


	Determination of Physicochemical Parameters and Snail Distribution in Selected Water Bodies in Mubi, Adamawa State, Nigeria



Abstract:  
Study on the physicochemical parameters associated with distribution of snails in Mubi, Adamawa State, Nigeria was carried out to determine the physicochemical parameters that influence snail abundance and diversity. Freshwater has their medical importance, animals acquire these infections through repeated grazing on contaminated vegetation, the snails are considered to be intermediate host because snail harbor the asexual stage of the parasite. The study was conducted in the Mubi metropolis of Adamawa State, north of the Greenwich Meridian. The water sampling exercise was conducted twice a week, early in the morning, over a period of three months, to capture any temporal and spatial variations in water quality. Water parameters were carried out by standard protocol. Freshwater snails were collected from lentic and lotic freshwater bodies within the study together with water samples using a combination of sampling techniques to ensure a representative sample. 1,282 freshwater snail samples were collected from sampling sites, the distribution and abundance of snail shows that Bulinus species were more abundant and widely distributed across the study area with the value of 81.2%, the least abundance species was Lymnaea spp 7.2%. Effect of physicochemical parameters on distribution and abundance of snail in the study area revealed positive correlation between the parameters and the snail species abundance and distribution. The findings also indicate the physicochemical parameters (Turbidity, pH, Temperature, Dissolve oxygen, Iodine, Fluoride and Sanlity) have positive correlation that exist between the parameters and the snails, as the level of physicochemical parameters increase, there is a corresponding increase in snail species abundance and distribution.
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 INTRODUCTION
Snail populations are known to vary in seasons and are under control of climate. This macro distribution of gastropod in freshwater systems has been the subject of many surveys (Rajan et al., 2015). In most habitats, distribution has been found to be limited by climate factors such as the rain and drought, species will probably fail to colonize some habitats, while the other of similar habitats may be abundant (Wort et al., 2019). The role of environmental factors in the distribution of snail as intermediate host for the freshwater causes number of diseases such as schistosomiasis, paragonomiasis, dicrocoeliasis and fascioliasis (Pyron et al., 2015). There are many different type of snail which include African apple snail (Pila ovate) (Zhang et al.,2024) the Brown garden snail (cornu aspersum) and Giant African land snail (Achatina fulica) (Bajiro et al., 2017). These snail acts as intermediate host and a lot of different parameters that affect snail population such as the temperature, pH, dissolve oxygen, fluoride, iodine, ammonia and salinity (Krauth et al., 2016). 
Many species of freshwater snails belong to the class of highly infective flukes of veterinary importance. The flukes cause severe debilitating illness in millions of animals and human, (Parkharukova et al., 2019). The infections are widespread and prevalent in areas where the snail intermediate hosts breed in water bodies contaminated by feces or urine or even infected animals, (Olkeba et al., 2021). Freshwater has their medical importance, animals acquire these infections through repeated grazing on contaminated vegetation, the snails are considered to be intermediate host because snail harbor the asexual stage of the parasite (Wironpan et al., 2021). 
Transfer of the infection requires no direct contact between snails and the animal. Freshwater snails are also intermediate hosts of food borne fluke infection affecting the liver, lung and intestines of animal Xu et al., (2016) snail ecologist have tried to correlate snail distribution with physicochemical factors and to discover the ranges of these factors within which the snails thrive (Njoku-Tony, 2014). The disease is most commonly found in Africa, as well as Asia and South America, around 700 million people in more than 70 countries live in area where the disease is common (Thetiot-Laurent et al., 2013).    
Physicochemical parameters of water are of extreme significance in the distribution of aquatic life and also in the breeding of aquatic life. They also control chemical, biological and physical processes taking place in the environment. Physicochemical parameters of water also have influences on domestic life while physical and chemical parameters of soil affect many processes such as microbial activities, plant growth and mineral uptake by plants, cation exchange capacity and compactness of soil (Nsima et al., 2024). The physicochemical properties of water polluted by metals are altered which make the water unfavorable for the growth of planktons. The organic matter, redox potential, clay minerals, pH and temperature interrelationships between soil, microorganisms and toxic metals. Several forms of nitrogen are present in wastewater (Hou et al. 2018).  
The relationship between physicochemical parameters and snail distribution is not well understood by many people in Mubi, making it difficult on how to predict and manage changes on snail populations in the ecosystems they inhabit. Despite the importance of snails in the environment, little is known about the relationship between their abundance and the physicochemical parameters of their ecosystem. This research will help to fill this knowledge gap by studying the relationship between physicochemical parameters and snail distribution and abundance.  It will also serve as a baseline to evaluate the current physiochemical parameters status of the river associated with snail and provide scientific data for future monitoring of these parameters in the ecosystem. This research work aimed at determines the physicochemical parameters and snail distribution in Mubi Adamawa State, Nigeria.

