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ABSTRACT

Due to survival of intermediate hosts of parasites causing schistosomiasis and fascioli-
asis under changing environmental conditions, this research was conducted to investi-
gate the distribution and diversity of freshwater snails between March and June, 2017. 
Physicochemical parameters were analyzed according to the standard operating proce-
dures for the examination of water and wastewater. Snails were sampled using an Ekman 
grab from different sites in each reservoir, counted and identified using standard iden-
tification guide. A total of 108 snails were collected and identified in Kubanni reservoir 
comprising Biomphalaria sp. (48.15%), Lymnaea sp. (39.81%), and Bulinus sp. (12.04%), 
whereas in Weir, 141 snails which comprised Biomphalaria sp. (53.19%), Lymnaea sp. 
(24.11%), and Bulinus sp. (22.70%) were collected. Shannon–Weiner diversity index for 
Kubanni and Weir were 0.97 and 1.02, respectively. The variation in physicochemical 
parameters between the reservoirs shows no significant difference (p > 0.05), except for 
electrical conductivity (p = 0.0015), total dissolved solid (p = 0.0016), biochemical oxygen 
demand (p = 0.0004), and concentration of phosphate (PO4; p = 0.026). The three snail 
species obtained were common to the two reservoirs; however, species diversity was 
higher in Weir than Kubanni reservoir. The presence of these snails in the two reservoirs 
could pose a serious threat to humans coming in contact with these reservoirs, in their 
role as intermediate hosts of parasites that cause schistosomiasis and fascioliasis.
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Introduction

Schistosomiasis and fascioliasis continue to be 
parasitic scourges of humanity. Snails that serve 
as intermediate hosts of parasites that cause these 
two diseases thrive in nature under diverse and 
changing environmental conditions [1]. Molluscs 
are extremely important organisms of many eco-
logical communities [2], and they prove immensely 
beneficial economically and medically [3]. 

Schistosomiasis and fascioliasis are both 
neglected tropical diseases and affect primarily 
populations in tropical developing countries [4]. 
Global burden of schistosomiasis has been esti-
mated to be 4–5 million disability-adjusted life 
years [5] with the great majority of the world’s bur-
den concentrated in the African continent [6,7]. 

Chemotherapy is the main means used in 
control programs of schistosomiasis, due to the 
absence of vaccine as a prophylactic measure [8,9]. 
Praziquantel (PZQ) has been used as the drug of 
choice for the treatment of schistosomiasis since 
the 1970s. PZQ therapeutic efficiency is restricted 
to adult worms as it controls only morbidity and 
does not prevent reinfection [9]. 

It was reported from a study carried out in 2013 
that over 62 million individuals representing more 
than 39% of people requiring preventive chemo-
therapy in the top ten African countries which have 
the peak prevalence of the schistosomiasis were 
Nigerians; among these, less than 6% had the pre-
ventive chemotherapy [10]. 
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Worldwide, over 700 million domestic rumi-
nants are at risk with cases of fascioliasis in temper-
ate regions, such as Australia, Great Britain, Europe, 
America, Eastern Africa, Asia, the Middle East, and 
Sub-Saharan Africa [11]. Human populations are 
not also left out, with about 17 million people who 
have been reported with the cases of fascioliasis 
[12]. The route of transmission is through con-
sumption of infective metacercaria-contaminated 
raw vegetables and drinking water. Majority of the 
cases were in Europe, Africa, Asia, America, and 
Oceania [12,13]. 

The development of fascioliasis is evidently 
dependent on characteristics of an environment, 
as infection of both the hosts (definitive and inter-
mediate) comprises an association with external 
aquatic ecosystem [14]. A recent study conducted 
in Zaria, Nigeria, revealed 48.0% of total prevalence 
of fascioliasis [14]. Aquatic ecosystems such as 
lakes and reservoirs serve as a good environment 
for the snail intermediate host of schistosomiasis 
and fascioliasis. The presence of human and animal 
is interrelated with the occurrence and spread of 
these suitable intermediate host snails, thus paving 
way for the transmission of the diseases [15].

