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was blood loss very severe, but in this case the
haematuria did not last long.

It seems likely that blood loss is generally not
severe, though in occasional cases it may be, and in
the presence of other blood-destroying parasites and
a poor diet it may be a contributory factor in the
production of anaemia.
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Most of the irrigation schemes in the Sudan
depend on the Nile or its tributaries, and the snail
intermediate hosts of Schistosoma haematobium
and S. mansoni are distributed into the canal system
by the water. It has frequently been observed that
the snails float into such canals, either free or
attached to debris. a-e On the basis of the observa-
tions of the snails on the surface, mechanical barriers
of various types were tried as a measure for prevent-
ing the reinfestation of canals that had been treated
with molluscicide. f g, h Screens extending 50 cm
below the surface of the water in the main canals
proved to be the most effective and their use is now
an established control procedure in the Gezira.
Their value has been demonstrated by the fact that
as many as 2711 snails have been caught in a trap
in a single month.

In spite of the large number of floating snails
trapped and the use of the "chemical barrier ",
scattered colonies of snails appear throughout the
irrigation system. As soon as such colonies are
found by the surveillance crew, they must be eradi-
cated by the local application of molluscicide in
order to prevent reinfestation of the entire system.

a Archibald, R. G. (1933) J. trop. Med. Hyg., 36, 345.
b Greany, W. H. (1952) Ann. trop. Med. Parasit., 46, 250.
c Markowski, S. (1953) Ann. trop. Med. Parasit., 47, 375.
d1 Ayad, N. (1956) Bull. Wid Hlth Org., 14, 1.
e Watson, J. M. (1957) J. Egypt. med. Ass., 40, 308.
f Annual reports of the Health Department of the Gezira,

1952-59.
eel-Nagar, H. (1958) J. trop. Med. Hyg., 61, 231.
h Markowski, S. (1955) Ann. trop. Med. Parasit., 49, 212.

It is not known how the parents of these colonies
reach their destination. While the studies mentioned
above present excellent data on the distribution of
the snails in a horizontal plane near the surface of
the water, there has been no direct evidence in the
literature concerning the vertical distribution of the
snails in a cross-section of the canal stream. The
present study was undertaken to obtain information
on this.

Areas involved, materials and methods

Gezira Canal. The Gezira irrigation scheme
obtains its water by gravity from the Sennar Dam
on the Blue Nile, and the reservoir will hold 781
million m3. The main canal is 204 km long, 42.5 m
wide and 4.3 m deep at the upper, and 5 m wide
and 1.4 m deep at the lower end. In the first few
kilometres the water velocity is 0.75 m per second
and the canal discharges about 100 m3 per second.
There are 323 km of main and branch canals,
643 km of secondary and 3229 km of tertiary
distributaries. This system supplies 1 million
acres and had been in operation since 1925.
Water flows into the system from the reservoir

from 15 July to 15 March the following year.
During the interval parts of the system are supplied
by pumping stations at Wad El Naw and Hag
Abdalla on the Blue Nile. This water serves to supply
the villages without wells, to irrigate gardens, etc.

Managil Extension. This system was first built
to provide water for an additional 600 000 acres,

i 1 acre=0.4 hectare.
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and it is supplied also from the Sennar Reservoir.
The main canal parallels the Gezira Canal for the
first 57 km and then turns westward. Its total
length is 134 km, is 50m wide and 3.95 m deep at the
upper end, with a velocity of 0.813 m per second,
and its maximum discharge is 186 m3 per second.
There are 323 km of main and branch canals,
352 km of secondary and 1350 km of tertiary canals.
This system went into operation on 20 July 1959.

Cost of bilharziasis control. In 1955-56 the entire
Gezira irrigation system was treated with copper
sulfate, at the cost of more than S£200 000. J The
annual expenditure for the control of snails in this
area is S£55 320, which includes the cost of mollusci-
cide for use in " chemical barriers " and the focal
control of the snail colonies that appear, and the
wages for the surveillance and labour crews.
On the basis of the data indicating the effectiveness

of the screens and of the annual cost of the pro-
gramme in the Gezira, it was decided to install a
series of screens in the Managil Extension before
this system was opened for irrigation. The data on
the distribution of the drifting snails in the canal
water were needed to obtain the maximum benefit
in preventing or delaying the infestation of the new
canals. Experience with the screens in the Managil
Extension has justified their use. To date the
annual cost of the construction of the barriers.
their installation, and the wages for labourers to
keep them clean has been S£10 380. The area
protected is about half that in the Gezira control
programme and the difference in cost has resulted
in a considerable saving.

