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Ecological studies of Bulinus rohlfsi, the intermediate
host of Schistosoma haematobium in the Volta Lake
R. K. KLUMPP 1 & K. Y. CHU2

In the present ecological study of cercarial transmission of Schistosoma haematobium
in the Volta Lake, Ghana, habitat observations and sampling of Bulinus truncatus rohlfsi
were conducted within a 60-km stretch ofshoreline. Observations revealed that human water
contact sites in each village undergo constant changes in shape and vegetation. Snail
sampling surveys in water contact sites were carried out monthly (for 27 months) in
8 villages using newly designedpalm-leaf traps, and in 8 additional villages (for 16 months)
using a modification of Olivier & Sneidermann's man-time method. Results to date confirm
the finding by Chu & Vanderburg that cercarial transmission in the lake takes place almost
exclusively within water contact sites. Additional results indicate that even within individual
water contact sites this transmission is focal, most infected snails being found very close to
the shoreline. Transmission also varies significantly according to shape, vegetation, and
geographical location of the water contact sites, and is distinctly seasonal in most villages.
These findings lead us to conclude that control ofcercarial transmission in the Volta Lake is
both attainable andfeasible with existing methods.

The formation of the man-made Volta Lake in
Ghana in 1964 created an ideal environment for the
snail vector of urinary schistosomiasis, resulting in
an explosion of disease transmission in most com-
munities surveyed (9).a Combined with reports of
increased prevalence rates of schistosomiasis in other
man-made lakes in endemic areas, this underlined
the need for thorough research into the ecology of
schistosomiasis in these environments to determine
whether control of disease transmission is feasible.
Such research is being conducted in a WHO/

UNDP schistosomiasis project along a 60 kilometre
stretch of the Volta Lake shoreline. Results of the
project's pre-intervention baseline surveys on the
ecology of cercarial transmission within human
water contact sites are presented in this report. In
particular, the report describes ecological charac-
teristics of the water contact sites, vector snail
densities, vector snail population fluctuations, and
patterns of cercarial transmission.

I WHO Scientist, P.O. Box M. 190, Accra, Ghana.
2WHO Senior Biologist, P.O. Box M. 190, Accra, Ghana.
a Jones, C. R. Health component in the Volta Lake

research project. Report on project results, conclusions and
recommendations. WHO unpublished document AFR/
PHA/115; AFR/SCHIST/27 (1973).

Most of the early malacological and epidemiologi-
cal work on the disease in the Volta Lake was
conducted by Paperna (9, 10). He found the first
living Bulinus truncatus rohlfsi (called B. rohlfsi in
this paper) in the lake in August 1966 and soon
afterwards reported the subsequent rapid prolifera-
tion and spread of the species in association with
floating masses of vegetation and new growths of
Ceratophyllum. By January 1967, he found that
transmission of urinary schistosomiasis in some sec-
tors of the lake was already widespread. Paperna
later confirmed that the parasite was Schistosoma
haematobium and that it was highly compatible with
B. rohlfsi from pre-existing lakes to the north of the
dam and from the Volta Lake. Further field studies
by Odei b established that B. rohlfsi was the most
common lake snail and the only existing snail vector
of human schistosomiasis in the lake.
While working in a WHO-Ghana Government

Volta Lake project, Jones a reported increasing
human prevalence rates throughout 1971 in all lake-
side settlements originally sampled independently by
Paperna and Senker (unpublished reports). This

b Odei, M. A., cited in Jones, C. R., op. cit.
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contradicted earlier speculation by Watson a that
transmission of the disease in the lake was stabiliz-
ing. Recently, Chu & Vanderburg (2) confirmed
Paperna's finding (unpublished report) that cercarial
transmission occurred only in populated areas and

a Watson, J. M. Assignment Report, Volta Lake Research
Project, Health Component. Ghana 0041. Unpublished
document WHO/AFRO (1970).

they showed that this transmission was confined
almost entirely to human water contact sites.

PROJECT AREA

Location and demography

Fig. 1 shows the project area in relation to the
entire lake together with an enlarged map of the

Fig. 1. Project area showing 26 study unit villages.

716



ECOLOGY OF BULINUS ROHLFSI

project area indicating the location of all 26 study
unit villages. These settlements are scattered within
60 nautical km of undulating shoreline that is
accentuated by many small, narrow inlets and coves.
Three study unit villages are located within a 10-km
section on the eastern shore of the small Pawmpawm
branch. The remaining 23 are situated along 50 km
of the western shore, from the southern end of the
Pawmpawm branch to the south-eastern section of
the large Afram branch. The project field station is
located at the Anyaboni resettlement town, 45 km by
road from Koforidua to the south-west and 130 km
from Accra to the south.
About 4300 people reside in the 26 villages. Most

of these villagers are Ewe fishermen and their fami-
lies who emigrated to the lake from areas in the
Volta River delta. The indigenous land owners in the
area are the Krobos, traditionally farming people.
Prevalence rates of S. haematobium among all age
groups in the 26 villages ranged from 31.7 to 100 %,
most villages having prevalence rates greater than
80%.

Vegetation and climate
The project area lies at the boundary of the moist

semi-deciduous forest zone (to the west) and the drier
Guinea woodland zone (to the north and east). Except
for the deepest parts, much of the lake is full of
projecting dead hardwood trees and submerged tree
stumps. In some sections, forests of these dead trees
serve as effective wave brakes around water contact
sites and allow for massive growths of the sub-
merged weed, Ceratophyllum.
Annual rainfall normally ranges from 1000 to

1400 mm. The rainy season extends from March to
early November with precipitation maxima usually
in June and September. Rainfall is infrequent be-
tween mid-November and early March.
Modal air temperatures range from 29°C to 33°C

(daily maxima) and from 20°C to 24°C (daily mini-
ma). Temperatures are coolest during the months of
maximum rainfall and usually highest in February,
March, and April. The greatest daily maximum-
minimum temperature fluctuation usually occurs in
January (" harmattan " period).