Freshwater snails belonging to the genus 
Biomphalaria and Bulinus and Lymnaea are com-
mon species of the subfamily Planorbidae and 
Lymnaeidae, respectively, and are widely distrib-
uted throughout the Sub-Saharan Africa [15]. 
Species in these genera inhabit various natural and 
artificial freshwater environments, including shal-
low lakes, streams, rivers, wetlands, seasonal pools, 
rice paddies, irrigation canals, and ponds [16]. 

Members of these families of snails are neces-
sary intermediate hosts of blood-dwelling trema-
tode parasites, which cause serious public health 
problems to man and animals in the tropical and 
subtropical regions of the world [17]. Biomphalaria 
pfeifferi and Bulinus globosus serve as an interme-
diate host of Schistosoma parasites causing human 
schistosomiasis [18]. Species belonging to the 
genus Lymnaea (Lymnaea natalensis) transmits 
Fasciola parasites to animals and man causing fas-
cioliasis [18].

A surveillance of these freshwater-borne dis-
eases involved the identification of active and 
potential transmission sites. Human interaction 
with infected water body such as washing, swim-
ming, fishing, farming, and drinking might predis-
pose the user to infection by these parasites [19]. 

The ecology of these microorganisms is consid-
ered to be affected by the environmental factors 

such as surface water physicochemical parame-
ters [20]. The water temperature, transparency, 
pH, dissolved oxygen, and calcium ion (Ca+2) con-
centrations are among water parameters known 
to operate in lake ecosystems. These factors com-
bined would determine water quality and may, in 
general, affect the population of freshwater gas-
tropods [2]. Therefore, the aim of this study was to 
evaluate the distribution and diversity of snails of 
public health importance in a reservoir and weir/
sediment trap, in relation to some of the physico-
chemical parameters.

Materials and Methods

Study areas

Kubanni reservoir (Fig. 1) generally called “A.B.U 
dam” is located on 110 08' N and 70 39' E South of 
Ahmadu Bello University, Samaru campus, Zaria, 
and 110 02' N and 70 10' E, with an elevation of 
643.43 m above the sea level. The reservoir receives 
runoff and domestic wastewaters from within the 
campus, nearby irrigation farms, and Samaru com-
munity. The reservoir’s two major tributaries are 
the Kampagi and Samaru streams [21].

Weir/sediment trap is located on 110 09' 77''N 
and 70 38' 831'' E south of Ahmadu Bello University, 
Samaru campus, Zaria, behind the A.B.U. press with 
an elevation of 656.5 m above the sea level. The 
reservoir is formed to filter waste substance and 
sediment trap before the water gets to Kubanni 
reservoir. It also receives runoff and domes-
tic wastewaters from nearby farms and Samaru 
community.

Sample collection

Samplings were done from March to June 2017, 
along the two reservoirs based on accessibility. This 
period of sampling was chosen to capture snails at 
the peak of dry season and beginning of wet sea-
son. The two seasonal periods showed changes in 
the ecosystems under study based on the quantity 
of water and inflow of water from other nearby 
sources [1].

Collection, sorting, and identification of snail 
samples 

Snail vectors were sampled from the littoral zones 
of the reservoirs between the hours of 8.00 a.m 
and 9.00 a.m by collecting bottom sediment using 
Ekman’s grab model (number 923), measuring 19 
cm ×14 cm with an area of 0.0266 m2. Three grab 
hauls were collected twice in a month each from 
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three sampling stations which were selected based 
on accessibility and anthropogenic activities in the 
stations, emptied into prelabeled polythene bags, 
and taken to the laboratory for sorting and iden-
tification. The collected sediments were washed 
and filtered through a mesh sieve, and the snail 
samples encountered were collected. Snails found 
at the river bank were also handpicked. All snails 
recovered were kept in sample container, counted 
and identified using identification keys of East and 
Central African freshwater snails of medical and 
veterinary importance [22]. 

