left at the temperature and humidity of the 
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laboratory. Each day, one batch of 18-35 eggs was immersed, with the Petri 
dish, in a crystallizing-dish full of water. The following day, the number 
of first-stage larvae was counted in order to establish the percentage of 
hatchings after a given period of desiccation. 

TABLE V. RESISTANCE OF EGGS TO DESICCATION ON VARIOUS SUBSTRATA 

Mean Mean Duration Hatchings 

Date relative tempera- of desic- Number 
Substratum deposited humidity tu re cation of eggs 

Number I (%) (•C) (days) Per-
centage 

28.1.49 30.4 27.63 I 1 I 25 
I 

23 92 
2 25 24 96 

I 3 I 20 

I 

9 45 
Dry i 4 ! 20 1 5 
lateritic 5 

I 
25 0 0 

sand 5.9.49 82.6 25.14 1 18 17 94.4 
2 20 18 90.0 
3 30 

I 

11 36.7 
4 I 28 1 3.6 
5 26 0 0 

i 
1 I 

28.1.49 31.4 27.94 1 l 66 63 95.5 
I 2 

I 

55 42 76.4 
3 56 24 42.9 
4 58 6 10.3 

Dry 5 60 0 0 
filter- 8.8.49 82.9 24.76 1 I 42 40 95.2 
paper 2 48 43 89.6 

I 
3 ! 40 23 57.5 
4 48 9 18.7 

I 5 53 

I 
4 7.5 

i : 6 i 50 0 0 I 

i ! 

8.9.49 78.5 

I 
25.80 I 2 ' 38 35 92.1 ; 

I 4 i 42 39 92.9 

I 
6 I 55 37 67.3 
8 38 16 42.1 

I 10 I 40 9 22.5 
Damp I 12 45 4 8.9 
filter- I 14 

I 
56 2 3.6 

paper 15 48 0 0 
3.3.50 24.7 28.50 I 4 55 47 85.5 

I 6 I 52 42 80.8 
8 I 60 22 36.7 

I 
I 10 ! 62 4 6.5 

I 
12 60 1 1.7 
13 i 65 0 0 

I 20.1.49 33.9 27.01 4 25 23 92.0 
6 26 21 80.8 
8 28 11 39.3 

10 26 4 15.4 
12 30 1 3.3 
13 31 1 3.2 

Damp 14 28 0 0 
clay 16.8.49 83.0 24.85 

' 
4 40 36 95.0 
8 55 32 58.2 

10 45 15 33.3 
12 52 8 15.4 
14 40 5 12.5 
15 60 2 3.3 
16 52 1 1.9 
17 32 0 0 
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In table V, some of our most characteristic observations are summa· 
rized, in particular those which relate to the lowest and the highest per· 
centages of relative humidity. 

It may be concluded from these data that the resistance of gambiae 
eggs to desiccation depends on the substratum on the one hand, and 
on the relative humidity on the other. It is a great deal shorter on a dry 
substratum than on a damp one: 4.1 days compared with 12.4 days. 

In the case of a dry substratum, the average relative humidity seems 
to play no part, and its rise does not increase the period of resistance. 
On the other hand, in that of a damp substratum, a high average relative 
humidity is accompanied by a greater resistance to desiccation. The 
threshold of relative humidity seems to be situated round about 67%. 

The absolute resistahce limit of gambiae eggs to desiccation is : 

4 days on dry lateritic sand, whatever the humidity ; 
5 days on dry filter·paper, with a humidity of 82.9%; 

14 days on damp filter-paper, with a humidity of 78.5%; 
16 days on damp clay, with a humidity of 83%. 

TABLE VI. RESISTANCE LIMITS OF EGGS 
ON VARIOUS SUBSTRATA, AS A FUNCTION OF RELATIVE HUMIDITY 

Mean relative Limit of 
Substratum humidity resistance 

(%) (days) 

30.4 4 

Dry lateritic sand 30.7 4 
73.9 4 
82.6 4 

31.4 . 4 
Dry filter-paper 67.5 4 

82.9 5 

24.7 I 12 

Damp filter-paper 40.3 

I 
11 

67.2 12 
78.5 14 

33.9 13 
60.3 10 

Damp clay 63.6 10 
67.3 14 
63.0 16 

Table VI summarizes the varying degrees of resistance of the eggs on 
various substrata, as a function of mean relative humidity. 

With this knowledge of the extent of resistance shown by the eggs of 
gambiae, one cannot envisage their being able to withstand the rigours 
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of the dry season. On the other hand, the preceding observations allow 
one to conclude that, in regions with a light annual rainfall, the gambiae 
breeding~places can dry up \Vithout ill effect if the lapse of time between 
two consecutive falls of rain is in the neighbourhood of 14 days. It is 
not the annual quantity of rainfall that governs the potentiality of 
gambiae breeding-places, but the rhythm of the rains. The amount of 
precipitation is of consequence only in increasing the number of breeding
places, and, hence, the relative density of anophelines in dwellings. 

Larvae and pupae 

The resistance of the larvae and pupae is in no way comparable with 
that of the eggs. 

De Meillon 82 showed that, in the Transvaal, gambiae larvae did not 
survive .for more than six days on damp filter-paper at the temperature of 
the laboratory, and that their resistance was less than 24 hours on drying 
mud. Muirhead-Thomson,259 at Freetown (Sierra Leone), ascertained that 
the damp mud remaining at the bottom of puddles that were drying up 
enabled young larvae to survive for two days ; in another connexion, this 
worker noted that mature larvae were the most resistant, and that the 
pupae (this is the only information available on this subject) could give 
rise to adults when they were kept in damp mud. 

We carried out some experiments in the laboratory with the object 
of determining precisely the resistance of the larvae and pupae to desic
cation under different conditions-namely, on damp clay, on damp filter
paper, on dry filter-paper, and on dry watch-glasses. 

We were able to establish that the results recorded for damp clay and 
for damp filter-paper were comparable, as were also those for dry filter
paper and for a dry watch-glass. HoweYer, very wide variations were 
observed in batches of larvae exposed to identical conditions, variations 
which could not be attributed either to temperature or to relative humidity. 
Thus, two batches of larvae in the same instar (the fourth), kept on damp 
filter-paper at identical temperature and humidity, showed, on the third 
day of the experiment, mortality-rates of 91.4% and 18.7%, respectively. 

On the whole, our experiments showed that the resistance of the larvae 
to desiccation was of very short duration. The results obtained are sum
marized in table VII, which shows the proportion of pupae emerging 
from larvae replaced in water after a given period of drying. 

As far as the pupae were concerned, their resistance was determined 
on damp filter-paper, on the one hand, and on a dry watch-glass, on the 
other. The percentages of emerging adults, although variable, are never
theless significant. On damp filter-paper, 81% of the pupae gave rise to 
adults and the pupal period was shorter than under normal conditions 



76 BIOLOGY OF ANOPHELES GAMBIAE 

TABLE VII. RESISTANCE OF LARVAE AFTER DESICCATION 
ON VARIOUS SUBSTRATA 

Pupae obtained 

Substratum Duration of Number 
desiccation of larvae 

I Number Percentage 

4 hours 91 1 1.1 
Dry watch-glass 8 

" 
88 1 1.1 

10 
" 

92 0 0 

4 hours 88 2 2.3 

Dry filter-paper 8 
" 

92 1 1.2 
10 

" 
90 1 1.1 

12 
" 

81 0 0 

1 day 62 59 95.2 
2 days 72 59 81.9 

Damp filter-paper 3 
" 

67 19 28.4 
4 

" 
74 7 9;5 

5 
" 

72 0 0 

1 day 83 81 97.6 
2 days 68 55 80.9 

Damp clay 3 
" 

71 23 32.4 
4 

" 
70 8 11.4 

5 
" 

71 0 0 

of development, that is, it averaged 22 hours instead of 26. On a dry 
watch-glass, one pupa out of 128 (0.8%) was able to develop, but the 
adult gambiae died without having been able to withdraw more than its 
thorax from the pupal skin. 

Resistance to salinity 

Eggs 

Few figures are available on the subject of the resistance of A. gambiae 
eggs to salinity. Muirhead-Thomson 259 has shown that the females of 
this species can deposit their eggs in experimental breeding-places con
taining as much as 38% sea-water (which corresponds to 12.05 g of NaCl 
per litre), but he has not indicated the fate of the eggs laid nor the per
centages of hatchings in these experimental breeding-places, the salinity 
of which varied from 2.20 to 12.05 g of NaCl per litre. At Freetown (Sierra 
Leone), Ribbands 290 had previously carried out a certain number of 
experiments which enabled him to show that when gambiae eggs were 
placed in water with a salinity equal to that of sea-water, i.e., 31.7 g of 
NaCl per litre, 33.3% gave rise to larvae. 

We repeated these experiments in the laboratory with eggs obtained 
from females we had reared, placing the eggs in water containing from 6.6 
to 44.0 g of NaCl per litre. These salinities correspond to 20.9%-138.8% of 
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that of sea-water, if one's calculations are based on the figure of 31.7 g of 
NaCl per litre which was given by Ribbands 290 after sampling sea-water 
in the Gulf of Guinea near Lumley Beach. 

We were able to establish (see table VIII) that gambiae eggs could 
hatch in concentrations of NaCl higher than that of sea-water (9% hatched 
at 44.0 g of NaCl per litre), but that the percentages of hatchings diminished 
rapidly in concentrations above 16.9 g per litre. These observations show 
that the salinity of the breeding-place plays no appreciable part in the 
development of the gambiae egg. 

TABLE VIII. INFLUENCE OF SALINITY ON THE HATCHING OF EGGS 

I Hatchings 
Salinity Number Batch No. (NaCI) of eggs 

I 
(gll) 

Number Percentage 

; : 

5b 6.6 96 i 89 92.7 
12 b 8.4 212 i 196 92.5 
6a 11.0 172 I 153 89.0 

12 d 12.8 77 63 81.8 
20 b 14.7 91 55 60.4 
7c 16.9 : 112 69 61.6 

30 a 19.6 i 162 60 37.0 
36 a 24.2 134 33 24.6 
42 30.5 160 45 28.1 
48 35.5 I 166 44 26.5 
54 a 39.3 158 21 13.3 
55 b 44.0 I 156 14 9.0 

! 

Larvae 

It is much more interesting to know the effect of salinity on the sub
sequent behaviour of the larvae, because this is the basis of the biological 
test used to distinguish A. gambiae from its variety melas. A number 
of workers have reported that gambiae larvae are present in salt-water 
breeding-places. In Gambia, Dutton 106 noted that larvae placed in water 
containing 75% sea-water died in 6-8 hours; one of them, however, 
remained alive and changed into a pupa three days later. This worker 
collected larvae from puddles containing 17.1 g of NaCl per litre. Barber 
& Olinger ,15 in Nigeria, pointed out that gambiae was present in water 
with a content of 21.08 g of NaCl; Pomeroy 282 found them in a lagoon 
at Takoradi (Gold Coast) containing 36.5 g of NaCl per litre. Gebert 132 

established that, in Mauritius, development from egg to adult could be 
accomplished in pure sea-water, and that the larvae could be reared in 
concentrations as high as 46.8 g per litre. In the same island, Jepson, 
Moutia & Courtois 187 found A. gambiae in breeding-places in which the 
proportion of NaCl varied between 0.1 and 25.7 g per litre and which, 
exceptionally, rose to 65 g per litre; they pointed out, moreover, that the 
variety melas had not been discovered. 
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TABLE X. RESISTANCE LIMITS OF EGGS AND OF LARVAE TO VARIOUS 
PHYSICAL FACTORS 

i 

I 

/ Propor-
I Tempera- Relative Salinity R . 1 I lion of 

Substratum 
1 

ture humidity (NaCI) esJs ance resistant 

I (OC) (%) (g/J) limit individuals 

1 
I (%) 
I 

I i 
I l 

Eggs I 
I [ 8 days Temperature I 6.6 I 84 

Dry filler-paper I i 
Desiccation I 82.9 

11~ " 
7.5 

Damp clay I 
I 

83.0 I " 
1.9 

Salinity .. I 44.0 I 9.0 
I 

Larvae I 9 hours Temperature 7 8.0 
15 133 " 4.0 
43.5 [ 1 hour 16.0 

Desiccation Dry filler-paper 10 hours 1.1 
Damp clay 

I 
I 4 days 11.4 

Salinity 
I 

16.35 ! 1.3 
l 

Aggregate results 

To summarize, the resistance of the early stages of gambiae to various 
physical factors is relatively constant, and the facility with which this 
species adapts itself to extremely different breeding-places makes it dan
gerous and explains the rapidity with which it is able to invade zones 
situated outside its normal range. In table X we have condensed the results 
of our experiments concerning the resistance of eggs and larvae to tempe
rature, desiccation, and salinity. 



CHAPTER 5 

BIOLOGY OF THE ADULTS 

Cycle of Nocturnal Activity and Aggressiveness 

Critical study of data from the literature 

It is generally believed, and this is confirmed by numerous observa
tions, that anophelines are most active at dusk, nightfall being the time 
when they bite most frequently. However, this is not at all the case with 
A. gambiae, and many workers, basing their statements on precise research, 
have placed it in the category of anophelines which are active mainly 
during the night. 

Garnham 126 had shown that, at Kisumu (Kenya), gambiae entered 
the huts early in the morning, between 5 and 6 o'clock, and Thomson,374 

in the same year, established that, in South Africa, the anopheline bit 
during the night, rarely settling on the walls, and then left the houses 
after feeding. In Nigeria, Kerr 195 made regular collections showing that 
its activity, which was essentially nocturnal, reached a higher degree of 
intensity between 2 and 4 o'clock in the morning, a fact confirmed in 
Brazil (Soper & Wilson 355). Hancock & Chorley (quoted by Hopkins,179 

page 180) noted, from their work at Lira (Uganda), that maximum activity 
occurred between 4 o'clock and sunrise. Repeating the observations made 
by Garnham at Kisumu, Haddow 150 made a more precise analysis of 
the nocturnal activity cycle of gambiae and showed that it fell into two 
periods : slight activity from 8 to 10 p.m., and intense activity from 11 p.m. 
to 5 a.m., with a small rise at 6 a.m. This worker found also that a large 
part of the gambiae population was resting at 7 a.m. Muirhead-Thom
son 260 confirmed this cycle, pointing out that, at Lagos, few females fed 
before 10 p.m., that 90% of their blood-meals were taken after midnight, 
and that there was a marked rise in activity an hour or two before dawn, 
followed by the departure of most gambiae before sunrise. 

Few precise figures based on regular collections made during the night 
have been given to show clearly the nocturnal activity of gambiae in 
dwelling-huts. 

Ribbands,292 at Krabonekrom (Gold Coast), studied the correlation 
between the duration of moonlight and the penetration into huts by 
A.funestus and A. gambiae melas, and has given some figures concerning 
A. gambiae gambiae; at the same time, however, he pointed out that 

80-
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the numbers captured were too few for valid conclusions to be drawn. 
This author gives the following figures relating to the cycle of nocturnal 
activity: 

Captured at : 

20 hours . 
22 hours . 
24 hours . 
6 hours . 

6% 
20% 
27% 
47% 

These figures simply show that activity, which is very slight at 8 p.m., 
increases during the night and reaches a peak before 6 a.m. They were 
not entirely confirmed by Hocking & Maclnnes 170 who, near Taveta 
(Kenya), gave a slightly different cycle of activity : 

Captures: 

from 8.30 p.m. to 10 p.m. 
from 10 p.m. to 1 a.m. 
from 1 a.m. to 4 a.m. 
from 4 a.m. to 6.30 a.m. 

13.3% 
30.2% 
34.2% 
22.3% 

While the observations relating to the cycle of entry into dwellings 
are few and comparatively indefinite, this is not the case with field obser
vations concerning what British workers term the " biting cycle " of 
gambiae. This term is rather ambiguous because it represents, in reality, 
the time frequency shown by the females of gambiae (or any other mos
quito) in entering a given trap, whether or not occupied by man or animal. 
Therefore, it appears preferable to us to adopt the expression " cycle of 
nocturnal activity" for observations in dwelling-huts or in traps set up 
in the field. 

Haddow,152 after making collections both in the dense forest and in the 
plantations of the Semliki forest (Bwamba County, Uganda), demonstrated 
that maximum activity in gambiae was reached between 8 p.m. and 4 a.m. 
and then decreased rapidly, as shown by the figures given below: 

!{umber of 
Hours GMT females % 

captured 

16.00-20.00 69 16.8 
20.00-24.00 143 34.7 
24.00-04.00 146 35.4 
04.00-08.00 47 11.4 
08.00-12.00 4 1.0 
12.00-16.00 3 0.7 

This worker has also pointed out that activity varied directly with the 
relative humidity, and inversely with the temperature and the saturation 
deficiency of the atmosphere. With Gillett & Highton, Haddow 154 made 
a precise determination of the time frequency in gambiae in the region 
of Mongiro and Mamirimiri (Semliki forest), based on catches made at 
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hourly intervals. He thus confirmed previous data showing that activity 
increaseddtiring the night until 4 a.m, and proved that this increase 
showed l:!- maximum between 2 and 4 o'clock, thereafter falling sharply. 

The results obtained by Haddow, Gillett & Highton,154 are grouped 
below; they show the catches made every two hours from 6 p.m. to 8 a.m., 
local time having been altered to GMT: 

Number of 
Hours GMT females % 

captured 

18.00-20.00 2,921 10.7 
20.00-22.00 3,849 14.0 
22;00-24.00 4,435 16.2 
24.00-02.00 5,807 21.2 
02.00"04.00 8,178 29.9 
04.00-06.00 1,857 6.8 
06.00-08.00 334 1.2 

More recently, at Itowolo (southern Nigeria), Mattingly 250 has given 
figures which, on the whole, differ very little from those above : 

Number of 
Hours GMT females % 

cciptured 

18.00-20.00 178 7.3 
20.00-22.00 180 7.4 
22.00-24.00 334 13.8 
24.00-02.00 444 18.3 
02.00-04.00 623 25.7 
04.00-06.00 604 24.9 
06.00-08.00 63 2.6 

The figures given by Mattingly show that gambiae activity begins to 
develop chiefly after 10 p.m., and reaches a maximum between 2 and 
4 a.m. 

If one examines the results given by the various workers who have 
investigated the cycle of activity in gambiae, one can see that, in general, 
they are comparable : nocturnal activity in gambiae becomes manifest 
between 6 and 8 p.m., increases during the night, reaches its maximum 
one or two hours before sunrise, and then decreases rapidly. It is thus 
close to that shown by . the minimus-splendidus group of oriental ano
phelines. 273 

Personal observations in the district of Bobo-Dioulasso 

The scarcity of data on the cycle of activity of A. gambiae in dwelling
huts spurred us on to study this cycle in the region of Bobo-Dioulasso, 
taking as a basis seven sets of observations made at intervals of 1 Y2-2 months, 
in order to obtain an average· ruling out the influence of physical factors 
and of the duration of moonlight. 





84 BIOLOGY OF ANOPHELES GAMBIAE 

These results are different from those cited earlier in that the maximum 
activity is between 11 p.m. and 1 a.m., instead of being spread over a longer 
period at a later hour after midnight. We do not think that microclimatic 
differences of humidity or temperature are entailed in the reason for these 
divergences, since our seven sets of observations, made under extremely 
diverse conditions of relative humidity and temperature, tally with one 
another. One is therefore obliged to think that one or more factors, as 
yet unknown, intervene to modify the cycle of gambiae activity in the 
savanna, forest, and coastal regions, from West Africa to East Africa. 
Temperature can only be considered as a factor capable of inhibiting 
nocturnal activity, as De Meillon 91 established in South-West Africa. 
As for the diminution of light intensity, its effect on the beginning of the 
cycle seems to be almost identical in the Upper Volta, Uganda, and 
Nigeria, and this has also been observed by several :workers on the anophe
lines of the New World, particularly in the case of A. quadrimaculatus.114• 

Quite recently, Bernet 30 pointed out that, in French West Africa, 
gambiae was particularly aggressive at 9.30 p.m. and that, in the Island 
of Gon~e, its activities began at 7 p.m. However, the imprecision of his 
observations-and the absence of figures for regular collections-renders 
them unserviceable. 

Study of the cycle of aggressiveness in the laboratory 

It seemed interesting to us to discover whether the cycle of penetration 
by A. gambiae into dwellings could be compared with the cycle of aggres
siveness in the laboratory. With this in view, we noted the number of 
laboratory-bred females kept fasting for 48 hours that came to bite a 
human arm which was presented to them every two hours. The engorged 
females were isolated immediately after their blood-meal. The following 
results were obtained : 

Hours GMT Number of 
% females 

19.00-21.00 41 13.6 
21.00-23.00 12 4.0 
23:00-01.00 98 32.6 
01.00-03.00 29 9.6 
03.00-05.00 82 27.2 
05.00-07.00 22 7.3 
07.00-09.00 17 5.7 

On the whole, these results are comparable with those for collections 
made in native huts (fig. 11, B). It is worthy of note, however, that aggres
siveness in the laboratory reaches three clearly defined maxima: 

from 7 p.m. to 9 p.m. 
from 11 p.m. to 1 a.m. 
from 3 a.m. to 5 a.m. 
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Moreover, in the laboratory, one does not find that the period of 
activity lasts from 1 to 5 a.m.; the maximum between 3 and 5 o'clock 
is preceded by a period of quiescence. 

