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The Development of Irrigation and its Influence
on the Transmission of Bilharziasis in Tanganyika*

R. F. STURROCK, Ph.D.'

Schistosoma mansoni and Schistosoma haematobium are widely distributed throughout
East Africa, each being transmitted by several intermediate hosts. It is feared that the
increased use of irrigation, which is proposed in Tanganyika to expand agricultural
productivity, will also increase the incidence and intensity of schistosomal infection. Nine
newly developed irrigation schemes have been examined to provide base-line data against
which anyfuture observations on the build-up ofbilharziasis can be compared. A description
is given in tabularform ofeach scheme together with the results ofsnail andparasite surveys
conducted on and around it. These results are discussed in relation to the type ofscheme and
in the light ofexisting knowledge ofbilharziasis in East Africa. The necessity and suitability
of certain control measures are discussed.

INTRODUCTION

The rainfall of Tanganyika is seasonal, occurring
mainly between October and May, and is controlled
by both the north-east monsoon and the south-east
monsoon air currents blowing from the Indian Ocean.
Superimposed on this pattern is rainfall due to
streams of moist air from the Congo which, through-
out the year, affect the western region of the country
and sometimes penetrate well into central Tangan-
yika. Most of the rainfall is convective in origin
and consequently very localized so that, even in a
relatively small area, big differences may occur in
the total annual rainfall. Under these conditions,
mean annual rainfall figures are unreliable and often
misleading. Land may be fertile but, with seasonal
rainfall of low reliability, it cannot be used for
efficient agriculture unless some form of irrigation is
employed, utilizing either water from perennial
rivers rising in mountainous areas with high rainfall
or artificially impounded waters from dams which
have been constructed to protect roads or railways
from flood damage and to prevent soil erosion.
Although the damming of seepages is widely used

to create rice-fields, true irrigation is not usually
found in the traditional methods of husbandry in
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Tanganyika except for a few peasant schemes around
the Pare and Usambara mountains. Until recently
the only large-scale irrigation scheme in the country
was that of the Tanganyika Planting Company at
Arusha Chini, where sugar has been grown for
several decades on a site of about 7000 acres
(ca 2800 ha). The bilharziasis problem on this
scheme has been investigated by Crossland (1962).
Between about 1955 and 1961, nine new schemes
were started, bringing the area at present under
irrigation to about 20 000 acres (ca 8100 ha),
expanding eventually to about 45 000 acres (ca
18 210 ha). In addition to these schemes, another
fifteen are proposed to give a grand total of about
185 000 acres (ca 75 000 ha) under irrigation. The
existing schemes lie in three areas: on the plains to
the north and east of the Southern Highlands
mountains, where water is available from the
perennial Ruaha river; on the plains around the
Pare and Usambara mountain ranges, utilizing
tributaries of the Umbo and Ruvu (Pangani) rivers;
and in the Central Region, where several dams have
been constructed recently. Some of the proposed
schemes will be in the areas mentioned but three
other areas for development have been selected:
on the coastal plain, using small perennial rivers
from the central plateau; north-east of Lake
Tanganyika on the Luiche delta; and on the southern
shore of Lake Victoria, using lake water.
The association of a build-up of bilharziasis with

an expansion of irrigation is widely reported from
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many tropical and subtropical countries (e.g.,
McMullen et al., 1962). Since both forms of bil-
harziasis are endemic in many areas of Tanganyika,
it seems inevitable that the disease will spread, and
possibly become more severe as irrigation is deve-
loped. The object of the studies reported in this
paper has been to provide base-line data on the
present state of bilharziasis in these newly developed
schemes, with which future observations may be
compared. In addition, it was hoped to obtain
some information, first on the routes by which
aquatic snails, particularly intermediate hosts of
schistosomes, infest irrigation schemes and the
speed with which they do so, and secondly on the
build-up of the parasites in the human population.