Collection of water samples and analysis of 
physicochemical parameters

An in situ determination of surface water parameters 
such as temperature, pH, electrical conductivity, and 
total dissolved solid was performed using HANNA 
portable combined waterproof tester (model HI 
98129). The HANNA portable combined waterproof 
tester was dipped into the water directly, and the 
parameters were measured and recorded. Water 
samples for the determination of DO, biochemical 

oxygen demand (BOD), calcium (Ca+2), hardness, 
phosphate (PO4), nitrate (NO3), and alkalinity were 
collected in a transparent and amber-colored 250-
ml reagent bottles, treated on the field by the addi-
tion of manganese sulfate (MnSO4) to fix the oxygen 
in water samples, and analyzed according to the 
standard procedures [23].

Data analysis

Student’s t-test was used to test the significant 
difference in the physicochemical parameters 
between the two reservoirs. Principal component 
analysis (PCA) loadings were used to determine 
the influence of physicochemical parameters on the 
abundance of snails of public health importance. 
Cluster analysis (CA) was used to compare monthly 
abundance of the snails. Shannon–Weiner diversity 
index (H') was employed to determine the diversity 
of the snails in each reservoir.

Student’s t-test was determined using Statistical 
Analysis System (SAS) version 9.1.3, and PCA load-
ings, CA, and H' were measured using Paleontological 
Statistics Software Package (PAST) V.2.17c.

Figure 1. The location of Kubanni reservoir and Weir/sediment trap.
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Results

Physicochemical parameters, snail abundance, and 
diversity

In this study, maximum surface water pH 
(9.22±0.28), calcium hardness (3.20 ± 0.18 mg/l), 
dissolved oxygen (6.76 ± 0.33 mg/l), and alkalinity 
(2.73 ± 0.17 mg/l) were recorded in Kubanni reser-
voir, whereas maximum surface water temperature 
(27.45°C ± 0.31°C), electrical conductivity (201.92 ± 
10.39 µs/cm), total dissolved solids (102.75 ± 6.05 
ppm), biological oxygen demand (0.92 ± 0.06 mg/l), 
phosphate (4.47 ± 0.50 mg/l), and nitrate (26.47 ± 
1.81 mg/l) were recorded in Weir/sediment trap.

Student’s t-test at p < 0.05 shows a significant 
variation in electrical conductivity (EC), total dis-
solved solid (TDS), BOD, and phosphate between 
the two water bodies (Table 1).

A total of 108 snails were collected from Kubanni 
reservoir, of which 52 (48.15%) were B. pfeifferi, 43 
(39.81%) were L. natalensis, and 13 (12.04%) were 
B. globosus, with a Shannon–Weiner diversity index 
of 0.97, whereas in Weir/sediment trap, a total of 
141 snails were recorded, of which 75 (53.19%) 
were B. pfeifferi, 34 (24.11%) L. natalensis, and 
32(22.70%) B. globosus, with the Shannon–Weiner 
diversity index of 1.02.

The two water bodies (Kubanni and Weir) have 
similar species of snails of public health importance 

which include B. globosus, L. natalensis, and B. 
pfeifferi. A summary of abundance and diversity 
of the species of snails recorded in the two aquatic 
ecosystems (Kubanni and Weir) are presented in 
Table 2. 

The influence of physicochemical parameters 
on the abundance and diversity of snails of public 
health importance using PCA loadings is presented 
in figure 2 and figure 3. 88.41% and 88.84% of total 
variation were observed for Kubanni reservoir and 
Weir/sediment trap, respectively.

Figures 4 and 5 represent similarities in monthly 
abundance of freshwater snails in Kubanni reser-
voir and Weir/sediment trap, respectively. 

