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Abstract 

A study was carried in order to determine the distribution and physicochemical preferences characteristics of 

three species of aquatic snails (Biomphalaria pfeifferi, Lymnaea natalensis and Physa acuta). Samples of snails 

and water were collected monthly during 2015 to 2017 at 54 sites locateted in Irhambi/Katana and Bugorhe sub-

counties, DR Congo. Analysis of the data revealed that the some physicochemical of water in different sites effect 

on the distribution of the freshwater snails Biomphalaria pfeifferi, Lymnaea natalensis and Physa acuta. The 

coefficients of correlation (r) between snail populations and physicochemical parameters are significant 

correlated with pH, TP and current velocity. A Canonical Correspondence Analysis (CCA) reveals associations 

between the distribution patterns of freshwater snail species Biomphalaria pfeifferi, Lymnaea natalensis and 

Physa acuta and the concentration of TP and pH. The levels and the type of variables differ from species to 

species. Species characteristic can help increase our understanding of aquatic mollusc and their importance in 

ecological and biological studies. Further detailed studies on each of these individual parameters are needed. 
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Introduction 

Aquatic snails play an important role in freshwater 

ecosystem and some of them transmit serious 

diseases to human, animals and fish. They are used as 

indicator organisms for biological monitoring and in 

hazard and risk assessment (Borcherding and 

Volpers, 1994). They play major roles in the public 

and veterinary health and they need to be deeply 

investigated (Supian and Ikhwanuddin, 2002). The 

composition and spatial relationships of aquatic 

communities are related to the habitat structure and 

variation of environmental factors (Pérez-Quintero, 

2011). One of the goals of freshwater ecology is to 

understand how communities of freshwater species 

are structured and how environmental factors affect 

their distribution. According to Pemola et al. (2015), 

snail communities are influenced by the prevailing 

physicochemical parameters, which determine their 

abundance, occurrence and seasonal variations. The 

physicochemical parameters include a number of 

factors such as dissolved oxygen, pH, water 

temperature, calcium ion, physical nature of the 

substratum, depth, current velocity and nutritive 

content of the water body (Duft et al., 2007; Rai and 

Jauhari, 2016).  

 

Ecologists and epidemiologists are increasingly 

challenged to understand how large-scale agents of 

environmental change affect host-pathogen 

interactions (Johnson et al., 2007). In freshwater 

ecosystems, eutrophication is a widespread and 

growing problem with sharply negative effects on 

water quality, but indirect effects on human and 

wildlife diseases (Johnson et al., 2007). Nutrient 

promotes algal growth, leading to an increase in the 

density and biomass of snail hosts, thereby enhancing 

parasite transmission into snails. Infected snails with 

high resource availability are also expected to produce 

more parasite cercariae, increasing the risk of 

infection and pathology to human and amphibian 

(Johnson et al., 2007; Struijs et al., 2010).  

 

The comparative studies in aquatic snail have 

revealed that species’ distributions are restricted by 

environmental conditions (Bagalwa and Baluku, 

1997). The ecology of freshwater snails is considered 

to be affected by environmental abiotic factors like 

physico-chemical parameters and as a consequence to 

affect abundance of the snail population as well as 

occurrence of snail (Gupta and Khajuria 2004; Malik 

and Bharti 2005; Garg et al., 2009) and also 

influenced by other factors like availability of food, 

competition, predator-prey interactions (Ofoezie, 

1999). Excessive nutrient (phosphorus and nitrogen) 

loss from watersheds is frequently associated with 

degraded water quality in streams (Yan et al., 2007) 

and so the distribution of snail.  

 

Abiotic factors of aquatic system play significant role in 

altering the snail population/infection rate as well as 

fecundity of snail (Johnson et al., 2007). Studies have 

been conducted on aquatic flora and fauna associated 

with the freshwater snail Lymnaea acuminata in 

Kham river at Aurangabad revealed that pH, 

temperature and stream discharge were the dominant 

factors affecting the community structure in streams 

(Townsend et al., 1983; Pizarro et al., 2010). 

 

A little information is known about the ecological 

preferences of snail in Katana region, DRCongo. The 

reasons of the actual distribution of snail in the 

different aquatic ecosystem in this region are not well 

documented. The aquatic ecosystem in the region are 

subjected to anthropogenic disturbance due to sewage 

draining by canals coming from the neighboring 

cities. This disturbance represents a menace for the 

aquatic ecosystem integrity and their communities. 

