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Ecological Observations on the Molluscs
of Significance in the Transmission of Bilharziasis

in Kenya
C. TEESDALE'

Further knowledge of the bionomics of bilharziasis vectors is necessary before more
effective measures can be taken to control them. Such knowledge, acquired from long-
term observations in a variety of habitats, should help to fill some of the gaps in knowledge
of molluscan ecology. The present studies were conducted over a period of three to five
years and included observations on the proved and suspected vectors of bilharziasis in
Kenya. Records were kept of seasonal and regional distribution of the snails, population
dynamics and infection rates. Seasonal distribution normally conformed to a definite pattern
but was often so influenced by unseasonable weather and interference by man as to render
it unrecognizable. Temperature, water fluctuations, types and amount of vegetation,
dissolved oxygen and other physical and chemical characteristics ofthe water were recorded
and an attempt was made to assess the importance of the changes in such environmental
factors on the prevalence of the snails studied. No correlation could be found between
vegetational changes in the habitat and the number of snails present, but complete coverage
of the water surface with horizontal vegetation tended to an absence of snails. Except for
torrential floods, wvater fluctuations seemed to have no effect on snail numbers and the
chemical and physical properties of the water of negative habitats appeared to be within
the range of tolerance of the species observed.

It was not found possible to assess thze effects ofsmall temperature changes on reproduc-
tion in snails; it is suggested that further trials are justified.

There was no obvious effect on numbers when snails were found with predators in the
same habitat. Many otherwise adequate habitats were unintentionally rendered unsuitable
for vector snails by direct interference by man.

The WHO Study Group on the Ecology of Inter-
inediate Snail Hosts of Bilharziasis (1957) empha-
sized some of the gaps in our knowledge of the eco-
logy of the snail hosts of the human schistosomes.
Two aspects were regarded as requiring urgent
study:

(a) " The natural history of the snail hosts in a
variety of types of natural habitats, emphasis being
placed on life history, growth, development, repro-
duction and population dynamics ", and

(b) " Comparison of the ecology of favourable
and unfavourable situations with the purpose of

I Division of Insect-borne Diseases, Medical Research
Laboratory, Nairobi, Kenya.

explaining the distribution of the snails and learning
how habitats may be made unfavourable for them ".

This paper is the result of attempts to implement
some of these recommendations by carrying out
simple long-term observations in the field in Kenya.

Limited ecological studies on actual or suspected
vectors of bilharziasis have been undertaken by
Cridland (1957, 1958) in Uganda, Webbe & Msangi
(1958) and Webbe (1960) in Tanganyika. and
McClelland (1956) and Teesdale & Nelson (1958) in
Kenya, but no comparative observations have been
carried out over a number of years in different
regions and from different habitats within those
regions.
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THE SNAILS OBSERVED

Biomphalaria pfeifferi (Krauss)

Although the subspecific status of this snail
has not yet been settled, the species has been proved
a vector of major importance of S. mansoni in Kenya.

Bulinus (Physopsis) africanus ovoideus (Bourguignat);
B. (P) globosus (Morelet); B. (P) nasutus (Martens)

The latest information on this group (Mandahl-
Barth, 1958) would seem to indicate that B. (P)
globosus is the common bulinid along the coastal
strip; B. (P) africanus ovoideus (Bourguignat) in the
streams under observation at Kitui and B. (P)
nasutus in the dam at Kitui. In the Nairobi-Makuyu
area also Physopsis is present (probably P. africanus
ovoideus). All these species have been proved vectors
of Schistosoma haematobium in the areas where they
have been found. Hereafter only the subgeneric
name (Physopsis) is used.

Bulinus tropicus alluaudi (Dautzenberg)

In spite of intensive searches it has never been
found naturally infected in Kenya with human
Schistosoma and repeated efforts to infect it arti-
ficially with S. haemnatobium have failed. Recently,
however, it has been proved to be a natural vector
of an animal schistosome (probably S. bovis). It is
common in many parts of Kenya and is replaced by
B. tropicus zanzibaricus along the coast.

Bulinus forskalii (Ehrenburg)

This species is widespread in Kenya. A closely
related species, B. senegalensis has been incriminated
as a vector of S. haematobium in the Gambia
(Smithers, 1956) and another member of the group
was believed by Adams (1935) to be a vector in
Mauritius.' In Kenya it is suspected that it may play
a part in the transmission of S. haematobium in
certain parts of the country.

Lymnaea natalensis caillaudi (Bourguignat)

This is a common species throughout Kenya and
is the recognized host of a number of trematodes
affecting livestock. Large numbers have been
examined but none has so far been found shedding
schistosome cercariae.

I Recently confirmed by Gaud (1961) as B. forskalii
(or B. cernicus).

METHODS

Most of the routine observations were made by
African assistants with considerable field experience
but who could use only uncomplicated procedures.
It was therefore essential to employ the simplest
methods and techniques for assessing seasonal dis-
tribution, population trends and natural infection
rates and the influence upon them of the environ-
ment. Regular weekly records were kept of tempera-
ture, water fluctuation and vegetational changes,
supplemented at intervals with measurements of
hydrogen-ion, dissolved oxygen and a general chemi-
cal analysis of the water. Where water fluctuations
were estimated, a suitable spot was permanently
marked by a stick and the rise or fall of the water
surface measured against it. Temperatures were
recorded two inches (5 cm) below the surface and
at the bottom; changes in colour and condition were
noted. Seasonal or other changes of vegetation were
recorded and specimens were identified at the East
African Herbarium.

Except where otherwise stated snail counts were
made from palm-leaf traps: (1) in the habitats, where
the observations just described were carried out; and
(2) from collecting-sites, where no detailed ecological
observations were made. All traps were of similar
size and condition. After continuous immersion for
a considerable time they tended to become un-
attractive to snails, but with experience field assis-
tants were able to forestall this eventuality by getting
to know from its appearance when a trap required
changing. Snails were counted and examined by
first carefully removing all specimens from the
palm-leaf and placing them on a white cloth where
they were divided into three groups according to
size; those from the habitats were replaced in the
water. It was impracticable to measure large num-
bers of molluscs in the field. They were arbitrarily
grouped into small, medium and large sizes, the
limits of each size, when measured between apex
and base, being approximately:

Large: 1 cm or greater;
Medium: less than 1 cm and greater than 0.5 cm;
Small: 0.5 cm or less.

These measurements were used for all genera of
snails except Bulinus forskalii.

Snails collected elsewhere than in the habitats
were brought to the laboratory and examined daily
for cercariae. They were kept singly in 3-inch x 1-
inch (7.5 x 2.5 cm) tubes at a temperature between
240C and 27°C; if they were still negative at the
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FIG. I
LOCALITIES IN KENYA IN WHICH THE OBSERVATIONS WERE MADE

end of a month they were discarded. Hamsters were
exposed to batches of cercariae from one or more
snails from each focus and the adult worms identified
later by sacrificing the animals.

LOCALITIES IN WHICH OBSERVATIONS WERE MADE

Four areas which varied in topography, geology
and climate were chosen for the observations
(Fig. 1).
Nairobi
Nairobi is at an altitude of 5500 feet (1670 m)

and has a mean annual rainfall of 34 inches (863 mm).
The rainy seasons are from March to May and from
November to December (Table 1). The geology is
characterized by predominantly Tertiary volcanic
rock types; trachytic agglomerates in the west give
rise to red soils and there are phonolitic or tuff form-
ations on the east which form a dark grey clay or
" black cotton" soil.

The Nairobi river and a reservoir were selected for
study. Observations were made on the river where
it passes through the European residential area of
the city; an original forest cover of Croton, Mark-
hamia and Calodendrum spp. is now largely replaced
with exotics. The reservoir, known as the Nairobi
Dam, is situated just outside the city's southern
boundary.

The river. A permanent flow is maintained which
averages about 3 cusecs but may be greatly increased
temporarily in the rainy seasons and reduced to less
than 0.5 cusec in times of exceptional drought. The
part kept under observation flows over predominant-
ly volcanic terrain and there are frequent changes
in its character. The average width is 34 feet
(0.9-1.2 m); natural or man-made obstructions dam
the water back for considerable distances and in
such situations the river is much wider and there is
generally a dense growth of Potamogeton richardi.
Other portions are well incised with almost vertical
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TABLE I
AVERAGE MONTHLY RAINFALL (IN INCHESa)

AT CERTAIN STATIONS OVER THE PERIOD IN WHICH
ECOLOGICAL OBSERVATIONS WERE MADE

'>o Nairobi Embu Kitui Chonyi

% Oct. '57- June '56- April '56- May '58-
Month \ Jan. '61 Sept. '60 Dec. '60 Jan. '61

January 2.06 2.05 1.66 0.89

February 2.79 0.69 0.76 0.10

March 5.25 1.94 4.96 0.84

April 5.08 8.97 8.66 12.78

May 6.48 7.00 2.50 12.90

June 0.76 0.34 0.11 5.06

July 1.07 0.64 0.15 3.32

August 0.26 0.35 0.13 2.65

September 1.20 0.22 0.25 1.04

October 1.21 1.79 2.92 3.35

November 5.59 7.13 13.97 2.14

December 2.19 2.13 5.59 2.54

Total 33.94 33.25 41.66 46.61

a I inch = 25.4 mm.

earth banks 10-12 feet (3-3.6 m) high; waterfalls
occur at several sharp declivities; the substratum
may be either rock, mud or gravel. The depth
varies from a few inches to 4-5 feet (1.2-1.5 m) in
the deepest pools. There is a patchy distribution of
cover forming partial to dense permanent shade.
The water is normally clear and colourless, but may
become a deep red with suspended silt in times of
flood. Many open drains and the overflow of septic
tanks empty into the river. The river is a source of
S. mansoni infection.
Aquatic vegetation is predominantly Potamogeton

richardi while Elodea densa and Ceratophyllum sp.
have a more erratic distribution. Semiaquatics,
often with stems in the water, also afford shelter for
molluscs.

