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SYNOPSIS

The author has made a collection from certain parts of the Sudan
of snails of the genera Bulinus and Biomphalaria that are actual or
potential vectors of bilharziasis. The snails were identified by
anatomical examination and a preliminary interpretation of the
findings is given. The results are related to information already
available, not only from the Sudan, but also from adjacent areas,
especially from the Nile basin in general. The distribution of the
snails is shown both in tabular and in map form. With a view to
providing a basis for a better understanding of the true relationships
among this group of African planorbids, special consideration has
been given to the hydrographic and hydrogeological factors which
have brought about the present distribution.

In view of the great uniformity of the freshwater fauna of Africa I

and the frequent occurrence of the same genera and even species of fish
or molluscs in the important river systems (Congo, Niger, Nile, Zambezi, etc.),
it is generally assumed that, at some time long before the Tertiary epoch,
the antecedents of the main African rivers were connected by a series
of swamps at their headwaters in the manner characteristic of many
African watersheds even at the present time (e.g., Zambezi-Congo; Congo-
Nile). Yet certain differences in fauna are perceptible today. These are
presumably due to differential evolution in drainage systems, which have
become separated as a result of various geological, hydrographic, climatic
and ecological changes.

The fishes of the African inland waters have received the attention
of many investigators, who tried to explain their present-day distribution
from hydrographic changes in the past. Similar deductions have also
been made from the presence of various molluscs. It would be of interest
to see to what extent hydrography can be correlated with the distribution
of, and speciation in, the molluscan groups serving as the intermediate

1 Commonly designated as the Ethiopian fauna. For an account of the subregions of the Ethiopian
zoogeographical region the reader is referred to Pilsbry & Bequaert (1927).
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hosts of bilharziasis. Unfortunately, our present knowledge is but fragment-
ary and general surveys of the vector snail groups in Africa will be necessary
to determine true species, their interrelations, affinities and distribution.
The distribution of African freshwater molluscs in past geological times,
as demonstrated by fossil remains, should also prove of value in ascertaining
certain aspects of the evolution of various species, especially when major
periods and the age of the deposits have been accurately determined.

The central East African plateau. a region harbouring the headwaters
of several important river systems, including the Nile, has been the scene
of considerable evolution and speciation as regards freshwater fauna.
The Lake Plateau contributes the bulk of the present Nile water and,
in view of its importance with regard to the entire Nile region, a brief
account of its hydrological evolution and of its present planorbid fauna
is included. Various aquatic snails of Uganda and adjacent territories
have been studied in detail recently and hence offer a good basis for
comparison with Sudan material.

The Nile, in its present form, represents one of the most recent rivers.
Ball (1939), Shukri (1950), and various others, have contributed to our
geological knowledge of the Nile valley. It is assumed that three separate
river systems existed, one in Abyssinia (Ethiopia), one in the central East
African plateau and one in Nubia and Egypt. The Nubian and Egyptian
system depended on local rainfall during the pluvial periods and drained
what is now desert. It is believed that the linking of the three river systems
does not date back further than the second major pluvial of the Pleistocene.
It is clear that the Sudan, and also Egypt, must have had a malacological
fauna previous to the switching of the great lakes into the present White
Nile system. A fuller malacological study and analysis than has been
possible so far in this region would be of interest. A better understanding
of the snail fauna of Ethiopia and of the lower reaches of the Nile to its
mouth would also be of great value in assessing the present snail fauna
of the Nile basin.

THE CENTRAL EAST AFRICAN LAKE PLATEAU

Past and Present Hydrography

It is generally conceded that the present hydrology of the central East
African lakes is the result of several successive changes, tectonic and
climatic, which took place during recent geological eras (not more than
14 million years ago). Information relating to the geological history of
these lakes has been supplied by several authors, as, for instance, Pilsbry
& Bequaert (1927), Worthington & Worthington (1933), Wayland (1934),
Dixie (1941), Brooks (1950), Worthington (1952), and Hurst (1952).
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Before the Tertiary era, the area now forming the source region of the
Nile and most of the present African Lake Plateau drained to the west,
following the general gentle slope of the continent. The waters thus formed
tributaries of the Congo and perhaps also the Niger systems, and hence
emptied finally into the Atlantic Ocean. The great African Rifts were
formed during the Pliocene by various earth movements-a gradual process
over a long period of time. Later, a chain of large lakes developed at
the bottom of the rifts, and the land between the eastern and western
rifts was lifted up, forming a high plateau. A gentle upwarp in the west
and the sinking of a shallow depression in its centre occurred at the end of
the second pluvial in post-middle Pleistocene times, causing the upper
courses of the old, westward-flowing streams to be reversed, and thus
led to the formation of Lakes Victoria, Nyanza and Kyoga, which began
draining to the Nile. During the Pleistocene, periods of high rainfall called
" pluvials ", interchanging with dry periods-the " interpluvials "-followed
the formation of the Rift Valley. The pluvials correspond roughly to the
glaciation periods of northern Eurasia and America. Consequently, the
level and the salinities of the lakes were subject to considerable fluctuation.
Together with the climatic changes, further earth movements, in the form
of volcanic eruptions and general tilting, altered the inlets and outlets
of certain lakes. For example, the thrusting up of the Mufumbiro chain
of volcanoes right across the Rift Valley impounded water south of them
to fill up what is now Lake Kivu, which overflowed into Lake Tanganyika.
The latter became connected with the Congo via the Lukuga river and
its long period of isolation thus came to an end.

Effect of Hydrographic Changes on Mollusc Distribution

The study of the hydrographic changes which occurred in African
prehistory is helpful to the understanding of the present distribution of the
freshwater fauna. According to Worthington (1952), who has extensively
studied the fishes of the lake plateau, it is to be assumed that at the end of the
Kamasian pluvial (about 300 000 to 500 000 years ago) all waters contained
the main elements of the African freshwater fauna. The various changes
that then took place until the river systems attained their present condition
must all have left their mark on the evolution of their aquatic fauna. Ancient
lakes, such as Nyasa, and especially Tanganyika, have a characteristic
molluscan fauna. These lakes, being very deep, were never completely
desiccated during the interpluvials and speciation has proceeded uninter-
ruptedly for a long period. The connexion of Lake Kivu, formerly of the
Nile drainage, with Lake Tanganyika must have introduced nilotic fauna
(to which bilharziasis vectors belong) into the lake, in addition to its
characteristic thalassoid snails.
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The formation of Lakes Victoria and Kyoga through earth movements
and their separation from the old westward drainage, together with the
formaiion of new lakes in the Rift Valley, caused isolation of the fauna.
Later the interpluvial periods caused still further isolation and consequent
speciation. As indicated before, the level of the water in the lakes and
rivers was subject to great fluctuation; sometimes the water-body dried up
completely, or it was subdivided into a number of pools or even mud-pans
in which speciation proceeded independently (e.g., Lake Victoria). Con-
sequently, certain central East African lakes are characterized by har-
bouring many species and geographical races. Some of these are endemic
and quite distinctive for these lakes (see Tables I, II and III).

TABLE I. BIOMPHALARIA AND BULINUS IN THE EAST CENTRAL AFRICAN PLATEAU *

* After Mandahl-Barth (1954)

Lake Victoria is known for its varied fish fauna and especially for its
mud forms, which have been taken as evidence of semi-dry conditions in
certain basins, now again part of the lake. The molluscan fauna of Lake
Victoria shows a large number of geographical races within each of several
species, a fact that can only be explained from the history of the lake

Lakes
Species Victoria | Kyoga f George Edward Albert Nile

Biomphalaria

B. sudanica sudanica + + +

B. sudanica tanganikana + _ + - -

B. smithi - +
B. choanomphala + - _ _ _ +

B. stanleyi _ _ _ _ +

B. elegans _ _ _ _ +

Bulinus (Bulinus)

B. trigonus trigonus + - + _ _ +

B. trigonus strigosus + _ _ + _ +
B. trigonus transversalis + _ _ _ _ +

B. coulboisi - + - - + -

B. forskalii - + _ - _

Bulinus (Physopsis)

B. globosus globosus + - + + _ _

B. globosus ugandae + + _ _ _ +
B. nasutus _ + _ _ _
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TABLE II. BIOMPHALARIA AND BUUNUS IN SOME CENTRAL EAST AFRICAN LAKES

Lake Lake Edward Lake Kivu
Species Albert- ___

living subfossil living subfossil

Biomphalaria

B. ruppellii smithi (= B. smithi) _ + _ _ +

B. riuppellii choanomphala
(= B. choanomphala) + + + + +

B. ch. var. basisulcata _ _ + -

B. rOppellii stanleyi
(= B. bridouxianus) (= B. stanleyi) ++ +t- +

B. chudeaui + _ -_

Afroplanorbis

A. boissyi tanganikanus
(= B. sudanica tanganikana) + + + + +

Bulinus (Bulinus)

B. strigosus + + - _ _

B. trigonus _ + - _

B. coulboisi - - - + +

B. forskalii + I + - _

After Dartevelle & Schwetz (1947)

(Mandahl-Barth, 1954). Molluscs like Bellamya, Cleopatra, Caelatura,
and Corbicula were probably predominant in the primordium of the lake,
to judge from their present very wide distribution. When the water in the
lake rose, pulmonates like Biomphalaria, Bulinus (see Table I) and Lymnaea,
that lived in near-by smaller lakes and swamps, were added.

That past fluctuations in the levels of Lakes Albert, Edward and Kivu
took place is clear from various fossil deposits in terraces at higher levels,
with subfossil molluscan fauna. At Lake Edward, such terraces are found
at heights of 5 metres and 160 metres, and around Lake Kivu at heights of
117 metres and 177 metres above the present lake level. The fauna in these
terraces is essentially the same as the present-day fauna, except that Biom-
phalaria smithi and Bulinus strigosus, which are present today in Lake
Edward, have not been found in the deposits. On the other hand, there
exist older Pliocene to early Pleistocene deposits, the Kaiso bone beds
along Lakes Albert and Edward, which contain a richer molluscan fauna
than the present one. A severe interpluvial must have caused the extinction
of this old fauna, after which the present nilotic fauna was introduced from
near-by bodies of water.

