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ABSTRACT

Background and Objective: Physicochemical parameters of freshwater ecosystem play vital role in the
abundance and distribution of snails. This study investigates the intricate interplay between
physicochemical parameters and the abundance and distribution patterns of aquatic snails in various
aquatic habitats. Materials and Methods: Field surveys were conducted across different locations to
collect data on snail populations and to measure key physicochemical parameters. Statistical analyses were
employed to assess correlations between these parameters and the abundance and distribution of aquatic
snail species. This preliminary investigation was carried out to expose additional information on the
abundance and distribution of freshwater snails about selected water quality parameters of the reservoir.
Results: Temperature and dissolved oxygen emerged as influential factors, with certain snail species
displaying preferences for specific ranges within these parameters. This research contributes valuable
insights into the ecological drivers shaping the abundance and distribution of aquatic snails, aiding in the
development of informed conservation and management strategies for freshwater ecosystems.
Conclusion: The study's outcomes have implications for broader aquatic biodiversity conservation and
underscore the need for holistic approaches to freshwater ecosystem management. Only one species of
freshwater snail, Lymnaeidae was observed in Dutsin-Ma reservoir.
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INTRODUCTION

Nigeria has an abundance of water resources, including streams, rivers and reservoirs. In addition,
concerted attempts have been made in the country to dam reservoir streams and rivers to create
man-made lakes/reservoirs to accommodate human demands for water and its resources. Katsina State,
with over 40 reservoirs, is one of the states with the most man-made reservoirs in the country.
The Dutsin-Ma reservoirs in the Dutsin-Ma Local Government Area are among the most important in the
state. Reservoir development in Nigeria to create man-made reservoirs for irrigation and other uses
resulted in safe havens for species of freshwater snails to form flourishing colonies™.
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Reservoir up aquatic bodies such as reservoirs, lakes and ponds offers numerous communal as well as
profitable benefits, comprising dry season farming, fishing, transport, visiting the attractions, in addition
to electricity generation. On the other hand, blocking tributaries and rivers to produce reservoirs causes
extreme variations in the natural environment of the original aquatic bodies. For example, it develops
novel biotopes that are more suitable for the breeding of freshwater snails, including those of medical and
veterinary relevance®. Water quality is a critical issue in fisheries and aquaculture. Water is a changing
system composed of living and non-living components, organic, inorganic soluble and insoluble
substances, with the potential for frequent alterations in its quality™. In order to survive and grow, aquatic
species require a well-balanced habitat that is rich in nutrients. Regular monitoring of water quality
parameters is necessary since the physicochemical features of the water body affect the productivity of
the water, as per the findings of ™.

Snails are found in nearly every kind of freshwater habitat and are important to the ecology of the area.
They feed on a wide variety of algae and detritus, provide food for a multitude of other animals and aid
in the breakdown and recycling of nutrients in aquatic environments®. Snails are a class of invertebrate
organisms belonging to the Gastropods family and they are found in many aquatic environments
worldwide. Freshwater environments, including lakes, rivers, streams, ponds and reservoirs, are home to
about 5000 species®. Research on the ecology and population dynamics of freshwater snails has revealed
that these animals are influenced by a multitude of factors, including the physical geography of the area,
land contours, soil composition, type of bottom soil sediment, hydrography and climate change®’.
Additionally, physicochemical parameters, such as temperature, pH, dissolved gases, alkalinity and calcium
ions, are also important factors®® and biological elements include competition, predator-prey relationships
and the number of macrophytes (food)’.

Freshwater snails are an essential part of the food web and chain in the majority of freshwater habitats™.
Itis recognized that certain freshwater snails found in freshwater environments including lakes, ponds and
reservoirs have medicinal and veterinary use. Approximately 350 species are thought to be significant for
veterinary and medicinal purposes. Human schistosomiasis intermediate hosts are classified into three
genera: Biomphalaria, Bulinus and Oncomelania. In creatures, the Bulinus species causes urinary
schistosomiasis, the Biomphalaria species produces intestinal schistosomiasis and the Oncomelania species
causes fascioliasis or liver rot'. Snails in freshwater environments have received a lot of attention since
they are intermediary hosts for a variety of trematodes that are capable of producing infestation in
animals as well as human beings'". Children are more likely to become infected and re-infected in endemic
areas™. It is estimated that 2.4 million people are infected with fascioliasis worldwide, with another 180
million at risk™.

