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ABSTRACT 
This study investigated the distribution of freshwater molluscs and the molecular identification of 

schistosome intermediate host snails, particularly Bulinus species, in the Hadejia-Nguru Wetland of 

Nigeria. Freshwater molluscs were collected from four wetland locations, and their morphological 

characteristics were used for identification and taxonomic classification. A total of eleven (11) freshwater 

mollusc species belonging to eight (8) families were recorded. The families included Unionidae, 

Mutelidae, Ampullariidae, Paludomidae, Thiaridae, Planorbidae, Lymnaeidae and Viviparidae. The 

molluscs belonged to both the classes Bivalvia and Gastropoda. Species of particular interest included 

Anodonta anatina, Anodonta implicata, Anodonta marginata, Biomphalaria pfeifferi, Bulinus truncatus 
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and Bellamya crawshayi. Molecular analysis was conducted to further identify Bulinus and Schistosoma 

haematobium. PCR amplification of the Cox1 gene region produced an approximately 400-base-pair (bp) 

amplicon for Bulinus, while nested PCR targeting the Cox1 gene region of the parasite produced an 

approximately 770-bp amplicon. Phylogenetic analysis showed high genetic similarities between the 

sampled Bulinus truncatus and sequences from some European countries, while Schistosoma 

haematobium showed high similarities with sequences from France and the United Kingdom. The 

findings demonstrate the usefulness of combining morphological and molecular techniques in identifying 

freshwater molluscs and schistosome-related organisms in wetland ecosystems. The study provides useful 

information for understanding the potential transmission ecology of urinary schistosomiasis in the 

Hadejia-Nguru Wetland. 

Keywords: Hadejia-Nguru Wetland, freshwater molluscs, Bulinus truncatus, Schistosoma haematobium, 

molecular identification, PCR, Cox1, schistosomiasis. 

 

1. INTRODUCTION 
Freshwater wetlands provide important ecological resources for both human populations and aquatic 

organisms. The Hadejia-Nguru Wetland in northern Nigeria is an important wetland ecosystem that 

supports agriculture, fishing, livestock production and other human activities. Its permanent and seasonal 

water bodies also provide suitable habitats for numerous freshwater organisms, including molluscs. 

Freshwater molluscs are important components of aquatic ecosystems. They contribute to nutrient cycling 

and serve as food for other organisms. However, some freshwater snail species have considerable public-

health importance because they act as intermediate hosts for parasitic trematodes. Among these parasites 

are species of Schistosoma, which cause schistosomiasis. 

Urinary schistosomiasis, caused by Schistosoma haematobium, remains an important parasitic disease in 

many parts of Africa. The parasite requires suitable freshwater snail hosts in its life cycle. Species of the 

genus Bulinus are particularly important intermediate hosts for S. haematobium. Consequently, 

understanding the distribution and identity of Bulinus species is important in assessing the potential risk 

of schistosomiasis transmission. 

Mollusca is the second largest phyla of invertebrates, found in various habitat and are divided into 

freshwater, marine and terrestrial forms (Sudarshan and Akhila, 2021). Two classes of molluscs inhabit in 

freshwater bodies, Gastropoda (snails, Slugs and limpets) and Bivalvia (mussels and clams) (Gadzama 

and Mondo, 2011). Class Gastropoda is the largest group in the phylum mollusca with about 10,000 

species, which are mostly freshwater dwellers (Vaughan et al., 2014). Molluscs are a key component of 

freshwater ecosystems, contributing to bio-turbation and filtration in freshwater lotic and lentic 

environments (Sor et al., 2020). Ecologically, molluscs play important roles in interacting with other 

freshwater fauna to stabilize the food web (Sor et al., 2020). 

Traditionally, freshwater molluscs have been identified mainly through their shell morphology and other 

observable characteristics. Although morphological identification is useful, closely related species may 

possess similar physical characteristics, making accurate identification difficult. Molecular techniques, 

including polymerase chain reaction (PCR) and DNA sequencing, provide additional means of 

distinguishing organisms based on their genetic characteristics. 

The study therefore combines morphological examination with molecular techniques to investigate 

freshwater molluscs in the Hadejia-Nguru Wetland and to identify Bulinus species and associated 

Schistosoma parasites. The molecular analysis described in the study used the cytochrome c oxidase 

subunit I (Cox1) gene region and phylogenetic analysis to determine genetic relationships between the 

sampled organisms and previously reported sequences. 