The species and subspecies of Bulinus and Biomphalaria in certain East
Central African Lakes, are listed in Tables I, II and III. Comparison
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reveals various discrepancies in identification and nomenclature and also
in the number of molluscs placed on record. Dartevelle & Schwetz (1947),
for instance, report B. sudanica tanganikana from Lake Edward (Table II),
while Mandahl-Barth (1954) believes only B. s. sudanica to occur in that
lake (Table I). Similarly, Dartevelle & Schwetz take the reported presence
of B. choanomphala in Lakes Albert, Edward and Kivu, as evidence of the
homogeneity of their fauna, while Mandahl-Barth considers the genuine
B. choanomphala to occur only in Lake Victoria and in the Victoria Nile,
as far as Lake Kyoga. He believes the species so identified in Lake Albert
to be the endemic B. stanleyi. Another endemic species, B. elegans Mandahl-
Barth, 1954, corresponds to the Planorbis adowensis of Connolly (1927).
No less striking are the differences between the list of molluscs of the Belgian
Congo prepared by Gillet & Wolfs (1954) on the basis of the classification

TABLE III. BIOMPHALARIA AND BULINUS IN SOME LAKES AND RIVERS
ON THE EAST CENTRAL AFRICAN PLATEAU *

Lake Lake Kivu,
Species Albert and Lake affluents, Lake

Semliki Edward and Ruzizi Tanganyika
River River

Biomphalaria

B. alexandrina----

B. a. tanganyicensis 4- + + +-
B. a. choanomphala + V+ + +

B. a. stanleyi + + + +

B. a. smithi - + +

B. a. pfeifferi - _ + +

Bulinus (Bulinus)
B. coulboisi V i+ +
B. strigosus + + + _

B. trigonus +- + _

B. mutandaensis - _

B. forskalii ++

Bulinus (Physopsis)
B. africanus -V - + +

B. nasutus +

* After Gillet & Wolfs (1954), who compiled their list from the records of Pilsbry
& Bequaert (1927) and Schwetz & Dartevelle (1944). They used the nomenclature
recommended by Schwetz (1949) after an agreement with Dr J. Bequaert of Harvard
College, USA. In this nomenclature all Biomphalaria are considered to be subspecies
of B. alexandrina, while B. alexandrina alexandrina, B. a. boissyi and B. a. sudanica are
considered synonymous. The system has not been followed by other authors, e.g.
B. alexandrina tanganyicensis corresponds to B. sudanica tanganikana Mandahl-Barth,
1954
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suggested by Schwetz (1949) and the list of the molluscs which they them-
selves collected and sent to Mandahl-Barth for identification; details con-
cerning the relevant planorbids from Lakes Kivu and Tanganyika are given
in the note to Table III. These disagreements in taxonomy clearly show
that concrete conclusions regarding the relationships among the bilharziasis
vector groups are not possible at the present stage of knowledge, and that
further study is required. Nevertheless, there seems little to be gained by
lumping together most of the forms of Bulinus and Biomphalaria, as has
been advocated by Amberson & Schwarz (1953); some species at least of
Biomphalaria that are endemic in certain lakes can be differentiated quite
easily by shell characteristics alone from B. pfeifferi, with which they were
thought to be identical.

THE SUDAN1

Geography and Climate

The Sudan is a vast country, occupying about one million square miles 2
of north-east Africa. It lies between longitudes 21°54'E and 38°30'E and
latitudes 21°55'N and 3053'N, extending over nearly 180 of latitude and
therefore showing great diversity of climate, vegetation and hydrological
conditions. From north to south it extends over as much as 1400 miles,
while from east to west it reaches 1000 miles in places. The Nile flows
through its entire length from south to north. The main watersheds of the
Nile basin in the south and east lie outside the Sudan, in the Uganda and
Ethiopian plateaux. Part of the southern border coincides approximately
with the low Nile-Congo divide.

Quite a variety of freshwater bodies occur in this vasl country: the Nile
and its tributary rivers; permanent and seasonal swamps; rain-water pools
and lakes. The bulk of the Nile waters is drawn from the Ethiopian
plateau and the Great Central Lakes, the contribution from the Congo-Nile
divide being relatively small. The country has an interesting hydrological
position in that it is centrally located and supplied from various catchment
zones.

The Sudan, a region lying entirely in the tropics, is totally arid in the
north and grows progressively wetter in the south. The typical, tropical
continental climate, with summer rains, prevails south of latitude 18°N, the
northern limit of the seasonally advancing and receding inter-tropical front.

According to Ireland (1948), in the arid north both the highest and lowest
air temperatures occur during June and July; further south they occur
progressively earlier, preceding the rains. Diurnal and seasonal variation

1 This country, formerly known as the Anglo-Egyptian Sudan, should be distinguished from the
territory in French West Africa termed " le Soudan ".

' Imile = 1.6 kilometres; 1 square mile = 259 hectares.
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decreases from north to south, the mean seasonal variation of temperature
expressed in mean monthly maxima and minima being 40°C-8°C in the
north, and 33°C-19°C in the south.

Seasonal variation in water temperatures is also more noticeable in the
north than in the south. The following examples are given from midday
temperature sample readings during the writer's investigations. Khartoum
(irrigation canal, Shambat): July, 27°C; May, 31°C; November, 24°C.
Kosti (swampy bank of White Nile): April, 28°C; January, 24.4°C. Malakal
(river): June, 27.5°C; December, 26.0°C.

One would expect a great diversity in the ecological conditions found in
the Sudan on account of the variety of climatic conditions, especially rainfall.

FIG. 1. VEGETATION MAP OF THE SUDAN
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FIG. 2. MEAN ANNUAL RAINFALL IN THE SUDAN (mm)

Andrews (1948) divided the Sudan, from north to south, into vegeta-
tional zones as follows (see also Fig. 1 and 2):

1. Desert region
2. Acacia desert scrub region
3. Acacia short-grass scrub region
4. Acacia tall-grass forest region
5. Broad-leafed woodland forest region

Annual rainfal

up to 50 mm ard zone
50-300 mm

300-500 mm semi-arid
500-1000 mm medium rainfall
1000-1500 mm high rainfall

The northern part of the arid zone includes both the Libyan and the
Nubian deserts, furrowed today by the beds of permanently dry water-
courses. There are, however, a few watercourses in the southern part, near
rocky hills, that contain water for about four months of the year. The
semi-arid zone, covering a part of the Gezira irrigated area, has a drought
period of 4-6 months. The medium-rainfall steppe zone contains a variety
of freshwater bodies: the permanent streams of the Marra Mountains; the
khors and rain-pools of Darfur and Kordofan Provinces; the vast seasonal
swamps, known locally as " toich " (in the Dinka language); Bahr-el-Jebel,
the Bahr-el-Ghazal, and various tributaries; the vast permanent swamps
known as the "Sudd"; and the seasonal streams in the Ingessana hills
on the Ethiopian border. The high-rainfall zone lies in the south and
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especially in the south-west of the Sudan. Broad-leafed and closed forests
are the predominant vegetation; yet there is savannah and open grassland
forming the seasonal swamps (toich) in the north-east of this area.

Hydrographic Aspects

The following hydrographic factors influence the distribution of the snail
intermediate hosts of bilharziasis in the Sudan:

(a) natural flow of the Nile northward;
(b) flood plains;
(c) rains;
(d) hafirs;
(e) dams;
(f) irrigation.

Natural flow of the Nile northward

It seems evident that aquatic fauna should be carried downstream by
the Nile waters from their various areas of origin, the most important of
which lie in the Central African Lakes and in Ethiopia. The only river
flowing from the Nile-Congo divide that reaches the Nile is the Sui, while
several others terminate in swamps in Equatoria and Bahr-el-Ghazal
Provinces.

Drifting aquatic plants, beach vegetation, logs, and other flotsam may
be carried by the water for long distances and play an important part in
the distribution of snails. Such carriage has been observed in the Sudan
in low-gradient reaches of the river, as from Juba to Khartoum (gradient
from Juba to Malakal, 1 : 14 000; from Malakal to Khartoum, 1 : 100 000)
and in the Blue Nile above the Sennar dam. The writer has seen water
lettuce (Pistia stratiotes Linn.), a small floating aquatic plant, travelling
for long distances down the Bahr-el-Jebel, and down the White Nile as far
as Kosti and ed-Dueim, carrying on it adult Bulinus and Biomphalaria and
their eggs. Masses of papyrus (Cyperus papyrus Linn.), one of the main
elements in the great Sudd swamps, also travel for long distances and were
stated in the annual report of the Sudan Medical Services for the year 1929
to carry young Bulinus and Planorbis to the White Nile area. The writer
examined small grounded papyrus " islands " in the White Nile south and
north of Kosti bridge and found them to harbour Biomphalaria sudanica
and Bulinus (Physopsis) ugandae (see pages 710 & 709). In the Blue Nile,
small aquatic plants, including Pistia, travel down the river from seasonal
ponds formed along its banks and reach the Sennar reservoir, carrying
with them various snails.
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Flood plains

Flood plains are a pronounced feature in the river basins of the Bahr-el-
Ghazal and the Bahr-el-Jebel. The tributaries of the Bahr-el-Ghazal cause
continuous flooding along both banks over very extensive areas (toich)
from August to December, after which the plains dry up except for isolated
pools and khors.' The snail intermediate hosts of bilharziasis are more
common in khors and pools in the toich than in the tributary rivers them-
selves. A large assortment of aquatic plants occurs in the toich.

The flood plains of the Bahr-el-Jebel north of Juba are less extensive
than those of the Bahr-el-Ghazal, and are replaced further north by the
permanent papyrus swamps known as the Sudd. Roughly speaking the
Sudd covers the area between Shambe in the south, and Lake No (pro-
nounced Noo) and Malakal in the north. It can be stated at the present
stage of the investigation that the centre of the papyrus masses contains
few vector snails, as the large amounts of decaying organic matter produce
an acidic medium, poor in oxygen. At the edges of the papyrus masses,
however, near the open water, vector snails could be collected, and are
probably present in large numbers.

Rains

Numerous swamps, pools and lakes are filled yearly during the rainy
season. They frequently contain large populations of the planorbid snails
responsible for the transmission of bilharziasis. In the south and south-
west of the country these water bodies are mostly permanent, while most
of the pools in the medium-rainfall zone dry up towards the end of the
dry season. During the rainy season, many of the smaller pools join up,
thus assuring a redistribution of the molluscan fauna. In the arid regions,
a certain proportion of snails survive the drought by aestivating in sheltered
positions on the mud or in the crevices for several months. The possibility
of stocking through water birds and human agency must, however, be kept
in mind.

