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SYNOPSIS

The author gives a comprehensive account of the present status
of knowledge regarding the ecology and distribution of Bulinus
truncatus, the intermediate host of Schistosoma haematobium in the
Middle East and North Africa. He discusses in detail the types of
habitat favoured by this snail, its life-cycle and seasonal variations
in its populations, the effect of ecological factors on its distribution
and occurrence, and the relationship between its control and its
bionomics, stressing the many aspects of these subjects that require
further investigation and suggesting lines for future research.

In addition, the author outlines briefly the effect of some human
activities (for example, extension of irrigation and agriculture), in
their relationship to the snail host, on the incidence of bilharziasis
haematobia in the Middle East and Africa. He concludes the paper
with a summary of the three basic needs in respect of bilharziasis
control: ecological research; prevention of pollution of waters with
human excrement; and avoidance of human contact with infective
water.

The importance of the study of the ecology and distribution of Bulinus
truncatus in the Middle East- is measured by the high incidence and wide-
spread dissemination of Schistosoma haematobium infection of man in this
area. Until recent years little interest had been taken in this snail and little
information existed in the literature. The gravity of the matter was, however,
brought home to the military authorities operating in the area during the
First World War by sharp outbreaks of bilharziasis haematobia among
detachments of troops; thus was initiated a sequence of investigations which
has been continuing, with increasing momentum, ever since. The failure
of existing methods of treatment to provide a satisfactory means of mass
cure in infested areas has rendered the study of the control of the snail
intermediate host of cardinal importance.
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Synonymy of Bulinus truncatus

In order to avoid confusion it is necessary to state at the outset that
Bulinus truncatus (Audouin, 1826) is a polymorphic species of wide distri-
bution in Africa, the Middle East and the islands of the Mediterranean
Sea. As such it has many synonyms, of which the following are the most
important as regards the Middle East:

Physa truncata Audouin, 1826
Bulinus contortus Michaud, 1829
Bulinus dybowskii Fischer, 1891
Bulinus innesi Bourguignat, 1909
Bulinus sericinus Jickeli, 1874

More complete lists of synonyms of this species and extended discussions
of its taxonomlic status may be found in Germain (1921), Annandale (1922),
Baylis (1931) and Amberson & Schwarz (1953).

Historical Notes

Little object would be served by giving here an extensive account of the
historical development of our knowledge of this species. It is sufficient to
say that after its first description in 1826 by Audouin in Savigny's Description
d'Egypte, and its more famous redescription by Michaud in 1829, it was
recorded from other areas in the Middle East by other conchologists and
for the first time from the Tigris-Euphrates Valley by Mousson in 1874.
Its presence in Ethiopia and adjoining territories was first recorded a few
years ago by an official investigator from the World Health Organization
(Ayad, 1956). Bulinus truncatus was not incriminated as the intermediate
host and vector of Schistosoma haematobium until the classical work of
Leiper, carried out in Egypt during the First World War and published in
1918, proved its complicity in this connexion. Modern interest in its ecology
and geographical distribution dates from that discovery. Some reference
to the work of the many investigators who have studied these problems
during the last four decades is made below.

Geographical Distribution, Migration and Dispersal
of Bulinus truncatus

Distribution

The geographical delimitation of the area now known as the Middle
East has always been a matter of dispute (Fisher, 1950). However, for the
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purpose of this paper the Middle East may be taken to comprise the follow-
ing countries:

African territories
Egypt Eritrea
Sudan Somaliland Protectorate
Ethiopia Somalia

Asian territories
Turkey Saudi Arabia
Syria Yemen
Lebanon Aden Protectorate
Israel Sultanate of Oman
Jordan Trucial Oman
Iraq Kuwait
Iran Bahrein

Mediterranean islands
Cyprus Crete

Within this area are to be found two of the world's major foci of bil-
harziasis haematobia-namely, the Nile Valley and the Tigris-Euphrates
Valley. The recorded occurrence of Bulinus truncatus in the Middle East is
indicated on the accompanying map and is summarized by country below:'

African territories

Egypt. B. truncatus occurs throughout the whole length of the Nile
Valley in Egypt, in irrigation channels and drains and in many places in
the River Nile itself. It is especially common in the region of the Nile
Delta, and also occurs in the Baharia, Dakhla and Kharga oases.

Sudan. B. truncatus occurs in both the Blue Nile and the White Nile,
in irrigation channels fed therefrom, and in lakes, ponds and reservoirs.

Ethiopia. B. truncatus occurs in the Akaki River, in the crater lakes
of Bishoftu in Shoa Province, in Lake Zwai in Arussi Province, in the Blue
Nile in Gojjam Province and in Lake Adile and Lake Aramaya in Harar
Province, and in Lake Abaya. This is an interesting region since here
B. truncatus, which is characteristically more abundant in the northern,
eastern and southern parts of Africa, meets and overlaps the range of
B. africanus, which is characteristically confined to tropical central and

'The information given in this summary is culled in part from the author's personal experience in Egypt,
Lebanon, Iraq and Iran and in part from authorities too numerous to cite in full, of whom the following are
the most important: Abdel Azim (1948); Abdel Azim & Gismann (1956); Amberson & Schwarz (1953);
Annandale (1922); Ansari & Faghih (1953); Archibald (1933); Ayad (1956); Barlow et al. (1945-1954);
Buxton & Krikorian (1922); Davies & Eliakim (1955); Gauthier (1934); Germain (1921); Gismann (1954);
Gobert (1934); Hall (1925); Helmy (WHO Regional Office for the Eastern Mediterranean, unpublished
working document EM/BIL/3, 1952); Humphreys (1932); Maril (1934); Markowski (1953); Mills, MacHattie
& Chadwick (1936); Mozley (personal communication, 1956); Pallary (1934); Philby (1933); Pipkin & Risk
(1949); Watson (1950, 1952b, 1953d).
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southern African territories and is absent from North Africa. Differential
study of the bionomics of these two species should be of particular value
in this area.
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Eritrea. B. truncatus occurs in pools, ponds and streams in various parts
of the country.

The Somalilands. B. truncatus has not been recorded from this area.
There is a small focus of bilharziasis haematobia in the south of Somalia,
but the vector snail is apparently B. africanus.

Asian territories

Turkey. So far as is known at present B. truncatus does not occur
within the boundaries of Turkey, although it has been found breeding in
Syria within two kilometres of the Turkish frontier. It has been suggested
that breeding foci may exist in connexion with tributaries of the Euphrates
in Turkey, that snails attached to floating debris may have been carried
south over the border by these streams, and that the colonies in the lower
part of the Euphrates Valley may have originated in this manner. This
matter requires further investigation. Recent work by Turkish investigators
has failed to reveal any B. truncatus colonies in the relevant area of Turkey.

Syria. B. truncatus occurs in the Balikh and Khabur rivers, tributaries
of the Euphrates, and in their effluents in the Jezira region of northern
Syria, but is not found elsewhere.

Lebanon. B. truncatus occurs only in the southern part of the Litani
River where it cuts through the Lebanon Mountains to the sea and in
streams, irrigation channels and drainage ditches in the Sour hinterland.
This species was formerly known to exist in the region of Beirut and in the
hinterland of Saida, from which, however, it appears to have died out,
since it is no longer found there today.

Israel. B. truncatus occurs in short stretches of the few small perennial
rivers of the coastal plain during summer and in marshes and cisterns near
Haifa, but is not present in irrigation channels or in the River Jordan.

Jordan. B. truncatus has not been recorded from this area despite search
in all apparently suitable waters.

Iraq. B. truncatus occurs extensively in marshes, swamps, irrigation
channels and drains in central and southern Iraq, principally along the
courses of the Tigris and Euphrates rivers, and in a few limited foci in the
northern part of the country, from which it is now being stamped out or
has recently died out. In the southern part of the country it does not occur
nearer the Persian Gulf than the region of the Khandaq Canal in Basra.
This species has never yet been recorded from the Tigris or Euphrates
rivers or from their major tributaries (the Greater and Lesser Zab and the
Diyala) in Iraq.
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Iran. B. truncatus has been found to occur in the south-western part of
the country in Chechom (Khuzistan) Province in streams, notably the
Khabur River, and a variety of other habitats. Territorially, this region is
continuous with the Amara marshes of southern Iraq where this species
is very prevalent.

Saudi Arabia. B. truncatus has erroneously been reported from springs
in Hasa Province; while empty subfossil shells have been recovered in the
neighbourhood of dry valleys in the arid sands of the Empty Quarter,
indicating that it was, perhaps, much more widespread in this area when
conditions there were less arid (Abdel Azim & Gismann, 1956; Philby,
1933; Tarizzo-personal communications, 1956 and 1958).

Yemen. B. truncatus occurs extensively in streams, drainage ditches,
cisterns and water storage basins at both medium and high altitudes in
many localities of the mountainous region of the country, and has also been
recorded from the ablution basins of mosques.

Aden Protectorate (including Hadramaut). Shells of B. truncatus have
been reported from this region, and it is possible that this species extends
southwards into the Protectorate from the Yemen highlands.

Sultanate of Oman and Trucial Oman. There is no information at
present as to the presence or absence of B. truncatus in these areas.

Mediterranean islands

Crete. There is no record of the occurrence of B. truncatus in this island.

Cyprus. B. truncatus has been recorded from a single small focus in this
island.

Migration and dispersal

The methods of dispersal of B. truncatus require further study. Much
may be deduced from the pattern of geographical distribution, from analogy
with other snails, and from the limited observations which have been made,
but a solid foundation of experimental and observational proof remains
to be created. The sudden appearance of these snails in isolated pools in
the Gezira area of the Sudan as much as 20 miles from the nearest river
or irrigation channel has led to the deduction that they must have been
transported there on the feet of water-birds (Humphreys, 1932), but there
is no actual proof of such transmission in the case of B. truncatus. However,
proof does exist of the utilization of this means of transport and dissemina-
tion in the case of other snail species (Boycott, 1936; Kew, 1893). B. trun-
catus may also be carried to oases and other isolated settlements in the
mud adhering to the bodies of water-buffaloes, in the skins of water-
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carriers and in the mud round the roots of young trees undergoing trans-
plantation (Abdel Azim-personal communication, 1950). These snails
may also be carried by flood waters on floating vegetation or debris
(Manson-Bahr & Fairley, 1920); the River Nile plays an important role
in the distribution of snails in this way (Abdel Azim, 1948; Helmy, 1933;
Khalil, 1930a, 1930b; Leiper, 1918, 1929). To what extent other Middle
East rivers play a similar role in the dissemination of B. truncatus remains
to be seen.

The nearness of suitable habitats to one another is an important factor
in the dispersal of a-ll species of water snails (Boycott, 1936); and the degree
of relative continuity which is presented by an extensive irrigation system
is entirely favourable to the dispersal and spread of B. truncatus, as may be
seen in the valley of the twin rivers (Tigris and Euphrates) and in the valley
of the Nile. One of the major difficulties in eradicating B. truncatus from
such an irrigation system is the fact that it may spread widely during
seasons of activity when conditions are favourable to it, survive in isolated
foci when conditions are unfavourable or measures have been taken against
it, and again spread when favourable conditions once more supervene.
A study of the distribution of B. truncatus along the northern limits of

its range would be of particular value in elucidating problems not only of
migration and dispersal but also of ecological limiting factors.

Habitat of Bulinus truncatus

General features of the habitat

Permanence

Established and breeding colonies of B. truncatus are generally found
only in more or less permanent collections of water. Temporary flood
water or seepage pools, irrigation channels only intermittently filled with
water, and marshes which dry out during the summer months do not provide
suitable habitats for the snails, which are rarely found in them. They are
sometimes transported thereto on the feet or bills of water-buffaloes or
water-birds, on floating vegetation or debris carried by flood or irrigation
waters, or by human agency, but they are unable to establish themselves
and breed (Watson, 1950).
Stagnation

B. truncatus is largely confined to stagnant waters or to those in which
the rate of flow is very slow, being absent from channels and streams with
rapidly moving water unless the flow is intermittent and the periods of
stagnation considerably exceed the periods of movement (Watson, 1950,
1957b). It is absent from the main channels of the fast-flowing Tigris and
Euphrates rivers (Mills, MacHattie & Chadwick, 1936; Watson, 1950) and,

I1
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in the equally fast-flowing Nile, is confined to sheltered backwaters with
submerged grass or water-plants where the water is relatively quiet
(Barlow et al., 1945-1954; Khalil, 1930b). Exceptions do, however, occur.
For example, many specimens of B. truncatus have been recorded from the
upper waters of the Blue Nile in places where a fast current runs over
sharp granite rocks (Ayad, 1956).

Pollution
B. truncatus definitely prefers polluted waters and is considerably more

abundant near human habitations where fouling of pools and streams
with human excrement frequently occurs (Ransford, 1948; Watson, 1950,
1957a). Polluted waters may be, and often are, clear and apparently
clean. Excessive pollution is, however, inimical to B. truncatus, which is
not found in such waters (Watson, 1957a). It is essentially a mesosaprobic
species (Kolkwitz & Marsson, 1909).

Substratum
A substratum composed of finely divided particles and rich in organic

matter also appears to be a usual but not an essential feature of the habitat
of B. truncatus, which is rarely found in pools or streams with a bed com-
posed of pure clay or clean sand (Watson, 1950). Such a sedimentary
environment generally consists of sand, silt, mud and clay in varying
proportions. In conditions of drought or cold the snails are able to burrow
freely into such a substratum, which has a soft consistency and a high
water-retaining capacity on account of its high humus content. There is
little doubt that this species often feeds on organic detritus, since it has
been recorded from waters in which no other food material was available.
In southern Yemen, however, B. truncatus has been recorded from streams
flowing between grassy banks over a bed of pebbles, and in Ethiopia from
the Blue Nile, where it flows over sharp granite rocks (Ayad, 1956), while
in Iraq it has been found in small numbers at Shigal'hah on a stony
substratum.

Vegetation
Water-plants are a desirable but not an essential feature of the habitat

(Watson, 1950). B. truncatus is generally markedly more abundant in
streams and pools containing a rich growth of suitable species of water-
plants which provide the snails with food, shelter and a suitable surface on
which to lay their eggs; and is often scanty or absent in waters free from
plant life (Watson, 1950). It should be noted, however, that this snail is
able to establish itself and breed in habitats in which the only vegetation
consists of encrusting algae, a favourite food, growing on the smooth
surface of mud, stones, cement or brickwork; such algae also serve as sites
on which the egg-clusters may be deposited. An abundant growth of

840



ECOLOGY OF BULINUS TRUNCATUS IN THE MIDDLE EAST 841

unicellular algae is essential to the establishment of breeding colonies of
this snail, since the young forms are apparently restricted to this type of
food (Standen, 1949).

Special types of habitat

Natural habitats

A point of fundamental importance in considering the natural habitats
of B. truncatus in the Middle East is that under the wild undisturbed
conditions of uninhabited areas snail populations are kept in check by such
limiting factors as restriction of available food supply, drought and floods,
and by the presence of such predatory fauna as snail-eating fishes. When
natural conditions are disturbed by the advent of man, the number of
snails increases as more food, more shelter and more suitable habitats are
provided for them (Mozley, 1953).

1. Perennial streams. These can be divided into two groups: (a) large
rivers; (b) small streams.

(a) The large perennial rivers of the Middle East vary in their suitability
for the establishment of colonies of B. truncatus.

Thus, this species has not been found in the main rivers of Iraq-the
Tigris, the Euphrates, their common estuary the Shatt al Arab, and their
major tributaries the Greater and Lesser Zab and the Diyala. Nor does
it seem likely that further search will reveal it except, perhaps, in transit,
since of the conditions outlined in the preceding section as being prerequisite
for the establishment of this snail in a habitat, only one is met by the
natural streams and rivers of Iraq-namely, permanence of water. In all
other respects they are unsuitable. There is at all times of the year a rapid
flow, which becomes accelerated to a racing torrent during the flood season;
the water is remarkably free from pollution, but is turbid during a great part
of the year owing to its heavy load of silt; the river beds consist for the most
part either of fine sand or of alluvial clay with little admixture of organic
debris. Owing to the speed of flow of the water and its rapid changes of
level and to the absence of those sluggish backwaters and bays where
favourable conditions for aquatic vegetation may develop, plant life is
conspicuous by its absence.

The main stream of the River Euphrates is equally barren of B. truncatus
in its upper course through Syrian territory (Abdel Azim & Gismann,
1956; Helmy, 1952').

Some circumstantial evidence exists, however, that this snail may have
been able to establish itself in the Euphrates near the Iraqi town of Hit
and in the neighbourhood of the Iraq-Syria border, where relatively quiet

1 WHO Regional Office for the Eastern Mediterranean, unpublished working document EM/BIL/3



842 J. M. WATSON

pools do exist at certain times of year. This matter requires further inves-
tigation.

To what extent the Tigris and Euphrates and their major tributaries
play a role in the distribution of the snails clinging to floating debris remains
to be discovered.