 

Besides these, freshwater snails are also recognized as 

vector of different type of trematode parasites, 

causing various diseases viz., Shistosomiasis, 

Fasciolosis, Amphistosomiasis, etc. to the human 

beings and their livestock. They play significant role 

in public and veterinary health (Choubisa 2008; 

Devkota et al., 2011; Rai and Jauhan, 2016). 

 

The present study is an attempt to investigate the 

relationship between the physicochemical parameters 

and the abundance of snails in aquatic ecosystems in 

Irhambi/Katana and Bugorhe sub-counties. 
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Data was collected in the sub-counties of 

Irhambi/Katana and Bugorhe from January 2015 to 

December 2017 in order to obtain information on 

aquatic snail diversity and physicochemical 

characteristics in different ecosystems.  

 

Materials and methods 

Study area 

The investigation was performed at 54 selected sampling 

sites in Irhambi/Katana and Bugorhe sub-counties, 

DRCongo. This region is located in the territory of 

Kabare, 50 km north of the city of Bukavu. It includes 

both the localities of the groups of Irhambi and Bugorhe 

flooded by the rivers Lwiro, Cirhanyobowa, Langa, 

Nyabarongo and their tributaries such as the rivers 

Nyabichesa, Kabindi, Kalengo, Birunga, Choga, 

Kayumaga, Kisima Ciduha, Kashukabatware, Nkene , 

Busengura, Kamirihembe, Choga and others. It extends 

between 28 ° 45 'to 28 ° 85' east longitude and 2 ° 15 'to 

2 ° 30' south latitude with altitudes ranging between 

1470 m and 2200 m altitude (edge of the PNKB), over an 

area of 41 km2 (Fig. 1). 

 

 

Fig. 1. Localization of sampling site in Lake Kivu watershed in Irhambi/katana and Bugorhe. 

 

The streams have made the area threatening and rocky 

by cutting through the chain of mountains one by one 

because of heavily rains and altitude in this watershed. 

In the present study, water and snail samples were 

collected of various aquatic ecosystems. It is covered 

with volcanic soil and is formed by alternating hills and 

valleys and enjoys a humid tropical climate including a 

long 9-month rain season (September to May) and a 

short dry season of 3 months (June August). The 

average annual air temperature is 19.5 ° C and the 

relative humidity varies between 68% and 75% 

providing a favorable climate for agricultural diversity 

(Balagizi et al., 2013). 

 

The vegetation consists of a grassy mountain savanna 

dominated by highly diversified grasses and some shrubs. 

This vegetation has replaced a primitive vegetation 

consisting of primary forest Albizia grandibracteata 

whose relics are still visible in the Mugeri, Kakondo and 

Lwiro stations (Bagalwa et al., 2016). 
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Snail data collection 

Monthly snail sampling was made during January 

2015 to December 2017 using the standards method 

developed by Olivier and Scheiderman (1956) by 

counting the number of snails that can be collected by 

one or more experienced collectors who search the 

marked area systematically for a measured interval of 

time. Snails were collected by dip nets and also by 

hand for 10 minutes. Snails were identified and 

counted using a binocular microscope. Identification 

of snail’s species was done with the help of standard 

keys Brown, (1994). 

 

Physicochemical Analysis  

Water samples for physicochemical analyses were 

collected monthly from each sampling sites using 

prewashed polyethylene bottles. Water temperature 

(°C) and pH were measured in the field by using 

HANNA multi-parameter instrument. Dissolved 

oxygen (DOmgl-1) was analyzed using Winkler 

methods after fixing the oxygen in the field. The levels 

of TN (µmol-1), TP (µmol-1) and Ca+2 (mgl-1) were 

analyzed in the laboratory in the sampling water 

according to standard methods (Golterman et al., 

1978; APHA, 2005; Wetzel and Liken, 2001). All 

materials were deposited in the laboratory of 

Malacology of the “Centre de Recherche en Sciences 

Naturelles de Lwiro”. 

Others environmental parameters such as current 

velocity, depth, vegetation and substratum at the sites 

were recorded also using flow measurement methods 

and observations in the field (Bagalwa et al., 2016).  

 

Statistical Analysis  

The relationships between snail abundance and eight 

physicochemical parameters were examined by applied 

correlation and Principal Components Analysis (PCA). 

Pearson Correlation analysis was performed to 

determine if there were any correlation between the 

physicochemical variables and the number of individual 

species of the three snails. PCA is an ordination method 

effective in directly revealing correlations between the 

spatial structure of communities and environmental 

factors that might be responsible for that structure (Ter 

Braak and Smilauer, 2002). 