Study of comparative aggressiveness vis-a-vis man and animals in the 
laboratory 

An interesting study, closely associated with laboratory observations 
of aggressiveness, is the experimental comparison of the facility with which 
gambiae bites man and animals. 

A number of workers have mentioned that gambiae, when being reared, 
feeds quite readily on animals (guinea-pig, De Meillon ;87 pigeons, Causey, 
Deane & Deane; 60 young pig, De Meillon; 85 roussette, Rodhain & Van den 
Branden 299), but none of them has made a comparative study of aggressive
ness in this anopheline, although Shute & Ungureanu,350 for instance, 
have done so for A. maculipennis typicus, messeae, and atroparvus vis-a-vis 
man and rabbit. Mathis 247 has merely pointed out that, at Dakar, gam
biae preferred man to guinea-pig, and Sautet 327 has stated that one female 
in ten bites the guinea-pig. Haddow & Dick,l53 making use of traps, 
have shown that gambiae attacks man more readily than the monkey. 

We undertook two series of experiments in order to compare the 
aggressiveness of females against man and against the animals that could 
be used in the laboratory. In the first series, gambiae females that had 
been fasting for four days were presented with either a human arm or a 
laboratory animal (monkey, guinea-pig, rabbit, young pig). The human 
arm, the guinea-pig, and the rabbit could be introduced into the breeding
cage; as far as the monkey (Cercocebus sp.) and the young pig were con
cerned, the cage containing the females was fixed on the abdomen of the 
animal, which was attached to a dissecting board. 

The human arm and each animal used were offered as food to several 
batches totalling 100 females, and we noted the number of those which 
were engorged after 5 and 15 minutes: 

Source of blood 

Man ... 
Monkey .. 
Young pig . 
Guinea-pig . 
Rabbit ... 

Percentage of engorged females 
after 

5 minutes 15 minutes 

81 
67 
60 
17 
23 

97 
88 
85 
42 
36 

Thus, we confirmed that, while man is the host of choice, gambiae bites 
the monkey and young pig in considerable numbers, but attacks the guinea
pig and rabbit much less readily. The monkey and the pig could therefore 
quite well be used for maintaining gambiae reared in the laboratory. 
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In our second series of experiments, the cages containing gambiae 
were placed simultaneously astride a human atm and on the abdomen 
of an animal. We noted the number of females gorging ori the arm and 
on the animal, and were able to establish that about a quarter of them 
took their blood-meal from the monkey or the· pig, despite the presence 
of the arm: 

· Source of blood 

Man and monkey . 
Man and guinea-pig . 
Man and rabbit . . 
Man and pig .... 

PerCentage of females 
gorging on 

man animal 

73 27 
92 8 
89 11 
77 23 

For our observations of aggressiveness, we used females reared in the 
laboratory, andlarvae which hadbeen subjected to various diets in order 
to ascertain whether the experiments of Roubaud & Treillard 316-which 
showed that the food given to A. maculipennis messeae larvae ultimately 
had an influence on the aggressive behaviour of the females:-weie applic
able in the case of A. gambiae. Batches of larvae nourished in various 
ways-namely, · 

on the water of the breeding-place alone 
on the water of the breeding-place plus powdered tree-bark · 
on the water of the breeding-place plus powdered bone 
on the water of the breeding-place plus biscuit powder 

-gave rise to adults who reacted similarly to the source of blood offered 
to them. 

Population Fluctuations 

Seasonal variations in gatnbiae and funestus 

A. gambiae .· populations, ·whether in different regions of the area 
over which this anopheline is distributed, or in a given region during 
the course of a year, are subject to numerical variations which are often 
extremely important, and which are all the more noticeable when the 
dry and wet seasons are most clearly marked. It is, however, difficult. to 
study the seasonal variations of gambiae without aligning them with those 
of ·A. funestus, which is closely associated with A. gambiae throughout 
the Ethiopian region, except iti some zones where gmnbiae is the sole 
representative, and in some regions of the Belgian Congo where it is 
replaced by A. moucheti.115 

Taylor,370 in Nigeria, Blacklock & Wilson,33 on the west coast of 
Africa, and Garnham & Harper, 130 in Kenya, all showed that gambiae 
predominated during the rainy season and then disappeared in favour 
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While, from 1948 to 1949, the increase of gambiae was 124.2% when 
the increase in the precipitation was only 21.9%, from 1949 to 1950, 
on the other hand, there was an increase of 61.9% in the gambiae 
population and a decrease of 30% in the precipitation. 

It seemed to us more interesting to study the variations in the gambiae 
population in the course of a single year, knowing that the maximum 
is reached during the rainy season. 

Study of gambiae populations as a function of rainfall 

Very many workers have observed the pullulation of gambiae during 
the rainy season, and have noted the correlation that exists between 
population and rainfall. They include: Gordon, Hicks, Davey & 
Watson 144 in Sierra Leone; Pomeroy 282 in the Gold Coast; Barber & 
Olinger 15 in Nigeria ; Symes, 366 Garnham & Harper 130 in Kenya ; Lam
born 202 in Nyasaland ; Leeson 211 in Southern Rhodesia ; and De Meillon 82 

in the Transvaal. The general conclusion from the observations of these 
workers is that the curve of seasonal density in gambiae should coincide 
with the figures for rainfall. 

However, a few authors have mentioned that not all rains have the 
same effect on this density. 

Garnham,l26 in Kenya, and Bagster Wilson,401 in Tanganyika, have 
emphasized that only heavy rains play a part in the pullulation of gambiae. 
Heisch 161 found that, in the northern frontier district of Kenya, the 
maximum in gambiae populations was reached after the short rainy season 
and not after the long one. At Addis Ababa, Martin 245 did not find 
larvae of the anopheline until a fortnight before the end of the rains. 
However, some workers have pointed out that the number of breeding
places· giving rise to gambiae was a great deal higher at the beginning of 
the rainy season than during the heavy continuous rains later (Vincke & 
Parent 395 at Stanleyville ; Anderson 6 at Lagos ; and Henderson 163 in the 
Anglo-Egyptian Sudan). Johnson 188 noted that in the north of Nigeria, 
in climatic conditions very similar to those at Bobo-Dioulasso, the gambiae 
maximum was reached before the heavy rains; the population showed 
a decrease during the heavy rains of August-September, reached a new 
peak a month after the rains had ceased, and then fell sharply in 
November. Nevertheless, in Elisabethville, Vincke 393 mentioned a single 
peak at the end of the rainy season. 

Haddow's work 150 introduced a new concept-already outlined by 
Symes,368 who had established that the coefficient of correlation between 
gambiae breeding-places and the rains was equivalent to only 0.33 ± 0.07. 
Haddow, confirming that the number of gambiae depended on the local rain-

. fall, showed that the coefficient of correlation between the monthly catches 
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of this anopheline and the monthly rainfall was too low (0.4 ± 0.3) to 
be significant. He concluded that the correlation was more qualitative 
than quantitative, and that a threshold of 127 mm (5 inches) of rain per 
month was necessary, at Kisumu (Kenya), for an increase in the gambiae 
population to occur ; the threshold once passed, the population increased 
in geometrical progression. ·· 

Rib bands 291 has criticized the monthly figures cited by Haddow, and 
has shown that the latter's conclusions do not agree with the results that 
he gives. Working with A. gambiae me/as, Ribbands came to quite opposite 
conclusions which he considered valid also for A. gambiae gambiae, 
which is still more closely dependent on rainfall than is me/as whose 
populations are influenced by tides. This author showed that the general 
behaviour of the population was closely influenced by rainfall, but that 
the maximum was not reached until 20-30 days after the fall of rain which 
had given momentum to its increase. Bruce-Chwatt 53 confirmed this 
lull of several weeks' duration in Nigeria. Finally, Ribbands established 
a correlation coefficient of 0.073 ± 0.064 between rainfall and the popu
lation 24 days later, thus demonstrating a very close relationship. 

If we examine the weekly results of catches made at Bobo-Dioulasso 
(see tables XI and XII) we see that there is a sudden increase in the gambiae 
population at the end of August-an increase which continues into Sep
tember and then reaches its maximum. 

TABLE XI. CAPTURES OF GAMBIAE, RAINFALL, AND RELATIVE HUMIDITY 
AT BOBO-DIOULASSO, MAY- SEPTEMBER 1949 

Number of 
Rainfall 

Relative 
Period gambiae 

I 
humidity 

captured duration quantity (%) 
(days) (mm) 

2- 8 May 6 1 2.7 63.2 
9-15 May 3 1 15.0 62.3 

16-22 May 6 4 39.1 65.4 
23-29 May 1 1 11.2 68.7 
30 May-5 June. 8 4 36.9 70.5 
6-12 June . 9 3 25.7 71.8 

13-19 June . 11 4 37.3 70.2 
20-26 June . 5 1 1.6 77.0 
27 June- 3 Ju.Jy 7 3 8.9 75.4 
4-10 July 17 3 58.0 75.6 

11-17 July 15 2 45.1 79.6 
18--24 July 19 3 50.1 79.0 
25-31 July 31 5 177.2 81.9 
1- 7 August. 31 2 13.3 81.4 
8--14 August. 33 3 101.4 82.4 

15-21 August . 63 5 113.2 83.8 
22-28 August ....... 93 6 99.4 85.8 
29 August - 4 September 159 5 42.1 81.0 
5-11 September 262 5 61.7 81.4 

12-18 September 235 3 35.6 78.1 
19-25 September 237 3 12.4 76.2 
26-30 September 220 4 62.9 73.4 
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TABLE XII. CAPTURES OF GAMBIAE, RAINFALL, AND RELATIVE HUMIDITY 
AT BOBO-DIOULASSO, MAY- SEPTEMBER 1950 

Period 

1- 7 May 
8-14 May 

15-21 May 
22-28 May •. 
29 May- 4 June 
5-11 June • 

12-18 June . 
19-25 June ... 
26 June- 2 July 
3- 9 July •.. 

10-16 July 
17-23 July 
24-30 July .... 
31 July- 6 August 
7-13 August. 

14-20 August . 
21-27 August . . . . ... 
28 August - 3 September 
4-10 September 

11-17 September 
18-24 September 
25-30 September 

Number of 
gambiae 
captured 

3 
1 
7 
4 

10 
5 
8 

15 
23 
22 
30 
37 
44 
50 
61 
48 
73 

234 
349 
399 
457 
410 

duration 
(days) 

1 
1 
2 
2 
4 
3 
3 
3 
3 
2 
3 
4 
4 
5 
2 
4 
4 
6 
3 
4 
3 
3 

Rainfall 

quantity 
(mm) 

36.2 
10.5 
18.1 
20.7 
40.5 
38.5 
18.5 
12.9 
19.9 
27.2 
30.9 
63.8 
58.7 
14.9 
13.2 
36.1 
70.0 
90.3 
32.1 
53.9 
16.0 
12.6 

Relative 
humidity 

(%) 

62.7 
63.4 
71.0 
66.6 
69.2 
72.2 
65.6 
73.0 
70.0 
74.7 
80.0 
78.7 
81.3 
82.3 
82.2 
81.9 
85.8 
83.4 
82.3 
84.5 
76.1 
79.4 

By taking the weekly averages of catches made during the months from 
January to May (8 .3 in 1949 and 8.4 in 1950) as a basis for calculation, one 
obtains considerable rates of increase (3,057% in 1949, 5,340% in 1950, at 
the time of the maximum) which give an indication of the population 
increase. However, it is true that this increase occurs several weeks after 
the beginning of the heavy rains (see fig. 16) and that there is a period 
of stagnation in the first part of the rainy season, as Rib bands and Bruce
Chwatt pointed out. The first heavy rains wash out the existing breeding
places, scouring out eggs, larvae, and pupae, and modifying the food
supply, but the increase in the number of the breeding-places quickly 
compensates this action, and one then witnesses the sudden development 
of the gambiae population. 

In addition, it seems that an important factor governs this period of 
stagnation. Indeed, we shall see later (page 106) that the reactivation 
of aestivating females occurs when a certain degree (80%) of relative 
humidity is maintained in the laboratory. Now, this degree is not reached 
until rather late in the rainy season-e.g., in the week 25-31 July in 1949 
(81.9%) and in the week 10-16 July in 1950, as is shown in tables XI 
and XII. One is therefore justified in admitting that it is the eggs deposited 
at this time by the aestivating females which, on developing, give rise to 
the adults whose batches of eggs are both numerous and large, and set 
off the rise in population at the end of August that we have already noted. 
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FIG. 17. AVERAGE ANOPHELES DENSITY PER HUT FOR A. GAMBIAE 
(STATION 1) 
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(1) Although progressive dispersion has been demonstrated in Southern 
Rhodesia by Leeson,211 and in the Transvaal by De Meillon,82 there 
ate no grounds for supposing that this kind of dispersion is to be found 
in the Upper Volta. Gambiae's capacity for flight as established by different 
authors (Hopkins,li9 more than 3 km (approximately 2 miles); Adams,2 

6.8 km (approximately 4 miles) with a favourable wind; da Cruz Fer
reira,117 7 km) is well under the distances that would have to be effectively 
covered in most of the open savanna areas. On the other hand, Eyles 113 

has shown that the effective zone of dispersion for an anopheline is 
contained within a circle whose radius is less than the maximum length 
of flight of which the insect is capable. 

(2) Although Barber, Rice & Brown 17 put forward the hypothesis
as yet unsubstantiated-that mass flights were the cause of the great local 
variations in the density of gambiae noted in Liberia, no example of a mass 
flight can be given. 
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(3) The passive spread ofgambiae by transport has, on the other hand, 
been proved over and over again. This method of dispersion was the origin 
of the infiltration by the anopheline into territories which had originally 
been free from it, e.g., Mauritius in1865, Brazil in 1930, and Egypt in 1942. 
It might well, one day, be responsible for the introduction of gambiae into 
the Island of Mah6 (Seychelles), where potential breeding-places abound 
(Harper & Van Someren 158). 

A. gambiae was introduced into Brazil by the sloops which carried the 
mail from Dakar to Natal in less than four days. Shannon,346 when he 
discovered the first gambiae, collected the larvae about 500 m (550 yards) 
from the sloop moorings. Pinto 278· 279 showed that, in addition to active 
dispersion along the prevailing winds, the spread of this species from 
Natal towards the interior and along the coast was effected by motor 
transport and boats. Soper & Wilson 355 mentioned the capture of adults 
on vehicles at the limits of the anopheline's infiltration zone. 

The invasion of Brazil drew attention to the potential importance of 
the transportation of gambiae by aeroplanes leaving African aerodromes. 
Dethier 94 gave evidence of this danger, which had been foretold by Sice, 
Sautet & Ethes 351 in 1939, when they noted the arrival at Marseilles of 
gambiae, in good condition, from the French Sudan. During the war, 
intensive antimosquito measures at African and Brazilian aerodromes 
enabled the risk of introducing the anopheline to be practically elimi
nated.U6 Studying the number of gambiae introduced into Brazilian 
aerodromes, de Mendon<;a & Cerqueira 253 showed that it had fallen from 
0.17 per aeroplane in 1943 to 0.0006 in 1945. 

The gambiae invasion of Egypt in 1942, which caused the death of 
130,000 persons in 1942 and 1943, came about in a different way. Lewis 225 

had assigned as the northern limit of the distribution area of gambiae in the 
Anglo-Egyptian Sudan, a point situated 13 km (8 miles) north of Wadi Halfa 
and some kilometres south of the Egyptian frontier. The arrival of gambiae 
in the Wadi Halfa zone was brought about by the traffic, which increased 
impressively during the war, on the Nile below the second cataract. 226 

A considerable number of boats passed along the river sheltering adult 
gambiae. Lewis 228 found 105 specimens of this mosquito out of a total 
of 143 culicids caught on board a steamer and in the barges it was towing. 
The spread of this anopheles towards the north, from Wadi Half a to 
Abou Simbil, was effected by means of river-boats.348 The eradication that 
has been brought about along the Nile has had the effect of protecting 
Egypt against a fresh invasion.230 

Even within its normal distribution range, transport facilities enable 
gambiae to colonize areas which have hitherto been immune. Thus, De 
Meillon & Gear 93 consider that malaria in the Witwatersrand originated 
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through the passive introduction of infected gambiae. In the same way, 
the presence of gambiae at altitudes where it is normally absent must be 
considered as the result of passive spread. Rail and road transport 
are responsible for its presence at altitudes exceeding 1,500 m (5,000 feet), 
which has been noted by the following workers : Schwetz,334 at 1,650 m 
(5,413 feet), on the high plateaux in the region of Lake Kivu (Belgian 
Congo); Schwetz, Baumann & Fort,339 at 1,862 m (6,109 feet), at Lake 
Bulare (Ruanda Urundi); Jadin & Herman,185 at 1,750 m (5,741 feet), 
at Astrida (Ruanda Urundi) ; Mattingly, 249 at 1 ,550 m (5 ,085 feet), at 
Lake Mohasi (Ruanda Urundi); Martin,245 at 2,460 m (8,071 feet), at 
Addis Ababa; Giaquinto-Mira,185 at 2,460 m, at Addis Ababa; and 
Garnham 129 on the slopes of Mount Timboroa (Kenya) at 2,550 m 
(8,366 feet). 

But the railway, the road, and the waterway, as well as being the occa
sional cause of the spread of gambiae outside its normal range, are per
manent factors in the transport of the anopheline to the interior of an 
infested region. Wiseman, Symes, McMahon & Teesdale 408 found 
47 females and 1 male gambiae in the course of 14 searches made in trains 
arriving at Mombasa (Kenya). We ourselves were able to make some catches 
at Agboville (Ivory Coast) and Banfora (Upper Volta) in goods-trains on 
the Abidjan-Niger line. In these two places, the trains are sometimes 
stationary for several days while the trucks are being loaded, and the latter 
provide an excellent dark, airless refuge for the anopheline. At Agboville 
we collected 11 gambiae females in 27 wagons, and at Banfora, 32 females 
and 2 males in 24 wagons. 

The presence of gambiae in the trains on this line provides an expla
nation of the high figure for anopheline catches in the district near the 
railway station at Bobo-Dioulasso, compared with the total captures 
in other parts of the town. Of the six catching stations in the native 
quarter which were situated outside the area containing breeding-places, 
the one in the railway-station district gave a gambiae catch amounting to 
29.2% of the total captures at Bobo-Dioulasso, while the others gave 
percentages of 5.2, 6.2, 12.3, 13.3, and 14.8 (the remaining 19% being 
divided between the two stations in the European quarter and the two 
stations in the native district near the marigot). 

The discovery of first-stage larvae and adults of gambiae on boats, 
dinghies, and pirogues was recorded long ago. Le Moal 223 captured 
adults under the awnings of barges and boats at Dakar (Senegal), at Grand 
Lahou, and at Grand Bassam (Ivory Coast), and larvae in pirogues con
taining fresh or brackish water at Abidjan and at Grand Lohou. Bous
field 41 pointed out the presence of adults on the native bciats used for carry
ing wood down the Nile below Khartoum. This author noted that the 
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anophelines invaded the boats at _nightand, after feeding on th~ crew, 
hid in the cargo where theyremained until unloading. Gambiae larvae 
have been found in. boats: and diJ1ghies at Accra (Gold Coast)73 and af 
Freetown (Sierra Leone);31 in piiogues at Segou, ·and in barges at Dire 
(French Sudan),330 · · · · ·. · ·. .· · 

- - - -- - . - - -

In the cours~ofour smveys o1lt]1e banks of the:Niger and its tribu:; 
taries, and along the Comoe,. we were able to demonstrate on several occa- · 
sions that first-stage larvae or adults ofgamb1ae were present in a variety 
of. boats: .. ·. . . .. - ·•··.·• :· · · · .· .· ··• ... ·. . . .•. ·. :.•. ·· 

:At Bamako (October 1948), 35 gambiae (4males and 31 females) were 
captured in half an hour on barges at anchor in the port; at the same time, 
larvae and pupae were.alsofound bothiri thebargesandinpirogues drawn 
up Oh the bank. . . . . . . 

- - - _-_ - -- - -- - -- -

At Abidjan and at GrandBassam(NoV:ember~December 1948), while 
·· undert~king >field work :on the banks of the lagoon arid up the Comoe 

river' we foUti~ seyeral hl}ndred larv~e and pl.lpae in pitogues containing 
fresh or brackish wB.ter (the niaximu111 salinity recorded was-l.23g of Nacl· · 
per litre}. · · · - · · · · · · · · · - · 

At Segou(May:l9:49) 16gambiae (lmale, 1.5females}were ca~ght. ·.· 
in ·one l:lour on boardlhnie:J>irogl!es,which harboured a•Iarval anopheline ·· 
fauna comprised as follows : ga:mbia?,88% ;Junestus, • 8% ; rujipes, 4%; 

. At Mopti.(June 1949),>.22 females were found in four boats onthe .· 
Niger, arid 1 male and 8 females In-matting, rolled up On the bank, which 
had been broughtthere on the 66ats;.several boats and pirogues harboured 
:mopheli1ielarvae (gambjae, c91% ; rufipes, 3%): . . ·. 

. . More recent investigations have provided t1re following .figures for the 
nu:i:nber of femalesjsa.ptll_l"ed : ........ ·.· · ...•. ··.·•· ·• : < • ·. . .·. 

AtSegou(l'Augusfto30 October 1952), in.56pir6gues:. 

· .:gambiae : 
. . phar:oeiisis · 
· funi_itus :; 

rtili . . 

rufipes 0 0 

. wellconiei o 

:C!tlexsp; .. · 

··o 

· . .1,331 
. f61 
:40: 

o •• ·. n 
3 

-- ~-
1 . 