The twin rivers thus form a contrast to the Nile, in parts of which, such
as the reaches above the Aswan dam where the current is gentle and pools,
lagoons and marshy bays with aquatic vegetation occur along the banks,
the backwater between Rhodah Island and the mainland near Cairo, and
the quiet waters between the grassy islands near Embabah, B. truncatus
has established itself and breeds (Barlow et al., 1945-1954; Helmy, 1933,
1953; Khalil, 1930a, 1930b). Moreover, the Nile plays an important role
in distributing the snails, which are transported, clinging to masses of
floating vegetation and debris, by its waters (Helmy, 1953; Khalil, 1930a).
In the Sudan B. truncatus is found in both the Blue and the White Nile, as
it is also in the Blue Nile and the Akaki River in Ethiopia (Archibald,
1933; Ayad, 1956).

It is possible that the Litani River in Lebanon, a gentler, slower and
shallower stream in which conditions are apparently more suitable for the
snails, may actively harbour breeding colonies of B. truncatus, judging by
the occurrence of shells in its mud and on its banks; but this fact has not
yet been definitely established (Abdel Asim & Gismann, 1956). The River
Orontes and the River Jordan are free from B. truncatus as far as present
knowledge goes.

In south-western Iran the main rivers-the Karoun, the Karkheh, the
Zahreh and the Bahmanshir-have not so far been incriminated as B.
truncatus habitats (Ansari & Faghih, 1953; Helmy, 1952; 1 Watson, 1953d).

(b) Small perennial streams are more frequently infested by reason of
their generally gentler flow, less marked changes of level, clearer water, and
the more frequent occurrence of algae and aquatic vegetation to provide food
and shelter for the snails. B. truncatus colonies have been recorded from
such streams in Ethiopia, Eritrea, Syria, Iran, Israel and the Yemen (Abdel
Azim & Gismann, 1956; Ansari & Faghih, 1953; Ayad, 1956; Buxton
& Krikorian, 1922; Davies & Eliakim, 1955; Helmy, 1952; 1 Pipkin & Rizk,
1949). In Syria, in particular, the two major foci of occurrence of B. trun-
catus are relatively small effluents of tributaries of the Euphrates-namely,
the Balikh and Khabur rivers (Helmy, 1952; 1 Mills, MacHattie &
Chadwick, 1936).

2. Interrupted streams. These streams, which during wet weather are
full of running water, but which during the dry season become reduced, so
that they consist of a few deep pools with long intervening stretches of dry

1 WHO Regional Office for the Eastern Mediterranean, unpublished working document EMIBIL/3
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stream-bed, are not common in the Middle East. So far as present informa-
tion goes they have not been found to be the habitat of B. truncatus in this
area, although in some cases they are potential foci.

3. Intermittent streams. Such streams, in which there is a flow of water
only during the wet season and for a short time thereafter, occur in the
coastal mountains at the eastern end of the Mediterranean, in Ethiopia, in
the foothills of the Zagros Mountains, and perhaps elsewhere. No B. trun-
catus colonies have been recorded, since water is not permanently found in
any of them. It has been stated, however, that in Africa the residual pools
to which, in the course of drying up, they become reduced, harbour other
species of bilharziasis snail vectors, and they must therefore be considered
as a potentially favourable habitat (Mozley, 1944, 1953, 1954, 1955).

4. Ephemeral streams. These streams, which are common in the more
elevated parts of the desert regions of the Middle East, and also in some
mountainous areas, contain water only during and immediately following
heavy rain. They present an alternation of extreme conditions, heavy flood
and scouring torrent being followed by prolonged drought, which makes
them totally unsuitable as a habitat for B. truncatus.

5. Lakes. In the Middle East many lakes are not so permanent or so
sharply differentiated from marshes and swamps as is the case in some
other parts of the world, such as Europe and North America. Excessive
evaporation under the influence of the intensely hot summer sun and, in
certain areas, low relative humidity, and great variation in inflow of water
due to fluctuation in snow-fall and rains, lead to great and rapid changes
of level. Thus, a body of water which in one year or at one season may be
deep and extensive, and justify the name of lake, may in another year or
at another season be shallow, with emergent vegetation everywhere, and be
justly regarded as a marsh.

However, taking average conditions into account it may be said that
lakes in the Middle East, while differing in their suitability as habitats for
B. truncatus according to their varying natures, are often potentially or
actually favourable to the establishment of this species. No lake can be
considered free from this snail until it has been thoroughly investigated, at
least along the complete length of its shore-line, since favourable habitats
may be limited to very restricted areas of the whole.

B. truncatus has, for example, been recorded from Lake al Hammar
in southern Iraq, where it is relatively abundant, and may well be present
in other similar lakes in the lower part of the Tigris-Euphrates Valley
(Watson, 1950). It has also been found in Lake Zwai, Lake Adile, Lake
Aramaya, Lake Abaya and the crater lakes of Bishoftu in Ethiopia; while
Lake Tana harbours the related species B. (Physopsis) globosus (Ayad,

843



J. M. WATSON

1956). It is, however, absent from Lake Habbaniya in Iraq (Watson, 1950),
from Lake Tiberias and from the Dead Sea, from Lake Qarun in the Faiyum
Province of Egypt and from the brackish coastal lakes of the Nile Delta
(Lake Manpala and Lake Borollos).

6. Isolated pools and ponds. In the irrigated areas of the Middle East,
small isolated pools are widely distributed in the neighbourhood of rivers
and irrigation channels, especially in the lower part of the Tigris-Euphrates
Valley. Like marshes, from which they differ mainly in their lesser flora
and extent, they vary in their degree of permanence and in their vegetation.
Water-plants normally occur only in those in which water remains all the
year round and which are exposed to sunlight. Salinity is generally low,
since such pools either dry up rapidly and completely in the hot season or
are continuously replenished by water of low salinity from rivers or irriga-
tion channels. These pools are of two kinds-namely, those which are due
to seepage water percolating through the ground and those which owe
their existence to overflow from irrigation channels, streams or rivers.
The majority of them do not harbour B. truncatus, owing to their ephemeral
existence, but those which have any degree of permanence may do so. The
transport of B. truncatus to such pools has already been discussed above.
A third type of pool, which is widely isolated from any adjacent water, is
relatively rare in the Middle East, but does occur in some parts of the Sudan
(Humphreys, 1932) and is generally due to springs or wells. Such pools
have some degree of permanence and may present suitable conditions for
snails.

Ponds of the classical type-namely, small isolated bodies of permanent
standing water-are rare in the Middle East. Where they do occur, however,
they often provide conditions suitable for colonization by B. truncatus and
are commonly infested with this species. Such infested ponds occur in
parts of Eritrea and Ethiopia (Ayad, 1956) and perhaps elsewhere.

7. Marshes. As already remarked above, it is impossible to differentiate
sharply between lakes and marshes in many parts of the Middle East, owing
to the frequent and rapid changes of water level which may take place.
However, low-lying areas of marshy ground occur commonly in the lower
part of the valley of the twin rivers (Tigris and Euphrates), generally border-
ing the rivers and large irrigation canals and fringing or even connecting the
vast shallow lakes which are characteristic of this region. These marshes or
swamps are more numerous and of greater extent during the late winter,
spring and early summer, when the water-table is high. During the late
summer, autumn and early winter months, evaporation and the steady fall
in the level of the subsoil water lead to the disappearance or reduction of
some of these marshes. Their flora varies according to their salinity and
degree of permanence. Those which dry out completely in summer natu-
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rally do not harbour B. truncatus; and many of those in which water remains
permanently become too saline to be suitable as a habitat for freshwater
snails. In those, however, in which evaporation during the hot season does
not raise the salinity to a lethal level, B. truncatus often occurs abundantly.
Although many of these marshes are quite small, some are of enormous
extent.

Another type of marsh or swamp which occurs commonly in the Middle
East, especially in upland country, is that which forms in a shallow depres-
sion surrounding a spring and which is often characterized by extensive
areas of half-submerged grass. Marshes of this type often harbour B. trun-
catus; for example, those at Tel Keif in northern Iraq formerly harboured
this species.

Ponds and isolated pools may sometimes become converted into small
marshes or swamps by extensive growth of vegetation and gradual lowering
of the level of the water by evaporation. Such situations, perhaps because
of the rise in salinity that accompanies the reduction in the volume of
water, rarely harbour B. truncatus.
A remarkable fact is the absence of B. truncatus from the swamps of

the Sudd areas of the Nile in the Sudan (Amberson & Schwarz, 1953). Here
also, perhaps, the basic limiting factor is salinity, since evaporation in this
area is intense, averaging 5 mm per day (Fisher, 1950).

8. Springs. B. truncatus appears to occur but rarely in springs, perhaps
because generally there is considerable water movement, even turbulence,
and a lack of aquatic vegetation or objects suitable for providing shelter
and egg-laying sites. This species has been recorded from a spring at Safwa,
in the Hasa Province of Saudi Arabia, but this record rests on the finding
of a single empty shell (Abdel Azim & Gismann, 1956) and is considered
by later investigators to be erroneous.

Artificial habitats

Artificial habitats tend to form a parellel series to the natural habitats
and some authorities have grouped natural and artificial habitats of like
nature together (Mozley, 1953, 1954, 1955). Despite this convergent resem-
blance, however, it is important to keep the two categories sharply separated
in view of the fundamental difference in their origin and the relative facility
with which artificial habitats can be modified or abolished. The principal
correspondences are as follows:
Streams . . . . . . . Irrigation channels and drains

,Lakes... Reservoirs
Pools and ponds . . . Borrow-pits, swimming-pools, ablution basins, cisterns, etc.
Marshes and swamps . Rice-fields
Springs ... Wells
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1. Irrigation channels. Irrigation is and has been since the earliest
times the most important single factor in the agricultural life of the Middle
East. Without artificial irrigation culture of crops would be severely
restricted in the Tigris-Euphrates Valley and in the Nile Valley and Delta.
Nor are these the only regions in the Middle East where such conditions
obtain.

It is, therefore, a fact of the most fundamental importance that the irriga-
tion system, as in many other tropical and subtropical zones dependent
for their cultivation upon perennial irrigation, provides the most numerous
and favourable habitats for bilharziasis vector snails. As with perennial
streams so also with irrigation channels, not all types are suitable as habitats
for B. truncatus. Thus, on the one hand conditions in the large main
feeder canals are rarely suitable for the establishment of this species, since
in them the current is swift, vegetation absent and turbidity generally
extreme; nor is the species usually found in the smaller channels with stone,
brick or cement lining and a rapid flow of water; nor yet is it found in the
mud-lined channels which are only intermittently filled with water and
which dry out completely in the interim periods. On the other hand,
irrigation channels and drains in which the current is gentle or intermittent,
especially if they are mud-lined, and those which contain water intermit-
tently but which do not dry out completely, so that residual pools remain
in the channel bed from one high-water period to the next, are favourite
habitats of B. truncatus, which also favours basins and culvert-heads, in
which water always remains. A more extensive discussion of these points
is given below.

In Egypt, in the Sudan, in Iraq, in south-western Iran and probably
elsewhere, B. truncatus is abundant in irrigation channels of the types
indicated above as being suitable habitats.

2. Reservoirs. With the exception of the Aswan and Sennar reservoirs
(Archibald, 1933; Helmy, 1933), none of the great reservoirs of the Middle
East appears to harbour B. truncatus. The Aswan and Sennar reservoirs,
however, provide numerous suitable habitats for this species in the shallow,
weedy, sheltered bays around their coastlines and act as major breeding-
foci, from which the snails and their egg-masses may be transported
downstream by the waters of the Nile and disseminated among the canals
and channels of the Egyptian irrigation system (Helmy, 1933). B. truncatus
is not uncommon in smaller reservoirs in Egypt and elsewhere (Barlow
et al., 1945-1954).

3. Borrow-pits. In many parts of the Middle East towns and villages
are largely composed of houses built of mud bricks, which are manufactured
by the simple process of moulding and sun-drying clay soil mixed with water
and chopped straw to a suitable consistency. Since soil is usually taken
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from the nearest available source, there often develops in the neighbourhood
of human habitations a series of excavations in the ground that fill with
seepage water and often come to form ideal breeding-places for B. truncatus,
which soon contrives to establish itself therein (Watson, 1950).

4. Swimming-pools. Owing to the fact that the water of swimming-
pools is usually kept clean and pure, and is commonly chlorinated, B. trun-
catus is not known to occur therein. Swimming-pools are important for
this very reason, since were they more generally provided by the public
authorities in areas where bilharziasis haematobia is hyperendemic, there
would be less temptation for young people to bathe in irrigation channels
and other snail-infested waters and endemicity would be lowered.

5. Ablution basins. B. truncatus has been recorded from the ablution
basins of mosques in the Yemen, but according to a recent survey it is
relatively rare in such situations (Ayad, 1956).

6. Cisterns. Cemented or brickwork storage basins, cisterns and concrete
water-tanks can provide a favourable habitat for B. truncatus, which has
been recorded therefrom in the Yemen (Ayad, 1956), Israel (Abdel Azim
& Gismann, 1956; Buxton & Krikorian, 1922; Davies & Eliakim, 1955)
and Iraq (Watson, 1950).

7. Rice-fields. In many parts of southern Iraq rice is grown as a summer
crop, its successful cultivation requiring that the fields be continuously
flooded during its early growth. B. truncatus finds suitable conditions
for its establishment in these rice-fields and commonly occurs therein.
During the period when the fields are not flooded it survives in depressions
and channels containing water and spreads again during the next season
(Watson, 1950). Rice is also grown in other parts of the Middle East-
notably, Egypt, the Sudan and south-western Iran. There are records of
the occurrence of this species of snail in rice-fields in the Baharia Oasis
(Barlow et al., 1945-1954), but other reports of its presence in paddies in
these areas have not been traced. However, it is not impossible that it
may be found therein.

8. Wells. In many towns and villages of the Middle East wells may be
found which are generally wide and often relatively shallow, although
deeper ones are also found, and which are occasionally stone-lined. Despite
the absence of aquatic vegetation B. truncatus is sometimes found to occur
in such wells, where it feeds, no doubt, upon decaying vegetable matter
which has dropped into the water or upon algal growths encrusting the
surface of the walls (Barlow et al., 1945-1954; Watson, 1950). Even where
the use of such wells as a source of domestic water-supply has been dis-
continued, consequent upon the introduction of more modern methods of
supply, they remain dangerous foci of infection with Schistosoma haemato-
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bium, since they may be popular bathing- or washing-places, especially for
children, or their water may be piped onto the fields for irrigation purposes.
Examples are the Bir Mohammed at Romadi in Iraq (Watson, 1950) and
wells in the Dakhla and Kharga oases of Egypt (Barlow et al., 1945-1954).

Distribution in relation to irrigation systems

The vast irrigation systems which permit agriculture in the arid areas of
the Middle East, notably the Tigris-Euphrates Valley and the Valley and
Delta of the Nile, provide B. truncatus with exceptionally suitable conditions
for its establishment and spread; indeed, it would not be too much to say
that, with few exceptions, this species is rare except in the perennially
irrigated zones. One authority has remarked that " shelter for snails is
provided by marsh plants, and stones and boulders in shallow water. Engin-
eering works, such as dams, bridges and culverts, may also provide protec-
tion for them" (Mozley, 1953). Irrigation systems, however, contain a wide
variety of different habitats, not all of which are equally suitable for the
life of the snails. Moreover, their suitability is affected by climatic and
other conditions, and a type of channel which may provide a suitable
habitat for B. truncatus in one area may be totally unsuitable in another.

Perennial irrigation systems in general

1. Large main feeder canals. Very large canals in Iraq rarely offer
suitable conditions for the snails to establish themselves and breed, since
they are usually deep and steep-sided and there is generally a swift and
continuous flow of silt-laden water and a total absence of aquatic vegetation.
However, in places where the current slackens and aquatic plants make
their appearance or algae are abundant, B. truncatus may occur. Such
places occur in the vicinity of bridges and regulators (Watson, 1950).

In Egypt, on the other hand, such canals are as often-or even more
frequently-infested with this snail as are the smaller channels. Whether
this is because the rate of flow of water is less rapid, as the water carries
less silt, or because conditions regarding food, shelter, egg-laying sites and
substratum are more favourable is not yet certain. It is, in any case, not
established whether this species actually breeds in such canals in Egypt
or spreads into them from breeding-sites elsewhere. More information
on this point from Egyptian workers would be most valuable (Barlow et
al., 1945-1954).

2. Subsidiary canals (rapidflow). Subsidiary canals in which the water
flows constantly at considerable speed and which are kept clean and free
from grass and aquatic plants are rarely colonized by B. truncatus, which
may, however, spread into them as a migrant form from breeding-sites
elsewhere.
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3. Subsidiary canals (gentle flow). Subsidiary canals in which there is
a gentle flow, whether continuous or intermittent, water always being
present, provide ideal conditions for B. truncatus, which often occurs in
vast numbers in such habitats. Such canals may vary in width from 1 to
3 or 4 metres, but are usually shallow, not often exceeding one metre in
depth. They generally have some aquatic or half-submerged land vegetation
growing along the banks at least (Barlow et al., 1945-1954; Watson, 1950).