Hafirs

A hafir (pronounced hafeer, plural hafirat) is a large pit, usually dug
by man, to provide water for animal and human consumption in the
medium-rainfall area. It is usually situated at the end of a khor or a wadi 2
and is filled automatically by the rains. Many of these hafirs retain their
water until the following rainy season. Some are fenced in and provided
with guards to keep animals and people from contaminating the water
which is drawn by a pump. Operculates such as Pila and Lanistes, and
also bivalves, are not uncommon in many hafirs in Darfur, Kordofan,

Elongated depression leading or containing water permanently or seasonally; overflow; watercourse.
aValley; stream bed
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Blue Nile and Kassala Provinces. Not all the hafirs harbour Bulinus
(Bulinus) spp., and as a rule they are not densely populated. A number of
hafirs in the Gedaref region are reported to harbour Bulinus. The writer
found Bulinus (Bulinus) spp. in one of a series of hafirs in the area of
Jebel Moya, some 12 miles north-west of Sennar town. Routine checks
should be made seasonally, however, to ensure the absence of Bulinus,
as they might well be introduced by human agency or by water birds.

Dams
In the Sudan there are at present two important dams: the Sennar

dam (0.78 milliard m3 capacity) and the Jebel Awliya dam (3.5 milliard m3).
Their construction has contributed considerably to the propagation of
vector snails in the Sudan. The areas occupied by the water ponded above
these dams for several months of the year serve as large " aquaria " for
snails. The Sennar dam on the Blue Nile, completed in 1925, has created

FIG. 3. GEZIRA AND CENTRAL SUDAN
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an artificial lake-the reservoir-which extends south for about 48 miles
and is up to 2 1/2 miles wide. The main canal of the Gezira irrigation
system is fed by the dam and supplies the irrigation canals with snails
from the reservoir. The Jebel Awliya dam, situated on the White Nile
about 25 miles south of Khartoum, has ponded the water for at least
300 miles to the south in the form of a slow-flowing lake. The extent of
flooding varies from one place to another (see Fig. 3) and even after the
water recedes many large swamps and khors along the margin of the river
retain their water until the next season. The flooded banks are very rich
in aquatic vegetation and in snail fauna (see distribution records, page 710).

Irrigation (see fig. 4)
The role that irrigation schemes play in the propagation of snails has

been repeatedly discussed by various authors in many countries. Agri-
cultural development under irrigation is one of the important hydrographic
factors which help the spread and multiplication of the snail vectors of
bilharziasis by providing ideal snail habitats and breeding-places. Shortly
after a pump scheme from the river has been established, aquatic weeds
and usually snails too begin to flourish.

At present, extension of the irrigated area in the Sudan (see Fig. 4)
to cope with the expected increase in population and to raise the economic
standard of the country is the prime aim of the Government. Irrigation
is essential for agriculture in the northern and central Sudan, where the
rainfall is deficient during the whole or part of the growing season. A dam
will be constructed in the near future at Roseires with a gross capacity
of 3 milliard m3 to irrigate 800 000 feddans of the Managil Extension of
the Gezira, and 1 200 000 feddans directly from the dam. Another pro-
jected dam, at Khashm-el-Girba on the river Atbara, has recently been
under discussion.

Irrigation by pumps has increased considerably in recent years on both
the Blue and the White Nile. Use is being made of the water stored in both
the Sennar and Jebel Awliya reservoirs, and also in other reservoirs on the
main Nile from Khartoum to Wadi Halfa.

Distribution of Vector Snails
Malacological literature

Although shell collections were made in the Sudan in the early days
by a number of well-known naturalists and also at various times by a
number of amateur conchologists, we have only scanty information on
the snails which are today of interest as actual or potential vectors of
Schistosoma. Most of the data refer to various large land snails, like
Limicolaria and Burtoa, and, as regards aquatic molluscs, to big operculates,
like Pila and Lanistes, and certain bivalves.
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FIG. 4. AREAS IRRIGABLE FROM THE NILE IN THE SUDAN
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Cailliaud (1823-1827) sampled various areas of the northern Sudan.
Von Martens (1870) collected snails from the Upper Nile region and first
described Planorbis (= Biomphalaria) sudanicus from Bahr-el-Ghazal, three
years later defining the type locality more accurately as Mashra'-er-Req.
Flower (1900) studied the fauna of the White Nile and its tributaries. Hagg
(1904) was the first to describe Planorbis (= Biomphalaria) boissyi Potiez
et Michaud, Isidora (= Bulinus) sericina Jickeli, and Isidora (= Bulinus)
forskalii Ehrenberg from the White Nile. Pallary (1902) described the
molluscs obtained by Innes on the Upper Nile and also incorporated
these data in a later work (Pallary, 1909), recording the occurrence of
Planorbis (= Biomphalaria) paeteli Jickeli at El Jebelein on the White
Nile, and of Pyrgophysa (= Bulinus) angulata Pallary in a swamp near the
Blue Nile. He also stated that Pyrgophysa occurred in the River Nile and
all its affluents. Leiper (1916) has reported on Mrs Longstaff's collection
of Planorbis boissyi, Bulinus contortus Michaud, and Bulinus forskalii. The
specimens of P. boissyi were collected along and from the White Nile at
various points between Jebelein and Lake No, as well as from the Bahr-ez-
Zeraf and the Hillet-en-Nuer west of the Bahr-el-Jebel; the specimens of
B. contortus Michaud were obtained from Musran island on the White
Nile and from Lake Shambo on the Bahr-el-Jebel; and the specimens of
B. forskalii came from Lake Shambo. Two further mollusc collections from
the southern Sudan have been described, one by Preston (1914) and the
other, that of Alluaud, by Germain (1918). A certain amount of informa-
tion on intermediate hosts of bilharziasis can be culled from the annual
reports of the Sudan Medical Services.

In 1933, Archibald reported on the general distribution of bilharziasis
and its intermediate hosts in the Sudan. As regards Biomphalaria, he
reports finding Planorbis alexandrinus and P. pfeifferi in the Blue Nile,
P. boissyi and P. pfeifferi, in the White Nile, and P. herbini (= riippellii) in
the inland lakes of the south. Bulinus forskalii is described as occurring in
the Blue Nile, in springs in the Nuba Mountains and in inland rain-water
lakes. He classifies the other shell types of Bulinus s.s. (B. contortus, B.
dybowskii and B. innesi) under Bulinus truncatus and reports their occurrence
in the Blue and the White Nile and in inland rain-water lakes, ponds and
watercourses. The species recorded for Physopsis are P. africana, P. globosa
and P. didieri. Buchanan (1937) recorded the occurrence of Planorbis
(= Biomphalaria) in a S. mansoni focus in the Berber region of northern
Sudan.

The Gezira irrigated area has been given special attention by a number
of workers studying the vectors and control of bilharziasis. Humphreys
(1932) reported that colonization of the streams occurs more quickly with
Bulinus than with Biomphalaria. Bulinus was found in a few canals 18
months after the inception of the irrigation scheme and was present in
practically all streams one year later, at a time when Biomphalaria was
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making its first appearance. Stephenson (1947) found both species well
established and more numerois in the areas practising night storage of
water than in those with continuous flow. Greany (1952) found both
watering systems equally densely populated, and reported the occurrence
of Biomphalaria alexandrina alexandrina, Bulinus truncatus, Bulinus forskalii
and Bulinus africanus globosus.

Ayad (1956) devotes an extensive section to the Sudan in his report on
bilharziasis in north-east Africa and the Red Sea area and gives some
attention to the vectors, adding a few new locations to a summary of inform-
ation culled from the literature.

Recommendations on snail control and necessary research were made
in two unpublished reports to the Ministry of Health by Davey & Gordon
and by van der Schalie & Ayad.

Publications dealing with the molluscs of countries adjacent to the
Sudan which are important in relation to the fauna of that country are:
Belgian Congo, Pilsbry & Bequaert (1927); Belgian Congo, Ruanda Urundi
and Uganda, Schwetz (1947, 1949, 1951), Schwetz & Dartevelle (1944),
Dartevelle & Schwetz (1947); Uganda and adjacent territories, Mandahl-
Barth (1954).

Fossil records of molluscs in the Sudan
It is clear from the prehistoric rock drawings in Fezzan (Frobenius,

1933), depicting elephants, lions, giraffes, ostriches, antelopes and rhino-
ceros, that conditions now only existing in the savannah regions far to the
south prevailed at that time (during the Pleistocene) north of the Tropic
of Cancer. Much important information is available about the Pleistocene
in Uganda, Kenya, the northern Nile Valley and various other near-by
regions. Data about the Pleistocene in the Sudan have been accumulating
recently. The presence of Pila and Lanistes in the extensive alluvial clay
deposits of the so-called Sudd marginal area shows that these swamps must
have been considerably larger in the past. That many parts of the now arid
northern Sudan plains also enjoyed heavier rainfall during the pluvial
periods than at present has been established on the basis of geological and
fossil evidence. It is evident that a number of wadis and khors must have
actively drained into the Nile. That other freshwater bodies must have
existed is apparent from the presence of fossil or subfossil mollusc shells.

The following four sites in the now arid northern Sudan have been
examined among others for their fossil and subfossil molluscs:

Erkowit
Dark clay deposits, 20 feet thick in places and presumably remnants

of perennial water meadows, can be observed in the steep-sided banks of
the main khors at Erkowit in the Red Sea hills, particularly at Kho- Harasab.
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Tothill (1946b) reported finding neolithic implements together with a number
of subfossil shells which were identified by M. Connolly as follows: land
snails, Xerophyla sp. and Cerastus abyssinicus Pfeiffer; pulmonate pond
snails, Planorbis herbini Bourguignat, Bulinis truncatus Audouin and
Lymnaea cailliaudi Bourguignat; and the operculate, Melanoides tuberculata
Muller. None of these snails is common in the area at present. Xerophyla
is a Mediterranean land snail and Cerastus abyssinicus is now abundant
at an altitude of 6000-7000 feet in Ethiopia.

Khartoum
Arkell (1945) described a high-lying mesolithic site east of Khartoum

Civil Hospital, formerly used as a cemetery. Subfossil shells of the land
snail Limicolaria and of the semi-aquatic operculate Pila are frequently
found at these and other similar sites in the Khartoum area. Today Limi-
colaria is common only south of the 500 mm isohyet (see Fig. 2).