The infections are spread through recurrent contact with freshwater during cleaning, swimming or
fishing™. However, little research has been undertaken on the parameters influencing the occurrence and
abundance of freshwater snail intermediate hosts in the Dutsin-Ma reservoir. Consequently, the purpose
of this study was to establish the distribution and variety of freshwater snail intermediate hosts, as well
as the effect of water quality parameters on their occurrence and abundance in the Dutsin-Ma reservoir.
The findings of this study may be useful in developing effective preventive and control measures against
snail intermediate hosts in the Dutsin-Ma reservoir in Katsina, Nigeria.

MATERIALS AND METHODS

Study of the area: The study area, Dutsin-Ma reservoir is an earth-fill structure completed in 1974 at the
coordinates 12°11'11"N (Latitude) and 7°20'21"E (Longitude) in Katsina State's Dutsin-Ma LGA. The
reservoir has a circumference of 5.05 km and covers an area of 1.10 square kilometres'. Dutsin-Ma has
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a wet/rainy season and a dry season. The rainy season lasts from June to September, with an annual
rainfall range of 1500-1800 mm''®. The reservoir was built in 1974 primarily for home water supply. During
the rainy season, it is only fed by three main sources: Korama from the west, Darawa-Korama from the
east, Hadari-Korama and surface runoff from the neighbouring catchment areas. It flowed past the main
control overflow structure towards Dantsido and through an uncontrolled channel along the west axis.
The reservoir has a single landing place where all catches are landed™.

Study duration: This preliminary investigation was carried out between July to September, 2023 to expose
additional information on the abundance and distribution of freshwater snails in relation to selected water
quality parameters of the reservoir.

Sampling stations: A total of 126 freshwater snails were collected at the following sample stations: A, B
and C. Location A is at the reservoir's entrance on the river channel. Location B lies in the middle of the
reservoir, where human activity is low except for agricultural and irrigational activities. Location C is at the
reservoir's end or at the end, where human activity occurs. Location D is located where fishing activities
are minimal.

Snail sampling and identification: Different microhabitats in the reservoir and main waterway were
thoroughly explored for snails monthly between 7 am and 12 pm using a long-handled scoop net and pair
of forceps, as reported by Auta et al> and Meshack et al."”". Snails were also collected in large numbers
alongirrigation ditches and farm fields using a scoop net and handpicking. Snails taken from each habitat
were maintained in marked specimen bottles and brought to the Federal University Dutsin-Ma laboratory
in Katsina State for further study. The caught snails were then identified based on their morphological
traits using standard keys'®.

Collection of water sample: Water samples were obtained in four sample bottles using 2 L plastic bottles
from snail collection sites. The selected water quality parameters, including temperature, pH, turbidity, DO,
BOD, total hardness, electrical conductivity and total dissolved oxygen, were determined in the biological
laboratory using the methods described by Dauda and Akinwole™. All the methods followed the standard

procedures'?.

Statistical analysis: Data to be obtained are presented in tables, figures and charts. Results will be
summarised using descriptive analysis and data will be subjected to One-way Analysis of Variance
(ANOVA) to test for differences in means Duncan’s Multiple Range Test (DMRT) will be done for separation
of means of physicochemical parameters with months and stations of sample at p = 0.05, 95% Cl.
Correlation analysis will be carried out to test for the relationship between physicochemical parameters
and the abundance of freshwater snails. Burlakova et al.*’, will be used to determine the species richness
and diversity of freshwater snails in the Dutsin-Ma reservoir.

RESULTS

The results of physicochemical parameters of the Dutsin-Ma reservoir (Table 1). Between July to
September, the temperature was highest in July (29.70°C), while the lowest was in September (26.75°C)
and showed significant variation with month during the period of sampling (p = 0.015). The highest pH
was recorded in August (8.31), while the lowest was in September (6.7), with no significant difference in
amonth (p = 0.711). Turbidity has its highest values in August (452.50+£43.01 unit), while its lowest values
in September (461.25+41.89 unit), with no significant difference with month (p = 0.901). Dissolved oxygen
was found to have the highest values in August (8.15 mg/L), while the lowest values were in
July (3.04 mg/L), with a significant difference with the month (p = 0.000).
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Table 1: Mean+SD of the physicochemical parameters recorded in Dutsin-Ma reservoir by months

