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scope and held in an area carefully selected for
suitability, have shown that medicated salt can be
used successfully by itself under holoendemic con-
ditions; Giglioli and his associatesh came to the
conclusion that it should only play a part in the
final stages of the eradication campaign after trans-
mission had been greatly reduced by more orthodox
means; others have dismissed the method entirely
on the grounds that total population coverage is
impossible to achieve, owing to deficiencies in the
control or consumption of salt, or that drug-resistant
parasites are likely to emerge and proliferate.

* *

This trial has involved the co-operation for five years
of the inhabit-ants of Mto wa Mbu. The principal
members of the Tanzania Ministry of Health who
assisted in the work were Mr A. S. Msangi (entomology),
Mr H. G. Bilcliffe (medicated salt supply) and Mr F. M.
Mzoo (parasitology), while Dr and Mrs S. Avery Jones
kindly made independent assessments 41 and 44 months
after the start of the scheme. I am also grateful to
Mr N. Wright of Imperial Chemical Industries Limited
and Dr T. E. Fletcher of the East African Institute of
Malaria and Vector-Borne Diseases for analysis of the
medicated salt.
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The extent of dispersal and the flight range of ano-
pheline mosquitos are of direct importance in anti-
malaria operations. The use of radioactive isotopes
in the study of dispersion of mosquitos in Africa was
pioneered by Bugher & Taylor,a who released large
numbers of Aedes aegypti labelled with phospho-
rus-32 and strontium-89 and recovered them up to
a maximum distance of 0.75 miles (1.2 km). Bruce-
Chwatt b reviewed the use of radioisotopes in malaria
research and added some previously unpublished
information on the use of this method in Africa.
Bruce-Chwatt & HaywardC produced autoradio-
graphs with 32P-labelled Ae. aegypti adults and recom-
mended the use of autoradiography for studies such
as the investigation of the range of flight of insects,
especially in areas where electronic equipment is not
available. This technique was successfully used in
the field by Gillies,d who studied the dispersion and

* A study undertaken with the help of the United Arab
Republic Atomic Energy Establishment and financially as-
sisted by the World Health Organization.

a Bugher, J. C. & Taylor, M. (1949) Science, 110, 146.
b Bruce-Chwatt, L. J. (1956) Bull. Wld Hith Org., 15, 491.
c Bruce-Chwatt, L. J. & Hayward, J. (1956) Nature (Lond.),

177, 661.
d Gillies, M. T. (1961) Bull. ent. Res., 52, 99.

survival ofAnophelesgambiae in East Africa by means
of marking and release experiments using 32P and
"5S. The mean flight range of females was estimated
to be 0.64 mile (1 km) and of males 0.52 mile (0.8
km). Individuals of both sexes were caught at the
maximum range of 2.25 miles. Quraishi e released
32P-labelled Anopheles stephensi and showed that
both males and females of this species were capable
of flying a distance of 4.3 km. He also found that
both sexes could fly 1.8 km overnight from the point
of release.f

Little is known at present about the movements
or flight range of mosquitos in arid regions. Ano-
pheles sergenti Theo. is the malaria vector in the oases
of the United Arab Republic. Shapiro et al.,9 study-
ing the flight range of An. sergenti in Palestine by
the release and recapture of gold-stained adults,
recovered one specimen. at a distance of over 4

e Quraishi, M. S. (1964) Study offlight range and length
of gonotrophic cycles in Anopheles stephensi using P$F. In:
The role ofscience in the development of natural resources with
particular reference to Pakistan, Iran and Turkey: a sympo-
sium held under the auspices of CENTO Scientific Council,
Lahore, New York, Pergamon, p. 426.

f Quraishi, M. S. (1965) J. econ. Ent., 58, 821.
g Shapiro, J. M., Saliternik, Z., & Belferman, S. (1944)

Trans. roy. Soc. trop. Med. Hyg., 38, 95.
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km. Garrett-Jones h obtained evidence indicative of
migratory flights in four of the seven anopheline
species recorded from Lebanon and Western Syria
(An. sacharovi, An. superpictus, An. marteri and
An. sergenti). It was thought that An. sergenti
migrated in search of breeding places, while in the
other species the females migrated prior to hiberna-
tion.

