Species Composition and Abundance of Freshwater Snails in Omor, Ayamelum Local Government Area of Anambra State





ABSTRACT 
Freshwater water snail intermediate hosts play an active role in the transmission of trematode parasites. The study assessed 4 water bodies in Omor, Ayamelum Local Government Area in Anambra State, Nigeria to assess the freshwater snails’ composition and abundance between January and June 2022. A total of 123 snails including Bulinus globosus, Bulinus truncatus, Biomphalaria pfeifferi, Lymnaea natalensis, Pila ovata, Potadoma moerchii, and Lanistes lybicus were collected from 4 water bodies in Omor. Snail sampling was done using scoop net for 45 minutes. They were screened individually for patent infection through exposure to sunlight for 2 hours in a petri-dish that contains distilled water and checked for cercarial shedding in the laboratory under a dissecting microscope. Snails were identified using a malacological guide. Bi. pfeifferi (21.14%) account for the highest, followed by B. globosus (19.51%), and the least is Pila ovata (6.5%). Cercariae infection in snail hosts shows B. globosus (42.86%) with the highest infection rate, followed by Bi. pfeifferi (28.57%), B. truncatus (14.29%) with a very high significant difference in the prevalence (p<0.001). pH (r= 0.982), temperature (r= 0.607), acidity (r= 0.975), and conductivity (r= 0.921) correlated positively with snails’ abundance following physico-chemical parameter assessment. The study underscores the important role of vegetation in the snail habitat and also established the presence of freshwater snails in the focal streams in Omor, most of which are known vectors of schistosomiasis and other snail-borne disease.