 

Results and discussion 

Composition and distribution of snail species 

Snails are distributed in many habitats with their highly 

adaptation abilities. We found snails in river, streams, 

pond and in the Lake Kivu. 19 species was recorded 

during the sampling period in these freshwaters of 

Katana region. Because of the high adaptation 

capabilities to the snails, a wide distribution in adapted 

areas has been observed. Snails were sampled in 44 

sampling sites over 54 sites choses in Irhambi/Katana 

and Bugorhe sub-counties (Fig. 2).  

 

 

Fig. 2. Variation of the species richness of molluscan communities collected from different study sites during the 

investigation period. 
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High specific richness (6 species) was recorded in 4 sites 

(Kalengo, Cirheme, Kamirihembe and 

Kashukabatware). Some sites doesn’t content snail 

during our sampling period (10 sites). Among the snails 

collected three intermediate host of diseases were 

investigated. The three snails are Biomphalaria pfeifferi 

intermediate host of Schistosoma mansoni, Lymnae 

natalensis host of Fasciola gigantica and Physa acuta 

host potential of Schistosoma hoematobium.  

 

The highest densities of Biomphalaria pfeifferi, 

Lymnae natalensis and Physa acuta were recorded in 

the pond of Bika (126, 139 and 126 ind/10 minutes of 

sampling respectively). These densities were not 

significantly different between the different sites 

(ANOVA one-way; p > 0.05). This difference in 

species richness was probably due to the ecology of 

species and environmental factors as also observed in 

Banco River and Bia River (N’Zi et al., 2008; Anoh, 

2002; Camara et al., 2009). Some parameters as TSS 

can have detrimental effect on snail in decreasing 

visibility in water.  

 

Biomphalaria pfeifferi and Lymnaea natalensis, are 

sympatric snail in the region. Their presence in many 

aquatic ecosystem was already demonstrated by 

others authors (Bagalwa and Baluku, 1997). Physa 

acuta is an invasive species occurring in the region 

recently (Batumike et al., 2014). This species 

distribution was related to the variation in habitat 

conditions in sampling sites.  

 

The high density of Biomphalaria pfeifferi, Lymnaea 

natalensis and Physa acuta in several sites was due to 

a good level of pH, TP and TN concentrations, low 

current velocity of water and decomposed vegetal 

detritus. This observation corroborated the results of 

March et al. (2001), and Usio and Townsend (2001), 

which showed the importance of plant material 

decomposition in streams to abundance of 

macroinvertebrates.  

 

The three snail are herbivorous and feed on diatoms 

algae which are abundant in open sites and rich in 

decomposed material (Brown, 1994).  

These species seems to tolerate in sites unfavorable 

conditions such as low dissolved oxygen and 

significant organic matter, as suggested by 

Cumberlidge (2005). Snails have different levels of 

sensitivity to pollution and many abiotic factors in the 

river ecosystem as observed by Rosenberg and Resh 

(1993), but the three snail species have the some 

tolerance in these studies. Physa acuta which is a 

introduce species or invasive species has concurrence 

the others snails and occurring in many sites with the 

two snails species (Batumike et al., 2014). This show 

that this snail will occupy many sites in the future. 

 

Environmental variables 

pH was basic in all the sampling sites with a mean of 

7.6 (6.75 - 8.48) and a variation between sampling 

sites. Several research works have identified pH 

values within 5.0-9.3 to be optimum for snail survival 

(Wanjala et al., 2013). Hence pH values recorded in 

this study were within the tolerance limits of snail 

species. There are non-significant relationships 

observed between pH and snail abundance or little 

influence only were noted due to the variations in 

sites as reported also by Lydig, (2009). 

 

Temperature played an important role in the 

physicochemical and physiological behavior of the 

aquatic system (Alaka, 2014). Variation of water 

temperature, were ranged between 14.63 oC and 

30.33 oC at the various sampling sites in 

Irhambi/Katana and Bugorhe ecosystems. Sites with 

high temperature were preferred by snail populations. 

The high temperature was probably due to the 

accumulation of plant detritus on the bottom 

providing useful shelters for various freshwater 

macroinvertebrates, because of the increase in 

temperature inside these as a result of decaying 

processes as found also by Spyra, (2010). The role of 

plant detritus in the life of freshwater snails was only 

rarely discussed in recent literature concerning the water 

bodies of an anthropogenic origin. Linda et al., (2017) 

also found that aquatic plants in the habitats of snail 

have influence snail occurrence and population densities 

as observed in the different sites in the sampling sites of 

Irhambi/Katana and Bugorhe ecosystems.  
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The lowest dissolved oxygen values recorded was 

3.28mg/L and the highest values were 10.37mg/L. 