4. Lined channels. Stone-, brick- or cement-lined channels rarely offer
a suitable habitat for B. truncatus unless silt is allowed to deposit in them
and aquatic vegetation to develop. However, if the flow of water is gentle
and continuous, a growth of algae may develop on the sides of the channel
that provides food for the snails, which may then make their appearance
and even breed (Barlow et al., 1945-1954; Watson, 1950).

5. Intermittent channels (long rotation interval). In the valley of the
twin rivers, B. truncatus is unable to establish itself in channels which
contain water only intermittently and in which the irrigation rotations
frequently expose the bottom to the drying action of the intense summer
sun. Much depends on the length and frequency of the high-water periods.
In some systems water only flows on certain specified days of the week;
the smaller distributaries of such a system dry out completely during the
intervals and do not harbour B. truncatus, which is confined, in such cases,
to the proximal channels and basins in which water does remain between
rotations. In other systems water flows only at still longer intervals, so
that even the proximal channels become dry between rotations; these
systems do not contain B. truncatus at all tWatson, 1950). Such situations
are affected by the climate and season. Thus. in summer, in most parts of
the Middle East, the heat of the sun is sufficiently intense to cause rapid
drying of drained channels, especially where, as in central Iraq, the relative
humidity is very low. During the cooler part of the year, however, and even
in summer in areas where the relative humidity is high, complete desiccation
may not occur before the water returns, and the snails will be able to
maintain themselves and breed.

6. Intermittent channels (short rotation interval). In some irrigation
systems water flows for a continuous number of hours every day, and in
these even the small distal channels always contain some water, even at
midsummer, so that the snails are readily able to establish breeding colonies
(Watson, 1950). Whatever the length of the rotation interval, where
intermittent channels do not dry out completely in the interim periods
and residual pools remain in the channel bed from one high-water period
to the next, snails may frequently be found living and even breeding in
these pools, especially in spring, early summer and autumn. In high
summer, however, such pools often become uncomfortably hot owing to
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their shallowness; and while the large and adult snails can protect themselves
by burrowing temporarily into the cooler mud below, egg-clutches and very
young snails are killed and breeding ceases.

7. Seepage pools and channels. B. truncatus is not found in pools
formed by seepage from irrigation channels, which are unsuitable in many
ways. They generally contain neither water-plants nor algae, are very
shallow and therefore subject to large and rapid changes of temperature,
and are often temporary in nature (Watson, 1950). Borrow-pits, which
also fill by seepage, are in a different category.

In the neighbourhood of Aswan, channels have been dug which collect
seepage water originating upstream of the Aswan dam, where the river
level has been heightened by the construction of the dam. The water
remains permanently in these channels, from which it is lifted to irrigate
higher ground. Such seepage channels provide a favourable habitat for
B. truncatus, with which they are commonly infested (Barlow et al., 1945-
1954).

8. Reservoirs. Suitable conditions for the establishment of breeding
colonies of B. truncatus frequently occur in marshy places and other shallow
water areas near the shores of reservoirs; snails may be found in abundance,
for example, in the Sennar reservoir in northern Sudan (Archibald, 1933)
and in smaller reservoirs in various parts of the lower Nile Valley.

9. Culvert-heads. Where streams or channels are connected by culverts
under roads, deep pot-holes usually form in the culvert-heads (unless
these are constructed of concrete) into which water drains when higher
level distributaries are dry. Such pot-holes almost always contain water
permanently, and the snails collect in them and in the culverts in very
large numbers and not infrequently breed there (Watson, 1950, 1951).

10. Drainage channels. Charnels carrying water away from an irrigated
area commonly provide ideal sites for the establishment and breeding of
B. truncatus, since they usually provide permanent, gently flowing, shallow
water with an abundant growth of water-plants and algae (Barlow et al.,
1945-1954).

11. Tail-pools. In certain types of irrigation systems, as, for example,
in the area of Basra city in southern Iraq, permanent pools develop at the
tail of irrigation channels. In these pools ideal conditions for B. truncatus
are commonly found, with the result that the snails often occur in them in
considerable numbers and breed (Hall, -1925; Watson, 1953b).

12. Engineering works. In the vicinity of bridges, regulators and other
engineering works, special small zones may develop in which suitable
conditions for the establishment of B. truncatus may occur. Quiet water
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with algal growth may be found on the downstream side of submerged
concrete, wood or metal structures, such as the supports of bridges. These
zones may be very limited in extent and may be surrounded by turbulence,
but yet may provide an opportunity for the snails to cling to the solid
surface in the quiet water and breed.

Differences between perennial irrigation systems of the Nile Valley and
Tigris-Euphrates Valley

In considering the relationship between B. truncatus and the perennial
irrigation systems of the Nile Valley and the Valley of the Tigris and the
Euphrates, it has to be borne in mind that there are several fundamental
differences between them:

1. In the Nile Valley, particularly in Egypt, water generally remains
continuously in the irrigation channels whether it is flowing or not, except
during the winter closure, which occurs at a time of year when conditions
for the survival of the snails in damp mud are most favourable and when
the canal beds are least likely to dry out completely. In Iraq, on the other
hand, it is generally only the large main feeder canals which contain water
continuously, particularly in pump-irrigated areas, the lesser channels
being allowed to dry out at intervals, either for the purpose of clearance,
or in the ordinary course of irrigation rotations, or because the land is
being allowed to lie fallow. Since this drying out frequently occurs during
the hot season, when conditions for the survival of the snails in mud are
least favourable and canal beds are most likely to become completely dry,
it presents a limiting factor of some importance to the occurrence of B.
truncatus.

2. In the Nile Valley, irrigated land is generally provided with drainage
channels which, as mentioned above, often present B. truncatus with a
favourable habitat. In Iraq, on the other hand, drainage channels on
irrigated land are relatively unusual.

3. The Nile flood occurs in the late summer and early autumn, at a
time when B. truncatus is active and abundant, whereas the floods of the
Tigris and Euphrates occur in the spring, at a time when these snails have
scarcely begun to resume their activity after the winter hibernation.

4. The temperature in the Nile Valley, especially in Egypt, where the
winter is mild and the summer not intensely hot, shows less annual variation
than in Iraq, where midsummer shade temperatures may reach 50°C but
where the winter is cold enough for thin ice to form at times on stagnant
water. B. truncatus therefore enjoys relatively continuous favourable
temperatures in Egypt, whereas in Iraq its activity is interrupted by the
cold winter and, in certain habitats, by the intense heat of midsummer.
In the Sudan and other parts of the upper Nile Valley, temperatures are
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higher than in Egypt reaching, in summer, figures similar to those recorded
in Iraq; but the winter is warm.

5. For reasons not at present clear, water-plants grow rapidly and
abundantly in irrigation channels and drains in Egypt, necessitating frequent
clearance. In Iraq, on the other hand, aquatic vegetation develops relatively
slowly and less luxuriantly, thus providing the snails with less food and
shelter and fewer egg-laying sites.

6. In Egypt the relative humidity, especially in the Nile Delta, is markedly
higher than in central Iraq, where the atmosphere is extremely dry in
summer. Thus evaporation is more rapid in Iraq than in Egypt, and emptied
channels and shallow pools and marshes dry out more quickly.

Special types of irrigation

1. Lift-irrigation and flow-irrigation. Where agricultural land is above
the normal level of the rivers that supply the irrigation water, the latter
has to be raised onto the land by pumps or water-wheels-a process known
as lift-irrigation. Where, on the other hand, the agricultural land is below
the level of the supplying river, the irrigation water can be allowed to flow
onto the land by gravity. Owing to the expense of operating mechanical
devices for raising water, lift land is often only irrigated intermittently, at
seasons when the crops require water ; consequently there may be, especially
in Iraq, long periods between crops when the land and the irrigation channels
are dry. Since flow land receives a constant supply of water it provides
suitable breeding-places for B. truncatus all the year round, where tempera-
ture conditions permit. Lift land, on the other hand, receiving water only
intermittently, tended formerly to be less heavily infested, since favourable
habitats for the snails, where- permanent breeding colonies could establish
themselves, were scarce (Hall, 1925). In recent years, however, the great
increase in the volume and capacity of the pumps used for lift-irrigation
and the extension of the area so irrigated in Iraq has led to a change in
this situation. Owing to the great volume of water delivered by modern
pumps it is now rare for such land to dry out completely. Basins, culvert-
heads, pools, drains and some of the deeper channels not infrequently
remain partly filled with water between successive crops and form suitable
foci for the establishment and breeding of B. truncatus. The concentration
of snails in such places often becomes enormous as the water in adjoining
shallower canals dries up at the end of an irrigation period, driving the
snails which were living therein to migrate along them into the permanent
basins (Watson, 1952a). Recent work (Pitchford, 1953) has shown that
snails pass readily through rotary centrifugal pumps-an observation
confirmed in Iraq-so that these form no barrier when the source of the
irrigation water is infested. In parts of the Nile Valley pumps are used for
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lift-irrigation while in other parts water-wheels and other older devices
are still employed. Here, however, the situation is different, since water

* is lifted onto the land more or less continuously, owing to the fact that two
and sometimes three crops are grown annually on the same area, and,
therefore, as regards snail habitats, there is little difference from land under
flow-irrigation, in contrast to Iraq, where either a summer or a winter crop
is grown and winter crops are grown on the biennial fallowing system.
Areas of Iraq where date-palms are cultivated are, of course, irrigated more
or less continuously, but lift-irrigation is rarely employed for this purpose.

2. Irrigation by rainfall and natural streams. B. truncatus tends to be
more isolated in its occurrence in areas irrigated by rainfall and natural
streams, since physical continuity of suitable habitats is not assured in
the same way as in areas under perennial irrigation. Moreover, natural
irrigation areas are generally at a considerable height above sea level, as
in northern Iraq and Ethiopia, and climatic (especially temperature) condi-
tions are generally such that breeding is only possible during a limited
season.

3. Irrigation by tidal flow. In the south of Iraq, the cultivated land
bordering the Shatt al Arab is irrigated by tidal flow canals taking off from
the estuary as far north as the confluence of the Tigris and Euphrates rivers
at Qurna. Fresh water coming down from these rivers is pushed up into
the canals by the force of the tides from the Persian Gulf farther south.
Despite the twice-daily ebb and flow and the great resulting changes of
level, B. truncatus has established itself and breeds in many of these canals.
However, south of Basra it is absent, despite the fact that laboratory
experiments have shown this species to be capable of withstanding a higher
salinity than that which normally occurs in the Shatt al Arab at this latitude
(Watson, 1950, 1953b, 1953d). Investigation has shown, however, that a
combination of exceptionally high tides and strong southerly winds, coin-
ciding with reduced flow from the rivers discharging into the Shatt al
Arab, produces temporary rises of salinity to lethal levels, at any rate to
the eggs and young if not to the adult snails (Watson, 1950, 1953b, 1953d).
Other species of freshwater snails, which occur in abundance in this area,
are apparently more resistant to this factor than is B. truncatus.

4. Irrigation by flooding. Irrigation by flooding is practised in those
areas of central and southern Iraq and south-western Iran that are devoted
to the cultivation of rice, since this crop requires an abundant and continuous
supply of water. B. truncatus, as remarked above, occurs commonly in
these rice-fields.

In Egypt, basin irrigation, a form of flooding, has been practised from
time immemorial and is still used in limited areas. B. truncatus does occur
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in these areas but is markedly less abundant than in the perennially irrigated
areas, owing to the relative scarcity of suitable habitats for permanent
breeding-foci. It is a significant point that the introduction of perennial
irrigation in these areas is accompanied within two or three years by an
enormous increase in the B. truncatus population and a corresponding
increase in the endemicity of bilharziasis (Khalil & Abdel Azim, 1938).

Seasonal Variation and Life-cycle of Bulinus truncatus

The seasonal variation in population numbers and the life-cycle of
B. truncatus have been effectively studied, so far as the writer is aware, only
in Iraq, Egypt and North Africa. The population curves and breeding
seasons differ in these regions owing to the pronounced climatic differences
between them. There is little doubt that differences induced by climatic
factors would also be found in other areas of the Middle East were popu-
lation and life-cycle studies to be more widely pursued.

In Egypt it has been found that the snails are relatively abundant all
the year round, with two periods of maximum abundance in each year,
one in May and the other in December, each being preceded by a period of
intense reproductive activity, in March and October-November respectively.
It has also been found that at the time of the Nile flood the snails die in
large numbers, and that reproductivity stops temporarily during the winter
closure of the irrigation channels, only to be resumed with increased intensity
on the return of the water (Barlow et al., 1945-1954; Leiper, 1918, 1929;
Manson-Bahr & Fairley, 1920).

In Iraq the snails are most numerous during the summer and autumn
months, from the beginning of June to the end of November, reach their
maximum abundance in July and show a secondary population peak in
October. The snails are scarce during the winter and spring months, most
of them disappearing suddenly at the beginning of December and remaining
relatively few in numbers until the subsidence of the annual floods at the
end ofMay (Mills, MacHattie & Chadwick, 1936; Watson, 1951), except in
certain favoured sites where they may remain abundant all the year round.
Recent claims that B. truncatus may occur in large numbers and even breed
during the winter in water as cold as 10°C (Wajdi, 1955) have now been
personally substantiated by the author. The ecological conditions which
render such sites favourable require further investigation. Breeding can
occur at any time of year if water temperatures are suitable (see under
" Temperature " below), but mainly occurs during the summer and autumn
months and is at its maximum during the month of September, when the
hottest part of the summer is over. Two secondary reproductive maxima
occur-one in June, at the beginning of the breeding season, and the other
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in November, just before its close. Whether the oviposition of mature
individuals continues at the same rate throughout the warm weather
(slightly modified by temperature changes) and the apparent variation in the
reproductive activity of the population is due to variation in the proportion
of immature snails which it contains, or whether, in fact, there are two major
oviposition periods, has yet to be determined and is at present undergoing
investigation. The principal factor governing both changes in the repro-
ductive activity of the mature snails and variation in numbers is the tempe-
rature of the water. Thus the early increase in the snail population which
occurs during May and June is due mainly to the emergence of individuals
which have been hibernating through the cold weather in culverts or buried
in the bottom mud, although some breeding may have taken place in mild
winter and spring weather. The later increases in the snail population which
take place in July and October are due exclusively to the hatching of the
ova which were laid in large numbers during the peak reproductive periods
of June, before the maximal summer heat, and of September, when the
weather is cooling off again. The general scarcity of active specimens
during the winter is believed to be due to the low temperature of the water
which induces hibernation in culverts or, more often, burial in soft bottom
mud. The fact that snails may remain abundant through the cold weather
in certain favoured habitats raises the question whether winter scarcity
and hibernation of this species are primarily due to low temperature effects
on the snail or are secondary effects due to the low temperature's causing
scarcity of suitable food algae. This needs investigation. Surprisingly, the
annual period of abundance and activity of B. truncatus is not much longer
in the south than in the north of Iraq, since the snails in the south appear
to be less resistant to cold. However, it seems probable that the absence of
B. truncatus from the extreme north of the country and from the mountain-
ous areas is due to the fact that the length of time during which the water
is warm enough to permit reproduction and growth is less than the time
required for the production of one generation of mature snails (Watson,
1951).

The reasons for the occurrence of the population maxima at different
times of the year in Egypt and Iraq are not clear. The population curve in
Iraq is evidently linked to breeding and hibernation and these in turn to
water temperatures. But in Egypt the two periods of reproductive activity
which precede the population maxima occur at seasons of differing water
temperature. Thus in March the mean monthly temperature of Nile water
calculated from the daily maxima is only 16°C, whereas in October-Novem-
ber it drops from 24°C to 21°C. 16°C is below the generally accepted
threshold temperature for the breeding of B. truncatus in laboratory aquaria.
More work is clearly needed to elucidate these points.
A similar technique was used by the workers in both Egypt and Iraq

for the establishment of population numbers-namely, weekly or monthly

12
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sampling of the same group of habitats by means of a scoop net of galvan-
ized-wire netting, 16 meshes to the inch, attached to a rectangular iron
frame, one-third of a metre square, which in turn was fixed to the end of a
long wooden handle. After the number of snails and egg-clutches had been
determined at each dip, the contents of the net were returned to the water,
care being taken to place them so that they would not be collected again
on the same occasion by a subsequent dip of the net. Results were stan-
dardized by calculating the number of snails and of egg-masses per hundred
dips of the net. Better methods could probably be devised.