The Gezira
Tothill (1946a) found that the upper six feet of the Gezira plain consists

of an alluvial clay which contains, almost as far north as Khartoum, a large
number of subfossil shells of the following molluscs, none of which is a
bilharziasis vector: Cleopatra bulimoides, Ampullaria (=Pila) wernei,
Lanistes carinatus, Limicolaria flammata, Viviparus unicolor. Melanoides,
Corbicula and Unionidae are absent. Since it is known that these three
molluscs are unable to live in semi-permanent waters and as their absence
from a bed of lacustrine origin would be surprising, it might be suggested
that the surface of what is now the Gezira area was covered with water for
part of the year only, either from rains, or from flooding by the Blue Nile,
or both, and that the Gezira was not part of " Lake Sudd ".

Southern Libyan desert
Sandford (1936) recorded the occurrence of subfossil and recently

living aquatic, semi-aquatic and terrestrial shells from the Wadi Howar
(Wadi Hawa) region in the north-western desert area of the Sudan, and
across the borders in Chad (Murdi depression, Tekro) and Libya (Jebel
Hadid). The sites are widely separated and are now either totally arid
or with only a little water for a very short period. Table IV gives details of
the snails and the localities where they were found.

Present collection of planorbid snails

Method of collection and identification
This section of the paper is based on material which I have collected

over a period of three years from various regions of the Sudan (the Main,
White and Blue Nile regions, parts of Darfur and Kordofan, Kassala and

707



E. ABDEL MALEK

TABLE IV. KNOWN DISTRIBUTION OF FOSSIL MOLLUSCS IN THE
SOUTH-EASTERN LIBYAN DESERT, NORTH-WESTERN SUDAN, CHAD

AND LIBYA *

Site

A B C D E F G H

Terrestrial

Limicolaria sp.

Aquatic

Bulinus vaneyi

Bulinus tchadiensis

Bulinus strigosus

Lymnaea chudeaui 2

Melanoides tuberculata

Planorbis pfeifferi

Planorbis stanleyi 4

Planorbis herbini

Pila ( Ampullaria) wernei

A. Lower Wadi Howar, from about
15040'N and 24°E to
17°07'N and 25055'E

B. North side of Wadi Howar .. ......... recently living, but none

yet found alive
C. Bir Natrun .......... ......... subfossil

D. 18°26'N, 25020'E
E. 18°54'N, 25°16'E ..................... recently living

F. Murdi Depression, Chad
G. Tekro, Chad. . . ..... subfossil
H. Jebel Hadid, Libya
Local race of B. truncatus 2 Local race of L. natalensis group

I Also in Wadi Hussein 4 P. stanleyi Smith (= bridouxi Bgt.)
* After Sandford (1936); identifications by M. Connolly

Bahr-el-Ghazal). The entire vast area of the Sudan has not yet been covered.
The most suitable time of the year for collection of snails in the Sudan is
from November to February or March, when the freshwater bodies have not
dried up completely and are accessible.

Before fixation, the snails collected were usually relaxed with menthol,
in either aqueous or alcoholic solution, according to the method recom-

mended previously (Abdel Malek, 1951). Sometimes other anaesthetics
were used. The specimens were then fixed in FAA (a mixture of formalin,
alcohol, and acetic acid) and preserved in 7000 alcohol.
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The identification of the snails described in this section is based on a
consideration of all the following characteristics together: shell, structure
of the penial complex, shape and structure of the kidney and the radula.
About 10-15 specimens from each lot were dissected; this was found essen-
tial in view of the variation encountered within the snail colonies. Full
anatomical details will be published in a forthcoming report. A com-
parative study of various other organs of the snail is also in progres in
the hope of finding a broader basis for the differentiation of genera, species,
and subspecies, but this work is still at too early a stage to be reported.

For determining the specific status of Biomphalaria and Bulinus (Phy-
sopsis) in the Sudan, I have followed, in the main, the nomenclature used
by Mandahl-Barth (1954) in his work on Uganda molluscs. In the case of
Bulinus (Bulinus) I have not gone beyond the subgeneric identification,
using as the main criterion the absence of a ridge on the ventral surface of
the kidney. Specific differentiation within this subgenus has not been
attempted because the anatomical differences observed are only slight
and a reliable interpretation is not possible without more comparative
material. The species to which the Sudanese Bulinus (Bulinus) spp. are
usually assigned are B. truncatus Audouin or B. sericinus Jickeli. According
to Germain (1918) B. strigosus is common in the south. The only species of
Bulinus s.s. which has been distinguished in this paper is B. forskalii Ehren-
berg, 1831 (formerly Pyrgophysa).

The following are some species of Bulinus (Physopsis) and Biompha-
laria that I collected in the Sudan, with brief statements regarding their
diagnostic characteristics, and distribution.

(a) Bulinus (Physopsis) ugandae. Originally described as Bulinus
globosus ugandae Mandahl-Barth, 1954, and now accorded full species rank
by the same author. In most instances the shell is not typical of the sub-
genus Physopsis and is very difficult to distinguish from Bulinus (Bulinus)
spp., especially in young or medium-sized specimens. In some cases the
shell is close to B. (Physopsis) globosus. The truncation of the columella is
only slight, and the horizontal microsculpture, which characterizes the shell
of Physopsis, is not clearly marked or may be absent. Anatomical examina-
tion is essential to check the presence of the ridge on the ventral surface
of the kidney, which is absent in Bulinus s.s.
A few morphological and other features also typical of members of the

subgenus Physopsis were observed in B. (Physopsis) ugandae: the foot
tapers considerably almost to a point; on crushing, the red colour of the
blood appears lighter than in Bulinus (Bulinus) spp.; hence the soft parts
are usually of a lighter colour than those of most Bulinus (Bulinus) spp.
Bulinus (Physopsis) ugandae is considered intermediate in character between
Bulinus (Bulinus) spp. and B. (Physopsis) globosus.

(b) Bulinus (Physopsis) globosus Morelet, 1866. Typical of the globosa
type.
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(c) Biomphalaria sudanica sudanica Mandahl-Barth, 1954 (= subspecies
of B. sudanica von Martens, 1870). Greatest diameter of shell, 13-17 mm;
height, 5-6 mm; whorls tightly coiled, numbering 5-6; the sutures between
whorls are not deep, producing a very flat shell. The vergic sac is equal in
length to the preputium.

The shells of the three other species identified-B. pfeifferi gaudi,
B. riippellii, and B. adowensis-have one feature in common: the whorls
are not flat, but noticeably convex and bluntly keeled, especially the
whorl preceding the last. The angulation is more pronounced in B. pfeifferi
gaudi, which is slightly larger; the shells of the other two species do not
reach the same height as that of B. pfeifferi gaudi.

(d) Biomphalaria pfeifferi gaudi. The measurements are as follows:
greatest diameter of shell, 10-1 1.5 mm; height 3.5-4 mm, with 41/2-5 whorls;
vergic sac, 2.75-3 mm; preputium, 3.5-4 mm; the vergic sac is about three-
quarters the length of the preputium. I should have liked to check this
species against B. germaini Ranson, 1953, but, unfortunately, no specimens
of either gaudi or germaini from West Africa were available. The snail
was kindly identified for me by Dr Mandahl-Barth, and is provisionally
recorded here as B. pfeifferi gaudi, a species occurring from Nigeria to
Senegal.

(e) Biomphalaria riippellii Dunker, 1848. Greatest diameter of shell,
9-10.5 mm; height, 2.5-3.5 mm, with 4-4Y2 whorls. Teeth or tubercles are
sometimes present a short distance inside the aperture. Vergic sac, 1.75-
2.50 mm; preputium, 2.15-3.0 mm; the vergic sac is slightly shorter than
the preputium.

(f) Biomphalaria adowensis Bourguignat, 1879. Greatest diameter of
shell up to 12 mm; height up to 3.0 mm; the vergic sac is about half the
length of the preputium.

Sites of samples collected by author

Bulinus (Bulinus) spp. (Fig. 5).
Northern Province: irrigation canals, Zeidab.
Khartoum Province: irrigation canals, pump schemes nourished from

Blue Nile, Khartoum; irrigation canals, Shambat; fish ponds at Gordon's
Tree.

Blue Nile Province: Gezira irrigation canals; Sennar reservoir; Hugairat
and Abu Eleila and other pump schemes, south of Sennar dam; swamp
35 miles north of Singa; irrigation canal at Roseires; pump schemes at
El Jebelein, El Kawa, Ed Dueim, on White Nile; irrigation canal on Aba
Island, White Nile; Khor Hammad, north of Kosti Bridge.

1 Except for the samples from Berboe, Attar, River Post No. 12 and Lake No, which were kindly
supplied by Dr J. Rzoska, of the Zoology Department, University of Khartoum.
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FIG. 5. DISTRIBUTION OF BULINUS (BULINUS) SPP. IN THE SUDAN AND ADJACENT AREAS
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Kassala Province: River Atbara, close to Khashm-el-Girba.
Darfur Province: Wadi Gulo, behind dam, west of El Fasher; perennial

stream at Kalikuting in Jebel Marra; 1 several perennial streams crossing
road from Kalikuting to Niertiti in Jebel Marra; Fula (large rain-pool) at
Sibdo, near Abu Matarig; Bahr-el-Arab at Safaha.

Kordofan Province: Fula at Umm Badr.
Upper Nile Province: Khor, 4 miles south of Malakal; lagoon in Sudd

region at River Post No. 12 (the river posts on the Bahr-el-Jebel are 3 miles
apart; the numbering is from Lake No southwards).

Bahr-el-Ghazal Province: Toich, north-west of Rumbek; khor south-
east of Wau; khor connected with Jur River at Wau.

Bulinus (Physopsis) ugandae (Fig. 7).
Blue Nile Province: White Nile-east and west banks at Ed Dueim,

Gulli, Fashashoia, near Kosti railway station, north and south of Kosti
bridge; El Jebelein.

Upper Nile Province: Nile bank at Malakal; Khor Gurr, Bahr-ez-
Zeraf; Khor Berboe, Bahr-el-Jebel (- Albert Nile); shore of Lake No,
and small pools near the lake.