Materials and Method
The study was conducted in the Mubi metropolis of Adamawa State, which was geographically situated between latitudes 10°30' and 10°05'N and longitudes 13°10' and 13°30'E north of the Greenwich Meridian. The area lay on the west bank of the Yedseram River, a stream that flowed north into Lake Chad, and was positioned on the western flanks of the Mandara Mountains, which formed both the drainage system and relief of North Eastern Nigeria.
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Fig. 1: A Map of Mubi showing the study area.
Sample collection    
A comprehensive water sampling regime was employed, wherein water samples were subsequently collected from four distinct locations: River Yedseram and Dipalma pond (Janruwa) in Mubi North Local Government Area, as well as Njairi River and Njairi pond in Mubi South Local Government Area. 
The water samples were promptly collected and subjected to rigorous testing for physicochemical parameters, with the assays conducted immediately after collection to ensure optimal sample integrity. To minimize errors and ensure representativeness, three separate bottles were utilized to collect water samples from different areas of the rivers and ponds, and each bottle was meticulously labeled with relevant metadata. Furthermore, the water sampling exercise was conducted twice a week, early in the morning, over a period of three months, to capture any temporal and spatial variations in water quality (Marcos et al., 2024).

Physicochemical parameter measurement     
Temperature;    
Water temperature was determined in situ at the sampling sites using a manual portable thermometer, whereby the electrode was immersed in the water and allowed to stabilize before the temperature values were recorded in degrees centigrade, following the method of Daudi, (2014). The thermometer was carefully calibrated prior to each measurement to ensure accuracy, and the readings were taken in triplicate to minimize errors. The temperature values were subsequently recorded in a data logbook for further analysis. 
Dissolved oxygen;
The dissolved oxygen (DO) values of the water samples were determined using a digital portable machine, specifically the Lamotte device, which provided accurate and precise readings. Prior to each measurement, the sample bottle was thoroughly rinsed with the sampling water to prevent contamination, and then filled with the water sample before being inserted into the Lamotte machine. The machine was calibrated according to the manufacturer's instructions to ensure optimal performance, and the DO values were displayed on the screen in milligrams per liter (mg/l). The readings were carefully recorded in a data logbook for further analysis, and the same procedure was meticulously repeated for all sampling sites to ensure consistency and reliability, following the methodological approach outlined by Fabiana et al., (2015).
 pH  
As in Shimrith, (2023), the pH values of the water samples were determined directly using a pen-type pH meter (model: Pen type pH meter), which provided accurate and precise readings. Prior to each measurement, the electrode of the pH meter was thoroughly calibrated in a standardized buffer solution to ensure optimal performance. The electrode was then rinsed with the sample water and dipped into the beaker containing the water sample, allowing for a two-minute equilibration period to ensure accurate readings. Following this, the pH meter was allowed to stabilize for an additional two minutes, after which the reading was recorded. This entire process was repeated for each sampling site, with the electrode being recalibrated and rinsed between measurements to prevent contamination and ensure consistency.
Turbidity  
The transparency of the water samples was determined using a digital portable turbidity meter, specifically the Lamotte machine, which provided accurate and precise readings in Nephelometric Turbidity Units (NTU). Prior to each measurement, a sample bottle was thoroughly rinsed with the sampling water to prevent contamination, and then filled with the water sample before being inserted into the Lamotte machine. The machine was calibrated according to the manufacturer's instructions to ensure optimal performance, and the sample was allowed to equilibrate for a two-minute period to ensure accurate readings. Following this, the turbidity reading was displayed on the screen in NTU, and was carefully recorded in a data logbook for further analysis, following the methodological approach outlined by (Maria, 2023). This entire process was repeated for each sampling site, with the machine being recalibrated and the sample bottle being rinsed between measurements to prevent contamination and ensure consistency.
Fluoride