Regarding the life-cycle and life-span of B. truncatus, reliable information
is surprisingly scarce. Extensive data concerning these matters have been
collected by various workers, but little has found its way into the literature.
It is generally accepted, however, that the eggs hatch at favourable tem-
peratures (22-25°C) in about 12-15 days and that the young snails reach
sexual maturity and begin to breed in from two to three months. Even under
the most favourable conditions it is doubtful whether individual snails
continue to oviposit throughout their adult life. Field data and laboratory
observations both seem to point to the existence of two periods of intense
reproductive activity annually in the case of individual snails. The life-
span of these snails probably lies normally between 10 and 14 months;
but under exceptionally favourable conditions individuals may survive
for up to two-and-a-half years. All these observations have been confirmed
experimentally in the laboratory by the author.

Population and life-cycle studies have yet to be carried out in other
areas of the Middle East where B. truncatus occurs, and available informa-
tion is so scarce that speculation would be idle.

Effect of Ecological Factors on the Distribution and Occurrence
of Bulinus truncatus

The effect of ecological factors on the occurrence and distribution of
B. truncatus has been insufficiently studied. Nevertheless, some facts
concerning certain factors have been ascertained and these are briefly
discussed below.

Intensive work in this field is required in order that effective natural
control measures may be devised and brought into operation. The distribu-
tion of B. truncatus is in many areas so restricted that there is little doubt
that certain environmental factors operate to limit its occurrence. If these
factors could be determined we should have at our disposal a weapon
which could be turned against the snails and might provide us with a better
means of controlling them than the application of molluscicides.

Existing knowledge with respect to the effect of the more important
environmental factors is discussed below.
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Temperature

In general, B. truncatus is remarkably tolerant of changes in temperature,
being able to survive and breed in places which rise almost to blood heat
on summer afternoons, but which are only a degree or two above freezing-
point in winter (Wajdi, 1955 ; Watson, 1950, 1951). However, these snails
are apparently less tolerant of heat than of cold (Watson, 1950). They
tend to be absent from stagnant, shallow, sunny pools, which become
extremely hot on summer afternoons, the water temperature rising well
above blood heat (Watson, 1950), and show a 10% daily mortality in labo-
ratory aquaria in which the temperature rises to 38-40°C in the hottest
part of the summer day (Zakaria, 1954, 1955). Temperatures of 50°C for
an hour are fatal (Zakaria, 1954, 1955). On the other hand, populations
in irrigation channels are maximal during July, when water temperatures
in central Iraq range from a minimum of 27°C to a maximum of 33°C
(Watson, 1951). This runs contrary to the assertions (Gobert, 1934) that
B. truncatus will not keep normally healthy and vigorous in temperatures
above 25-28°C ; that above 25°C its vitality is low; and that in the cases of
the Egyptian and Sudanese races this species does less well in laboratory
aquaria when the temperature is above 22°C (Wright-personal communi-
cation, 1957). In winter in central Iraq, a few active specimens of B. trun-
catus may generally be found in any favourable and well-populated habitat
(Mozley-personal communication, 1950), and individuals have been seen
feeding and moving in irrigation canals in mid-January at a day temperature
of 8.5°C, which implies a lower night temperature (Zakaria, 1954, 1955);
while the author has found them active at 6°C. It may well be that the
Iraqi race of this snail is more tolerant of cold than races from farther
south. The breeding threshold has been variously cited as 18°C (Standen,
1949) and 22°C (Perry, 1922), and evidently requires further investigation.
The wide discrepancy between laboratory breeding minima (18-22°C) and
those observed in nature (1 1-12°C) (Wajdi, 1955) in the case of B. truncatus
in Iraq indicates that levels based on laboratory-bred colonies are not
necessarily generally applicable in nature.

Length of season

Closely correlated with the effect of temperature is the effect of the
length of the warm season, which probably determines the northern limit
of the occurrence of B. truncatus in the Middle East. Where the temperature
of the water is not constantly above the minimum figure for reproductive
activity during a period sufficient for the production of one generation
(i.e., two-and-a-half to three months) this species may be expected to be
absent (Watson, 1950). This is, however, a complex question requiring
further study. It may be that the suitability of the warm season depends
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on the number of days on which the mean or minimum water temperature
rises above a certain level for a certain number of hours rather than upon
a continuous high level of temperature (Mozley-personal communication,
1950).

Desiccation

Desiccation definitely limits the occurrence of B. truncatus, though
whether it is also a lethal factor has been much disputed. It was formerly
believed that it killed many of the snails during the winter closure of the
irrigation channels in Egypt, and was recommended as a method of control
(Leiper, 1918, 1929); but more recent work has shown that some of the
snails burrow into the mud or fall into deep cracks where they are sheltered
when the water dries up and so survive (Barlow, 1933, 1935; Barlow et al.,
1945-1954). If the water dries up slowly, so that the snails have the chance
to form a protective epiphragm or to bury themselves in the mud, desiccation
does not kill them, at any rate for a long time, extending up to nine or ten
months in the case of some individuals (Barlow et al., 1945-1954); but
rapid drying is usually fatal. The rate of drying in irrigation canals is
affected by the level of the subsoil water, being less rapid if this is high
(Khalil, 1927). In Iraq, during the summer and autumn months when the
snails are abundant, the level of the subsoil water is low, especially in the
central part of the country, thus enhancing the lethal effect of desiccation.
In practice, survival depends not only on the rate of desiccation but also
on the heat of the sun, the relative humidity of the atmosphere and the
length of the period of dryness. In Iraq the sun is exceedingly hot in summer,
the mean shade temperature in Baghdad during August being 44°C and
figures as high as 50°C having been from time to time recorded (Sousa,
1944). At the same time the atmosphere is exceedingly dry, the mean
relative humidity during the summer months being about 25% and the daily
figure often falling below 10% (Sousa, 1944). These conditions do not
favour the survival of B. truncatus where desiccation occurs, and may in
part account for the patchy distribution of this species in the Tigris-
Euphrates lowlands as compared with the more humid valley of the Nile.
In less torrid and more humid climates, such as that of the Nile Delta, the
chances of survival of B. truncatus when the water dries up are more favour-
able. This species has been shown to be capable of aestivation in the subsoil
for three to four months during the dry season in the Sudan and so of
forming a seed stock for the following rainy season (Archibald, 1933);
while in a laboratory in Cairo, where the summer temperatures are lower
and the relative humidity higher than in Baghdad, a few individuals of a
batch will survive up to twelve months' drying in mud and larger numbers
will survive for shorter periods (Barlow et al., 1945-1954). Such snails, after
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revival upon immersion in water, rapidly proceed to lay batches of eggs in
quick succession (Barlow et al., 1945-1954).

Water movement

Three forms of water movement affect the life of B. truncatus-namely,
current, wave motion and floods. As regards current, B. truncatus, unlike
B. forskalii, which prefers swift streams to still waters, is not generally
found in channels of streams where the water flows continuously unless
the rate of movement is relatively slow (Watson, 1950). A rate of flow of
15 metres per minute is not unfavourable (Watson, 1957b; Zakaria, 1954,
1955); and recent observations have shown that breeding colonies can be
established up to a maximum continuous flow speed of 20 metres per
minute. The absence of these snails from canals and drains in which the
flow of water is brisk, as in the northern part of Faiyum Province in Egypt,
has been stressed by Egyptian workers (Barlow et al., 1945-1954). If the
flow is intermittent, however, and the static periods are longer than the
periods of movement, B. truncatus can survive and establish itself in appa-
rently relatively fast-running water, especially if there are water-plants to
which it can cling. Speed of movement of water seems to be the governing
factor. In Egypt it has been stated that this species requires some flow,
but that the water should be neither too deep nor too swift (Barlow, 1937).
Unfortunately, no figures other than those quoted are available relating to
the maximum continuous and intermittent rates of flow which B. truncatus
can tolerate under varying conditions. The absence of this species from
certain of the main creeks in Basra city has been attributed to the conti-
nuous movement of the water therein by reason of tides and shipping (Hall,
1925). Since in the Nile Valley and in the valley of the twin rivers fast-
running water almost invariably contains much matter in suspension, it
is difficult to differentiate the harmful effect of the water movement from
the irritative and abrasive action of certain types of rapidly moving sus-
pended particles, which not only cause the snails to retract within their
shells and so prevent feeding, but may also directly damage the delicate
shells of the very young forms. It was formerly thought that rapid flow
was one of the factors that led to the absence of B. truncatus from the
Tigris and Euphrates rivers and their major tributaries and to its reduction
in numbers in channels through which flood waters have raced ; but having
regard to the fact that this species has recently been found in the Blue
Nile at the Kenfero Abbai outlet from Lake Tana where there is a swift
current flowing over sharp rocks (Ayad, 1956), this view may have to be
revised. It is more likely that the limiting factor in these cases is the absence
of any hard substratum to which the mollusc can cling. Support is lent to
this view by the fact that B. truncatus is sometimes found in abundance in
fairly clear waters where water movement is at times considerable- for
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example, in Lake Adile and Lake Aramaya in Ethiopia and in Lake al
Hammar in southern Iraq (Ayad, 1956; Watson, 1950).

Particularly on a steeply shelving shore-line, severe wave action is
inimical to B. truncatus. Shallow water off a shore with a gradually sloping
bottom minimizes the deleterious effects of wave action and by accumula-
tion of soft sediments not only offers direct shelter to bottom-living snails,
but also enables aquatic vegetation to grow, thus indirectly providing
additional shelter and blanketing wave motion.

Floods are destructive to B. truncatus: in part owing to the irritative and
abrasive action of suspended mineral particles; in part owing to the mechan-
ical action of the rapidly flowing water in interfering with the movements
and activities of the snails and in sweeping them away; in part owing
to the interference with breeding caused by the sudden drop in temperature
which often accompanies sudden flood peaks; and in part owing to the
sweeping away of food and to other disturbances in the settled conditions
of the habitat (Watson, 1957b).

The destructive action of floods causes differences in the seasonal cycle
of reproduction, and population changes in different parts of the geograph-
ical range of this species (Watson, 1957b).

Change of water level

Large and rapid changes of water level constitute a factor which prevents
the establishment of B. truncatus in certain types of irrigation channel and,
in particular, in the main rivers of Iraq, where at certain seasons the level
may rise or fall as much as two metres in 24 hours (Sousa, 1944). (Recent
control works have, however, made it unlikely that this figure will be
reached in future.) The absence of B. truncatus from the Nile in the Gezira
area of the Sudan has also been attributed to the large annual rise and fall
of the river (Stephenson, 1947). B. truncatus is, however, abundant in certain
of the tidal irrigation channels leading off the Shatt al Arab in the Basra
area, despite a twice-daily change of level of several metres (Hall, 1925;
Watson, 1950). In this case the regular nature and frequency of the change
may be circumstances to which the snails can readily adapt themselves,
having regard to the fact that they are never exposed above water for more
than a few hours at a time. One of the associated factors in connexion
with change of level is the degree of slope of the sides of the canal, river or
basin. Where the sides are vertical or steep, change of level is a more
effective limiting factor than where the sides slope gradually, since in the
former case when the water falls it is impossible for the snails to protect
themselves from desiccation by burrowing, and retreat into the water is
the only course left to them. The adult snails may thus save themselves,
buL the egg-masses and very young forms will be left exposed and succumb.
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Salinity

An important limiting factor and one which has received scant attention
from investigators is salinity (concentration of chlorides). Few records
exist of experimental work on the limits of tolerance to saline waters by
B. truncatus and few of correlation of the occurrence of this species with
observed salinities in field studies. It has been observed that B. truncatus,
although present in the Dakhla, Baharia and Kharga oases of the western
desert of Egypt, is absent from the Siwa and Gara oases-a fact which has
been attributed to the high salinity of their waters (Khalil, 1933). The
absence of this species from Lake Habbaniya in central Iraq may also be
due to high salinity, which here has ranged in the past from 1200 to 1800
parts per million (p.p.m.) (Sousa, 1944), but is steadily dropping on account
of the new flood-control scheme by which the Euphrates waters are run
into the lake when the river is in flood. Laboratory experiments have
shown that adult B. truncatus are more tolerant of high salinity than was
formerly supposed, since they will survive in water containing 1500 p.p.m.
dissolved chlorides for as long as controls in Tigris river water (see below);
and even higher salinities can be tolerated if gradual acclimatization takes
place. It may be, however, that high salinity is more lethal to the eggs
and young snails than to the adults and that it may consequently limit
the occurrence of the species by its effect on breeding; but this remains to
be proven experimentally. In such favourite habitats as ordinary small
irrigation channels and drainage channels containing permanent water in
Egypt and Iraq, salinity is always less than 500 p.p.m. and often less than
200 p.p.m. Lakes and many marshes show similar figures. Closed marshes
having no connexion with any flowing water sometimes have a high salinity
level, which tends to rise even higher as the summer advances and evapora-
tion increases. Figures as high as 5500-6000 p.p.m. chlorides have been
recorded from marshes in the neighbourhood of Baghdad and Basra, and
from such saline marshes B. truncatus is invariably absent. The maximum
salinity which has been correlated with the presence of B. truncatus in natural
waters in Iraq is 1010 p.p.m. In the Tigris-Euphrates Valley, salinity
limits the occurrence of B. truncatus in two particular types of locality:

(a) Much of the agricultural land has a high salinity owing to the absence
of any proper drainage system, and it seems likely that B. truncatus is
decreasing in numbers in such areas or has even disappeared altogether,
although this point needs further investigation.

(b) South of the city of Basra, where. irrigation is mainly by tidal flow,
B. truncatus is entirely absent and representative samples of waters from
the area show salinities not normally exceeding 800 p.p.m. at any time of
year, being thus well within the limits of tolerance by this species. However,
it has been found that from time to time sudden saline incursions may
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take place in the Shatt al Arab area, owing to a combination of such
circumstances as low discharge from the Tigris, Euphrates, Karoun and
Bahmashir rivers, exceptionally high tides, and strong southerly winds
from the Persian Gulf. During these incursions, which generally last for
several tides, the salinity may rise as high as 4180 p.p.m., which is a lethal
level for B. truncatus (Watson, 1950, 1952b, 1953b, 1953d).

In Africa it has been found that bilharziasis vector snails very seldom
occur in waters which contain less than 10 p.p.m. dissolved salts (estimated
by electrical conductivity) and that the highest value for waters in which
the snails are found is 430 p.p.m. (Mozley, 1944).

Reaction

The establishment and multiplication of B. truncatus is favoured by
water that is neutral in reaction or slightly on the alkaline side of neutrality,
a condition which is met by the majority of natural waters in the Middle
East. Acid water (pH less than 7.3) is unfavourable to B. truncatus in propor-
tion to the lowering of the pH value, and figures below pH 6.3 result in a
high snail mortality; but, although of some importance in other parts of the
range of this species (Algeria, Rhodesia), acid water is so rarely met with
in the Middle East that it is not a limiting factor of any importance, except
occasionally in enclosed marshes containing much decaying vegetation
(Gauthier, 1934; Marill, 1943; Mozley, 1944; Pallary, 1934).

Lime

Insufficient evidence exists at present to show whether B. truncatus is
definitely a calcicolous species but, as in the case of most other species of
freshwater snails, lime is probably favourable to it and hard water better
than soft. The waters of the Nile Valley and of the Tigris-Euphrates Valley
are fairly hard from the molluscan point of view, the former containing
23 p.p.m. calcium (mg Ca/litre), the latter 50-70 p.p.m. Boycott (1936)
classifies waters from the molluscan point of view as follows:

Very soft . . . . . . . . . . 0-10 p.p.m. Ca
Soft . . . . . . . . . . . . 10-20 p.p.m. Ca
Hard . . . . . . . . . . . . 20-30 p.p.m. Ca
Very hard . . . . . . . . . . 40 p.p.m. Ca and above

Domestically, a soft water is one having 25 p.p.m. Ca or less, a medium
water one having 25-65 p.p.m. Ca, and a hard water one having 65 p.p.m.
Ca or more. Thus B. truncatus in. the Middle East generally has an ample
supply of lime with which to build its rather heavy shell. It is interesting
to note that Lymnaea lagotis Schrank, which often occurs in the same
waters as B. truncatus in the Tigris-Euphrates Valley, almost invariably
forms a thinner and lighter shell. The relationship of B. truncatus to the
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lime content of the water in which it lives requires further investigation.
In addition to providing material for the formation of the shell, lime is
of importance in promoting plant growth and in accelerating the precipi-
tation of silt and the clarification of turbid water, and is, therefore, indirectly
beneficial to all freshwater snails (Boycott, 1936).