The study recorded eleven freshwater mollusc species belonging to eight families. Of particular 

importance was Bulinus truncatus, a species associated with the transmission of urinary schistosomiasis. 

Molecular results further provided evidence of genetic relationships between the organisms obtained from 

the study area and sequences available from other geographical locations. 

2. Statement Of The Problem 
The Hadejia-Nguru Wetland supports numerous human activities, including fishing, farming and domestic 
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use of freshwater resources. These activities bring people into frequent contact with freshwater habitats 

where snail intermediate hosts of parasitic diseases may occur. Molluscs in Hadejia-Nguru wetlands 

which are one of the dominant invertebrate groups in wetlands play significant ecological roles in the 

structure and function of wetland systems (Nagelkerken et al., 2008; Printrakoon et al., 2008). Despite 

their importance, there are few specific quantitative data on the diversity and biomass of molluscs in 

wetlands (Printrakoon et al., 2008). In in some parts of the Hadejia-Nguru Wetland there is limited 

information on their composition, distribution and molecular characteristics despite the ecological and 

public-health importance of freshwater molluscs. 

Furthermore, the presence of Bulinus species in freshwater bodies is important because some members of 

the genus serve as intermediate hosts of Schistosoma haematobium. Inadequate information about the 

distribution and genetic identity of these snails can make it difficult to understand the local transmission 

ecology of urinary schistosomiasis. 

Another challenge is that molecular variation may exist between populations of the same species from 

different geographical areas. Therefore, relying exclusively on morphological characteristics may 

overlook important genetic differences. 

There is consequently a need for an integrated investigation using morphological identification, PCR, 

DNA sequencing and phylogenetic analysis to improve the identification of freshwater molluscs and 

schistosome-related organisms in the Hadejia-Nguru Wetland. 

3. Objectives Of The Study 
General objective 

The general objective of this study is to investigate the distribution of freshwater molluscs and 

molecularly identify Bulinus species and Schistosoma haematobium in the Hadejia-Nguru Wetland of 

Nigeria. 

Specific objectives 

The study specifically aims to: 

1. Determine the composition and diversity of freshwater molluscs occurring in selected locations of 

the Hadejia-Nguru Wetland. 

2. Identify and classify the freshwater molluscs based on their morphological characteristics. 

3. Determine the distribution of the identified mollusc species across the sampled wetland locations. 

4. Hypotheses Of The Study 

Based on the title “Distribution of Freshwater Molluscs and Molecular Identification of Schistosomes in 

Bulinus Species in the Hadejia-Nguru Wetland of Nigeria,” the following hypotheses can be formulated: 

Null Hypotheses (HOs) 

HO1: There is no significant difference in the distribution of freshwater mollusc species among the 

sampled locations of the Hadejia-Nguru Wetland. 

HO2: There is no significant difference between morphological and molecular identification of Bulinus 

species in the study area. 

HO3: There is no significant genetic relationship between Bulinus truncatus and Schistosoma 

haematobium sequences obtained from the Hadejia-Nguru Wetland and corresponding sequences from 

other geographical locations. 

 

5. RESEARCH METHODOLOGY 
 5.1 Study area 

The study was conducted in the Hadejia-Nguru Wetland of Nigeria, an important freshwater wetland 

ecosystem in northern Nigeria. Selected water bodies and wetland locations were investigated for the 

presence and distribution of freshwater molluscs. The study considered four wetland locations, including 

Nguru and Kirkasama, as indicated in the supplied data. 

5.2 Collection of freshwater molluscs 
Freshwater molluscs were collected from selected water bodies within the study area. The collected 

specimens were examined and identified based on their observable morphological and shell 

characteristics. 
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The characteristics considered included: 

 Shell shape and size 

 Shell colour 

 Shape and position of the umbo 

 Number and arrangement of whorls 

 Aperture characteristics 

 Shell surface and sculpture 

 Direction of coiling 

 Habitat and associated aquatic vegetation 

5.3  Morphological identification and classification 

The collected molluscs were identified using appropriate taxonomic characteristics and identification 

keys. The study recorded eleven species belonging to eight families. 

The families included: 

 Unionidae 

 Mutelidae 

 Ampullariidae 

 Paludomidae 

 Thiaridae 

 Planorbidae 

 Lymnaeidae 

 Viviparidae 

The study included both Bivalvia and Gastropoda. 