Bahr-el-Ghazal Province: Khor Makok, in toich land, about 35 miles
west of Rumbek; Lake Yirol, at Yirol; toich land east of Yirol; swamp
40 miles north of Rumber; Lake Nybor about 25 miles north-west of Yirol.

Equatoria Province: Khor about 5 miles south of Juba, and another at
the southern edge of the town connected with Bahr-el-Jebel; bank of Bahr-
el-Jebel at Mongalla.

Bulinus (Physopsis) globosus (Fig. 6)
Khor about 5 miles south of Juba connected with Bahr-el-Jebel.

Bulinus forskalii (Fig. 6)
Northern Province: irrigation canals, Zeidab.
Khartoum Province: irrigation canals, Shambat.
Blue Nile Province: Gezira irrigation canals; White Nile-east and west

banks at El Kawa, Gulli, Aba Island, Kosti town, Kosti bridge, El Jebelein.
Kassala Province: Jebel Geili, 85 miles east of Khartoum.
Darfur Province: Fula at Sibdo, near Abu Matarig; rain-pool at Gereida,

midway between Nyala and Buran; swamp near Bahr-el-Arab at Radom.
Upper Nile Province: Nile bank at Malakal; Khor Atar, midway

between Malakal and Lake No; Khor Berboe, Bahr-el-Jebel; shore of
Lake No, and several small pools near the lake; pools in toich land, Bahr-
el-Jebel; River Post No. 21, 63 miles south of Lake No; Bahr-el-Jebel at
Shambe.

Two specimens, both aphallic, were sent to Dr Mandahl-Barth who, from the shell and radula,
considers them to be a local form of B. truncatus (possibly B. rohifsi Clessin), even though the costulate
shell sculpture also shows relations to B. sericinus.
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FIG. 6. DISTRIBUTION OF BULINUS FORSKALII IN THE SUDAN AND ADJACENT AREAS
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FIG. 7. DISTRIBUTION OF BULINUS (PHYSOPSIS) SPP. IN THE SUDAN AND ADJACENT AREAS
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FIG. 8. DISTRIBUTION OF BIOMPHALARIA SPP. IN THE SUDAN AND ADJACENT AREAS
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Bahr-el-Ghazal Province: Khor Makok, in toich land, about 35 miles
west of Rumbek; Lake Yirol, at Yirol; toich land east of Yirol; khor about
20 miles east of Wau; toich land of Lol River at Aweil; khor on Raja road,
about 4 miles west of Catholic Mission at Wau; bank of Bahr-el-Naam,
15 miles east of Rumbek; Lake Nybor; khor connected with Jur River at
Wau.

Equatoria Province: khor 5 miles south of Juba, and another at
southern edge of town, connected with Bahr-el-Jebel; khor connected with
Mongalla.

Biomphalaria sudanica sudanica (Fig. 8)
Blue Nile Province: Papyrus islands at Kosti bridge.
Upper Nile Province: Nile bank at Malakal; Abu Khreiza, north of

Malakal; pools midway between Malakal and Lake No; Khor Gurr, Bahr-
ez-Zeraf; Khor Berboe, Bahr-el-Jebel; shore of Lake No, and small pools
near the lake; pools at Bahr-el-Jebel.

Bahr-el-Ghazal Province: swamp at Meshra'-er-Req; Lake Nybor;
swamp 40 miles north of Rumbek.

Biomphalaria riippellii (Fig. 8)
Northern Province: Zeidab agricultural scheme.
Blue Nile Province: Dinder River, near Dinder bridge; Gezira irrigation

canals, including main canal between Hag Abdullah and northern irrigated
end.

White Nile: west bank at Fashashoia, east bank at El Jebelein; Aba
Island.

Upper Nile Province: Khors Atar and Berboe, Bahr-el-Jebel.
Bahr-el-Ghazal Province: Khor about 20 miles south-east of Wau;

khor about 10 miles north of Wau.
Equatoria Province: Khor 5 miles south of Juba, connected with Bahr-

el-Jebel.
Biomphalaria adowensis (Fig. 8)
Darfur Province: Bahr-el-Arab at Safaha.
Bahr-el-Ghazal Province: toich land, east of Yirol; toich land, about

15 miles north-west of Rumbek; Khor Wartum, about 15 miles north-west
of Wau; khor on Raja road, about 4 miles west of Catholic Mission at Wau.

Biomphalaria pfeifferi gaudi (Fig. 8)
Darfur Province: perennial streams at Kalikuting in Jebel Marra; several

perennial streams crossing road from Kalikuting to Niertiti in Jebel Marra.

Other records from the literature
Various vector snail sites reported in the literature, from within the

Sudan and from adjacent territories, have also been indicated on the spot
maps (Fig. 5-8). These are documented as follows:
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Snail

(a) Bulinus (Bulinus) spp.
(Fig. 5)

B. sp. Kenya:

Marsabit

Ethiopia:

Lake Abaya

Blue Nile near Lake Tana

Meams, in Amberson
Schwarz (1953)
Ayad (1956)

B. trigonus trigonus
B. trigonus strigosus
B. trigonus transversalis
B. coulboisi

B. scalaris

Uganda:

Victoria Nile at Owen Falls

Panyimur, Lake Albert
Lake Kyoga at Bugondo
Lira

Mandahl-Barth (1954)
,. ..II .

,.1 .. ..)

Sudan:

"Jonglei " agricultural
scheme south of Malakal
Khor from White Nile
2 miles south of Malakal
Mekerka, Tokar River,
south of Suakin
Main Nile
Southern Libyan desert

Gedaref area, inland waters
between rivers Rahad and
Atbara, south of railway

Egypt (Nubia):

Nile and irrigation streams

Belgian Congo:
Faradje
Bambili

Uganda:

Ponds near Victoria Nile
and River Koli
Nimule, Bahr-el-Jebel

Ayad (1956)

Jickeli, in Amberson &
Schwarz (1953)
Sudan Medical Service (1929)
Sandford (1936)

Ayad (1956)

Egyptian Ministry of Health
(1944-45)

Gillet & Wolfs (1954)

Schwetz (1951)

Schwetz, in Amberson &
Schwarz (1953)

Location Reference

Blair (1956)

&

B. sp.

,. ..

, ,11(fossil and
subfossil)

B. sp.

B. forskali I'
,,9- .

1 See Fig. 6.
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Snail

B. forskalii 1

(b)By

1,. I..

(b) Bulinus (Physopsis) spp
(Fig. 7)

B. globosus

B. africanus

B. nasutus
B. africanus
B. ugandae

B. nasutus

B. africanus ovoideus

,. .

B. sp.

B. africanus didieri

' Ses Fig. 6.

Location

Sudan:

Rejaf, Bahr-el-Jebel
" Jongleii agricultural
scheme south of Malakal
Nuba Mountains

Belgian Congo:

Faradje
Undussuma (
Nabambisso River
Dungu
Watsa-Moto
Doruma
Buta
Ayer (common)
Ayer region (rare)
Fajao, below Murchison
Falls
Akobi swamps, Lango
region
Nkondo
Lira
Arua, West Nile

Ethiopia:
Bahr Dar, Lake Tana and
Blue Nile, 2 miles from outlet

Kenya:
Marsabit

Sudan:

Li Rangu, near Yambio,
West Equatoria Province
Legi's, near Loka, 60 miles
south-west of Juba, Equa-
toria Province
Kagelu, near Yei, West
Equatoria Province
Tembura, near Sue River,
West Equatoria Province
Dufile, near Nimule

Reference

Amberson & Schwarz (1953)
Ayad (1956)

Archibald (1933)

Pilsbry & Bequaert (1927)

Gillet & Wolfs (1954)2

Schwetz (1951)

Mandahl-Barth (1954)

Ayad (1956)

Blair (1956)

Lewis, in Amberson
Schwarz (1953)
Myers, in Amberson
Schwarz (1953)

&

&

Lewis, in Amberson &
Schwarz (1953)
Rochebrune & Germain, in
Pilsbry & Bequaert (1927)

2 These authors, like others in the literature, do not distinguish B. africanus from B. globosus.
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Snail

(c) Biomphalaria spp.
(Fig. 8)

Location Reference

French Equatorial Africa
Ubangi Shari:

B. adowensis Basins of Upper M'bomu
and of Kotto

Belgian Congo (Uele):

B. alexandrina pfeifferi Buta
Doruma
Watsa-Moto
Paulis

B. alexandrina Bambesa

Deschiens (1952)

Gillet & Wolfs (1954)

Gillet & Wolfs (1954)
B. a. pfeifferi

Niangara
Aketi

Uganda:

B. tanganyicensis Lango District
B. pfeifferi ,.
B. sudanica sudanica Arua, West Nile
,, ,, , 1, Packwach, West Nile
,, ,, ,31 I, Akoli swamp, Lira
B. choanomphala Victoria Nile
B. ruppellii Arua, West Nile

Ethiopia:

Akaki River, near Addis
Ababa
Dukam River,
near Addis Ababa
Lake Tana at Bahr Dar
Plains between rivers Baro,
Pibor and Akobo
Lake Langano

B. sp.

Lake Abyata

Lake Abaya

Lake Chamo
Lake Rudolf
Lake Awusa

Schwetz (1951)

Mandahl-Barth (1954)

Ayad (1956)

Orlandini, in Ayad (1956)

Erlanger, in Amberson &
Schwarz (1953)
Omer-Cooper, in Amberson
& Schwarz (1953)
Meams, in Amberson &
Schwarz (1953)

van Someren, in Amberson
& Schwarz (1953)
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Location

Sudan:

"Jonglei" agricultural
scheme south of Malakal
Nelichu, Boma plains, East
Equatoria Province
Kagelu Creek, Kagelu near
Yei, West Equatoria Pro-
vince
Legi's, near Loka, 60 miles
south-west of Juba, West
Equatoria Province
Tataremet, west of Juba,
Equatoria Province
Boma plains, East Equa-
toria Province
Tokar River, Red Sea

Erkowit, Red Sea

Southern Libyan desert

Reference

Ayad (1956)

Myers, in Amberson &
Schwarz (1953)

,. ..,

,, ,I

Myers, in Amberson
Schwarz (1953)
Jickeli, in Amberson
Schwarz (1953)
Farmer, in Amberson
Schwarz (1953)
Tothill (1946 b)
Sandford (1936)

&

&

Discussion of distribution in the various drainage units

Central East African Lake drainage

Several species of snail are found both in Uganda and in the Sudan
(Biomphalaria sudanica sudanica, Biomphalaria riippellii, Bulinus (Physopsis)
ugandae and B. (Physopsis) globosus); others (entirely lacustrine species
of Biomphalaria, e.g., B. choanomphala, B. smithi, B. stanleyi, B. elegans
and B. sudanica tanganikana) are not found in the Sudan, at least not
in the area covered by the writer's surveys so far.