Discussion

In this study, Kubanni and Weir have a substantial 
population of aquatic snails of public health impor-
tance. The presence of freshwater gastropods in the 
two aquatic ecosystems under study suggests the 
possibility of parasitic transmission in these eco-
systems [19]; it can also serve as an index of pol-
lution of a water body. The availability of the same 
species composition of snails in both the water 
bodies may be due to the similarity in ecological 
activities such as mode of nutrition, roles at a par-
ticular trophic level, irrigation farming, washing, 
and bathing within the water bodies which support 
the existence of these snails. A high abundance of 

Table 1. Physicochemical parameters of Kubanni reservoir and Weir/sediment trap.

T(°C) PH
EC  

(µs/cm)
TDS 

ppm)
Ca+2 

(mg/l)
DO 

(mg/l)
BOD 

(mg/l)
PO4

- 

(mg/l)
NO3

- 

(mg/l)
ALK 

(mg/l)
HAR 

(mg/l)

R1
27.13 ± 

0.51
9.22 ± 
0.28

157.42 ± 
5.27

77.50 ± 
2.28

3.20 ± 
0.18

6.76 ± 
0.33

0.53 ± 
0.07

3.05 ± 
0.28

25.40 ± 
1.66

2.73 ± 
0.17

115.2 ± 
0.08

R2
27.45 ± 

0.31
9.05 ± 
0.32

201.92 ± 
10.39

102.75 ± 
6.05

3.08 ± 
0.16

5.63 ± 
0.50

0.92 ± 
0.06

4.47 ± 
0.50

26.47 ± 
1.81

2.47 ± 
0.20

115.2 ± 
0.11

P-value 0.6015 0.6891 0.0015 0.0016 0.6317 0.0782 0.0004 0.0263 0.6679 0.341 0.9515

T (°C) = Temperature, pH = Potential of hydrogen, EC = Electrical conductivity, TDS = Total dissolved solids, Ca+2 = Calcium, DO = 
Dissolved oxygen, BOD = Biological oxygen demand, PO4

 = Phosphate, NO3 = Nitrate, ALK = Total alkalinity, HAR = Total hardness.
R1 = Kubanni reservoir, R2 = Weir/sediment trap. 

Table 2. Abundance and Shannon–Weiner diversity index of snail vectors in Kubanni reservoir and Weir/sediment trap.

Kubanni 
reservoir

Weir/sediment 
trap

March April May June Total (%) March April May June Total (%)

Biomphalaria pfeifferi 23 14 11 4 52 (48.15) 26 30 10 9 75 (53.19)

Lymnaea natalensis 16 13 8 6 43 (39.81) 15 12 5 2 34 (24.11)

Bulinus globosus 6 4 2 1 13 (12.04) 17 5 10 0 32 (22.70)

Total 45 31 21 11 108 (100) 58 47 25 11 141 (100)

Shannon–Weiner diversity index (H') 0.97 1.02
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the snails was recorded at Weir. This can be as a 
result of undisturbed nature of the Weir and even 
nature of sediment distribution across the depth, 
which is caused by less wave action near the water 

surface [1]. The abundance and diversity of living 
organisms in aquatic environment usually vary 
with changes in physicochemical parameters as an 
index to give the nature and state of the ecological 

Figure 2. PCA loadings for physicochemical parameters and snails of public health importance 
in Kubanni reservoir. pH = Potential of hydrogen, T(°C) = Surface water temperature, ALK (mg/l) 
= Total alkalinity, EC (µs/cm) = Electrical conductivity, TDS (ppm) = Total dissolved solids, DO 
(mg/l) = Dissolved oxygen, BOD (mg/l) = Biological oxygen demand, HAR (mg/l) = Total hardness, 
PO4 (mg/l) = Phosphate, NO3 (mg/l) = Nitrate, BUL = Bulinus globosus, BIO = Biomphalaria pfeifferi,  
LYM = Lymnaea natalensis.