Examples of species identified include: 

 Anodonta anatine 

 Anodonta implicate 

 Anodonta marginata 

 Biomphalaria pfeifferi 

 Bulinus truncates 

 Bellamya crawshayi 

5.4 Molecular analysis 
Molecular analysis was undertaken to provide additional confirmation of species identity, particularly for 

Bulinus and Schistosoma haematobium. 

DNA was extracted from appropriate samples and subjected to polymerase chain reaction (PCR). 

 5.4.1 PCR amplification of Bulinus 

The Cox1 gene region was targeted for molecular identification of the sampled Bulinus. According to the 

supplied data, PCR amplification produced an amplicon of approximately 400 base pairs. 

The resulting amplification products were used for subsequent molecular analysis and comparison with 

available genetic sequences. 

 5.4.2 Molecular detection of Schistosoma haematobium 

A nested PCR targeting the Cox1 gene region was used for molecular analysis of Schistosoma 

haematobium. The supplied results indicate an amplification product of approximately 770 base pairs. 

This molecular approach provided additional evidence for identifying the parasite beyond morphological 

examination. 

5.4.3 DNA sequencing and sequence comparison 

The amplified DNA products were subjected to sequencing. The resulting sequences were compared with 

sequences available in GenBank. 

The supplied data indicate GenBank accession numbers including OP810417, OP810418 and OP810419 

for the relevant Bulinus sequences. 

Sequence comparison was used to determine the percentage similarity between the study samples and 

previously reported organisms. 
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5.4.4 Phylogenetic analysis 
Phylogenetic analysis was carried out to determine the genetic relationships between the study samples 

and reference sequences obtained from other geographical locations. 

The supplied findings indicate that Bulinus truncatus showed approximately 98–100% similarity with 

sequences from countries including Belgium, Germany, Spain and the United Kingdom, although some 

differences were observed among geographical populations. 

Similarly, Schistosoma haematobium showed approximately 98–100% similarity with sequences from 

France and the United Kingdom. The differences observed between some sequences may be associated 

with geographical variation and/or differences in molecular markers used in different studies. 

 

6. DATA PRESENTATION AND ANALYSES 

 6.1 Composition, Distribution, Description and Taxonomy of Molluscs from Hadejia-Nguru 

Wetland 

 

A total of eleven (11) species of freshwater molluscs belonging to eight (8) families were collected from 

the four (4) water locations of the wetlands. Two of the families, Unionidae and Mutelidae 

belong to the class Bivalvia (Plates I-III) while the other six namely, Ampullaridae, Paludomidae, 

Thiaridae, Planorbidae, Lymnaeidae and Viviparidae belong to the class Gastropoda (Plates IV -XII). The 

family Unionidae is represented by three species of the genus Anodonta, the Mutelidae and Planorbidae 

are represented by two species respectively while Paludomidae, Lymnaeidae, Ampullaridae, and 

Lymnaeidae, Thiaridae, are represented by single species.  
 

   

  
 

Plate I - Anodonta anatina 

Site of Collection: Kirkasama. 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Bivalvia 

Order: Unionoida 

Family: Unionidae 

Genus: Anodonta (Lamarck, 1799) 

Species: Anodonta anatina (Linnaeus, 1758) 
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Plate II - Anodonta implicata 

Site of Collection: Kirkasama 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Bivalvia 

Order: Unionoida 

Family: Unionidae 

Genus: Anodonta (Lamarck, 1799) 

Species: Anodonta implicata (Say, 1829) 
 

 

 

  
 

Plate III - Anodonta marginata 

Site of Collection: Kirkasama. 

Kingdom: Animalia (Linnaeus, 1758) 

Subkingdom: Bilateria (Hatschek, 1888) 

Superphylum: Eutrochozoa 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Bivalvia 

Order: Unionoida 

Family: Unionidae 

Genus: Anodonta (Lamarck, 1799) 

Species: Anodonta marginata 
 
 

 

Gaba et al. ….. Int. J. Innovative Biosciences Res 14(3):109-126, 2026 

 



 
 

Plate: IV - Biomphalaria pfeifferi 

Sites of Collection: Nguru and Kirkasama. 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Gastropoda (Cuvier, 1795) 

Family: Planorbidae 

Subfamily: Planorbinae 

Genus: Biomphalaria (Preston, 1910) 

Species: Biomphalaria pfeifferi (Krauss, 1848) 