1. INTRODUCTION
[bookmark: _Hlk202794765]Freshwater snails belong to the Phylum Mollusca and are invertebrate animals found in freshwater habitats including ponds, streams, rivers, and lakes [1]. They possess a unique feature, known as a “shell " forming a major feature of this phylum [2]. Freshwater snails of the sub-class Gastropoda thrive in both the tropical and sub-tropical regions globally [3]. Some species of this subclass called pulmonate snails are known to serve as intermediate hosts of schistosome parasites that harbours the asexual stages of these parasites before they are released into waterbodies where they penetrate the skin of unsuspecting human hosts for further development of their sexual stage [4,5,6,7]. Most of the freshwater snail intermediate hosts for human schistosomiasis belong to three genera Biomphalaria, Bulinus, and Oncomelania. They are mainly responsible for the transmission of schistosomiasis globally [8] but Biomphalaria pfeifferi, the intermediate host of Schistosoma mansoni, and Bulinus species, the intermediate host of Schistosoma haematobium are responsible for the disease transmission in Africa [8]Understanding the distribution of freshwater snails and factors that influence their distribution is crucial to effectively controlling their spread and vectoral capacity [9]. Some of these factors include   climate, topography, vegetation, and the type of water bodies in an area. Findings [10,11,12,13,14,15,16,17] have reported the distribution of freshwater snails in diverse freshwater habitats and factors responsible for their distribution and vectoral activity across different parts of Nigeria Anambra State is known to have diverse freshwater environments, and this offers numerous favourable habitats for freshwater snails especially the snail hosts to thrive [18]. Evidence from the mapping of urinary schistosomiasis in 21 Local Government Areas in Anambra State by [18] suggested strongly that schistosomiasis is prevalent in the State. More so, out of the surveyed Local Government Areas (LGAs), Ayamelum LGA, where this study area is located was implicated for schistosomiasis prevalence  (Ndukwe et al., 2019). Hence, the need to investigate the species composition of freshwater snails in Omor (Aymelum LGA) to identify the freshwater snail intermediate hosts in this area and determine the physico-chemical properties of the waterbodies in the area and how these water properties influence the freshwater snail species identified. 
2.0 MATERIALS AND METHODS
2.1 Study Area 
Omor is a riverine area located in Ayamelum Local Government Area of Anambra State, Nigeria. It is located within Latitude 60 30’ 37”N and Longitude 60 57’ 32”E. It is surrounded by Umumbo, Igbakwu, Anaku, Umerum, and Ogbosu in Umulokpa clan as in Uzo-Uwani L.G.A. Geographically,it is the largest town in Anambra  Agulu [19]. Omor is made up of four villages- Orenja, Akanator, Aturia, and Amikwe  and 20 sub-villages;  Isiokwe, Ezeonyia, Umu-uzu, Umuokpanta;  Amaukwu, Isukwa, Umali, Umuezeatum, Agbaja,, Oyi; Ituku, Isiekenabo, Isiove, Umuanala, Isiadi, Isiokpaya, and Isinkakwu; Amikwe-etiti and Umuogbu. Omor is known to have good vegetation, and fertile lands for the production of food crops such as rice, maize, yam, cassava, and assorted fruits and as such, predisposes farmers to freshwater bodies located in the area. Majority of the people living in Omor are farmers while others engage in trading, fishing activities as the main sources of income in the area hence it is said to be the food basket of Anambra State [19]. The environs of Omor is riverine in nature with abundant rainfall and as a result, humid and made up of vegetation all year round. Also, the people live very close to waterbodies such as streams which they access frequently to meet their water needs including bathing, drinking, and other domestic purposes due to lack of potable water sources in the area. 
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Figure 1: Map of the study area indicating the water bodies sampled for freshwater snails  
2.2 Snail sampling  
Snail sampling was done at selected sites along water bodies between January and June 2022. These include sites where people wash clothes or utensils, collect water for domestic purposes, bathe, swim or fish, and sites with no apparent human water contact. Each sampling site was visited in the morning and snail collection was made for 45 minutes at each of the sites, using a scooping net (diameter: 18 cm) supported by a frame mounted on a 2-metre-long handle. Manual search with visual inspection and hand-picking was also employed at the various sites. The snails were carefully put in a clean and well-labelled containers before being transported to the laboratory where they were identified using shell morphology following. [20] and [21].  
2.3	Screening of identified snail intermediate hosts for cercarial shedding 
The snails were screened for cercarial shedding in the laboratory. The snails collected were screened individually by placing each snail in a labeled petri-dish with distilled water and exposed for 2 hours, to stimulate the snails to shed cercariae. The cercarial shedding time was midday, in order to coincide with early peak shedding period. The water was then examined in the laboratory for cercariae under a dissection microscope. 
2.4	Sampling of vegetation from the water bodies
Vegetation samples were collected from each sampling site and preserved for one week by placing each uprooted plant sample on a wooden board and covered with another wooden board. The boards containing the plants were well tied at both ends, this helped preserve the plant features for identification. The samples were labeled according to the site where they were collected. Identification of samples of aquatic vegetations collected from the sampling sites was carried out at the Departments of Botany, Nnamdi Azikiwe University, Awka, Anambra State. 
2.5	Water physico-chemical parameters 
The physico-chemical parameters including pH, dissolved oxygen, conductivity, and temperature of water bodies sampled for freshwater snails were obtained by dipping the hand-held portable meter (Combo HANNA HI98129) inside the water bodies for few minutes staying in one spot while the meter reading is taken and recorded. The physico-chemical parameters for each sampling site were recorded accordingly. Also, the water samples were collected from each water body and was carefully labelled, assessed, and tested for its nitrite, chloride, acidity, salinity, alkalinity, and turbidity in the laboratory(Springboard Research laboratory Awka, Anambra State) after which the values of the nitrite parameter determined for each sampling site were recorded accordingly. 
2.6	Morphological identification of freshwater snails 
Freshwater snails’ identification was done using shell morphology according to [20]. This was achieved by holding the snail shell with the apex (pointed edge) pointing upward. When the aperture (shell opening below the body whorl) opens to the right, it is termed dextral but when the aperture opens to the left it is termed sinistral. Moreso, the sculptural markings on the snail shell were considered during identification. Other shell components considered during identification include the number of whorls, shape of the shell, type of apex (sharp or blunt), and shape of the peristome on the aperture.
2.7 Statistical Analysis 
Data obtained were analyzed using R Console software (Version 3.6.1). Pearson's Chi-square test was used to compare snail abundance between species, across habitat types, as well as locations. Pearson’s correlation test was used to determine the association between snail abundance and physico-chemical parameters. The P-values <0.05 were considered statistically significant.