Wind-aided migratory flights are recorded in Ano-
pheles pharoensis, the malaria vector in the Nile
Valley and Delta. Garrett-Jones i observed An.
pharoensis arriving in large numbers at camps in the
Egyptian Desert 29-45 km south-west of the Maryut
swamp at Alexandria which was the nearest possible
breeding place. Kirkpatrick I mentions the appear-
ance of An. pharoensis in the desert, 56 km from
the nearest possible breeding places. The possibility
of very-long-distance wind-aided migrations by An.
pharoensis females, over a distance of about 280 km
from the Nile Delta to Tantura in Israel, was dis-
cussed by Garrett-Jones.k
The present study was originally designed to

investigate both dispersion and longevity, but the
latter aim had to be abandoned because the field work
was restricted to a few weeks during an unfavourable
season. Accordingly, the investigation was limited
to the dispersion and flight range of An. sergenti by
the release and recapture of labelled adults in an
ecologically isolated habitat. Recaptured adults were
recognized by autoradiography. The project was
undertaken at Siwa Oasis in the Libyan Desert of the
United Arab Republic, from 20 September to 30
October 1965.

Materials and methods

Labelling technique. A field insectary for rearing
great numbers of radioactively labelled An. sergenti
adults was established in the newly-built premises of
the youth hostels in Siwa town. The larvae were
collected from two springs in the experimental area.
Late third-stage and early fourth-stage larvae collect-
ed from these breeding sites were bred in radioactive
solutions. The radioisotopes used were 32p, supplied
as NaH232PO4 by the United Arab Republic
Atomic Energy Establishment, and 35S, supplied as
Na,35S04 by the Radiochemical Centre, Amersham,
England. Concentrations of 15,uCi of 32P or of

h Garrett-Jones, C. (1957) Bull. endem. Dis., 2, 79.
iGarrett-Jones, C. (1950) Nature (Lond.), 165, 285.
I Kirkpatrick, T. W. (1925) The mosquitos ofEgypt, Cairo.
k Garrett-Jones, C. (1962) Bull. Wld Hlth Org., 27, 299.

35 ,sCi of 35S per litre of distilled water in the breed-
ing pans were found to give rise to high enough levels
of radioactivity in the emerging adults to be easily
detected by the autoradiography.

Detection of labelled mosquitos. The autoradio-
graphic technique of GilliesI was followed. The
mosquitos collected were sorted, spread out on cellu-
lose tape, 1 in (2.5 cm) wide, stretched over a num-
bered grid, and covered with Cellophane paper, de-
tails of the catch being attached to the end of the
tape. These tapes were applied to strips of X-ray film
(Ilford, Industrial G, 29 x 280 mm) in a dark-room
and left in the cassettes for four days, after which the
film was developed. Labelled mosquitos produced
an image on the film, the two isotopes used being
distinguished by energy discrimination, as described
by Gillies.m Both isotopes are beta-emitters but they
have different energies of radiation: 32P is a hard
beta-emitter with an energy of radiation of 1.71 MeV,
while 35S is a soft beta-emitter with an energy of
0.167 MeV; 32P-labelled mosquitos produce diffuse
fogging on the X-ray film, while 35S-labelled mos-
quitos give a well-defined image.

The experimental area. The area chosen for the
experiments (see the accompanying figure) is known
as Khamisa and Mishandid. It is one of six sections
composing Siwa Oasis. Khamisa and Mishandid lies
between the Siwa section to the east and Maraki
section to the west. Abdel-Malek,n in a study of the
plant-feeding habits of An. sergenti males, gave a
general description of Siwa Oasis. The experimental
area is bounded on the east and south-east by the
Siwa Lake. It is 10 km from Siwa Town and 11 km
from the nearest village in Maraki to the west. Wide
stretches of desert limit the area to the north and
south, and two high hills are present in the middle.
The experimental area consists of a central group of
hamlets and other groups lying from 1.75 km to 2.5
km from the centre (10 hamlets in all). The area is
well-watered, most of the hamlets having a spring of
brackish water nearby. These springs and their drain-
age canals act as breeding sites for An. sergenti. The
number of houses per hamlet ranges between 1 and
14. They are made of stone and mud with roofs of
palm branches and leaves. Caves inhabited both by
humans and animals are common in the hills.