Parameter July August September p-value
Temperature (°C) 29.70£2.55° 27.77+1.18° 26.75£1.17° 0.015
pH 8.10+0.23 8.31+0.45 6.70+0.14 0.711
TB (NTU) 461.63+49.93 452.50+43.01 461.25+41.89 0.901
DO (mg/L) 3.04+0.04° 8.15+0.36° 3.26+0.57° 0.000
BOD (mg/L) 0.55+0.20° 2.112£0.43° 1.54+0.34¢ 0.000
EC (dS/m) 0.06+0.05%® 0.05+0.07° 0.06+0.02° 0.092

Significant level (p<0.05). The keys used include; TB: Turbidity, DO: Dissolved oxygen, BOD: Biological oxygen demand and EC: Electric
conductivity

Table 2: Mean+SD of the physicochemical parameters recorded in the Dutsin-Ma reservoir sampling point

Parameter Station A Station B Station C Station D p-value
Temperature (°C) 23.97+2.84 24.20+1.38 25.80+2.66 25.33£1.51 0.360
pH 6.48+0.37 6.40+0.30 6.61+0.21 6.65+0.26 0434
TB (NTU) 422.00+34.64° 488.50+22.57° 458.00+41.46%° 465.33+49.42% 0.050
DO (mg/L) 3.13+£1.36 3.60+0.50 1.40+0.65 1.70+0.96 0.953
BOD (mg/L) 1.23+0.83 1.30+0.50 1.40+0.65 1.70+0.96 0.723
EC (dS/m) 0.06+0.01 0.06+0.008 0.05+0.012 0.05+0.015 0.534

The keys used include; TB: Turbidity, DO: Dissolved oxygen, BOD: Biological oxygen demand and EC: Electric conductivity

Biological oxygen demand was found with the highest value in August (2.11 mg/L) and the lowest value
inJuly (0.55 mg/L), BOD had a significant variation with the month (p = 0.000). Electrical conductivity was
found with the highest value in August (0.05+0.07 mS/cm), while lowest was in September
(0.06£0.02 mS/cm), with no significant variation within months (p = 0.092). These are presented in
Table 1. Turbidity has the highest p-value (0.901), pH (0.771) and EC (0.092 mS/cm). Water temperature
(p = 0.015 degrees), dissolved oxygen (p = 0.0000) and biological oxygen demand (p = 0.0000). Turbidity
(p = 0.901), pH (p = 0.771) and EC (p = 0.092) showed insignificant variation during the months of
sampling.

Among the four sampling stations sampled, the highest temperature (25.80°C) was recorded at
station C, while station A recorded the lowest temperature (23.97°C), with no significant variation
(p = 0.360). The pH recorded its highest value at station D (6.65), while the lowest was at station B (6.40),
it also had no significant variation (p = 0.434). Turbidity had its highest value at station B (488.50 NTU) and
lowest at station A (422.00 NTU), with no significant variation (p = 0.050). Dissolved oxygen also had its
highest record at station B (3.60 mg/L), but lowest at station C (1.40 mg/L), with no significant variation
with the sampling station (p = 0.953). Biological oxygen demand was highest at station D (1.70 mg/L) and
lowest at station A (1.23 mg/L), with no significant variation with sampling stations (p = 0.723). Electrical
conductivity was highest at both stations A and B (0.06 Ds/m) and lowest at both stations C and D
(0.05 dS/m), with no significant variation (p = 0.534). These results are presented in Table 2.

The mean monthly variation about months and stations of sampling shows that July has the highest mean
monthly variation in the number of Lymnaeidae in station C (30+13), while the least is in station D (14).
During August the highest mean monthly variation is in station A (26x8), while the least is in station D
(15+8). During September, the highest mean month variation is in station C (35), while the least is in
station B (15+4).

During the three months of study (July to September, 2023), only one species of freshwater snail,
Lymnaeidae was observed in Dutsin-Ma reservoir. September recorded the highest number (27+7) of
Lymnaeidae in Dutsin-Ma Reservoir, while the lowest number was recorded in July (25+£13), with no
significant variation with stations of sampling (p = 0.15).
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Table 3: Correlation coefficient (r) of physicochemical parameters and Lymnaeidae abundance in Dutsin-Ma reservoir