81 
- -_-. --< -~-: -->~~~~:>- ____ ->: --> - ---- _-_ -

At Diafarabe, K.omora, Macina) and Tilti~beya::,-cef1tres on the left 
·.bank. of t11e·Niger (January-Februar)'l953),in32pirogues:' 

. . 

garhbiae •0 
funestus··o 
pharoensis 

· corfstani 
rufipes o o 

• 712 
428. 
1()7 . 

21 . 

3 
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At Dia-bozo and Penga---centres on the right bank of the Diaka marigot, 
which joins the Niger at Diafarabe-(January-February 1953), in 9 piro
gues: 

gambiae . 
funestus . 
pharoensis 
rufipes ... 

184 
142 

16 
I 

Between Segou and Bla, on the banks of the Bani (a tributary of the 
Niger},wecollected, in June 1949, 16 adults (5 males, 11 females) in three 
fishenne.n's tents of straw and bamboo, without finding any nearby larval 
bteeding~place except the bottoms of the boats of these nomadic fisher
men which contained numerous larvae and pupae. 

• It is clear then that communication routes constitute a passive means 
of spreading A. gambiae from one district to another, and may enable the 
anopheline to become established in a hitherto unaffected zone through an 
influx which is, perhaps, quite small butis capable of starting colonization 
if breeding-places are present in sufficient numbers. 

We do not think, Iiowever,that the passive dispersion of gambiae can 
explain the repop1llationoflocalities and regions free from anopheles during 
the dry season, especially since, except for certain districts in Southern Rho-. 
desiaand the Union of South Africa, the disappearance of gambiae during 
dry or cold months is far from being· proved, as Swellengrebel, Annecke 
& De Meillon 362 have pointed out. It must be recognized that the 
generally accepted view that gambiae is not to be seen during the dry 
season in French West Africa, and that the adults cannot be found, results 

. ft01ll investigations which are inadequate on account of being difficult and 
often unfi'tlitfuL We made 197 surveys during the dry season and on only 

· seven ()ccasioris (3.6%) did we fail to find an anopheline. 

In our opinion, the repopulation of gambiae at the beginning of 
the rainy season is due to the presence of aestivating females during. the 
dry season, and to their reactivation during the rains. 

Diapaose in Adult Females 

Hibernation 

The rigours of the cold dry season in temperate regions force anophe
Iines to hibernate, that is to say, to pass through this season with.· 

·diminished vitality (diapause). They hibernate either as adult females in: 
a state of arrested reproductive activity (ovarian diapause), or as eggs 
(A. albimanus, A. tarsimaculatus : Stone & Reynolds ; 359 A. walkeri : 
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Bang, Quinby & Simpson,U Hurlbut; 180 A. claviger bifurcatus: Rou
baud 310), or in the larval stage (A. crucians : Ross & Roberts ; 301 A. cla
viger, whose winter diapause was one of the characters used by 
Roubaud & Treillard 319 to differentiate two strains of this species). 

It is as the winged insect that the greatest number of anopheles pass 
the adverse season. For a long time it was thought that egg-laying super
vened regularly 4-6 days after a single blood-meal. However, Grassi 147 

observed, in Italy, that A. maculipennis could hibernate in either of two 
ways : complete hibernation, and partial hibernation, in which the females 
bit but did not lay eggs. Roubaud 306• 308 was the first to note that 
a complete change could occur in the feeding-ovulation rhythm of 
A. maculipennis ; he believed that the suspension of development was 
essentially independent of the effect of temperature. Many papers, par
ticularly those of Dutch workers, have shown clearly that the various 
races or biotypes of A. maculipennis undergo different types of hibernation. 

In A. maculipennis atroparvus, the phenomenon of hibernation begins 
with what Swellengrebel 361 has called " autumnal fixation " : in the 
autumn, egg-production ceases almost completely and the anophelines 
" fix " themselves either in houses or in stables, the cessation of repro
ductive activity not involving, to any extent, the disappearance of the 
need to feed on blood ; this need ceases only gradually with the. passage 
of winter. The juxtaposition of the two mechanisms-the cessation of 
reproductive activity and the continuation of feeding activity-constitutes 
gonotrophic dissociation (trophogenic arrhythmia). When feeding activity 
is interrupted in hibernating anophelines, ·one is then concerned with the 
phenomenon of gonotrophic concordance, which, in most cases, is accom
panied by hypertrophy of the fat-body. Swellengrebel & de Buck 363 based 
their study of the epidemiology of malaria in the Netherlands on differ
ences in the gonotrophic cycle in A; maculipennis. Among other workers, 
Cambournac & Hill 58 have described the state of decreased vitality in 
A. maculipennis atroparvus, Boyd 42 in A. punctipennis, and· Kligler & Mer 201 

in A. elutus, which-like A.freeborni in central California-emigrates great 
distances in the period preceding hibernation.300 

Roubaud 306• 308 has shown that the suspension of reproductive activity 
in A. maculipennis, independent of the fall in temperature, corresponds 
to a particular state of asthenia, asthenobiosis, which, arising obligatorily 
in the course of a certain number of active generations, expresses a cyclical 
phenomenon of annual fatigue. Asthenobiosis is characterized not only 
by trophogenic arrhythmia; but also by the torpor of the insect and by 
the accumulation of reserves of fat ; this state is particularly developed 
in the biotypes which show the phenomenon of complete hibernation 
(typicus, messeae). The research of Roubaud & Treillard 318 has shown that, 
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in hibernating species, fat can be developed on a blood-diet alone. How
ever, complete hibernation is not the rule and several workers agree with 
Swellengrebel that many anophelines spend the unfavourable season in 
a state of partial hibernation. This is the case, for example, with A. hyr
canus sinensis.378 

As far as the anophelines of the Ethiopian region are concerned, the 
problem seems to be somewhat different. 

In Southern Rhodesia, Leeson 211 has described the hibernation of 
A. funestus; in this species, torpid females containing almost completely 
developed eggs hide themselves deep in natural crevices in the ground or 
among rocks. Without feeding, these females begin to leave their shelters 
when the temperature rises, lay their eggs, and die soon afterwards. Leeson 
patiently carried out research in order to discover suitable shelters for 
aestivating gamhiae females, but without success, and he concluded that 
gambiae disappeared completely during the cold dry season. This is very 
probable since the absolute minimum temperature during this season 
remains constant between 2°C and 7°C (36°-45°F) in some localities ; 
this temperature is clearly lethal for gambiae, from what we know of its 
powers of resistance. 

TABLE XIII. DISTRIBUTION OF MINIMUM DAILY TEMPERATURES 
AT BOBO·DIOULASSO, NOVEMBER· FEBRUARY 1948-9 AND 1949-50 

Minimum 
Number of days 

tempe-
rature November 

I 
December I January 

I 
February 

(•C) 
1948 I 1949 1948 I 1949 I 1949 I 1950 1949 I 1950 

I 
I 

I ! i I I 
11-12 - - I 1 - - -- I -

! 12-13 - - I 1 2 1 2 - -
13-14 1 - I 1 6 

I 

5 3 5 I 2 
14-15 2 - l 3 5 6 3 1 2 
15-16 5 - 6 1 3 5 5 1 
16-17 e 

I 
1 ' 11 7 6 10 2 4 

17-18 3 1 I 1 6 2 4 4 4 
18-19 2 3 6 2 3 3 2 4 
19-20 5 6 I 2 I 1 

i 
- 1 3 5 

2(}-21 3 

I 

11 
I 

2 3 3 

I 
-

1 
- -

21-22 3 5 - 1 2 - 2 2 
22-23 

I 
- 3 - - - - 1 -

23-24 - I - - - - - - 1 

In other regions of Africa, particularly in French West Africa, the 
absolute minimum temperature is a great deal higher and is rarely less than 
J 1 °C (52°F). At Bobo-Dioulasso, its duration is short (see table Xlli), 
and. for this reason the low temperatures cannot prevent the survival of 
the adult anopheline. 
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Research on aestivating · females..:-ch~uacteristics of aestivation. 

· Several observations have been.made on the hibernating, or rather · 
aestivating; ··forms of gambiae. 

. . . 

Thus, Stephens & Christophers357 pointeCI out the presence,> on the . 
west coast. of Africa~ ofaestivating anopheles. capable of feeding regularly,. 
which, on dissection, proved to have well..:developed eggs. However, 
thesegambiae do not lay eggs if" control pools" (mares-temoins} ate 
set up near the dwellings inhabited by them. At the same time, Dutton 
& Todd, 106 intheBelgianCongo, while pointingout thatthe search was 
difficult, reported that they had fouridgambiae females re11.dy to lay during 
the dry season,in dark corners of abandoned rooms, in cracks in the roofs 
of native huts, and in other dark recesses. Commenting on these discover
ies, Hegh 160 thinks that there is no doubt that a mosquito can live in this· 
way from five to six months, or even longer, In 1922, Noc,271in Senegal, 
pointed out that aestivating gambiae females were present in dwellings 
during the dry season, when the temperature may reach l6°C (61°F), 
and noted that they became aCtive again during the rainy season: This 
phenomenon has been described by Galliard123 who, in. the sava::rma of 
the Nyanga (Gabori), found a slowing down of activity that he attributed. 
to a fall in relative humidity, the modifications of temperature havingthe 
effect of determining either the taking of a blood-meal or the act of egg
laying: Mo:riier,257 for his part, never observed complete hibernation in 
Madagascar, but during the cold season hefoundfemales with ripe eggs 
hiding in the recesses of inhabited dwellings who, when disturbed, could 
take a blood-meal.and then deposit their eggs. This worker mentioned 

. that he induced hibernation experimentally by putting females in an 
ice-box at 4°C; reactivation occurring either in the open air or in the 
incubator at27°C. We do not think this is a case of hibernation compar
able with that found in nature, but of an artificial. retardation of 
activity due to torpor provoked by the cold. Furthermore, Monier has 
not given details of the anopheline species used in his experiments, which 
included A. gambiae as well as A. cousiani, A.funestus(and var. imerinen
sis), and A. squamosus i it seems probable that it may have been: A. coustani 
which successfully survived the ice-box test. · 

• In all the observations we have mentioned above one fact stands ou:t : 
the presence, during the dry season, of gambiae females with developed 
ovaries and, as Vincke 393 observed in the Belgian Congo, able to feed. 

During our stay in the Upper Volta, we systematically searched for 
gambiae females. during the dry season {November to April inclusive). 

· We have takeni:rito account only the surveys made iri villages or at places 
in the bush where no breeding-place could be demonstrated within a radius 
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of 3 km (approximately 2 miles) from the catching point. Searches in the 
bush were tedious and more often fruitless than crowned with success ; 
nevertheless, we were able to collect 448 specimens of A. gambiae (442 
females and 6 males) in various places, as is shown by the following figures, 
which concern the females : · 

Dwelling-huts . . . . . . . . . . . 
Ruined or uninhabited huts 
Holes in rocks or cracks in the soil . 
Holes in trees . . . . . . 
Covered pigsties . . . . . 

·. Rabbit-hutches, hen-coops 
Cattle-pens . . . . . . . 
Dry wells . . . . . . _ . 

Number of 
females % 
captur~d 

235 
92 
27 
15 
33 207 

2 
22 
16 

53.2 
20.8 

6.1 
3.4 
7.5 46.8 
0.4 
5.0 
3.6 

Of the males, three were captured in inhabited huts, one in a ruined 
hut, one in a pigsty, and one in a well. 

Slightly more than half of the insects (53.2%) were collected in native 
huts, where they stayed in rather special positions, with only their forelegs 
hooked on to the support, the middle and hind legs hanging along the 
abdomen: 

In the thatch . . . . . . 
In cracks in the walls . . 
Under the beds (" taras ") 
On walls and various objects 

Number of 
females % 
captured 

171 
46 
13 

5 

72.8 
19.6 
5;5 
2.1 

Most of the anopheles were found in the thatch (Hadaway 149 gave 
a figure of 72% for gambiae captured while resting in the thatch of huts 
at Etitebbe), and the difficulty of catching them may be one of the reasons 
for their usually escaping during searches. 

In the uninhabited huts, the places where gambiae was collected were 
appreciably the same as those in the inhabited huts. In ruined huts, the 
females were caught under debris, under the straw of collapsed roofs, 
or in disused ovens. 

The way in which cattle-pens are constructed in the Upper Volta is 
rather special. They are comprised· of circular enclosures open to the 
sky, closed by wooden billets placed horizontally and held in place by 
vertical billets ; gambiae have been collected between the billets which are 

·Closest to the ground. Searching for anopheles in wells was laborious, 
·. sinc.e . they remain in cracks in the walls at considerable depths ; we may 
therefore consider that the small number of gambiae captured in this type 
of· shelter represents only a. small proportion of those that it would be 
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possible to collect there by a methodical and complete survey-if this 
could be achieved. 

Of the 235 female gambiae found in dwelling-huts, 148, i.e., 63%, 
were engorged, while in the shelters outside dwellings, only 13 out of 207 
(6.3%) contained blood. If the opportunity to bite was then offered to 
these aestivating females, they displayed their haemophagy. Bagster 
Wilson's recent research in Tanganyika 405 has enabled him to establish 
the following comparative percentages : 

Engorged females 
(%) 

Dwelling-huts . . . . . . . . . . . . . . . . 60 
Unoccupied huts and outside shelters 6 

Dissection of the females collected during the dry season showed that 
the majority possessed well-developed ovaries, containing for the most 
part fully-formed eggs with visible floats (stage V) : 

Females captured in dwelling-huts 
Percentage - . . 

Females captured in other shelters 
Percentage . . 

Ovarian stage 
I, II, Ill IY Y 

- 19 

10.4 

20 
12.6 

55 
30.2 

57 
36.1 

108 
59.4 

81 
51.3 

In no case was it possible to establish hypertrophy of the fat-body. 
From these observations in the field,· it may be concluded that gambiae 

exists during the dry season in the form of aestivating females ready to 
deposit eggs, and able or not, according to the opportunities available, 
to take blood-meals. This kind of aestivation without the formation of 
reserves off at is half-way between gonotrophic concordance and gonotrophic 
dissociation, only reproductive activity is suspended and nutritional 
activity may or may not be present. 

Aestivation in the laboratory 

We made a laboratory study, not without difficulty, of aestivation 
in gambiae females under experimental climatic- conditions related as 
closely as possible to those existing in the field, i.e., relative humidity slightly 
higher than that of the air, and temperature, on the contrary, lower. 
These conditions were established in a room in our house, closed by 
shutters of lattice-work, which ensured the relative darkness and absence 
of draughts which the females seek in their shelters. 

The females used came from larvae or pupae .collected in natural 
breeding-places. After being left with males for 2-5 days, and fed, they 

_ were isolated in individual cages. A source of blood, our arms, was 
subsequently offered to them every second day. 
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We experimented with 149 females: 32 in 1948, 49 in 1949, and 68 
in 1950; 62 died without having laid eggs. Table XIV gives the most 
characteristic observations made in the course of these experiments. They 
show that the duration of life in the female in the dry season may reach 
156 days, that is, more than five months, which confirms the observations 
of Gordon & Davey (personal communication to Evans,112 page 323) 
who, from investigations undertaken in the Island of Pepel, concluded 
that a certain number of gambiae females survived the dry season and 
couJd live for at least four months. 

TABLE XIV. OBSERVATIONS CONCERNING THE BIOLOGY OF VARIOUS FEMALES 
REARED IN THE LABORATORY 

Female First Second Third Length 
No. Hatching Isolation oviposition oviposition oviposition Died of life 

(days) 

2 20.12.48 25.12.48 i 28.3.49 - I - 4.4.49 105 
4 20.12.48 25.12.48 9.4.49 - - 18.4.49 119 

26 5.1.49 9.1.49 28.3.49 1 .4.49 i - 9.4.49 94 
27 5.1.49 9.1.49 3.4.49 19.4.49 

I 
25.4.49 1.5.49 116 

40 25.1.49 3.2.49 16.4.49 16.5.49 - 22.5.49 117 
44 25.1.49 3.2.49 24.5.49 21.6.49 - 26.6.49 152 
48 25.1.49 3.2.49 19.6.49 - - 30.6.49 156 
58 25.3.49 27.3.49 21.6.49 - - 29.6.49 96 
61 15.5.49 19.5.49 25.6.49 27.6.49 3.7.49 8.7.49 54 

115 3.4.50 7.4.50 I 5.6.50 19.6.50 - 23.6.50 81 
116 3.4.50 7.4.50 20.6.50 - - 21.6.50 79 
124 10.4.50 15.4.50 I 29.5.50 6.6.50 - 18.6.50 69 

' 

The average length of life depends on the time of year the rearings 
ar!:l undertaken, and we think that two factors, temperature and relative 
humidity, play an important role in the longevity of the females. 

Indeed, if we group the insects reared into two distinct series : 

(1) rearings of females hatched from December to March inclusive, and 

(2) rearings of females hatched from April to June inclusive, 

we see clearly that the duration of life is much longer in the first series 
(112 days) than in the second (87 days), and that it varies inversely with 
the increase of mean relative humidity and mean temperature : 

Hatching .Afea11 relatfve .. \lean Al-·erag~ length 
J)eTiod lumudity temperature of life 

(~~) roe) (days) 

I>ecer.nber-~arch 35.1 27.14 112 
April-June 63.6 29.51 87 

The duration of aestivation will therefore be conditioned in the field 
by the date on which it begins: the earlier in the dry season it starts, the 
further it will be prolonged. 
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- - -- - -___ . -. - - _-_ 

We have seen (page 104) that; inthefield, 63.0%ofthefemales found iD. 
dwellings, and 6.3% of thOse collected from outside shelters' were engorged. 
Altogether, 281 out of442 females, i.e., 63.6%, had not fed, and W'e wished 
to determine experimentally ifthe lack of food 1nfltiencedin one way or 
another the diminished vitality ofthe aestivating females. · 

- - - -

With this end in view, we deprived, for given periods, the gambiae 
· females we were rearing .of every possibility of feeding On blood or other 

nourishment, and were able to establish that they were in no way affected · 
by this abstinence and that, when they .were given a chance of biting 
after their fast, they gorged themselves to tlie full. 

. . 

In 1949, w. e interrupted the feeding of ou~ females on several occasions 
- - - -

without finding that it resulted in any harm to.them .• While our gambiae 
were usually fed every second. day: their blood-meals were first suspended 
front 24 January to· 9 February,. and then froll1 22February to 27 March, 
that is, for 51 days~ This interruption of m~arly two monthsconcerned 
47 females ; at the end of the fast, the course of their sluggish lives seemed 
to be in no way modined. . 

. . -

· In 1950, we repeated this experiment, prolonging the fasting. period. 
for more than 51 days. The results are given below : · 

(1) Five females were subjected to a fast.· of 63 days (24 April to 
25 June). One female died during the experiment, on 2 June. The others 
were fed with blood again on26 June, an<I theylaid eggs-as follows :one on 
30 June, two on 3 July, and the last on 5 July. . .·. -•. . · 

(2) Five females were subjected to a fast of 7Qdays (24April to 2 July). 
Two females died, on 22 May and 5 June, respectively. The three other 
females began to feed again on 3 July and laid their eggs as follows : one 
on 6 July, one on 10 July, and the third, for the first time, on 6 July 
and, for the second time., on 9 July. ·. 

As a result, it may be said that aestivating females of gambiae are 
quite :well able to live in their shelters throughout the dry season 
without feeding, Inthcdaboratory, the fasting period may extend for 
as long as.70 days without harm. These females,·which are. devoid of fat 
reserves, probably maintain themselves at the expense of the nutritive · 
mass constituted by the eggs. -

Conditions. of " reactivation " in aestivating- females 
- -_ -

On several occasions, we were able to note that if, at any time during 
aestivation, we placed the lid of a Borrel tube ora small crystallizing
dish filled with water in .the cage of a female that was being reared, she 
nevertheless did not lay her eggs in it. In the field, some factor other than 
the formation of a breeding-place musttherefore intervene to release the 
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stimulus to lay. We thought that it might be a question of variations in 
the relative humidity of the outer air and, in order to verify this hypothesis, 
we carried out a certain number of experiments, the most salient features 
of which are described below. 

(1) In the first series of experiments, the degree of relative humidity 
was increased by the presence of a bucket of water in the room where 
rearings were being undertaken. In addition, curtains, which were kept 
damp, were hooked on to the Venetian blinds in the room, and the ground 
was coveredwith potato-sacks which were constantly watered. We shall 
say that, in this series of experiments, observations were made " at con
stant humidity". 

(2) In the second set of experiments, we increased the degree of 
relative humidity by surrounding the base of each cage with a band of 
absorbent cotton-wool saturated with water and covered with gauze. 
The band was placed in position in the morning, removed in the evening, 
replaced the next evening, taken away again the morning after, and so 
on for a week. We shall call the observations of this series "observations 

· at variable humidity ". 