I Gillies, M. T. (1962) Marking and release experiments
with a tropical mosquito by the use ofradioisotopes. In: Radio-
isotopes in tropical medicine, Vienna, International Atomic
Energy Agency, p. 267.

m Gillies, M. T. (1958) Nature (Lond.), 182, 1683.
n Abdel-Malek, A. A. (1964) Bull. Wld Hith Org., 30, 137.
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a The numbers outside and between parentheses are the distances in km of the recapture stations from the central and
peripheral release points respectively.

This area was chosen as having the highest density
of larval and adult An. sergenti of the various sections
of Siwa Oasis, as determined by an extensive pre-
liminary survey.

Release of tagged mosquitos. As pupae appeared
in the breeding pans they were collected and trans-
ferred to distilled water in waxed paper cups at a
density of about 150 per cup. The cups were put into
release cages fitted with a sliding glass front, 3 or 4
cups to a cage. A pad of cotton wool soaked with
10% sugar solution provided food for the emerging
adults. Adults emerging within 48 hours were taken
for release. The sex ratio was approximately 1: 1.
Two points within the experimental area were used

for releases. The central point was an unoccupied
living room in the village of Qaret el-Gari el-Gedida.
The room had two wide-open eaves to the north and
an open doorway to the south. The peripheral
release point, also a deserted living room with wide-

open eaves, was situated at Deheiba, 1.75 km north-
east of the central release point.

Releases were made in the afternoon, the cages
being placed in a corner of the room and the sliding
glass fronts carefully removed. The cages were in-
spected the next day and a count made of the dead
pupae and adults remaining in the cages, from which
the total number of specimens released was calcu-
lated.
The rather low densities of An. sergenti in the oasis

during September and October 1965 precluded the
collection of the larvae in sufficient quantity to pro-
duce thousands of tagged adults at a tinme. Accord-
ingly, the original plan of studying adult longevity
was abandoned and only the dispersion and flight
range of An. sergenti were investigated. From the
central release point 35S-labelled adults were libe-
rated roughly every other day for 10 days. Releases
were then shifted to the peripheral release point,
where 32P-labelled mosquitos were released roughly
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TABLE I
DIRECTION OF WINDS IN THE SIWA OASIS AREA FROM 20 SEPTEMBER TO 30 OCTOBER 1965

Proportion of winds in stated direction (%)
Period Time of day North Nor|th | Ea South- S

- South | t
Not ot-North- East South- Suh ot- WestWest East East West

20-30 Septem- |Morning 10.0 0 20.0 36.7 26.6 6.7 0 0
ber Evening 16.1 9.7 19.4 6.4 9.7 19.4 6.4 12.9

Morning 16.0 5.4 21.4 21.4 10.8 7.1 5.4 12.5
1-30 October

Evening 24.2 16.7 16.7 6.0 6.0 7.6 4.6 18.2

every other day for two weeks. This was followed
by two releases from the central point using 85S-
labelled mosquitos in the following week. In this
way, the recovery of 35S-labelled mosquitos was res-
tricted to a range of 2 km in various directions (see
the figure), while 32P-labelled mosquitos might be
recaptured up to 3.75 km south-west of the peri-
pheral release point.

Meteorological data were recorded daily in the
field. The laboratory temperature and relative humi-
dity were maintained at 25°C ±20 C and 55% ±5%
respectively. Table 1 shows that the prevailing winds
during late September were from the east in the
morning, changing to north-east in the evening, while
during October the winds were north-east in the
morning, changing to north in the evening.
Recapture routine. Recapture stations were desig-

nated in about one house out of seven within the
experimental area. The figure shows the distribution
of the 12 catching stations, representing the various
resting sites of An. sergenti, i.e., stables, sleeping
rooms, deserted rooms and caves. All stations were

visited regularly every two days. Mosquitos were
collected by spray-catching, cotton sheets being
spread over all horizontal surfaces and the room,
stable or cave then sprayed with 0.2% pyrethrins in
kerosene. A team of five men carried out the routine
adult catches at these stations regularly throughout
the experiment.