The fluoride levels in the water samples were determined using a digital portable fluoride meter, specifically the Lamotte device. The procedure involved carefully filling the sample bottle with the respective water sample, inserting the sensor into the solution, and allowing the device to stabilize before taking a reading. The fluoride concentrations were then displayed on the screen and meticulously recorded in milligrams per liter (mg/L) to ensure accuracy. To prevent contamination, the sensor was thoroughly rinsed with deionized water and dried with a soft cloth between measurements, as described by Fabiana et al., (2015). This precise protocol was systematically applied to all sampling sites to guarantee consistency and reliability in the collected data (Jackson et al., 2024).
Salinity
Salinity testing was conducted to determine the concentration of dissolved salts in the water samples collected from the study area. This was achieved using a prob-based salinity meter, the prob-based salinity meter was calibrated before use, and then inserted into each water sample to obtain a reading. The readings were recorded in parts per thousand (ppt) following (Jonathan et al., 2014).
 Snail Sampling 
A total number of one thousand two hundred and eighty-two (1,282) freshwater Snails samples were collected for this research. Snail sampling was performed using scoop nets as in Amoah et al., (2017). And also hand picking method as in Amoah et al., (2017), for the collection of snails of various sizes and species, while those attached to objects were collected by hand-picking using hand gloves to prevent damage and ensure their survival. The collected freshwater snails were kept in labeled, perforated, and aerated plastic containers, which were specifically designed to ensure their survival during transportation to the Zoology Department Laboratory, Adamawa State University, Mubi. The snails were then counted to determine the total number of each snail species collected per site, providing a comprehensive dataset for further analysis and interpretation.
Freshwater snails were collected from lentic and lotic freshwater bodies within the study area where the water samples were collected, using a combination of sampling techniques to ensure a representative sample. The sampling techniques include:
Scoop net sampling: A scoop net was used to collect snails from areas with dense vegetation or submerged structures, as described by Amoah et al., (2017).
Hand picking: Snails were manually collected by hand from areas with accessible habitats, such as rocky shores or aquatic plants, as described by Amoah et al., (2017).
Following the method of Peter et al., (2024), forceps were used to collect snails from areas with limited access, such as rocks or underwater structures.
The snails were carefully transferred to labeled plastic containers filled with water from the respective sampling sites, to prevent damage and ensure survival during transportation. The containers were transported to the Department of Zoology laboratory, Adamawa State University, Mubi, for further analysis. The collected snails were counted, identified, and recorded. Their shell were examined and documented as in (Aspire et al., 2024).
 Data Analysis    
The data obtained was subjected to Statistical Analysis using Shanon diversity index (Past version 20), on physicochemical parameters and distribution of snails.
Results 
Distribution of Snails Base on the Study area in Mubi.
One thousand two hundred and eighty-two (1,282) freshwater snail samples were collected from the sampling sites, the distribution and abundance of snail as intermediate hosts of helminths shows that Bulinus species were more abundant and widely distributed across the study area with the value of 81.2%, followed by Biomphalaria with 18.8%, and the least abundance species is Lymnaea with 7.2%, as showed in Table 1.

 Physicochemical Parameters of Water in the Study Area.
Table 2, shows the level of physicochemical parameter which are the Turbidity, pH, Temperature, Dissolve, Iodine, Fluoride and Salinity available in the site A, B, C and D. The relationship between snail abundance and physicochemical parameters of water where snails sample where collected, was presented in figure 2. The chart shows how the physicochemical parameters fluctuates on the high or low of these parameters affect snail distribution in the study area as shown on figure 2.

Table 1 Number of Individuals species of Snails with Relative in Mubi Ecosystem.
	   Location
	Biompharalia  pfeifferi                         
	Bulinus  truncatus  
	Lymnaea species

	   Site A     
	170 (42.5)
	
	230 (57.5)
	
	9 (2.25)
	

	  Site B
	19 (4.8)
	
	381 (95.2)
	
	64 (16)
	

	  Site C
  Site D
	37 (9.3)
0 (0)
	
	363 (90.7)
21 (2.59)
	

	13 (3.3)
9 (0.03)
	


	  Total
	226 (18.8)
	
	970 (81.2)
	
	86(7.17)
	

	  Shannon H
	0.7186 (1.077-1.098)
	1.076(1.09-1.098
	0.7417(1.059-1.098)

	   Evenness e^H/S
	0.6839 (0.9788-0.999)
	0.9775(0.9918-0.999)
	0.6998(0.9556-0.995)


Key: Site A= River Yedzeram, 
          SiteB=GipalmaPond                                                                                                                                                                                                                                                                                                                                                                                            ,        Site C= Dazala Pond A,
         Site D= Dazala Pond B