Observations at Constant Humidity 

Observation No. 1 (December 1948-February 1949) 

Hatching : 20 December 
Isolation : 25 December 
Mean relative humidity maintained from 26 December to 20 January: 82.4% 

1st oviposition: 18 January - 182 eggs 
2nd oviposition: 21 January - 61 eggs 
3rd oviposition : 3 February - 112 eggs 

:4th oviposition: 6 February - 86 eggs 
5th oyiposition : 8 February - 34 eggs 
Died : 11 February 

Observation No. 2 (December 1948-January 1949) 

Hatching : 20 December 
Isolation : 25 December 
Mean relative humidity maintained from 26 December to 20 January: 82.4% 

1st oviposition: 15 January - 64 eggs 
2nd oviposition: 18 January - 212 eggs 
3rd oviposition: 20 January ~ 103 eggs 
4th oviposition : 23 January - 77 eggs 
Died: 26 January 

Observation No. 3 (December 1948-March 1949) 

Hatching : 20 December 
Isolation : 25 December 

· Mein relative humidity maintained from 26 December to 20 January: 82.4% 
·Oviposition: 20 February - 186 eggs 
Died : 24 March 
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Observation No. 4 (December 1948-January 1949) 

Hatching : 22 December 
Isolation : 26 December 
Mean relative humidity maintained :from 26 December to 20 January: 82.4% 

1st oviposition: 1 January - 183 eggs 
2nd oviposition: 13 January - 79 eggs 
3rd oviposition: 16 January - 101 eggs 
Died: 31 January 

Observation No. 5 (April-May 1950) 

Hatching : 4 April 
Isolation : 8 April 
Mean relative humidity maintained from 17 to 24 April: 80.8% 

Oviposition : 8 May - 231 eggs 
Died: 15 May 

Observations at Variable Humidity 

Observation No. 1 (January-May 1949) 

Hatching : 25 January 
Isolation : 3 February 
Variable relative humidity from 7 to 15 February: 

7 February. 
8 
9 

10 
11 
12 
13 
14 
15 

Average 

1st oviposition: 16 April - 162 eggs 
2nd oviposition : 16 May - 70 eggs 
Died: 22 May 

Observation No. 2 (January-June 1949) 

Hatching : 25 January 
Isolation : 3 February 
Variable relative humidity from 7 to 

7 February. 
8 
9 

10 
11 
12 
13 
14 
15 

Average 

15 February : 

81.4% 
50.8% 
32.4% 
80.6% 
30.4% 
82.2% 
42.6% 
64.0% 
34.4% 

55.4% 

83.6% 
51.0% 
32.8% 
80.8% 
30.4% 
81.6% 
44.0% 
73.2% 
34.6% 

56.9% 
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1st oviposition: 24 May - 198 eggs 
2nd oviposition : 21 June - 105 eggs 

Died: 26 June 

Observation No. 3 (November 1949-March 1950) 

Hatching: 12 November 
Isolation: 16 November 
Variable relative humidity from 16 to 22 December: 

16 December 
17 
18 
19 
20 
21 
22 

Average 

1st oviposition: 5 February - 217 eggs 
2nd oviposition : 4 March - 142 eggs 
3rd oviposition : 12 March - 96 eggs 

Died : 26 March 

80.2% 
46.8% 
76.2% 
83.6% 
43.8% 
60.0% 
46.0% 

62.4% 
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Thus, in the first series of experiments, the mean relative humidity being 
maintained above 80%, oviposition occurred very rapidly-6 days after 
the beginning of the experiment in the quickest case (observation no. 4), 
and 56 days in the slowest case (observation no. 3). On the other hand, 
in the second series of experiments, the stimulus for oviposition was not 
released until long after the experimental variations: from 51 (observa
tion no. 3) to 106 days (observation no. 2) after the beginning of the 
experiment. It may therefore be considered to be independent of the 
degree of relative humidity produced experimentally. 

The facts we established concerning the beginning of population 
increase in gambiae during the rainy season (see page 91) and its retarda
tion in relation to the advent of the rains, seem therefore to be explained 
by this " reactivation " of aestivating females when the mean relative 
humidity rises. The eggs deposited by these females will develop rapidly 
in the breeding-places created by the rains, breeding-places in which a 
high temperature and a low content of organic matter of plant origin 
will allow of an accelerated egg-adult cycle. It is the offspring of these 
females which will ensure the well-known pullulation of gambiae in 
September. According to Rao's thesis on A. annularis and A. culicifa
cies,295 the aestivating females can be regarded as maintaining the species 
during the adverse season, the females of the rainy season reaching 
maximum development during the favourable season. 
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Comparison of oviposition in aestivating females and. in f~lllale_s 
during the ntiny season 

~- - - - - ~ - - ~ .- -
- . . 

The number of batches of eggs deposited by the a,~()p}lelines and the 
mimber of eggs contained in each batch are, on the wh§let notwe1lknown. _-

- Dupree(quoted by 1Iegh,l60page 53) estimates that the number of:eggs de~ 
posited by A .punctipennis varies from 100 to 300. Rdu.baud 308 thoug~t that- · 
A: fnaculipennis gave rise to 3-4 generations annually; he obtained, with 
A; maculipennisfa1lax, 6 ovipositionsin-16 days;\vith a. toU!.lofl,l45 eggs:309 

Shute 349 considered that, in the laboratory; halfthe females of A. maculi
pennis atroparvus laid four batches. For A. albimanus, the maximum 

- number of eggs iaidis said to be in the neighlJOurliood of a thousand ; 320 

___ itwasasJ:lig1t:as350, with an-average of250eggsin2-4batches,inA. _ 
- _. maculipennis atropar-v_us- in <PortugaL58 Toumanoff 379 has shown that · 

A. hyrcanus sinensis could deposit 6-7 b:ltches of eggs in captivity._ . -
_- ->- - - -_ -_ . -- - ~- - -: :c-- -.-. _- _--- :-- -

•· .. Muirliead~Thomson: ll58 points out that, in A. minimus, :the batches :or 
- .eggs differ aec:otdingto whether they are laid in winter (an average of. 

82 eggs per bat~:h)(>f in suinmei (an average of 137 eggs). RajinderPai284 

·shows tliat such. a difference does Iiot occur from one season to another . 
fn A .. c.ulicifaci~s (averages. Of 115 and 134 eggs), a species with a very 
si)11i.Iar iife~hi.story; and concerrting which Russell & Ramachandra Rao 828 · 

had considered that the females deposited only one batch of eggs. . 
-- -_--_- _-- -- _- - - --_ ' :-_-- -: - -

·As far.as A. gambicie is concerned;Syines 368supposedthat the females·. 
· could dep<>sit 20 batches; However,Hocking & Maclnnes 170 gave figures 
of3-4 ovipositions: Their observations related to 291ots of females who·· 
gave, per oviposition,.a:maxim:UnFof 325 eggs; a minimum of 80, and 
ari average of 166.Q. One<female deposited on three successive days 117, 

·. 45, a_nd••lo1·· eggs,_ and the maxiunrm obse~ved• was .9p•eggs spread over 
4 ovi]Jositions in 15 days:. Gibbins 138 had noted ovipositions of 114, 
118, and 126. eggs: · . · . .· · · 

-- - - -.-. -_- .- -_ .- - . : 

The observations that we made1ed us to makea distinctioilbxtween 
· batchesJrom aestiv~ting females and batches froni fetilaies during the rainy 
season {females> raised in the laboratory from pupae collected .• between 

.15 and 30 September}: · . . . . . ·. . .·. . 

-Number- of 
ovipo~ttlons 

.. 1 

• 2 ·. 

3 
4 
5 

. Aestl~ati~~ fe,;a7es · · 
-Number - c% -

56. .64A 
20 .. -- · 23-.o· 

5 5;7 
5 5.7 
1 1.2 

- . 

--F:emale• during the rai~y- season 
- - -.NulnfJer %_-

.11 10i5-
17. .16.2 . 

31 29.5 
37 35.2 
9 8.6 
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The average number of ovipositions by aestivating females is 1.6, 
and, that by females during the rainy season, 3.2. Aestivating females 
usually lay once, sometimes twice, but rarely more often, while females 
in the rainy season generally lay three or four times. 

The number of eggs deposited also varies according to which type of 
female one is considering : 

Aestivating Females in the 
females rainy season 

Number of eggs per batch : 

Average .. 128.1 206 
Minimum. 34 71 
Maximum. 238 280 

Number of eggs per female : 

Average .. 142.5 268 
Minimum. 74 97 
Maximum. 480 763 

The maximum number of eggs laid by an aestivating female was 480 in 
4 batches: 

1· January. 
26 
28 
31 

218 
91 

113 
58 

while the maximum recorded in a female during the rainy season was 
763 in 5 batches : 

13 October. 
18 
21 . 
23 
27 

245 
193 
117 
101 
107 

·. The average number of eggs deposited by an aestivating female is 
142.5, against nearly double that figure (268) for a female during the rainy 
season. Our experiments in the Sudan in 1952 gave us comparable figures: 
145.3 against 252.7, respectively. 

The interval between successive ovipositions is shorter in females 
during the rainy season (an average of 4 days) than in aestivating females 
which, when they lay several times, do so to an average rhythm of 7 days' 
interval; the shortest time observed was 48 hours (first oviposition, 158 eggs; 
second oviposition, 43), while the longest was 34 days (197 and 111 eggs, 
respectively). 

· .. The higher number, and more rapid succession, of ovipositions by 
females in the rainy season induces a fatigue which shortens their life. 
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This fact was established by James, Nicol & Shute,186 who had noted 
that females of A. maculipennis which laid several times did not live as 
long as females which laid only once ; this was contrary to what had been 
described by Barber, Komp & Hayne 14 for the same species and for 
A. quadrimaculatus. 

If we compare the longevity, after the last oviposition, of aestivating 
gambiae with that of gambiae during the rainy season, we shall see that the 
average duration of survival is 8.4 days (minimum 36 hours, maximum 
48 days) in the first group, and 3.5 days (minimum 24 hours, maximum 
17 days) in the second. Nevertheless, Annett, Dutton & Elliott 8 state 
that, in southern Nigeria, they have kept rainy-season females for seven 
weeks, giving them a daily blood-meal. 

Aestivation then has as a corollary, which goes with the prolon
gation of life, a greater resistance to sexual fatigue. However, these prob
lems demand supplementary studies, notably concerning the factor which 
determines resistance and the conditions for survival of females during 
fasting periods. 

It would seem that some exact techniques require to be perfected, 
because the research that we are at present undertaking in the middle 
valley of the Niger (Sudan) has not yet enabled us to elucidate these details. 
A number of aestivating females were reared from larvae and pupae col-· 
lected in the field, but it was impossible to keep them in the laboratory 
for more than 52 qays (as compared with ·17 days for females collected 
during the rainy season). The aestivating females survived a blood-fast, 
but only when nourished with a sugar solution. 

A priori, therefore, it is not impossible that racial differences may 
intervene to explain the variations in gambiae's behaviour during the dry 
season, even within a limited area of' its distribution range. 



CHAPTER 6 

ROLE OF A. GAMBIAE 
IN THE TRANSMISSION OF MALARIA 

Since the major role played by A. gambiae in the transmission of malaria 
in Africa was demonstrated by Ross in 1899, by Ross, Annett & Austen 304 

(who, at Freetown, found a sporozoite-rate of 5.5% in 109 specimens 
dissected) in 1900, and by Stephens & Christophers 357 • 358 (who, at Lagos, 
noted that 3% of the gambiae dissected harboured sporozoites), very many 
figures have been published concerning the infestation by the malarial 
haematozoa of the salivary glands and stomach of the mosquito. Much 
of this material cannot be directly utilized since the authors have often 
not indicated precisely whether their figures concern the sporozoite-rate, 
the 0ocyst-rate, or the total infestation-rate. Annex 2 (page 156) 
groups some data which are interesting in the sense that they show 
the limits within which salivary infestation develops in the different regions 
of the distribution range of A. gambiae. These limits are very wide ; they 
vary from 0.2% (at Nairobi, Kenya 367) to 30.2% (at Natal, Brazi1 266), 

and even to 35.2% (at Yaounde, French Cameroons 390). 

As far as French West Africa is concerned, the first known figures 
relating to salivary infestation in gambiae were those given by Bouffard,:ss 
who found, in the Sudan, the following sporozoite-rates : 

15% at Segou (August) 
16% at Bamako (September) 
18% at Koulikoro (August) 
20% at Kayes (July) 

Marneffe & Sautet 244 probably had no knowledge of these figures when 
they described the first salivary infestation of A. gambiae for French 
tropical Africa-2.7% at Mopti (Sudan). 

Apart from the rates published by Bouffard and by Marneffe & 
Sautet, no mention of the infestation of gambiae by malarial haematozoa 
has, to our knowledge, been made in French West Africa. It is probable 
that a certain number of reports from doctors in charge of district medical 
services, or of health services, give precise information on the vector role 
of gambiae in the various territories of the Federation, but it is extremely 
difficult, not to say impossible, to find them. 

- 113-
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TABLE XV, INFESTA'riON-RATES OF GAMBIAE IN VARIOUS LOCALITIES IN 
FRENCH WEST AFRICA 

Locality 

French Sudan 
Banks of the Barii 
Mopti 
Segou . 
Sikasso , 

Ivory Coast 
Abengourou 

Upper Volta * 
Gaoua 
Ouagadougou 

Tiogo . 
Yakala . 
Zabre 

Date 

May 1949 
June 1949 
May 1949 
April 1949 

March 1949 

March 1949 
February 1949 
December 1949 
February 1949 
December 1949 
December 1949 

* Excluding the Bobo-Dioulasso district. 

Sporo:
zoite" 
rate 
(%) 

11.1 
2.8 
3.2 
4.0 

2.6 

2.2 
2.5 
7.6 
5.0 
5.5 
5.0 

Oocyst
rate 
(%) 

5.7 
9.6 
8.1 

2.6 

4.5 
5.0 

Total 
infesta

tion-rate 
(%) 

11.1 
8.5 
9.6 

10.2 

4:0 

5.6 
5.0 
7.6 
5.0 
5.5 
5.0 

TABLE XVI. INFESTATION-RATES OF GAMBIAE IN THE BOBO·DIOULASSO AREA 

- Sporo- Oocyst- Total 

[ocality Date zoite- infesta-
rate rate !ion-rate 
(%) (%) (%) 

Subdivision of Banfora 

I Douna . April 1950 0.8 - 0.8 
Soubakan.iedo'ugo~ : March 1950 12.5 6.2 18.7 

Subdivision of 
Bobo·Dioulasso * _ 
Daflnso June 1950 2.7 - 2.7 
Dinderesso June 1950 6.3- 1.3 7.5 
F6. March 1950 30.7 3.8 34.5 
Karankasso August 1949 3.0 - 3.0 
Kelesso -. August 1949 -8.6 - 8.6 
Kouentou February 1950 20.0 - 20.0 

March 1950 17.0 - 17.0 
Koumi January 1949 16.6 - 16.6 

July 1949 12.5 6.2 18.7 
June 1950 11.1 - 11.1 

Moani June 1950 13.5 - 13.5 
Sagassia~e·n~o: June 1950 21.2 - 21.2 
Samorogouan April 1950 11.7 2.9 14.6 
Seguere May 1950 11.1 - 11.1 

Subdivision of Hounde -

Bouambeledougou September' 1949 3.3 - 3.3 
February 1950 5.2 - 5.2 

Koumbia. JulY 1949 - 6.6 13.3 13.3 
September 1949 10.0 - 10.0 

Ouakuy ' May 1950 15.0 - 15.0 
Pe. April1949 - 6.2 6.2 

September 1949 4.5 - 4.5 

* Excluding catching stations. 
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In tables XV and XVI we have assembled a number of very varied 
figures on salivary infestation that we were able to establish as a result 
of nearly 12,000 dissections carried out in the course of our surveys in 
1949 and 1950 in the French Sudan, the Ivory Coast, and the Upper 
Volta. We have also included the oocyst-rates and the total infestation
rates, although they are only of relative interest. 

We propose to study principally the results of the dissections made of 
gambiae captured in our five catching stations, comparing them with 
those provided by dissections of funestus from the same stations (see 
tables XVII to XXI). We shall consider only the sporozoite-rates of 
the anopheles in question, since it is impossible to draw any valid conclu
sions from an examination of the oocyst-rates which, as a general rule, 
vary anarchically. 

One important observation can be made from the analysis of these 
tables and of figures 18 and 19 : during the whole, or at least a great part, 
of the dry season, the sporozoite infestation of gambiae is nil or low. 
This absence in gambiae is shown in fig. 18 (stations 1 and 5), and in 
fig. 19 (stations 2, 3, and 4). · 

TABLE XVII. SPOROZOITE-RATES OF GAMBIAE AND FUNESTUS 
CAPTURED AT STATION I 

A. gambiae A. funeslus 

Month 

\ 

sporozoite-
I 

sporozoite-I 
number rate number I rate 

(%) (%) 

1949 
January 24 4.2 5 0 
February 24 0 4 0 
March 14 0 3 0 
April 24 

I 
0 2 0 

May 17 0 5 0 
June 25 4.0 2 0 
July 49 12.2 13 7.7 
August .. 153 9.8 17 17.6 
September 532 9.0 38 7.9 
October 219 8.7 26 7.7 
November 93 4.3 22 0 
December 29 6.9 10 0 

1950 
January 30 10.0 5 0 
February 5 20.0 8 0 
March 23 13.0 5 0 
April 13 0 5 20.0 
May 18 11.1 4 25.0 
June 26 7.7 3 0 
July : : 89 20.2 27 3.7 
August .. 259 16.2 29 3.4 
September 1,332 4.7 33 6.1 
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TABLE XVIII. SPOROZOITE-RATES OF GAMBIAE AND FUNESTUS 
CAPTURED AT STATION 2 

1949 
January 
February 
March 
April. 
May 
June 

Month 

July 
August. 
September 
October . 
November 
December 

1950 
January 
February 
March 
April. 
May 
June 

A. gambiae 

number 

27 
45 
26 
22 
25 
31 
40 
35 
32 
33 
11 

5 

6 
14 
2 
7 
8 

31 

I
' sporozoite

rate 
(:;--;) 

0 
2.2 
0 
4.5 
0 
0 

17.5 
14.3 
12.5 

9.1 
0 
0 

0 
0 
0 
0 
0 

29.0 

A. (unestus 

number 

48 
48 
28 
20 

8 
5 
5 
5 
7 
9 

16 
15 

26 
31 
13 
14 
21 

4 

I 
sporozoite

rate 
(%) 

0 
0 
7.1 

10.0 
12.5 

0 
0 
0 

14.3 
11.1 
12.5 
13.3 

19.2 
9.7 
7.7 
7.1 
4.8 
0 

TABLE XIX. SPOROZOITE-RATES OF GAMBIAE AND FUNESTUS 
CAPTURED AT Sl;'ATION 3 

1949 
January 
February 
March 
April . 
May . 
June 

Month 

July 
August. 
September 
October 
November 
December 

1950 
January 
February 
March 
April 
May . 
June 

A. gambiae 

number rate 

I 
sporozoite-

42 
28 
30 
18 
10 
28 
33 
34 
19 
64 
16 
45 

15 
28 
23 
65 
26 
36 

(%) 

4.8 
0 
0 
0 
0 
7.1 

24.2 
38.2 
15.8 

7.8 
6.2 
8.9 

20.0 
10.7 

4.3 
3.1 
3.8 
5.6 

A. '"""'"' I 
number rate 

I 
sporozoite-

7 
4 
5 
4 

12 
16 
20 
14 
15 
55 
11 
27 

20 
13 
8 

13 
12 
16 

(%) 

0 
0 
0 
0 
8.3 
6.2 

10.0 
28.6 
13.3 
5.5 
0 
7.4 

30.0 
15.4 
12.5 
7.7 
8.3 
6.2 
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TABLE XX. SPOROZOITE-RATES OF GAMBIAE AND FUNESTUS 
CAPTURED AT STATION 4 

l A. gamblae A. {unestus 

Month 

I 
sporozoite-

I 
sporozoite-

number rate number rate 
(%) (%) 

1949 I I January I 29 3.4 13 7.7 
February ' 39 2.6 16 0 
March 

' 
27 0 7 0 

April . 36 2.8 4 0 
May 25 4.0 6 0 
June 31 12.9 I 2 0 
July .. 48 12.5 

I 
3 0 

August. 

I 

85 14.1 3 0 
September 42 9.5 1 0 
October . 36 5.6 2 0 
November. 33 6.1 19 10.5 
December I 24 4.2 18 11.1 

1950 l 
January I 18 5.6 15 6.7 
February I 30 3.3 15 0 
March 45 4.4 7 0 
April I 32 3.1 5 0 
May . 

I 

30 6.7 6 0 
June . 22 4.5 2 I 0 

TABLE XXI. SPOROZOITE-RATES OF GAMBIAE AND FUNESTUS 
CAPTURED AT STATION 5 

A. gambiae 

I 
A. {uneslus 

Month i 

I 

sporozoite- I sporozoite-
number I rate number rata 

I e~> I (%) 

1949 

I January 25 0 87 4.6 
February 22 0 85 2.4 
March 10 0 I 35 2.9 
April. 25 0 

I 
70 4.3 

May 37 2.7 104 3.8 
June 40 2.5 49 0 
July 34 5.9 

I 
80 3.7 

August .. 106 6.6 46 2.2 
September 399 6.8 

I 

102 2.9 
October 62 6.5 48 8.3 
November 15 0 23 13.0 
December 13 0 61 

I 
8.2 

1950 
I 

I 
January 17 0 I 79 16.5 
February 25 0 120 10.8 
March 19 0 ! 95 7.4 
April. 11 0 i 51 7.8 
May . 16 0 

I 
84 8.3 

June . 7 0 30 16.7 

I 

I 
I 
I 
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The increase in the sporozoite-rate generally begins in May or June, 
and reaches a peak in August. In stations 1 and 3, a second peak was 
noted in January (station 3) or February (station 1), but this was very 
probably due to the small number of dissections made. One can say 
the same for the high percentage of salivary infestation that may be 
recorded during the dry season. Table XXII, which gives the annual 
dissection results, shows the difference between the rates calculated for 
the whole of the year 1949 (dry season plus rainy season) and those 
established for the first half of 1950 (dry season). 