Results and discussion
The results of all the releases are summarized in

Table 2. Of 4260 labelled An. sergenti adults of both
sexes released from the central and peripheral release
points in the experimental area, a total of 37 labelled
mosquitos were recaptured, giving a recapture rate
of 0.87%. This must be considered a good result
when compared with the recapture rate of 0.01 %
obtained by Shapiro et al.9 in their study of the flight
range of the same species in Palestine using gold-
stained mosquitos (only one specimen was recap-
tured, at a distance of over 4 km, out of 10 000
marked mosquitos released), of various investigators
(quoted by Bruce-Chwatt b) who recovered between

TABLE 2
SUMMARY OF RESULTS OF ALL RELEASES AND RECAPTURES OF AN. SERGENTI

Specimens recaptured a
Site Spe- Observed

of release cimens range Males Females Total

No. % No. % No. %

Central 2 030 0-2 11 1.08 15 1.48 26 1.28

Peripheral 2 230 0-3.75 7 0.63 4 0.36 11 I 0.49

Total 4 263 0-3.75 18 0.85 19 0.89 37 0.87

a Out of a total of 6315 males and 16 770 females captured.
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0.005 % and 0.3 % of various mosquitos labelled by
radioactive isotopes, or of Gillies,d with a 0.75%
recovery rate of An. gambiae in Tanzania. Our re-
sults demonstrate the value of radioisotopes for dis-
persion studies and the value of the autoradiographic
technique as compared with the use of electronic
radiation counters for detecting the labelled mos-
quitos on recapture, especially in isolated places
lacking facilities for the maintenance and repair of
electronic equipment.'

It is apparent from Table 2 that the over-all re-
capture rate of males from all releases, i.e., central
and peripheral together (0.85 %) was approximately
the same as that of the females (0.89 %). This might
reflect the largely domestic resting habits in An. ser-
genti males in the oasis.

Russell et al.o found that with An. culicifacies in
south-east India, inhibiting factors prevented the
attainment of a random distribution of flight ranges.
Gillies d found the dispersion of An. gambiae to be
non-random and to be related primarily to the dis-
tribution of human settlements. Provost,P on the
other hand, has shown the dispersion of female
Ae. taeniorhynchus to be a random omnidirectional,
appetential dispersal, periodically repeated from foci
established by previous migratory-channelled non-
appetential dispersal conditioned by meteorological
and topographical exigencies.
The distribution of the tagged mosquitos recap-

tured is shown in Tables 3 and 4. The results of
limited sampling of this type may be considered as a
function of time from release, distance of dispersal,
direction of dispersal, or biotope sampled. For reas-
ons explained above, the information on the age of
mosquitos at recapture is meagre and merely shows
(Table 3) that specimens of both sexes were captured
up to 10 days after the most recent release. There is
no evidence of an increase in distance of dispersion
with age.

Tables 3 and 4 show, on the contrary, a rather
clear correlation between the pattern of recaptures
and that of the resting-biotopes sampled. Together
the tables refer to sampling in six bedrooms and
stables and in four caves and empty rooms. Of the

0 Russell, P. F., Knipe, F. W. K., Rao, T. R. & Putnam,
P. (1944) J. exp. Zool., 97, 135.

P Provost, M.W. (1952) Mosquito News, 12, 174.

recaptured females, 10 (53 %) were taken in the bed-
rooms and stables, while only 4 (22%) of the males
recaptured occurred in these biotopes. It is obvious
that the biotopic pattern of sampling affected every
aspect of the results, especially in view of the fact that
the caves and empty rooms favoured by the males
were not randomly distributed in terms of distance
and direction from the central release point.
The influence of the wind on the direction of dis-

persion can be examined only in relation to the
samples released centrally. Table 3 shows that be-
tween 30 September and 27 October .1 male and 5
females were recaptured in the two stations to the
north-east of the release point; 7 of each sex in
the four stations to the south-east, and 3 ofeach in the
four stations to the south-west. The higher incidence
of both sexes to the south-east may possibly be re-
lated to the prevalence of northerly and westerly
evening winds in October, as shown in Table 1.
The results of these experiments carried out at

Siwa Oasis thus give some indications about the dis-
persion of An. sergenti, although the data are based
on a limited number of mosquitos. It is established
that the males dispersed up to 3.4 km, and the females
up to 2.5 km, from the points of release; and it is
probable that dispersion may occur, especially in the
female, over substantially longer distances than those
now demonstrated.

* *
*
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