Oxygen tension

The oxygen tension of the water has been considered by certain author-
ities to be the chief limiting factor governing the occurrence of some
species of freshwater snails (van Someren, 1946). Lymnaea caillaudi,
which occurs with B. truncatus in the Nile and waters in the Nile Valley,
is stated to die of suffocation below 10% saturation and to show " distress "
below 75-80% saturation (van Someren, 1946). Similar claims have been
made on behalf of B. truncatus itself (Zakaria, 1955), and it has been stated
that this species remains near the surface in water with depleted oxygen
in laboratory experiments, because it is embarrassed by the low oxygen
tension (Zakaria, 1955). There is reason to believe, however, that other
factors may be involved in these cases, since evidence exists that B. truncatus
is relatively tolerant of low oxygen tensions. Thus, although on the one
hand these snails are generally more abundant in habitats in which there
is a good growth of water-plants and the oxygen tension is high, on the other
hand they are also sometimes abundant in water in which there are no
aquatic plants but abundant decaying organic matter, principally of
vegetable origin, and in which the oxygen tension is, therefore, very low.
Moreover, in unaerated aquaria, without plants as substratum, in which
food is adequate and temperature suitable the snails neither remain near
the surface nor leave the water, even when the oxygen tension is low. When
individuals of this species kept in laboratory aquaria climb out of the water,
it is a sign that conditions therein are in some way distasteful to them, but
not necessarily that low oxygen tension is the responsible factor. It has
been remarked that in Egypt B. truncatus is often found clinging to weeds
at the bottom of main streams and canals with running water; and this has
been interpreted as being due to the need for abundant oxygen (Abdel
Azim-personal communication, 1950). The evidence is conflicting.
Clearly, this is a matter requiring further investigation.

Pollution

It has been said of freshwater molluscs in general that one of the more
important features of habitats favourable to them is cleanliness of the water
(Boycott, 1936). As regards B. truncatus, however, there is a great deal
of evidence that this is not strictly true. Although this species is sometimes
found thriving in natural clean and unpolluted waters far from any human
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habitation, there is plenty of evidence that it is more abundant in waters
polluted to some extent by human excrement. Some authorities consider
the closely related species B. (Physopsis) globosus to be a true messmate
of man, requiring fouling of the habitat for its existence (Ransford, 1948).
In the lower part of the Tigris-Euphrates Valley it may often be found
abundantly in those sections of irrigation channels which run through
villages, while it is absent or scarce in the same channels far from human
dwellings, despite the fact that ecological conditions in other respects
appear to be identical throughout. Extreme pollution, however, has the
opposite effect, and B. truncatus is conspicuously absent, for example,
from areas adjacent to stables and byres which are very heavily polluted
with animal excrement (Watson, 1950). The diversion of sewage into a
drain on the outskirts of the city of Baghdad which had formerly supported
a rich population of this snail led to its rapid and complete extermination.
A recent study (Watson, 1957a) of the relationship between human

pollution and populations of B. truncatus in the case of a heavily infested
drain running through a village near Baghdad has demonstrated a very
close correspondence between snail numbers and opportunities for human
pollution of the water, the molluscs being abundant in the part of the drain
within the village limits and diminishing rapidly beyond them until only
scattered individuals could be found. Ecological conditions throughout
the surveyed area were apparently uniform, except for the degree of human
pollution. It is suggested that the favourable effect of such pollution on
these snails may be due to one of the following factors:

(a) The snails' use of human faeces as food.
(b) The contribution made by human faeces to a soft substratum rich

in decaying organic matter.

(c) The possible fertilizing effect of human urine and faeces on the
unicellular green algae which form the essential diet of the young snails.

(d) The possibility that pollution may discourage snail enemies or
competitors.

(e) The possibility that human urine or faeces may contain some
growth-factor which stimulates the reproduction of the snails.

Pollution with the faeces of such domestic animals as cattle, sheep and
goats appears to be also favourable to these snails provided it is not exces-
sive. The question is therefore raised as to whether a biological mechanism
exists whereby pollution with the excrement of a particular definitive host
species normally favours the development of large populations of the
appropriate snail intermediate host species in the case of all schistosome
parasites.'

'B. truncatus is also the intermediate host in Iraq of Schistosoma bovis, a common parasite of cattle,
sheep and goats in the area.
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In Africa (Rhodesia) it has been quantitatively shown that bilharziasis
snails are associated with polluted waters (waters in which the oxygen
absorption is 0.3 parts per 100 000 or more and the sum of free and albumin-
oid ammonia is 0.04 parts per 100 000 or more) (Mozley, 1944).

Turbidity

In general freshwater snails are absent from permanently and densely
muddy waters, preferring clean bright water which will let in the sunlight
(Boycott, 1936). Turbidity is not in itself necessarily directly harmful,
but it may be indirectly harmful by restricting light and so reducing or
preventing the growth of water-plants and algae on which snails feed.
This, however, will not limit the snails if alternative food sources are avail-
able (for example, decaying vegetable and other organic matter which
has fallen into the water). Suspended particles are probably only harmful
if in rapid motion, when they may, if hard and angular, abrade the thin
shells of newly hatched snails or irritate larger forms sufficiently to cause
retraction and so prevent feeding. Much probably depends on the size
and form of the particles. B. truncatus is more tolerant of turbid water
than are many species of freshwater snails, having been found in many
localities, both in Egypt and in Iraq, in very slow-flowing or static water
which is more or less permanently muddy. That turbidity in such waters
is not deleterious is scarcely surprising in view of the fact that these snails
can survive for long periods buried in mud. However, in flowing water
there is a limit to the degree of turbidity which they can withstand. Thus,
the heavily silt-laden waters of the Tigris and Euphrates rivers during
flood time seem to be inimical to the activity of these snails. The spring
emergence of hibernating snails and the commencement of oviposition
take place much earlier in clear waters than in channels through which
muddy flood water flows. In the Tigris-Euphrates Valley, B. truncatus
is most abundant during the season of the year when turbidity is low,
although this is a probably merely a coincidence of seasonal temperature
effects. Laboratory experiments indicate that the adult snails can survive
a degree of turbidity which is rapidly fatal to the young, especially to the
newly-hatched, snails. Whether the detrimental effect of muddy water
is direct, acting upon the snails themselves in some way, or whether it is
indirect, depriving them of food and shelter and perhaps of a suitable
substratum, remains to be determined.

Light and shade

It has been shown that B. truncatus prefers a lightly shaded environment
to one either densely shaded or completely exposed, being more abundant
in the lightly shaded sections of irrigation canals than elsewhere and moving
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away both from a bright light and from darkness in the laboratory (Barlow,
1937; Zakaria, 1955). It was formerly believed that this species would not
establish itself or breed in total darkness, but recent work has shown
that this is not true, breeding colonies of B. truncatus having been found
in cemented and covered canals in Egypt (Barlow et al., 1945-1954), while
in Baghdad laboratory colonies have been bred through two generations
in total darkness (Watson & Al-Ali, 1958).

Substratum

As already remarked, B. truncatus prefers a substratum of soft mud
rich in organic matter, especially that which is provided by the decay of
aquatic plants or of dead leaves and other vegetable matter which have
dropped into the water from overhanging bushes or trees or as a result of
human activity. Such mud provides shelter for the snails in the event of
the habitat drying out and during very cold weather, since they are able
easily to burrow into it. Some of the pools in the Baghdad area in which
B. truncatus has been found to be especially abundant contain no water-
plants and are not overhung by trees or shrubs, but are regularly used during
the winter by itinerant vendors for the purpose of washing lettuces, so that
a rich organic mud has developed from the decomposition of the discarded
outer leaves. In the personal experience of the author, B. truncatus is found
in habitats where the substratum is sandy, gravelly or rocky only when the
water is stagnant or flowing very slowly. It does, however, occur on a
substratum of cement or stonework or bricks, provided that a growth of
algae has developed on these surfaces to provide it with food; but its exist-
ence in such places is precarious since there is no mud for it to burrow into
if the water dries up. It has, however, been recorded from a substratum
of pebbles in Yemen (Ayad, 1956), of sharp granite rocks in Ethiopia
(Ayad, 1956), and of rocks at Shigal'hah in Iraq (Harris-personal com-
munication, 1957); but these are isolated instances. It has been claimed,
however, that B. truncatus is well adapted to, and abundant in, three types
of sedimentary environment in Iraq-namely, mud, silt and sand (Harris-
personal communication, 1957)-but quantitative data are lacking.

Vegetation

Aquatic vegetation is a desirable but not an essential feature of the
habitat of B. truncatus. Water-plants, especially the broad-leaved varieties,
not only provide the snails with food, shelter and a suitable surface on which
to deposit their egg-masses; they also oxygenate the water and their decay
provides humus which favours the development of a suitable type of
substratum (see above) (Watson, 1950). The apparent association between
B. truncatus and particular species of water-plants is usually due only to
the fact that plant and snail happen to flourish in the same kind of environ-
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ment (Boycott, 1936). Thus it has been observed in Egypt (Barlow-per-
sonal communication, 1948) that B. truncatus prefers clean, broad-leaved
plants such as Potamogeton crispus, with which it is there believed to be
particularly associated; but water snails in England are generally found
in abundance with P. crispus or with water-lilies, in part because these
plants grow in places which are in other respects favourable to the snails,
and in part because their large flat leaves provide a convenient and profuse
growth of algae for the snails to eat (Boycott, 1936). In Iraq B. truncatus
does not generally appear to show special preference for any particular
species of water-plant (with the possible exception of the green alga, Clado-
phora) and in particular is not especially attracted to the species ofPotamo-
geton which grow there (P. pusillus, P. perfoliatus and P. crispus). However,
in streams and channels bordered by willows there appears to be a relation-
ship between these snails and the trees, which apparently provide just the
right degree of shade for the molluscs, which congregate beneath them in
large numbers and feed on the exposed submerged rootlets (Zakaria, 1954,
1955). Some workers claim that B. truncatus is scarce where water-plants
are absent, but it may sometimes be found in very considerable numbers
in cement-walled culvert-heads and concrete channels where the only
available plant life consists of encrusting algae (Barlow et al., 1945-1954;
Watson, 1950, 1951).

Food

Like other gastropods, B. truncatus feeds on the decayed remains of
aquatic plants and upon algae, which it scrapes off flat surfaces such as mud,
stones, cement or brick walls, floating or submerged logs and bark, and the
leaves of plants. It has been shown (Standen, 1949) that the very young
individuals of B. truncatus feed almost exclusively upon unicellular algae,
which are abundantly found in all the habitats in the Middle East in which
this snail is known to breed. The fact that B. truncatus feed upon algae
growing upon the surface of other plants or submerged objects has led to the
misconception that they are catholic eaters, and they have been accused of
consuming a remarkable variety of substances (Mozley, 1944) when, in
fact, they were probably feeding upon algae growing upon the surface
thereof. It may be stated with certainty that they feed, in their natural
haunts, only upon algae and decaying vegetable matter. There is no
evidence that they eat the healthy green leaves of the higher plants on and
among which they live. They will, however, attack any decaying plant
tissue, whether it be rotting land vegetation which has fallen into the water,
dead water-plants, decaying fragments of still living water-plants, or
faeces rich in vegetable matter.

Examination of the stomach contents of B. truncatus has revealed sand
grains, bacteria, filamentous and unicellular algae, diatoms, raspings of
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epidermal surfaces of higher plant tissue, pitted tracheids and fibres (Zakaria,
1954, 1955). It has been claimed that the movements of the lips in feeding
would introduce into the gut any finely divided material suspended in water
or present on the surface of objects upon which the snail is feeding; and that,
therefore, there is little power of selection in the matter of food (Zakaria,
1954). However, gastropods are mobile, can fix themselves anywhere,
and can apply their rasping apparatus or not, as they desire; so that selection
is possible (Boycott, 1936).

Enemies

Enemies of B. truncatus in its natural surroundings fall into two groups-
carnivorous forms, which eat the snails, and parasitic forms, which cause
disease in them.

Ducks and other aquatic birds are frequently referred to as predators
destructive to snails of various kinds, but there is little evidence that their
depredations make any significant inroads upon the size of the snail popu-
lation in a particular locus. Other forms which have been credited with
a useful role in the destruction of these snails include frogs, leeches, dytiscid
beetles and freshwater fish; but experiments and observations have shown
that all these forms either do not eat B. truncatus at all or else are not
important predators (Zakaria, 1955). Recently, claims have been made
that crayfish of the genera Astacus and Cambarus and crabs of the genus
Potamon attack and eat water snails (Deschiens, Dechance & Vermeil,
1955; Deschiens & Lamy, 1955). Ostracods of the genus Cypridopsis
have also been credited with destruction of water snails (Deschiens, 1954),
but it has been shown that this is due to a misconception. Cypridopsis
is normally a detritus-feeder. If no other food is available in an aquarium
it will eat the faecal pellets of the snails present, even going so far as to
nibble them from the snail's anus. The irritation thus produced causes
the molluscs to retract and cease feeding. The impression is thus created
that the crustaceans are actually attacking the snails when in fact they
are merely seeking their faeces as food (Wright-personal communication,
1957). B. truncatus does not seem to form the exclusive or even the chief
item in the diet of any predatory animal. It may be concluded, therefore,
that no predatory species is of any significance in nature in reducing the size
of B. truncatus populations.

Almost nothing is known of forms parasitic on or in B. truncatus, although
it stands to reason that these snails must be attacked by endoparasitic
protozoans, bacteria and viruses, as are other animals. This is a promising
field requiring investigation. It has been suggested that infection with
worms not infective to man (for example, echinostomes) might be of some
significance in the destruction of snails (Bayer, 1954). The recent discovery
of a bacterium-Bacillus pinotti-alleged to be pathogenic to, among
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other species, B. truncatus (Cruz & Dias, 1953; Dias, 1954), has not fulfilled
its early promise. Nothing is known about virus or fungal infections
of freshwater snails.

Subsoil water level

The importance of this factor in connexion with the desiccation of pools,
drains and irrigation channels is such that it deserves to be treated separately.
The rate of drying is affected by the level of the subsoil water, being less
rapid if this is high (Khalil, 1927). In the Tigris-Euphrates Valley, during
the summer and autumn months when the snails are abundant, the level
of the subsoil water is low, thus enhancing the lethal effect of desiccation.

Lining and covering of channels

The occurrence of B. truncatus is undoubtedly limited to some extent by
the lining of irrigation channels and drains with stones, bricks or cement.
This is not a direct effect but is due to the almost complete absence from
such channels and drains of water-plants to provide shelter, food and surfaces
for oviposition; of the food provided by decaying vegetation; and of a
bottom of soft humus-rich mud in which the snails can bury themselves
when conditions become unfavourable or the water dries up. However,
the development of algal growth on the walls of such channels is sufficient
to provide the snails with food and they will then cling to and lay their
eggs on the walls (Watson, 1950), while failure to keep such channels and
drains clean results in the rapid accumulation of a suitable substratum.

It was formerly believed that the covering of channels eliminated the
snails entirely, but it is now known that this is only relative, for part of
the Bulos main canal in Quena Province, Egypt, which is cemented and
covered, was found to be heavily infested with B. truncatus (Barlow et al.,
1945-1954).

Anti-malaria-mosquito measures

Measures carried out against mosquito larvae in connexion with malaria-
mosquito control might be expected to have a limiting effect upon the
occurrence of B. truncatus, but in practice this does not seem to be the
case. Heavy oil does not, in itself, appear to be toxic to the snails, although
in the laboratory it can lead to their suffocation in the limited quantity
of water in an aquarium. In the field, however, it has no effect, since not
only can the snails live for a considerable length of time without air, but
also there is a very much larger volume of water with oxygen in solution
than in an experiment in a laboratory aquarium; and in many cases the
water flows slowly under the oil bringing oxygen (Barlow et al., 1945-1954;
Watson, 1950). Although B. truncatus is a pulmonate form, it is able to
use dissolved oxygen from the water to a considerable extent. Paris green,
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in the concentrations formerly used for larval mosquito control, is lethal
to the snails but DDT has been found to be innocuous, while Gammexane
has a limited detrimental effect (Halawani, 1946, 1947). In any case, ex-
perience has shown that, whatever the measures adopted, B. truncatus does
persist without any substantial reduction in numbers in waters where
larval control measures have been applied.

Interaction of environmental factors

In the above account each ecological factor has been treated as though
it was capable of separate assessment; and, indeed, some attempt has been
made so to assess them. However, it must not be overlooked that the
final effect of ecological factors is their sum; that they interact; and that,
in assessing their effects, one must be balanced against another. It is this
state of affairs that makes it difficult to state precisely the nature of the
limiting factors which prevent the occurrence of B. truncatus in places
where we should expect it to occur (Mozley personal communication,
1956). It would appear, in some cases, that the frequent absence of this
species from apparently favourable habitats is due to the limiting action of
high temperature (for example, in shallow pools in summer); frequent or
prolonged desiccation; rapid water flow or wave action; large and repeated
changes of water level; heavy silt content of the water; high salinity; acidity;
the use of Paris green for larval mosquito control (in the rare cases where
this still happens); a warm season of inadequate length for the production
of one complete generation of snails; and extreme pollution (Watson,
1950). Whether or not any one of these factors will have a limiting action
in any particular case will depend on the interaction of other environ-
mental factors. The complexity of the problem becomes apparent when
it is recalled that B. truncatus may be present in abundance in one stretch
of an irrigation canal and conspicuously absent from other stretches of the
same canal which are apparently ecologically similar.