TABLE XXII. SPOROZOITE-RATES OF GAMBIAE AND FUNESTUS 
CAPTURED AT THE FIVE STATIONS 

A. gambiae A. (unestus 

Station and period 

I 
sporozoite-

I 
sporozoite-

number rate number rate 
(%) I (%) 

I 

I 
Station 1 I 

January- December 1949 1,203 8.0 147 I 6.1 
January- September 1950 1,795 7.4 119 I 5.0 

Station 2 I I I January- December 1949 I 332 6.3 214 5.1 
January.- June 1950 . .. I 68 13.2 I 109 I 10.1 

I 
I 

Station 3 

I 
January- December 1949 

I 
367 10.4 190 7.9 

. January- June 1950 . .. 193 6.2 82 14.6 

Station-4 
January- December 1949 455 7.7 94 5.3 
January- June 1950. .. 177 4.5 50 2.0 

Station 5 
I 

I 
January- December 1949 788 5.3 I 790 4.2 
January- June 1950 ... 95 i 0 

I 
459 10.7 

Total for the five stations 
I 

5,473 I 
! 

7.2 I 2,254 I 6.7 

If one examines the sporozoite-rates· of gambiae and funestus at the 
five catching stations (tables XVII to· XXI), and the average infective 
density per hut in stations 1 and 5 (table XXIII}, it is clear that there are 
two distinct trends in the seasonal variations of these indices : 

(1) The vector role of funestus is weak in comparison with that of 
gambiae (station.s 1 and 4). Gambiae may sometimes show a sporozoite
rate lower than that of funestus during a part of the dry season 
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TABLE XXIII. AVERAGE INFECTIVE DENSITY PER HUT FOR A. GAMBIAE 
AND A. FUNESTUS, AT STATIONS 1 AND 5 

1949 
January 
February 
March 
April. 
May 
June 

Month 

July 
August .. 
September 
October 
November 
December 

1950 
January 
February 
March 
April . 
May 
June 
July 
August .. 
September 

Average infective density per hut 

station 1 , ____ s_ta_tJ
7

'o_n_5 ____ 
1 

A. gambiae I A. {unestus A. gambiae I A. {unestus 

0.0137 0.0028 
0.0405 0.0024 
0.0172 0.0017 
0.0086 0 
0.0017 0 

0.0029 
0.0008 
0.0028 
0 
0.0015 
0.0015 
0.0183 
0.0307 
0.0720 

0 
0 
0 
0.0008 
0.0007 
0 
0.0007 
0.0007 
0.0026 

0 
0 
0 
0 
0.051 
0.082 
0.116 
0.501 
0.312 
0.128 
0 
0 

0 
0 
0 
0 
0 
0 

0.229 
0.110 
0.196 
0.235 
0.247 
0 
0.162 
0.067 
0 
0.145 
0.234 
0.213 

0.885 
0.561 
0.306 
0.327 
0.589 
0.381 

(station 4), but this is rare, and the curve of seasonal variation in the infec
tive density follows closely that showing the density of the anopheline 
population. 

(2) The sporozoite-rates of the two anophelines show a seasonal 
inversion (stations 1 and 5) comparable with the seasonal inversion of 
their respective populations. Gambiae is dominant during the rainy season 
for a very short period, and the rise in the sporozoite-rate of funestus 
begins before the role of gambiae ends (station 2). Alternatively, during 
the rainy months, gambiae is dominant over funestus, which, however, 
presents a high sporozoite-rate (station 5) throughout the year, as shown 
in fig. 18. 

The observations made at station 3 illustrate a special case : gambiae 
and funestus are seen to be of equal importance in the transmission of the 
haematozoa, and this corresponds to an equilibrium which, except for a 
short period during the dry season, exists between the populations of the 
two anopheles. This kind of equilibrium, although abnormal in the Sahelian 
and Sudanese zones, is common enough in East Africa, e.g., in Tan
ganyika.341 

The study of variations in salivary infestation in gambiae and funestus 
allows one to conclude that, if gambiae is the chief vector of malaria in 
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French West Africa, its role, in regions where seasonal inversion of the 
populations of the two anopheles is the rule, is scarcely more important 
than that of funestus. This role will diminish notably in zones where 
funestus is dominant, and even in localities where gambiae predominates 
throughout the year, it will be only slightly greater than that of funestus. 
Although less important numerically, funestus will often show a higher 
sporozoite-rate. 

Given that seasonal variations in the sporozoite-rates follow those of 
the populations, one may consider that they are subject to the same factors, 
that is to say, to the rhythm of the rains and, still more, to the degree of 
relative humidity. At Stanleyville, Vincke & Parent 395 showed that they 
were independent of the temperature. 

These variations lead us to think that, contrary to the opinion of 
Schwetz,333 funestus, outside the regions where it is the sole vector, is 
responsible for the average endemic state of malaria which reigns in French 
West Africa. With the same reservations, gambiae intervenes to provoke 
epidemic outbreaks or to maintain, in limited zones, a very high endemic, 
or hyperendemic, state. 



CHAPTER 7 

RACES AND VARIETIES OF A. GAMBIAE 

. ANTHROPOPHIL Y AND ZOOPHIL Y 

Study of A. gambiae var. melas 

Morphological characters-'-Ditfereilces between gambiae and melas 

IIi the coastal regions of Africa, A. gambiae is represented by one variety 
-A .. gambiae me/as .. It is probable ihat the first specimen described by 
Theobald,371 in 1903, as a gambiae with a dark integument, with palpi 
possessing a dark supplementary band, and with reduced :ringing on the 
anterior tarsi and fewer pale spots on the wings, belonged to the variety me/as. 
At. the same· time,· DuUon 105 mentioned the· discovery of gambiae larvae 
in breeding-places containing sea-water; • Although these two observa~ 

tiohs may not have been conneCted, most workers agreed with Barber 
. & Olinger 15 and Evans 112 that melanism was associated with development 

in brackish water, while remarking that the continental ga,mbiae was not 
able to survive in breeding-places which gave rise to me/as. That this was 
impossible hao ali·eady been pointed out by Le Moal,223 who, having 
found larvae in marshes with a salinity of 24 g ofNaCI per litre, at Dakar, 
observed that larvae taken from fresh water died when they were trans
ferred to the water· of these marshes. 

In 1944, Ribbands 289 established that the larvae of gambiae and of 
me/as showed a clear distinction in the formation of the comb of the 

- - - - - -- - -

VIIIth segment ;in gambiae, it was composed of groups of uneven teeth 
of which only the short ones were spiculate, while in me/as' the teeth were 
almost equakand all were spiculate with.the occasional exception of the. 
two teeth situated at the ends. At the same time, this author 290 showed 
that,. a1though gambiae could not develop in a breeding-place containing 
more thin 11.9 g ofNaCI per litre, me/as completed its cycle in a breedfng-
place containing 47.6 g, and that there was no correlation between the 

.. number ofnielas showing the additional black band. on the palpi and the 
salinityofthe water in whiCh the anopheles had been reared (70% of the 
me/as could not be distinguished from typical gambiae). 

Muirhead-Thomson 259 demonstrated an essential difference between 
the eggs of typical gambiae and those of me/as, the hitter being distin
guished by the extreme reduction of the distance between the floats and 
the striated border (fig. 20, a). This worker noted that the eggs deposited 

-122-
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by females with quadrimaculate palpi belonged to typical melas and 
concluded that the gambiae females possessing such palpi were, in fact, 
A. gambiae melas. On the basis of these observations he proposed that 
the variety melas be raised to the rank of species, and confirmed his opinion 
by proving that hybrid males resulting from a gambiae-melas cross were 
sterile.262 However, cross-breeding carried out in Nigeria showed that 
males of the F1 generation were not sterile, matings between F1 males 
and F1 females being fertile, although the eggs deposited did not hatch.270 

The criterion of quadrimaculate palpi therefore seems to be invalid 
and to have very little systematic importance. We have already seen 
(page 41) that, in French West Africa, purely continental gambiae may 
show quite a high percentage of females with four bands on their palpi, 
and Bruce-Chwatt 52 has pointed this out in Nigeria, noting besides that, 
in the lagoon area of Lagos, the additional black band was missing in 
95% of melas identified by the structure of the eggs. Similarly, of all the 
melas that we were able to examine, we verified that, on an average, 25% 
showed palpi that were typical of gambiae. 

It seems, therefore, that the distinguishing character seen in the mor
phology of the egg may be the only one that enables gambiae females 
to be differentiated from those of melas. However, at Lagos, Bruce
Chwatt 49 found that a small proportion of the females laid eggs which 
were of an intermediate type and which could be attributed to neither 
of the two forms. Such eggs exist in about 3% of the batches and show 
constant differences in size.270 

As far as the larvae are concerned, the character of the comb on seg
ment VIII appears uniform. The only variations we have been able to find 
concern the denticulations on the teeth at the ends, which may or may 
not be spiculate, and the presence of supplementary denticles on the body 
of the comb (fig. 20, b, c). 

Attempts to find stable morphological characters which would allow 
of the differentiation of the adults have not been crowned with success. 
Bruce-Chwatt 48 has shown that the pharyngeal armatures of the typical 
female and of the variety are identical in every way. The few males that we 
were able to dissect showed the hypopygium of typical gambiae. We 
have, on the other hand, observed the association of certain morphological 
characters in females collected from the Lower Ivory Coast and from 
Guinea, and in specimens (determined by examination of the eggs after 
dissection) we have received from Senegal and Casamance. 

These characters are the following: 
(I) Wings: Extension of dark areas and corresponding reduction of 

the pale spots on the costa, the subcostal vein, and the first longitudinal 
veins (fig. 20, d). 
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(2) Palpi: Quadrimaculate. 

(3) Legs : Ringing of the anterior tarsi reduced to the apical portion 
of the segments (fig. 20, e and f). 

The association of the characters observed in various localities and 
regions is evident from the following figures, which indicate the percentage 
of gambiae showing the characters mentioned : 

Bignona (Casamance) 
Dakar (Senegal) . 
M'Bour (Senegal) 
Ivory Coast . 
Guinea , .... 

Wings 

91.8 

14.0 

Pal pi Legs 

70.0 83.0 
90.0 17.0 
72.5 74.5 
71.7 28.0 
60.0 80.0 

It is therefore clear that the most easily identified melas came from 
Casamance and Guinea. Specimens from Senegal and the Ivory Coast 
did not show noticeable variations in wing ornamentation. 

One must, nevertheless, wonder whether melas specimens which dis
play characters (1), (2), and (3) at one and the same time do not merely 
represent a geographical variety, because the extension of the dark areas 
on the costa has been found in some females whose eggs have been shown, 
on examination, to belong to the type-species. On the other hand, none 
of the gambiae that we examined in the coastal districts showed the reduced 
ringing of the anterior tarsi-a character which appears to be vested in 
melas. 

Larval breeding-places 

The preference of A. gambiae me/as for brackish waters confines this 
species to the coastal zones, where the lagoons and swamps are subject 
to tidal action. Although known in Nigeria,IS• 49 in Sierra Leone,259• 28g• 

290, sso and in Gambia,57 where its role in transmitting malaria is as impor
tant as that of gambiae, until recently, me/as had not been discovered in 
the French territories on the west coast of Mrica. We were able to demon
strate its presence at Dakar, where it had been suspected, at M'Bour 
(Senegal), and in the coastal districts of the Casamance. Furthermore, 
we were able to find larval breeding-places at Conakry (Guinea), and along 
the coastal line of lagoons in the direction of Portuguese Guinea, as well 
as at Grand Bassam (Ivory Coast). These larval breeding-places, which 
are highly characteristic in Guinea, are formed by the swamps of a man
grove, Avicennia nitida, and of a grass, Paspalum vaginatum, situated 
behind the belt of the mangrove, Rhizophora racemosa, and affected by 
tides. 
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The larvae occurred in greater numbers in the swamps containing 
Paspalum alone than in those where this grass was associated with Avi
cennia. In the Ivory Coast, the zone in which we found melas consisted of 
a huge Paspalum swamp where the influence of the tides was considerably 
reduced. The role of melas in the transmission of malaria seems negligible 
in this region, because the species is rare, probably on account of the 
limited extent of suitable breeding-places. On the other hand, at Conakry, 
and along the coastline of Guinea, there is a different state of affairs : 
melas can be found there in large numbers, and may be considered. 
responsible for a high rate of endemic malaria. 

The amount ofNaCl in the breeding-places where melaswas discovered 
proved to be very>variable: 8.4-27 g per litre at Conakry; 0.3-17.2 g 
per litrealong the coastline of Guinea; 24-53.2 g at Dakar; 0.1-4.89 g at 
Grand Bassam. 

Special features in the biology of the adults 

We collected or identified a greater number of melas females in outside 
shelters than in dwellings. Thus, at Casamance, for instance, out of a 
batch. of 48 females identified by their eggs, the distribution of collecting 
places (November t949) was found to be as follows: 

Dwelling-huts . . . . . . . . 
Deserted huts . . . .. . . . . 

.Empty canaris .. . · . . . . . . 
Hollow trunk of a ·fallen tree . 
Crack in a silk-cotton tree . . 
Vegetation surrounding a breeding-place 

17 
9 
6 
6 
5 
5 

At Dtibreka (French Guinea), a minute number of females was cap
tured in dwellings (7 in 4 hours in 32 huts) while 13 females were collected 
in 2 hours from cracks in trees, beneath pirogues upside down on the banks 
of the Soumba, and from the midst of vegetation near breeding-places. 

These captures show that, in A. gambiae me/as, there is marked exophily 
whiCh may explain the difficulties encountered in searching. for the adults 
in houses in towns (Comikry, Dubreka, Grand Bassani). This exophily 
is accompanied by a high maxillary index (about 15: e.g., 15.1, for the 
Casamance area, and 14.8, for Guinea), with the number of teeth varying 
from 12 to 19 per single maxilla, and from 12.5 to 18 per pair of maxillae, 
the distribution being established as follows : 

12.5 2.1% 15.5 15.4% 
13. 1.0% 16.0 17.2% 
13.5 . 6.4% 16.5 9.6% 
14 . 10.7% 17.0 4.3% 
14.5 9.6% 17.5 2.1% 
15 .. 20.6% 18.0 1.0% 
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These characters of exophily and of multidenticulation of the maxillae 
suggest a tendency to zoophily that our observations on the Soumba 
(7-8 October 1949) seem to confirm. 

On the edge of a boat moored 30 m (approximately 100 feet) away 
from a swampy uninhabited island, 900 m (984 yards) from the island 
of Dofili and from the village of Coperaing, and 1,500 m (approximately 
1 mile) from Dubreka, between 10.30 p .m. and 1 a .m. (after a wait of some 
minutes), we caught by lamplight 43 very aggressive females. Collected 
before they could bite, they were examined on our return to Dubreka, 
and in 19 of them blood was already present in the stomach. Micro
scopical examination showed that nucleated red corpuscles (bird ?) were 
present in one of the blood samples; the remaining 18 lots of stomach
contents were kept on filter-paper, and were later analysed at Bobo
Dioulasso by the precipitin method. No positive reaction was recorded 
with the antisera then at our disposal-human, bovine, and porcine
which thus demonstrates that it is possible that, in the uninhabited islets 
of the littoral, melas feeds on an animal yet to be determined. 

Anthropophilic and Zoophilic Populations of A. gambiae 

A. gambiae in uninhabited regions 

More and more observations tend to show that the behaviour of 
A. gambiae is subject to considerable variations which often cannot be 
attributed to climatic differences. Habitually regarded as a typically 
endophilic (house-frequenting) and anthropophilic anopheles, gambiae 
nevertheless displays in many districts quite opposite tendencies, which 
allow one to suspect that biological races exist w-ithin the species. It is 
clear that A. gambiae occurs in totally uninhabited regions where the only 
possibilities of feeding lie in the presence of a wild fauna. Dutton & 
Todd 106 have found this species in deep forest in the Congo, far from 
any dwelling. Hopkins 179 points out that very many gambiae have been 
collected in the uninhabited valley of Lambwe in south-west Kenya ; he 
refers to. the observation made by Chorley who, in deep bush, near 
larval breeding-places, found females most of which were engorged and 
entered the tents at 6.30 or 7 a.m. Roubaud (in Marneffe et al.243) 

mentions having been bitten by gambiae in uninhabited regions of the Upper 
Gambia populated only by big game. More recently, Haddow 152 has shown 
that the relation between the captures of gambiae in uninhabited forest 
in the Bwamba County (Uganda) and the captures made in plantations 
was 48 to I. With his colleagues,154 he was able to collect in the Semliki 
forest more than 30,000 specimens of this species, which represented 93% 



128 BIOLOGY OF ANOPHELES GAMBIAE 

of all the species captured. Finally, Bagster Wilson (personal communica
tion, 1950) told us that he had proved that, in the northern frontier district 
of Kenya, a large number of gambiae were attacking man in places totally 
devoid of dwellings. 

Thus, we have numerous examples of the presence and activity of 
gambiae in the absence of man, examples which allow one to suppose 
that the species can subsist on the local fauna, and which suggest that, 
in these observations, we are dealing with a zoophilic race. 

Distinguishing characters of gambiae populations 

We have already recorded 172 the observations which led us, after 
examining A. gambiae populations originating from Bamako (Sudan), 
and from Bobo-Dioulasso and its environs, to describe two races of 
gambiae. We based our opinion on the differences it was possible to establish 
in a certain number of characters-morphological (size, colour of the 
integument, maxillary armament) and biological (choice of larval 
breeding-places and behaviour of the adults). 

More extensive research has made us abandon the distinguishing 
characters of size and coloration, which are subject to geographical 
modifications and cannot be attributed to any racial difference whatsoever, 
and have proved too inconstant to be valid. ' 

On the other hand, this research has allowed us to extend the study 
of the maxillary armament and to add the technique of precipitin reactions 
to our investigation methods. We shall therefore set out the results of 
the study of gambiae populations as a function of maxillary armament, 
of trophic preferences, of choice of larval breeding-places, and of behaviour 
( exophily-endophily). · 

M axillary index 

Studies of the maxillary index, following the research of Roubaud, 
led him and his colleagues to make a careful investigation into the vector 
role of the anopheles in the Far East. Roubaud, Toumanoff & Gaschen 315 

demonstrated a close relationship between the maxillary index and the 
power to infect in A. hyrcanus sinensis, A. vagus, A. minimus, A. aconitus, 
A. jeyporiensis, and A. maculatus; on the other hand, the maxillary index 
was utilized to distinguish the two varieties, sundaica and litoralis, of 
A. ludlowi. 317 

The species showing a mean maxillary index of 11 (paucidentate 
species) were the only vector-species of malaria in Tonkin,those with a high 
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maxillary index, from 14.2 to 15.6 (multidentate species), playing only a 
minor role in the transmission of malarial infection. 

According to Roubaud : " Faunae showing undifferentiated zoophily are 
faunae whose maxillary index is not noticeably high, generally less than 14. 
These faunae are the most dangerous for man, from the point of view of 
malaria" 307 (page 556). • 

In tropical Mrica, Sautet & Marneffe, after examining A. gambiae 
from the French Sudan, recorded that "the mean [maxillary] index varies 
between 15 and 17 teeth, the extreme figures being 14 and 19" 330 (page 
355).' No precise information on the conditions in which the anophelines 
were captured accompanies this assertion, which therefore cannot be 
interpreted. The only other figure available, relating to captures made 
in human habitations, was quoted by da Cruz Ferreira,117 who attributed 
to the species a mean maxillary index of 13, but pointed out the difficulties 
encountered in its determination. 

The two observations available are, therefore, contradictory, the first 
expressing, but with reservations, a tendency towards zoophily, the second 
demonstrating a marked anthropophily. 

TABLE XXIV. DISTRIBUTION OF THE MAXILLARY INDEX IN FEMALE GAMBIAE 

Maxillary index" Paucidentate gambiae Multidentate gambiae 
(%) (%) 

10.5 
I 

1.7 -
11 1.5 -
11.5 4.7 -
12 3.1 1.4 
12.5 4.7 2.8 
13 22.2 1.8 
13.5 27.0 5.6 
14 8.0 8.4 
14.5 20.6 15.1 
15 4.7 13.4 
15.5 1.8 21.7 
16 - 11.5 
16.5 - 14.7 
17 - -
17.5 - 2.2 
18 -

I 
-

18.5 - 1.4 

• Number of teeth per pair of maxillae 

Our own research led us to distinguish two populations of gambiae 
with a distinctive maxillary armament (see table XXIV): 

e " Les faunes a zoophilisme indifferencie soot des faunes dont l'index maxillaire est 
peu~eleve, generalement inferieur a 14. Ce soot les faunes les plus dangereuses pour l'homme, 
au point de vue malariologique." 

I " ... que l'indice [maxillaire] moyen oscille entre 15 et 17 dents, les chiffres extremes 
etant de 14 et 19." 
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(1) A multidentate population with a mean maxillary index of 15, 
the number of teeth per maxilla varying from .12 to 19 and, per pair of 
maxillae, from 12 to 18.5 ; 

(2) A paucidentate population with a mean maxillary index of 13.5, 
the number of teeth per maxilla varying from 10 to 16 and, per pair of 
maxillae, from 10.5 to 15.5. 

