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We purposively selected 39 sampling sites along the Mara River and its two perennial tributaries of Amala

and Nyangores and sampled snails. In addition, water physicochemical parameters (temperature, turbidity,

dissolved oxygen, conductivity, alkalinity, salinity and pH) were taken to establish their influence on the snail

abundance and habitat preference. Out of the 39 sites sampled, 10 (25.6%) had snails. The snail species

encountered included Biomphalaria pfeifferi Krauss � the intermediate host of Schistosoma mansoni Sambon,

Bulinus africanus � the intermediate host of Schistosoma haematobium, and Lymnaea natalensis Krauss � the

intermediate host of both Fasciola gigantica and F. hepatica Cobbold. Ceratophallus spp., a non-vector snail

was also encountered. Most (61.0%) of the snails were encountered in streamside pools. Schistosomiasis-

transmitting host snails, B. pfeifferi and B. africanus, were fewer than fascioliasis-transmitting Lymnaea

species. All the four different snail species were found to be attached to different aquatic weeds, with

B. pfeifferi accounting for over half (61.1%) of the snails attached to the sedge, followed by B. africanus and

Lymnaea spp., accounting for 22.2 and 16.7%, respectively. Ceratophallus spp. were non-existent in sedge. The

results from this preliminary study show that snails intermediate hosts of schistosomiasis and fascioliasis

exists in different habitats, in few areas along the Mara River, though their densities are still low to have any

noticeable impacts on disease transmission in case they are infected. The mere presence of the vector snails in

these focal regions calls for their immediate control and institution of proper regulations, management, and

education among the locals that can help curtail the spread of the snails and also schistosomiasis and

fascioliasis within the Mara River basin.

Keywords: Fascioliasis; Habitat preference; Mara River; Schistosomiasis; Vector snails
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B
oth Schistosoma mansoni and S. haematobium are

endemic in Kenya (1, 2), with the latter being more

widely distributed. In Africa, S. haematobium is

transmitted by the bulinid snail of Bulinus species,

including B.(a) globosus, B.(a) africanus, B.(a) nasutus,

B. truncatus, B. forskalii (3), and also B. senegalensis (4).

Intestinal schistosomiasis due to S. mansoni and urinary

schistosomiasis due to S. haematobium are common in

most areas surrounding Lake Victoria and along the

coastal belt of Kenya, respectively, where prevalence

ranges between 50 and 90% (1, 4�6).

Fascioliasis is also one of the most important disease

agents of livestock and humans throughout the world

and shows promise of remaining so for years to come,
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causing enormous economic losses through mortalities,

condemned livers, reduced milk and meat production,

secondary bacterial infection, and expensive anthelmintic

treatment (7). Traditionally regarded as a disease of

livestock, fascioliasis is now recognized as an important

emerging zoonotic disease of humans (8). Prior to 1992,

the total number of reported human cases of fascioliasis

was estimated to be less than 3,000; however, more current

figures indicate that between 2.4 and 17 million people are

infected, with a further 91.1 million living at risk of in-

fection (9). Human infections have been reported in areas

where animal fascioliasis is endemic, and transmission

occurs where rural farming communities regularly share

the same water source with domestic animals or consume

water-based vegetation grown in endemic areas (10).

Although control measures such as use of drugs and

molluscicide have been intermittently used to contain

spread of the disease such as schistosomiasis (11), pre-

valence continue to soar (12). Regardless, the contribu-

tion of other intermediary snail focal points such as

rivers and their tributaries, and even adjacent terrestrial

aquatic habitats frequently associated with human con-

tact have been ignored. Particularly, no schistosomiasis

or fascioliasis snails survey has been done along the

Mara River which stimulated our study. This study aimed

at investigating the presence, and abundance of schisto-

somiasis and fascioliasis host snails and their relation to

the vegetation types along the Mara River. Physicochem-

ical parameters such as temperature, turbidity, dissolved

oxygen (DO), conductivity, salinity, and pH, and their

influence on abundance of schistosomiasis and fasci-

oliasis snails were also determined.

We selected 39 sites, purposively, along the Mara River

of Kenya and Tanzania, which included sites along the two

perennial tributaries (Amala and Nyangores) and/or any

other adjacent terrestrial aquatic habitats (pools and small

ponds) and determined the presence or absence of snails.

