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Study of the Feeding Habits of Male Anopheles sergenti Theo. at Siwa
Oasis using Radiophosphorus *

by ALBERT A. ABDEL-MALEK, Ph.D., Associate Professor of Insect Ecology, Department of Entomology,
Faculty of Science, Cairo University, Giza, Egypt, UAR

The development of resistance to insecticides by
numerous species of mosquitos has focused attention
on the need for supplementary and alternative
control procedures. Assessments are thus now
being made of the potentialities of various types of
ecological control, and in this connexion a need has
been felt for more specific information in the neg-
lected area of the feeding habits of male mosquitos
in nature.

Specificity of plant feeding having recently been
demonstrated for the males of four species of Aedes
in Canada,a the present WHO-sponsored study was
designed to investigate the suitability of the various
plants of an ecologically isolated habitat as food for
male Anopheles sergenti Theo. and the natural
feeding habits of these insects. The project was
undertaken at Siwa Oasis, from 19 May to 28 June
1963.

General description of the study area

Siwa is about 600 km north-west of Cairo, on the
Libyan Plateau (latitude 29°05'-29°15'N, longitude
25015'-25045'E). The oasis has a human population
of about 4500. It lies about 22 m below sea level,
has a total area of about 200 kM2, and consists of
five sections: Maraki, Khamisa, Siwa, Agormi and
Zeitoun. Its water-table is high, the supply being
drawn from springs and wells. There are about
240 of these water sources, their average dimensions
being 3-10 m in diameter and 10-20 m in depth, and
many seepages exist as well. The salinity of the
water ranges from 16-20 g/litre, and the hydrogen-ion
content from pH 6 to pH 7. Only about 800 hectares
are under cultivation, the main crops (dates, olives,
barley and some vegetables and fruits) being grown
in gardens around the springs.

* The work reported was undertaken with the support of
the World Health Organization, in fulfilment of the terms of
an agreement between WHO and the United Arab Republic
Atomic Energy Establishment.

a Abdel-Malek, A. A. & Baldwin, W. F. (1961) Nature
(Lond.), 192, 178-179.

Materials and methods
Male A. sergenti needed for experimental purposes

were reared in a field laboratory from larvae brought
in from the field. Drainage canals from the springs,
and seepages, proved to be the most favoured larval
habitats, A. sergenti sharing these with other
anophelines and with culicines.

After being identified at the laboratory, the larvae
were placed in white enamel basins 32 cm in diameter
and 10 cm deep. About 200 larvae were reared in
each basin in a litre of tap water. Powdered dog
biscuits and a commercial yeast preparation served
as food for the larvae. The rearing basins were
protected with white muslin covers measuring
40x40 cm, each having 12 small lead weights
stitched around its periphery in order to keep it in
place over the basin. By this means, muscoid flies,
which were present in great numbers in the labora-
tory and elsewhere, were prevented from entering
the rearing basins and contaminating the medium.
As soon as the larvae metamorphosed to pupae, the
latter were transferred to 250-ml beakers with 100 ml
of tap water. The beakers were then placed inside
an emergence cage (60 x 40 x 50 cm) with a glass
top, sides of metal screening, and a circular front
opening 15 cm in diameter with a muslin sleeve.
Dextrose solution (10 %) served as food for the
mosquito adults emerging inside the cage. The
medium was supplied, soaked into absorbent cotton
covered with a piece of lint, in a Petri dish.
The different plants present in and around the

larval habitats of A. sergenti were collected and
brought to the laboratory for experimental purposes.
They were cut in the field under water, their ends
being kept immersed until used for the experiments.
In the laboratory, the cut end of a stem from each
plant (carrying leaves, and flowers where present)
was wrapped in a piece of cotton and immersed in
30 ml of 20 ,uc per ml of radiophosphorus
(Na H232PO4) in distilled water inside a 50-ml wide-
mouthed bottle. The opening of the bottle was
then covered with cheese cloth to prevent the mos-
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quitos from coming into direct contact with the
radioactive solution. Every plant exposed to radio-
phosphorus was set aside for 24 hours before being
placed inside an experimental cage measuring
25 x 25 x 50 cm, with the top and sides of metal
screening and a sliding glass front. Without ex-
ception, the leaves and flowers of the plants took up
appreciable amounts of radioactivity. In some
species, about 30 000 counts per minute per cm2 of
leaf or flower were recorded.