Parameter Temp pH TB DO BOD EC
pH 1.66

TB (NTU) 0.199 -0.091

DO (mg/L) -0.304 0.122 -0.046

BOD (mg/L) -0.327 0.211 -0.093 0.789**

EC (dS/m) 0.301 -0.052 0.302 -0.154 -0.279

Lymnaeidae 0.496* -0.014 -0.275 -0.270 -0.435* 0.169

*Correlation is significant at 0.05 levels (2-tailed), **Correlation is significant at 0.01 level (2-tailed), TB: Turbidity, DO: Dissolved
oxygen, BOD: Biological oxygen demand and EC: Electrical conductivity

As shown in Table 3, pH and turbidity (TB) had a negative correlation (-0.091), with DO also having a
negative correlation with temperature (-0.304) and TB (-0.046). Though BOD had a negative correlation
with temperature (-0.327) and turbidity (-0.093) and a very strong positive correlation with DO (0.789**).
Electrical conductivity (EC) had a negative correlation with pH (-0.052), DO (-0.154) and BOD (-0.279).
Lymnaeidae only had a significant positive correlation (0.496*) with temperature, while it was negative with
pH (-0.014), TB (-0.275) and DO (-0.270), with a significant negative correlation with BOD (-0.435%*).

DISCUSSION

During the sampling period, 126 snails from the family Lymnaeidae, also known as the snail ponds, were
gathered. Lymnaeidae were found at all sampling sites. The spatial distribution of snails shows that sample
location A had the highest percentage of snail abundance and richness with only Lymnaeidae, followed
by sample location C with 29.66% of Lymnaeidae species, sample location B with 15.17% of Lymnaeidae
and sampling station D with 15.16% of Lymnaeidae species. The once-a-month variation in the
composition as well as the richness of freshwater snail accumulations shows that delegates of the
Lymnaeidae were the most plentiful snails during the sampling time. The maximum quantity of snails was
seen between July and September (late rainy season); this finding accorded with Auta et al.?, who reported
higher snail abundance between July, August and September in spring during the late wet season. This
gastropod environmental study aimed to discover environmental and biotic parameters that influence the
occurrence and abundance of freshwater snail intermediate hosts in the Dutsin-Ma reservoir. This study
discovered that freshwater snail species’ habitat preferences are influenced by physicochemical water
quality measures, physical habitat characteristics, biological factors and domestic or human activities.

The overall abundance of snails varied and population density varied between places. Previous research
in Africa has linked such variation to changes in vegetation types, substratum and the presence or lack
of other freshwater snail species between sites. Local rainfall, seasonal water flows and water temperature
are also key sources of variance between sites®. A higher nitrate concentration indicates eutrophication
and consequently encourages the presence of snails. Previous research found that water depth was a
significant ecological factor influencing the distribution of snail species®. The water temperature varied
between 26.75 and 29.70°C, with the greatest value observed at site C. This finding was consistent with
previous observations by Auta et al.?, who found fluctuating water temperatures across all stations during
the study period.

The dissolved oxygen concentration in the reservoir fluctuated during the study period, with an average
of 4.83 mg/L over the monitoring period and ranging from 3.04 to 8.15 mg/L. These values were within
the suggested range for aquatic life production, which was consistent with the findings of Eyo et al*. In
all sampling sites, the pH values obtained were within the ranges required for freshwater snail survival.
The results were consistent with those obtained by researchers®*%’. According to the literature, the leaves
of floating plants protect snails from direct sunshine and high temperatures® hence offering a breeding

1.29

place for freshwater snails. According to Odeniran et al.””, the oxygen provided by the plant also stimulates

the ovipositor.
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CONCLUSION

The assessment of water quality parameters in relation to freshwater snails is of paramount importance
for understanding and safeguarding aquatic ecosystems. The presence and abundance of snail
populations serve as valuable indicators of environmental health, reflecting the intricate balance of various
water quality components. Water quality parameters such as pH, dissolved oxygen, temperature and
nutrient levels directly influence the survival, reproduction and overall well-being of freshwater snails.
These gastropods play a crucial role in ecosystem dynamics by contributing to nutrient cycling and algal
control and serving as a vital food source for various organisms. Therefore, monitoring and analyzing
water quality parameters become essential in managing and conserving both snail populations and the
broader aquatic environment.

Moreover, the impact of pollutants and contaminants on freshwater snails underscores the need for
vigilant monitoring and regulatory measures to mitigate potential threats. Human activities, including
industrial discharge, agricultural runoff and urban development, can introduce harmful substances into
freshwater ecosystems, negatively affecting snail populations and by extension, the entire ecosystem.
Incorporating the study of water quality parameters in the context of freshwater snails into broader
ecological research allows for a comprehensive understanding of ecosystem health. Such knowledge can
inform conservation strategies, guide sustainable resource management and contribute to the
preservation of biodiversity. As we strive to maintain and restore the health of freshwater habitats,
recognizing the intricate relationship between water quality parameters and freshwater snails serves as
a crucial step toward ensuring the resilience and sustainability of these ecosystems for future generations.