                                                         



Table 2 Physicochemical Parameters of Water in the Study Area.
	Parameters
	Site
 A
	Site
B
	Site
C
	Site
D

	Turbidity (NTU)
	23
	287
	165
	260

	pH (Mpl)
	7.2
	6.5
	7.5
	6.0

	Temperature (˚C)
	28.5
	24.3
	26.8
	22

	Dissolve oxygen (Mg/l) 
	8.0
	2.85
	2.21
	3.12

	Iodine (Mg/l)
	0.01
	0.02
	0.12
	0.18

	Fluoride (Mg/l)
	1.5
	0.51
	1.00
	0.1

	Salinity (ppt)
	0.03
	0.02
	 0.04
	0.02






Fig. 2 Relationship between the physicochemical parameters and the snail abundance in site A.


Fig. 3 Relationship between the physicochemical parameters and the snail abundance in site B




Fig. 4 Relationship between the physicochemical parameters and the snail abundance in site C

     Fig. 5 Relationship between the physicochemical parameters and the snail abundance in siteD

 Discussion
 Distribution of Snails species Base on the Study Area in Mubi.
Bulinus species (Bulinus truncatus) were the most abundant and widely distributed, making up 81.2% of the total snail population, this suggests that Bulinus species are the primary intermediate hosts for helminths in the study area, followed by Biomphalaria species comprising of 18.8% of the total snail population.  Lymnaea species were the least abundant, making up only 7.2% of the total snail population. The Shannon diversity index (H) and evenness index (e^H/S) indicate Bulinus species and Biomphalaria species were most abundant snail species in this study area. This is in line with Shettima et al., (2020) who reported that the relative abundance of snails are Bulinus truncatus (16.2%), Bulinus obtusus 3.9%, Bulinus permembranaceus 5.9%, Biomphalaria pfeifferi 6.1% and Lymnaea natalensis 67.9% in Hawul dam.  He also reported Shannon diversity Index of snail intermediate hosts in Hawul, Kwaya-kusar and Shani Local Government were 1.17, 1.01 and 0.76, and signifies low diversity of these snail species in the above-mentioned Local Government Areas of Borno State contrary to our findings in the study area.

The result of this research is not in line with the finding of Kaleson et al., (2020), who  recorded 11 species these includes  Bulinus globosus, Bulinus truncatus, Biomphalaria pfeifferi, Lymnaea natalenses, Lanistes ovum, Lanistes varicus, Melanoides meculata, Melanoides tuberculata, Gabiella tchadiensis, Bellamya unicolor and Pila ovate Bulinus globosus and Biomphalaria pfeifferi were very common in all snail-sampling sites in Kwamar Areh Dam in Rimi Local Goovernment Area (LGA) of Kasina State, Nigeria. The disparity may be due to geographical area where the study was carried out or due to the long period of research carried out by them. 

The finding of this research is similar with the findings of Njoku-Tony (2011), who reported three different species of snails (Pila spp, Lymnaea spp and Anisus spp.) in Otamiri River Imo State. Oloyede et al. (2016) recorded eight (8) freshwater Snails in Oyo State. On the snails collected, the result of this study is also similar with the findings of Duwa, (2017) who collected two thousand, eight hundred and thirty six snails and only Bulinus spp, Melanoides spp, Bithynia spp and Lymnaea spp were abundant in the Dam. Ikpeze and Obikwelu, (2016) in their study in Agulu Lake reported Bulinus spp, Lymnaea spp and Melanoides spp. 