Villages selected for biological study

Eight study unit villages were originally selected
for intensive biological study based on criteria out-
lined in the original project design. The villages
include Pawmpawmnya I (study unit 1), Fatem
(study unit 5), Kasa (study unit 6), Poakwe

Pawmpawmnya (study unit 7), Kwabia (study unit
11), Kuma Kuma (study unit 13), Asakeso (study
unit 16), and Akotui West (study unit 18). In these
villages, monthly pre-intervention (baseline data)
snail sampling surveys in water contact sites, along
with associated ecological observations, began in
March 1973 and continued until the end of May
1975. Snail sampling was conducted with stan-
dardized traps made of woven palm-leaf mats.
Soon after baseline surveys began, it was found

that the first 8 villages inadequately represented the
full range of ecological conditions within the project
area, especially in the north-western sector where
human prevalence rates were consistently higher. A
second group of 8 villages was therefore selected in
January 1974 to enlarge the monthly snail sampling
programme. These villages included Atortorsi (study
unit 2), Dawa Kofi (study unit 8), Akokoma (study
unit 10), Asikoko (study unit 12), Tamayeso (study
unit 20), Nyafutu (study unit 21), Dukuase (study
unit 24), and Odortom II (study unit 25). In these
villages, snail sampling was conducted using a modi-
fication of Olivier & Sneidermann's man-time
method (8).

Molluscs found in the lake

The following molluscs were collected from pro-
ject snail sampling surveys.

(1) Bulinus rohlfsi- the most abundant snail and
the only species found infected with a human schis-
tosome species;

(2) Bulinus forskalii - the second most abundant
snail;

(3) Lymnaea natalensis - sporadically found in
light density in or near stream inlets with heavy
emergent and floating vegetation;

(4) Lanistes varicus - found occasionally in the
Pawmpawm branch;

(5) Ferrissia eburnensis - found occasionally;
mainly in high water periods;

(6) Physa waterloti - found in streams inlets,
mainly during high water periods;

(7) Gyraulus costulatus - found mainly during
low water periods;

(8) Anisus coretus - rarely found;

(9) Calelatura sp. and Mutela sp. - bivalves
found infrequently in sandy water contact sites.
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ECOLOGICAL OBSERVATIONS

Water quality measurements
Selected physical and chemical parameters were

measured monthly in the main water contact sites of
each of the first 8 villages to determine aspects of
water quality. The parameters were: water tempera-
ture, pH, turbidity, total alkalinity, hardness (cal-
cium and total), and total iron. From March 1973
until the end of June 1974 water temperatures were
taken at midday; subsequently, they were measured
between 08 h 00 and 10 h 00. All temperatures were
taken just below the surface of the water near the
shore at 3 locations per site. The values of the other
variables were obtained by means of the Hach Kit
with sample collections also taken near the shore
and laboratory analyses made the same day.
The monthly mean midday water temperatures

ranged from 27.3°C to 31.0°C while mid-morning
values were between 25.4°C and 28.8°C. Results of
the other water quality measurements are sum-
marized in Table 1. Little monthly variation occur-
red but monthly mean values of all parameters were
slightly lower after the first full year of study.

Because of the few prior published studies and
differences in time, location, parameters measured,
and equipment, it is difficult to compare precisely the
present results with physico-chemical data of others
working in the Volta Lake; however, comparison of
the same parameters shows that the present findings
differ insignificantly from earlier mean values ob-
tained in the lake (3, 4, 5).

Lake level fluctuation
The ever-changing lake level was monitored regu-

larly from official Volta River Authority measure-
ments taken at the Akosombo Dam. To study the

Table 1. Results of physico-chemical analysis of water
from the main water contact sites in the first 8 villages

Parameter Mean Range

Alkalinity (mg/I) 44.6 30-60

pH 7.2 6.3-8.7

Hardness (calcium) (mg/I) 19.4 15-30

Hardness (total) (mg/I) 30.9 20-50

Total iron (mg/I) 0.08 0.01-0.55

Turbidity (FTU) 18.0 2-115

horizontal movement of shorelines in the project
area, a permanent marker (either a pole or a tree)
was established during the high water period of 1972
at each main water contact site in the first 8 villages.
Respective distances from these markers to the
changing shoreline were then measured during each
monthly snail sampling survey.
From the Volta River Authority data, annual

fluctuations of the lake since final controlled
impoundment in 1967 averaged 2.7 m, although the
fluctuation was 4.3 m in 1974. Each year, the flood
period of the lake began in late July or early August,
water rise was most rapid in September and October,
and from early November an 81/2 to 9 month period
of lake regression occurred at a steady rate.
From our data, individual horizontal shifts of

water contact site shorelines across the drawdown
area ranged from 19 to 148 m per month during
periods of most rapid lake rise and from 0 to 51.5 m
per month during periods of lake drawdown. Thus
sampling areas in water contact sites never overlap-
ped between consecutive monthly surveys during the
former periods and only partially overlapped be-
tween consecutive surveys in the latter periods.

Vegetation
There are three distinct and consistent ecological

phases related to the growth of drawdown zone
vegetation and the concomitant shape of water
contact sites during each annual cycle of lake fluc-
tuation. We classified these phases as follows: (1) the
rising water phase (August to October); (2) the early
to mid-drawdown phase (November to March); and
(3) the late drawdown phase (April to July). For
convenience, the third phase will be described first.

Late drawdown phase. In this period, the water
recedes beyond the limit of rooted, emergent vegeta-
tion in most locations, initially leaving bare shores.
As the water retreats further, new plants begin to
sprout across the muddy or sandy shores, enhanced
by the increasing rains. At the end of the late
drawdown phase, a distinct zone of young sedges,
sprouting Polygonum, and creeping plants dominates
this low zone. The most frequently observed sedges
were Cyperus distans and Scirpus cubensis; the most
common of the creeping plants were Ludwigia
stolonifera and Alternanthera sessilis.
The plant mass in the water that does not change

during this phase is Ceratophyllum. In some loca-
tions, especially in the north-western sector of the
project area, massive belts of Ceratophyllum, many
metres wide, grow from the lake bottom to the
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surface. Sometimes these belts stretch continuously
for hundreds of metres parallel to shore, from
shallow water to depths exceeding 5 m; however,
when the receding water strands these masses in very
shallow water, the plants wither and die. In many
water contact sites, Ceratophyllum fragments are
commonly washed in from deep-water belts. Frag-
ments are also carried into water contact sites in
fishermen's nets.