Bulinus (Bulinus) sp. also occurs in the White Nile but B. (Physopsis)
ugandae is the predominant species.

The present report is the first to indicate that B. (Physopsis) occurs

in the River Nile itself, in the Sudan (Bahr-el-Jebel or khors leading to it;
White Nile), and as far north as 14°N (see distribution notes). Archibald
(1933) stated that Physopsis, represented by P. africana, P. didieri and
P. globosa, had never been obtained from the White or the Blue Nile,
but occurred only in the inland rain-water lakes in the south. Amberson
& Schwarz (1953) claim that B. (Physopsis), an essentially tropical species
which needs relatively high temperatures, is absent from the Nile system
north of 12°N.

Snail

B. sp.

(fs il

(.fosil

,, ,,1 (fossil)
,, ,,1 (fossil)
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It may be of interest to note here that Archibald (1933) examined large
numbers of Physopsis from the south for natural schistosome infection
with negative results. He also failed to infect these snails experimentally
with the northern Sudanese strain of S. haematobium, while Cridland
(1955) showed that B. (Physopsis) ugandae was not susceptible to experi-
mental infection in Uganda. It seems probable, by analogy, that
B. (Physopsis) ugandae is not a vector in the Sudan either, and this is
supported by the fact that the form of bilharziasis endemic along the
White Nile, where B. (Physopsis) ugandae prevails, is, in the main,
bilharziasis mansoni and not bilharziasis haematobia. A study of the
susceptibility of the species to the Sudan strain of S. haematobium would
be worth while. I examined some specimens from the Kosti area but
found only cercariae other than schistosome cercariae.

Bulinus (Bulinus) spp. and B. forskalii occur in this drainage area
alongside Bulinus (Physopsis). It might be noted here that Bulinus (Bulinus)
spp. was not found south of latitude 11°45'N in the White Nile in the
early days (Archibald, 1933). Amberson & Schwarz (1953) emphasize
that this subgenus cannot withstand high temperatures such as occur,
for instance, in the lowland regions of the southern Sudan. Ayad (1956)
collected specimens from the " Jonglei " irrigation scheme south-west of
Malakal which were indubitably Bulinus (Bulinus) spp., and I have collected
specimens even further south, from the Sudd region, and also from Bahr-
el-Ghazal Province (latitude, about 7°N).

Drainage from Congo-Nile watershed

The fauna of the south-western Sudan, and that of the north-eastern
area of the Belgian Congo are often designated homogeneous. It is
generally accepted that the swampy peneplain of the Congo-Nile divide
does not form a barrier to the distribution of freshwater organisms in
the Nile and Congo tributaries. I have found Biomphalaria adowensis
common in the south-western Sudan. This snail has been stated by
Deschiens (1952) to occur in the adjacent territory of French Equatorial
Africa in the basin of the river M'bomu, flowing towards the Ubangi,
and Pilsbry & Bequaert (1927) have reported finding it in the north-eastern
area of the Belgian Congo. Schwetz (1949) and Gillet & Wolfs (1954)
reported the occurrence of Planorbis pfeifferi and Biomphalaria alexandrina
pfeifjeri, respectively, in the north-eastern area of the Belgian Congo;
these species are presumably synonymous with B. adowensis.

As for Bulinus (Physopsis), I have found B. (Physopsis) ugandae
in the toich land of Bahr-el-Ghazal Province. The presence of this snail
away from the course of the Nile might be explained by the former existence
of extensive swamps (Lake Sudd theory) of which the present Sudd is a
remnant. Physopsis globosa has been reported from the Faradje region
near the Sudan border by Pilsbry & Bequaert (1927), Bulinus (Physopsis)
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africanus from the north-eastern area of the Belgian Congo by Gillet
& Wolfs (1954), and Physopsis, presumably of the globosus type, from
the rain-water lakes of the southern Sudan by Archibald (1933). Bulinus
(Bulinus) spp. has been found by the writer in some water bodies of
Bahr-el-Ghazal Province, in the neighbourhood of Wau and Rumbek.

The similarity of the fauna of the south-west of the Sudan to that
of the Belgian Congo is apparent not only in the pulmonates, but also
in other molluscs. Certain species of the bivalves Eupera and Aspatharia
and of the operculate snails Lanistes, L. adansoni Kobelt, 1911 and
L. ellipticus van Martens, 1866, reported by Pilsbry & Bequaert (1927)
as being from the Belgian Congo, were collected by the writer from some
localities in the south-western Sudan.

The Ethiopian Plateau drainage

(a) The Blue Nile. The influence of fauna from the Ethiopian plateau
on the Sudanese fauna is evident. Operculates such as Bellamya, Lanistes
and Pila, and bivalves such as Corbicula, Caelatura, Mutela, Aspatharia
and Etheria are supplied from the Ethiopian plateau by the Blue Nile
and its tributaries, the rivers Rahad and Dinder.

Bulinus (Bulinus) spp. is known to occur in the upper as well as in the
lower Blue Nile drainage. The samples of Biomphalaria collected by
Ayad (1956) in various parts of Ethiopia (see page 719) were identified as
B. riippellii. I have examined these specimens and found them to be quite
similar to those which I had seen in the Gezira irrigation scheme and in
the Dinder River, and had also identified as B. riippellii.

Specimens of Bulinus (Physopsis), greatly resembling the typical shells
of B. globosus, were collected by Ayad (1956) from Lake Tana and from
the Nile itself, 2 miles below the outlet of the lake. As already mentioned,
the presence of this subgenus in the Gezira irrigated area has been recorded
by Greany (1952) and by Amberson & Schwarz (1953). It is possible
that the identification was based on the microsculpture of the apical whorls,
or the fact that the umbilicus is not always clearly perceptible in the Gezira
Bulinus (Bulinus) spp. The writer did not come across any typical speci-
mens of Bulinus (Physopsis) either in the Gezira, or in the feeding waters
of the Sennar reservoir, or upstream on the Blue Nile, at Singa or Roseires,
although Bulinus (Bulinus) spp. does occur in all these localities. It is
quite possible that this subgenus, which appears to be present in the upper
reaches of the Blue Nile and is noted for its predilection for quiet habitats,
is unable to establish itself in the lower reaches of the torrential Blue Nile
system, even in sheltered stretches. My own observations would seem
to bear out that the only sources of B. (Physopsis) in the Sudan are the
central African plateau and the Congo-Nile watershed.

722



DISTRIBUTION OF INTERMEDIATE HOSTS OF BILHARZIASIS

The investigations on the snail fauna of the Blue Nile region reported
below may help to clarify a point in connexion with the introduction of
Biomphalaria into the irrigated area of the Gezira, which has long remained
a puzzle. Both Bulinus and Biomphalaria are found in the irrigation canals
of the Gezira, which draws its waters from the Sennar reservoir. Archibald
(1933) reported the occurrence of two species of Planorbis (= Biomphalaria)
from the Blue Nile but unfortunately did not state the locality. Previous
examinations of the reservoir bv several workers have demonstrated the
presence of Bulinus, but have always failed to reveal the presence of
Biomphalaria. Markowski (1953) also examined several water bodies in
the Sennar district for Biomphalaria, but with negative results.

With the object of finding an explanation for the presence of Biompha-
laria in the Gezira irrigated area, I examined the Sennar reservoir, the
Jebel Moya hafirs, the non-irrigated area of the Gezira in the neighbourhood
of Jebel Moya, several pump schemes which draw water from the Sennar
reservoir, the Blue Nile upstream of the dam as far south as Roseires,
and especially the Blue Nile tributaries, the Dinder and the Rahad, which
both join the Blue Nile downstream of the Sennar dam in the order men-
tioned (see Fig. 3, page 702). In the dry season these rivers are transformed
into a series of pools.

The Sennar reservoir was examined on several occasions, both at high
water (January) and at low water (April). Neither on the banks nor on
the several scattered islands of floating aquatic plants (Nymphaea, Pistia,
Echinochloa) which form on the mud at the bottom of the reservoir at low
water could Biomphalaria be found, nor was it present in the southern
stretch of the Blue Nile as far as Roseires or in the pump schemes in that
area. The canals of these pump schemes should have been a suitable
habitat for both Bulinus (Bulinus) spp. and Biomphalaria, yet only Bulinus
(Bulinus) spp. was found. One hafir in the Jebel Moya area also contained
Bulinus (Bulinus) spp. only. Pools in the bed of the River Rahad at
Hawata, rich in aquatic vegetation, did not contain either Bulinus or
Biomphalaria. However, in the course of the Dinder River, I did find
Biomphalaria riippellii, not far from the Dinder bridge. The snails were
in a small bay of the central channel of the stream, rich in algae and with
grassy banks. The banks of the Dinder, especially the west bank, are
broken up, and lead to a large number of short, elevated khors. These
khors are full of water when the river is in flood; when the water recedes,
small scattered pools are left. Apparently these also harbour Biomphalaria.
No thorough examination was carried out, but a shell was found in one
of them in the vicinity of the bridge.

It should be noted that before the main canal of the Gezira, which
is nourished by the Sennar reservoir, came into operation in 1925, a few
pump schemes were installed on the Blue Nile at points downstream from
the present dam, each to irrigate a limited area, e.g., at Taiyiba and at
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Barakat, near Wad Medani, downstream of the Dinder confluence. In
addition, two areas were canalized before the Gezira project as a whole
was in operation; these areas were supptied with water by two large pump
stations on the Blue Nile-one at Hag Abdullah (1921) to water 21 000
feddans, and one at Wad-en-Nau (1923) to water 30000 feddans, just
above and just below the junction of the Dinder with the Blue Nile (see
Fig. 3, page 702). Even since the main canal came into operation, these
two pumps are still used for lifting into the Gezira the relatively small
amounts of water required for domestic supply in the summer, when the
level in the reservoir and in the main canal is very low.