The selection of the sites was purposive because whenever

a suitable and safe area along the Mara River (free

of hippos, crocodiles, and other hazards) were reached,

the area was searched for sites which could be suitable

breeding habitats for snails and sampled. The geographi-

cal locations of all the sampling sites were taken at access

points (Fig. 1). Snail sampling was conducted by one man

searching each site for 10 min using a standard flat-wire

mesh scoop with a mesh size of 2 mm, as per the methods

of Ouma et al. (13) with modifications. The snails were

preserved individually in flat-bottomed glass vials (with

90% Ethanol) and taken to the laboratory at Kenya

Medical Research Institute (KEMRI) and identified to

species level by use of appropriate key. Physicochemical

parameters (DO, pH, temperature, conductivity, turbidity,

and salinity) were measured in situ by use of a hand-held

multi-parameter-YSI meter (YSI Model 650-01 m Envir-

onmental Monitoring Systems, Yellow Springs, OH).

Out of a total of 39 sites sampled, 10 had snails rep-

resenting 25.6% of the total sites sampled. The snail species

encountered in these water bodies included B. pfeifferi

Krauss, the intermediate host of S. mansoni Sambon,

B. africanus the intermediate host of S. haematobium,

L. natalensis Krauss, the intermediate host of F. gigantica

and F. hepatica Cobbold, and Ceratophallus spp. a non-

vector snail (Table 1). The abundance of each snail species

along the Mara River is given in Fig. 2.

In these sampling sites, L. natalensis was found to be the

most dominant snail species accounting for 59.0% of the

total snails and they were mainly encountered in stream-

side pools particularly at Tenwek Falls sampling site.

Other habitats that harbored L. natalensis included dams

located along Mara River, such as Mulot dam and also

puddles adjacent to the Mara River. Biomphalaria pfeifferi

were the second most dominant snail species within the

Mara River basin accounting for 27.0% of the snail

population encountered, most of which were encountered

in swamps. Other habitats that harbored the B. pfeifferi

snail species included stream side pools, dams, and

puddles, in that order (Table 1). Bulinus africanus snail

species were also encountered in three habitat types,

namely stream side pools, puddles, and dams, though they

represented only 10% of the snail population recorded in

the study. Ceratophallu spp. which are non-vector snails

were the least occurring, accounting for only 4.0% of the

total snail population within the basin.

The highest number of snails (62) representing

62.0% of all the snails encountered was collected from

temporary streamside pools, which discharged their

waters onto the main Mara River. Swamps, dams, and

puddles recorded 16, 12, and 10%, respectively, of all

the snails sampled (Table 1). A Chi-square test revealed

that bilharzia-transmitting host snails; B. pfeifferi and

Bulinus spp. were fewer than fascioliasis-transmitting

snails Lymnaea species, Pearson Chi-square x2�8.834,

p50.001. The population density of L. natalensis did not

Fig. 1. Map of the sampling sites and distribution of snail

species along the Mara River from July to August, 2011, n�39.
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correlate with population density of B. pfeifferi Krauss

and B. africanus species combined (r��0.0121, p�0.78).

The snails were either found attached to aquatic weeds,

dead logs, and open puddles/rock pools, or floating freely

on water (Table 2). The majority of the snails were found

to be free floating in areas without any vegetation, of

which Lymnaea spp. accounted for 87.1%, of the floating

snails, while B. pfeifferi and B. africanus accounted for 9.7

and 3.2%, respectively. Consequently, Lymnaea spp. were

the most dominant (88.9%) of the snails found attached

to freely floating dead logs, while B. africanus and B.

pfeifferi accounted for 7.4 and 3.7%, respectively.

Only 6 out of the 100 snails encountered were found

attached to hippo grass, while 18 out of 100 were attached

to sedges. Only two B. pfeifferi snails were found to be

either free floating or attached to the freely floating logs.

All the four different snail species were found to be at-

tached to different aquatic weeds, with B. pfeifferi ac-

counting for over half (61.1%) of the snails attached

to the sedge, followed by B. africanus and Lymnaea

spp. which accounted for 22.2 and 16.7%, respectively.

Ceratophallu spp. was non-existent in the sedges (Table 2).

The findings of physicochemical parameters of water

carried out from the different sites within the Mara River

basin are presented in Table 3. The water temperature

varied between 16.6 and 32.08C, with highest water

temperature recorded at Kwebuse village (site 4) and the

lowest at Bomet town sampling site. Similar patterns

were observed for conductivity which showed variation

among sampling sites, ranging between 38.0 mS/cm at

Silibwet sampling site and 8,290 mS/cm at Kwebuse village

IV sampling site in Tanzania. Except for Kwebuse village

(4), which recorded a salinity of 4.0 mg/l, Morito site 4,

with 0.7 mg/l, and Mangore swamp 2 and Chepterer

bridge both with a salinity of 0.1 mg/l, salinity in all the

other six sites was not detectable, that is, it was 0.00 mg/l.