Rising water phase. Beginning in each August, the
rising water rapidly inundates the plants growing in
the low-shore zone and thus strands the Ceratophyl-
lum masses in deep water. Unless they form floating
" sudds ", like Scirpus-Ludwigia mixtures, the sedges
and creepers soon die under the water. The flooding
then advances quickly through the zone of tall
emergent plants that occupy a wide foreshore zone
between high and low water levels. Most of these
plants grow rapidly when flooded and continue to
maintain their foliage above water. The most com-
mon species observed in this zone were Polygonum
senagalense, Paspalum orbiculare, Echinocloa stag-
nina, and Sorghum arundinaceum.
As the lake reaches its annual peak, plants in the

highest foreshore zone become flooded for about 3-6
weeks depending on the slope of the land. Because
the area is cultivated for drawdown farming, many
water contact sites in this high zone contain less
natural vegetation.

Early to mid-drawdown phase. During this phase,
the water retreats back into the mid-zone of the
emergent grasses or Polygonum that survive flooding
very well. Where the slope is very gradual, wide
zones of solid Polygonum and Paspalum are some-
times encountered, sometimes partially or comple-
tely surrounding water contact sites for many
months.

Ceratophyllum growth in the deep water of inlets
and coves flourishes during this period of high water.
Although masses of the plant remain offshore, the
fragments that wash into water contact sites often
begin growing again in the shallow water.

Ecological types of water contact site

Human water contact sites are located at the ends
of footpaths leading from family compounds to the
lakeshore in every lakeside village. These footpaths
rarely change in direction and most human water
contact such as bathing, fetching water, washing,
etc., is confined to the shallow water at points where
the footpaths enter the lake. But because of lake rise

and fall, all water contact sites shift constantly back
and forth across the foreshore, following the line of
the footpaths and thus frequently changing in shape
and ecology. To date, 11 different ecological types of
water contact site have been observed. We classified
these according to shape, vegetation density, and
location in the foreshore as follows:

Type 1 = open beach with no visible vegetation
Type 2 = open beach with light to moderate vegetation
Type 3 = open beach with heavy vegetation
Type 4 = pocket-shaped with no visible vegetation
Type 5 = pocket-shaped with light to moderate vegeta-

tion
Type 6 = pocket-shaped with heavy vegetation
Type 7 = short channel through emergent vegetation

(less than 30 m long from shore to open water)
Type 8 = long channel through emergent vegetation

(30 m or longer)
Type 9 = open beach at still stream with no visible

vegetation
Type 10 = open beach at still stream with light to

moderate vegetation
Type 11 = open area within emergent vegetation with

narrow offshore outlet channel.

Because some of the 11 types are encountered
infrequently, they can be grouped into 3 main
categories of water contact sites based on shape:
(1) open beaches (types 1, 2, 3, 9, and 10); (2) pock-
ets (types 4, 5, and 6); and (3) channels (types 7, 8,
and 1 1). At most villages, all water contact sites exist
in some form of open beach, pocket, and channel
type during each lake cycle. The observed monthly
frequencies of these 3 water contact site groupings
are shown in Fig. 2 for the first 8 villages combined.
It can be seen that each year, almost all water
contact sites were open beaches from April to
August; most water contact sites were pocket-
shaped from December to February or March;
channel-shaped water contact sites were most
numerous each year from September or October to
November or December.

Surface area measurements were made each
month for all main water contact sites in the first
8 villages. When these sites were grouped into the
3 categories of shape, their total average surface
areas were as follows: open beaches, 637 M2; pock-
ets, 433 M2; and channels, 288 M2. Areas for open
beach sites were the most difficult to measure be-
cause of non-existent side vegetation boundaries.
For these sites, area calculations had to be based on
measurements of assumed maximum water contact
activity. Measurements for pockets were less arbi-
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trary; and measurements for channels were the most
precise.

Since each individual type of water contact site
has evolved according to lake level and vegetation
growth, the creation of each type should be discus-
sed in relation to the three ecological phases of each
lake cycle.

Late drawdown phase. After the water recedes
beyond the emergent vegetation, water contact sites
turn into open beaches with sandy or muddy shore-
lines. The vegetation in these water contact sites is
therefore almost entirely submerged Ceratophyllum.
Along narrow stream inlets, extremely low water
levels sometimes cause the lake water to recede
within the original stream channels. When this
occurs, water contact sites of types 9 and 10 are
created.

Rising water phase. The initial flooding first shifts
water contact sites back up the foreshore so that the
water soon reaches the taller perennial grass or
Polygonum still surviving on the sides of the foot-
paths. At this time, most water contact sites are
initially pocket-shaped but where the slope is grad-
ual, continued flooding then shifts the water contact
sites further up the inundated footpaths. This results
in water contact sites becoming narrow water chan-
nels through the side vegetation boundaries from
shore to the open deep water. In both long and short
channel-shaped water contact sites, the emergent
vegetation is usually high and dense enough to
restrict human wading and canoeing to within the
width of these passageways (normally less than 5 m).
In some locations of least slope, long channel-shaped
water contact sites measure over 150 m from shore

to open water. When water reaches the highest
foreshore zone, cultivated crops are harvested, creat-
ing open areas for water contact. Where narrow
outlet channels remain behind these open areas,
"type 11 " sites are created.

Early to mid-drawdown phase. While water is still
high, most water contact sites remain in the shape of
type 11 sites, or long channels. But soon after lake
drawdown begins, the inshore emergent vegetation is
stranded on land and the deepest offshore emergent
vegetation begins to collapse and decay; thus, zones
of healthy Polygonum or grasses left in the water
shrink. When this happens, many water contact sites
initially become short channels. As the water recedes
further, water contact sites shift nearer to the off-
shore vegetation growth limit, widen, and become
pocket-shaped. By April, water recession shifts most
shorelines beyond the emergent plant limit and open
beach sites are once more created.