Effects of molluscicides

It would be out of place in this paper to embark upon an extended
discussion of the effect of molluscicides upon B. truncatus. A great deal of
work has been done in this field. However, it may be fitting to point out
that unless molluscicides are applied with care, in adequate concentration,
and for a sufficient length of time, snails may escape (by burying themselves,
by being trodden into the substratum, or by being stranded above water
level in damp shady sites) in sufficient numbers to re-establish a dangerous
population level within a relatively short space of time. B. truncatus is
hermaphrodite and theoretically a single surviving specimen suffices to
repopulate a locus.
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Relationship between Control and Bionomics in the Case of
Bulinus truncatus

The principal importance of the study of the distribution, life-cycle,
population fluctuations, habitats and effect of environmental factors upon
B. truncatus is the possibility of applying this knowledge effectively to the
control or eradication of these snails. Such practical application of ecolo-
gical knowledge may conveniently be dealt with under five headings:

Recognition of dangerous localities

Before control measures can be effectively devised against B. truncatus
in any region it is necessary to be able to answer the following questions:

Where do the snails occur? (General and local distribution and habitat)
When do the snails occur? (Seasonal and other population fluctuations)
Of what biocoenosis do the snails form a part? (Associated animals and

plants)
Clearly, to answer these questions fully and accurately the most thorough
fundamental ecological studies are necessary-studies involving the investi-
gation of the effect of all environmental factors and of seasonal changes
on snail populations. Statistical analysis of numerical data should play
an important role in this work.

The information given in the earlier part of this paper provides some
idea of the type of habitat which may be expected to be favourable to
B. truncatus and therefore dangerous from the point of view of the risk
of infection with Schistosoma haematobium, and of the ecological conditions
under which these snails may be expected to flourish. Much remains to be
learnt about these matters, however, and every region must be ecologically
investigated on its merits.

Although it is particularly in irrigation systems and therefore in well-
watered and fertile lands that this species may be expected to be abundant,
the dangers of isolated collections of water in arid places must not be
overlooked, since conditions therein are sometimes highly favourable to
the snails, and opportunities for snail-man contact are greater than they
are elsewhere. Under natural conditions populations of B. truncatus are
subject to natural controlling factors, so that they generally remain relatively
small, and in any case are not dangerous since snail-man contact is minimal.

It should be borne in mind that when ecological conditions are good the
snails flourish, when they are less favourable the snails continue to exist,
but in smaller numbers, and when they are just within the limits of tolerance
a few of the snails may survive for a considerable time and multiply when
conditions again become favourable (Mozley, 1954).

An excellent account of the nature and recognition of dangerous locali-
ties with reference to trematode-transmitting snails in general is given by

13
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Mozley (1955). Among the many important points he mentions as being
of particular significance in connexion with B. truncatus, the following may
be cited:

(a) Dense aggregations are sometimes found in the richer places in
otherwise ecologically poverty-stricken regions.

(b) Isolated colonies with dense snail populations may occur up to the
limits of the range of the species; and these are likely to extend when
favourable ecological conditions permit.

(c) Special opportunities sometimes exist in previously uncolonized
habitats for the establishment of dense populations of snails.

(d) In control work in some places it is possible to allow natural eco-
logical factors to become stabilized in a condition where schistosome-
transmitting snails are few or absent.

Alteration of habitats to discourage snails

Although some ways of altering the habitat in order to make it unsuitable
for snails are well known and commonly recommended, it seems that they
are infrequently applied in practice. The following methods of environ-
mental change may be of use in particular localities, based, as they are, on
known ecological facts; but it has to be clearly borne in mind that each
particular habitat has to be studied ecologically and appropriate methods
selected as a result of thorough knowledge of the local conditions.

1. Drainage. This method is particularly suitable in marshy areas which
can be dried out by suitable drainage schemes not only without detriment,
but, on the contrary, frequently with advantage in that valuable agricultural
land can thus be reclaimed. B. truncatus, which may have flourished in the
marshes, either dies out or becomes much restricted in its occurrence.
This method is likely to be of value in the vast marshy areas of southern
Iraq where this snail is abundant.

2. Prevention of pollution. Since some degree of pollution with human
excrement is beneficial to B. truncatus, prevention of pollution tends to
keep down the size of populations of this species, in aJl probability mainly
by indirectly reducing its food supply. Pollution in this case must be taken
to mean contamination not only with human excrement but also with any
kind of decaying organic matter, whether of animal or of vegetable origin.
Human excrement is, however, most important since it may act as a fer-
tilizer for the growth of the unicellular algae essential to the growth of the
young snails.

3. Competition. The introduction or encouragement of harmless species
of snails to consume food and so reduce the supply available for B. truncatus
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has yet to be tried; and further investigation of the interaction of different
snail species in a habitat is needed. Observations thus far made indicate
that this method is less likely to be successful than non-biological changes
in the environment.

4. Desiccation. Originally suggested by Leiper (1918, 1929), this
method has enjoyed a chequered career, at times in favour, at times discarded.
Desiccation is effective as a means of control if it is rapid and complete,
so that the snails have no opportunity to shelter in residual pools, under
water-plants or rotting vegetation, or to burrow into the mud; and provided
that the period of desiccation is sufficiently long to kill the exposed snails.
Naturally, intense hot sunshine, such as occurs in central and southern
Iraq in summer, a low relative humidity of the atmosphere, a low level of
subsoil water, and absence of vegetable or other organic debris and water-
plants from the bottom mud are factors conducive to the efficiency of this
method. Frequent desiccation for short periods, as in terminal distributaries
of many types of irrigation system, is more effective than infrequent desicca-
tion for longer periods.

5. Increase in rate of flow. The scouring action of rapidly flowing
water, especially if carrying large, angular, suspended particles, is inimical
to the establishment of B. truncatus since the snails, especially the very
young forms, tend either to become dislodged and swept away or else to
have their movements so restricted that they are unable to feed. There is,
however, a dearth of knowledge as to the exact speed of flow, continuous
or intermittent, which is effective on different types of substratum and
with varying types and amounts of inorganic particles in suspension; and
further field observation and experimental investigation are required.
Needless to say, the effect of rapidly flowing water is nullified if quiet bays
and eddies are allowed to develop at the sides of the stream. A heavy
growth of water-plants tends to obstruct the flow of the water, but is
discouraged by a rapid current. The danger of the snails being carried by
the water to quiet habitats where they can establish colonies must not be
overlooked.

6. Lining and cleaning of channels. Channels that are lined with brick,
stone or cement are less likely to be colonized by B. truncatus than channels
that are lined with mud, since both food and shelter for the snails are less
abundant. However, if this method is to be really effective the lining surface
needs to be smooth, without crevices in which snails can shelter; and the
channel must be cleaned out at frequent intervals, so that neither a thick
substratum of mud nor a growth of algae on the walls is allowed to develop.
Scrubbing the surfaces with palm fibre is said to be highly effective in
removing algae and snails (Barlow et al., 1945-1954).
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7. Filling-in of unwanted collections of water. Where possible this is
the most satisfactory method, since it eliminates the very existence of actual
or potential habitats entirely. It is particularly suitable for borrow-pits.

8. Change of water level. Large and rapid changes of water level could
probably be used in reservoirs as a means of decreasing the development
of snail colonies around the shores.

Naturally, all these methods are not of equal value in any particular
case and in each locality the problem has to be studied on its merits. In
general, it may be said that drainage is of value chiefly in connexion with
marshy areas; that prevention of pollution is universally important; that
competition has yet to be tried; that desiccation, increase in rate of flow,
and the lining and cleaning of channels are chiefly of value in connexion
with irrigation canals and drains; that filling-in is of value wherever it is
possible; and that change of water level may be of use in connexion with
reservoirs.

Planning of irrigation systems

In the light of existing knowledge of the ecology of B. truncatus it is
already possible to make certain suggestions in connexion with the planning
and design of irrigation systems in order to discourage the establishment
of snails therein.

1. Safe construction of culverts. Culverts are important loci of B. trun-
catus colonies, in part because the culvert-heads are generally deeper than
the culvert itself and therefore usually contain water when none is flowing
through the culvert, thus providing the snails with the permanent habitat
which they require; and in part because the culvert itself provides a suitable
shelter into which the snails may retire when conditions are unfavourable,
and, in particular, in which they may hibernate in the northern part of their
range where the winters are cold. These favourable conditions may be
avoided by:

(a) ensuring that the floor of the culvert-heads is on the same level
as that of the culvert itself;

(b) constructing the whole culvert (including the floor) of cement;
(c) ensuring that a brisk current will flow through the culvert when it

is in use;
(d) ensuring that both culvert and culvert-heads will dry out completely

when not in use;
(e) ensuring that no organic debris is allowed to accumulate in the

culvert-heads nor algae to develop on the walls.

2. Lining of channels. As remarked above, irrigation channels are less
frequently colonized by B. truncatus if they are lined with cement, bricks
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or stone in such a way as to form a smooth surface without cracks or
crevices.

3. Rapidflow of water. The maintenance of a rapid current in irrigation
channels may suffice to prevent the occurrence of B. truncatus therein,
provided that the sides and bottom of the channels are smooth and that
no impediment to the passage of the water is allowed to develop. The
limiting rate of continuous flow appears to be in the neighbourhood of
22 metres per minute, but faster rates can be tolerated if flow is intermittent.

4. Form of channels. Where open channels are used it is of advantage
to construct them with as steep sides as possible, since this reduces the
likelihood of aquatic vegetation developing and of soft ooze being deposited.
Food and shelter for the snails are thus reduced, the flow of water is facili-
tated, and the detrimental effect of' changes of water level is enhanced.

5. Clearance of silt. The deposit of silt on the floors of irrigation
channels and culverts favours the establishment of B. truncatus by providing
a soft substratum into which the molluscs can burrow to find shelter and
in which water-plants find it easy to take root. It is therefore essential that
all culverts, irrigation channels and drains should be regularly and thorough-
ly cleared, by manual or mechanical means; and that they should not be
allowed to become silted up.

6. Clearance of water-weeds. Aquatic vegetation must not be allowed
to develop in any part of the irrigation system. Methods for the removal
of water-plants include manual and mechanical clearance, the use of herbi-
cidal chemicals and the use of plant hormones.

7. Clearance of algae. It is important that surfaces of mud, brick,
stone, wood or cement should not be allowed to become covered with an
encrusting growth of algae since this provides the essential food supply
for the young snails. Hard surfaces may be scrubbed at regular intervals,
for which purpose palm-leaf fibre has been found to give excellent results
(Barlow et al., 1945-1954).

8. Piping of irrigation water supply. Despite the fact that B. truncatus
has been found to be capable of living in total darkness and is not necessarily
therefore discouraged by the simple method of covering channels formerly
recommended, there is little doubt that it cannot establish itself in pipes
which regularly carry a rapid flow of water. The replacement of open
channels by pipes of suitable diameter wherever possible would not only
go far towards eliminating breeding colonies of the snails but would also
reduce infection risks. It is remarkable that this method of eliminating
B. truncatus has not been more widely used, since the greater installation
costs would be more than offset by the saving in the costs of control by
molluscicides, weed clearance and similar techniques.
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Possibility of biological control

The possibility of biological control has yet to be adequately studied.
As already remarked, results so far have not been encouraging, and no
practical proposals in this field have yet been put forward. Quantitative
investigation into the snail-eating activities of each of the forms claimed
to be predatory is needed. Even in the event that one of them, or some as
yet unsuspected species, is found to prey extensively or exclusively upon
B. truncatus, it is by no means certain that its activities will have the effect
of permanently reducing the snail population, since interaction between
two opposites-predator and prey-may result in continuous periodic
fluctuations in the numbers of both species rather than in the destruction
of the preyed-on species to the very end (Gause, Smaragdova & Witt,
1936).

Understanding of life-cycle and population changes

In studying the occurrence and distribution of B. truncatus in an area
and in planning and executing control measures against it, a thorough
understanding of the life-cycle and the seasonal population changes is
essential. It is important to know:

(a) The times of year at which breeding occurs (these vary considerably
in different parts of the range of the species).

(b) The periods at which populations are maximal.
(c) The periods at which populations are minimal.

(d) The composition of the population at different times of year, with
reference to the proportion of eggs, of young immature snails, and of
mature adults.

Clearly, this information must take the form of numerical data, analysed
statistically and presented, preferably, as a series of graphs. Extremely
valuable would be a series of graphs giving these facts comparatively for
all the regions in which B. truncatus is known to occur.

Snail survey and control cannot be effectively carried out without a
prior understanding of the life-cycle and population fluctuations set forth
above; and investigation of these should therefore be the first essential
task of a research team. The following matters may then be studied:

1. Complete survey data concerning occurrence of B. truncatus within the
relevant area. Surveys should be carried out at times of year when snail
populations are maximal. Survey at other seasons may lead to restricted
notions of the range and extent of occurrence of these snails. Thus, the
first snail survey made for medical purposes in the Tigris-Euphrates Valley
was carried out during the winter, when B. truncatus populations are minimal
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owing to the fact that the majority of surviving specimens are hibernating
buried in the mud (Boulenger, 1919); and this gave rise to the impression
that this species was relatively uncommon in the area, which is not true.

2. Occurrence ofa safe season (ifany). In the more northerly parts of the
range of B. truncatus there may be a time of year when, owing to low water
temperatures, the snails are so scarce and cercarial emission so improbable
that no infection risk arises from contact with infested water. Thus in the
central Tigris-Euphrates Valley the safe season extends from December
to March in a normal year.

3. Season for most effective application of molluscicides. Eggs, young
immature snails and mature adults differ in their susceptibility to the
effects of molluscicides, and the result of application of lethal chemicals
will therefore differ according to the time of year and the relative proportion
of these classes in the snail population. Study of the population curves
will enable the most effective season to be chosen for application of mollusci-
cides.

4. Confusion of natural population changes with effect of molluscicides.
Post-treatment surveys to establish the degree of reduction in snail popula-
tions brought about by the application of molluscicides must be carefully
correlated with the curves of normal population changes; otherwise there
is a danger that the normal seasonal drop in population numbers may be
mistaken for the effect of molluscicides.

Suggestions for Further Research on the Ecology of Bulinus truncatus

From the foregoing account it will be clear that a knowledge of the
bionomics of B. truncatus and its relationship to man in the Middle East
and Africa has an important bearing on the control of this snail in its
role as vector and intermediate host of Schistosoma haematobium. In the
first place, measures which may be adopted to discourage or prevent the
establishment of breeding colonies of the snail in both natural waters and
man-made habitats are suggested by the background of ecological knowledge
already available. In particular, features of design which may help to restrict
or prevent the colonization of irrigation systems by this species are proposed.
In the second place, the utilization of ecological knowledge to ensure the
most effective application of molluscicides and the correct assessment
of the results of such treatment is necessary.

However, knowledge of the ecology and detailed distribution of B.
truncatus in the Middle East and Africa and of its relationship to man
is far from complete; and since more thorough knowledge in these fields
will result in more effective control, it may not be out of place to mention
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briefly some of the problems which call urgently for solution, to suggest
orientation of research towards the improvement of preventive measures,
and to indicate some practicable methods of environmental control.

Investigation of distribution and dissemination of the snail host

In certain areas of the Middle East, for example, the whole of the
Arabian Peninsula, Ethiopia, Eritrea and the Somalilands, very little is
known concerning the general geographical distribution of B. truncatus
and still less concerning the details of its local distribution; whereas in
certain other areas, such as the lower valley of the Nile and the Tigris-
Euphrates Valley, the basic facts are available. Extensive and intensive
survey is needed in the little-known areas.

The dissemination and spread of B. truncatus are little understood and
most of what has been written on this subject is based on speculation and
analogy rather than on observed facts. Experimental investigations and
field observations are required in relation to the ability of this species to
spread by its own locomotion in continuous bodies of water; to the alleged
modes of spread in mud adherent to the bodies of water-birds, water-
buffaloes or the roots of trees in process of transplantation; to the role
of floods in dissemination; and to the possibility of transport in water
skins and the like.

Research on ecology of the snail host

Habitat

The general nature of the habitat of B. truncatus is well known. More
detailed information is required concerning the optimum value and limiting
effect of the various environmental factors acting separately and together.
These matters are dealt with in the next section.

Effect of environmental factors

1. Temperature. The role of temperature in relation to breeding seasons,
hibernation and growth rate is yet far from being fully understood. It is
possible that different races of B. truncatus exist in different parts of the
species-range with differing reactions to temperature. Some facts suggesting
that northern populations are more tolerant of lower temperatures than
southern populations have been gathered in the valley of the twin rivers.