 
 

  
Plate V - Bulinus truncatus 

Site of Collection: Nguru 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Gastropoda (Cuvier, 1795) 

Order: Hygrophila 

Family: Planorbidae 

Subfamily: Planorbinae 

Genus: Bulinus 

Species: Bulinus truncatus (Adouin 1827) 
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Plate VI - Bellamya crawshayi  

Sites of Collection: Nguru and Kirkasama 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Gastropoda (Cuvier, 1795) 

Subclass: Orthogastropoda (Ponder & Lindberg, 1996) 

Order: Sorbeoconcha (Ponder & Lindberg, 1997) 

Family: Viviparidae (Gray, 1847) 

Subfamily: Bellamyinae 

Genus: Bellamya 

Species: Bellamya crawshayi (Smith, 1893) 

 

   
Plate: VII- Pila ampullaceae 

Sites of Collection: Nguru, Kirkasama, Sabuwar Daba and Margadu 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Gastropoda (Cuvier, 1795) 

Superfamily: Ampullarioidea 

 

Family: Ampullariidae 

Subfamily: Ampullariinae 

Genus: Pila 

Species: Pila ampullaceae (Linnaeus, 1758) 
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Plate VIII - Lymnaea natalensis 

Sites of Collection: Nguru and Kirkasama. 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Gastropoda (Cuvier, 1795) 

Superfamily: Lymnaeoidea 

Family: Lymnaeaidae 

Subfamily: Lymnaeinae 

Genus: Lymnaea 

Species: Lymnaea natalensis (Linnaeus, 1758) 

 

 
 

   
 

Plate IX - Cleopatra bulimoides 

Site of Collection: Kirkasama. 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Gastropoda (Cuvier, 1795) 

Superfamily: Cerithioidea 

Family: Paludomidae (Gill, 1871) 

Subfamily: Cleopatrinae 

Genus: Cleopatra 

Species: Cleopatra bulimoides (Olivier, 1804) 
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Plate X - Melanoides maculata 

Sites of Collection: Nguru and Kirkasama. 

Phylum: Mollusca (Linnaeus, 1758) Cuvier, 1795 

Class: Gastropoda (Cuvier, 1795) 

Superorder: Caenogastropoda (Cox, 1960) 

Order: Sorbeoconcha (Ponder & Lindberg, 1997) 

Family: Thiaridae (Troschel, 1857) 

Genus:  Melanoides 

Species: Melanoides maculata (Born, 1780) 

 

6.2 Description of Freshwater Molluscs Species in Hadejia-Nguru Wetland 

6.2.1 Anodonta anatina  

Description: This species has a swollen shell that is slightly oval in shape and the umbo is markedly 

raised and arched dorsally giving it a “comma” shape. The species is rare in its distribution and occurred 

in flowing water bodies with a predominantly sandy bottom. It was encountered only in Kirkasama (Plate 

I). 

 6.2.2 Anodonta implicata  
Description: The species is relatively large. The shell is dark green-brown, with the anterior part of the 

shell closely narrowed forming an angle with the dorsal stretch of the hinge. The posterior end of the shell 

forms a trapezoid-shape with the dorsal stretch. The umbo is flattened and the width of the posterior part 

is almost as a twice that of the anterior region. The inner surface of the shell is glossy, having a reflection 

of purple, the species was encountered only in Kirkasama water body (Plate II). 

6.2.3 Anodonta marginata  

Description: The shell is elongate-elliptical in shape and dark brown, swollen and narrowed interiorly, 

with the outer surface usually sculptured with concentric ridges and strongly striated. The dorsal umbo is 

slightly raised and eroded giving it a silver-colour. The hinge-plate is without 

elevations. The inner surface of shell has a pallial line that connects the scars of the anterior and posterior 

adductor muscles, the species was encountered in only one of water body but are in abundant (Plate III). 

6.2.4 Biomphalaria pfeifferi  
Description: Shell is thin-walled and translucent, disc-like and coiled in a plane spiral (planospiral). The 

whorls are well-rounded and increasing regularly and rapidly. Apex is depressed. The mouth is oval and 

not flared. The spire is deeply sunken, this species was very rare and present in Nguru and Kirkasama 

locations (Plate V). 