The above facts provide a possible explanation of how Biomphalaria
might have been introduced into the Gezira through the several pump
schemes on the Blue Nile, downstream of the Sennar dam and the Dinder
River. This would also account for the absence of Biomphalaria from the
upper regions of the Gezira and its prevalence farther downstream in the
northern part. However, in spite of my long and repeated examinations
of the Sennar reservoir and the apparent absence of Biomphalaria-a finding
which agrees with that of previous workers-one should not positively
assert that Biomphalaria does not exist in the reservoir.

(b) The Atbara. The presence of a large population of Bulinus (Bulinus)
spp. on the east bank of the River Atbara, the northernmost tributary of
the Nile, at the bridge near Khashm-el-Girba is of interest, since a large
agricultural scheme is projected near this site (see page 703).

(c) The seasonal inland rivers Baraka and Gash, and the eastern inland
waters. Flush irrigation is followed in the inland delta of the River Gash,
near Kassala, by inundation canals, and in the delta of the River Baraka
at Tokar, near the Red Sea, by natural flooding. Both rivers are erratic,
seasonal torrents, draining floodwaters from the Eritrean plateau. Bulinus
(Bulinis) spp. and Biomphalaria are known to be common in these high-
lands and recent reords exist (Ayad, 1956) of their occurrence in the source
region of the Gash (Mareb) and the Baraka (Anseba). Ferro-Luzzi (quoted
by Ayad, 1956) reports the absence of the vector snails from the Eritrean
lowland plains bordering on the Sudan, including the plains of the Gash
and the Setit, the main affluent of the Atbara. Vector snails have not been
found either in the part of the Gash situated in Sudanese territory.

The only water supply in the area around Kassala, besides the floods
of the Gash, is by long pipe-lines, or from wells and hafirs. I examined
some of these water bodies at Kassala town, and at Gammam and Aroma,
north of Kassala, but could find no bilharziasis vectors. A large pond near
the main pumping plant at Gammam contained only the operculates Pila
and Lanistes.
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The type locality of B. sericinus Jickeli, 1874 and B. schackoi Jickeli,
1874 as given by Pilsbry & Bequaert (1927) is: " Province of Hamasien,
near Mekerka, on Toquor River, Abyssinia ". Contemporary maps indi-
cate that Hamasien Province lies on the plateau around Asmara. Amberson
& Schwarz (1953) have placed this site in the Red Sea plains of the Sudan,
on the " Tokar River, at Mekerka, near Tokar ".

The Erkowit area, in the Red Sea hills, a little north of the Tokar delta,
receives winter rains, has evergreen vegetation, and some of its local water-
courses persist throughout the entire year. It has been stated elsewhere
in this report (page 706) that in the.past this area enjoyed even wetter
conditions and contained wide, deep streams. At present Biomphalaria sp.
is said to occur behind some of the many dams which are being constructed
by the Soil Conservation Department. These snails are probably remnant
populations of Biomphalaria, which must have been widespread all over
that area in late Pleistocene times. The subfossil shells of Biomphalaria found
at Erkowit (Tothill, 1946b) were identified as Planorbis (= Biomphalaria)
herbini Bourguignat by M. Connolly.

Bulinus (Bulinus) spp. has been reported from various hafirs, marshes
and rain-water pools of the Gedaref region, south of the railway tracks,
between the rivers Atbara and Rahad, where bilharziasis haematobia has
only recently become endemic.

The western steppe belt

None of the streams once flowing towards the Nile reaches this river
today. Permanent streams are few and restricted to the upper reaches of
the Jebel Marra and Nuba Mountains. Some wadis actively drain towards
the Bahr-el-Arab when in flood.

Archibald (1933) has indicated the general presence of Bulinus (Bulinus)
spp. and of B. (Bulinus) forskalii in the inland water bodies and rain-water
pools of Darfur and Kordofan Provinces and has commented that the
infectivity of these water bodies with regard to bilharziasis haematobia
shows a seasonal rise during the dry season, when they become shallow
and both the snail and cercarial populations increase in density.

I have collected Bulinus (Bulinus) spp. and B. (B.) forskalii from
various rain-pools and khors scattered in these two provinces and also
from behind a dam in the El Fasher area. A number of such dams have
been constructed across the khors for the storage of water during the rainy
season, and more are being planned. Bulinus (Bulinus) spp., B. (B.)
forskalii and Biomphalaria adowensis were also found in the Bahr-el-Arab
drainage in southern Darfur. All Bulinus collected in the steppe belt
belonged to the subgenus Bulinus. The subgenus Physopsis was not
found, although it commonly occurs together with Bulinus (Bulinus) spp.
further south in the drainage from the Nile-Congo watershed.
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The Chad drainage
Jebel Marra, a mountainous area in western Darfur, which extends

80 miles from north to south and 20 miles from east to west at a latitude
of 14°N, forms the Nile-Chad watershed. I found Bulinus (Bulinus) spp.
and Biomphalaria to be very common in the numerous, westward-flowing
perennial streams crossing the Kalikuting-Niertiti road. These streams
collect in wadis, the largest of which is the Azum, join the Wadi Barei,
and after receiving tributaries chiefly from the Chad-Congo divide to the
south, ultimately flow as the Shari into Lake Chad. The Biomphalaria
from Jebel Marra,tentatively identified as B. pfeifferi gaudi (see page 710),
appear to belong to the fauna characteristic of Lake Chad, Nigeria, Senegal,
Gambia, and Liberia. The Bulinis (Bulinus) spp. of this area presumably
show the same affinities.

In view of the presence of Biomphalaria in western Darfur, it is believed
that a survey of the human population in this area might reveal an unsus-
pected prevalence of Schistosoma mansoni.

Summary of distribution and ecology
Although there are big gaps in the knowledge of Sudan malacology,

and although large tracts, especially in the south-east and the south-west
of the Sudan are practically unexplored, the following observations on the
distribution of vector snails can already be made.

The sub-genus Bulinus (Physopsis) (see Fig. 7)
B. (Physopsis) ugandae extends along the Nile drainage from the central

African lakes, occurring in the rivers (Bahr-el-Jebel and White Nile) and
also in the ponds of the toich lands west of the Sudd. The species in the
extreme south of the country is B. (Physopsis) globosus. The presence of
this subgenus in the Blue Nile drainage is unconfirmed. It has not been
found in the steppe region north of the Bahr-el-Arab.

The sub-genus Bulinus (Bulinus) (see Fig. 5 and 6)
Widespread in the country, occurring in the following water bodies:

the rivers derived from the Ethiopian plateau, even while in flood; the
seasonal inland waters of the western steppe belt and the perennial streams
of the Nuba and Marra Mountains; the White Nile and the Main Nile;
and, in the south, the ponds and lakes of the Congo-Nile drainage of Bahr-
el-Ghazal Province and also in the Sudd area. Fossil and subfossil finds in
the arid Red Sea and northern desert areas have shown that, outside the
River Nile, this subgenus must have occurred further north in recent
geological times. It is clear from the distribution records that an overlap
with Bulinus (Physopsis) ugandae exists in the Bahr-el-Jebel and White Nile.

B. forskalii (see Fig. 6) has a wide distribution in the Sudan, where it
is found in slowly flowing water with plenty of aquatic vegetation. It
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occurs in the south, in khors leading to the Bahr-el-Jebel, in the Sudd
region, in the toich land of Bahr-el-Ghazal, on the swampy banks of the
White Nile, in the Nuba mountains and in some inland rain pools in Darfur.
The snail is rare in the Blue Nile and in the irrigation canals of the Gezira.
I was unable to find it in the higher reaches in Jebel Marra, but it may
possibly be present in these streams at lower altitudes.

The genus Biomphalaria (see Fig. 8)
in recent medical and other literature the Biomphalaria of the Sudan

have often been called B. boissyi, the name of the species found in the
Egyptian Delta. In fact, confusion between the shells of B. sudanica and
B. boissyi is comprehensible, while B. riippellii resemble young B. boissyi.
B. herbini, a name met in the early literature, is presumably a synonym of
B. riippellii (Pilsbry & Bequaert, 1927), and B. paeteli seems to correspond
to B. boissyi.

Biomphalaria sudanica sudanica was collected from rain-water lakes
and swamps in Bahr-el-Ghazal Province, from various parts of the Sudd
region in Upper Nile Province, and in the W-hite Nile as far north as Kosti,
where a number of papyrus islands are grounded on the river bank.

Biomphalaria adowensis was found in the Congo-Nile drainage of Bahr-
el-Ghazal Province, where it makes its home in ponds, at the dead end of
khors, or in temporary swamps of slowly flowing tributaries; it was also
found in the Bahr-el-Arab, near Safaha.

Biomphalaria rippellii in the Sudan is the species of Biomphalaria found
in rivers (Bahr-el-Jebel, White Nile) and irrigation canals. It occurs as far
north as the Zeidab Agricultural Scheme. Specimens were not found in the
Blue Nile itself, although present, if not common, in one of its tributaries,
the Dinder River. In certain places in the Sudd it occurs together with
B. sudanica, and it was also found in the toich land of Bahr-el-Ghazal.

The Biomphalaria recorded for the first time from western Jebel Marra
have been provisionally assigned to B. pfeifferi gaudi. Records of Biom-
phalaria from the south-eastern plains on either side of the Ethiopian
border would need to be followed up to determine specific relationships.
Fossil and subfossil finds of Biomphalaria also indicate that it formerly
had a more northerly distribution in now arid territory.

THE LOWER NILE VALLEY (EGYPT)

Hydrography and General Considerations (see Fig. 9)

The climatic cycle of pluvials and interpluvials which prevailed over the
entire Sahara, and which has already been mentioned in relation to the
Sudan, also affected Nubia and Egypt. As pointed out by various authors,
the areas which are now desert must have enjoyed steppe conditions, with

4

727



728 E. ABDEL MALEK

FIG. 9. THE LOWER NILE VALLEY
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abundant watercourses. Apart from other evidence, the deeply eroded
canyon-like wadis of the present eastern desert testify to heavy rainfall.

An old fauna characteristic of the Nubian and Egyptian Nile (see page 692)
and its tributary watercourses must have existed in what are now the
Eastern and Western Deserts before the introduction of the African
(Ethiopian) fauna through the linking of the upper and lower reaches of
the Nile. This early fauna might possibly have been palearctic, just as the
terrestrial fauna of Egypt still is today, the tauric 1 (eastern) influence being

1 North Africa is subjected to hispanic influence.
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felt only as far as Nubia. The occurrence at the present day of the follow-
ing palearctic pulmonate snails in this geographical region might be taken
as an indication of a former palearctic aquatic fauna.