Physicochemical Parameters of Water Where Snail Samples Were Collected 
The result of this research work on the physicochemical parameters of water where snail samples were collected in Sites A, B, C, and D. The parameters include: Turbidity (NTU), pH, (Mpl) Temperature (°C), Dissolved Oxygen (mg/L), Iodine (mg/L), Fluoride (mg/L), Salinity (ppt). This result show variations in these parameters across the sites. Turbidity is observed highest in Site B (287 NTU), followed by site C (260) and least was observed in Site A (23 NTU). The pH is highest in site C (7.5), followed by site A (7.2), and the list was observed in site D (6.0). Temperature in site A has (28.5C˚) as the highest, followed by site C (26.8 C˚) and the least was observed in site D (22 C˚). Dissolve oxygen was observed highest with the value of (8.0mg/L) in site A, followed by site D (3.12mg/L), and the least was observed in site C (2.21mg/L). Iodine has highest value in site D (0.18mg/L), followed by site C (0.12mg/L) and the least was observed in site A (0.01mg/L). Fluoride was observed highest in site A (1.5mg/L), followed by site C (1.0mg/L) and the least was observed in site D (0.1mg/L). Salinity is highest in site C (0.04ppt), followed by site A (0.03ppt) and the least was observed in site B and D (0.02ppt).
Bottom of Form
The effect of physicochemical parameters on distribution and abundance of snail in the study area reveal that, positive correlation exist between the parameters and the snail, as the level of physicochemical parameters increase to average levels, there is a corresponding increase in snail species abundance and distribution. This suggest that snails thrive in environments with optimal levels of these parameters.  The findings of this research conquer with the findings of Charles et al., (2022), who examined the physicochemical changes and abundance of freshwater snails in Anambra state, Nigeria, during the rainy season, from June to August, 2019 at three stations of the river namely: Otuocha (station I), Otunsugbe (station II), and Ukwubili (station III) about 8.35 kilometers apart from each other. And total of 896 freshwater snails belonging to 3 species (Afropomus balanoidea, Pomacea maculata, Lymnea stagnalis).

 Is a complex and dynamic relationship that is influenced by a variety of factors. These parameters include temperature, pH, dissolved oxygen, salinity, iodine, fluoride, water depth, and nutrient availability, among others. Each of these parameters plays a critical role in shaping the distribution and abundance of snail populations, and changes in any one of them can have a significant impact on snail communities as in Opeyemi et al., (2021). Temperature is often considered one of the most important physicochemical parameters affecting snail distribution and abundance. This is because snails are ectotherms, meaning that their body temperature is dependent on their surroundings. As temperature increases, so does the metabolic rate of snails, leading to increased growth and reproduction. However, extreme temperatures can also be detrimental to snail populations, causing mortality or decreased growth and reproduction as described by Nermeen, (2024). pH is another important factor that can greatly influence snail distribution and abundance. Snails are sensitive to changes in pH, and high or low levels can be stressful and even lethal for them. Additionally, different species of snails may have different pH tolerances, leading to variations in their distribution patterns as in Khairullah et al., (2023). Dissolved oxygen is essential for the survival of snails, as it is necessary for respiration and other physiological processes as in Barrios et al., (2023). Decreased levels of dissolved oxygen can limit snail distribution and abundance, while increased levels can lead to hyperventilation and other negative effects Ramesh et al., (2023). Base on the result of salinity, snails generally tolerate the level of salinity range from low to moderate level,  the result shows that site A, B and D have relatively low salinity, which support snail populations, and the site C has the highest salinity which affect the snails abundance and distribution as in Qiang et al., (2023).

Conclusion
In conclusion, study on the effect of physicochemical parameters associated with snail distribution in Mubi North, Adamawa State, Nigeria, the result reveals three (3) different species of snails where observed these are: Bulinus species, Biomphalaria species and Lymnaea species with the population of one thousand two hundred and twenty eight (1282) snail sampled. The findings also indicate that the physicochemical parameters (Turbidity, pH, Temperature, Dissolve oxygen, Iodine, Fluoride and Sanlity) have positive correlation that exist between the parameters and the snails, as the level of physicochemical parameters increase, there is a corresponding increase in snail species abundance and distribution. 
Recommendation
Based on the findings of this study, the researcher therefore recommends the following:
1. Regular monitoring of water quality parameters, such as dissolved oxygen, fluoride, pH and iodine, to ensure early detection of any changes or trends.
2. Further research should be conducted on physicochemical parameters in other water bodies in Mubi, Adamawa State, Nigeria.
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site  C
Biomphalaria	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	0	23	43	56	30	19	25	Bulinus	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	21	20	11	34	33	25	50	lymnaea	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	9	22	15	32	22	33	54	


site D
Biomphalaria	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	0	23	43	56	30	19	25	Bulinus	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	21	20	11	34	33	25	50	lymnaea	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	9	22	15	32	22	33	54	


site A
Biomphalaria	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	0	23	43	56	30	19	25	Bulinus	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	21	20	11	34	33	25	50	lymnaea	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	9	22	15	32	22	33	54	


site B
Biomphalaria	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	0	23	43	56	30	19	25	Bulinus	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	21	20	11	34	33	25	50	lymnaea	Turbidity	pH	Temperature[C˚]	Dissolve oxygen	Iodine	Fluoride	Salinity	9	22	15	32	22	33	54	
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