This result was almost within the range mentioned by 

Njoku-Tony, (2011), who found that the desired 

concentration of DO for snails ranged between 2.2 - 

8.5mg/L. This study has also revealed a significant 

variation in the values of DO across the ecosystems of 

Irhambi/Katana and Bugorhe. Variation of DO in the 

ecosystems shown difference in distribution of snail 

in the region. At high DO pulmonate snail were not 

found. Ofoezie (1999) found a positive influence on 

the density of all pulmonate snail species and a 

negative influence on the density of the prosobranch 

species on DO contrary to the founding of this study. 

The effect of DO was also found in Egypt in Giza and 

Kafr El-Shiekh Governorates sampling sites (El Deeb 

et al., 2017). 

 

The concentration of calcium in water show a low 

concentration was about 0.37mg/L and the high 

concentration about 1.33mg/L. Many freshwater 

systems exhibit fluctuations in calcium concentration 

over time. Williams (1970) found greater fluctuations 

of 6.2 to 101.0mg/L Ca2+ at study sites in central Africa. 

In the sampling sites in Irhambi/Katana and Bugorhe 

ecosystems, concentrations of calcium were less 

compared to others ecosystems in tropical regions. 

Snail are considered a calciphile and exhibits reduced 

growth and survival in environments containing less 

than 20mg/L Ca2+ (Delesman and Lukowiak, 2010). 

Freshwater gastropods may experience considerable 

fluctuations in calcium concentration in natural 

conditions over the period of a year.  

 

Aquatic ecosystem receives substantial nutrient 

inputs, including both nitrogen (N) and phosphorus 

(P), in many parts of the world. The mean values of 

TP in all the sampling sites was about 0.09 (0.01 - 

0.33)µmole/L and for TN 0.50 (0.12 - 6.03)µmole/L. 

The two nutrients are important factor controlling 

phytoplankton biomass the main food of freshwater 

snails. The variation of concentration in different 

ecosystem affected the distribution of snail (Dodds 

and Smith, 2016).  

 

Another limiting factor for snail distribution in the 

studied was the water current velocity and the depth. 

The mean depth in the sampling site was about 64.8 cm 

(0.05 - 19.3 cm) and the current velocity was 0.63 m/s 

(0-1.83 m/s). All the snails species encountered at those 

environments were found mostly in ecosystems which 

have slower water flow than those from big streams as 

also found by Giovanelli et al., 2005).  

 

Relationships between environmental variables and 

snails abundance 

The relationship between snail abundance and some 

physicochemical parameters are presented in Table 1.  

 

Table 1. Spearman correlation of snail densities and physicochemical parameters of sampling sites in 

Irhambi/Katana and Bugorhe sub-county. 

0 Temp pH DO Ca+2 TP TN Depth Veloc Bio Physa Lymn 
Temp 0           
pH 0.17 0          
DO -0.40* -0.03 0         
Ca+2 0.47* 0.01 -0.22 0        
TP 0.13 0.11 -0.11 0.09 0       
TN 0.07 0.07 -0.11 0.22 -0.08 0      
Depth -0.22 0.01 0.24 -0.33 0.01 0.10 0     
Veloc. -0.38** -0.25* -0.04 -0.28* -0.13 0.13 0.43** 0    
Bio 0.17 0.30* -0.11 0.17 0.45** 0.06 -0.15 -0.36** 0   
Physa 0.07 0.28* -0.10 -0.03 0.49*** 0.00 -0.07 -0.27* 0.91*** 0  
Lymn 0.14 0.30* -0.10 0.05 0.50*** 0.02 -0.05 -0.32* 0.94*** 0.97*** 0 

*** : Very significant at p < 0.000, **: Significant at p< 0.05), *: Significant at p<0.01 

 

The correlation analysis shows that there are negative 

correlations between water current velocity and 

temperature, pH, DO, Ca+2 and abundance of snail 

(Biomphalaria pfeifferi, Physa acuta and Lymnea 

natalensis) in the aquatic ecosystem and positive 

correlation with depth. 
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Spearman correlation analysis indicates that 

Biomphalaria pfeifferi, Lymnaea natalensis and 

Physa acuta were significantly influenced by pH, TP 

and current velocity.  