2. Desiccation. The resistance of B. truncatus to desiccation under
varying natural conditions requires further investigation, particularly in
view of the possible utilization of this limiting factor as a control measure.
This species has been shown to be able to withstand long periods of drying
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buried in mud, but sufficiently exact information concerning the water-
content of the mud and the fluctuations of temperature and relative humidity
during the period of the experiment are not available. Resistance to drying
under other conditions, such as beneath a protecting mat of aquatic vegeta-
tion or deep within the cracks that develop in drying mud, have scarcely
been studied.

3. Salinity. The effect of vEIrying salinities (chlorides) acting for differing
periods of time upon the eggs, the young immature snails and the mature
adults requires more extended study. Since in the southern part of the
Shatt al Arab estuary salinity conditions exist which are not unfavourable
to agriculture but which are inimical to B. truncatus, the solution of this
problem may lead to improved natural means of control. It has been
claimed that the occurrence of this snail in some waters and its absence
from others is controlled by such factors as the concentration of chlorides
and other ions (Deschiens, Lambault & Lamy, 1954, Zavattari, 1938).

4. Lime. Although it is not likely that any effective means of control
will spring therefrom, increased knowledge of the calcium requirements
of B. truncatus would be of value in studying its distribution and habitats.

5. Rate of flow. Sufficient data concerning the limiting rate of flow
of water, intermittent or continuous, are not available. In view of the
possible value of this factor in limiting the occurrence of B. truncatus in
irrigation canals, further study is important.

6. Food. Although it is known that B. truncatus subsists almost entirely
on unicellular algae growing on flat surfaces, and on decaying vegetable
matter, more needs to be learnt concerning the exact nature of the food
at different stages of the life-cycle. Unicellular algae appear to be essential
to the young stages but it is not known whether they are also essential
to the adult forms. The possibility that different species of algae differ
in their value as snail food has not been investigated. Whether the snails
exercise a free choice of food material or are bound by mechanical factors,
or whether they ever feed upon animal matter in any shape or form, has
yet to be determined.

7. Enemies. Especially important is the investigation of the role played
by enemies, both predators and parasites, in limiting the occurrence of
B. truncatus under natural conditions. The discovery of an effective method
of biological control would be a great step forward.

8. Other factors. More knowledge could usefully be gained concerning
the effect of change of water level, reaction, pollution, aquatic vegetation,
turbidity and light intensity.
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Seasonal variation and life-cycle

In most regions in which B. truncatus occurs much remains to be learnt
concerning the times of breeding seasons and the fluctuation of population
numbers throughout the year according to climatic changes, times of
oviposition, available food supply, enemies and competition. The exact
nature of the critical conditions governing occurrence of copulation and
oviposition also remain to be determined. Important results relevant
to control may be expected as the result of such studies.

Correlation of taxonomic and ecologicalfindings

B. truncatus, as a taxonomically sound species concept, should show
similar ecological characteristics wherever it occurs. According to Gause's
rule (Mayr, Linsley & Usinger, 1953) marked ecological differences between
two populations may Ihdicate specific dissimilarity. This has been confirmed
in respect of bilharziasis snail vectors by eminent authorities (Hubendick,
1954). From this point of view, therefore, it would be interesting to reinvesti-
gate the taxonomic status of the specimens said to be B. truncatus that
were recovered from the Blue Nile in Gojjam Province, Ethiopia, which
differed markedly from specimens found elsewhere in that they occurred
in fast-running water on a substratum of hard rocks.

Effect of Some Human Activities in Their Relationship
to the Snail Hosts on the Incidence of Bilharziasis Haematobia

It is a well-known fact that the snail vectors of bilharziasis do not show
the same abundance under the wild undisturbed conditions of uninhabited
country as they do in environments which have been modified by man's
activities. Under natural conditions the numbers of snails are kept in
check by drought and flood, by the limited food supply, by the presence
of enemies such as snail-eating fish, and perhaps also by epidemics of
disease. When natural conditions are disturbed by the advent of man and
by his active alteration of the environment, the numbers of these snails tend
to increase, since numerous favourable habitats, such as irrigation ditches,
are made available to them; shelter from adverse conditions is unwittingiy
provided; and a rich food supply in the form of decaying vegetable matter
of one kind or another is at their disposal.

More important still is the fact that in environments modified by human
agency the opportunities for snail-man contact-and therefore for infection
with the schistosomes infective to man-which are relatively rare under
natural wild conditions become enormously multiplied, with the result
that the incidence of human infection with bilharziasis rises steeply.
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Human concentration

It is necessary to specify exactly what is meant by " human concentra-
tion ". There are, in fact, three categories of human aggregation which
come within the meaning of this term-namely, communities, wells and
water-holes, and pilgrim routes.

The most evident type of human concentration is that which is provided
by the resident community, temporary or permanent, which is found in
cities, towns, villages, military and bedouin encampments and the like.
Here, large numbers of human beings are gathered together in a limited
area, the concentration varying from the dense population found in the
central areas of great cities to the relatively sparse population occurring
in outlying rural areas. From the point of view of encouragement of
breeding populations of snail vectors, such communities are not of equal
value. Since it takes from one to three years for a breeding colony of snails
to develop from the first migrant invaders of a habitat, only the longer-
established type of temporary community is ofimportance in this connexion.
Some military encampments fall within this category; but few, if any,
bedouin encampments do so. Permanent communities vary in importance
mainly according to the distribution and nature of the fresh waters within
their areas. Rural communities, by their very nature, tend to be more
closely associated with increasing populations of dangerous snails than do
urban communities. Expansion of the human population, especially in
perennially irrigated areas, tends, in bilharziasis-endemic lands, to be
accompanied, after an appropriate time-lag, by expansion of the snail
population both in extent and in intensity.

An entirely different type of human concentration is provided by the
various isolated collections of water, often far from any human dwellings,
which are visited by man in order to obtain water for various purposes.
For convenience these have been grouped under the general title of
"6 wells and water-holes ". Despite the fact that no habitations of man
may lie anywhere near such collections of water, their human population,
in terms of visits per unit of time, may be very high; and such places have
a corresponding importance as regards the development of breeding
colonies of dangerous snails and the inevitably favourable opportunities
for snail-man contact. Often wells and water-holes are highly suitable
habitats for bilharziasis vectors by reason of the permanence of their water,
the regular pollution with human excrement which tends to take place,
and the inevitably abundant food supply. Human beings visit such places
to wash, to drink, to water their beasts, and to obtain water for cooking,
irrigation and many other purposes. No more favourable method of com-
pleting the vicious cycle which permits human infection and the continuance
of the life-history of the parasite could well be found.
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In some countries lying within the bilharziasis-endemic zones of the
world pilgrim routes run for great distances across the territory; and these
constitute a third type of human concentration. At certain times of year
large numbers of pilgrims traverse these routes on foot, or, more often,
in conveyances of one sort or another. They inevitably stop wherever
water is available in order to refresh themselves by washing and drinking,
whether the available water is in a drain, irrigation channel, river, pool
or stream. As in the case of wells and water-holes, the most favourable
opportunities are thus afforded for the development of large colonies of
dangerous snails and for frequent snail-man contact.

Human activity in zones of bilharzial endemicity generally results in
the creation of an abundance of favourable habitats for the snail vectors
of the human schistosomes, particularly by the development of perennial
irrigation systems in arid countries and by the construction of engineering
works in connexion with fresh waters.

The principal characteristics of an environment that is suitable to
bilharziasis vector snails have already been set forth above (see pages 839-
841). In environments possessing these characteristics the snails find shelter
from the devastating effects of drought and flood, from intense sunlight,
and from enemies; they find an ample supply of food; and they are provided
with suitable surfaces to which they can cling and on which they can crawl
and lay their eggs (Watson, 1950).

Habitats showing these characteristics are relatively uncommon under
undisturbed natural conditions and the life of the snails in nature is
therefore a hazardous one. Large breeding colonies and dense populations
of these molluscs are but rarely established under wild conditions. In
man-modified environments, however, such habitats are abundantly
provided, especially in connexion with irrigation systems and engineering
works.

Gently flowing permanent or semi-permanent water is generally found
in the smaller channels and distributaries and in the drains of perennial
irrigation systems. Interruption of flow frequently either leaves residual
pools in which the snails can survive or else does not last long enough for
complete desiccation to take place. Some degree of human pollution
is almost inevitable; and a growth of water-plants together with an accu-
mulation of decaying vegetable matter from flanking vegetation or over-
hanging bushes or trees is quite usual. Since such channels and drains are
generally dug out of the living earth there is usually a substratum of soft
mud. In other words, conditions for the establishment and multiplication
of dangerous snails are ideal. Similar conditions are frequently found in
wells and water-holes, round the shores of large reservoirs, in culvert-
heads, tail-pools, rice-fields, and even in stone-, brick- or cement-lined
ablution basins and cisterns. Investigations in Egypt have shown that the
bilharziasis rate rises from as low as 5 % to as high as 75% or more when
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the older system of basin irrigation is replaced by perennial irrigation,
owing to the vast increase in the populations of vector snails and the greatly
increased opportunities for contact between man and infested waters
(Khalil & Abdel Azim, 1938). In the Sudan it has been shown that bilhar-
ziasis snails readily colonize new uninfested irrigation channels within
three years from the time of construction (Stephenson, 1947).

Various types of engineering works in bilharziasis-endemic areas
frequently give rise incidentally to ideal habitats for vector snails (Mozley,
1944, 1953). Thus, during the construction of railways, roads and bridges
the partial damming of streams causes the formation of semi-stagnant
pools in which the favourable conditions outlined above develop and large
snail populations appear. Since both travellers and construction workers
may utilize the pools, pollution and snail-man contact are frequent. Dams
may be deliberately constructed in connexion with railways in order to
provide water for locomotives, and such ponded water may be highly
favourable to the snails. Semni-stagnant ponds may also be found sometimes
on the upstream sides of bridges and in and immediately beyond the heads
of culverts under roads where scour may cause the development of deep
pools. Piers, supports and concrete surfaces frequently present suitable
surfaces to which the snails can cling and on which they can crawl and lay
their egg-masses. In all these places, therefore, the most favourable condi-
tions for the life of bilharziasis vector snails are met and large populations
tend to develop.

Pollution with human excrement is highly favourable to bilharziasis
vector snails, a fact which has been remarked on by almost every authority
who has studied their bionomics (Ransford, 1948; Watson, 1950). The
possible reasons for this state of affairs have been discussed above (see
page 864).

Clearly, such pollution can only take place in the presence of human
beings, and is only likely to occur regularly in the neighbourhood of such
types of human concentration as have been mentioned above.

Regarding the effect of human concentration, therefore, pollution with
human excrement requires special stress, since not only is it a most potent
factor in promoting the multiplication of the dangerous snails but also it
is the only one of the five principal characteristics that render a habitat
suitable for bilharziasis snails which is never found under undisturbed
natural conditions.

In wild nature opportunities for snail-man contact are rare. One of the
most important effects of human concentration is to provide enormously
increased opportunities for contact between man and water infested with
schistosome-transmitting snails. Man becomes infected by the cercariae
emitted from infected snails, while more snails in turn become infected with
miracidia hatched from schisostome eggs passed into the water in human
urine or faeces. So the vicious cycle of the parasite's life is maintained.

83



J. M. WATSON

It seems probable that minimum or threshold values exist for the number
of snails in a habitat, the number of polluting and contact-making visits
paid daily to the habitat by human beings, the percentage of these human
beings infected with bilharziasis, and the severity of their infections and,
hence, their daily average egg-output. However, no work has so far been
done on this interesting problem, despite the fact that the life-cycle of the
parasite can probably not be maintained if any one of these factors drops
below the threshold value. In the vicinity of Sour in southern Lebanon, a
situation existed a few years ago in which bilharziasis was not endemic
although B. truncatus was present in considerable numbers in irrigation
ditches and streams, because the number of infected persons was very low
and their infections were very light.

In certain bilharzial areas snail-man contact is seasonal, owing to the
fact that a cold winter causes hibernation of the snails or a very hot dry
summer causes them to aestivate.

Activity of various social groups

The relationship of infection with bilharziasis to the occupation of the
patient has received little attention from investigators. It has been generally
assumed, without statistical evidence, that this is primarily a disease of
children, of agricultural labourers and of other persons whose activities
necessitate exposure to infective waters, especially in perennially irrigated
areas.

Investigations in Iraq have shown that the correlation between occupa-
tion, age and incidence is not quite so clear-cut as had been supposed
(Watson, 1953a). Persons whose calling necessitated daily contact with
waters frequently infective naturally showed an infection rate above the
average-for example, fishermen, gardeners and agricultural labourers.
On the other hand, many persons not normally exposed to infection by
the nature of their calling also showed an infection rate higher than the
average-for example, street traders, porters, servants and shepherds. All
such persons had, however, one characteristic in common-namely, that
they were financially very poor. Categories showing a lower infection rate
than the average, on the other hand, were either financially better off-as in
the case of public utility workers, tradesmen, drivers, artisans and govern-
ment officials-or else received some special medical care or attention-as
in the case of.schoolboys, soldiers, policemeni and health workers-which
was lacking in the more highly infected groups. It was not without signifi-
cance that many of those in the lower incidence groups were in receipt of a
regular salary, whereas most of those in the higher incidence groups were
not in this fortunate position.

The results of these investigations lead to a deduction that is believed
to be of general application in connexion with bilharzial infection-namely,
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that bilharziasis is a social rather than an occupational disease and that
incidence varies with financial status, and therefore with locality rather
than with calling. High incidence is associ-ated with a low income and poor
housing conditions in close proximity to infective waters which, owing to
the non-availability of a supply of filtered and chlorinated water in their
dwellings, the people are obliged to use for washing, bathing, drinking and
all household purposes. Low incidence, on the other hand, is associated
with a better financial status and therefore with better housing conditions,
frequently including availability of pure non-infective water for household
use, and often also with regular compulsory medical attention.

Similar deductions were made by Rockefeller Foundation workers in
Egypt (Scott, 1937).

Concerning the effect of age it may be said that exposure to infection
varies little with age among the poorer classes of the population, since no
supply of filtered chlorinated water is available to them and they are there-
fore obliged to wash and bathe in the possibly infective waters of irrigation
channels, drains and pools and to use these waters for household purposes
at all ages. Very young children are, however, less exposed in this way
than other groups. Proximity to the source of infection therefore favours
an even age-distribution, whereas a distant source operates in favour of a
higher incidence among the younger, more active members of the popula-
tion (Watson, 1953c).

Research on human-host/parasite relationship and activity of social groups

In connexion with the influence of human concentration and the activity
of social groups on bilharziasis, the following problems still require inves-
tigation:

1. The extent to which pilgrim routes play a role in the dissemination
of bilharziasis has not been systematically studied; although a number of
authorities have made reference to it, particularly as concerns the trans-
African route to Mecca and Medina. Almost nothing is known from this
point of view about the pilgrim traffic between the eastern States of Islam
and the holy cities of Iraq.

2. The exact effect of pollution with human excrement in promoting
the establishment of large breeding populations of bilharziasis vector snails
is not understood; and while the total avoidance of pollution is obviously
a desirable aim to be achieved, more detailed knowledge of the mode of
action of such pollution might enable its effects to be minimized where it
is unavoidable, and might also give a lead in the development of more
effective molluscicides.

3. The mathematical problems involved in the estimation of the mini-
mum numbers of snails and of visits of infected human beings to their
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habitat, and of the severity of infection (i.e., mean daily egg-output) of such
persons, have yet to be investigated. Solution of these problems is of
especial importance in areas where the snail hosts are known to exist, but
infected human beings are not yet present.

4. The complex interrelationship between the rate of infection with
bilharziasis on the one hand and age, occupation, social position and
financial status on the other needs more detailed investigation in most areas
of bilharzial endemicity.

5. The effect of bilharziasis in children on growth and physical develop-
ment on the one hand and on mental development and scholastic attain-
ment on the other also needs to be investigated further.

Extension of irrigation and agriculture

Recent work has demonstrated that where extension of irrigation and
agriculture is taking place on a large scale in the Middle East and North
Africa there is a progressive increase in the incidence of bilharziasis in man
due both to S. mansoni and to S. haematobium and in the extent of the
areas where these infections are endemic.

An increase in the number and extent of endemic foci has been notable
in North-West Africa, the Nile Valley and the Tigris-Euphrates Valley.

In Algeria, the relatively recent establishment and rapid extension of
an endemic focus of bilharziasis -haematobia in the Bas-Chelif plain in the
district of Saint-Aime de la Djidouia has shown how rapidly this disease
may spread when the construction of irrigation channels provides favourable
breeding-sites for the molluscan intermediate host and infected individuals
are available in sufficient numbers to pollute the water with the viable
eggs of the parasite. The origin of the disease in this case is traceable to
migrant workers from the ancient endemic foci and the palm-groves and
oases of southern Morocco (Alcay, Marill & Musso, 1942). Development
of perennial irrigation schemes in other parts of North-West Africa may be
followed by similar effects, owing to the rapidity with which the vector
snails colonize new channels and to the presence of infected migrant
labourers from the permanent endemic foci of southern Morocco.