3.0  RESULTS AND DISCUSSION
3.1 Species Composition of Freshwater Snails in Relation to Locations 
A total of 123 freshwater snails were collected from Iyiato, Ogu Ukwa, Okpu, and Mmili walu ofu streams across different villages in Omor, Anambra State. The snail collected span across 4 families in 6 genera and 7 species, The species  Bulinus globosus (19.51%), Bulinus truncatus (15.45%), Biomphalaria pfeifferi (21.14%), Lymnea natalensis (13.01%), Lanistes lybicus (14.63%), Pila ovate (6.50%), and Potadoma moerchiI (9.67%).  The abundance of freshwater snails in relation to the different locations in Omor were; Akanato 37(30.08%), Aturia; 30(24.39%), Amikwe; 30(24.39%) and Orenja 26(21.13%), the difference in the abundance of freshwater snails in relation to location showed no significance (P = .646), Table 1.
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Table 1: Species Composition of Freshwater Snails in Relation to locations
	Location
	Habitat (Stream)
	All Snail Species
	All snails

	
	
	B. globosus
	B. truncatus
	Bi. pfeifferi
	L. natalensis
	L. lybicus
	P. ovata
	P. moerchii
	

	Akanato 
	Iyiato 
	7
	6
	9
	4
	4
	2
	5
	37 (30.08)

	Aturia
	Ogu Ukwa 
	8
	4
	7
	6
	0
	3
	2
	30 (24.39)

	Orenja
	Okpu Stream
	5
	6
	3
	2
	5
	3
	2
	26 (21.13)

	Amikwe
	Mmili walu ofu 
	4
	3
	7
	4
	9
	0
	3
	30 (24.39)

	Total (%)
	
	24(19.51)
	19(15.5)
	26(21.14)
	16(13.01)
	18(14.63)
	8(6.50)
	12(9.76)
	123(100.00)




²= 1.6613, df = 3, P = .646





3.2. The abundance of freshwater snails in Omor, Anambra State. 
The abundance of freshwater snails in relation to snail species collected in Omor, revealed the highest abundance in Biomphalaria pfeifferi 26(21.14%), followed by B. globosus 24(19.51%) and B. truncatus 19(15.45%). The least abundance was recorded in L. lybicus 8(6.50%). Nevertheless, the difference in the abundance of freshwater snails in relation to snail species showed no variation (P = .086) Table 2.



















Table 2: The abundance of freshwater snails in Omor, Anambra State
	Snail Species
	No. Collected
	(%) Abundance

	Bulinus globosus
	24
	19.51

	Bulinus truncatus
	19
	15.45

	Biomphalaria pfeifferi
	26
	21.14

	Lymnea natalensis
	16
	13.01

	Lanistes lybicus
	18
	14.63

	Pila  ovate
	8
	6.50

	Potadoma moerchii
	12
	9.76

	Total
	123
	100.00




²= 11.093, df = 6, P = .086











3.3 The Physico-chemical parameters that influence the abundance and distribution of freshwater snails 
The results of the physico-chemical parameters that influence the abundance and distribution of freshwater snails obtained from the study are presented in Table 3 below. 
The relationship between the physico-chemical parameters and the abundance of freshwater snails in Omor Community reveals a weak negative relation between chloride concentration, salinity, and alkalinity versus the abundance of freshwater snails respectively. In the same light, the result indicates a very strong negative relationship between nitrite concentration and dissolved oxygen versus the abundance of freshwater snails respectively. This implies that all the physico-chemical parameters highlighted above had no influence on the pooled abundance of freshwater snails found in Omor Community.



















	S/N 	
	Location/waterbody
	Physico-chemical Parameters

	
	
	pH
	Chloride
(Mg/l)
	Salinity
(Ppt)
	Alkalinity
(Mg/l)
	Acidity
(Mg/l)
	Turbidity
(NTU)
	Conductivity
(µs)
	Temp
(0C)
	Nitrite 
Mg/l
	Dissolved Oxygen

	1
	Akanato Village (Iyiato)
	6.20
	71
	0.128
	36
	40
	64
	56
	16.10
	1.623
	168

	2
	Aturia Village 
(Ogu Ukwa)
	6.80
	42
	0.075
	26
	55
	42
	84
	22.90
	1.465
	136

	3
	Amiikwe
(Mmiri walu ofu)
	7.30
	87
	0.157
	32
	65
	38
	92
	24.30
	0.732
	84

	4
	Orenja
(Okpu River)
	7.12
	46
	0.083
	38
	70
	92
	114
	17.80
	1.361
	140


Table 3: The physico-chemical parameters that influence the abundance and distribution of freshwater snails






Table 4: Comparison between the Total number of Snails and the Physico-chemical Properties
	Physico-chemical parameters
	P value

	r
	r2
	Relationship
 

	Level of Significance
        (S)