Lymnaea truncatula. Pallary (1909), quoting Bourguignat, reports the
occurrence of this snail in the entire course of the Nile. Leiper (1916) states
that it is abundant on Gezira island near Cairo, and at Bilbeis in the Delta;
it is also found in the Dakhla, Kharga, and Baharia oases.

Lymnaea stagnalis was found only recently in Wadi Natrun, a depres-
sion 60 miles north-west of Cairo.

Planorbis planorbis philippii occurs in the coastal marshes at Maryut
and Idku, and elsewhere in the northern parts of the Nile Delta. The
species has been recorded in North Africa and the Mediterranean region
in general.

Physa acuta Draparnaud and Physa subopaca Lamarck; these snails
have been recorded from North Africa and are very common in Egypt.
They have recently been found in abundance in the Nile in Nubia. The
most southerly habitat recorded for these snails is in the Sudan, Physa
subopaca var. nilotica having been discovered at El Jebelein, on the White
Nile (Pallary, 1909). Otherwise Physa has not been noted in the Sudan
and does not occur in the Gezira.

An interesting view on the palearctic fauna of Egypt has been expressed
by Pilsbry & Bequaert (1927). They believe that the very few palearctic
freshwater snails of lower Egypt, such as the true Physidae, Lymnaea
truncatula, and perhaps some of the Unionidae, may be of quite recent
introduction-possibly even brought in by man-and point out that, at
any rate, these snails have not yet succeeded in entering the Ethiopian region
by way of the Nile.

Since the so-called. Bulinus truncatus are widely distributed in Asia
Minor (Iraq, Arabia) and in the Mediterranean countries, the question
now arises whether the affinities of Bulinus (Bulinus) spp. in Egypt are
Ethiopian, or palearctic, or both. Palearctic Physa has apparently pene-
trated far south in the Nile Valley and away from the Mediterranean coast;
has Bulinus behaved in a similar way? Only extensive sampling and
comparative anatomical study can throw light on these questions.

Distribution of Vector Snails

Bulinus (Bulinus) spp. of this geographical region are usually ranged
under B. truncatus AudouinI (excluding the species B. forskalii). These
snails have been found in the entire length of the Main Nile from the
Sudan to the Mediterranean. In its annual report for the year 1944-45, the

'Among the species originally distinguished are: B. contortus, B. dvbowskii, B. innesi, B. brocchii,
B. hemprichil, etc.
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Bilharzia Snail Destruction Section of the Egyptian Ministry of Health
recorded their presence in Nubia, above the Aswan dam, in the river, in
khors and residual lagoons, and in several pump irrigation schemes;
similar information was later given by Dawood (1951). Bulinus (Bulinus)
spp. are also found in the wells and artesian springs-some of them
thermal-of three Egyptian oases of the Libyan desert: Kharga, Dakhla
and Baharia.

In order to arrive at a better understanding of the true relationships and
taxonomy of the various species acting as intermediate host of S. haemato-
bium in the Lower Nile Valley, further investigations will be needed, relating
the multiple and varied shell forms of Bulinus (Bulinus) spp. to their
anatomical details. These investigations would have to be carried out not
only in Nubia, Upper and Lower Egypt, but also in the upper reaches of
the Nile in the Sudan, Uganda and Ethiopia.

Bulinus (Bulinus) forskalii Ehrenberg was collected in the northern
Sudan, in the Zeidab Agricultural Scheme. No other records exist of its
being found in the Sudan north of this site, but it probably occurs. The
snail has been seen in Upper Egypt at Luxor, in Beni Suef Province and in
the Faiyum, and it occurs in the Delta and the sweet-water canals in the
Suez Canal Zone, but it is not as common as Bulinus (Bulinus) spp. or
Biomphalaria. The type locality of P. forskalii is Damietta near the
eastern mouth of the Nile.

Biomphalaria. No record exists of Biomphalaria in the Main Nile from
Khartoum to the Mediterranean. The northernmost known site in the
Sudan is in the Zeidab Agricultural Scheme. The genus is endemic in the
Nile Delta, and its absence from Nubia and Upper Egypt as far downstream
as Cairo has been repeatedly commented upon. In the Delta it occurs in
the irrigation canals and especially in the drainage-channels and ponds, as
well as in the littoral swamps in the north and in the marshes of the Suez
Canal Zone. Populations become increasingly dense and heavy towards the
north, the prevalence varying inversely to that of Bulinus. In the higher-
lying southern apex of the Delta distribution is sporadic. The southern
limit was thought for years to lie in the Nile Valley a little south of Cairo, on
the western side of the river, where the snails occur in certain ponds. In
view of the ubiquity of the other vector snail, Bulinus, this limitation of
Biomphalaria to the Delta region has aroused much speculation. The
environmental factors associated with the distribution of Biomphalaria in
Egypt have been described in some detail by Helmy (1953). It appears that
Biomphalaria is at present extending to the south and becoming established
in Beni Suefand Faiyum Provinces (Egyptian Ministry ofHealth, 1952-1953).

In the snail collection of the Bilharzia Snail Destruction Section at
Cairo, the writer has seen bleached, subfossil specimens of a small species
of Biomphalaria, collected in 1942 in western Faiyum from a sandy site at
the edge of the desert. A live colony was also reported to exist in a near-by
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water-melon patch, but has been exterminated since by the use of copper
sulfate. These shells have rounded, rapidly growing whorls quite distinct
from the usual Biomphalaria of the nilotic fauna. Although the Faiyum has
been connected with the Nile by natural and man-made channels at several
times in history, it is thought that these snails might be a remnant of some
older stock, either Saharan or Ethiopian, since deposits of Ethiopian silts
also demonstrate a connexion with the Nile drainage in Middle Pleistocene
times. The snails at present gaining a foothold in the Faiyum cannot be
distinguished from the Delta type.

The snails endemic in the Delta are today widely separated from other
populations. Conditions in lower Egypt must have been more favourable
for their existence in the past, for pharaonic tombs depict papyrus swamps
with hippopotamuses and crocodiles such as now occur in equatorial
regions only.

The question also arises whether more than one species of Biomphalaria
can be distinguished in the Delta. From the time of Leiper's discovery
(1915-1918) of the life history of the human schistosomes, the intermediate
host of intestinal bilharziasis has been known as Planorbis (= Biomphalaria)
boissyi Potiez et Michaud. The first species to be described in Egypt was
Planorbis alexandrinus Ehrenberg, 1831, obtained from the brackish water
of Lake Maryut, near Alexandria, and it has therefore been assumed that
Biomphalaria alexandrina would replace Biomphalaria boissyi. The reader
is referred to Gismann (1954) for an account of the nomenclatorial history
of the large (globular) African planorbids and of the subfamily Planorbinae
in general.

Mandahl-Barth (personal communication) believes that B. alexandrina
is restricted to the coastal area and that it differs from the Biomphalaria
which occurs inland (near Cairo), and for which he suggests Jickeli's old
specific name paeteli, the two forms merging gradually into each other so
that intermediates occur.

The data shown in Table V were obtained by the writer from dissection
of relaxed samples of Biomphalaria collected from the coastal region and
from the neighbourhood of Cairo.

Although the number of snails dissected from each locality is too small
for definite conclusions to be drawn, it is clear that differences do exist in
the morphology of the copulatory organ; 7 out of 8 snails from the Idku
colony, 5 out of 12 from the Maryut colony and only 2 out of 10 from the
Qaliub colony have a vergic sac longer than the preputium. As regards
shell characteristics, the great majority of the Maryut and Idku snails were
flatter on the ventral surface and the sutures were shallower when compared
with those of Qaliub, in which the whorls were more convex. The height
of the shells in all of these localities was more or less similar. The radulae
did not show significant differences, apart from the individual variation
within each colony.
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TABLE V. BIOMPHALARIA FROM THE COASTAL REGION OF EGYPT AND FROM THE
NEIGHBOURHOOD OF CAIRO

Location

Swamp leading to
Lake Maryut on
Alexandria-Cairo
desert road, at
entrance to
Alexandria

Swampy end of
drain leading into
Lake ldku near rail-
way track at ldku
town

Irrigation canal at
El Syuf near
Alexandria

Drain about 2 miles
north of Qaliub

Total
number of

snails

12

Greatest
diameter of

shell

Lengthofvergic sac (a) and of~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Length of vergic sac (a) and of
preputium (b)

a> b a= b a <b

8.5-11.5 mm 5 snails
(a) 2.25-

3 mm
(b) 1.75-

2.50 mm

5 snails

2.25-
3 mm

8 8.5-11.5 mm 7 snails 1 snail
(a) 2.0-

3 mm
(b) 1.75- 3 mm

2.75 mm

10 9-12 mm 4 snails 3 snail[
(a) 2.50-

3 mm 2.50-
(b) 2.0- 2.75 mi

2.75 mm

10 9-14 mm 2 snails 2 snail[
(a) 2.0-

2.75 mm 2.50-
(b) 1.75- 3 mm

2.50 mm

2 snails
(a) 2.50-

2.75 mm
(b) 2.75-

3 mm

3 snails
(a) 1.75-

2.75 mm
(b) 2.0-

3.0 mm

6 snails
(a) 2.15-

3.25 mm
(b) 3.0-

3.75 mm

m

Except for their smaller size and smaller number of whorls, the B. rup-
pellti collected from the Sudan (Gezira, Zeidab, etc.) would appear to show
some affinities towards the Qaliub colony, as regards both shell charac-
teristics and the copulatory organ. Safe conclusions cannot, however, be
drawn until more specimens are examined from various parts of the country.
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RESUME

L'auteur a recolte dans diverses parties du Soudan des exemplaires de mollusques
du genre Bulinus et Biomphalaria, qui sont les h6tes intermediaires, reels ou virtuels, des
Schistosoma. Les mollusques ont e determines d'apres leurs caracteres anatomiques
et les donnees reunies ont e comparees a celles dont on disposait pour le Soudan et
l'ensemble du bassin du Nil. Les facteurs hydrographiques actuels et l1'tude des change-
ments hydrogeologiques survenus dans la prehistoire de l'Afrique aident a comprendre
la repartition des esp6ces et les relations existant entre les divers groupes de planorbes
africains.
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