THE DISTRIBUTION OF BILHARZIASIS IN TANGANYIKA

Both Schistosoma mansoni and S. haematobium
occur, although the former is but rarely found on the
coastal plain. The map shows a discontinuous
distribution of both species on the inland plateau.
This is due partly to incomplete information from
some areas and partly to the absence of either man
or snails or both from other areas. Where both
snail and human populations are present in sufficient
numbers, so, in most cases, are the parasites. The
situation is complicated by movements of the
human population so that infections acquired in one
area can be carried into new areas where transmission
does not occur. If suitable intermediate hosts occur
in the new areas, then transmission may be started.
This is particularly relevant to irrigation schemes
where often large human populations are con-
centrated around suitable snail habitats in areas that
were previously uninhabited.

THE INTERMEDIATE HOSTS OF SCHISTOSOMES
IN TANGANYIKA 1

The distribution of the two genera of African
Planorbidae known to transmit bilharziasis in
Tanganyika is shown in the accompanying maps.
Of these, Biomphalaria spp. transmit S. mansoni and
Bulinus (Physopsis) spp. transmit S. haematobium.

B. choanomphala choanomphala (Martens) is
restricted to the body of Lake Victoria while
B. sudanica tanganyicensis (Smith) is found in dams,
in permanent and seasonal watercourses and in
seepages around the southern shores of Lake
Victoria and near Arusha. A number of forms of

1 The nomenclature used by Mandahl-Barth (1958, 1963)
is used, where applicable, throughout this paper.

B. pfeifferi (Krauss) occur throughout the inland
plateau in seasonal watercourses, in swamps and in
sheltered sites on permanent watercourses. B. angu-
losa Mandahl-Barth is present in swamps at high
altitudes in the Southern Highlands, and, although
this species has not been incriminated in the field,
laboratory tests have shown it to be an efficient
intermediate host for S. mansoni (Sturrock-
unpublished data).

B. (Ph.) nasutus nasutus (Martens) is found in
swampy pools and temporary watercourses through-
out most of the country, although it is replaced
around Lake Victoria by B. (Ph.) nasutus productus
Mandahl-Barth, a snail generally confined to
temporary pools and seepages. B. (Ph.) africanus
ovoideus (Bourguignat) occurs both on the coastal
plain and inland, usually in temporary streams,
swamps and dams. B. (Ph.) africanus africanus
(Krauss), the southern Africa form, occurs in the
Southern Highland area in rivers, swamps and
temporary watercourses. This species is capable of
transmitting East African strains of S. haematobium
(unpublished data). B. (Ph.) globosus (Morelet)
occurs on the coastal plain and inland on the
plateau in pools, rivers and swamps. The closely
related form B. (Ph.) ugandae (Mandahl-Barth)
occurs in similar habitats around Lake Victoria
but is not apparently capable of transmitting
S. haematobium (Mandahl-Barth, 1963).
Of the genus Bulinus (Bulinus), B. (B.) tropicus

(Krauss), B. (B.) natalensis (Krauss) and B. (B.)
coulboisi (Bourguignat) are widely distributed over
Tanganyika but they are not believed to transmit
bilharziasis. B. (B.) forskalii (Ehrenberg) is also
widespread and Teesdale (1962) believes that it may
act as an intermediate host for S. haematobium.
B. (B.) reticulatus Mandahl-Barth occurs sporadi-
cally and this species has been shown by Wright
(1963) to transmit S. haematobium in the Aden
Protectorate. Snails of the genus Ferrissia also occur
in Tanganyika and Gadgil & Shah (1955) claim to
have infected an Indian species of this genus with
S. haematobium.

While the detection of snails of either the genus
Biomphalaria or the genus Bulinus (Physopsis)
may be sufficient to indicate the risk of bilharziasis
transmission on irrigation schemes developed in an
area, it is important to know which species is
involved, as this will determine what sites, if any,
are likely to become infested on the scheme and what
methods of control may be applicable. However,
species identification is by no means easy.