SIGNIFICANCE STATEMENT

This survey's outcomes are of paramount importance as they make available a comprehensive appraisal
of the water quality parameters in the Dutsin-Ma reservoir, Katsina, Nigeria, shedding light on the impact
of physicochemical parameters of the reservoir with snails. The observed differences in turbidity,
temperature, dissolved oxygen, electric conductivity, BOD and pH across the three-month study period
tender valuable insights into the seasonal fluctuations within the aquatic environment. The recognized
associations between these parameters and snails additionally enrich our understanding of possible
ecological impacts. This survey offers an initial dataset for upcoming surveys targeting to optimize
reservoir situations, improve aquaculture practices as well as lessen possible ecological agents. The
understandings gained have effects on both environmental investigations in addition to practicable
applications in aquaculture as well as ecological management.

REFERENCES

1. Sadauki, M.A., A.H. Bichi, A.B. Dauda and M.B. Geidam, 2022. Assessment of water quality parameters
of Zobe and Ajiwa reservoirs, Katsina State, Nigeria. Afr. Sci. J,, 23: 9-18.

2. Danladi, S.I, W.A. Istifanus and A.B. Samaila, 2019. The freshwater snail fauna of the Dadinkowa
man-made reservoir, Gombe State, Nigeria. Int. J. Fauna Biol. Stud., 6: 31-35.

3. Auta, T, E. Alkali and E.A. Michael, 2018. Population dynamics, diversity and distribution of freshwater
snails in Zobe Dam, Dutsin-Ma, North-Western Nigeria. Asian J. Environ. Ecol, Vol. 8.
10.9734/ajee/2018/v8i430078.

4. Ndubi, D., N. Oyaro, E. Githae and A. Afullo, 2015. Determination of physico-chemical properties of
sources of water in Narok North Sub- County, Kenya. Int. Res. J. Environ. Sci., 4: 47-51.

5. Gupta, N., KK. Yadav, V. Kumar and D. Singh, 2013. Assessment of physicochemical properties of
Yamuna River in Agra City. Int. J. ChemTech Res., 5: 528-531.

6. Min, F., J.Wang, X. Liu, Y. Yuan and Y. Guo et al., 2022. Environmental factors affecting freshwater snail
intermediate hosts in Shenzhen and adjacent region, South China. Trop. Med. Infect. Dis., Vol. 7.
10.3390/tropicalmed7120426.

https://doi.org/10.3923/asb.2024.401.408 | Page 406



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Asian Sci. Bull, 2 (4): 401-408, 2024

Hussein, M.A,, AH. Obuid-Allah, A./A. Mahmoud and H.M. Fangary, 2011. Population dynamics of
freshwater snails (Mollusca: Gastropoda) at Qena Governorate, Upper Egypt. Egypt. Acad. J. Biol. Sci.
B Zool,, 3: 11-22.

Ekwunife, C.F., N.A. Ozumba and C.I. Eneanya, 2008. Studies on the biology and population parameters
of Bulinus globosus and Bulinus truncatus in the laboratory. Niger. J. Parasitol.,, 29: 11-14.

Ofoezie, I.E, 1999. Distribution of freshwater snails in the man-made Oyan Reservoir, Ogun State,
Nigeria. Hydrobiologia, 416: 181-191.

Pissia, M.A., A. Matsakidou and V. Kiosseoglou, 2021. Raw materials from snails for food preparation.
Future Foods, Vol. 3. 10.1016/j.fufo.2021.100034.

Dodangeh, S., A. Daryani, M. Sharif, S. Gholami, E. Kialashaki, M. Moosazadeh and S. Sarvi, 2019.
Freshwater snails as the intermediate host of trematodes in Iran: A systematic review. Epidemiol.
Health, Vol. 41. 10.4178/epih.e2019001.

Alebie, G., B. Erko, M. Aemero and B. Petros, 2014. Epidemiological study on Schistosoma mansoni
infection in Sanja Area, Amhara Region, Ethiopia. Parasites Vectors, Vol. 7. 10.1186/1756-3305-7-15.
Degheidy, N.S. and J.S. Al-Malki, 2012. Epidemiological studies of fasciolosis in human and animals
at Taif, Saudi Arabia. World Appl. Sci. J., 19: 1099-1104.