However, hardness, turbidity, and DO showed the oppo-

site trend, while pH values did not show any remarkable

variation between all the sampling sites except Kwebuse

village (site 4) which recorded an extremely acidic pH of

2.91. The DO levels which are important in determining

the water quality of aquatic systems, varied greatly along

the Mara River basin, ranging between 3.64 and 8.23 mg/l.

Alkalinity also varied greatly between sites ranging be-

tween 45 and 120 mg/l (Table 3).

Statistical analyses showed that there were significant

differences in mean turbidity, alkalinity, and DO in water

sample containing B. pfeifferi Krauss and B. africanus as

compared to those with L. natalensis (t�4.76, p�0.013;

t�5.55, p�0.001; and t�6.12, p50.001, respectively),

Table 1. Mean (SE) distribution of snails on different habitats along the Mara River basin, July�August 2011, n�39

Mean (9SE) number of snails

Habitat types L. natalensis B. pfeifferi B. africanus Ceratophallus spp. Total number of snails Mean snail abundancea

Dams (3) 7 1 4 0 12 3.091.6

River (9) 0 0 0 0 0 0

Stream side pools (14) 47 7 6 2 62 15.3910.7

Puddles (10) 5 2 3 0 10 2.591.0

Swamps (3) 0 0 14 2 16 4.093.4

Total 59 10 27 4 100 25.0912.3

aValues are mean9SE (rounded off to one decimal).

Fig. 2. Mean snail species abundance (%) in habitats along the Mara River from July to August, 2011, n�39.
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but no significant differences were observed in pH and

conductivity (t��1.14, p�0.445; t��2.056, p�0.173).

However, temperature showed a rather borderline sig-

nificant difference (t��1.241, p�0.0549).

This study showed that fascioliasis host snails L.

natalensis was the dominant species (59%) followed by

schistosomiasis-causing B. pfeifferi (27%) and Bulinus (a)

africanus (10%) in the studied sites within Mara River

basin. The least common snail was the non-vector snail,

Ceratophallus spp., which was found in some sites in

Tanzania and some sites in Kenya all within the Mara

River basin. The snails showed a spatial distribution

pattern with instances of clustering observed with 10 of

the 39 sites accounting for most of the snails. The current

study findings were fairly consistent with those by Opisa

et al. (14) which found that spatial distribution of vector

snails within informal settlements in Kisumu city (along

river Nyamasaria) in the western part of Kenya was

clustered, with only a few sites accounting for most of the

snails, and that Bulinus (a) africanus and B. pfeifferi snails

were more abundant along the streams and inland sites,

respectively.

The three different disease-transmitting vector snail

species encountered within the Mara River basin were

found mainly on streamside pools, puddles, dams, and

swamps, which characteristically have lower flow rates

than those from rivers and streams, whose water velocity

is swift. Most snails were found attached to the vegetation

at the streamside pools while others were collected at dam

sites and temporary puddles adjacent to the Mara River

tributaries. No host snails were found in the swift waters

of the Mara River during the sampling period. Snails

abound in shallow stagnant or slow flowing water where

they feed on organic waste and aquatic vegetation that

are abundant in such microhabitats. Our findings are

therefore consistent with those reported by Alves (15)

and Moore (16).

Lymnaea natalensis were mainly confined to streamside

pools particularly at Tenwek falls sampling site � a site

that was near the turbine feeders and accessible to people

and livestock, along Nyangores tributary on the Kenyan

side of the Mara River. Tenwek falls had a wide variety

of microhabitats especially at the lower edges next to

the electricity-generating tunnels. The water overflow and

human activities, as well as many livestock contact points

around this area probably influenced the snail abun-

dance by contributing organic wastes. Puddles, dams,

and swamps harbored some snails. In addition, the Mara

River crosses the Maasai Mara Game Park, which is

home to thousands of wild animals which may further

contribute additional organic waste to the remaining

water pockets and positively influence the abundance of

L. natalensis.

Table 2. Snail distribution by vegetation types and habitat preference along the Mara River basin, July�August 2011, n�39