INFLUENCE OF IRRIGATION ON BILHARZIASIS TRANSMISSION IN TANGANYIKA z2 /

LOCATION OR DISTRIBUTION IN TANGANYIKA OF TOPOGRAPHICAL FEATURES, IRRIGATION SCHEMES,
BILHARZIASIS AND INTERMEDIATE HOSTS OF SCHISTOSOMES

1. MOUNTAIN AREAS. RIVERS,LAKES &TOWNS 2. IRRIGATION SCHEMES & BILHARZIASIS
e MOUNTAIN AREAS A. MERU B. KILIMANJARO

C. N.PARE D. S.PARE

UGANDA ), A?e 'rE. USAMBARA F. S.HIGHLANDS

O IRRIGATION SCHEMES:-I.KILOMBERO 2.BALUCHI
,,3.MBARALI 4. KALENGA

5. IKOWA 6. MANGOINI
i, 7 KISIWANI B. KALIMAWE
*4, 9. KITIVO 10. NYUMBA YA

MUNGU
% 11. ARUSHA ~CHINI

4. BULINUS (PHYSOPSIS) SPP.

I
I

7



R. F. STURROCK

METHODS

The enormous area of Tanganyika made any

continuous observations on these irrigation schemes
impossible. Each scheme was visited at least once

for a period of one to seven days, and four of the
schemes were visited on several occasions in order
to see them at different seasons of the year. Where
possible, the first visit was timed to coincide with the
early part of the dry season, when water-bodies in
the neighbourhood of a scheme were accessible and
still contained water, and when the snail populations
were maximal. It must be stressed that the apparent
absence of snails from an area during one visit
does not prove that they do not occur there.
During a visit, any likely snail habitats on or

around a scheme were noted and searched for snails,
by hand and with nets, scoops and sieves. Any
snails recovered were narcotized in an aqueous
menthol solution and fixed and preserved in 70%
alcohol. They were dispatched to the WHO Snail
Identification Centre, Charlottenlund, Denmark,
for identification by Dr G. Mandahl-Barth, whose
services are gratefully acknowledged. Where possi-
ble, stool and urine samples were collected from
9-13-year-old schoolboys unless otherwise stated.
This age-group is a fairly reliable one for assessing

the prevalence of bilharziasis in an area as subjects in
it have not usually travelled extensively. Subjects
were questioned on this point as an extra precaution
against obtaining false-positives in an area. Stools
were preserved with formol and urines with formol
or thiomersal solution. The former were examined
for S. mansoni eggs by both the direct smear and the
AMS III concentration techniques, and the latter
by the method used by Jordan (1961).

OBSERVATIONS ON NEWLY DEVELOPED IRRIGATION

SCHEMES

The locations of these schemes are shown in the
maps. For each scheme, the relevant details about
size, management and crops are summarized in
Table 1. Details of bilharziasis infection rates in
the human population, the species of snails and
their location on or around a scheme, and human
contact are given in Table 2.
Water is fed by gravity from the supply, through

a series of earth-lined canals to the irrigable area on

all but one of the nine schemes visited. The excep-
tion, the Kilombero Irrigation Scheme, uses a

screw pump to pass water from the river into an

open distribution canal whence it is sprayed on to

the sugar fields by an overhead sprinkler system.
On the other schemes, water is passed on to the
irrigated plots through siphons, pipes, or breaches
in the canal walls. Most of the canals are lined at
key points with metal, wood, stone or concrete to
prevent scouring while inverted siphons, spillways
and dykes are used to prevent damage by storm-
water floods.
At Kilombero, snails did not appear in either the

canal or drainage system until early in August 1962.
Shortly after this, waste molasses from the sugar
refinery were passed into the main canal at a con-
centration of about 300 parts per million. Snails
were killed in canals and drains contaminated by
the molasses but unfortunately the latter also clogged
the sprinkler nozzles and this practice was stopped.
Most of the labour force on this scheme is recruited
from outside the area. Of a sample of 1652
employees, 1425 came from areas where S. haemato-
bium is endemic and 320 from areas where S. mansoni
is endemic. In the absence of any intermediate
hosts, there appears to be little danger of S. mansoni
transmission on this scheme at present, and the
30 people treated for this parasite at the estate
hospital in 1962 almost certainly acquired the in-
fection elsewhere. This is true, probably, for the
451 employees treated for S. haematobium in the
same period; but in the presence of intermediate
hosts transmission of this parasite may well occur
and infected B. (Ph.) globosus have now been
recovered.
A problem common to both Kilombero and