	

	pH
	0.018
	0.982
	0.964
	Very strong positive
	Significant 
	

	Chloride (Mg/l)
	0.879
	-0.121
	0.0146
	Very weak negative
	Not significant
	

	Salinity (Ppt)
	0.881
	-0.119
	0.0142
	Very weak negative
	Not significant
	

	Alkalinity (Mg/l)
	0.880
	-0.120
	0.0144
	Very weak negative
	Not significant
	

	Acidity (Mg/l)
	0.025
	0.975
	0.9506
	Very strong positive
	Significant
	

	Turbidity (NTU)
	0.997
	0.003
	0.000009
	Very weak positive
	Not significant
	

	Conductivity (µs)
	0.079
	0.921
	0.848
	Very strong positive
	Not significant
	

	Temp (0C)
	0.393
	0.607
	0.368
	Strong positive
	Not significant
	

	Nitrite Mg/l
	0.315
	-0.685
	0.469
	Strong negative
	Not significant
	

	Dissolved Oxygen
	0.249
	-0.751
	0.564
	Strong negative
	Not significant
	











3.4 Prevalence of Cercaria Infection in Freshwater Snails 
Seven representing 5.69% of the total snails examined were infected with cercariae. From the results Bulinus globosus had the highest infection rate (42.86%), followed by Biomphalaria pfeifferi (28.57%), Bulinus truncatus (14.29%) and Lymnea natalensis (14.29%). No cercaria infection was observed for Lanistes lybicus (0.00%), Pila ovata (0.00%) and Potadoma moerchii (0.00%). Nonetheless, there was a very high significant difference in the prevalence of cercaria infection in relation to freshwater snail species collected p < 0.001.

Table 5: Prevalence of Cercaria Infection in Freshwater Snails 
	Snail Species
	No. Examined
	No. Infected with Cercariae
	Prevalence (%)