FIELD OBSERVATIONS ON THE ECOLOGY
OF BULINUS ROHLFSI IN WATER CONTACT SITES

Materials and methods

Standardized palm leaf mats, designed, developed,
and tested by Chu & Vanderburg (2) were used for
monthly snail collecting in the first 8 villages. In all
water contact sites, mats were concentrated in shal-
low water, where most human activity took place. In
addition, in each main (most heavily used) site, mats
were also placed in deeper water (to a depth of 3 m)
to ascertain the vertical and horizontal limits of
potential deep water cercarial transmission. Depend-
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Fig. 2. Monthly frequency of open beach, pocket, and channel groupings of water contact sites.
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ing on local conditions, 3 different positions of mat
placement were used: (1) anchored on the bottom,
(2) placed at the water surface in floating vegetation,
and (3) set directly on top of Ceratophyllum, at
varying depths, with or without stone anchors.
The same number of mats was used each month

within each water contact site. In the 8 main water
contact sites, this number ranged from 30 to 43; for
the lesser-used water contact sites, from 5 to 15.
Because water contact sites change in shape and size
every month, the arrangement of the mats within
each site was subject to variation; however, a similar
arrangement of mats at each water contact site was
maintained as far as possible.

After placement, the palm mats were left in the
water for two days. They were then carefully re-

trieved individually and immediately examined for
snails. If found, B. rohlfsi specimens of 3 mm shell
height or greater were placed in collecting bottles
and labelled according to location within the site.
Smaller specimens were returned to the water.
Collected snails were examined within a few hours
at the Anyaboni field laboratory. All snails were

individually measured, crushed, and examined under
a dissection microscope for evidence of trematode
infection. When S. haematobium cercariae were

detected, the total number in each crushed snail was
counted, usually by the same examiner. These
infected snails were carefully teased apart and counts
were made of mature, active cercariae.
However, among cercarial infections just matur-

ing, some immature cercariae with forked tails were

probably counted. This may have led to a slight
overcounting in these snails.

Modified man-time sampling

Modified man-time sampling was begun in
February 1974 in each of the 2 most heavily used
water contact sites of the second 8 villages. Because
of the ecological changes in the drawdown areas

during the course of each lake cycle, it would have
been possible to follow Olivier & Sneidermann's
man-time sampling method (8) only at low water
periods when the sites were more open and consis-
tent in shape. During the rising and high water
periods, the rapid shifts in shorelines and the long
narrow nature of water contact sites precluded any

attempt to apply the low water sampling routine. In
these high water sites, some sampling had to be
conducted with chest waders, or from canoes in
deeper water, and this made manoeuvering more

difficult. Also, the rooted emergent vegetation posed

additional sampling problems. During the rising
water phase, snail density was not only lower but
occasionally snails were found only on the tangled
stems or in the buried roots of Polygonum.
As practiced here, four men, each equipped with

waders, dip-nets, rubber gloves forceps, and collect-
ing bottles, hand-searched for snails in the water for
15 minutes (one man-hour of sampling). Two men
were stationed in individual areas near shore and two
men in individual areas in deeper water. At wide
open sites, all four men used waders, but in channel-
shaped sites, one or two men often used canoes and
sampled by pulling up and examining vegetation on
each side of the water contact site. When snails were
found, they were recorded and examined in the same
way as snails obtained by palm-mat sampling.

RESULTS

Snail-vegetation association

In both sets of 8 villages sampled, Ceratophyllum
was by far the most important plant in promoting
largest numbers of the vector snail (Table 2). By
palm-mat sampling, 68.5% of all B. rohlfsi were
associated with Ceratophyllum, and by modified
man-time sampling, 83.5% of the snails collected
were picked directly from the plant. The higher
figure by the latter sampling method was due to

Table 2. Percentage frequency of all snails collected in
relation to vegetation

Vegetation Palm-mat Modified
sampling a man-time

(%) sampling b
(%)

Ceratophyllum 68.5 83.5

Polygonum 11.4 8.8

None 8.4 0

Paspalum 6.4 0.7

Pistia 2.8 0.1

Ludwigia 0.3 1.6

Alternanthera 1.4 0

Palm branches 0 2.1

Other 0.8 3.2

a From associated main vegetation under or immediately adjacent
to mats.

b From which snails were directly collected.

721



R. K. KLUMPP & K. Y. CHU

higher densities of Ceratophyllum in the second
8 villages, together with the tendency of the snail
collectors to search out this plant in sites of mixed
vegetation. Total percentage catches from Poly-
gonum amounted to 11.4% by palm-mat sampling
and 8.8% by modified man-time sampling. The
other plants were of much less significance. After
1974, Paspalum spread rapidly throughout most of
the first 8 villages but never promoted large snail
densities. Pistia, Ludwigia, and Alternanthera were
common throughout the project area but were also
not favoured by B. rohlfsi. Fallen palm branches
were only occasionally found in water contact sites.
By modified man-time sampling, 2.1 % of all snails
were collected from such palm branches.

In palm-mat sampling, 8.4% of all snails collected
came from areas with no visible vegetation. In most
cases, scattered clumps of vegetation were nearby in
other sub-sampling areas but occasionally snails in
low density were attracted out of mud on to mats in
sheltered sites completely devoid of vegetation.
These snails were exceptionally large and showed
very high rates of infection by S. haematobium. In
modified man-time sampling, snails were never
found in water contact sites devoid of vegetation
even though, at such sites, dip-nets were pushed
back and forth along the bottom of the total sampl-
ing areas.

Horizontal density

Chu & Klumpp (1) studied the horizontal density
of B. rohlfsi over a two-year period in the main water
contact site at Akotui West by placing standardized
rows of palm mats at fixed distances from shore each
month. This was possible because the water contact
site maintained the same basic shape throughout
most of the year. The highest average density of all
snails collected (19 snails per 10 mats) occurred at an
average distance of 10 m from shore where Cerato-
phyllum density was usually greatest. (Snail density
dropped off sharply beyond an average distance of
13 m from shore and was very low at 19 m). Of
snails with mature S. haematobium infections, high-
est average density (2.7 infected snails per 10 mats)
occurred within 2 m from shore. At 4, 7, and 10 m
from the shore, this density dropped by approxima-
tely 45 %, respectively; it dropped further by almost
85% between 13 and 16 m, and was only 0.1 infected
snail per 10 mats at 19 m from shore.