Vegetation type L. natalensis (%) B. pfeifferi (%) B. africanus (%) Ceratophallus spp. (%) Total (%)

Sedge 3 (16.7) 11 (61.1) 4 (22.2) 0 (0) 18 (100)

Freely floating logs 24 (88.9) 1 (3.7) 2 (7.4) 0 (0) 27 (100)

Hippo grass 0 (0) 2 (33.3) 2 (33.3) 2 (33.3) 6 (100)

Papyrus/reeds 0 (0) 9 (100.0) 0 (0) 0 (0) 9 (100)

Open puddle/rock pools 5 (74.1) 3 (33.3) 1 (11.1) 0 (0) 9 (100)

Freely floating 27 (87.1) 1 (3.2) 1 (3.2) 2 (6.5) 31 (100)

Total of each species 59 27 10 4 100

Table 3. Sampled sites with snails and their corresponding water physicochemical parameters along the Mara River basin, July�August

2011, n�39

Site No. of snails DO pH Cond. Turb. Temp. Alk. Salinity

Kapkimolwa 3 4.892.7 6.893.3 85.5950.6 98.599.7 2290.5 70.297.0 0.00

Upper Nyangores 5 4.391.5 5.591.6 64.597.8 91.7950.2 2899.1 60.0919.2 0.00

Tenwek falls 31 5.993.4 5.692.0 155.2911.4 98.59230.1 2695.8 67.6913.9 0.00

Chepterer bridge 13 5.591.9 6.190.9 178.5970.4 222.39140.1 2797.1 89.0931.3 0.10

Mulot water pan 7 7.693.4 5.393.5 344.39130.3 120.2940.0 2696.4 55.3910.2 0.00

Bomet town 16 6.390.8 7.294.1 161.1915.7 100.4920.1 2790.5 77.1912.3 0.00

Kichwa tembo 5 5.290.6 7.093.7 344.79145.1 120.3923.2 2899.2 50.2919.2 0.00

Kwebuse village 4 2 6.791.1 3.490.4 56.4911.0 365.29156.3 2896.2 73.9921.0 4.00

Morito site 4 15 5.491.3 6.892.8 172.4974.1 99.3924.1 2692.4 73.296.0 0.70

Mangore swamp 2 1 2.790.5 5.793.3 144.3974.1 102.7918.9 1890.5 57.0919.2 0.10
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Preston and Castelino (17) reported that the snail

population increased during the rainy season. However,

we also know that snail populations decrease during

heavy rains especially along the river, stream banks, and

flood plains thus lowering the levels of schistosomiasis in

such periods (18, 19). Water flow in lotic environment has

been reported to be the most important factor that

influences the distribution of the snails, including the

intermediate hosts of schistosomiasis (20).

Kapkimolwa bridge sampling site, along Amala tribu-

tary, is a water collection point for domestic use, such as

washing of utensils, watering livestock, bathing among

other anthropogenic activities and thus is polluted by

organic waste, making this location a possible high-risk

habitat for schistosomiasis vector snails.

There were significant differences in turbidity, alkali-

nity, temperature, and DO in water samples harboring

B. pfeifferi Krauss and B. africanus as compared to sites

harboring L. natalensis, but no significant differences were

observed in pH and conductivity. Appleton’s review of

1978 suggested that water temperature is the most im-

portant abiotic factor in lentic environments, whereas in

lotic environments current velocity is the key factor that

determines snail abundance. Cañete et al. (21) reported

that temperature plays an important role in Lymnaea spp.

abundance, while Kazibwe et al. (22) observed a positive

correlation between B. sudanica abundance and water

temperature.

There were also significant differences in alkalinity

on water bodies with the two different species of snails.

High alkalinity is believed to be associated with organic

pollution, and Alves (15) confirmed that most snails were

abundant in water bodies polluted by human excreta and

sewerage from domestic waste. The abundance of organic

matter increases growth and abundance of algae, known

to be one the best food for most snails (23). pH is rarely a

factor limiting the distribution of snails in aquatic

systems (21), while pulmonate snail species are thought

to increase with increase in DO (24). However, Utzinger

et al. (25) concluded that the distribution of freshwater

snails is as a result of more complex interactions of

different habitat factors.

The non-vector, Ceratophallus spp., was found in some

habitats in Tanzania and also on the Kenyan side of the

Mara River basin. It was not possible to determine the

most preferred habitats within the Mara River basin

for Ceratophallus spp. owing to their limited numbers.