Stothard, J.R., L. Chitsulo, T.K. Kristensen and J. Utzinger, 2009. Control of schistosomiasis in
sub-Saharan Africa: Progress made, new opportunities and remaining challenges. Parasitology,
136: 1665-1675.

Akor, M., A. Akpaneno and C.G. Afuwai, 2017. Geoelectrical investigation of groundwater potential of
administrative block at permanent site, Federal University Dutsin-Ma, Katsina State, Nigeria.
FUDMA J. Sci., 1: 161-169.

Abaje, I.B. and E.O. Oladipo, 2019. Recent changes in the temperature and rainfall conditions over
Kaduna State, Nigeria. Ghana J. Geogr., 11: 127-157.

Meshack, S.K., .W. Aliyu, M.M. Suleiman and M.P. Sam, 2020. The diversity of fresh water snail fauna
in Kiri Dam, Adamawa State, North Eastern Nigeria. GSC Biol. Pharm. Sci., 11: 99-104.

Brown, D.S., 1994. Freshwater Snails of Africa and Their Medical Importance. 2nd Edn., CRC Press,
Boca Raton, Florida, ISBN: 9781482295184, Pages: 608.

Dauda, A.B. and A.O. Akinwole, 2014. Interrelationships among water quality parameters in
recirculating aquaculture system. Niger. J. Rural Ext. Dev., 8: 20-25.

Bridgewater, L., APHA, AWWA and WEF, 2012. Standard Methods for the Examination of Water and
Wastewater. 22nd Edn., American Public Health Association, Washington, DC, United State,
ISBN: 9780875530130, Pages: 724.

Burlakova, LEE, D.K. Padilla, AY. Karatayev, D.N. Hollas, L.D. Cartwright and K.D. Nichol, 2010.
Differences in population dynamics and potential impacts of a freshwater invader driven by temporal
habitat stability. Biol. Invasions, 12: 927-941.

Oso, O.G. and A.B. Odaibo, 2021. Land use/land cover change, physico-chemical parameters
and freshwater snails in Yewa North, Southwestern Nigeria. PLoS ONE, Vol. 16,
10.1371/journal.pone.0246566.

Olkeba, B.K., P. Boets, S.T. Mereta, M. Yeshigeta, G.M. Akessa, A. Ambelu and P.L.M. Goethals, 2020.
Environmental and biotic factors affecting freshwater snail intermediate hosts in the Ethiopian Rift
Valley region. Parasites Vectors, Vol. 13. 10.1186/s13071-020-04163-6.

Eyo, J.E, G.E. Odoh and A. Achife, 2008. Variations in the physico-chemical parameters of a natural,
tropical, rainforest lake. Bio-Research, 6: 371-374.

Oloyede, 0.0, B. Otarigho and O. Morenikeji, 2017. Diversity, distribution and abundance of
freshwater snails in Eleyele dam, Ibadan, South-West Nigeria. Zool. Ecol.,, 27: 35-43.

Abdulkadir, F.M., D.B. Maikaje and Y.A. Umar, 2017. Ecology and distribution of freshwater snails in
Gimbawa Dam, Kaduna State, Nigeria. Niger. J. Chem. Res., 22: 98-106.

https://doi.org/10.3923/asb.2024.401.408 | Page 407



Asian Sci. Bull, 2 (4): 401-408, 2024

27. Dogara, M.M., G.K. Alhaji, J.B. Balogun, M.M. Abubakaar and A.A. Barde et al., 2022. Distribution and
abundance of freshwater snails in Warwade Dam, Dutse, Northern Nigeria. Dutse J. Pure Appl. Sci.,
8:69-81.

28. Klumpp, RK. and K.Y. Chu, 1980. Importance of the aquatic weed Ceratophyllum to transmission of
Schistosoma haematobium in the Volta Lake, Ghana Bull. World Health Organ., 58: 791-798.

29. Odeniran, P.O., K.F. Omolabi and 1.0. Ademola, 2020. Epidemiological dynamics and associated risk
factors of S. haematobium in humans and its snail vectors in Nigeria: A meta-analysis (1983-2018).
Pathog. Global Health, 114: 76-90.

https://doi.org/10.3923/asb.2024.401.408 | Page 408



	Untitled