Findings from the second 8 villages confirmed that
most snails infected with S. haematobium occur very
close to shore. In every water contact site sampled,

2 inshore areas were normally sampled within 10 m
from shore and 2 outer areas were normally sampled
between 10 and 20 m from shore. Totalling snail
catches from all villages, 1002 snails with 90 mature
infections were collected from inshore areas and only
590 snails with 32 mature infections were collected
from outer areas.

Snail catches by ecological type of water contact site

Table 3 lists the number of snails with mature
S. haematobium infection, the number of snails
collected, mean cercarial counts of infected snails,
and mean shell heights of the infected snails in the 11
different ecological types of water contact sites
encountered in all 16 villages. This table also indi-
cates the order of importance of the types of habitat
for potential cercarial transmission. The ranking
order was based on the number of mature snail
infections of each ecological type per number of
times sampled. By far the largest numbers and
highest densities of infected snails came from pocket-
shaped sites containing vegetation.
Very few snails were collected from open beach

sites without vegetation (types 1 and 9) even though
these latter sites were encountered almost as fre-
quently as the above pockets. The fourth highest
density of infected snails came, however, from open
beach sites with light to moderate vegetation. This
vegetation was almost exclusively Ceratophyllum,
which kept the water fairly still and thus enhanced
schistosome transmission. Snail densities were very
low in long channel sites, especially near shore, but
short channel and type 11 sites, usually evolving
from shrinking long channels, contained fairly high
densities of infected snails.

Table 3 also shows the differences of mean cer-
carial counts in crushed infected snails from the five
habitats yielding most snails with mature infections.
Mean counts were lowest in snails from type 2 (open
beach) sites and highest in snails from short channel
sites. These differences are due to corresponding
differences in mean sizes of the infected snails: the
larger the snails, the more cercariae and vice versa
(see Fig. 6). Similarly, the ecological conditions in
each type of habitat determine mean snail size.
Infected snails were largest from short channel and
type 11 sites because the water there is calmest,
vegetation most abundant, and bottom substrate
richest in mud and organic matter. Infected snails
were smallest from the open beach sites because
there was more wave action, shores were more
sandy, and less organic matter existed.

722



ECOLOGY OF BULINUS ROHLFSI

Table 3. Number of mature S. haematobium snail infections, Bulinus
cercarial counts, and mean infected snail sizes in different ecological
sites sampled

rohlfsi collected, mean
types of water contact

Shape of No. of No.om N f Mean no. of Mean shell
Type water contact Vegetation times mature No. o cer./inf. height/inf.

site sampled infections snais snail snail (mm)

5 pocket light-moderate 204 276 3138 104.2 5.74

6 pocket heavy 92 81 1595 107.7 5.87

7 short channel heavy 45 27 294 134.9 6.35

2 open beach light-moderate 186 88 1035 85.9 5.23

11 opened area with light-moderate 118 38 547 119.9 6.15
channel outlet

3 open beach heavy 12 4 116

4 pocket none 8 2 26

10 open beach at light-moderate 29 2 65
still stream

8 long channel heavy 78 3 119

1 open beach none 218 1 45

9 open beach at none 24 0 1
still stream

Monthly snail population fluctuations and rates of
infection
Total monthly rates of mature S. haematobium

infection in B. rohlfsi, combining all sampled water
contact sites in the first and second 8 villages are
shown with monthly lake levels in Fig. 3 and 4,
respectively. In both groups of villages, percentages
of infected snails were relatively high and generally
not dependent on snail density. The total overall
infection rate in the first 8 villages was 7.4% and in
the second 8 villages, 7.7%. These rates of mature
infection agree closely with rates obtained in earlier
field work by Odei a in the Afram branch of the lake.
Of the 1325 B. rohlfsi he collected between 1970 and
1972, 7.6% shed cercariae presumed to be S. haema-
tobium.

Fig. 3 shows several seasonal trends. Snail catches
and numbers of infected snails were unusually high
from March to the end of July 1973, during the late
drawdown phase of open beaches. This was due
primarily to thick growths of Ceratophyllum at the
villages of Poakwe Pawmpawmnya, and Akotui
West which enabled large snail populations to de-
velop in the littoral zone. The rising water phase

a Odei, M. A. op. cit.

then caused a sharp drop in overall snail density.
Numbers of infected snails were thus extremely low
in all villages during September and October. After
the lake drawdown began in November 1973, snail
populations expanded in almost every village and the
numbers of infected snails were very high until the
end of March 1974. After that, extreme water reces-
sion caused almost all water contact sites to be
transformed into open beaches with either little or
no Ceratophyllum, resulting in low snail densities.
With snail populations at such a low ebb, the sharp
rise of the lake in September prevented the build up
of snail populations and corresponding snail infec-
tions until December. In January 1975, the explosion
in snail numbers and infections occurred almost
exclusively at the 3 sampled water contact sites
of one village (Akotui West). In February, these
3 sites again accounted for most snails and infec-
tions. Although the water was still unusually high
during March, April, and May 1975, numbers of
snails and snail infections dropped off in a pattern
similar to that of the same period of 1974 because of
similar reduced growths of Ceratophyllum.

In the second 8 villages (Fig. 4), the monthly
trends of numbers of snails and mature snail infec-
tions were broadly the same as in the first 8 villages;
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Fig. 3. Numbers of snails caught
(open columns) and numbers of
infected snails (black columns),
by month, in relation to lake level:
first eight villages.