The multidentate gambiae came from captures made in the bush, far 
from any habitation, in bushes, holes in trees, and cracks in the ground, on 
steep river-banks, on the mosquito-nets that we set up when journeying 
on our surveys, and finally-and we shall discuss later the explanation 
of their presence-in dwellings at Bamako and on the outskirts of Bobo
Dioulasso, in October on the one hand, and in September-October, on 
the other. · 

The paucidentate gambiae were collected in the main built-up areas 
of the Upper Volta and the Sudan, in human habitations, animal-pens, 
and various other shelters (ruined huts, wells, vegetation, holes in trees, 
etc.). 

Table XXV gives a resume of the maxillary characteristics of some of 
these populations to which we shall refer again when studying trophic 
preferences (page 134). 

Furthermore, ·from collections made during our surveys or from 
specimens sent us by the doctors in charge of sectors of the Service general 
d'Hygiene mobile et de Prophylaxie, we established the maxillary index 
of A. gambiae for a certain number of localities : 

% 

Abengourou (Ivory Coast) 12.7 
Bignon:a (Casamance) 13.5 
Bouake (Ivory Coast). . . , 13.0 

· Daloa (Ivory Coast) . . . 12.5 
Danane (Ivory Coast) . . 13.0 
Dedougou (Upper Volta) . 13.4 

Gaoua (Upper Volta) 
Kolda (Casamance). . 
Mamou (Guinea) . . 
Man (Ivory Coast) . 
N'Zerekore (Guinea) . 

% 

13.8 
12.8 
12.9 
13.2 
13.8 

A high maxillary index does not necess(lrily signify true zoophily. 
Roubaud & Toumanoff 314 have shown that, in A. maculatus, A. kochi, 
A. maculipalpis, and A. philippinensis, ''the raising of the maxillary index 
. . . does not imply . . . solely and exclusively zoophilic tendencies " 
(pages 837-838). u, 

That is why it is important to supplement the study of maxillary arma
ment with that of trophic preferences determined by the precipitin method. 

g " ••• !'elevation de l'indice maxillaire ... ne traduit pas ... purement et exclusive
ment les aptitudes zoophiles. " 
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TABLE XXV. MAXILLARY ARMAMENT IN VARIOUS GAMBIAE POPULATIONS 

Place of capture Mean 
Number 

Popu- of teeth 
ration Date m axil-
No. of capture 

I 
lary 

mini .. 

I 
maxi-Locality Type index 

mum mum 

1 October 1948 Bamako Dwellings 
I 

15.0 13 18 
2 September- Environs of Bobo-

October 1948 Dioulasso Dwellings i 15.5 12 19 
3 December 1948 Grand Bassam Breeding-place 

Bs.13 15.9 14 19 
4 August 1949 Subdivision of In bush, on m os-

Hounde quite netting 15.2 13 19 
5 September 1949 Subd.ivision of 

I Bobo-D•oulasso In bush 15.0 13 18 
6 September 1949 Subdivision of 

Bobo-Dioulasso In bush 14.8 

I 

12 17 
7 OCtober 1949 Subdivision of In bush, on m os-

Bobo-Dioulasso quite netting, and 
in a small truck 15.3 12 18 

8 October 1949 Subdivision of 

I 

Hounde In bush 15.1 14 19 
9 May 1950 Subdivision of In bush, near the 

Bobo-Dioulasso Black Volta 14.7 13 18 

10 August 1948- Bobo-Dioulasso 

I 
Dwellings 13.2 I 10 16 

May 1950 

I 
11 January 1949- Sakaby 

I 

Dwellings 12.1 10 15 
June 1950 

12 March 1949-
. February 1950 Bobo-Dioulasso Pigsties 13.5 i 11 16 

13 May. and· July I 1949 Sikasso Dwellings 12.4 
I 10 15 

14 September 1949- Bobo-Dioulasso 

' 
I June 1950 area Cattle-pens 13.8 10 16 

15 February and I December 1949 Ouagadougou Dwellings 12.0 10 15 
16 February 1949- I 

June 1950 Upper Volta Wells 13.0 ' 10 16 
17 June 1949- Bobo-Dioulasso I 

I 
18 .. · June 1950 area Various shelters 

I 

12.8 10 15 
llllay 1950 Segou Dwellings and 

pi rogues 13.2 11 16 
19 May-June 1950 Subdivisions of 

I Banfora and 
Hounde Cattle-pens i 12.5 

I 
10 14 

I I 

Trophic preferences 

It is Davis & Philip 76 to whom we owe the first data on the feeding 
of gambiae. In 1931, these workers found that 81.9% (154 out of 188) 
of the females collected at Lagos contained human blood, but they men
tioned that there were no cattle nearby. The following year, Symes 367 

published the results of numerous experiments carried out in several 
districts in Kenya ; they are summarized below : 

District !•.Cumber of Reactions to human antiserum 
tests made negative positive 

Eldoret 42 11 31 
Isiolo . 651 69 582 
Kakamega. 44 5 39 
Kisumu. 38 20 18 
Kitale. 65 19 46 
Nairobi . 104 34 70 
South Kavirondo 24 4 20 
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This worker also established that the species is essentially anthropo
philic, as shown by the figures below : 

District 
Taveta Trans-Nzota 

Number- of tests made 191 290 
Negative tests 45 49 
Positive_ tests : 

Man 125 192 
.Ox. 10 7 
Goat 1 2 
Man + bullock 6 11 
Man+ goat. 1 23 
Man + bullock + goat 3 6 

Furthermore, Kauntze & Symes 194 published the following figures, 
from Taveta (Kenya), which showed that, according to the reaction of 
the precipitating sera, more than 70% of the gambiae in dwellings where 
the people and the cattle lived side by side were engorged with human 
blood, a fact which bears witness to a high anthropophilic index : 

Human. 
Bovine . 
Caprine. 

Antiserum _ 

Human + bovine 
Human + caprine _ 

Number of 
tests- made 

202 
202 

56 
202 

56 

Postitve tests 
_Number % 

142 
u-
7 
4 
1 

70.3 
5.4 

12.5 
2.0 
1.8 

These facts were confirmed later, under the same conditions, by 
Gibbins 137 in Uganda, De Meillon 88 in Mozambique, and Haddow 150 in 
Kenya. In 1938, Corradetti 68 found an anthropophilic index of 57.4% 
in the Uollo region of the high Abyssinian plateaux, at an altitude of 
more than 1,800 m (5,900 feet). At Nairobi, Symes 368 examined 1,500 
gambiae captured in dwellings, and gave the following figures of reaction 
to precipitating sera : -

Human. 
Human + bovine 
Bovine ..... 

78% 
3% 
1.5% 

Finding th,t, in the French Sudan, 55% of the reactions to human 
antiserum were positive, Sautet & Marneffe 330 concluded that, in this ter
ritory at least, gambiae was clearly anthropophilic. Examining 25 gambiae 
in Ruanda Urundi, Jadin & Fain 184 found 11 engorged with human blood, 
1._ with pig blood, and 1 with ox blood. 
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TABLE XXVI. RESULTS OF PRECIPITATION REACTIONS CARRIED OUT ON 
VARIOUS GAMBIAE POPULATION& 

Paucidentate gambiae Multidentate gambiae 

Captures Captures Captures in animal-pens Captures in dwelling- 11nd natural in the bush in dwelling-
huts shelters huts 

Number of tests made 
I 

1,328 
I 

314 
I 

597 I 325 

I 

I 

I 

I 

Negative tests ... 

I 
115 21 I 177 17 

Percentage 8.7 6.7 I 29.6 5.2 

I 

• 

Positive tests with various 
I 11ntisera: 

Man ... I 1,165 261 103 113 
Percentage 87.7 83.1 17.3 34.8 

Ox .- .. I 40 11 66 103 
Percentage 

I 
3.0 3.5 11.1 

I 
31.7 

Man+ OX • 
P~rderit~g~ 

8 - 12 92 
0.6 - 2.0 28.3 

Pig . .. 
P~rderit~g~ 

- 17 
- 5.4 

Man+ pig 
P~rderit~g~ 

- 4 
- 1.3 

Anteliipe 239 -
Percentage 

I I 
40.0 -

Man + antelope . . . . - -Percentage - I -

The use of precipitin reactions, applied either, immediately after capture, 
to the fresh stomach-contents, or, later, to the dried blood preserved on 
filter-paper, enabled us to record the results which are summarized in 
table XXVI, in which the gambiae populations are classified into four 
groups: 

(1) paucidentate gambiae captured in dwelling-huts; 
(2) paucidentate gambiae captured in animal-pens and m various 

shelters; 
(3) multidentate gambiae captured in the bush; 
(4) multidentate gambiae captured in dwelling-huts. 

These data allow us to take into account the enormous percentage 
of positive reactions to human antiserum given by paucidentate gambiae 
in dwelling-huts as well as in natural shelters. The presence of gambiae 
in cattle-pens and pigsties does not necessarily signify that one is dealing 
with zoophilic mosquitos, since 83.1% of the specimens captured in 
these animal shelters were engorged with human blood. 

In another connexion, an interesting fact to note is the percentage of 
positive reactions to human or bovine blood among the gambiae captured 
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in .the bush. This is explained by the incessant movement of herds atid 
their herdsmen who, coming from the middle valley of the Niger, cross 
the Sudanese zone of the open savannas to reach the Lower Ivory Coast 
and central Guinea. Bernet 28 has pointed out the flights of gambiae 
accompanying the migrant herds in desert areas, and has drawn attention 
to the malaria prevalence among the Peuhls shepherds. 

The proof that it is possible for gambiae to feed on wild animals (e.g., 
antelopes) and on migrant herds confirms the hypothesis put forward by 
Roubaud (in Marneffe et al. 243) when he said: "We should ask ourselves 
if, in its exophilic state, gambiae does not also attack animals as vagus 
does in Indo-China, and if colonies of the mosquito are not maintained 
by wild fauna away from human communities ". h 

If we reconsider the populations enumerated earlier (see table XXV), 
we shall find, on reading tables XXVII and XXVIII, . that the results 
given by precipitin tests on the ariophelines which comprise these popula
tions show only practically negligible differences and may be considered 
as remarkably uniform. 

The presence of multidentate gambiae at Bamako (population 1) and 
in the environs of Bobo-Dioulasso (population 2) can be explained by 
the proximity of extensive natural organic breeding-places (whose role 
in the development of populations with a high maxillary index will be 
noted), the dwellings then serving as shelters for anopheles, of which 
nearly 32% ·contain only bovine blood, but which can, on occasion, bite 
man, On the other hand, we· ought not to forget· that these populations 
have been found in localities which are resting places for migrant herds. 

TABLE XXVII. FOOD PREFERENCES. AS A FUNCTION OF MAXILLARY ARMAMENT 
IN MULTIDENTATE GAMBiAE (ZOOPHJLV) 

< Percentage of females giving 

Popu- Mean 
li!ition maxillary positive precipitation tests with antisera 
No; index negative 

I I I .. antelope I 
man+ 

tests 
man ox man 

+ox antelope 

1 15.0 32.0 28.0 23.0 - - 17.0 
2 15.5 39.3 33.6 18.7 - - 8.4 
4 15.2 - 18.4 - 31.7 - 49.9 
5 15.0 12.0 13.9 2.7 48.0 - 23.4 
6 14.8 20.0 

. 
9.4 6.1 . 27.4 - 37.1 

7 15.3 8.8 12.1 0.9 44.1 - 34.1 
8 15.1 10.4 .· 24.0 1.9 29.8 - 33.9 
9 14.7 16.8 10.1 1.1 43.0 - 39.0 

h " 11 y aurait lieu de se demander si le gambiae n'attaque pas aussi les animaux en con
dition d'exophilie, comme le fait le vagus en Indochine; et si meme les peuplements du mous
tique ne sont pas entretenus par la faune sauvage, en dehors des collectivites humaines." 
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TABLE XXVIII. FOOD PREFERENCES AS A FUNCTION OF MAXILLARY 
ARMAMENT IN PAUCIDENTATE GAMBIAE (ANTHROPOPHILY) 

Percentage of females giving 

Popu- Mean 
lation maxillary positive precipitation tests with antisera 
No. index negative 

I I I I 
tests 

man ox man pig man 
+ox +pig 

10 13.2 91.2 1.4 

I 
0.1 - - 7.3 

11 12.1 86.5 4.0 2.5 - - 7.0 
12 13.5 70.8 - - 17.9 5.2 6.1 
13 12.4 75.8 2.8 1.4 - - 20.0 
14 13.8 84.6 12.0 - - - 3.4 
15 12.0 83.4 1.7 0.8 - - 14.1 
16 13.0 80.6 2.7 - 4.0 - 12.7 
17 12.8 72.0 4.8 - 5.2 0.8 17.2 
18 13.2 80.8 - - - - 19.2 
19 12.5 70.2 19.4 - - 1.4 9.0 

It may therefore be supposed that the high percentage of positive reactions 
to bovine antiserum is due to the presence of animals, but that, in addition, 
the anopheline populations have been able to follow the herds in their 
migration and, in the localities \V here the latter are stationary, to orient 
themselves towards anthropophily. 

We can already conclude from the analysis of gambiae populations
on the basis of maxillary armament and food preferences-that these 
populations can be separated into two types, one characterized by elective 
anthropophily accompanied by weak dentition, the other by clearly 
marked zoophily and strong dentition. 

Other characters enable us to differentiate even better between the 
two types of populations .. 

Choice of larval breeding-places 

We have seen (table XXV) a population of gambiae (population 3) 
which showed the very high maxillary index of 15.9. These specimens were 
reared from larvae and pupae collected at Grand Bassam in an old pirogue 
abandoned in a swamp and containing stagnant water covered with a 
thick layer of vegetation. Subsequently, we sought to discover whether 
any relationship existed between paucidentate and multidentate popula-: 
tions on the one hand, and the nature of the breeding-places on the other. 
We proceeded to establish the maxillary index of females obtained from 
specimens in the first instar reared in the water of the breeding-places 
where they had been collected, this water being analysed. We were able 
to observe a certain correlation between the dentition of gambiae and the 
amount of dissolved organic matter of vegetable origin in the water of 
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TABLE XXIX. RELATION BETWEEN THE MAXILLARY INDEX AND THE ORGANIC· 
MATTER CONTENT OF THE BREEDING-PLACE 

Breeding-place 

Bfn. 11 •••••• 
Drs. I ...•.• 
Kou. IV •••.• 
Fak. 11 •••••• 
K. XII •••....... 
K. XIV ......•.. 
Bb. XIV ....•.. 
Sso. Ill ..... . 
Bb; V ...... . 
Bfn. XI ..... . 
Sak. XVII •.•.. 
Drs. IX 
Fak. VI 
Nas. Ill . 
Bfn. IV . 

Bb. XXV 
Sso. XII. 
Dd. I ... 
Kop. 11 •• 
Drs. Ill .. 
Bb.XIII .. 
Dd. 11 ••• 
Bb. XXIV . 
Kop. VI .. 
Sak. XXXI. 
Kou. 11 • 
Kop. Ill .......... , . 
Nas. VIII ...••• -.... . 

Organic-matter content 
of breeding-flace In 
milligrams o oxygen 

per litre 

2.41 
2.37 
2.28-
2.09 
2.00 
1.92 
1.83 
1.74 
1.61 
1:56 
1.51 
1.48 
1.39 
1.25 
1.20 

1.18 
1.10 
1.04 
0.98 
0.87 
0.74 
0.68 
0.63 
0.45 
0.31 
0.20 
0.12 
0.02 

Mean maxillary 
Index 

15.8 
15.9 
15.3 
14.7 
15.4 
13.2 
15.2 
15.2 
15.0 
14.8 
15.2 
15.0 
14.8 
15.5 
15.2_ 

13.5 
12.5 
12.8 
13.8 
13.0 
13.5 
13.0 
14.9 
13.5 
13.2 
13.7 
12.0 
13.0 

the breeding-places (see table XXIX). The breeding-places with an organic
matter content (in milligrams of oxygen per litre} between 1.20 and 2.41 
gave rise to populations with a inean maxillary index of 15.0, while those 
with a content of between 0.02 and 1.18 furnished us with gambiae with 
a mean maxillary index of 13.2. The extreme indices of 12.0 and 15.9 
were obtained from water titrating at 0.12 and 2.37 mg, respectively. 
Table XXX shows the distribution of_ individual maxillary indices in 
certain populations from both types of breeding-place. 

We can therefore say that paucidentate populations, with an anthro
pophilic orientation, will develop preferably in water with a low content 
of organic matter of vegetable origin, while it is more likely that multi
dentate populations, inclined to zoophily, will be found in water heavily 
charged with organic matter. This corresponds, in general, to the dis
tribution of breeding-places in nature; the large natural breeding-places 
rich in organic material (marshes and swamps) generally occur far_ from 
built-up areas, while breedirig~places which are poor in organic matter 

-are extremely abundant, particularly during the rainy season, in towns 
and their immediate vicinity, as a result of the rainfall and of man's 
activity. 
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However, the presence of paucidentate gambiae in water with much 
organic matter (population K. XIV) and vice versa (population Bb. XXIV) 
should be noted. It is probable that, in nature, gambiae populations do 
not always have a choice of breeding-place, and that zoophilic populations 
may therefore be found living in inorganic breeding-places, and vice versa. 
On the whole, however, a clear correlation between dentition and the 
organic-matter content of the water of the breeding-places has been 
obvious in our breeding experiments. 

Exophily and endophily 

Sautet,328 studying the present trend of the fight against adult ano
phelines, emphasized one of the most important problems which faces 
the malariologist: the study of exophily in the species, that is, their ability 

I 

TABLE XXX. DISTRIBUTION OF THE MAXILLARY INDEX IN CERTAIN 
POPULATIONS FROM BOTH TYPES OF BREEDING·PLACE 

Organic-matter 
content of the Mean Individual Distribution 

Breeding-place breeding-place maxillary maxillary of individuals in milligrams 
of oxygen index index (%) 

per litre 

I 

i 

Kop. Ill ; 0.12 12.0 

I 
10.5 15.4 
11 11.5 
11.5 23.1 

! 12 11.5 
12.5 7.7 
13 15.4 
13.5 7.7 
14 7.7 

Bb. XXIV. 0.63 14.9 12.5 5.4 
13 0 
13.5 16.2 
14 5.4 
14.5 16.2 
15 10.8 
15.5 21.6 
16 16.2 
16.5 2.7 
17 5.4 

K. XIV .. 1.92 13.2 11.5 8.0 
12 4.0 
12.5 20.0 
13 20.0 
13.5 24.0 
14 8.0 
14.5 4.0 
15 12.0 

Drs. I .. . . 2.37 15.9 14 6.7 
14.5 3.3 
15 13.3 
15.5 13.3 
16 30.0 
16.5 23.3 
17 6.7 
17.5 3.3 
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to spend a part of their lives in shelters situated outside human habita
tions. He has recorded that, very often, anophelines which are dangerous 
malaria vectors show a very marked tendency to shelter in holes in trees, 
hollows in the ground, etc. This worker pointed out that this was true 
of A. maculipermis and A. sacharovi,326 and, with his eo-workers, of 
A. sergentiand A. superpictus in Lebanon,329 and of A. gambiae in the 
French Sudan 329 and in Mauritania.331 

The deJllonstration of exophily in an anopheles makes it necessary to 
consider methods of imago control which will be as appropriate for houses 
as for shelters. Swellengrebel & Stack364 have shown the difficulties 
which thus await the malariologist who has to deal with an anopheles 
wliich, like. A. punctulatus in New Guinea, transmits malaria outside 
dwellings. Hinman & Ctitkomp,l67 treating only dwellings and habitual 
shelters ofA. quadrimaculatus, recorded a failure, and established that the 
species was present, after DDT sprayings, in stables and in control traps. 
In Georgia, on the other hand, Fletcher & Krause 119 succeeded in making 
this species disappear at the same time as A. crucians and A. punctipennis, 
by treating only those places which were likely to be used as shelters. 

It is clear, then, how indispensable it is to know the degree ofexophily 
in a species before undertaking an antimalarial campaign with the help 
of imagocides. 

Most of the workers who have studied the biology of gambiae in the 
various .regions of its distribution range agree in describing this species 
as a domestic mosquito,' most often found in dwellings. Nevertheless, 
a continually increasing number of observations indicates that this is not 
an established fact. Many years ago, Le Moal 223 found the anopheles 
abundant; during the day, under the awnings of boats and barges on the 
Senegalese coast, and Blin 37 pointed out the presence of gambiae in crab 
holes on the J)ahomey coast. In the Belgian Congo, Newstead, Dutton 
& Todd 268 recorded that gambiae was present in crevices and cracks. 
From their studies ofgambiae in Mauritius, Balfour 10 and MacGregor 236 

concluded that this species was not a domestic mosquito at all, in view 
of its rare occurrence in dwellings during the day. This rarity has also 
been noted in the Transvaal,90 in Ethiopia,44 and in SierraLeone.32 

Side by side with these observations emphasizing the small number 
of gambiae found during the day in dwellings, others, more interesting, 
show us the discovery of adults in a great variety of shelters. 