Mbarali is the appearance of a large resident
human population dependent on permanent water-
bodies created by the development of these schemes
but outside their boundaries and consequently their
control. This situation creates a public health hazard
where none previously existed.
The Baluchi Irrigation Scheme was remarkably

clear of snails, although several species occurred in
small numbers. Several factors may account for
this. First, the water flow in the canal system was
very rapid when they were in use, but the canals
were completely dried out in the dry season.
Secondly, silt and vegetation are dug out of the
canals twice a year. Thirdly, a complex system of
rice husbandry is used in which the rice-fields
are ploughed, manured and subjected to a programme
of alternate drying and flooding. Consequently
neither the canal system nor the rice-fields contain
much in the way of snail habitats. Snails are
confined to temporary pool sites, filled with rain or

228
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seepage water, with which there is little human
contact, particularly as there is no resident popula-
tion on this scheme.
On the Baluchi Scheme and the neighbouring

Mbarali Irrigation Scheme, B. (Ph.) nasutus nasutus
is confined to temporary pool habitats and has not
established itself in the canal system even though
snails were washed into several Mbarali canals
during rainstorms in January 1962. B. pfeifferi
normally lives in more permanent water-bodies,
such as pools in natural drainage lines in which
large snail populations build up during the dry
season. The first rains flush these into the river
whence a number are swept into the canal system
and colonize suitable habitats, mainly where
vegetation and a slow water flow are present.
During a series of visits to Mbarali, several such
colonies were observed building up and, in some
cases, suddenly dying out for no apparent reason.
At Mbarali, there is a resident population of

tenants and labourers on the scheme, in close contact
both with the canal system and with temporary
habitats, especially borrow-pits, near the villages.
Two surveys have been completed to assess infection
rates in this population. The first, in January 1962,
showed the infection rate of S. haematobium to be
8.1% (5/62) and of S. mansoni to be 10% (6/60).
A more comprehensive survey was carried out on
some 300 people in January 1963. The results of
the second survey, given in Table 3, are not strictly
comparable with those of the first because of the
disparity of the numbers and the inclusion of
incoming tenants in the second survey. The rate
of infection with S. mansoni was high among the

TABLE 3
RESULTS OF BILHARZIASIS SURVEY AMONG

RESIDENTS OF THE MBARALI IRRIGATION SCHEME
IN JANUARY 1963

S. mansoni S. haematobium
Category No. % No. %

examined positive examined positive

Senior African staff 46 2.2 45 2.2

Labourers 144 11.8 133 6.0

Old tenants 70 28.6 84 13.1

New tenants 47 48.9 54 9.2

Total 307 19.8 316 8.0

latter, the majority of whom came from outside the
area. The bilharziasis rate was a little lower in
females than males, 7.2% (10/139) and 8.7%
(13/149) respectively for S. haematobium and 18.7%
(26/139) and 20.1% (32/153) for S. mansoni. The
S. haematobium rate rose to a peak of 12.4% in the
21-30-year age-group and dropped thereafter, while
that of S. mansoni had two peaks, 32.7% in the 11-20
age-group and 35% in the over-40 age-group. Two
young children were infected with S. haematobium
and three with S. mansoni, suggesting that trans-
mission of both parasites occurs on the scheme
since none of these children was believed to have
left it. B. pfeifferi have been recovered shedding
mammalian-type schistosome cercariae but none
of the known or potential intermediate hosts of
S. haematobium has been found infected yet.

In the Kalenga area there is a low level of S. haema-
tobium infection present, but apparently no S. man-
soni. Several B. (Ph.) africanus africanus collected
from a near-by swamp were shedding mammalian-
type schistosome cercariae and this snail has
invaded the main canal of the irrigation scheme.
B. angulosa is also present in this swamp but, so far,
it has not invaded the irrigation scheme and no
infected snails have been recovered. However, the
arrival in this area of infected people could initiate
S. mansoni transmission.
Both the Ikowa and Mangoini Irrigation Schemes

were developed after a permanent water supply had
been provided by the construction of dams to prevent
soil erosion and to protect communications. Both
schemes have now been virtually abandoned for a
number of reasons but particularly because of
opposition to irrigation by the local population.
Nevertheless, the canal systems remain, providing
snail sites and permanent water attracting a resident
human population so that transmission of bilhar-
ziasis can occur.