Fig. 4. Numbers of snails caught
(open columns) and numbers of
infected snails (black columns),
by month, in relation to lake level:
second eight villages.
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Fig. 5. Monthly mean snail shell height.
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Table 4. Monthly number of mature S. haematobium infections in B. rohlfsi per number of all B. rohlfsi collecte(

1973
Village

M A M J J A S 0 N D J F M A

Pawm. I 0 0 0 0 0 0/3 0 0 0 0 0 0 0 0

Fatem 0/1 0 0 0 0 0 0/1 1/16 2/62 1/38 4/19 5/14 8/10 0

Kasa 0/22 3/18 0/19 1/17 0/48 2/12 0 0/14 2/19 1/23 6/59 1/18 1/5 0/9

P. Pawm. 7/190 5/71 8/363 0/89 0/142 1/40 0 0/4 0/4 0/12 0/34 0/32 1/33 1/64

Kwabia 0 0 0 0 0 0/4 0 0/2 0/5 1/4 1/8 0/7 0/6 0

K. Kuma 4/6 1/2 0 0 0 0/1 0 0/5 2/12 16/75 9/53 1/26 1/5 2/3

Asakeso 1/26 1/20 0/11 0/18 0/3 0/4 0/7 0/12 3/22 4/18 5/41 3/76 6/50 3/41

Akotui West 3/109 11/132 3/147 8/177 15/135 16/105 2/19 1/33 9/61 14/120 22/80 35/127 8/55 7/15

however, because of the exceptional flooding of late
1974, mature snail infections in 1975 did not begin
until January, and did not reach a maximum until
March.
Monthly mean shell height of all snails collected

by palm-mat sampling is shown in Fig. 5. These data
were more indicative of true snail size because
modified man-time sampling showed an expected
bias towards collection of larger snails. It can be
seen that snail size was smallest during each rising
water period. Snail size increased as habitats stabi-
lized, the largest snails mostly being collected in
January. Except for April and May 1975, average

snail size during late drawdown periods gradually
declined in a fairly steady manner.

Overall percentages of mature S. haematobium
infections along with mean cercarial counts in all
crushed snails (snails 3 mm and higher) increased in
a linear progression with increasing snail size
(Fig. 6). Percentages of immature cercarial infections
detected, by contrast, were fairly constant regardless
of snail size. These latter infections represented
immature cercariae in the so-called " ball " or
" dumb-bell " configuration, a stage lasting only
about 7 days in situ. With our field crushing tech-
nique, we could not detect earlier stages of infection.
We thus missed detecting about 75% of the total
immature infections; these missed infections were

probably more numerous in the larger snails.
Overall monthly rates of mature infections in

Table 5. Monthly number of mature S.haematobium infections in B. rohlfsi per number of all B.rohlfsi collected
in second 8 villages

1974 1975
Village Total %

F M A M J J A SO N D J F M A M

Atortorsi 0/6 0 0 0 0 0 0 0 NS 0 0 0 NS 0/3 0 0/1 0/10 0

Dawa Kofi 4/27 2/24 0/8 0/14 0/5 0/7 0/3 0/6 0 0/1 0/3 5/15 0/14 7/14 1/4 1/2 20/147 13.6

Akokoma 0/17 0/10 0 0/3 0 0 0/3 0/1 0/1 0/3 0 0/18 1/33 7/32 0/15 0/6 8/142 5.6

Asikoko 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tamayeso 0/4 0/3 0 1/21 0/4 0/4 1/6 0/3 0/2 0/1 0/6 3/20 0/21 0/5 0 0/6 5/106 4.7

Nyafutu 3/11 0/10 0 0 0 0/8 0/9 0 0/1 1/2 0/8 0/25 1/26 1/18 0/1 0 6/119 5.0

Dukuase 10/66 2/52 1/24 1/50 0/12 1/37 0/11 1/2 0/3 0/2 0/9 1/89 5/117 3/46 1/15 1/17 27/552 4.9

Odortom II 2/38 3/34 6/30 0/14 2/47 6/97 4/57 0/5 0/1 0/2 0/2 4/2013/66 9/51 4/23 3/29 56/516 10.8

NS = Not sampled
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n first 8 villages

1974 1975
Total %

M J J A S 0 N D J F M A M

0 0 0 0 0 0 0 1/1 0 0 0 0 0 1/4 -

0/4 0/3 1/8 0 0/13 0/10 0/27 1/22 0/14 0/3 0/4 0/2 0 23/271 8.5

0/3 0/3 2/8 0/1 0 0 0/6 0/12 1/7 2/17 2/9 0/6 0 24/355 6.8

0/62 1/25 0/3 0/4 0/1 0 0 0/1 0/5 0/53 0/24 1/57 0/25 25/1338 1.9

0 0 0 0 0 0 0 0 0/2 0/12 0/4 0 0 2/54 3.7

0/1 0/2 0 0/9 0/10 0/9 0/2 1/22 0/20 1/38 0/20 2/12 0/2 40/335 11.9

0/13 0/8 0/3 0/6 0/2 0/2 0/7 0/14 4/68 2/40 1/41 1/21 3/18 37/592 6.2

1/5 5/23 8/53 2/12 0/8 0/19 0/54 8/56 44/552 16/225 7/80 1/10 2/28 248/2440 10.2

B. rohlfsi by trematodes other than S. haematobium
were relatively low: 2.1 % in the first 8 villages and
1.1 % in the second 8 villages. In the former group,
relatively high rates of xiphidio-cercarial infections
occurred only from April to the end of July 1973. In
that period, these larvae probably originated from
the large tadpole populations seen in sampled Cera-
tophyllum masses, where densities of B. rohlfsi were
also high. For the entire period of baseline sampling
in all 16 villages, the total non S. haematobium
infections were 108 xiphidio, 8 echinostome,
6 lophocercous, 5 longifurcate holostome, and
3 amphistome type cercariae. Mixed infections be-
tween S. haematobium and xiphidio-cercariae were
found in 3 snails.