 6.2.5 Bulinus truncatus 
Description: The shell is small, light brown, delicate and sinistral. The body whorl and the aperture is 

large; the spire is small. This species was present in shallow parts of water bodies that are rich with 

aquatic vegetation such as Cyperus alternifolius, Cyperus rotundus, Nymphaea lotus, Typha australis e.t.c 

(Plate VI). 

6.2.6 Bellamya crawshayi  
Description: The shell is ovate and the lip is not flared but with a stripe of darker coloration lines round 

the inner lip of the aperture. The shell is dextral (coiled to the right) thin and smooth, brown with shades 
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of green. The sutures are deep and the umbilicus pitted. The body whorl is conspicuously globose and the 

apex pointed. It is commonly found in slow moving parts of water body with a rich substratum. This 

species are present in Nguru and Kirkasama (Plate VII). 

6.2.7 Pila ampullaceae  
Description: The shell is mostly large, smooth, moderately thick, globose or ovate, with corneous 

opercula spirally coiled around columella. The shell is green brown with transverse faint dark bands and 

incised with vertical ribs. The spire is less depressed. It has operculum that is horny. It has 3 - 4 whorls 

that are well developed and less inflated. The body whorl constitutes the bulk of the shell. The umbilicus 

is larger and perforated. These species were the most frequently encountered and it occurs in large 

numbers when present P. ampullaceae showed preference to clear waters with a lot of waves and sandy 

substratum and were present in all the locations (Plate VIII). 

 6.2.8 Lymnaea natalensis  
Description: Shell is small, light brown, thin-walled with a short spire and short pointed apex. The body 

whorl is very swollen and the aperture large and oval with the absence of operculum. 

This species was encountered in Nguru and Kirkasama locations (Plate X). 

6.2.10 Cleopatra bulimoides  
Description: The shell is smooth, axial and incised, brown with darker spiral bands (banded river snail). 

It is dextral and ovate in shape with the umbilicus closed and apex pointed. The aperture is obliquely oval, 

the lip not flared and the operculum convex/oval with a nucleus at the edge towards the umbilicus. This 

snail is not common in most water bodies in the study area, was found only in Kirkasama water location 

(Plate XI). 

 6.2.11 Melanoides maculata  
Description: The shell is light brown, elongated and conical in shape, with the whorls increasing is size. 

The shell is speckled with dark brown patterns along its length and the apex of the last whorl is peaked. 

The lip is not flared and the umbilicus closed. The aperture is pear-shaped and operculum absent. The 

Species was found in Nguru and Kirkasama water location (Plate XII). 
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Table 1: Location wise distribution of molluscs species 

  Locations 

Molluscs Species  Nguru Sabuwar Daba Margadu Kirkasama 

Anodonta anatina - - - + 

Anodonta implicata - - - + 

Anodonta marginata - - - + 

Biomphalaria 

pfeifferi 

+ - - + 

Lymnaea natalensis + - - + 

Melanoides maculata + - - + 

Bellamya crawshayi + - - + 

Pila ampullaceae + + + + 

Bulinus truncates 

 

Cleopatra 

bulimoides        

 

 

+ 

 

- 

- 

 

- 

- 

 

- 

- 

 

+ 

 

+ (present) ; - (absent) 
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6.3 Molecular Analysis 

 PCR of Bulinus species and Schistosoma haematobium 

The PCR amplification of the Cox1 gene revealed the DNA sample at 400 base pair (Plate XIII).  Three 

nucleotide sequence was submitted to the GenBank with the following accession number OP810417, 

OP810418 and OP810419. Meanwhile the nested PCR amplification of the Cox1 gene for Schistosoma 

haematobium revealed the DNA samples at 770 base pair amplicons (Plate XV). 

 

 

 
 

Plate XI. Electropherogram of amplified Cox 1 gene 

Lane M: 100bp ladder; Lane: 1-14 (Bulinus species) are sample from this study, lane C: is 

negative control 
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Figure 1: Neighbor-Joining of the phylogenetic tree based on Bulinus species nucleotide sequence of Cox 

1 gene (Tamura et al., 2021).  

 

Alignment and phylogenetic analysis 

Based on the Bulinus phylogenetic tree constructed in figure 19, sample from with accession numbers 

OP810417 and OP810418 clustered with samples from Spain, Belgium and Sudan shared (100%) 

similarities while OP810418 clustered with samples from Germany and United Kingdom shared (100%). 

Schistosoma haematobium phylogenetic tree constructed in figure 10, EU567128 samples from United 

Kingdom and MK757168 from France clustered with samples from this study shared (100%). 