The dam. Situated on the edge of the trachytic
agglomerates, the dam creates a large body of water
covering some 80 acres (32 ha) and containing an
average of 425 million Imperial gallons (194 500 m3).
It is just under a mile in length and a little less than
half a mile at its widest part. At week-ends it is a
popular resort with all communities for picnics and
aquatic sports.

Apart from run-off of surface water after rain it is
supplied by only two small temporary streams.
Except for a fringe of reeds around the greater part
of the perimeter there is no shade and a complete
absence of horizontal vegetation. Prevailing winds
are from north-east to south-east and at all seasons
of the year there is considerable wave motion during
the day; yet there is a high population of B. pfeifferi.
B. tropicus and L. natalensis in sheltered places
around the edges. The water is almost clear except
at times of heavy rain.

Embu
Observations were made on a small permanent

stream in the Embu district called the Murubara.
Unlike the Nairobi river, its character alters little
owing to the flat terrain it traverses; there is more
erect, emergent vegetation. A flow of about 5 cusecs
is maintained normally but flooding occurs with
exceptional rainfall. The stream, which originates
on the lower slopes of Mount Kenya and flows in a
southerly direction, traverses the Mwea-Tebere
irrigation scheme situated about 70 miles (110 km)
north-east of Nairobi at an altitude of 4000 feet
(1220 m) and presenting an ever-present threat of
S. mansoni infection. The scheme covers an area of
olivine basalts of Pleistocene to Recent age with
patches of Tertiary volcanics consisting of trachytic
tuffs and Kenya phonolite. The rainfall is similar to
that of Nairobi in distribution and amount (see
Table 1).

Kitui

At an altitude of 3750 feet (1140 m), Kitui is
situated 100 miles (160 km) east of Nairobi and has a
warmer climate and a long dry season (Table 1).
Geologically, the rocks are of the Basement System,
Archaean in age; metamorphics are very variable
with granitic sheet and vein reticulation and there
are areas of granitoid gneiss just north and south of
the township.
Four habitats were chosen, two on streams, one a

spring and one a dam. The streams, known as the
Kalundu and Nzeu, run a parallel course in a north-
south direction and traverse an area of high popula-
tion density on either side of the township. Both are
much used for washing and bathing and for watering
cattle. There is a high incidence of both S. mansoni
and S. haematobium in the human population. The
flow in the streams is erratic, ceasing completely at
the end of the dry season, which lasts from June to
October; but many of the larger and deeper pools
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never dried out during the course of the observations
which were spread over five years (April 1956 to
December 1960). During the rainy season both
streams become rushing torrents; they usually
subside rapidly to a flow of between 3 and 4 cusecs,
gradually diminishing over a few months to a mere
trickle. There is a considerable extent of bushy
vegetation along the banks with occasional larger
trees and the cover thus formed is extensively used
for defaecation by the populace.

Chonyi
Chonyi, at 450 feet (137 m), is in the Coast

Province 12 miles (20 km) inland and about 20 miles
(32 km) due north of Mombasa. The terrain is hilly
and much dissected. Well-incised valleys contain
temporary streams. There are patches of indigenous
forest on some of the hills, but for the most part the
area is intensively cultivated and coconut plantations
are a feature of the topography. Triassic sandstones
give rise to a red porous soil through which Jurassic
limestones protrude in places. There is a fairly
dense and evenly distributed population. The climate
is warm and humid with little annual variation in
temperature. Rainfall is higher than in the other
places studied and averaged 46.61 inches (1184 mm)
annually over the period of the observations.
Heaviest precipitation occurs in April and May but
appreciable falls are likely in June, July, November
and December. The dry season is from January to
March (Table 1). At this time most streams cease to
flow and many springs dry up. B. pfeifferi is absent.

THE HABITATS
Nairobi
The river. A small pool approximately 6 feet

(1.8 m) long by 3 feet (0.9 m) wide at the edge of the
river (isolated from it by a mud bank in dry weather)
and partially shaded by a fallen tree was selected.
This pool had a muddy bottom and no aquatic
vegetation but a variable amount of decaying
vegetable matter. The average depth was 5.3 inches
(13.4 cm).

Observations were discontinued after 27 months
because heavy rain in November 1959 caused the
pool to silt up; a new site was chosen alongside the
old one at the edge of the river from June to Decem-
ber 1960. One trap only was used.

The dam. This habitat was a 20-foot (6-m) stretch
of water along the dam wall which is composed, on

its inner surface, of large loose stones. The bank
thus formed shelves fairly steeply, the water being

some 16 inches (40 cm) deep at a distance of 2 feet
(60 cm) from the wall. There is a narrow fringe of
Cyperus auricomus and usually a quantity of the
leafless Potamogeton pectinatus below the surface;
there is a muddy sediment between the stones and
no shade. Two palm-leaf traps were used.

Embu

The Murubara river. A shallow pool some 20 feet
(6 m) in diameter was selected at a crossing-place in
the stream used for watering cattle. The water was
held back on the lower side by a rocky outcrop, but
elsewhere there was dense fringing vegetation
consisting of Typha spp.; Chara sp., Potamogeton
richardi, Alisma plantago aquatica, Jussiaea repens,
Commelina sp., Polygonum salcifolium and P. pulch-
rum. The substratum was mud and there was no
shade. The water was usually clear. Three palm-leaf
traps were used.
A major change occurred in April 1959, when

heavy flooding caused the pool to silt up and to
become rapidly colonized with Typha spp. A year
later all the former plants had been replaced by
Kyllinga polyphylla, Potamogeton senegalense and
P. serrulatum. No snails of any sort were recorded
after the flooding until records were discontinued
18 months later, except on one occasion (exactly a
year later) when four young specimens of B. pfeifferi
and four of L. natalensis were taken.

Kitui
Habitat No. 1. This was a pool in the Kalundu

river about 10 x 20 feet (3 x 6 m) formed by a back-
water; the depth was 2-3 feet (60-90 cm). The edges
were grassy with occasional production of Nymphaea
capensis. There was an outcrop of rock on the inner
side, the bottom was muddy, and the water was clear
to cloudy. Some shade occurred in the early part of
the day. Three traps were used.

Habitat No. 2. This was a pool measuring about
12 feet (3.6 m) in diameter on the Nzeu stream below
and to the side of a concrete dam wall; it had coarse
sandy edges with a muddy silt forming the sub-
stratum. Shade occurred early and late in the day,
and the vegetation consisted of Nymphaea capensis
which might be completely washed out after periods
of flood or become thickly matted towards the end
of the dry season. Filamentous algae were common
at times while at others red, flocculent precipitates
of iron salts were very prominent. The water was
generally clear to cloudy, with a greatest depth of
about 2 feet (60 cm). Four traps were used.
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Habitat No. 3. This was a pool (8 x 14 feet;
2.4 x 4.2 m) at the head of a valley fed by seepage;
it was enclosed except at the lower side by almost
perpendicular banks 4-8 feet (1.2-2.4 m) high.
Grasses were present around the edges and there was
often a green scum. There was no shade. The water,
used for drinking, was consistently milky owing to a
colloidal suspension of clay particles. Except for
1957, a year of good rainfall, the habitat was usually
dry by September and remained so until the rains of
November. Two traps were used.
Young specimens of P. africanus were observed

here in January and February 1957, but were not
seen again throughout the period of the observations.

Habitat No. 4. This dam, formed by a bank
across a shallow valley, was very variable in area but
extended over about half an acre (0.2 ha) when full.
In this condition grasses were in contact with the
water at its upper and lower ends, but generally
there was no vegetation of any kind, the shallow
shelving banks being of bare mud. The depth
when full was about 8 feet (2.4 m) at the dam wall.
There was no shade and the water was clear to
cloudy. The dam was usually dry from July to
October, filling rapidly with the rains of April and
November, when adult P. nasutus appeared in a
matter of days. Four traps were used.

Chonyi
Twelve habitats were chosen, with one trap in

each.
Six of these habitats (No. 1, 2, 5, 7, 9 and 11) were

dry for varying periods each year.
The observations were carried out during the

following periods:
Habitats 1-6: March 1958 to February 1961;
Habitats 7-12: May 1958 to February 1961.

Habitat No. I (Mwadzoya) was a temporary
pool, 15 feet (4.5 m) in diameter, in a shallow grassy
depression planted with rice in the rainy seasons.
It was normally stagnant but flood water might flow
over it for short periods. There was no shade.
Nymphaea capensis was usually present, with Pistia
stratiotes at times, and dense grassy edges. The
water, normally clear, was used for drinking. This
pool was 2-3 feet (60-90 cm) deep, with a sandy
bottom overlaid with dark sludgy silt.

Habitat No. 2 (Bilaulo) was a pool in a usually
dry watercourse. The surface area was reduced from
about 350 square feet (32 m2) after 14 months to
about 50 square feet (4.6 m2) by washaway in July

1959. It became part of a stream for some weeks in
the rainy season. There was no shade. The vegeta-
tion consisted of Pistia and Nymphaea seasonally
with sedges (Cyperus sp.), reeds (Typha sp.) and
grasses permanently at the edges. The water,
normally clear and used for drinking, was 1-2 feet
(30-60 cm) deep. The substratum was as in habitat
No. 1.

Habitat No. 3. (Mwalubwe) was similar to No. 2
but smaller (diameter 10 feet; 3 m).

Habitat No. 4 (Mwarakaya) was a portion of a
permanent shallow watercourse passing through a
coconut plantation. There was light shade, and
Pistia stratiotes was present, fringed by sedges and
grasses. The water, usually about 6 inches (15 cm)
deep, flowed in a slow trickle and was used for
drinking. The subtratum was a black, foul-smelling
sludge formed from decomposed palm leaves.

Habitat No. 5 (Ndolani) was similar to No. 4
and part of the same watercourse, but was used for
bathing and washing.