Snail population fluctuations and numbers of infected
snails by village
Tables 4 and 5 show the monthly numbers of

mature S. haematobium infections in all B. rohlfsi
collected from each village. Among the first 8 vil-
lages, the great majority of snails (2440) and mature
infections (248) came from Akotui West. Water
contact sites sampled at this village were situated
along part of a narrow, sheltered stream inlet with
abundant growths of Ceratophyllum in the littoral
zone. The second and third highest numbers of ma-
ture infections came from the villages ofKuma Kuma
(40 infections) and Asakeso (37 infections), villages
also located along narrow stream inlets, but with
only light and moderate growths of Ceratophyllum,
respectively. In these 3 villages, most of the snail
infections occurred during early to mid-drawdown
periods in pocket-shaped water contact sites. Fewer

mature infections came from Poakwe Pawmpawm-
nya (25 infections), Kasa (24 infections), and Fatem
(23 infections), villages located close together in semi-
sheltered locations near the southern tip of the Pawm-
pawm branch. Poakwe Pawmpawmnya was initially a
village with heavy Ceratophyllum growth, which ac-
counts for the high catches and numbers of infected
snails from March until the end of August 1973.
Thereafter, the density of the plant became greatly
reduced around the village and thus monthly snail
catches and numbers of infected snails also dropped
off sharply. Very few snails were collected from
Kwabia and Pawmpawmnya I, villages located along
wide-open, exposed sections of the lake. Snails were
collected in these two villages only during rising
water and early to mid-drawdown periods when
emergent vegetation cover existed around the water
contact sites.
Among the second 8 villages, numbers of snails

and mature infections were high only at Odortom II
and Dukuase. These two villages are located adja-
cent to each other in the extreme north-western
sector of the project area where Ceratophyllum in the
littoral zone is extremely dense. Most of the infec-
tions came from Odortom II (56 infections), where
water contact sites are located along a sheltered
stream inlet. Most of the snails were collected at
Dukuase in water contact sites that were semi-
sheltered; however, because of the greater wind and
wave action in these sites, miracidial penetration into
snails was hindered, and therefore numbers of
mature snail infections were much lower (27 infec-
tions). In both villages, snails with mature infections
were found during ten different months. The third

727



R. K. KLUMPP & K. Y. CHU

highest number of mature infections came from
Dawa Kofi (20 infections), a village located by a
sheltered inlet-marsh. All but two mature infections
were detected there during early to mid-drawdown
periods. Much lower numbers of mature infec-
tions were collected at Akokoma (8 infections),
Tamayeso (5 infections), and Nyafutu (6 infections),
villages in semi-sheltered coves with only slight
Ceratophyllum growth in sampled sites. Very few
snails were collected from Atortorsi (none infected)
and no snail was found at Asikoko. Although
Atortorsi is located in a narrow, sheltered, non-
stream inlet, it is situated on the steep eastern shore
and water contact sites there have no Ceratophyllum.

DISCUSSION

Data collected to date indicate that both the palm-
mat and modified man-time techniques are appro-
priate means of sampling in the Volta Lake. On a
comparative basis, the palm-mat technique is more
sensitive in collecting snails (2). It is better adapted
for deep water sampling, for sampling in sites with
little or no vegetation, and for collecting young
snails. Palm-mat sampling can, however, only be
conducted in areas where palm trees occur naturally.
Palm-mat sampling would therefore not be suitable
for sampling in all sectors of the Volta Lake, or in
such other man-made lakes as Lake Nasser or Lake
Kainji. The modified man-time method is simpler
and requires less time and logistic support. The latter
technique also allows for collection of egg masses
and direct recording of snail-plant associations.
Our results on snail-vegetation association in the

lake confirm earlier reports that Ceratophyllum has
always been the main plant supporting the largest
populations of B. rohifsi. As early as 1969, Paperna
(10) listed Ceratophyllum as the most important
plant in the lake for the vector snail, followed by
Pistia and Scirpus. Later studies by Odei (6) on the
distribution of B. rohlfsi in different sectors of the
lake, led him to conclude that the presence of
Ceratophyllum is almost an indicator plant for the
presence of the snail. In another study over 24
months, Odei (7) collected B. rohlfsi in the lake from
various materials in the following percentages:
Ceratophyllum, 47.9; palm leaves (fish traps), 21.7;
wood, logs, twigs, 14.0; Polygonum, 7.9; Pistia, 5.1;
mud, 3.4. On the other hand, our present results
show that Pistia and Scirpus are now of minor
malacological importance. Polygonum, however, is
probably more important in promoting large popu-

lations of B. rohlfsi than either our or Odei's sampl-
ing results of snail-plant collections indicate.
We have observed that: (1) dense growths of

Polygonum, although they do not directly attract
snails, act as wind and wave barriers around water
contact sites, creating sheltered habitats for the
snails; (2) within opened areas bounded by Poly-
gonum, Ceratophyllum normally invades and grows;
(3) the roots and hollow stems of Polygonum provide
shelter and protected surfaces for oviposition; and
(4) rotting Polygonum serves as an ideal bottom
substrate and snail food source.

In water contact sites, the concentration of snail
infection very close to the shore is probably due to a
number of factors. Firstly, most human activity
occurs near shore, especially playing and swimming
by children; therefore, miracidial discharge would
also be highest there. Secondly, even when human
activity occurs in deeper water, some of the miraci-
dia released move towards the shore because ofradial
dispersion and others are swept in by the local
daytime convection air currents. Thirdly, a high
proportion of snails in water contact sites with
vegetation are also concentrated very close to the
shoreline. Fourthly, the shoreline itself, combined
with any existing side vegetation, would act as a
rebounding edge to increase miracidial density near
shore (1).

Since no differences in water quality were detected
in the different months, the sharp reduction in
B. rohlfsi densities during the rising water periods
seems to be the result of physical factors. The rapid
flooding strands populations of the snail in deep
water. Migration towards the inshore areas of water
contact sites is further hampered by the narrow
channels through the dense emergent vegetation.
Even if snails do reach inshore areas, the environ-
ment is often too unstable or polluted there for the
snails to multiply.
The rapid expansion of B. rohlfsi populations in

most water contact sites each year from November
to February is thus due to the return of more
favourable environmental conditions: slower water
fluctuation, less stagnant water, more pocket-shaped
habitats bounded by Polygonum, and more Cerato-
phyllum growth.

The high natural infection rates of S. haematobium
in B. rohlfsi can be attributed to the extreme suscep-
tibility of the lake snail to the lake strain of the
parasite and also to the confined activity and high
frequency of human contact in the water contact
sites. In routine host-parasite experiments at the
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Table 6. Mean monthly pre-intervention transmission potentials of all sampled water
contact sites containing snails with mature cercariae

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct Nov. Dec.