Fifteen A. sergenti males aspirated from the
emergence cage were introduced into the experi-
mental cage through a 5-cm opening in the centre
of the glass front, which was then closed with a
cork. The males were left for 48 hours with the
radioactive plant. After that exposure time, all the
mosquitos inside the cage were taken out, killed,
if still alive, by chloroform vapour, and washed in
three changes of distilled water. After being dried
between two pieces of filter-paper, each was trans-
ferred by means of clean pointed forceps to the
centre of a thin, rounded, copper planchet 2.5 cm
in diameter, and was then covered with a piece of
cellulose tape. The mosquitos on the planchets
were now assayed for their radioactivity.

Counts of radioactivity were made with a Geiger-
Muller end-window tube (2 mg/cm2) and a United
Arab Republic scaler. All counts were corrected
for background and decay of radiophosphorus.
Correction for self-absorption was not made because
of the thinness of the mosquito bodies.
The laboratory temperature was 30°C i 2°C, the

relative humidity averaging 35 %. In order to guard
against the death from dehydration of the caged
adult mosquitos, the emergence and experimental
cages were wrapped with face towels which were
soaked with water at least five times a day. This
procedure built up the relative humidity inside the
cages to 90% + 5 %, as measured by means of
pocket hair hygrometers kept within them. The
laboratory temperature was recorded by means of
a maximum and minimum thermometer.

Every plant experimented on was given a code
number, and a portion of it was placed in a press
for future identification.

Results and discussion
Forty different species of plants, both wild and

cultivated, belonging to 24 families and representing
almost every species encountered in the oasis, were
experimented on for their suitability as food for the
males of A. sergenti.

The results of these experiments may be summa-
rized by saying that, out of the 40 species of plants
investigated, only three proved suitable as food for
A. sergenti males. These plants, in descending order
of their importance in this respect, were:

Salicornia fruticosa (L.) L. (average: 324 counts/
minute),

Alhagi maurorum Medic. (average: 145 counts/
minute),

Juncus arabicus (Asch. et Buch.) Adams (average:
47 counts/minute).

It was also observed that feeding took place on
both flowers and leaves and lasted 10 minutes on
the average.
The remaining 37 plant species, for which no radio-

activity count could be recorded, were as follows
(arranged by families in alphabetical order):

Chenopodiaceae: Beta vulgaris L. var. cicla L.; Com-
positae: Flaveria contrayerba (Cav.) Pers.; Cucurbita-
ceae: Cucumis sativus L., Cucurbita pepo L.; Cyperaceae:
Scirpus litoralis Schrad.; Gentianaceae: Centaurium
pulchellum (Sw.) Druce; Gramineae: Polypogon mons-
peliensis (L.) Desf.; Labiatae: Mentha spicata L.; Legumi-
nosae: Ceratonia siliqua L., Glycyrrhiza glabra L.,
Medicago sativa L.; Lythraceae: Lawsonia intermis L.;
Moraceae: Ficus carica L., Morus alba L.; Myrtaceae:
Eucalyptus camaldulensis Dehnh., Psidium guajava L.;
Oleaceae: Olea europeae L.; Palmaceae: Phoenix dactyli-
fera L.; Portulacaceae: Portulaca oleraceae L.; Punica-
ceae: Punica granatum L.; Rhamnaceae: Ziziphus spina-
christi (L.) Willd.; Rosaceae: Malus salivestris Mill.,
Prunus amygdalus Basch, Prunus armeniaca L., Prunus
domestica L., Prunus persica Batsch, Pyrus communis L.,
Rosa sp.; Rutaceae: Citrus aurantifolia Swingle, Citrus
limon Burm. f., Citrus reticulata Blanco; Solanaceae:
Lycospericum esculentum Mill.; Tamaricaceae: Tamarix
nilotica (Ehrenb.) Bge.; Tiliaceae: Conchorus olitorius L.;
Vitaceae: Vitis vinifera L.; Zygophyllaceae: Nitraria
retusa (Forsk) Asch., Zygophyllum coccineum L.