Habitat No. 6 (Mzambarauni) was a large,
partly shaded, permanent pool (approximately
30 x 20 feet; 9 x 6 m) at tife edge of a coconut plan-
tation. There was generally a dense cover of Pistia,
Nymphaea and Ceratopteris cornuta, with grasses and
sedges around the edges which shelved steeply to
5-6 feet (1.5-1.6 m) in depth. The water, clear and
stagnant, was used for drinking.

Habitat No. 7 (Mwambeu) was a partially shaded
portion of a temporary stream with a sandy bed,
outcrops of rock, grassy edges and no aquatic
vegetation. The depth varied from 6 inches to I
foot (15-30 cm). The water was used for washing and
bathing.

Habitat No. 8 (Mwalozi) was a permanent,
partly shaded pool (10 x 12 feet; 3 x 3.6 m) in a
coconut plantation. Nymphaea, Pistia and Ceratop-
teris cornuta were present; the edges were steep and
grassy. The clear water, used for drinking, was
about 3 feet (90 cm) deep. The substratum was sludge
on sand with much decaying vegetable matter.

Habitat No. 9 (Mbararani), a narrow pool
(3 x 16 feet; 0.9 x 4.8 m) in a rocky cleft of a semi-
permanent stream, was grassy at the upper end,
the rest of periphery being bare rock; there was no
aquatic vegetation. The water, generally cloudy with
considerable suspended detritus, usually flowed in a
slow trickle.
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Habitat No. 10 (Mwachikuchi), a permanent pool
(diameter 15 feet; 4.5 m) in a depression used for
rice cultivation, had steep sides; and no shade and
contained water lilies and Pistia, with grass at the
edges, which became completely submerged in the
rainy season. The water, used for drinking, was
clear and 2-3 feet (60-90 cm) deep. The substratum
was sand mixed with silt of vegetable origin.

Habitat No. 11 (Mbwana) was an unshaded
temporary pool in a rice-field. The edges were
grassy and Nymphaea and Pistia appeared season-
ally. The water, clear to cloudy and 2-3 feet (60-90
cm) deep, was used for drinking.

Habitat No. 12 (Bevuri) was a semipermanent
pool (diameter 8 feet; 2.4 m) in shade, with little or
no vegetation and a constant supply of dead leaves
from overhanging trees. The water, clear and slight-
ly salt to the taste, was used for drinking only at
times of drought.

COLLECTING-SITES

In addition to the traps at habitats, extra traps
in the rivers and the Nairobi dam furnished further
data on snail numbers in Nairobi and Kitui, but no
ecological observations were made at these sites.
Nairobi

The river. Two palm-leaf traps were placed about
30 yards (27 m) apart in partial shade in shallow
water where there was much Commelina latifolia and
a substratum of stones and mud.

The dam. The collections were made on palm-leaf
traps at points at the water's edge about half a mile
apart. The first was devoid of both shade and vege-
tation with a rocky substratum. The second was
partly shaded by Typha angustifolia growing in a
muddy bottom.
Kitui

The Kalundu and Nzeu streams. Ten traps on the
Kalundu and five on the Nzeu were placed at con-
venient sites each differing in vegetation, substratum,
exposure to sunlight or water velocity.

TEMPERATURE

Surface and bottom temperatures seldom differed
by more than 1°C. In Nairobi the dam (annual
mean, 20'C) was always slightly warmer than the
river (annual mean, 18.2°C), while the readings in the
Murubara at Embu (annual mean, 21.3°C) were
more uniform than those in the Nairobi river. The
narrowest range occurred at Kitui, where in the

Nzeu the extreme annual range was only 30C
(annual mean, 21.6°C). At Chonyi, where two
habitats were examined every day, readings were
taken between 8.30 and 10.30 a.m.; at all other
places they were read at about 9.30 a.m. The annual
means at the Chonyi habitats ranged from 23.8°C
at No. 12 to 25.90C at No. 4.

DATA OBTAINED

Biomphalaria pfeifferi (Krauss)
Seasonal distribution. Findings at the habitat and

collecting-sites in the Nairobi river were similar, as
were those from the Nzeu and Kalundu streams at
Kitui; the data have therefore been combined
(Fig. 2 and 5). In the Murubara river at Embu
(Fig. 4) and in the Kitui streams (Fig. 5) there are
similar distribution patterns. They show two
periods of high captures-a lesser between February
and April and a greater from September to Novem-
ber. In Kitui, however, there is a virtual disappear-
ance of B. pfeifferi in May and December. The rains
which occur in March-April and November-Decem-
ber turn the streams into rushing torrents and few
snails survive.

In the Nairobi river (Fig. 2) the earlier increase
(February) is also cut short by flooding with the
onset of the rains in March. Data from the dam
(Fig. 3) show no marked seasonal fluctuations as in
the rivers.

Breeding seasons. An attempt was made to
determine the seasons of maximum egg production
by counting egg masses; but this proved impractic-
able owing to the difficulty of differentiating the ova
of this species from those of Bulinus tropicus in the
field. However, the proportion of young snails in the
population gives some indication of reproductive
activity and is indicated in Fig. 2 to 5. This propor-
tion bears little constant relationship to the total
population from any of the five different sources.
Only in Fig. 2 and 5 (Nairobi river and Kalundu
and Nzeu streams) is it comparable (roughly inverse
in both). In these more erratic streams a distinct
increase in the population of young snails occurs
after the early rains, when populations have been
greatly reduced; it is less evident after the November-
December rains.

In the dam (Fig. 3) the proportion varies only
slightly from month to month irrespective of total
snail numbers. On the Murubara river (Fig. 4),
where there is some affinity between the ratio of
young specimens and the total population, the pro-
portion ranges from 12% to 50%. In these more
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FIG. 2
MEAN MONTHLY CATCH OF B. PFEIFFERI FROM TRAPS
IN NAIROBI RIVER, JANUARY 1958 TO DECEMBER 1960
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FIG. 3
MEAN MONTHLY CATCH OF B. PFEIFFERI FROM TRAPS

IN NAIROBI DAM, OCTOBER 1957 TO DECEMBER 1960

FIG. 4
MEAN MONTHLY CATCH OF B. PFEIFFERI FROM TRAPS
IN MURUBARA RIVER, EMBU, JUNE 1956 TO MARCH 1959

FIG. 5
MEAN MONTHLY CATCH OF B. PFEIFFERI FROM TRAPS
IN NZEU AND KALUNDU STREAMS, KITUI, MARCH 1956

TO JANUARY 1961
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static situations there appears to be some increase in
breeding between the end of the cool dry weather
and the onset of the November-December rains.

Infection rates. Rates were derived from B.
pfeifferi taken at the collection sites in the Nairobi
and Kitui rivers. Well over 3000 were examined
from the Nairobi dam but none was found infected
with S. mansoni. No examinations were made from
snails in the Murubara river, and at Chonyi B.
pfeifferi was absent.
Hamsters were exposed to cercariae from all

infected snails and subsequently examined for adult
schistosomes. Usually hamsters were exposed to
cercariae from two or more snails, some of which
may have been infected with non-human schisto-
somes; but this is unlikely as other kinds of ferco-
cercous cercariae produced by B. pfeifferi from the
Nairobi river have a distinctive morphology.
Cercariae provisionally identified as S. mansoni
invariably proved to be of this species when the
hamsters were dissected.

Details of the numbers of B. pfeifferi examined for
cercariae and the percentage positive with S. mansoni
are given in Table 2.

TABLE 2

NATURAL INFECTION RATES OF B. PFEIFFERI
WITH S. MANSONI FROM THE NAIROBI RIVER
AND KALUNDU AND NZEU STREAMS, KITUI

Nairobi Kitul

Month Snails Snails positive Snails Snails positive
examined No. % examined No. %

Jan. 1507 47 3.1 0 - -

Feb. 1 426 46 3.2 250 2 0.8

March 1 327 41 3.1 152 3 2.0

April 947 31 3.3 162 4 2.5

May 759 7 0.9 80 0 -

June 1216 3 0.2 356 7 2.0

July 1146 3 0.3 365 6 1.6

Aug. 1421 2 0.1 907 9 1.0

Sept. 1 566 13 0.8 881 12 1.4

Oct. 813 0 - 1 074 3 0.3

Nov. 1031 15 1.4 0 - -

Dec. 1298 37 2.8 0 - -

Total -14457 j 245 1.7 4227 46 1.09

From June 1959 measurements were made of 146
B. pfeifferi infected with S. mansoni and 61 were

classed as large, 51 as medium and 34 as small.
Monthly infection rates of B. pfeifferi on the

Nairobi river together with mean monthly tempera-
tures and rainfall over the period of the observations
are plotted in Fig. 6.

Bulinus tropicus alluaudi (Dautz.)
Seasonal distribution. This snail was not recorded

at Kitui or Chonyi. At Embu it was common in the
canals and drains in the irrigation scheme but was

scarce in the Murubara habitat. Records were kept
in Nairobi only. Population fluctuations did not
always correspond from month to month in the
habitats and collection-sites in either the river or

the dam; but, as seasonal trends were generally
similar, data from the collection-sites and habitats
have been combined (Fig. 7 and 8). There is a

definite correspondence between the seasonal distri-
bution curves for B. tropicus and B. pfeifferi both in
the river and dam.

FIG. 7

MEAN MONTHLY CATCH OF B. TROPICUS FROM TRAPS
IN NAIROBI RIVER, JANUARY 1958 TO DECEMBER 1960
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FIG. 8

MEAN MONTHLY CATCH OF B. TROPICUS FROM TRAPS
IN NAIROBI DAM, OCTOBER 1957 TO DECEMBER 1960
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768 C. TEESDALE

Breeding seasons. In the dam the proportion of
young specimens remains fairly constant throughout
the year but in the Nairobi river there is a wider
variation and more intense breeding seems to occur
a month earlier than with B. p.feifferi; otherwise the
curves showing the percentage of young specimens
are not unlike for these two species.