Figure 3. Principal Component Analysis (PCA) loadings for physicochemical parameters and snails 
of public health importance in Weir/sediment trap. pH = Potential of hydrogen, T(°C) = Surface water 
temperature, ALK (mg/l) = Total alkalinity, EC (µs/cm) = Electrical conductivity, TDS (ppm) = Total dis-
solve solids, DO (mg/l) = Dissolve oxygen, BOD (mg/l) = Biological oxygen demand, HAR (mg/l) = Total 
hardness, PO4 (mg/l) = Phosphate, NO3 (mg/l) = Nitrate, BUL = Bulinus globosus, BIO = Biomphalaria 
pfeifferi, LYM = Lymnaea natalensis.
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condition [1]. In other words, the physicochemical 
parameters are used as biomonitors of pollution or 
nature of a particular water body.

The low values of Shannon–Weiner diversity 
index in relation to the three snails of public health 
importance in the two reservoirs can be linked 
to pollution level of the two reservoirs. A value of 
this index above three (3) indicates clean water, 

whereas values lower than three indicates pollu-
tion [24], and the higher the value, the greater the 
diversity. 

A significant variation of EC, TDS, BOD, and 
phosphate between the two water bodies can be a 
result of slight differences in anthropogenic activ-
ities such as dumping of refuse, irrigation, graz-
ing, fishing, washing, and bathing observed at the 

Figure 4. Cluster analysis dendrogram based on monthly abundance of snails of public 
health importance in Kubanni reservoir. M1 = March, M2 = April, M3 = May, M4 = June.

Figure 5. Cluster analysis dendrogram based on monthly abundance of snails of public 
health importance in Weir/sediment trap. M1 = March, M2 = April, M3 = May, M4 = June.
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catchment and in the water bodies. The variation in 
the electrical conductivity has been shown to influ-
ence the abundance of snail species in the water 
bodies [25]. 

The mean conductivity values recorded in 
Kubanni and Weir/sediment trap (157.42 ± 3.97 
and 201.92 ± 3.79 µs/cm, respectively) show that 
the conductivity level of both the water bodies is 
intermediate. Conductivity levels below 50 μs/cm 
are regarded as low; those between 50 and 600 μs/
cm are medium, whereas those above 600 μs/cm 
are high [26].

The difference in EC and TDS between the two 
water bodies can be attributed to difference in 
water volume with Weir having low water volume 
compared to Kubanni reservoir. The variation in DO 
and BOD in the two water bodies could be related to 
high temperature, high rate of decomposition, and 
high consumption of the dissolved oxygen through 
respiration by aquatic organisms. Our results are 
in line with the findings of Alhassan [27], where he 
worked on macrobenthic invertebrate composition 
in relation to some physicochemical characteristics 
of Makwaye and Kubanni reservoirs. He reported a 
significant mean monthly variation in DO and BOD 
and influence of temperature on such variation.

The variation in phosphate concentration in 
the water bodies may probably be associated with 
leaching and inflow of nitrophosphate fertilizers 
commonly used by farmers from near farmlands 
into the water bodies. The importance of soluble 
phosphorous transport in agricultural runoff as 
an immediate source of phosphorus for biological 
uptake, thereby accelerating the eutrophication of 
surface waters, has been well reviewed [28].

In Kubanni reservoir, PCA loadings showed that 
the first two components (components 1 and 2)  
accounted for 88.41% of the total variation 
observed. The three snails of medical importance 
were positively correlated with pH, EC, TDS, alka-
linity, BOD, and temperature and negatively cor-
related with the other physicochemical parameters. 
A positive correlation exists between L. natalensis 
(r = 0.2074), B. globosus (r = 0.2785), and BOD  
(r = 0.2914), whereas surface water temperature 
(r = 0.1398) and B. pfeifferi (r = 0.1373) also had 
a positive correlation as observed in PCA loadings.