In contrast to these two schemes, those at Kisiwani,
Kalimawe and Kitivo are being used by the local
population, who are familiar with irrigation and
run a number of small-scale irrigation schemes
themselves.
Any irrigation scheme developed after the comple-

tion of the Nyumba ya Mungu Dam is likely to
encounter the same problems as those experienced
by the near-by scheme at Arusha Chini, where
S. mansoni is transmitted through B. pfeifferi in the
canal system and, to a lesser extent, S. haematobium
through Bulinus (Physopsis) spp. in temporary pool
habitats. The area is almost uninhabited at present
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and any tenants or labourers will have to be brought
in from other neighbouring areas, such as the ones
sampled for the infection rates given in Table 2.

DISCUSSION

It is convenient at this point to classify the existing
irrigation schemes in Tanganyika into three types:
commercial, settlement, and local authority. On a
commercial scheme, a private company or firm
grows a limited number of crops intensively. This
firm maintains a strong central control of the water
management and crop husbandry. It usually takes
responsibility for the housing of its labour force
and provides sanitation, educational and welfare
facilities for its employees. The Arusha Chini and
Kilombero Irrigation Schemes belong to this class,
and also for convenience, the Baluchi Irrigation
Scheme. On these commercial schemes the manage-
ment is sufficiently strong and skilled to enforce any
necessary measures to control bilharziasis.
On settlement schemes a governmental or quasi-

governmental organization constructs the irrigation
schemes, controls the water management and settles
African families on small plots, teaching them the
best ways of growing suitable crops. These schemes
have a central management which, although perhaps
not quite as strong as that on commercial schemes,
should be able to enforce bilharziasis control
measures. The Mbarali Irrigation Scheme is the
only one of this type so far in Tanganyika, but if it is
successful, several more may be constructed.
The remaining irrigation schemes are run by a

local authority. The Water Development and
Irrigation Division (W. D. & I. D.) of the Ministry
of Agriculture constructs the intake weir or dam
and the main canal, and maintains them. This
usually involves repairing damage to the banks and
sluices and clearing silt and vegetation. The construc-
tion of the rest of the scheme, water management
and land allocation is left to the local council,
although advice on farming may be given by the
Department of Agriculture. The implementation of
any measures to control bilharziasis is likely to be
more difficult on this type of scheme than on the two
previous types.
Large commercial schemes are faced with the

problem that they draw their labour force from
many areas so that there is a serious risk of introdu-
cing heavily infected people to an area where bil-
harziasis was originally absent. This problem may
also apply to settlement schemes.

Considering the bilharziasis situation on the
schemes visited, it is apparent that at the Kilombero
Scheme the problem is one of S. haematobium
transmission. The intermediate hosts of this
parasite are present in both the canal and the
drainage system. They probably infested these sites
from habitats in the swamp upon which the scheme
has been constructed rather than from the river, as
no snails have been recovered from this site or from
the upper reaches of the main canal. The pump
taking water from the river to the main canal should
be quite an effective barrier to snails although
Pitchford (1953) and Lanoix (1958) both report the
passage of snails through several types of pump.
Within the scheme boundaries, the layout and
management employed minimize but do not elimi-
nate contact between the African labour force and
the canal system so that snail control may be neces-
sary. Mollusciciding will probably be the cheapest
and most effective measure, although it is a pity that
the use of molasses could not be continued. The
management cannot be held responsible for newly
created water-bodies outside the boundaries of this
scheme.
On the Baluchi Scheme, the intermediate hosts of

both forms of bilharziasis have been found in rice-
fields and seepage pools rather than in the canals.
This is the only scheme on which rice-growing is of
any importance. While Pitchford (1958) considered
that S. haematobium transmission could occur in
rice-fields in Swaziland, and Foster (personal
communication) found a large percentage of
Physopsis spp. infected with S. haematobium in
rice-fields to the south-west of Arusha, Webbe
(personal communication) considers rice-fields in the
Mwanza district of Tanganyika to be of little
significance in the transmission of S. haematobium
in comparison with other habitats. This probably
applies to both S. mansoni and S. haematobium
transmission on the Baluchi Scheme, where the
method of husbandry and canal management
prevents stable snail habitats developing, and the
labour force lives away from the scheme, minimizing
human contact with any snail populations which
succeed in developing.
On the near-by Mbarali Scheme, the situation is