Leeson,210 in Southern Rhodesia, captured 900 gambiae along the grassy 
banks of watercourses, in holes in trees, and in natural cavities in the 
ground, against 620 in dwelling-huts. In 1931 211 he mentioned other 
collections : 309 specimens in crevices in the steep banks of streams 
and in the walls of small hollows formed in the ground by the erosive 
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action of the water, against 358 in dwellings. Monier,257 in Madagascar, 
showed, as a result of observations made at Ivato and at Tananarive 
from 1935 to 1937, that only slightly more than half the gambiae 
collected (51.4-58.5%) were found in inhabited houses, the principal 
other shelter being cattle-pens (24A-40.9% of the catches). Blacklock & 
Wilson 32 found the adults of the species at Freetown (Sierra Leone) in 
hedges, bushes, and hollows in trees, and Symes,368 at Nairobi (Kenya), 
found them in bushes and tall herbaceous vegetation. Martin 245 pointed 
out that, at Addis Ababa, the adults were to be found throughout the 
year in farmyards and stables, while in spring and autumn it was very 
rare to find more than a few specimens in dwellings. 

In French West Africa, Sautet327 found adults between the wooden logs 
partly covering the mouths of wells; and at Bamako (Sudan), Sautet & 
Marneffe 329• 330 found them in the buttresses of silk-cotton trees. 

Their study of the shelters led Sautet & Marneffe to state definitely 
that the frequented ones were those which gave protection against light, 
excessive humidity or drought, and wind. Da Cruz Ferreira 117 concluded 
from his study in Portuguese Guinea that shelters for gambiae had to 
combine the following conditions : 

(1) presence of a host (man or animal); 

(2) favourable microclimate (little light, moderate temperature and 
humidity, shelter from the wind) ; 

(3) proximity of breeding-places. 

Nevertheless, from our observations it seems that the presence of the 
host and the proximity of breeding-places are not essential factors in the 
choice of a shelter during the rainy season, and that they play no part 
during the dry season. The microclimate would be the determining factor, 
and this is confirmed by the observations of Soper & Wilson,365 in 
Brazil, who explained the absence of gambiae from outdoor resting-places 
by the fact that the invaded region had a sparse vegetation, and was subject 
to violent insolation, regular winds, and great heat~all elements excluding 
the existence of protected shelters. 

The presence of gambiae during the day in outside shelters is not accom
panied by a reduction in feeding activity. Bagster Wilson 401 in Tanganyika, 
Haddow, 152 and Haddow et al. ,154 in Uganda, Sautet & Marneffe 329• 330 

in the Sudan, and Vincke (personal communication, 1950) in the Belgian 
Congo, have all pointed out that this species readily bites man under 
these conditions. We, ourselves, have been able to verify this fact in 
the Upper Volta, and, at the present time, in the middle valley of the 
Niger, both in the Sahelian zone and in the rice-fields of the Office 
·du Niger. 
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The observations that we were able to.make. during our stay in French 
West Africa led us to think that the degree of exophily in anthropophilic 
populations is much higher than is commonly believed. The captures 
we made in the dry .season gave us a percentage of 53.2 gambiae females 
in dwellings against 46.8 in shelters (see page 103). However, these figures 
can be criticized, since the factors governing the .choice of shelters by 
aestivating females may be different from those influencing the choice 
of nisting-places by females in the pullulation season. 

We utilized, as a criterion of exophily, the presence of males in the 
shelters, which, as Swellengrebel 360 states, bears witness to the "shelter
ing value" e of a place, that is, its fitness for use as a shelter. The 
presence of males does not necessarily signify that larval breeding-places 
are nearby, as Lam born thought; 202 Sautet & Mameffe 329• 330 observed 
the predominance of males in shelters in the Sudan. 

If we total the catches made during the rainy seasons of 1948 and 1949 
in the towns and villages, excluding catching stations, of the Upper Volta, 
the Ivory Coast, and the Sudan, we obtain the following figures : 

Gambiae collected in dwellings .. 
Gambiae collected outside . . . 

The distribution of the sexes is as follows : 

Caught in dwellings 
Caught outside 

Males 
number % 

762 
1,547 

21.4 
55.9 

3,564 (56.3%) 
2,769 (43.7%) 

Females 
number % 

2,802 
1,222 

78.6 
44.1 

Much the most frequented shelters were deserted, and often half
destroyed, dwelling-huts, then came wells, cattle-pens and various animal 
shelters, cracks in trees, and low vegetation surrounding dwellings 
(table XXXI). In all these shelters, the number of males exceeded that 
of the females, but in a varying .manner. 

The precipitin reactions mentioned earlier were carried out on a certain 
number of the catches that we have just mentioned, and we were able to 
demonstrate the marked anthropophily of these gambiae as well as the 
paucidentate type of their maxillary armament. 

If, on the other hand, we examine the multidentate gambiae which 
were collected in dwellings and proved to be strongly zoophilic, we shall 
see that ·their populations comprised a very high number of males-
71.2% at Bamako and 63.8% near Bobo-Dioulasso. At. the same time, 

i ·valimr abritante 
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TABLE XXXI. CAPTURES OF GAMBIAE MADE OUTSIDE DWELLINGS 

Gambiae captured Distribution by sex 

Type of shelter 

number I percentage males 

I 
females 

(%) (%) 

Deserted huts .. 1,822 I 65.8 

I 
52.5 47.5 

Wells . . .. 594 21.5 62.0 38.0 
Cattle-pens . 181 I 6.5 57.5 42.5 
Animal shelters 74 I 2.7 

I 
73.0 27.0 

Trees 67 

I 
2.4 64.2 35.8 

Low veg.et~tio~ : 31 1.1 ' 67.7 32.3 
1 

Total .. 2,769 l 100 I 55.9 44.1 

the average anopheline density per hut, for gambiae, showed a con
siderable increase. While it was represented, for paucidentate popula
tions, by an average figure of 5.6 during pullulation, in the two cases 
cited above it reached 113.0 and 65.5, respectively. Dwelling-huts there
fore play an important role as shelters for these gambiae populations, which 
thus reveal themselves as highly endophilic, in contrast to the anthropo
philic populations, which show a high degree of exophily. 

Attempts at crossing paucidentate and multidentate gambiae 

The study of these different populations of gambiae spurred us on to 
find out whether crossing the two forms would enable us to find arguments 
in favour of a specific difference. 

On several occasions in 1949 and 1950, we crossed the offspring of 
gambiae reared from the first-instar larvae collected in the field, and from 
which the resulting females were established as belonging to one or 
other of the two forms. Crossings of paucidentate females with multi
dentate males, as well as crossings of paucidentate males with multidentate 
females, were fertile in every case. The females of the F1 generation 
showed a dentition of the maternal type, which confirms the work of 
Roubaud, 307 who demonstrated the hereditary transmission of the maxil
lary index. 

However, crossings between F1 hybrids, i.e., F1 paucidentate male and 
F1 multidentate female, or F1 multi dentate male and F1 paucidentate female, 
gave very disappointing F2 hybrids, the females of which showed highly 
variable maxillary indices, belonging either to the multidentate or to the 
paucidentate type, or, even, to intermediate types. 

Nothing in our crossing experiments gave us grounds to suspect a 
phenomenon of physiological amyxia between the two forms. The percentage 
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· of eggs that hatched and the speed of hatching, the duration of develop
ment, and the number of generations .obtained were shown to be com
parable in every way with those obtained from paucidentate and multi~ 
dentate populations in control rearings. The number of ovipositions by 
thehybrids and by the pure populations was similar, and the number of 
eggs deposited by the females was seen to be remarkably constant and 
without significant variation,· in contrast to what Roubaud & Gaschen 312 

noted for A. maculipennis. 

Systematic position ·of the populations-::Zoopbilic possibilities of gambiae 

The present position adopted by the systematists makes the results 
of our research ciifficult to interpret. The taxonomic position ofthe species 
and subspecies . of Culicidae is based principally on the differences of 
the morphological characters in one or another stage ·in the ·life of the 
mosquito. Now, recent experiments concerning· A. gambiae me/as, and 
the research ofMuirhead-Thompson,264• 265 at Dar"es-Salaam, on a form 
ofgambiae, different from me/as, living in brackish water, incline authors 
to revise their views on systematics and to ascribe a larger role to biological 
characters. In view of the uncertain position of these different forms of • 
gambiae, we do··not propose to name the zoophilic and anthropophilic. 
populations that we have described. 

We shall consider it as established that gambiae can eXist in two forms . 
irt the Sahelian and. Sudanese savanna zones ; one form, paucidentate, 
displays an elective anthropophily, and the other, multidentate, shows 
zoophilic tendencies. Corradetti (personal communication, 1952), in East 
Africa, also had the impression of two biologically distinct forms. 

We refer specifically to the Sahelian and Sudanese savanna zones because 
our investigations were carried out in these regions; recent research suggests 
that our conclusions may apply to. the whole of the Ethiopian region 
frequented by gambiae. · 

Cambournac 57 . has pointed out that, in Mauritius, gambiae has been 
found in deep forest several kilometres from all habitation, and that the 
anopheline leads a purely woodlandlife, feeding on stags, which are very 
abundant in Several parts of the island;. Tomking & Gebert 375 noted there 
the anopheles' marked preference for animal shelters. Dowling,100 for 
his part, relates that, after an extensive campaign of DDT house-spraying 
in Mauritius (a campaign which has led to thealmost complete disappear
ance of A.funestus), gafnbiae was found in large numbers in cattle shelters 
(306, against 98 in untreated huts). Although no precipitin tests were 
made, this worker (personal communication, 1950) thinks that the species 
must survive on the island thanks to its zoophily .. Similarly, in Reunion, 
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gambiae became exophilic and sylvatic after a DDT house-spraying 
campaign (Hamon & Dufour 155). Bruce-Chwatt (personal communica
tion, 1950), studying the results of anti-anopheline control by Gammexane 
spraying in houses at Ilaro (southern Nigeria), considers that gambiae 
is less endophilic and anthropophilic than is usually thought, and 
that it shows a certain amount of zoophily. Vincke (personal communica
tion, 1950), who had already pointed out the high percentages of gambiae 
found in stables during the day,393 kindly told us that experiments he had 
undertaken in Katanga led him to conclude that, in certain districts, 
A. gambiae shows a very marked degree of zoophily, and that he envisaged 
the transition of gambiae to complete exophily following DDT campaigns, 
this transition nevertheless being liable to upset the balance of the malaria 
cycle. In French West Africa, where few observations have been made, 
Bernet 390 thinks that gambiae is a "wild" mosquito, capable of existing 
on animal hosts, but adapting itself to humans. 

The extremely important study of Campbell 59 (which appeared after 
our research was published in the French edition of this monograph) has 
confirmed the existence, in British Gambia, of two races of gambiae. 
Indeed, this ·author has demonstrated the co-existence of two forms
paucidentate (mean maxillary index, 13.1) and multidentate (mean maxil
lary index, 15.3). The two forms originate from different types of breeding
places, the presence or absence of chlorophyll (photosynthesis) providing 
the distinguishing characteristic between them (which corresponds to our 
description of" organic" and "inorganic" breeding-places). In addition, 
differences in the behaviour of the two forms of gambiae in respect of 
resting-habits have confirmed the distinction made by Campbell. 

There is no doubt that further research in other African territories 
would add considerably to our knowledge of the distribution range of 
these morphologically and biologicalJy different populations. 



CONCLUSIONS 

Malaria control in tropical Mrica is one of the foremost preoccupa
tions of the health workers there. Much more than iS the case with any 
other tropical endemic disease, this campaign needs to be conducted 
energetically and judiciously. It may be only ineffective-indeed, danger
ous-without· previous thorough knowledge of the biology of Anopheles 
gambiae, the principal vector of the disease. · 

The observations and experiments that we were able to make during 
our stay in French West Africa prompted us to clarify several aspects 
of the biology of the· species which it is essential to know before involving 
money and resources in malaria-control measures. 

As far as the possibility of controlling the early stages of the anopheline 
is concerned, we were able to show that the duration of the egg-adult 
cycle was very variable, and that, under optimum conditions of temperature 
and of proportion of organic matter in the breeding-place, the development 
of gambiae could be completed within seven days. This figure must be 
taken into account when arranging the time-table for spraying the breeding
places. 

It was, however, the biology of the adults that we studied principally, 
because the present trend of the campaign· against the anophelines tends 
to give an ever more important place to methods of killing the adults 
by spraying with residual insecticides (DDT, benzene hexachloride, 
chlordane, etc.). 

One question arose : was it advisable to proceed with spraying 
during the dry season, the period during which gambiae seems to dis
appear? We have shown that, although the early stages do not survive 
for more than a few days, gambiaefemales are to be found, during the 
adverse season, in shelters where they live in a state of aestivation, able 
to feed, and ready to lay as soon as a certain degree of mean relative 
humidity is reached. These females ensure the survival of the species 
and its persistence during a season unsuitable for the development of the 
early stages, and their presence provides an explanation of the continuity 
of endemic malaria in the savanna regions of Africa. The malariologist 
must, therefore, in the localities where his services are required, search 
for the shelters where gambiae aestivates, so that insecticide spraying will 
eliminate this residual fauna and enable the pullulation of the populations 
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during the rainy season to be avoided. He will also have to know the 
seasonal variations of the anopheline fauna, since if the modifications which 
intervene during the course of the seasons are followed for too short a 
a period, misleading estimates concerning the presence and density of 
gambiae may result. 

One of the most interesting problems to resolve was that presented 
by the presence of populations of zoophilic gambiae in the Sahelian 
and Sudanese savanna zones. We were able to demonstrate the existence 
of such populations, which feed on the wild fauna or on herds of migrating 
cattle. They present a high maxillary index and develop preferably in 
waters with a high content of dissolved organic matter of vegetable origin, 
which slows down the egg-adult cycle. The populations of anthropophilic 
gambiae, on the contrary, have a low maxillary index, develop in waters 
which are poor in organic matter, and show a high degree of exophily. 

The existence of these two populations seems to us to be comparable 
with the situation envisaged by Garnham 128 for Anopheles pharoensis, 
the vector of malaria in Egypt. Madwar 241 pointed out a sporozoite
rate of 1.4%, and Barber & Rice 16 one of 0.33%. This anopheline is 
essentially anthropophilic in that country ; Barber & Rice found 97.5% 
of the females engorged with human blood in dwellings. In Uganda, the 
sporozoite-rate is 0.6%,136' 13i in southern Nigeria, 0.07%, and in the 
Upper Volta, 1.2% (dissections made by the writer in 1948-50). On the 
other hand, A. pharoensis plays no part in the transmission of the haema
tozoa in northern Nigeria, Tanganyika, and Kenya where, principally 
zoophilic, it shows a maxillary index of 14.6.150 

Exophily in anthropophilic gambiae populations may account for 
the setbacks recorded by several experimenters in combating the adults 
by house spraying. The repulsive effect of insecticides with a pyrethrum 
base has been pointed out by Swellengrebel & de Buck 363 for A. maculi
pennis, and by Senior White et al.400 and Ribbands 293 for A. minimus. 
Following on the spectacular eradication of gambiae in Brazil (where we 
know that it lived in houses), numerous DDT campaigns were under
taken in Africa. Despite the demonstration, in the laboratory 193 and in 
native huts,238 of a considerable mortality-rate in the gambiae treated 
with DDT, some serious rebuffs were recorded. Some publications then 
showed that the application of DDT (or, later, of benzene hexachloride) 
in dwellings alone did not prove efficacious in combating the pullulation 
of gambiae. Muirhead-Thomson 260, 261 pointed out that, in Nigeria, the 
application of DDT did not prevent the females from feeding in the huts 
and then going to outside shelters, even if the dosage applied was double 
the normal one. 263, 265 The same fact was established by Eddey 108 on the 
Gold Coast, and by Hocking 169 in Kenya. 



146·· BIOLOGY OF ANOPHELES GAMBIAE . 

Our observations have shown us the high percentages of gambiae found 
in shelters, and we think that a careful study of exophily will make it 
possible to envisage, in the not too distant future, if not the disappearance, 
at leasf a considerable diminution, of endemic malaria in Africa. There 
will also be the question of determining, for each region, the conditions 
under which zoophilic populations of gambiae can develop and maintain 
themselves ; these populations, owing to their ability to cross with anthropo
philic populations and to. feed on man, should the occasion arise, are 
a factor in the spread of malaria which must not be neglected. 
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GEOGRAPHICAL DISTRIBUTION OF A. GAMBIAE 

The Ethiopian geographical region is-with the exception of the desert regions, 
high altitudes, and the part of South Africa comprising the southern Transvaal, the 
Orange Free State, Basutoland, and a large part of the Cape Province-entirely colon
ized by A. gambiae. The distribution range of this species extends from north of Dakar 
on the west, to the north of the Anglo-Egyptian Sudan and to Eritrea in the east, and 
as far as Natal in the south. Its' presence has been recorded in the islands of the Indian 
Ocean, the (}ulf of Guinea, and the Atlantic Ocean. 

The references by Seguy 342 to the discovery of exceptional specimens outside the 
Ethiopian region (one in Algeria and one in Macedonia) relate, without doubt, to the 
transport of these gambiae by the sea-route. One could not, in any case, include gambiae 
in the list of palaeo-arctic anopheles, nor make it a neotropical species on account of 
its accidental presence in Brazil. 

It seems that the presence of gamb ae ( arabiensis) at Aden 275 may also be due to 
sea transport between East Africa and Aden. Although the southern part of Arabia 
may be included within the Ethiopian region, it seems probable that the discovery of 
gambiae there was acci.dental; indeed, although Patton 276 mentioned A. arabiensis, 
A. azriki ( turkhudi), A. d'thali, and A. jehafi ( cinereus) as representatives of the Ethio
pian fauna, Christophers & Chand,63 on the contrary, referred to A. d'thali and A. ade
nensis only; Leeson,212 for his part, has identified only A. adenensis, A. coustani, 
A. multicolor, and A. cinereus among the oriental species along the Persian Gulf. 

Information of two kinds is given below : on the one hand, a list of the most inter
esting publications concerning A. gambiae in the various regions of its range; on the 
other, details of the place and date of the captures and determinations made by the 
author. 

FRENCH AFRICA 

French West Africa 
Dahomey 

Cotonou: Le Moal, 1906 223 ; Bauvallet, 1928 21 

Djougou: Holstein, 5/1949 
Dompago : Holstein, 10/1949 
Kandi: Holstein, 5/1950 
Kouande: Holstein, 7/1949 
Natitingou: Holstein, 11/1948 
Ouidah : Le Moal, 1906 228 

Porto Novo: Le Moal, 1906 213 ; Bernet, 1948 28 ; Huttel, 1950 181 

Tanguieta: Ho1stein, 7/1949 

Guinea 

Beyla: Holstein, 8/1949 
Boffa: Holstein, 10/1949 
Conakry : Laveran, 1904 206 ; Le Moal, 1905 223 • 224 ; Leger & Baury, 1922 221 ; 

Holstein, 10/1949 
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Dalaba : Holstein, 7/1949 
Dubreka: Holstein, 10/1949 
Gouecke : Holstein, 7/1949 
Gueckedou: Holstein, 9/1949 

ANNEX 1 

Kankan: Joyeux, 1915 190 ; Holstein, 10/1949 
Kindia : Leger & Baury, 1922 221 

Kissidougou: Holstein, 9/1949 
Kouroussa: Joyeux, 1915 190 

Labe: Holstein, 4/1949 
Macenta: Holstein, 10/1949 
Mamou: Holstein, 4/1949 
N'Zerekore: Holstein, 11/1948 
Pita: Holstein, 8/1949 
Samoe : Holstein, 7/1949 
Telimele: Holstein, 8/1949 
Youkounkoun: Holstein, 8/1949 

Ivory Coast 

Abengourou: Holstein, 3/1949 
Abidjan : Le Moal, 1906 223 ; Bernet, 1948 28 ; Holstein, 12/1948 
Adzope: Holstein, 3/1949 
Agboville: Holstein, 3/1949 
Agnibilekrou: Holstein, 3/1949 
Aniassue: Holstein, 3/1949 
Assinie: Blanchard & Dye, 1904 38 

Azaguie: Holstein, 12/1948 
Bingerville : Holstein, 12/1948 
Bondoukou: Holstein, 3/1949 
Bouafle: Holstein, 7/1949 
Bouake: Bernet, 1948 28 

Bouna: Holstein, 3/1949 
Daloa: Holstein, 11/1948 
Danane: Holstein, 11/1948 
Dimbokro: Holstein, 10/1948 
Duekoue: Holstein, 8/1949 
Ferkessedougou : Holstein, 4/1950 
Gagnoa : Holstein, 7/1949 
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Grand Bassam : Blanchard & Dye, 1904 36 ; Le Moal, 1906 223 ; Bernet, 1948 28 ; 

Holstein, 12/1948 
Grand Lahou : Le Moal, 1906 223 

Guiglo: Holstein, 8/1949 
Man : Holstein, 11/1948 
Odienne: Holstein, 12/1948 
Ouangolodougou: Holstein, 4/1950 
Port-Bouet: Bernet, 1948 28 

Sassandra : Bernet, 1948 28 

Seguela: Holstein, 11/1948 
Tehini: Holstein, 3/1949 
Touba : Holstein, 7/1949 
Toulepleu: Holstein, 8/1949 
Toumodi: Bernet, 1948 28 

Vavoua : Holstein, 7/1949 
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Mauritania 

Boghe: Sautet, Ranque, Vuillet & Vuillet, 1948 331 

Gara-Sabo: Couvy, 1924 (quoted by Senevet 3u and by Seguy 342) 

Kaedi: Couvy, 1924 (quoted by Senevet 344); Sautet, Ranque, Vuillet &Vuillet, 1948 331 

Koundel : Sautet, Ranque, Vuillet & Vuillet, 1948 331 · 

Krika : Sautet, Ranque, Vuillet & Vuillet, 1948 331 

Mourt: Sau:tet, Ranque, Vuillet & Vuillet, 1948 331 

Selibaly: Couvy, 1924 (quoted by Senevet 344) 

Niger 

Dosso : Holstein, 12/1948 
Nilimey: Bernet, 1949 28; Holstein, 5/1949 
Say: Holstein, 10/1948 

Senegal 

Bigri.ona : Holstein, · 10/1948 
Dakar: Le Moal, 1906 223 ; Thiroux & d'Anfreville, 1908 373 ; A. Leger, 1919 219 ; 

Noc, 1920 m; M. Leger, 1925 220 ; Karttllan, Newcomb, Campau & Morrison; 
1947192 ; Bernet, )948 27 ; Le Gouas, 1949 222 ; Holstein, 10/1949 

Gore.: Le Moal, 1906 223; Beinet, 1948 28 

Kaohick: Thiroux & d'Anfreville, 1908 373 

Kolda: Holsteiil, 2/1949 
Matam : Sautet, Ranque, Vuillet & Vuillet, .1948 331 · 

M'Bour : Jonchere (quoted by Gellie, 1947 134) ; Holstein, ·12/1948 
Podor: Thiroux & d'Anfreville, 1908 373 . 