	Bulinus globosus
	24
	3
	42.86

	Bulinus truncatus
	19
	1
	14.29

	Biomphalaria pfeifferi
	26
	2
	28.57

	Lymnea natalensis
	16
	1
	14.29

	Lanistes lybicus
	18
	0
	0.00

	Pila  ovata
	 8
	0
	0.00

	Potadoma moerchii
	12
	0
	0.00

	Total (%)
	123
	7 (5.69)
	100.00


²= 114.28, df = 6, p < 0.001

3.5 Flora of the Study Area 
The different species of plant collected from the different water bodies sampled for freshwater snails are mostly dominated by grass species and other hydrophytic plant species. The water bodies sampled vary among themselves where some water bodies are seen with trees forming shades over them, while others were exposed. The water bodies were either fairly transparent or turbid. 
A total of eighteen (18) different aquatic plants belonging to different families were present in the different sampled sites visited across the study area. They include: Ludwigia octovalvis, Ageratum conyzoides, Chamaecrista mimosoides, Setaria verticillata, Calapogonium mucunoides, Imperata cylindrica, Ipomoea aquatica, Panicum maximum, Nymphaea lotus, Nuphar lutea, Oryza sativa, Setaria palmifolia, Cucumis sativus, Eleusine indica, Cynodon dactylon, Gomphrena celosioides, Alternanthera sessile, Pontederia crassipes. Both Ludwigia octovalvis and Nymphaea lotus were the only plant species found to be present in two locations. 
 DISCUSSION
Freshwater snail species reported in this study had earlier been reported in different parts of Nigeria [22,1,14, 23]. Imafidon, [24] and Brown [25] reported that these freshwater snails represent the tropical West African mollusc fauna and also correlate with the geographical distribution of freshwater snail species in West Africa [25].The distribution and abundance of freshwater snails in waterbodies may be attributed to the availability of food materials and oviposition sites. Water bodies rich in organic and silt matter are known to support populations of macro invertebrates because of the reduction in water current and substratum for attachment by the snails, which helps them from being washed away by water current [26]. The favorable effect of vegetation on snail habitat preference was confirmed by the fact that most snails in their various habitats were attached to aquatic plants. Abe et al., [10], Imafidon [24], Obureke et al., [27], and Amali [28] had previously reported the influence of aquatic vegetation on the distribution of snails of medical importance.  
Findings from this study indicate the presence of snail intermediate hosts of parasites including B. globosus, B. truncatus, Bi. pfeifferi, and L. natalensis in waterbodies of Omor, Ayamelum LGA, Anambra State, and that transmission is ongoing in these waterbodies following the screening of snail hosts for cercariae. This further complements the report by Ndukwe et al.,[18] who reported the endemicity of schistosomiasis in Anambra State, and Ayamelum LGA Okafor and Obiezue [29] also established the distribution of snail intermediate hosts in the River Basin area of Anambra State. 
The relationship between the physico-chemical parameters and the abundance of freshwater snails in Omor Community reveals a weak negative relation between chloride concentration, salinity, and alkalinity versus the abundance of freshwater snails respectively. In the same light, the result indicates a very strong negative relationship between nitrite concentration and dissolved oxygen versus the abundance of freshwater snails respectively. This implies that all the physico-chemical parameters highlighted above had no influence on the pooled abundance of freshwater snails found in Omor Community. Dissolved oxygen showed a positive correlation with snail abundance in a study of the spatial and seasonal distribution of Bulinus globosus and Biomphalaria pfeifferi..The present report contrasted with [Manyangadze et al. 30]. Freshwater snails are known to exhibit a high degree of tolerance and adaptation within a reasonable range of physio-chemical fluctuation [24,31,32]. Out of all the physico-chemical parameters measured, only pH (r= 0.982), temperature (r= 0.607), acidity (r= 0.975), and conductivity (r= 0.921) showed some levels of positive correlation with the abundance of the snails. This implies that pH, temperature, acidity, and conductivity influenced the abundance of the snail species observed. pH and temperature showed perfect relationship with the abundance of freshwater snails. This further reveal that both pH and temperature influenced the abundance of freshwater snails to a reasonable extent. This outcome is consistent with the studies by El-zeiny et al. [33] that observed a positive relationship between freshwater snail abundance and the water pH. Dogara et al., [35] and Nwoko et al., [36] have also established a positive relationship between temperature and B. globosus, B. pfeifferi, T. granifera. 
Acidity and conductivity also showed a very strong positive correlation with the abundance of freshwater snails. The present study agrees with Ebenezer and Ekwuribe [37] who reported a positive relationship between Bulinus species distribution and pH, salinity, and conductivity in the Amassoma community and Niger Delta University Campuses, Bayelsa State.
This present study reported a 5.69% overall prevalence of cercaria infection in snail hosts. Dunghungzin & Chontananarth [38] and Luka & Mbaya [39] reported similar findings of 2.5% and 2.45% in Central Thailand and Borno State, Nigeria respectively. Similar low cercariae prevalence was reported by Bagbe [40] in Okitipupa, Ondo State. However, Gboeloh & Ike-Ihunwo [41] reported 22.6% cercariae prevalence in B. globosus in Southern Nigeria. This implies that there is a potential transmission of schistosome and Fasciola sp. parasites in Omor waterbodies, thus increasing the susceptibility of the residents and ruminant animals to these pathogens. 
The presence of transmission sites in waterbodies across Omor Community is an indication that there is potential transmission of schistosomiasis and other snail-borne diseases in the surveyed sites, as human activities such as fishing, swimming/quick bath by farmers, washing, fetching of water, feeding of animals and irrigation may increase the chance of disease transmission.

4. Conclusion 
This study established the presence of seven freshwater snail intermediate hosts including B. globosus, B. truncatus, Biomphalaria pfeifferi  and L. natalensis., Potadoma moerchii, Pila ovata, and Lanistes lybicus. The findings also reveal that physico-chemical parameters influences the abundance of freshwater snail in the study locations. pH, conductivity, and temperature showed a very strong positive association with snail abundance, while turbidity proved a weak but positive relationship with the pooled abundance of freshwater snails. Aquatic vegetation belonging to nine plant families were identified in the waterbodies sampled for freshwater snails which indicated the importance of these plants on freshwater snails’ abundance and distribution. The shedding of cercariae by all the snail intermediate hosts indicates that most locations in Omor communities is a potential transmission focus for schistosomiasis and fascioliasis.  
The study recommends the need for continuous surveillance of key physico-chemical parameters such as pH, conductivity, and temperature because they show a very strong positive association with snail abundance. Also, community-based programs should be established to control excessive aquatic vegetation growth especially in susceptible water bodies thus limiting snail breeding opportunities.
Communities should be encouraged to practice safe water contact, including avoiding susceptible area by adopting protective measures when in contact with natural water sources. This can be achieved through awareness campaigns to educate local populations about the role of freshwater snails in the transmission of schistosomiasis. 
The use of molluscides should be adopted given that cercarial shedding was observed in all intermediate host species. More so, alternative safe water sources for domestic and recreational purposes should be prioritized to reduce human exposure to infected waters 
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