The laboratory experiments having given this
result, attention was transferred to the distribution
of the plants in the oasis. All three species were
found to be widely distributed. They were especially
abundant in and around the breeding sites of
A. sergenti. It is interesting to note here that after
an intensive survey of 113 different springs, drainage
canals, seepages and ponds, we came to the con-
clusion that finding Salicornia fruticosa, Juncus
arabicus or both in or around any of these waters
was sufficient indication that A. sergenti was breeding
there.

In the interests of determining the natural food
preferences of A. sergenti males, adult mosquitos
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were now collected from the various plant species
in the oasis. Males of A. sergenti were taken in
good numbers from the three species already
named; Salicornia fruticosa, Alhagi maurorum and
Juncus arabicus yielding 50, 36 and 20 males re-
spectively. Very few were collected from any of
the other plants, two of which (Olea europeae and
Vitis vinifera) yielded only two males each.
In our search for adult anophelines at Siwa,

A. sergenti males were also found resting in the
thatched roofs of houses and stables, especially
those near the larval habitats, and inside the caves
present in some of the hills near Siwa township
(Mountain of the Dead), Dacrour and Agormi.

Practical application of the knowledge of the
specificity of plant feeding on the part of A. sergenti
males could favour the success of novel control
procedures. For example, the elimination of
Salicornia fruticosa, Alhagi maurorum and Juncus
arabicus (which comprise a relatively minor pro-
portion of the flora of Siwa Oasis) might provide a
means of sharply reducing the numbers of males in

the natural A. sergenti population prior to an
eradication attempt involving the release of large
numbers of males sterilized by means of chemicals
or radioactive isotopes. First, however, a field trial
would be called for to determine whether, in the
absence of these three plants, A. sergenti males are
able to adapt to alternative natural food sources.

** *
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due to Mr A. M. Wakid, Demonstrator at the Radio-
isotope Department, United Arab Republic Atomic
Energy Establishment, for his field assistance at Siwa.
I am deeply indebted to Professor Vivi Tekholm, System-
atic Botanist at the Faculty of Science, Cairo University,
for her identification of the plants. Finally, I wish to
record my appreciation of the assistance rendered by the
authorities of the General Desert Development Organiza-
tion and the Governorate of the Western Desert in Marsa
Matrouh and Siwa.

Studies with New Insecticides as Residual Sprays in Buildings
Naturally Infested with Anopheles quadrimaculatus *

by JAMES B. GAHAN, H. G. WiLsoN and CARROLL N. SM1TH, Entomologists, Insects Affecting Man and
Animals Branch, Entomology Research Division, Agricultural Research Service, US Department of
Agriculture, Orlando, Fla., USA

The development of resistance to chlorinated
hydrocarbons in some strains ofAnopheles mosquitos
has focused attention on the need for other insecti-
cides that can be used as residual sprays in malaria
eradication programmes. Brown a reported that by
the end of 1961 no fewer than 10 species had devel-
oped resistance to DDT and as many as 30 to
dieldrin. In 1960, WHO organized an international
co-operative programme between various research
laboratories with the aim of finding new insecticides
that could be substituted for DDT and dieldrin in
residual spraying campaigns.

* This investigation was supported by the World Health
Organization and by a United States Public Health Service
Research Grant (EF. 194) to the World Health Organization.

a Brown, A. W. A. (1962) Wid Rev. Pest Contr., 1,
No. 3, p. 6.

As one of those collaborating in this programme,
the Orlando, Florida, laboratory of the Entomology
Research Division, Agricultural Research Service,
United States Department of Agriculture, has been
continually evaluating new insecticides for residual
application against mosquitos. Results obtained
recently have indicated that some of the methyl
carbamates may be outstanding materials. In
laboratory tests conducted against adults of Ano-
pheles quadrimaculatus Say by La Brecque et al.b
and Gahan et al.c d e, Hercules 5727 or Union

b La Brecque, G. C., Gahan, J. B. & Wilson, H. G.
(1960) Mosquito News, 20, 238.

c Gahan, J. B., La Brecque, G. C. & Wilson, H. G.
(1961) J. econ. Ent., 54, 63.

d Gahan, J. B., La Brecque, G. C. & Wilson, H. G.
(1961) Mosquito News, 21, 289.

e Gahan, J. B., La Brecque, G. C. & Wilson, H. G.
(1962) Mosquito News, 22, 333.
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