Rufisque : Le Moal, ·1906 223 ; Bernet;: 1948 28 : . . 

St. Louis: Thiroux. & d'Anfreville, 1908 373 ; Bourret & Dufougere, 1912 40 

Sedhiou: Holstein, 8/1949 ·. . . 
Sor: Thiroux & d'Anfreville, 1908 269 ; Bourret & Dufougere, 1912 40 

Tambacounda: Holstein; 11/1949 
Ziguinchor: Holstein, 7/1949 

Sudan 

Joyeux, Sice & Sautet, 1937-8 191 

Ansongo :· Sautet & Marrieffe, 1943 330 

Bafoulabe : Sautet & Marneffe, 1_943 330 

Bagitineda: Sautet, 1942 327 ; Sautet & Marneffe, 1943 330 

Baniako: Le Moal, 1906 223 ; Thiroux & d'Anfreville; 1908 373 ; Senevet & Ethes, 
1939 345 ; Sautet, 1942 327 ; Marneffe, Ranque & Sautet; 1943 243 ; Sautet & 
Marneffe, 1943 330 ; Bernet, 1948 28 ; Holstein, 10/1948 

Bandiagara: Sautet, 1942 327 ; Sautet & Marneffe, 1943 330 ; Holstein, 6/1949 
Boky-Were: Hoistein, 11/1952 
Bougouni: Holstein, 8/1949 
Dia: Holstein, 1/1953 
Dia-bozo: Holstein, 2£1953 
Diafarabe: Holstein, 2/1953 
Dire : Sautet & Marneffe, 1943 330 

Djenne: Holstein, 5/1949 
Douna: Holstein, 6/1949 
El Oualadji : · Sautet & Marneffe, 1943 330 
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Gao : Sautet, 1942 327 ; Sautet & Marneffe, 1943 330 

Gembe : Sautet & Mameffe, 1943 330 

Goundam : Sautet & Mameffe, 1943 330 
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Kayes : Neveu-Lemaire, 1906 267 ; Thiroux & d' Anfreville, 1908 373 ; Bouffard, 1909 38; 

Sautet, 1942 327 ; Sautet & Marneffe, 1943 330 

Ke-Macina: Holstein, 5/1949 
Kokry: Sautet, 1942 327 ; Mameffe, Ranque & Sautet, 1943 243 ; Sautet & Marneffe, 

1943 330 ; Holstein, 5/1949 
Komora: Holstein, 1/1953 
Koulikoro: Bouffard, 1909 38 ; Sautet, 1942 327 ; Sautet & Marneffe, 1943 330 

Koulouba: Sautet, 1942 327 ; Sautet & Mameffe, 1943 330 

Kouoro: Holstein, 11/1951 
Koutiala: Holstein, 5/1949 
Markala : Sautet, 1942 327 ; Sautet & Marneffe, 1943 330 ; Holstein, 5/1949 
Monimpebougou : Holstein, 2/1953 
Mopti : · Marneffe, Ranque & Sautet, 1943 243 ; Sautet & Marneffe, 1943 330 ; 

Holstein, 6/1949 
Nara: Holstein, 5(1949 
Niafounke : Sautet, 1942 327 ; Sautet & Mameffe, 1943 330 

Niono : Marneffe, Ranque & Sautet, 1943 243 ; Sautet & Marneffe, 1943 330 ; Holstein, 
5/1949 

Nioro : Sautet, -1942 327 ; Sautet & Marneffe, 1943 330 

San: Holstein, 6/1949 
Sanga : Hoistein, 6/1949 
Sansanding: Holstein, 5/1949 
Sarro : Holstein, 2/1953 
Say : Holstein, 2/1953 
Segou: Bouffard, 1909 38 ; Senevet & Ethes, 1939 MS ; Sautet, 1942 327 ; Sautet & 

Marneffe, 1943 330 ; Holstein, 5/1949 
Sikasso: Sautet, 1942 327 ; Sautet & Mameffe, 1943 330 ; Holstein, 10/1948 
Sokolo: Holstein, 5/1949 
Ten:enkou : Holstein, 2/1953 
Tilenbeya : Holstein, 2/1953 
Tombouctou: Sautet & Marneffe, 1943 330 

Tonga : Sautet & Mameffe, 1943 330 

-Toukoto : Neveu-Lemaire, 1906 267 ; Sautet, 1942 327 

Upper Volta 

Banfora: Holstein, 2/1949 
Batie : Holstein, 3/1949 
Bobo-Dioulasso : Vilain, 1949 392 

Boromo : Holstein, 2/1949 
Dedougou: Holstein, 6/1949 
Diebougou: Holstein, 3/1949 
Dori: Holstein, 2/1949 
Fada-N'Gourma: Bernet, 1949 28 

Gaoua: Holstein, 10/1948 
Hounde : Holstein, 2/1949 
Kampti: Holstein, 3/1949 
Kaya: Holstein, 2/1949 
Koudougou : Bernet, 1948 28 

Koupela: Holstein, 12/1949 
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Leo: Holstein, 3/1949 
Nouna: Holstein, 10/1948 
Ouagadougou : Legendre, 1927 218 ; Le Gac, Seite & . Combescot de Marsaguet, 

1945 213 ; Holstein, 2/1949 
Ouahigouya: Holstein, 6/1949 
Pabre: Holstein, 8/1949 
Po : Holstein, 12/1949 
Tenkodogo : Holstein, 12/1949 
Tiogo : Holstein, 11/1948 
Tougan : Holstein, 10/1948 
Yakala: Holstein, 12/1949 
Yako: Holstein, 6/1949 

French Equatorial Africa 
Gabon 

Fernan Vai, Mayoumba, Mouila, N'Dende, Port Gentil, Tchibanga: 
Galliard, 1932 122 

Middle Congo 

Bacongo : Fiasson, 1943 118 

Brazzaville: Sice · & Vaucel, 1928 352 ; Vaucel & Saleun, 1933 891 

Poto-Poto : Fiasson, 1943 118 

Oubaogui Chari 

Ombella-M'Poko district: Ledentu, 1942 209 

Tchad 

Bouillez, 1916,89 found only A. funestus, but A. gambiae must be considered as a 
probable species. Grjebine, 1951,148 noted it at Fort Lamy. 

French Cameroons 

Rageau & Adam, 1951 283 

Douala, Yaounde, and environs: Vaucel & Campourcy, 1943 880 

Comoro Islands 

Anjouan, Grande-Comore, Mayotte, Moheli: Lavergne, 1950 207 

Legendre; 1918 217 

Ambatofotsy : Doucet, 1951 99 

Madagascar 

Ambatolampy, Ambohimahasoa, Antsirabe, Ihosy, Joffreville, Tamatave: 
Bagster Wilson, 1947 404 

Ambatondrazaka, Ambilobe, Ambositra, Ankazobe, Betroka, Marovoay, Moramanga, 
Morondava, Tsihombe, Vatomandry: Monier, 1937 257 

Andrialana, Imanombo, Mananjary, Nosy Be: Dye, 1904 107 

Ankavandra: Paulian (quoted by Doucet, 1951 99) 

Arivonimano :·Doucet, 1951 99 

Bekily: Paulian (quoted by Doucet, 1951 99) 
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Diego-Suarez: Billet, 1904 (quoted by Senevet 344); Dye, 1904 107 ; Monier, 1937 257 ; 

Bagster Wilson, 1947 ' 04 

Fianarantsoa: Billet, 1904 (quoted by Senevet 344); Monier, 1937 257 ; Bagster Wilson, 
1947 404 

Ivato: Monier, 1937 257 ; Bagster Wilson, 1947 404 

Lake Alaotra region : Doucet, 1949 47 

Maevatanana: Dye, 1904 107 ; Monier, 1937 257 

Mahatsinjo: Monier, 1937 257 ; Doucet, 1951 99 

Majunga: Monier, 1937 257 ; Bagster Wilson, 1947 404 

Miandrivazo : Paulian (quoted by Doucet, 1951 »9) 

Onilahy: Paulian (quoted by Doucet, 1951 »9) 

Tananarive : Monier, 1937 257 ; Bagster Wilson, 1947 ' 0'; Doucet, 1951 vs 

Tulear: Monier, 1937 257 ; Bagster Wilson, 1947 ' 04 

Vangaindrano : Doucet, 1951 9 » 

Reunion 

St. Paul: Blanchard, 1902 3'; Vassal, 1907 389 ; Hamon & Dufour, 1951 155 

Somaliland coast 

Djibouti: Theobald, 1910 (quoted by Senevet 3") 

French Togoland 

Aledjo: Holstein, 10/1949 
Lame: Bernet, 1948 28 

Sansanne-Mango: Holstein, 8/1949 

OTHER TERRITORIES IN THE ETHIOPIAN REGION 

Anglo-Egyptian Sudan 

Lewis, 1942 226 , 1947 228 (southern Sudan), 1948 m (White Nile) ; Ab bott, 1948 1 

(Darfur Province). 

Angola 

De Mesquita, 1942 255 ; E. Gonc;alves Ferreira (quoted by Cambournac, 1950 67) 

Arabia 

Patton, 1905 275 

Bechuanaland 

Cambournac, 1950 57 

Belgian Congo 

Newstead, Dutton & Todd, 1907 268 ; Bequaert, 1930 25 ; Duren, 1938 103 ; Schwetz, 
1944 335 (Lakes Albert and Kivu); Schwetz, Baumann & Fort, 1948 aav (Ruanda 
Urundi); Mattingly, 1949 2'» (Ruanda Urundi); Lambrecht, 1952 203 

British Somaliland 

Glasgow & Maclnnes, 1943 143 ; Van Someren, 1943 387 
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Cape Verde Islands 

Da Cruz Ferreira, 1945 117 ; -de Meira, Simoes & Noguelra, 1947 251 

Eritrea 
- - -

Corradetti, 1939 69_; Giaquinto-Mira, 1950 135 ; Mara, -1CJ50 242 

Ethiopia 

Corradetti, 1938 66• 67• 68 , 1939 70 (Dankali country); 1939 71 (page 153) (Serriien), 
1939 71 (page 207) (Uollo~Jeggiu region); Brambilla, .1940-1 44, 45 ; Melville, 
Bagster Wilson, Glasgow & Hocking; 1945 252 (Rift Valley and regions of the 
north-west and south-east) ; Corradetti & Archetti, 1CJ46 72 (southern Ethiopia) ; 
Giaquinto~Mira, 1950135 · · · - -

GaDlbia 

Dutton, 1903 105 -

Gold Coast 

-.•. Macfie, ·1920 234 ;· Pomeroy, 1931282 

. Italian Solmililand · · 

- Bartolucci, 193Z 20 ; Matt~i, 1932 248 > Bagster Wilson & Notley, 1943 406 ; Giaquinto--
Mira, -1950 135 · · 

Kenya . - - . 

Symes, 1928 365 , 1930 366 , 1940-1 368 ; Ganiharif, 1929126 ; Kauntze & Symes, 1933 104 

_ (Taveta Reserve to the south-west of Kllimandjaro); Bagster Wilson, 1936 401, 4°2; 
Heisch; 1947 161 (Ethiopian frontier), 1948 162 (Garsen; qri the Tana) 
. - - - - -

Liberia 

Bequaert, 1930 25 ; Barber, Rice & Brown, 1932 17 ; Briscoe, 1948 46 ; Young & 
Johnson, 1949 410 

Mauritius 
- -

Balfour, 1922 10 ; MacGn;gor, 1924 236 ; Kirk, 1934~198 ; Gebert, 1936 132 ; Jepson, 
Moutia & Courtois, 1947187 

Mozalllbique 

De Meillon; 1938 88, 1941 89 ; Rebelo, 1946 288 ; Soeiro, 1950 354 

Nigeria 

Annett, Dutton & Elliott, 1902 8; Johnson, 1919 188 ; Taylor, 1930 370 ; Anderson, 
1CJ31 6 ; Barber & Olinger, 1931 15 ; Brown, 1947 47 ; Bruce-Chwatt, 1947 50, 

1951 54 ; Muirhead-Thomson, 1948 262 ; Mattingly, 1949 250 

Northern -Rhodesia 

De Meillon, 1937 86 ; Bagster Wilson, 1946 403 ; Pielou, 1947 277 ; Robinson, 1948 298 

Nyasaland 

Lamborn; 1925 202 ; Bagster Wilson, 1946 403 



St. Thomas· 

Edwards, 1934 109 

Seychelles 

Hermitte, 1931 164 (Aldabra) 

Sierra Leone 
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Stephens & Christophers, 1900 356 ; Blacklock & Evans, 1926 31 ; Gordon, Hicks, 
Davey & Watson, 1932 144 ; Ttedre; 1946 380 

Southern Rhodesia 

Leeson, 1931 211 

South-West Mrica 

De Meillon, 1951 n 

SJ>anish Guinea 

Gil Collado, 1936 140 (Fernando Poo) 

Swaziland 

Cambournac, 1950 57 

Tanganyika 

Watson (quoted by Mackay, 1938 2311); Scott, 1938 341 ; Bagster Wilson, 1936 401• 402 , 

1946 403 ; Bagster Wilson & Wilson, 1940 ' 07 

Uganda 

Hancock, 1930 156 , 1934 157 ; Gib bins, 1932 136 , 1933 137 ; Hopkins, 1933 177 ; Haddow, 
1945 152 ; Haddow, Gillett & Highton, 1947 154 

Union of South Mrica 

·Hill & Haydon, 1905 166 ; Ingram & De Meillon, 1927 182 ; Bedford, 1928 23 ; 

Swellengrebel, Annecke & De Meillon, 1931 362 ; De Meillon, 1934 82 ; 

Cambournac, 1950 57 

Zanzibar 

Aders, 1917 3 , 1920 4 ; McCarthy, 1941 232 



ANNEX 2 

SPOROZOITE-RATES OF A. GAMBIAE IN VARIOUS REGIONS 

OF AFRICA AND IN BRAZIL 

Region 

I 
Date of 

I 
Sporozoite-rate 

I Authors observation % 

Anglo-Egyptian 
Sudan 1.1 Bedford 24 

Belgian Congo 7.1 Duren 103 

Boma 1938-1939 8.9 (mean) Nicolay 289 

Elisabethville 
and environs 1944 4.6 

} 1945 3.5 Vincke 393 

1946 5.0 
Leopoldville 1.07-10.9 Duren 102 

Mosso-Sud 1952 7.5 Lambrecht 203 

Stanleyville 3.0 Schwetz et al. 340 

Yalingimba 3.8 Davidson 75 

Cape Verde Islands August-Sept.1943 5.82 Da Cruz Ferreira 117 

French Cameroons 
Messa April 1942 33.3 

l Yaounde 1940-1941 18.5 (mean) Vaucel & 
October 1941 35.2 Campourcy 890 

Jan.-May 1942 26.6 

Gambia 2.8 Dutton 105 

Gold Coast 7.4 Taylor 370 

Kenya 
Digio September 1931 17.64 Symes 367 

High plateaux 
(1,950-2,250 m 
(6,400-7,400 
feet)) 1.3 Garnham 129 

Kisumu 1932-1937 4 (mean) Garnham 127 

Mombasa August 1936-
December 1937 3.1 (mean) Wiseman et al.408 

Mwatate February 1930 18.96 Symes 367 

Nairobi 1926-1938 0.2-1 (mean) Symes 368 
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I 

I 
Region I 

Date of Sporozoite-rate Authors observation % 

I 
Taveta I 0.6-4.6 I (mean 1.05) Kaunze & Symes 1~4 

May 1926-
January 1938 0.72-6.25 

I 

Symes 367 

Liberia 3.5 Barber et alP 
I 

Madagascar 1935-1937 0.2 Monier 257 

Arrachart i 1943-1944 1.6 } Bagster Wilson •04 I 
Tamatave I 1943 7.1 

Mozambique 
Quelimane 5.0 Rebelo 188 

I 
Nigeria 0-20.0 I 

(mean 5.89) i Bruce-Chwatt •4 
I 

Ibadan 13.1 I I Barber & Olinger 15 
Lagos 6.6 Jl 

1946-1948 0.5-5.2 I Bruce-Chwatt 53 

Yaba 4.6 I Barber & Olinger 15 

Sierra Leone I 
Freetown 8.0 }I Gordcin et aJ.H! 
Kissy 11.2 

Tanganyika i 
Usa Annual mean 3.6-5.7 Bagster Wilson & 

Wilson 407 

Uganda 
Jinja 17.8 

} Kampala 18.6 Gibbins 181 

M bale 24.2 

Union of South 
Mrica 7.4-9.9 Cambournac 57 

Transvaal 11.0 Swellengrebel et ai.3 62 

Zanzibar 1937 2.55-6.24 

I 
McCarthy 231 

I 

Brazil . I 
:,,. Cumbe 5.6 

I 
Causey et aJ.5° , ... ,,., Jan.-April 1940 1.6 Causey et aJ.62 

,·:.~' Natal May 1930 30.2 Davis 77 

Sao Goncalo } I 

De Souza Pinto 280 
Taiptl July-Aug. 1931 28.2 

I 
I I 



ANNEX 3 

KEY TO THE IDENTIFICATION· OF THE. COMMON ANOPHELES 

IN FRENCH WEST AFRICA 

Adults (Males and Females) 

(see fig. 21) 

1. Abdominal segments with lateral tufts of scales (a) 

Abdominal segments without lateral tufts ofscales 

2. Last segment of posterior tarsus entirely dark (b) 

. Last segment ofpostetior tarsus entirely pale (c) . 

3. Posterior tarsus with at least the last two segments entirely pale 
(d, e, f, g) . . • . . . . . . . ·. . . . . . , •. . . . . . 

Posterior tarsus with all the segments black .(h) or with pale :rings 
at the joints (k) . . . . . . . . . 

4. Femora and tibiae With pale spots (m) 
Femora and tibiae uniform in colour. (n) 

5. Last three segments ofthe posterior tarsus completely pale (d) 

Last two segments only of the po&terior tarsus completely pale (e) 

6. Third segment ofthe posterior tarsus with a black band less than 
halfthe size ofthe segment (fF . . . . . . .. . . . . . . 

Third segment of the posterior tarsus . with a black band more 
than half the size of the segment (g) . . . . 

7. Anterior tarsus with pale rings at the joints (p) 

Anterior tarsus without pale rings at the joints (r) 

· 8. Base of the,first vein dark (s) 

Base of the first vein pale (t) . 
- . 
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2 

3 

A. squamosus 

A. pharoensis 

4 

7 

5 

6 

A. maculipalpis 

A. pretoriensis 

A. coustani 

A. rufipes 

A. gambiae· 

8 

A. nili 

-A. funestus 
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Larvae in the IVth lnstar 

(see fig. 22) 

1. Inner clypeal bristles contiguous (a, c) . . . . 2 

Inner clypeal bristles clearly separated (b, d, e) . 3 

2. Inner clypeal bristles branched at the tip (c) A. nili 

Inner clypeal bristles simple (a) . . . . . . A. coustani 

3. External clypeal bristles in the form of a tuft (d, e) 4 
External clypeal bristles simple or bearing some fine branches (b) 5 

4. Tuft very thick, from 20 to 45 branches (d) A. pharoensis 

Tuft less thick, from 8 to 20 branches (e) . A. squamosus 

5. Abdominal plates very broad, covering almost the whole segment (0 A. funestus 

Abdominal plates narrower (g) . . . . . . . . 6 

6. Comb of segment VIII covered with spicules (h) A. maculipalpis 

Comb of segment VIII not covered with spicules (i) 7 

7. Palmate abdominal bristles without a filiform prolongation (k) . A. rujipes 

Palmate abdominal bristles with a filiform prolongation (m) 8 

8. Both mesothoracic bristles simple (n) A. gambiae 

One mesothoracic bristle simple, one plumose (p) A. pretoriensis 
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FIG. 22. MORPHOLOGICAL CHARACTERS FOR THE IDENTIFICATION OF 

A. GAMBIAE LARVAE 

. 
. 

f 

~~ 
rt!w

d ·-· 

..., ................ -_ •. --··· .. ..._ .. . 1 k . 
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