rather different and transmission of both types of
bilharziasis may become important. B. pfeifferi
appears to have invaded the canal system from the
river and to have colonized suitable habitats
throughout the canal system; these colonies are by
no means stable, however, and may disappear
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suddenly. Crossland (personal communication)
believes that after mollusciciding, infestation from
the river intake of the Arusha Chini Scheme by
B. pfeifferi is of little importance but Markowski
(1953), Jackson (1958), Abdel Malek (1958b),
Khalil & Sharaf ed Din (1961) and Teesdale
(personal communication) all agree that infestation
of irrigation schemes from a riverine source is
important. So far B. (Ph.) nasutus nasutus has not
established itself in the canal system but is confined
to temporary pool habitats around the scheme.
Both forms of bilharziasis are present in the labourer
and tenant populations which are resident on the
scheme, in close contact with the canal system and,
indeed, often dependent on it for their water supply.
Pit latrines may reduce the risk of transmission
occurring, but it is difficult to insist on their use.
Stoll (1947) pointed out that such latrines are often
most offensive in tropical climates and that it is
not surprising that they are rarely used. This will
greatly increase the risk of disease, particularly
when the houses of the people concerned are spread
throughout an irrigation scheme. This scattering
also reduces the control that the management can
exercise over these tenants if any anti-bilharziasis
measures are needed. On this scheme, several
methods of control would be needed, including
water management and weed clearance to keep snail
habitats on the canal system to a minimum, filling in
of temporary pool sites near the villages and tenant
houses and the use of molluscicides. The manage-
ment has no control over land adjoining the scheme,
though this would be particularly desirable for the
area traversed by the main canal from the river to
the irrigated area.
The apparent absence of any strong central

management on the six local authority schemes seen
may, in practice, not be so deleterious to bilharziasis
control measures as might be thought. All these
schemes have been built on land with an appreciable
slope and with relatively porous soils. Even when
irrigation is in progress, the field canals are not
always in use and dry out rapidly. While snails are
often able to withstand limited periods of drought,
it is unlikely that any large snail populations will
develop under these conditions in any one season.
Furthermore, on five of these schemes, these field
canals are often re-routed from season to season so
that the establishment of suitable snail habitats is
rendered even more unlikely. Also, drainage channels
are unnecessary in all but one of these schemes,
which is in marked contrast to the commercial

schemes of Tanganyika and irrigation schemes
elsewhere, such as in Egypt (van der Schalie, 1958).
Marshy seepages are sometimes present at the lower
end of these systems if the main canal is not led
back to the river, but human contact with these is
probably small as these areas are unsuitable for
houses. The main transmission sites are likely to
occur in the dam or river feeding the main canal,
and in the main canal itself. Houses are frequently
built around these two sites and human contact
with them is consequently high. The main canal is a
fairly restricted body of water and comes under the
control of the W. D. & I. D., so that it should be
relatively easy to use molluscicides there. Three of
these six schemes contained intermediate hosts in
the main canal: B. pfeifferi at Mangoini and Kitivo,
and B. (Ph.) africanus africanus at Kalenga.
McMullen et al. (1962) have summarized the

main methods by which bilharziasis control may be
attempted, particularly where irrigation is involved.
Basically these consist in the elimination of the
parasite in the human population, the elimination
of any habitats that may be suitable for the
intermediate hosts but are unnecessary for the
irrigation scheme, the destruction of the inter-
mediate hosts in those habitats that may not be
eliminated, and the segregation of the human popu-
lation from these habitats to interrupt the life-cycle
of the parasite.
During the design of irrigation schemes, the

suggestions made by Lanoix (1958) should be taken
into account if possible, and particular care taken
over the siting of any labour lines or tenants'
houses. Greany (1952) observed that the frequency
of bilharziasis in villages sited well away from irriga-
tion canals of the Gezira Irrigation Scheme in the
Sudan was significantly lower than in villages sited
near the canals. Jackson (1958) and Pitchford (1962)
observed in South Africa that fencing of dangerous
waters was an effective method of reducing trans-
mission if alternative, safe waters were provided for
bathing, washing and drinking. It is well worth the
effort of taking these precautions during the develop-
ment of a scheme if money is available then.
However, a number of irrigation schemes in
Tanganyika have been developed on very limited
budgets, almost as an afterthought to the con-
struction of dams to control waterflow along rivers
and to prevent soil erosion. Such schemes should be
planned with as much care as any other but in
practice they are not, usually because of the lack of
funds. If these schemes are successful, then the cost
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of subsequent anti-bilharziasis measures may be
borne by the scheme, but where schemes fail and
are abandoned, as in the case of two of the schemes
visited, permanent water-bodies suitable for snails
remain. These will attract and concentrate a popula-
tion which was not originally present and bilharziasis
transmission may develop.