HNW (NIGERIA) 

HNW (NIGERIA) 

HNW (NIGERIA) 
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Plate XII: Electropherogram of amplified Cox 1 gene. 

Lane M: l00 bp ladder; Lane 1-20 (Schistosoma haematobium) are sample from this study. 
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Figure 2: Neighbor - Joining of the phylogenetic tree of Schistosoma haematobium nucleotide sequences 

of Cox 1 gene from Bulinus species in hadejia-nguru wetland. (Tamura et al., 2021)  
  

7. DISCUSSION OF FINDING 

 Molecular Analysis of Bulinus and Schistosoma haematobium 
The Bulinus in this study was found to be infected with Schistosoma haematobium known to cause 

urinary Schistosomiasis (Chala et al., 2018; Gaye et al., 2021). The PCR amplification of Cox1 gene 

region of Bulinus revealed the sampled DNAs at the amplicon of 400 base pairs. Akinwale et al. (2011) 

reported similar finding in South-west Nigeria with the DNA at same amplicon of 400 base pairs. The 

nucleotide sequence of Bulinus truncatus has been deposited in GenBank with the following accession 

number OP810417, OP810418 and OP810419. The nested PCR amplification of Cox1 gene region 

revealed the sampled DNAs at the amplicon of 770 base pairs. In a similar study, Schistosoma 

haematobium from Gambia was reported to have a band size of 770 base pairs (Mendy et al., 2020). The 

phylogenetic analysis revealed that the Bulinus truncatus have similarities of 98 - 100% with those from 

Belgium, Germany, Spain and United Kingdom but distantly similar with those from Spain, which could 

be an indication of species variation. Schistosoma haematobium have similarities of 98 - 100% with those 

from France and United Kingdom and not similar with those from any African country, which could be as 

a result of the marker used during the study. The use of different markers could be responsible for the 

HNW (NIGERIA) 
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dissimilarities (Mauro and Agorreta, 2010; Pedro et al., 2020). 

 

8. CONCLUSION 
The study demonstrates that the Hadejia-Nguru Wetland supports a diverse assemblage of freshwater 

molluscs, with eleven species belonging to eight families recorded from the investigated locations. 

Morphological examination successfully identified several freshwater mollusc species, including 

Anodonta species, Biomphalaria pfeifferi, Bulinus truncatus and Bellamya crawshayi. The presence of 

Bulinus truncatus is particularly important because Bulinus snails are associated with the transmission 

cycle of urinary schistosomiasis. 

The molecular component of the study further demonstrated the usefulness of PCR and Cox1-based DNA 

analysis in confirming the identity of Bulinus and Schistosoma haematobium. The approximately 400-bp 

amplification obtained for the Bulinus Cox1 region and the approximately 770-bp product obtained 

through nested PCR for S. haematobium provided molecular evidence for the organisms investigated. 

Phylogenetic analysis showed high genetic similarity between the study samples and sequences from 

other geographical regions. Nevertheless, observed differences indicate that genetic variation may occur 

among geographically separated populations, and molecular markers can influence the degree of 

similarity observed. 

Overall, combining morphological identification with molecular techniques provides a stronger approach 

for studying freshwater molluscs and schistosome transmission ecology in the Hadejia-Nguru Wetland. 

 

9. RECOMMENDATIONS 
Based on the findings of the study, the following recommendations are made: 

1. Regular surveillance of freshwater molluscs should be conducted in the Hadejia-Nguru Wetland 

to monitor changes in species composition and distribution. 

2. Particular attention should be given to Bulinus species, because of their importance as 

intermediate hosts in the transmission of urinary schistosomiasis. 

3. Molecular identification should complement morphological identification, especially where 

closely related mollusc species are difficult to distinguish based solely on shell characteristics. 

4. PCR and DNA sequencing should be incorporated into future investigations to improve the 

accuracy of snail and parasite identification. 

5. Communities that depend heavily on the wetland should receive appropriate health education 

about schistosomiasis, particularly regarding exposure to potentially contaminated freshwater. 

6. Further research should investigate the seasonal distribution and abundance of Bulinus in 

different water bodies of the Hadejia-Nguru Wetland. 

7. The molecular sequences generated from future studies should be deposited in recognized genetic 

databases to improve the availability of reference data for future identification and phylogenetic 

studies.  
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