Lymnaea natalensis caillaudi (Bourg.)

Seasonal distribution. Records were kept in the
Nairobi river and dam, the Murubara river at Embu
and the Kalundu and Nzeu streams at Kitui (Fig. 9
to 12). Very low numbers were recorded from the
Nairobi river and seasonal fluctuations bore little
resemblance to those from the other three sources.
The monthly data from the two Kitui streams were
closely parallel and have therefore been combined
(Fig. 12). The distribution patterns here and in the
Murubara (Fig. 11) are nearly the same, the sharper
decline in numbers in November and December at
Kitui being almost certainly due to the torrential
rains which flush out the streams there in the former
month. With the exception of L. natalensis in the
Nairobi river, B. pfeifferi, B. tropicus and L. nata-
lensis all show the same general pattern in streams.

FIG. 9
MEAN MONTHLY CATCH OF L. NATALENSIS FROM TRAPS
IN NAIROBI RIVER, OCTOBER 1957 TO FEBRUARY 1961

FIG. 11
MEAN MONTHLY CATCH OF L. NATALENSIS FROM TRAPS

IN MURUBARA RIVER, EMBU, MARCH 1957
TO FEBRUARY 1959
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FIG. 12
MEAN MONTHLY CATCH OF L. NATALENSIS FROM TRAPS
IN NZEU AND KALUNDU STREAMS, KITUI, MARCH 1956

TO JANUARY 1961
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FIG. 10
MEAN MONTHLY CATCH OF L. NATALENSIS FROM TRAPS

IN NAIROBI DAM, OCTOBER 1957 TO DECEMBER 1960
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On the Nairobi dam monthly captures varied only
slightly and are also comparable with those of
B. pfeifferi and B. tropicus in this reservoir. The
more stable conditions here probably account for
the less marked variations in snail numbers than are
to be found in streams.

Breeding seasons. Except for a slightly higher pro-
portion of young snails during September and
October in the Nairobi and Murubara streams there
is little similarity either seasonally or in relation to
total population of the proportions of young
L. natalensis in these streams. In the Nairobi dam
the more constant conditions mentioned above may
account for the narrow range of these proportions
and indicate that breeding is probably a continuous
process throughout the year.
Young specimens of L. natalensis were not re-

corded at Kitui.
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BILHARZIASIS IN KENYA: MOLLUSC ECOLOGY

Bulinus (Physopsis) africanus ovoideus (Bourguignat)
Seasonal distribution. This snail was found only in

the Kalundu and Nzeu streams at Kitui. Records
were kept from March 1956 to January 1961. The
seasonal pattern of distribution varied considerably
from year to year and was governed almost entirely
by precipitation. An unseasonal heavy storm would
flush out the streams and reduce captures to zero for
a month, while occasional light showers in the dry
season would keep pools filled which would normally
have dried out. This was particularly marked in
January 1961, when conditions seemed to be espe-
cially favourable in the Nzeu habitat and over-all
captures rose from 11 in December 1960 to 209 in
January. In the previous four years the total
captures for this month numbered only nine (Fig. 13).
Nevertheless the combined data from all sources in
both streams give a generalized picture of low num-

bers during and following the early rains of March
and April until about July, when they started in-
creasing steadily until September. With the onset
of the October and November rains the snails
became drastically reduced by December but
generally made some recovery by January or Feb-
ruary.

Breeding seasons. The proportion of young spe-
cimens was measured at the habitats only, where
young snails were never found in the months of
April or May; the proportion increased with growing
populations from June to August but was highest in
December and January, when recovery followed
severe reductions during the October-November
rains.

Infection rates. Collections of P. africanus were

occasionally made from various places on the

FIG. 13
MEAN MONTHLY CATCH OF P. AFRICANUS OVOIDEUS
FROM TRAPS IN NZEU AND KALUNDU STREAMS, KITUI,

MARCH 1956 TO JANUARY 1961
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TABLE 3
NATURAL INFECTION RATES OF P. AFRICANUS OVOIDEUS

WITH S. HAEMATOBIUM AND S. BOVIS
FROM THE NZEU AND KALUNDU STREAMS, KITUI

Snails Snails positiveMonth examined~ o 1

January 206 7 3.4

February 309 15 4.9

March 4 0

April 5 3 60.0

May 105 6 5.8

June 279 13 4.7

July ?100 7 ?7.0

August 56 2 3.6

September 0 -

October 91 9 9.9

November 0 -

December 0 -

Total 1153 62 ] 5.4

Kalundu and Nzeu streams and those found shed-
ding bifid-tailed cercariae subsequently proved to be
S. haematobium or S. bovis. Since, however, batches
of snails were used to infect hamsters, it was not
possible to determine how many were infected with
either schistosome. Combined infections are there-
fore shown in Table 3.

Bulinus (Physopsis) nasutus (Martens)

Seasonal distribution. This species was found only
in the dam at Kitui. Mention has already been made
of the dam's tendency to dry out between July and
October. Actually it was dry during the whole of
October in each of the years 1956 to 1960 and in the
last year was without water from 13 May to 25 No-
vember (28 weeks). The seasonal distribution of this
species therefore depended on the duration of the
dry period in the dam and this varied from year to
year. The increase in population from May to
July (Fig. 14) would probably have continued had
not the dam dried out by August or September. The
recovery in numbers from December onwards seems

to have been affected in some way by the rains of
March and April and it is not clear why the decline
continued into May.
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FIG. 14
MEAN MONTHLY CATCH OF P. NASUTUS FROM TRAPS

IN KITUI DAM, APRIL 1956 TO NOVEMBER 1960
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Breeding seasons. The highest proportion of young
snails occurred in December and January and may
be accounted for by the proved ability of this species
to aestivate (see "General Observations ", below),
the higher proportion of young specimens in these
months being almost certainly the progeny of
surviving November adults. During the rest of the
year breeding appears to have been continuous, with
some increase in intensity after the populations had
reached a very low level in May.

Infection rates. Several hundred P. nasutus from
the dam were isolated for cercarial shedding but
none was found infected; in this- situation there is
little contact with man or cattle. Ninety-two
specimens were exposed to miracidia originating
from a local source of S. haematobium and were
kept alive for 24-90 days; only one produced
cercariae (after 35 days). A hamster exposed to these
cercariae and examined 112 days later was apparently
uninfected.

Bulinus (Physopsis) globosus (Morelet)'

Seasonal distribution. This species was found in
only four of the 12 habitats at Chonyi. It occurred
regularly in No. 4 and No. 5 and for short periods
only in No. 6 and No. 9. The average catch per
month in the former habitats is shown in Table 4
and Fig. 15.
There is little similarity in snail distribution in the

two habitats other than a scarcity of P. globosus
during the months or June, July and August, a
condition which occurred in each of the three years
of observation. Combined figures, however, indicate

I Dr B. Verdcourt, to whom specimens from Chonyi
were submitted, considered that some were " nasutus-globosus
intermediates ". For the purposes of this paper all specimens
are grouped together as P. globosus.

TABLE 4
AVERAGE MONTHLY CATCH OF P. GLOBOSUS

AT HABITATS 4 AND 5 AT CHONYI, MARCH 1958
TO FEBRUARY 1961

Habitat No. 4 Habitat No. 5
Month

19581195911960J1961 ITotal 1958119591196011961 Total

Jan. 4 9 0 13 47 1 6 54

Feb. pa 2 0 2 32 3 11 46

March 25 0 1 26 3 Db 3 6

April 15 0 8 23 8 0 2 10

May 7 1 4 12 4 0 1 5

June 1 0 4 5 3 0 0 3

July 5 1 0 6 0 0 0 0

Aug. 1 3 0 4 1 0 0 1

Sept. 6 9 0 15 1 0 0 1

Oct. 2 3 0 5 18 0 0 18

Nov. 7 4 0 11 19 0 0 19

Dec. 3 0 1 4 14 0 1 15

a p = snails present but not in traps.
b D = dry.

FIG. 15
MEAN MONTHLY CATCH OF P. GLOBOSUS FROM TRAPS

IN HABITATS 4 AND 5 AT CHONYI, MARCH 1958
TO FEBRUARY 1961
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a steady decrease from January to June followed by
an increase from about September to November. In
habitats 6 and 9 (Table 5) P. globosus was in evid-
ence only during these two periods.
Some points in common can be discerned between

the occurrence of this snail and that of P. africanus
in streams at Kitui (Fig. 13).
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TABLE 5

MONTHLY CATCHES OF P. GLOBOSUS AT HABITATS 6
AND 9 AT CHONYI

Habitat No. 6 Habitat No. 9
Month Total Weekly Total Weekly

snails searches a snails searches a

January 6 11 2 7

February 36 10 0 10

March 23 11 0 3

April 5 11 0 6

May 0 11 .0 7

June 0 12 0 12

July 0 12 0 12

August 0 12 0 8

September 0 12 0 11

October 0 11 119 10

November 0 13 1 11

December 0 13 6 9

a Where weekly searches numbered less than 12 the habitat
had either dried out or traps had been removed.

Breeding seasons. Eggs were generally present
whenever snails were present; egg counts were not
made. Young snails were recorded throughout the
year but there appeared to be no clear distribution
pattern. In any case data were meagre. The number
of young snails recorded monthly and the per-
centage of them in the total population are given in
Table 6.

Early in June 1960, 100 specimens of P. globosus
of mixed sizes were introduced into habitats 1 and 3,
where none of these snails had been found for two
years. Subsequent weekly observations at the two
sites revealed similarities of reproductive behaviour
between the two batches.

In habitat 1 the snails were introduced on 10 June
and some were observed during each of the following
three weeks although they were not seen on the traps.
On 27 June eggs were noted. On 4 July 26 young
specimens were counted but no further snails were
seen again until 15 August, when 50 young specimens
were recorded. The numbers of large, medium, and
small specimens recorded thereafter are shown in
Table 7.