All of the newly developed schemes may introduce
or increase bilharziasis transmission in the areas in
which they are sited. This has probably already
occurred at Kilombero and Mbarali. However, the
problems may differ between individual schemes,
depending on the management, layout and crops,
even if the schemes are in the same area. These
differences may alter the choice of the most suitable
control measures.
Webbe (1963) considers that the intermediate

hosts of S. haematobium namely, B. (Ph.)
globosus, B. (Ph.) nasutus nasutus, B. (Ph.) nasutus
productus and B. (Ph.) africanus ovoideus-are un-
likely to thrive in well-kept irrigation canals.
However, where irrigation schemes are not managed
properly, these snails may find suitable habitats,
particularly in drainage systems. The habitat in
which the colony of B. (Ph.) globosus was found at
Kilombero was in fact the drainage tail of a canal.
However, B. (Ph.) nasutus nasutus was present at
Kilombero in a secondary canal, although the same
species is apparently unable to colonize the canals
at Mbarali. This may be an example of infraspecific
variation which, Wright (1962) suggests, may occur
among both the snails and the schistosomes.
Obviously more information on both parasites and
intermediate hosts is needed before any accurate
predictions can be made about bilharziasis on
existing and proposed irrigation schemes in Tan-
ganyika.
The factors involved in the variations of snail

density in irrigation canals throughout the year are
of particular interest, as these will determine the most
suitable control measures. Webbe (1960, 1962) has
shown that seasonal variations occur in the popula-
tion densities of B. pfeifferi colonies in lakes and
streams in Tanganyika, and Teesdale (1962) observed
the same phenomenon in Kenya. These fluctuations
are probably due to a number of factors such as
variations in water temperatures and the quality of
water, flushing by floodwaters and seasonal increases
in the silt content of the water. At Mbarali, colonies
of B. pfeifferi showed a tendency to die off suddenly.
The factors mentioned above may play a part in
this but the system of water management and silt

and weed clearance may have disturbed what was
originally a suitable snail habitat.
The distribution in Tanganyika of Biomphalaria

spp. is of special interest to the development of
irrigation systems. While various species are found
on the inland plateau, none has been found on the
coastal plain during these investigations, with the
exception of one small colony of B. pfeifferi at
Kitivo, which is very close to the plateau. The
observations of Mozley (1939), Webbe (1959),
Maclean, Webbe & Msangi (1958) and Berrie
(personal communication) all agree that this genus
does not occur on the coastal plain of Tanganyika.
Pringle (personal communication), quoting the
records of the East African Institute for Malaria
and Vector-Borne Diseases, states that colonies of
B. pfeifferi have been found at Same (2500 feet;
760 m), Gonja (2000 feet; 610 m) and Mnazi
(1500-2000 feet; 460-610 m) on the edge of the
coastal plain, but never actually on it. Teesdale
(1954, 1962) and Teesdale & Nelson (1958) report
similar findings on the contiguous coastal plain of
Kenya. However, according to de Morais (1956),
Biomphalaria spp. do occur on the coastal plain of
Mozambique. The question arises whether this
genus is unable to survive on the coastal plain of
East Africa, or whether it is capable of surviving
there but has not yet been introduced, in which case
it is possible that irrigation schemes might provide
suitable habitats since they already do so on the
inland plateau. Obviously it is most important to
know the answer to this question as it will determine
whether or not S. mansoni transmission will occur
in this area. It is tempting to suggest that the
temperatures at altitudes of less than about 1000-
2000 feet (ca 300-600 m), on the East African coast
between the latitudes of 100 north and south of the
equator are too high for the snails to survive,
whereas inland, at higher altitudes, these high
temperatures do not occur. Similarly, at latitudes
greater than about 100 north or south of the equator,
high temperatures are not so common at altitudes
below 2000 feet (600 m) as they are, for example, in
Mozambique where the snails do occur. Certainly
in North Africa, Biomphalaria spp. occur at low
altitudes near the coast in Egypt (Abdel-Malek,
1958a), while in southern Africa, in Swaziland,
Pitchford (1958) reports that the position is reversed:
B. pfeifferi occurs mainly on the Lowveld below
1500 feet (ca 460 m), only rarely being found above
this altitude. In West Africa, Gordon, Davey &
Peaston (1934), working in Sierra Leone (which lies
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south of the latitude 10°N), reported that S. mansoni
and B. pfeifferi were absent on the coast but occurred
in isolated foci inland, at an altitude of 1500 feet
(ca 460 m). Laboratory experiments by these
authors indicated that the optimum temperature
for this species was between 25°C and 33°C. How-
ever, other authors have shown that this species is
able to survive over an extremely wide temperature
range: 20°C according to van Someren (1946),
whereas Ayad (1956) collected this species from
water that fell below freezing point in the Eritrean
highlands. The information collected by Odei
(1961), reviewing the literature on the distribution
of bilharziasis in West Africa, suggests that in the
former British Cameroons, Liberia, Portuguese
Guinea, Togo, Dahomey and the Ivory Coast, all
of which lie between the latitudes of 10°N and 10°S,
B. pfeifferi does not occur on the coast and S. mansoni