For Weir/sediment trap, the first two components 
with the highest variation accounted for 88.84% of 
the total variation that were observed. The three 
snails were positively correlated with surface water 
temperature, pH, EC, TDS, and alkalinity and neg-
atively correlated with other physicochemical 

parameters determined in this study. However, a 
strong association was observed between B. glo-
bosus (r = 0.1706), L. natalensis (0.1510), and pH 
(0.1816), and the same was applied to B. pfeifferi 
(0.2323) and surface water temperature (0.2255).

The pH, EC, TDS, alkalinity, BOD, and tempera-
ture influenced the presence, abundance, and diver-
sity of the snails in the two reservoirs as revealed by 
a positive correlation between the mentioned phys-
icochemical parameters and snail composition. The 
ability of these snails to be found in polluted envi-
ronment can be as a result of their tolerance to pol-
lutants in polluted water bodies due to anthropo-
genic activities [1], and their high abundance could 
be a common feature of organically polluted water 
bodies [29].

In Kubanni reservoir, cluster analysis dendro-
gram using correlation as similarity index shows 
that there is a distinct dissimilarity in monthly 
abundance of snails between March and the other 
three months, i.e., April, May, and June with similar-
ity index of 0.40. March, April, and May were simi-
lar in terms of abundance of the snails with similar-
ity index of 0.91, whereas May and June were also 
similar with an index of 0.98. For Weir/sediment 
trap, distinct dissimilarity was observed between 
June and the other three months, i.e., March, April, 
and May with similarity index of 0.76. March, April, 
and May were similar in terms of abundance of the 
snails with similarity index of 0.96, but similarity 
between March and April was stronger with an 
index of 0.99.

Dissimilarity that exists in total monthly abun-
dance of the snails between March and other 
months in Kubanni reservoir and June and the 
other months in Weir could be linked to nature and 
level of human water contact activities, fluctuation 
in water flow, recharge and discharge of water in 
the water bodies, differences in physicochemical 
characteristics of the two reservoirs, and seasonal 
influence on the health of the reservoirs [30,31].

Conclusion

This study established that both the reservoirs 
have the same species composition of snails of 
public health importance. The total percentage 
composition of the snails of public health impor-
tance (B. pfeifferi, B. globosus, and L. natalensis) 
in Weir is higher compared to Kubanni reservoir. 
Significant variations exist in EC, TDS, BOD, and 
phosphate-phosphorus as recorded in the two 
reservoirs.
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There is an influence of physicochemical param-
eters of Kubanni and Weir on the abundance and 
diversity of snails of public health importance 
recorded in the two reservoirs. However, a posi-
tive correlation exists between the snails and some 
physicochemical parameters in both the reser-
voirs. Physicochemical properties such as pH, EC, 
TDS, alkalinity, BOD, and temperature have a sig-
nificant influence on the abundance of the snails. 
Dissimilarity in the total monthly abundance of 
the snails also exists, between March and the other 
three months, i.e., April, May, and June in Kubanni 
reservoir and June and the other three months, i.e., 
March, April, and May in Weir.

The presence of the three species of snails that 
are of public health importance in the study areas 
may constitute a predisposing factor to schistoso-
miasis and fascioliasis. Therefore, repetitive mea-
surements of environmental variables should be 
carried out on the reservoirs to monitor the change 
in composition of these snails and recommend pre-
ventive measures to people coming in contact with 
these two reservoirs.

Statement of novelty

This study has established the similarity and dif-
ferences in the two aquatic ecosystems for the first 
time. The sediment trap was created recently, and 
this is the first report on its status in terms of phys-
icochemical parameters and abundance of snails of 
public health importance. Furthermore, influence 
of the natural settings of this environment on the 
distribution of these snails was reported for the 
first time in the sediment trap and was compared 
with what was established at Kubanni reservoir 
being a reservoir (ahead) on the same stretch with 
the sediment trap. The possibility of a serious threat 
to humans coming in contact with these reservoirs 
was also established in this research because of the 
role of the intermediate hosts (snails) in causation 
of schistosomiasis and fascioliasis (two important 
diseases of public health importance).
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