In habitat 3 a batch of 100 P. globosus of all sizes
was introduced on I June and subsequent weekly

TABLE 6
MONTHLY RECORDS OF YOUNG P. GLOBOSUS

AT HABITATS 4 AND 5 AT CHONYI,
MARCH 1958 TO FEBRUARY 1961

Young snails
Month Total snails

No. %

January 264 125 47.3

February 92 33 35.9

March 13 9 69.2

April 28 16 57.2

May 65 25 38.5

June 6 3 50.0

July 35 14 40.0

August 12 12 100.0

September 48 38 79.2

October 83 61 73.5

November 106 36 34.0

December 67 23 34.3

examinations revealed small numbers of snails. The
first eggs were seen on 28 June. Observations were
continued until 8 November (Table 7).
From these figures it is evident that within three

to four weeks of their introduction the snails had
started to breed. It also seems obvious from the
proportion of young snails in subsequent weeks and
the increasing total numbers tha' reproduction was
a continuous process until about September in
habitat No. 3 and November in habitat No. 1.
These conclusions do not tally with those deduced
from the data in habitats discussed earlier, where
June, July and August seemed to cover a quiescent
period.

In the remaining two habitats the findings indicate
that there are further differences in occurrence and
breeding times. In No. 9 there was a sudden appear-
ance of P. globosus in October 1958. For the five
previous months no snails had been trapped although
the pool had contained plenty of water (sometimes
gently flowing). The water was still flowing when
the first snails were taken on 3 October. No rain
had fallen between 18 September (0.55 inch; 14 mm)
and 1 October (0.80 inch; 20 mm); there had been
no change in temperature and fluctuation of the
water surface had been negligible. The composition
of the samples and the data recorded during this and
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TABLE 7
WEEKLY RECORDS OF POPULATIONS OF P. GLOBOSUS FOLLOWING THE INTRODUCTION
OF 100 SPECIMENS INTO EACH OF TWO PREVIOUSLY SNAIL-FREE HABITATS, CHONYI,

1960

Habitat No. I Habitat No. 3

Date Large Medium Small j Total Date Large Medium Small Total

10.6.60 100 mixed sizes 1.6.60 100 mixed sizes

4.7.60 0 0 26 26 14.6.60 4 0 0 4

15.8.60 0 0 50 50 21.6.60 0 9 1 10

29.8.60 6 9 40 55 28.6.60 9 2 32 43

5.9.10 15 5 3 23 5.7.60 11 14 41 66

12.9.60 4 2 1 7 12.7.60 12 8 32 52

19.9.60 7 10 21 38 19.7.60 4 5 60 69

4.10.60 25 10 54 89 26.7.60 6 4 81 91

11.10.60 28 17 24 69 9.8.60 0 0 60 60

18.10.60 29 16 41 86 16.8.60 0 12 40 52

24.10.60 6 4 21 31 6.9.60 3 3 15 21

31.10.60 16 20 14 50 13.9.60 0 15 4 19

7.11.60 0 20 12 32 20.9.60 pa

14.11.60 5 10 8 23 27.9.60 P

28.11.60 9 21 12 42 4.10.60 P

5.12.60 13 2 6 21 11.10.60 0 0 3 3

12.12.60 7 3 2 12 18.10.60 0 0 4 4

19.12.60 6 4 3 13 25.10.60 P

25.12.60 5 4 2 11 8.11.60 0 0 0 0

2.1.61 Habitat dry

a p = snails present but not in traps.

subsequent weeks are shown in Table 8. From
21 November until the end of the observations
(27 months) snails were not seen again.

In habitat No. 6 as well, P. globosus seemed unable
to maintain itself, although it may have been the
difficulty of finding snails in so large a body of water,
densely covered with vegetation, and an absence of
snails on the traps that gave this impression. At
most there could never have been more than very
small numbers. The records between 5 October
1950 and 28 February 1961 are given in Table 9.
P. globosus was present in this habitat in both 1959
and 1960 from February to April, and during this
time breeding was apparently normal, whereas
during the same period there was no breeding in
habitats 9, 1 and 3. It therefore seems probable that
.on the coast reproduction occurs in some habitats

at all seasons of the year but is interrupted by a
number of factors which differ in different situations
and which will be discussed later.

Natural infections. Occasional collections were
made of P. globosus from sources other than the
habitats, and hamsters were exposed to those
shedding cercariae. S. haematobium was recovered
a number of times but there were insufficient data
for detailed analysis.

Bulinus forskalii (Ehrenberg)
Population dynamics. Observations started in the

spring at Kitui (habitat No. 3) on 18 April 1956.
No B. forskalii were observed up to 10 May 1956,
when the spring dried up. On 20 October it was
filled with water by rain. On 7 November (the next
observation) the following numbers were recorded
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PRESENCE OF P.
TABLE 8

GLOBOSUS AT HABITAT 9 AT CHONYI, SEPTEMBER TO NOVEMBER 1958

No. of snails Water
-C i-Date Temperature (°C) ~ ~ CoOi

DtLarge Medium Small Total Depth tion
Surface Bottom

26.9.58 0 0 0 0 240 230 1 ft11 in.; 58 cm Trickle

3.10.58 5 15 6 26 240 230 1 ft 9 in.; 53 cm Trickle

10.10.58 6 16 6 28 240 230 1 ft 6 in.; 45 cm Trickle

17.10.58 8 27 20 55 240 23° 1 ft 4 in.; 40 cm Stagnant

23.10.58 0 5 5 10 250 240 1 ft 1 in.; 33 cm Stagnant

31.10.58 No record No record

7.11.58 0 0 1 1 270 260 1 ft O in.; 30 cm Stagnant

14.11.58 No record No record

21.11.58 0 0 0 0 250 240 9 in.; 23 cm Stagnant

TABLE 9
PRESENCE OF P. GLOBOSUS AT HABITAT 6 AT CHONYI

BETWEEN 5 OCTOBER 1958 AND 28 FEBRUARY 1961

No. of snails
D ate

____ Large Medium Small Total

5.10.58
to

11.2.59 0 0 0 0

18.2.59 5 4 2 11

24.2.59 2 5 0 7

4.3.59 4 1 1 6

11.3.59 10 5 2 17

18.3.59 0 1 0 1

27.1.60 0 4 2 6

3.2.60 3 1 2 6

10.2.60 0 1 0 1

17.2.60 1 4 0 5

24.2.60
to

31.3.60 0 0 0 0

6.4.60 0 2 0 2

13.4.60 0 1 0 1

20.4.60 0 2 0 2

27.4.60 0 0 0 0

4.5.60 0 3 0 3

11.5.60
to

28.2.61 0 0 0 0

on the palm-leaf traps: 54 large, 10 medium, 0
small. Subsequent population fluctuations may be
traced in Fig. 16. The total numbers remained high
until January 1957, the proportion of young speci-
mens rapidly reaching the maximum by the end of
December; a sharp decline followed in January.
By February there were apparently no young snails
left; the total numbers were meanwhile declining
rapidly. The first heavy rain of the new season fell in
mid-April 1957 but there was no immediate increase
in the snail population. The pool was inadvertently
drained by an anti-malaria squad on 28 April, but
snails reappeared on its being refilled and continued
to increase steadily until June. The proportion of
young snails on this occasion increased more gra-
dually and did not attain the maximum until August

FIG. 16
MEAN MONTHLY CATCH OF B. FORSKALII FROM TRAPS
IN SPRING AT KITUI, OCTOBER 1956 TO JANUARY 1958

250 Numbe (ail sizes) -100
I 90

200 - OD

ISD 60~~~~~~~~~~~~~~~~~~50.
p100 I A Yonooo% 40

50 - ~~~~~~~~~~~~~~~~20
% / ' ~~~~~~~ 10

S N DIJ F M_AMJ J A SO ND IJ FMU
19S 1957 15

Year od moth VcO 210

773



C. TEESDALE

by which time total numbers had fallen sharply. A
rapid decline of all sizes then followed and by
October all snails had disappeared.
Two-and-a-half inches (63 mm) of rain fell on the

last two days of October and 8 3/4 inches (222 mm) in
November, but there was no evidence of B. forskalii
until 14 December, when a few eggs and five snails
(two young) were recovered. After a lapse of four
weeks a further two young specimens were found.
During the course of the next two years the spring
dried up twice (19 September to 11 November 1959
and 26 August to 28 October 1960) and there was a
brief reappearance of B. forskalii between 15 De-
cember 1960 and 27 January 1961. Numbers again
fell to zero by 3 February 1961.

Infection rates. At various times cercariae of
S. haematobium were used experimentally to infect
B. forskalii. Not all the snails originated from Kitui
and not all were exposed to local strains of the schis-
tosome. Out of 179 snails which lived for 10 days or
longer after exposure, each of a batch of 80 from
Kitui were exposed to two or three cercariae obtained
from local children. Developing sporocysts were
seen in four specimens which died after 14 days and
in two which died after 18 days. Of the remainder
three started shedding a few cercariae on the 35th
day (one died the same day). A hamster was exposed
on two occasions to the cercariae from the remaining
two snails and later developed an infection of female
worms which resembled S. haematobium or S. bovis.
The chance of a natural infection of S. bovis cannot
be ruled out as the snails came from the Kitui
spring; but this is unlikely in view of the fact that the
spring was used for drinking-water and cattle were
not permitted to use it.
Many hundred B. forskalii collected in the field

were examined for natural infections, but the few
which shed bifid-tailed cercariae proved to be
carrying S. bovis. The part which B. forskalii plays
in the transmission of human bilharziasis in Kenya
has yet to be determined, but it seems unlikely that
it will be of great importance.