is rarely seen there: both the parasite and B. pfeifferi
occur further inland in some of these countries
where the altitude is usually greater than 1000 feet
(ca 300 m). In Ghana and Nigeria, the situation is
similar, but a few isolated foci of both B. pfeifferi
and S. mansoni occur nearer the coast. This is
confirmed by Cowper (1963), working in Nigeria.
However, in the Gambia, which lies north of latitude
10°N and at an altitude of less than 1000 feet
(ca 300 m), B. pfeiffei and S. mansoni are found on
the coastal belt, according to Smithers (1957).
While these records from West Africa agree with
those of East Africa in the general absence of
Biomphalaria spp. from the coastal regions, they do
not, however, assist any hypothesis concerning the
possibility of this species infesting habitats which
future irrigation schemes may provide on the coastal
plain of East Africa.
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RtSUMt

Au Tanganyika, la superficie des terres irriguees 6tait
de 2800 ha en 1955, de 8100 ha en 1961, et l'on envisage
d'intensifier les travaux de maniere a couvrir une super-
ficie totale de 75 000 ha.

L'auteur craint que ce developpement ne s'accompagne
d'une augmentation de l'incidence des bilharzioses, deja
largement repandues en Afrique orientale, et rapporte les
resultats d'une enquete men6e a ce sujet dans des secteurs
recemment ouverts a l'irrigation.

Les infections a Schistosoma mansoni et a S. haemato-
bium ont 6te observ6es respectivement dans cinq et huit
des neuf secteurs d'irrigations, et les hotes intermediaires,
Biomphalaria spp. et Bulinus (Physopsis) spp., r6coltes
dans quatre des installations ou aux environs. I1 est per-
mis de croire que la transmission de S. haematobium
s'effectue dans deux des secteurs, et celle de S. mansoni

dans un seul. On a constate la presence des deux parasites
et de l'un des vecteurs, Biomphalaria spp., a proximit6
d'une r6gion oiu l'on se propose d'etablir un systeme
d'irrigation couvrant une superficie de 24 000 ha.

L'auteur estime que la transmission de S. haematobium
est possible dans tous les secteurs d'irrigation du Tanga-
nyika, bien que les canaux ne constituent pas l'habitat
normal de l'h6te intermediaire. En revanche les mollus-
ques vecteurs de S. mansoni preferent les canaux d'irriga-
tion, mais leur presence n'a pas ete decelee dans la plaine
cotiere du Tanganyika et une recrudescence de l'infection
n'est a craindre qu'A l'interieur du pays.

Les problemes epid6miologiques nes de cette situation
ainsi que les mesures eventuelles de prophylaxie et de
lutte sont envisag6s.
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