Percentage of
positive water
contact sites 34.1 26.4 25.0 20.5 11.9 11.3 14.5 11.9 2.8 2.9 11.1 18.9

Transmission
potentials 17.8 13.8 13.1 10.7 6.2 5.9 7.6 6.2 1.5 1.5 5.8 9.9

Anyaboni field station, it was common to achieve
infection rates exceeding 75% in B. rohlfsi exposed
in mass to an average of 4 or more lake strain
miracidia per snail. In small, protected water contact
sites such as pockets or short channels, the proba-
bility of snails coming into contact with miracidia is
naturally high. Even when just a few snails are
present in such sheltered sites, the chance of at least
one becoming infected is also relatively high. This
was observed from our data. Out of 79 separate
occasions when only one or two snails were collected
from channel, type 11, or pocket-shaped water con-
tact sites, on 10 occasions one snail with mature
S. haematobium cercariae was found. While few
snails can cause high transmission in small water
contact sites, in other larger, more open sites, high
numbers of snails can result in little or no transmis-
sion; therefore, for water contact sites in the Volta
Lake, there is no such thing as a single theoretical
threshold number of snails below which successful
transmission would not be expected to occur.
From Tables 4 and 5, it is possible to group the 16

sampled villages into three main categories of cer-
carial transmission potential as follows: (1) little or
no transmission throughout the year (Asikoko,
Pawmpawmnya I, Atortorsi); (2) moderate, mostly
seasonal transmission (Kwabia, Poakwe Pawm-
pawmnya, Akokoma, Nyafutu, Fatem, Kuma
Kuma, Tamayeso, Dawa Kofi, Kasa); and (3) heavy
transmission throughout most of the year (Asakeso,
Akotui West, Dukuase, Odortom II).

In assessing the reliability and sensitivity of the
snail sampling data in relation to the differing
human prevalence rates of S. haematobium deter-
mined for the same villages, it was found that these
parameters were significantly correlated (unpub-
lished data).

Table 6 summarizes the monthly potentials of
cercarial transmission in the 16 villages combined
from snail sampling data thus far obtained. These
potentials are calculated from the percentages of the
different water contact sites sampled each month
that were found to contain at least one snail with
mature S. haematobium infection. It can be seen that
the highest transmission season occurs from Decem-
ber to April. In this period, the most dangerous
months (in decreasing order) are January, February
and March, April, and December.

If human migration does not become a significant
factor, it would seem that successful control of
cercarial transmission of S. haematobium in lakeside
villages can keep the incidence of new human infec-
tions very low. The question is, therefore, whether it
is possible and feasible to control cercarial transmis-
sion in the Volta Lake? From the ecological findings
reported here, we conclude that cercarial transmis-
sion control is both possible and feasible. It is
possible because transmission is extremely focal in
all villages. It is feasible because most transmission
occurs only in water contact sites, very close to
shore, only in certain habitats, and usually for no
longer than 5 or 6 months a year.
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ReSUMJE
ETUDES ECOLOGIQUES DE BULINUS ROHLFSI, HOTE INTERMEDIAIRE DE SCHISTOSOMA HAEMATOBIUM

DANS LE LAC VOLTA

De mars 1973 a mai 1975, des enquetes ont e effec-
tuees sur l'ecologie de la transmission de cercaires par
Bulinus truncatus rohlfsi dans le lac Volta. On a proc6de a
l'echantillonnage des mollusques dans 8 villages riverains
du lac grace a des pieges standardises en feuilles de pal-
mier disposes aux points de contact de l'homme avec
1'eau; ces pieges etaient laiss6s en place pendant deux
jours. L'echantillonnage des mollusques a ete etendu en
fevrier 1974 a 8 autres villages. Dans ces derniers,
l'echantillonnage etait effectue aux points de contact avec
l'eau par une modification de la technique homme-
temps d'Olivier & Sneidermann.
En raison des fluctuations constantes du niveau du lac,

les points de contact avec l'eau n'etaient jamais stables et
se d6plagaient chaque mois sur des distances considera-
bles. On a vite remarque que ces changements rapides du
trace du rivage influenqaient profondement l'ecologie du
mollusque vecteur et la transmission des cercaires. En
definitive, trois phases ecologiques distinctes ont ete
identifiees pour chaque cycle lacustre: la phase de mont&e
des eaux, situee entre juillet et novembre, la phase com-
prenant le debut et la premiere moitie de l'abaissement
de 1'eau, compris entre novembre et avril, et la phase
finale d'abaissement d'avril a juillet. Au cours de chacune
de ces phases, les points de contact avec 1'eau variaient
ainsi considerablement quant a leur forme et leur veg6ta-
tion aquatique. Il s'agissait principalement de canaux
longs et etroits dans la vegetation emergeante au cours
de la phase de montee des eaux, de poches dans la veg&

tation emergeante au cours de la deuxieme phase, et de
larges plages ouvertes, au-dela de la vegetation emer-
geante a la phase finale d'abaissement des eaux.
En ce qui concerne le nombre de mollusques infectes

decouverts, il variait selon la phase ecologique; il etait
maximal au cours de la deuxieme phase dans les points
de contact avec l'eau, en forme de poches; beaucoup
plus faible au cours de la derniere phase (et limite aux
seuls endroits oiu Ceratophyllum poussait dans l'eau) et
infime pendant la periode de montee des eaux.

Ceratophyllum etait de loin la plante pr6feree par
B. rohlfsi; en effet, 68,5% et 83,5% de la totalite des spe-
cimens recueillis par echantillonnage au moyen de nattes
de palmes et par la methode modifiee homme-temps, res-
pectivement, provenait de cette plante aquatique.
Dans tous les points de contact avec l'eau ou il y avait

des mollusques infectes, la grande majorite de ces der-
niers ont e recueillis tres pres du rivage. II n'en a jamais
et trouve qu'un tres petit nombre a des distances
depassant 15 metres du rivage, dans de l'eau depassant
1 metre de profondeur.

Si l'on considere la transmission des cercaires village
par village, elle etait la plus intense et la plus etendue
dans les villages situes le long de criques abritees oiu le
vent etait le plus faible et l'eau la plus calme, moderee et
principalement saisonniere dans les villages situes dans
des points semi-abrites tels que de petites baies, et faible
sinon nulle dans les villages situes sur des parties du
rivage largement ouvertes sur le lac.
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