GENERAL OBSERVATIONS

Methods of estimating numbers and age of snail
populations
Some of the methods employed require further

examination.
The disadvantages of palm-leaf or other snail

traps are well known and have been the subject of a
critical review by Hairston et al. (1958). Since,

however, a simple comparative method of collecting
data had to be selected which could be used in all
areas, palm-leaf traps were chosen in spite of their
obvious drawbacks. The data obtained from such
traps cannot be used for an accurate assessment of
population dynamics, one important drawback
being the numbers of snails trapped in bodies of
water when the volume is decreasing. The conse-
quent concentration of molluscs will almost certainly
be reflected in higher captures in the traps and these
figures may become grossly misleading, giving the
impression of an increase in population when in
fact there may well be a decrease. For quantitative
purposes, therefore, the method requires the simul-
taneous use of other procedures. But even these, in
whatever combination they may be used, remain
open to criticism. N. 0. Crossland (personal com-
munication) found that very young snails which
would almost certainly be overlooked in routine
hand collecting were obtained in large numbers in
the alga Chara schweinfurthii after its removal to the
laboratory, where it was thoroughly washed through
a series of sieves. The following numbers, all under
3 mm in size, were recovered from 120 g wet-weight
of the alga: Biomphalaria sp., 350; Lymnaea sp.,
92; Bulinus sp., 13.
The use of a single method, as was adopted in

these studies, has the advantage of simplification and
serves as a favourable basis for comparison; but in
the discussion which follows the interpretation of the
results must be considered in the light of the known
deficiencies inherent in the use of palm-leaf traps.
Webbe & Msangi (1958) and Webbe (1960) in

Tanganyika found that the results obtained from the
use of bamboo traps closely paralleled those from
hand collecting for a fixed period of time; presum-
ably observations were made by the same collectors
visiting the same sites throughout the investigations.
In Kenya different collectors were employed in each
area; in this case it was felt that hand collecting
would introduce variations too wide to serve as a
basis for comparative studies.
A further difficulty in ecological studies is that of

obtaining an accurate estimation of the age structure
of a snail population. So far as is known in all
species of snails some specimens may be sexually
mature even when quite small, so that although
apparently " immature " in size, they may yet be
capable of reproduction. There appears to be no
means of ascertaining this condition other than the
dissection of each individual snail, an undertaking
which is impracticable in field studies. Usually an
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TABLE 10
SNAIL SIZE CATEGORIES OF CRIDLAND AND WEBBE

Snail Group I Group II Group III Author

Bulinus and Lymnaea spp. <10 mm 10-14 mm 15 mm & over Cridland (1957)

Lymnaea sp. <5 mm 5-9 mm 10 mm & over Cridland (1958)

Biomphalaria sudankca
tanganyicensis <5 mm 5-7 mm 8 mm & over Cridland (1958)

Physopsis spp. <10 mm 10-15 mm 15 mm & over Webbe&Msangl(1958)

Biomphalaria pfeifferi <5 mm 5-10 mm 11 mm & over Webbe (1960)

entirely arbitrary method is used of counting the
number of whorls in the shell or dividing the popula-
tion into groups according to shell size. Even this
grouping has varied with different workers. In
East Africa Cridland and Webbe adopted the size
categories shown in Table 10.

In Kenya we have adopted an even simpler
classification in which some overlap in the measure-
ments of all three groups is likely. It seems that the
present unsatisfactory systems must continue in
use until accurate definitions of age assessment are
available.

Lastly, in comparative studies as wide a variety of
habitats as possible, both regional and local, should
be the aim. Here the choice has been limited for
reasons of accessibility and the need of trained staff
to central and coastal Kenya; but in the westem
half of the country and especially in the lower
areas around the shores of Lake Victoria bilharziasis
due to S. haematobium and S. mansoni is widespread
(Trim, 1936; Dowdeswell, 1938; McClelland, 1956).
Independent investigations are in progress in this
region and will be the subject of a later communica-
tion.
As regards sizes of habitats Hubendik (1958)

states that " as far as bilharziasis snail vectors are
concerned, small bodies of water are of much greater
importance than large ones ". This is probably also
true as regards transmission, but in ecological
studies all types of water body should be considered.
With one or two exceptions the emphasis during
these observations has been on small collections of
water and their choice has in turn been governed by
the need to study snail bionomics under as wide a
range of local conditions as possible. Thus in
Chonyi particularly an attempt was made to ensure
that of the 12 habitats chosen no two were similar.

Seasonal distribution
Population trends. Comparison of Fig. 2, 4, 5,

7, 11, 12, 13 and 14 shows that in streams there is,
broadly speaking, a similar distribution pattern
between all the species studied-that is, higher
numbers in the dry warm months of January-
February and September-October while populations
are lowest in the cool dry months of June to August.

There is little doubt that in rivers and streams
sudden flooding during the rains dislodges large
numbers of snails and is responsible for their
decline then. The effects of temperature are not so
clear; population curves generally follow those of
temperature, which in turn resemble those of rainfall
distribution, so that their influence on snail biono-
mics tends to be masked. In the case of B. pfeifferi,
for example, the combined data from the streams in
Nairobi, Embu and Kitui (Fig. 17) indicate some
decrease in breeding during the cool months of July
and August. On the other hand, temperatures are
higher during the periods of maximum rainfall and
in the case under consideration young B. pfeifferi
show a sharp increase at the end of the early rains,
when temperatures are falling, and a further increase
in September and October at the end of the dry
period but when temperatures are rising.
Webbe & Msangi (1958) showed that there was a

definite relation between temperature and rainfall
and the maxima and minima of average growth
curves of three species of Bulinus on the Tanganyika
coast. In Lake Duluti near Arusha, Webbe (1960)
reported no effect on the population of B. pfeifferi
nairobiensis during the November-December rains;
the highest captures were recorded between February
and May (the time of highest precipitation) and the
lowest from June to September (the cool dry
months).
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FIG. 17
COMBINED MONTHLY DATA FROM THREE STREAMS IN NAIROBI, EMBU AND KITUI ON PROPORTION

OF YOUNG B. PFEIFFERI CAUGHT, WATER] TEMPERATUREf-AND RAINFALL
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Cridland (1958) noticed seasonal fluctuations in
populations of B. sudanica tanganyicensis and Lym-
naea exserta in a permanent stream in the Busoga
district of Uganda and suggested that small differ-
ences in temperature might have been responsible
for such fluctuations. More carefully controlled

experiments are required to ascertain the possible
effects of slight changes of temperature on reproduc-
tion in snails.

Breeding seasons. Table 11 summarizes the periods
with the highest and lowest populations of young
snails in the various localities and habitats.

TABLE 11
SEASONAL OCCURRENCE OF YOUNG SNAILS FROM DIFFERENT POPULATIONS

IN THE LOCALITIES AND HABITATS STUDIED

Proportion of young snails
Locality Habitat Snail Figure Remarks

Maximum Minimum

Nairobi Dam B. pfeifferi 3 March-April Sept. Seasonal differences slight
Oct.-Nov.

B. tropicus 8 April ..
L. natalensis 10 Dec. June-Aug.

River B. pfeifferi 2 June-Sept. Feb.-May
B. tropicus 7 May & Sept. No definite pattern

Dec.-Jan. Feb. & Nov.

Embu Murubara B. pfeifferi 4 Sept.-Nov. May-July Minimum ill-defined
River

L. natalensis 11 May & Oct. June-Aug.
& Jan.-Feb.

Kitui Kalundu & B. pfeifferi 5 May-June Aug.-Sept. &
Nzeu streams March-April

P. africanus 13 Aug.-Oct. April-June
& Dec.

Dam P. nasutus 14 Dec.-Feb. April-May Dam dry
June-July Oct.-Nov.

Chonyi Habitats 4 & 5 P. globosus 15 Jan.-April June-Aug.
(stream) I & Oct.-Nov.
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Some of the periods were not sharply defined and
were spread over a number of months. The following
points may be noted:

1. Throughout Kenya there is breeding of some
snail species in every month of the year.

2. Depending on the habitat and locality, young
B. pfeifferi were in highest proportions during May
and June and September to November. The lowest
proportions occurred from March to May; occa-
sionally also from June to September.

3. There was little in common between occurrences
of young specimens of the four bulinids.

4. On both the Nairobi dam and Murubara river
the highest proportions of young specimens of
L. natalensis occurred during both rainy seasons.
The lowest proportions were recorded during the
cool dry months of June to August.

5. Periods of double maxima and minima occurred
commonly. The seasonal occurrence of minimal
breeding might be of importance in the timing of
mollusciciding programmes.

Some of the foregoing findings in Kenya may be
compared with those of Cridland in Uganda and
Webbe in Tanganyika.
When discussing breeding seasons Cridland (1957,

1958) based his remarks on the actual numbers of
three size groups. In this paper emphasis has been
placed on the ratio of young to old snails in any
given population because it seems that this ratio
(considered in conjunction with absolute figures) is
likely to be a truer reflexion of the degree of intensity
of breeding than simple direct comparison of young
with other age-groups.