In Egypt, dependent entirely for its cultivation on the waters of the
Nile, the widespread occurrence of both forms of bilharziasis is of very
ancient origin, there being evidence that they existed in Pharaonic times.
The effect of spread and extension of the disease to new areas is therefore
less evident in this country, although the incidence in many districts for-
merly under basin irrigation was so low that bilharziasis may be said to
have been absent.

In the Sudan, the increase in the number and extent of endemic foci is,
as in Algeria, a matter of recent history. The irrigation of the arid Gezira
area between the Blue Nile and the White Nile, from which bilharziasis
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was formerly practically absent, by means of high-level canals has been
associated with a steady spread and increase in the incidence of bilharziasis,
especially the urinary variety, during the last three decades. The problem
here is one of especial gravity ; in this case because the danger of such
a spread of bilharzial infection was fully recognized from the inception of
the irrigation scheme, and measures which at that time were believed to
be adequate were taken to prevent it (Markowski, 1953; Stephenson,
1947). Reassessment of the value of these measures in the light of their
manifest inadequacy in the present situation will be of use not only with
regard to future action in the Sudan itself, but also with respect to other
areas where comparable conditions exist.

In Iraq, as in Egypt, the history of bilharzial endemicity is both less
certain and less recent. Back at least to the Babylonian era, and perhaps
earlier, cultivation in the valley of the twin rivers has been largely dependent
upon perennial irrigation; and the canal systems established for this purpose
in ancient times have not been equalled, still less surpassed, at the present
day. Evidence exists that the disease was widespread in very ancient
times. The perennial irrigation system of Iraq is, perhaps, the most ancient
in the world, dating back to Babylonian times; and it is probable that the
area of occurrence of bilharziasis haematobia has expanded and contracted
through the centuries with changes in the extent of the irrigated area. Bil-
harziasis, therefore, has in all probability been endemic in the area for many
thousands of years, but after the destruction of the original irrigation system
by Hulagu in the thirteenth century it was a health problem of relatively
minor importance until the end of the last century, when it was reported to
have been common among the inhabitants of the banks of the Tigris and the
Euphrates. Military operations during the First World War, followed by
the progressive restoration of the irrigation system, brought it once more
into prominence. The extent and gravity of the bilharziasis problem in
this area today is immensely increased by the progress that is being made
in the construction of the vast new irrigation schemes which have been
planned, which will inevitably lead to the spread and increase of infection
with S. haematobium unless exceptionally vigorous measures of prevention
are undertaken.

The discovery of foci in northern Syria and in south-western Iran is
of very recent date.

The introduction of perennial irrigation into areas of bilharzial endemi-
city appears to be invariably accompanied by a rapid and striking rise in
the incidence of bilharziasis in the human population. Reliable figures
attest to this fact in certain of the areas referred to above. Thus, in Egypt,
responsible authorities have put the level of infection of the general popu-
lation in the old days of basin irrigation at not more than 5 %, whereas
today it is established that the rate of infection with bilharziasis haematobia
reaches 75 % in many parts of the Nile Delta, 85% in many villages of the

14
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Nile Valley in Upper Egypt, and 60% in Faiyum Province. Bilharziasis
mansoni is almost confined to the Nile Delta, where the infection rate
reaches over 50% in many places. In certain villages in Aswan Province
where the problem has been carefully studied, the infection rate was observed
to increase from less than 5% to over 75 % within three years of the change
from basin to perennial irrigation. The gravity of the problem is, however,
increased by the fact that it is not only one of the most densely populated
areas of the world, but also one of the most intensively cultivated.

The mechanism of the extension and increase of bilharziasis due to the
extension of irrigation and agriculture is twofold.

1. On the one hand, the construction or extension of perennial irrigation
systems results in the creation of a great number of favourable habitats
for bilharziasis vector snails, so that enormous populations of these molluscs
establish themselves therein in a relatively short space of time. Under un-
disturbed conditions habitats so suitable are less common, and snail popula-
tions in turn are kept in check by limiting factors, already described, which
do not operate to the same extent under artificial conditions.

The cultivation of rice in endemic areas is also responsible for the
provision of enormously extensive favourable habitats for schistosome-
transmitting snails. The season when the paddies are flooded is the very
one when the snails are able to breed most freely, and this, coupled with
the fact that the five favouring conditions mentioned above are met with
in the paddies at this time, renders rice a dangerous crop from the bilharzial
point of view. When water is withdrawn from the fields permanent foci
remain in the form of ditches and pools where the snails can survive until
the following season. The incidence of bilharziasis is high in rice-growing
areas in Iraq, in the Niger Valley, in Northern Rhodesia, in Madagascar,
and probably elsewhere in Africa and the Middle East. The particular
danger of rice cultivation lies in the fact that snail control is more difficult
in paddies than in channels, drains, culverts and the like, on account of
the much greater extent of infested water which has to be treated.

Pollution with human excrement, already referred to above, is, for
reasons not as yet completely explained, an important factor in promoting
the growth and multiplication of bilharziasis vector snails. It requires
special mention again here since it is a factor which does not come into play
under undisturbed natural conditions and is therefore in very large measure
responsible for the enormous populations of these molluscs which are
commonly found in suitable waters associated with human propinquity.
Extension of irrigation and agriculture is invariably associated with some
increase in human pollution of irrigation systems and other collections of
flowing or stagnant water connected therewith.

2. On the other hand, extension of irrigation and agriculture provides
increased opportunities for snail-man contact. The increased degree of
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human pollution of irrigation and other waters that is inevitable when
extension of irrigation and agriculture takes place leads to increased oppor-
tunities for infection of the increasing populations of vector snails and
therefore in turn to increased production of the cercariae infective to man.
The vicious cycle of the life of the parasite is thus progressively promoted.

Increased opportunities for human contact with snail-infested waters
and therefore for acquisition of the infection are likewise inevitably asso-
ciated with extension of irrigation and agriculture. The partial immersion
of labourers in connexion with various agricultural and irrigational practices
is inevitable. The use of irrigation water for washing, bathing or other
household purposes is usual where agricultural labourers and their families
and others resident in the infected area are not fortunate enough to have
available a piped supply of filtered chlorinated water. Even where this is
the case, children are tempted to bathe in infested waters unless cercaria-
free swimming-pools are provided for them.

Basic needs

Since extension of irrigation and agriculture is essential in order to
provide food for growing populations, no expenditure of money or effort
must be spared to ensure that the accompanying increase in bilharziasis
is minimal. The state of affairs in the Gezira irrigated area of the Sudan
shows clearly the dangerous situation that may arise even when the risks
have been recognized in advance and what are believed to be adequate
measures taken to meet them. The basic needs, evidently, are threefold.

Ecological research
Fundamental ecological research along the lines indicated above,

carried out if possible in advance of irrigational and agricultural develop-
ments, will help to avoid the unexpected growth of a menacing bilharziasis
situation. From the point of view of developing methods of environmental
control, such research should be directed towards:

(a) Rendering irrigation channels, drains, culverts and culvert-heads
and other parts of new irrigation systems unsuitable habitats for the vector
snails by taking advantage of natural limiting factors.

(b) Discovering natural permanent breeding-foci of the snails in the
general area of the new development schemes from which infestation of
new irrigation networks could take place; and taking steps either to eradicate
them or else to minimize the possibility of transmission of infestation
from them.

(c) Elimination of primary breeding-foci in new irrigation systems,
if, despite all measures to the contrary, infestation does take place.

(d) Elucidating the association between the cultivation of different
types of crops and the incidence of bilharziasis.
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(e) Investigating the methods of dissemination of the molluscan
vectors, particularly the means by which they reach isolated habitats and
the rate and manner in which they migrate from one part of an irrigation
system to another.

(f) Solution of the mathematical problems involved in estimating the
threshold values of molluscan vectors and viable eggs necessary for the
initiation and maintenance of the life-cycle of the parasite.

Prevention ofpollution
Since pollution with human excrement not only provides the opportunity

for the snails to become infected by seeding the water with viable schistosome
eggs but also has a stimulating effect on the growth of vector snail popula-
tions, its prevention is an aim to be achieved at any cost. Education of the
population, provision of latrines and enforcement of their use, institution
of penalties for promiscuous urination and defaecation, siting of villages
away from irrigation canals and drains, fencing-off or piping of water
channels near habitations, and similar measures, all have their value. This
is a complex social and educational problem which, in many cases, is
almost impossible of solution until a very marked improvement in the general
standard of living of the population has been achieved. There is no doubt,
however, that the absolute prevention of pollution would effectively cut
the life-cycle of the parasite and prevent bilharzial infection. In respect
of hookworm disease much has been achieved in some areas by relatively
simple sanitary measures. It is, perhaps, not too much to hope that some
improvement in the bilharziasis situation might be similarly gained.

Avoidance of human contact with infective water
Here also education of the population, siting of villages away from

irrigation canals and drains, and fencing-off or piping of water channels
near human habitations are important measures. However, much human
contact with infective water is almost unavoidable under present conditions
and a major step is, as with prevention of pollution, to raise the general
standard of living of the people. In particular three measures are of cardinal
importance, and in their absence little progress is likely to be made in
preventing contact between man and infective water.

(a) Provision of an adequate supply offiltered chlorinated water. Wher-
ever possible a supply of filtered chlorinated water should be piped direct
to every house, but where this is not possible there should be public taps
and wash-houses available to all inhabitants. The use of infective water
for drinking, washing and general household and domestic purposes may
thus be avoided.

(b) Provision of swimming-pools containing filtered chlorinated water.
In hot climates the overpowering temptation to bathe, especially among
children and young people, has necessarily to be gratified by immersion
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in the infective waters of irrigation channels and drains unless swimming-
pools containing filtered chlorinated water are provided. The cost of their
installation and maintenance would be more than met by the saving in
treatment costs consequent upon the reduction in the rate of infection
with bilharziasis.

(c) Replacement of old-fashioned water-raising devices by modern
pumps. Older methods of raising water, such as the Archimedes screw,
often involved continuous partial immersion of the labourers operating
the mechanism, with inevitable exposure to infection. Modern pumps
eliminate the necessity for such exposure.

* *

Certain seemingly conflicting statements may become apparent to the
reader making a close perusal of the foregoing account. In this connexion
it must be remembered that B. truncatus is a polymorphic species with a
wide geographical and habitat range. Several ecological races with differing
reactions to environmental factors may well exist. Light may be thrown
on this problem by the investigation of any apparent discrepancies.

RItSUM1t
Faisant une synthese de ses observations personnelles et de celles d'autres specialistes,

'auteur expose l'etat des connaissances ecologiques actuelles sur Bulinus truncatus, h6te
nterme diaire de Schistosoma haematobium dans le Moyen-Orient et en Afrique du Nord,
et signale les points qui meritent un complement d'etude.

I1 souligne que B. truncatus est une espece polymorphe avec de nombreux synonymes
dont il enumere les plus importants. Decrit pour la premiere fois en 1826, B. truncatus
n'a pas retenu l'interet des medecins avant la premiere guerre mondiale. Dans le Moyen-
Orient, cette espece se rencontre en Afrique du Nord (Egypte, Soudan, Ethiopie et Ery-
three), en Asie (Turquie, Syrie, Liban, Israel, Irak, Iran, Yemen et, peut-etre, Arabie
Saoudite et Protectorat d'Aden) et dans certaines iles de la Mediterranee (Chypre).

Ce mollusque a une predilection pour les eaux stagnantes ou A faible courant, qui
sont legerement polluees, et dont le substratum est forme de boue richeen mati6res organi-
ques et en v6g6tation aquatique. On observe parfois, quoique rarement, des exceptions
A ces caracteristiques. Les habitats du mollusque peuvent se subdiviser en habitats naturels
(petits cours d'eau permanents, certains types de mares, d'etangs, de lacs et de marais,
sources intarissables) et en habitats artificiels (canaux d'irrigation, barrages, fosses,
piscines, citernes, rizieres et puits). Les reseaux permanents d'irrigation presentent sou-
vent des caracteristiques particulierement favorables A B. truncatus.

Des etudes saisonnieres de population ont montr6 qu'en Egypte cette espece est
particulierement abondante toute l'annee, mais plus particulierement en mai et en decem-
bre, tandis qu'en Irak elle l'est surtout dans les mois d'ete et d'automne et atteint un
premier maximum en juillet et un second en octobre. Les etudes de population en Afrique
du Nord ont indique que le rythme annuel des inondations peut rendre compte en partie
des differences d'abondance saisonniere de B. truncatus dans ces trois regions.

Les oeufs de B. truncatus eclosent au bout de 12 A 15 jours A 22-25° C et la nouvelle
generation commence A se reproduire deux A trois mois apres l'eclosion. Les mollusques
presentent deux periodes annuelles d'activite reproductive intense. Leur long6vit6 est de
dix A quatorze mois.
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L'auteur etudie les incidences de certains facteurs ecologiques sur l'apparition et la
distribution de B. truncatus. Cette espece se trouve dans la nature A des temperatures
comprises entre 60 C et 330 C, II faut une saison chaude suffisamment longue pour qu'une
generation puisse eclore et ce facteur intervient pour limiter l'extension de l'espece vers
le nord. B. truncatus resiste tres bien A la dessiccation lente dans une atmosphere A forte
humidite relative, mais la dessiccation rapide dans une atmosphere a faible humidit6
relative le tue dans la plupart des cas. La baisse du niveau de la nappe phreatique acc6lere
1'effet mortel de la dessiccation. Inversement, la hausse de ce niveau favorise la survie
du mollusque. B. truncatus a ete trouve dans la nature dans des eaux dont la teneur en
sel depassait legerement 1000 p.p.m.; mais il tolere moins bien que de nombreuses autres
especes de mollusques aquatiques les concentrations plus fortes ce qui limite son appari-
tion dans certaines regions. Les eaux acides lui conviennent mal. II pr6ffre les eaux
legerement alcalines. Les eaux seleniteuses favorisent la formation d'une coquille robuste.
Une legere pollution par des excrements humains et animaux favorise le developpement
des populations. B. truncatus peut se reproduire dans l'obscurite totale. B. truncatus se
nourrit de plantes aquatiques en decomposition et d'algues qui se developpent A la surface
d'objets ou de vegetaux flottants ou submerges. Nombreuses sont les especes d'inver-
tebres et d'oiseaux aquatiques qui s'en nourrissent mais jamais au point d'en reduire
sensiblement la population. Les mesures prises contre des larves de moustiques (huile
lourde, DDT, HCH) n'ont pas sensiblement nui aux populations du mollusque. Tous
les facteurs ecologiques sont examines comme si chacun d'eux pouvait etre 6value separe-
ment, mais il convient de souligner qu'en realite, c'est l'action conjuguee des diff6rents
facteurs qui compte.

L'effet des molluscicides sort du cadre de la presente communication. L'auteur
signale cependant que les mollusques peuvent echapper A l'action letale de ces produits,
soit lorsqu'ils s'enfouissent dans la terre, soit lorsqu'ils sont pietines dans le substratum
ou se trouvent deposes au-dessus du niveau des eaux dans des endroits ombrages et
humides; ils peuvent alors reconstituer en relativement peu de temps une population
dangereuse.

On peut lutter en modifiant les habitats connus par drainage du terrain, assainissement
des environs (pre'vention de la pollution), assechement, augmentation a 25 m/min au
moins de la vitesse d'ecoulement, nettoyage des canaux et application d'une couche
protectrice sur les parois, suppression des collections d'eau indesirables et variation
importante et rapide du niveau des eaux. Les systemes d'irrigation seront concus et
entretenus en vue de decourager la formation de colonies.

La lutte biologique contre ce mollusque n'est pas encore du domaine des possibilites
pratiques. Quant aux etudes sur sa distribution et sur les mesures qui permettent de le
combattre, elles exigent une bonne comprehension du cycle biologique et de la sequence
de variation de population: saisons de reproduction, periodes de population maximum
et de population minimum, composition de la population suivant les epoques de l'ann6e
(oeufs, jeunes mollusques et mollusques adultes).

L'auteur etudie aussi des effets de certaines activites humaines dans leurs rapports
avec les mollusques hotes et avec leur influence sur la frequence des schistosomes. La
bilharziose est une maladie plus sociale que professionnelle. Elle est d'autant plus
frequente que le revenu est plus faible, que les conditions de logement sont plus mau-
vaises et que les habitations sont proches d'eaux infectantes. Lorsque l'irrigation et
l'agriculture se developpent en grand dans des regions endemiques, on constate une
augmentation progressive de la frequence de la bilharziose chez l'homme et une expansion
des principaux foyers d'infection par suite de la creation de nouveaux habitats et de condi-
tions favorables aux mollusques vecteurs, par suite aussi d'une augmentation des risques
de contact entre le mollusque et l'homme.

L'auteur termine son expose en indiquant les recherches qu'il preconise dans ces divers
domaines.
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