Samplers and their use. The first sampler con-
structed was 4.5 m in length, 50 cm wide, and
30 cm deep. The front was open and the back was
covered with galvanized wire netting, 8 meshes per
inch. At each 25 cm of its length there were fixed,
right-angle shelves, also covered with the wire
netting. The sides were solid wood. A second
sampler with the same dimensions was made of
angle-iron but the sides were covered with netting
and the shelves had a backward slope of about
100 and were removable. In the case of the second
sampler, the slope tended to retain the snails that
entered each compartment and the removable
shelves made examinations easier. Both samplers
were heavy and required at least three persons and a
crane for lifting, examining and changing of posi-
tions.

J S£i = USS 2.88.

The site selected for this study was a bridge over
the main canal 7 km below the dam. The base of
the sampler rested on the bottom of the canal, its
middle was braced by a piece of iron tubing fixed
horizontally between two piers, and its upper end
was held by supporting cables fastened to the bridge
railing. The shelf of the upper compartment was
just a short distance below the surface of the water.

For the purpose of the present experiments, the
canal was divided into three sections of equal width,
one on each side and one in the centre. Samples
were taken at two points in each section, where the
sampler was allowed to remain for three days. It
was then examined, cleaned and moved to another
site on its way across the canal. It required about
three weeks for a sampler to complete the circuit
and the sampling points in the sections varied each
time the canal was traversed. The wooden sampler
was in use from July 1959 to April 1960 (an entire
irrigation season), and the iron sampler was in use
from January to April 1960. Identification and
recording of the snails caught were done by experi-
enced personnel.

Results

Lateral distribution. Out of a total of 6477 snails
caught in the samplers, 2654 were Bulinus (B.)
truncatus and 205 were Biomphalaria alexandrina.
Besides these two species, the following snails were
also trapped: Bulinus (B.) forskalii, Lymnaea
natalensis, Melanoides tuberculata, Cleopatra buli-
noides, Lanistes carintus and Pila ovata. The snails
caught in the western third of the canal accounted
for 43.3% of the total, 46.7% were caught in the
eastern third, and only 10.0% in the central third.
In the case of B. (B.) truncatus alone, 41.6% were
caught in the western third, 50.6% in the eastern
third, and 8.8% in the centre. For B. alexandrina
alone the percentages were 45.9, 46.8 and 7.3,
respectively. This general pattern confirms the
earlier work done with palm-leaf traps submerged
a short distance below the surface and set across
the canal.

Seasonal distribution. Only the wooden sampler
was available for use throughout an entire irrigation
season, i.e., July through the following April. The
accompanying figure summarizes the monthly snail
collections and shows the average daily flow of
water through the canal. Floating vectors of
schistosomes were first obtained in September.
There was relatively little change in the number of
Biomphalaria caught from that time until March.
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MONTHLY SNAIL COLLECTIONS WITH SAMPLER AND
AVERAGE DAILY WATER FLOW IN GEZIRA CANAL,

1959-68
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In the case of B. (B.) truncatus, however, the num-
ber rose rapidly and reached a peak in March.

Vertical distribution. The data obtained from the
examination of the different compartments of the
samplers show that: (1) about 70% of the snails
were caught in the first compartment, whose floor
was just below the surface of the wateri; (2) 25t%
were caught in the next compartment; (3) 5% in
the third compartment, about 50 cm below the
surface; and (4) none were present in the lower
compartments.

Miscellaneous observations. It was found that the
turbulence around the piers interfered when the
samplers were near them. The equipment functioned
best when it was located at some distance from the
piers.
During the four months when both samplers

were in operation, January through April, a total
of 1986 snails were caught in the wooden sampler
and 2396 in the iron one. In the former there were
1609 B. (B.) truncatus and 128 B. alexandrina; in
the iron sampler there were 1045 and 77, respectively.
While about 9% more snails were caught in the iron
sampler, about 20% more of each of the vectors
were caught in the wooden sampler.

Discussion

The intermediate hosts of both human schisto-
somes were not caught in the samplers during July

and August, in spite of the fact that the flow in the
canal was relatively great. During this period the
Blue Nile is in flood and the water is heavily silted.
Greany,b Watson e and other authors cited by the
latter state that silt is detrimental to the snails and
also that the resulting lack of light penetiation
reduces the amount of snail food. By September the
water clears somewhat and aquatic plants begin to
increase. The decrease in the number of drifting
snails in April is undoubtedly due to closure and the
reduced flow in the canal.
The data on the horizontal and vertical distribu-

tion of the drifting snails show clearly that me-
chanical barriers that extend 50 cm into the water
in the Gezira Canal, and are specially designed to
trap snails near the banks, will prevent most of
the snails from entering the irrigation system.

In previous surveys b1, ckkBiomphalaria have not
been found in the reservoir or in the first 30 km of
the Gezira Canal. It was believed that the velocity
and perhaps the depth of the water in this section
of the canal made it unsuitable for this snail. The
Biomphalaria caught in the samplers are the first
to be reported within the first 7 km below the dam.
It is surmised that the snails of this species that were
caught came from the reservoir rather than from
colonies in the first 7 km of the canal.
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