Cridland found that the increase of the total
numbers of B. sudanica tanganyicensis occurred with
the onset of the April rains and continued to be due
mainly to young specimens until July-August; there-
after total numbers remained high but the propor-
tion of young specimens decreased. On the Nairobi
river (Fig. 2 and 7) the proportions of young B.
pfeifferi and B. tropicus were lowest when the total
population was highest (February-April) and highest
when the total population was reduced. There was
nothing to suggest that increased breeding followed
the onset of the rains but it probably occurred in the
cool dry months which followed (June to August).
On Lake Duluti, Webbe's findings (1960) cor-

respond to those in the Nairobi dam-that is, the
highest proportion of B. pfeifferi occurred during
the short rains (October-November). Both he and

Cridland also found evidence of breeding through-
out the year.
With regard to the Physopsis group, Webbe &

Msangi (1958) considered that breeding peaks of
three species on the Tanganyika coast occurred
during the long and short rains (March to May and
November to December). In Kenya findings differed.
There were double maxima as in Tanganyika but
at Kitui (Nzeu stream) the highest proportions of
young P. africanus occurred during the dry months
of July to September and to a lesser extent from
December to January (Fig. 13). The age distribution
of P. nasutus in the Kitui dam was roughly similar,
the percentage of young forms, however, rising
sharply in December and January immediately
following the filling of the dam after it had remained
dry for two months. It was noted that adult snails
of this species occurred in the dam within a few days
of it being refilled. Thirteen P. africanus were also
recovered high above water level in the banks of the
Nzeu stream five months after the water had been
at that height. On being returned to the water they
all recovered within a few hours; two died the
following day.
As already mentioned the distribution pattern of

P. globosus at Chonyi appeared to differ from place
to place, but the only records of young specimens
(habitats 4 and 5) were obtained from a stream and
here it seemed that the highest proportions occurred
with the onset of the rains in March and April and
from August to October (Table 4). But it is perhaps
more probable that flooding greatly reduced the
population by the end of May and that breeding
subsequently continued at a fairly constant level
until the beginning of the November-December
rains; these rains were apparently not sufficient to
flush out the stream but were responsible in some
way for the reduced breeding. The results bear little
relation to those recorded by Webbe & Msangi
(1958) near Muheza in the Tanganyika coastal area.
The occurrences of B. forskalii in the small spring

at Kitui (Fig. 16) are similar to those reported by
Cridland (1957) in Uganda. The sudden appearance
of the snails with the onset of the rains supports this
author's claim that B. forskalii can aestivate.
The records of L. natalensis (Nairobi dam and

Murubara river) seem to show that there are two
periods of maximum breeding which correspond
roughly to the long and short rains. The geogra-
phical and frequency distribution of the species has
been described by Van Someren (1946) but no
mention is made of breeding seasons.
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Infection rates
Natural schistosome infections in Biomphalaria or

Physopsis were found in all areas under observation.
In the Nairobi river, where records were kept for
more than three years, a reasonably clear picture of
S. mansoni rates has emerged. Seasonal changes in
the rate appear to be correlated with water tem-
perature or rainfall or both (Fig. 6).

October was the only month in which infected
B. pfeifferi were never found and the rate in March
fell for no apparent reason. The increase in the rate
in September, following a return of warmer condi-
tions, might have been expected to continue in
October, since the rise in subsequent months also
accompanied generally increasing temperatures. It
is possible that over a longer series of observations
these seeming irregularities might disappear. Gener-
ally speaking, the infection rate is highest in the
warmer months and lowest in the cool ones; it so
happens that rainfall distribution generally parallels
that of temperature. It is unlikely that rainfall is as
important as temperature in influencing infection
rates.

In Kitui it was not possible to examine snails for
cercariae every month. As already mentioned, there
was not only the difficulty of differentiating bovine
from S. haematobium infections (because batches of
snails were used to infect one hamster) but also there
is reason to believe that S. bovis may prevent the
development of S. haematobium in hamsters when
they are exposed to mixed infections (Teesdale &
Nelson, 1958).
The data obtained in Kitui (Table 2) suggest that

here, where temperatures are more uniform and
higher than those of Nairobi, infection rates depend
rather on the nature of the breeding-places. In
streams and water collections which tend to dry up
at the end of the hot season not only is there a
concentration of snails in residual pools, but human
contact becomes closer with increasing scarcity of
water and in these conditions there is an increase in
infection rates in the snails.
There are very few records in the literature of

seasonal observations on schistosomal infections of
wild-caught snails in East Africa. In Nyasaland
Ransford (1948) observed that Bulinus (Physopsis)
globosus was parasitized by trematodes only between
July and the beginning of the rains (November).
Cridland (1958) could detect no clear pattern of
seasonal rates of B. sudanica tanganyicensis in
Uganda and found that only medium and large
specimens were parasitized; no Physopsis nasutus

under 10 mm shed cercariae. Measurements made
in Kenya (see page 767) show that specimens of
B. pfeifferi as small as 0.5 cm are able to maintain
infections of S. mansoni and to shed cercariae. The
following Physopsis, approximately 0.5 cm in length
were found naturally infected with either S. bovis or
S. haematobium:

Coast: P. globosus: 1 positive out of 32.
Kisumu: P. africanus: 2 positive out of 15.
Kitui: P. africanus: 3 positive out of 55.

Duration of cercarial shedding
Records of the period over which shedding lasted

showed that with one exception the infection con-
tinued until the death of the snail. The exception
was a specimen of B. pfeifferi which was found
shedding large numbers of human-type cercariae on
20 February 1957. On 21 February a hamster was
exposed to the cercariae and on subsequent examina-
tion was found to be infected with S. mansoni. On
22 February shedding ceased and no further cer-
cariae were seen up to the time of the death of the
snail on 29 April (66 days later). Details of the
duration of infection in the snails are given in
Table 12. Since all these snails were already infected
when found, the period of cercarial shedding must
have been longer than that observed; on the other
hand, under natural conditions, it would probably
tend to be shorter because of increased hazards.

Temperature
Abdel Malek (1958) suggested that temperature

was not a limiting factor in the distribution of
bilharziasis vectors in the Sudan although he con-
cluded that temperature does influence their rate of
reproduction. Gaud (1958) found that temperature
was important but not the only factor influencing
the seasonal rhythms of snails. In Kenya the weekly
readings of water temperatures revealed a relatively
small annual range which did not exceed 8°C
(Nairobi dam) and which was as low as 3°C in the
Nzeu and spring habitats at Kitui. The extreme
mean annual temperatures (9.30 a.m.) in the four
areas under observation differed by 7.7°C. Biom-
phalaria was not found above an annual mean of
21.3°C while the Physopsis group was recorded
between 20.0°C (P. nasutus) and 25.9°C (P. globosus).
The weekly measurements taken in these studies
give no indication of the small changes which may
occur from day to day and hour to hour and which,
as already pointed out, may be of importance in
snail bionomics.
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DURATION OF INFECTION IN SNAILS
TABLE 12

FOUND NATURALLY INFECTED WITH LARVAL SCHISTOSOMES
OF THE HUMAN TYPE

Snail_____________No.____ ____tested______________ Duration of shedding (days)

Under 10 10-30 31-0 | 61-100 Over 100 Longest period

B. pfeifferi 127 58 49 12 7 1 103

P. africanus 90 39 48 3 0 0 49

P. globosus 8 3 3 2 0 0 45

B. tropicus a 4 1 2 0 1 0 69

B. forskalil 3 3 0 0 0 0 9

a Non-schistosome cercariae. This snail has, however, since proved to be a carrier of S. bovis.

Maximum and minimum readings were, however,
taken at the Nzeu habitat, Kitui, but because of
interference with the thermometers it was not
possible to complete a full year's records.
The temperatures recorded during these studies

are almost certainly well within the range of toler-
ance of all the snails observed. Van Someren (1946)
recorded a diurnal range of 18.5°C to 35.5°C in a
drain at Kabete, near Nairobi, colonized by Lymnaea
caillaudi and B. pfeifferi. There is evidence that the
distribution of Biomphalaria and Physopsis is
governed at least indirectly by altitude. The limits
of Physopsis appear to be from sea level to about
6000 feet (1800 m) while Biomphalaria have been
recorded at 7500 feet (2290 m), but not below about
2000 feet (600 m) (Teesdale, 1954); there are no
vectors of S. mansoni throughout the coastal region.
Abdel Malek (1958) considers that altitude is not
in itself a limiting factor; if this is so, then it seems
that in Kenya the distribution of Biomphalaria and
Physopsis must be partly governed by temperature.
This view is supported by the fact that B. pfeifferi is
common near Lourengo Marques at sea level at
approximately latitude 26°S, where temperatures
(mean annual 72°F, 22°C) are considerably lower
than on the Kenya coast (lat. 2°-5°S), where the
Mombasa mean annual is 79°F (26°C).

It is suggested that further trials to determine the
possible effects of small temperature changes on the
reproduction of vector snails are justified.

Water fluctuations
Weekly readings indicated the extent to which the

habitats were influenced by fluctuations in water
level. The average weekly fluctuation in any year
over the period of observations was everywhere low

(1.3-3.6 inches; 23-40 mm), but the greatest observed
rise or fall (which may have differed widely from the
actual) varied considerably in the different habitats,
those in streams showing the greatest extremes.
Except for those places where a sudden marked rise
or fall resulted in the flushing out of the habitat,
there appeared to be little correlation between water
fluctuations and snail populations. Canals on the
Gezira scheme support snails where there is a diurnal
rise or fall of 20-30 cm, and Abdel Malek (1958)
points out that small gradual changes of water level
do not seem to disturb snails there. Hubendik (1958),
on the other hand, stresses the importance of changes
of water level in shallow waters where the con-
centration of dissolved minerals may be altered
considerably and the balance between vegetation,
animals and bacteria profoundly influences living
conditions in the water body. Some such changes
may have accounted for considerable numbers of
P. nasutus crawling out of the water in the Kitui dam
a few 4tays prior to its drying out; they were observed
moving up the gently shelving bottom of the dam
and coming to rest about a foot (30 cm) above the
water. By the next day they were all dead. Pringle &
Msangi (1961) record the " withdrawal " of a con-
siderable population of P. globosus from a fish pond
at Korogwe, Tanganyika, prior to its becoming dry.
The " withdrawal " could not be accounted for by
aestivation of the snails. Gaud (1958) has observed
that drying up may be of importance in the con-
ditioning of the habitat of Planorbarius metidjensis
in North Africa. In Kenya B. pfeifferi is apparently
unable to withstand a period of drought, while with
some Physopsis species periodic drying out of the
habitats is probably essential for the perpetuation of
these snails. None of the four B. pfeifferi habitats
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dried out during the observations (and none con-
tained Physopsis) while in ten of the others there was
a dry period. Of these ten only five contained Phy-
sopsis and there were no snails of any kind in the
remaining five (Chonyi).
During each dry season these negative habitats

were deepened by the villagers as they began to dry
out. It is believed that the daily removal of con-
siderable quantities of soil in this way prevented the
establishment of Physopsis and other snail species
in such temporary collections of water. P. globosus
was introduced into all five negative habitats and
continued to breed until they dried out or were
excavated. Interference by man may account for
the absence of Physopsis in many places on the coast
where conditions appear to be well-suited to this
genus.