In contrast, a Chi-square test established that the

population of schistosomiasis host snail B. pfeifferi and

Bulinus spp. were fewer than fascioliasis-transmitting

Lymnaea spp. within the Mara River basin. No correla-

tion was observed between the abundance of L. natalensis

and that of B. pfeifferi Krauss and B. africanus species

combined, although all the three species were found

condensed into colonies in similar habitats, namely dams,

stream side pools, and puddles.

Statistical analysis found significant differences in mean

turbidity, alkalinity, and DO in water samples containing

B. pfeifferi Krauss and B. africanus as compared to those

with L. natalensis but no significant differences were

observed in pH and conductivity. Temperature correla-

tions demonstrated a borderline significant difference.

Vegetation preference was another factor. We observed

that plants were more abundant and constant in habitats

where Biomphalaria spp. and B. africanus were abundant,

while open rock pools and streamside pools sites were

basically preferred by L. natalensis and Ceratophallus

species. The aquatic and marginal plants have been

reported to provide an egg laying medium and food for

freshwater snails (26). These combinations of factors have

also been shown to favor growth of populations of

Biomphalaria (27).

The possibility of using the Ghanaian strain of an

ampullariid snail, Lanistes varicus, for the biological

control of the main snail host of S. mansoni, B. pfeifferi,

has been investigated (28), and shows potential as a

competitive inhibitor for vector snail populations. If

determined to have little or no negative effects on the

ecology of the Mara River ecosystem, this method of

control could probably be one of the best if implemented

and used for controlling the schistosomiasis snails. Also

ideally, a biological control method with no or low impact

on other indigenous species would be preferred. As yet,

little is known of the predators and parasites of the

Schistosoma intermediate hosts, but such agents could be

suitable as bio control agents. To date, the most promising

results have been obtained from experimental introduc-

tions of competitive snail species. For example, Pomacea

and Marisa species have been introduced to Africa and

Asia in an attempt to control other medically problematic

snails in the family Planorbidae: Bulinus species and

Biomphalaria species, which serve as intermediate hosts

for trematoda parasites. In addition, a predatory species,

the ampullariid snail, Lanistes varicus, has been evaluated

as a biological control method under laboratory condi-

tions and the results are promising. With further investi-

gation into this snail’s impact on the ecosystem, it may be

of value in the reduction in number of the snail hosts of

the trematodes that cause human schistosomiasis.

During our sampling period, schistosomiasis- and

fascioliasis-transmitting snails were found in random focal

sites/microhabitats along the Mara River, and the local

communities were unaware of the health risks associated

with their presence in the communities. Our perception

based on discussions with the local residents during the

time of sampling confirmed our suspicions that most

individuals were unaware of the threat posed by the vector

snails and they were not able to identify them within their

environment. Therefore, there is need for more community

Schistosomiasis and fascioliasis host snails along Mara River
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education focused on teaching the identification of vector

snail morphology and establishing a reporting system

for monitoring the main snail hosts of the Schistosoma

species. This system could be used to assist a regional

control programs in monitoring snail bed expansion

within the study area and implement control measures as

needed. Such a community-based vector reporting system

could contribute to understanding, monitoring, and im-

plementing snail vector spread control measures.

For focal snail control, using molluscicides should be

considered (29, 30) as an effective way to augment chemo-

therapy of schistosomiasis. To implement this as a focal

control method, studies are first carried out to identify sites

of snail colonization and only at such sites are chemicals

applied periodically. Applications are usually restricted

to places frequently used by the local population for

swimming, washing, bathing, and so on. Currently, only

one chemical molluscicide, niclosamide, is acceptable for

operational use in snail control programs. However, other

molluscicides, including some of plant origin, are being

evaluated. Because of its high cost, niclosamide is used

only sparingly in local control programs. At low concen-

trations, it is highly toxic to snails and their egg masses.

For practical use, a concentration of 0.6�1 mg/l is recom-

mended with an exposure time of 8 hours. The compound

is safe to handle and after dilution is non-toxic to water

plants and crops; however, it is very toxic to fish. Fish killed

by the molluscicide can be safely eaten. When used focally

and seasonally, molluscicide application should not cause

any serious negative impact on the environment.

It is fortunate that some of the focal points of vector

snail distribution within the Mara River basin have been

detected early from results of our study, making it possible

to monitor their future dynamics and effectively design

intervention measures aimed at eliminating them during

future disease control programs from the focal points

within the Mara River basin.
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