Predators

A number of aquatic animals reported to be
predatory on molluscs were noted in the various
habitats; they include crabs, crayfish, frogs, leeches,
water-beetles, Chaetogaster spp., fish and other
snails, but nowhere did their presence appear to have
any obvious influence on the numbers of bilharziasis
vectors.
Boycott (1936) also found no proof under natural

conditions in Britain of an enemy exterminating an
established mollusc species.
Dr G. S. Nelson (personal communication) has

found Xenopus sp. feeding on B. pfeifferi in a dam at
Makuyu 30 miles (50 km) north of Nairobi. The
dam was heavily infested with these snails. In 1950
large numbers of Lanistes carinatus and P. globosus
besides Incertihydrobia teesdalei and Bulinus puteanus
were found in Lake Jilore some 50 miles (80 km)
north of Chonyi. Examination of the stomach
contents of a number of fish from the lake showed
that apparently neither Tilapia nigra (80 examined)
nor T. mosambiqua (191 examined) included snails
in their diet. The only specimen of a lung fish
(Protoperus aethiopicus) and one out of three
catfish (Bagrus sp.), however, contained uniden-
tifiable shell remains. Mr J. P. McMahon has been
conducting trials with Astaterochromis alluaudi in
dams in Nyanza Province and reports very en-
couraging results with these fish (unpublished
report).
The large operculates Pila wernei and Lanistes

olivaceus have been noted in coastal situations where
Physopjis are often (but not always) absent. This is
of some interest in view of their relationship (Am-

pullaridae) to Marisa cornuarietis and its effect on
Australorbis glabratus in Puerto Rico (Oliver-
Gonzalez et al., 1956). It seems likely, however, that
the frequent absence of Physopsis in situations
colonized by P. wernei and L. olivaceus may be due
to the unsuitability of the habitats rather than to the
presence of the operculates. On several occasions
leeches were seen emerging from dead Physopsis and
a number of Chaetogaster spp. were recovered from
living B. pfeifferi from Embu; their association
appeared to be commensal.

Vegetation

No correlation was found during these observa-
tions between the type or amount of vegetation in a
habitat and the number of snails in it except where
the water surface was completely covered. Boycott
(1936) concluded that vegetation was not an essential
component of a snail habitat and noted the absence
of snails in densely shaded water containing twigs
and leaves. P. nasutus certainly flourished in the
Kitui dam, where there was no vegetation of any
kind. In habitat No. 12 at Chonyi, on the other
hand, both snails and vegetation were absent; but
there sunlight never penetrated the dense over-
hanging canopy from which considerable quantities
of dead leaves were shed into the water. The lack
of sunlight and high acidity (pH 4.5-6.8) rather than
the absence of vegetation may have rendered the
water unsuitable.
There was evidence that a thickly matted covering

of the water with Pistia stratiotes or Nymphaea
capensis prevented P. globosus from breeding. Nine
habitats out of the 12 at Chonyi contained either
or both of these plants and in habitats 4, 5 and 6
P. globosus disappeared whenever the water was com-
pletely covered with this type of vegetation. Other
habitats, such as 8, 10 and 11, also became com-
pletely covered over seasonally but never contained
P. globosus.

Physical and chemical characteristics of the water

De Meillon et al. (1958) found no evidence in the
Transvaal that the chemical composition of natural
unpolluted waters plays any part in determining
vector snail habitats but that pollution (such as the
presence of sewage or industrial wastes) and turbidity
appeared to have an adverse effect on bilharziasis
vectors. The waters in the majority of the habitats
studied in Kenya were clear or only slightly turbid,
an exception being the spring at Kitui; total solids
varied within a wide range.
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Hydrogen-ion (pH). Readings were made in the
afternoons between 2.30 and 4.30 (except at Chonyi
in habitats 4, 5, 6, 9, 10 and 11 where they were
taken in the late morning). Values varied between
4.5 and 9.1. B. pfeifferi were recorded at between
6.3 and 8.4, P. nasutus at between 6.8 and 9.1,
P. africanus at 6.7-8.2, P. globosus at 6.0-8.0 (though
this species appeared to tolerate values which may
have been as low as 4.5 when introduced into
habitat 12 at Chonyi). B. forskalii maintained itself
for long periods in the very turbid spring at Kitui,
where readings taken on eight occasions ranged
between the narrow limits of 5.7 and 6.1. L. natal-
ensis was recorded at between 6.3 and 8.4 and B.
tropicus at between 7.2 and 8.4.

Dissolved oxygen. Measurements were made at
the same time as the pH readings. Very low values
were recorded at the Kitui spring (ranging in eight
samples from 1.0 p.p.m. to 8.5 p.p.m.) and at
habitats 4, 5, 6 and 12 at Chonyi, where the lowest
reading was 1.5 p.p.m. and the highest 4.1 p.p.m.
To get some indication of the changes likely to occur
over the day measurements were taken at two-
hourly intervals at the Kalundu, Nzeu and spring
habitats at Kitui between 5 a.m. and 9 p.m. in
August 1960. Generally speaking, the maximum
saturation occurred between about 1 p.m. and 5 p.m.
(the time when routine measurements were made)

and these figures were roughly double the minima.
It is likely that the amounts of dissolved oxygen in
all habitats were frequently less than those recorded,
yet P. globosus was invariably present in habitats
4 and 5 at Chonyi; suggested reasons for its absence
in habitat 12 have already been given. In the Kitui
spring conditions did not inhibit B. forskalii but
P. africanus was apparently unable to maintain
itself; a combination of excessive turbidity, acidity
and low oxygen content may have accounted for this.

Calcium and silica. The water in all habitats at
Kitui was usually very low in calcium content while
at Chonyi it was comparatively high in the only two
habitats where P. globosus occurred throughout the
year. With the exception of Chonyi habitat No. 12,
there was little difference in the amounts of silicates
in all other habitats.

Iron. In the Nzeu at Kitui a reddish flocculence
derived from precipitates of iron salts appeared at
the end of the dry season when the water became low
and stagnant. Van Someren (1946) states that in
such conditions bilharziasis vectors are almost
invariably absent. However, during the years 1958
and 1960 from August to October, when there was
an abundance of the iron hydroxide in the Nzeu,
P. africanus was not only present but increased in
numbers week by week.
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R1ESUM1!

Donnant suite aux recommandations du Comite OMS
d'experts de la Bilharziose relatives aux recherches
urgentes sur l'6cologie des mollusques vecteurs, l'auteur
a effectu6 de 1956 a 1961, une enquete sur la presence de
divers genres de mollusques - Biomphalaria pfeifferi,
trois esp6ces de Physopsis, B. forskalii et Lymnaea
natalensis - dans quatre regions du Kenya, abritant
divers types d'habitats.
Apres avoir decrit les conditions topographiques,

geologiques et meteorologiques de ces regions, fait

l'analyse critique des methodes employ6es, l'auteur
resume ses observations:
Le genre Biomphalaria parait absent de la cote du

Kenya, et sur 150 km a l'interieur des terres, on ne l'a
pas trouve ia une altitude inferieure 'a 600 m environ. Le
point le plus eleve oii l'on a signal6 B. pfeifferi au Kenya
est a environ 2500 m. I1 est peu probable que les larves
de S. mansoni puissent achever leur cycle larvaire a une
altitude superieure i 2000 m. Des especes de Physopsis
se rencontrent du niveau de la mer a 2000 m. S. haemato-
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bium se rencontre dans toute cette aire, mais est particu-
lierement abondant au-dessous de 1300 m environ.

Les releves de fr6quence saisonniere montrent que
pour toutes les especes existe une periodicite saisonniere
de ponte, qui peut etre modifiee par les conditions meteo-
rologiques entrainant des changements dans les aliments
disponibles, ou par des transformations du terrain dues
a la main de l'homme.
Des periodes de maximums et de minimums de la

population des mollusques ont ete observees en divers
endroits et a des moments differents. Ce fait peut avoir
de l'importance pour les campagnes molluscicides.

Les taux d'infestation saisonniere des mollusques par
les schistosomes sont discutes par 1'auteur, en particulier
ceux de S. mansoni dans la riviere Nairobi. A Kitui et le
long de la c6te, l'infestation par S. haematobium ne
semble pas presenter ce caractere saisonnier, peut-etre
parce que les differences de temperature sont moins
grandes. La temperature de 1'eau varie peu au cours de
l'ann6e - moyenne 18,2-25,9°C. D'autres etudes devront
preciser les effets eventuels de faibles variations de tem-

perature sur la reproduction des mollusques. Les fluc-
tuations de l'eau sont plus importantes, mais, sauf en cas
d'inondation, elles ne semblent pas influencer le nombre
des mollusques.
Bien des etangs etaient exempts de Physopsis, malgr6

des conditions qui devaient leur etre favorables. I1 est
possible que l'homme, en creusant plus profondement
ces etangs pour augmenter la reserve d'eau, ait rendu les
lieux inhabitables aux mollusques. La vegetation ne
parait pas avoir une grande influence, sauf s'il s'agit
d'epaisses couches de Pistia stratiotes ou de Nymphaea
capensis qui retiennent une grande partie des rayons
solaires. Les predateurs ne semblent pas non plus entrer
en ligne de compte.

B. pfeifferi, naturellement infeste de S. mansoni et
maintenu en laboratoire elimina des cercaires pendant
103 jours encore. P. africanus et P. globosus, dans les
memes conditions, eliminerent des cercaires de S. haema-
tobium pendant 49 et 45 jours respectivement.

L'analyse chimique de l'eau et l'evaluation de son
opacite ont &6 effectuees dans les habitats etudies.
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