 

Abdel, (1958) observed a specific relationships 

between snail abundance and a suite of abiotic factors 

such as total dissolved solids, pH, water temperature 

and dissolved oxygen. But, in the study conducted by 

Spyra (2014) in woodland ponds in Poland, pH was 

no correlated with abundance of snail. Biomphalaria 

pfeifferi, Lymnaea natalensis and Physa acuta were 

most frequently encountered in water bodies polluted 

by high amounts of human and animal excrements, as 

well as domestic sewage.  

 

The abundance of organic matter (TP and TN) 

increases the concentration of detritus and possibly 

aids in the proliferation of epiphytic algae diet of 

Biomphalaria pfeifferi, Lymnaea natalensis and 

Physa acuta (Baluku, 1987; Spyra, 2014). This was 

also observed in others studies (Madsen, 1992). 

Spearman correlation between specific richness and 

the tree snails species were analysis and the result are 

present in table 2. 

 

Table 2. Spearman correlation between specific 

richness and the tree snails in sampling sites of 

Irhambi/Katana and Bugorhe sub-county. 

 Biomphalaria Physa Lymnaea 
Specific 
richness 

Biomphalaria 0    
Physa 0.91*** 0   

Lymnaea 0.94*** 0.97*** 0  

Specific richness 0.44** 0.36** 0.38** 0 

*** : Very significant at p < 0.000, **: Significant at p<0.05) 

 

The specific richness is significant correlated with the 

three snail’s species. According to Simboura et Zenetos 

(2002), the specific richness is function of the type of 

substratum, depth and salinity. This positive 

correlation shows that the tree snails species has the 

some habitat preference. Physa acuta is specie which 

was recently collected in this area, but with this result it 

can be conclude that this specie is now taking the same 

place as Biomphalaria pfeifferi and Lymneae 

natalensis which was already none as sympatric 

species (Baluku, 1987; Batumike et al., 2014). 

The PCA of the abundance of the three snail’s species 

and some environmental parameters of sampling 

sites are presnt in fig. 2.  
 

 

Fig. 3. PCA showing species and some 

physicochemical parameters in sampling sites of 

Irhambi/Katana and Bugorhe sub-counties. 

  

The results of PCA revealed that the relationships 

between the three snail species and their habitat 

conditions follow mainly the first two axes (Fig. 3). 

Current velocity, DO and depth are negatively 

correlated to abundance of snails Biomphalaria 

pfeifferi, Lymnae natalensis and Physa acuta. DO is 

one of the major component, which is required for the 

metabolic activity of snails (Watten, 2004). The 

decreases in concentration of DO with increase in 

temperature in aquatic ecosystem are observed in our 

result as also proved by Singh and Singh (2009).  

 

pH of water is one of the important factors that 

directly or indirectly influence the metabolic activities 

and thereby the growth and abundance of freshwater 

snails. In general, the aquatic organisms are affected 

by pH because most of their metabolic activities are 

pH dependent (Abdel, 1958; Joosse, 1984). Gallordo 

et al. (1994) and Dillon (2000) also in their studies 
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confirm that pH is a determining factor for snail 

species. Not only low pH (pH <6) hampers the 

development of snail, it is also reported that the low 

pH could be fatal to them (Hart and Fuller, 1974). 

Zeybek et al., (2012) found that there is a positive 

correlation between B. pseudemmericia and pH 

values as revealed also in our studies. In this study, 

pH was basic and allow metabolic activities to take 

place and favorited the abundance of snail. 

 

Concentration of TN is not influencing the abundance 

of snails as showing in the fig. 3. These may be 

because in tropical water the Nitrogen is not a 

limiting nutrient. Nitrogen is important for algal 

growth in aquatic ecosystem. The result of this study 

shows that snail was not present in sites with low 

temperature, high content of DO, high velocity and 

low aquatic vegetation. This was confirmed in the 

others works and supports the findings of earlier 

workers (Yi-Jiun et al., 2007). 

 

According to Şahin and Zeybek (2014), the species 

belong to pulmonata were positively correlated with 

Ca+2 (P < 0.05) and water temperature except 

Acroloxus lacustris. This was contrary to our funding, 

because Ca+2 and temperature was not correlated to 

any species of snail investigated. Calcium is the 

primary component of a snail shell (Briers, 2003; 

Rycken et al., 2003). The concentration of the 

calcium in aquatic ecosystem was generally high in a 

volcanic region (Bagalwa et al., 2015).  

 

Studies on biotic and abiotic factors influencing the 

distribution of the snail it was pointed out that many 

factors affect the distribution of snail, but there was a 

specific relationships between snail abundance and the 

abundance of co-occurring snails (Physa acuta) and 

others Biomphalaria pfeifferi and Lymnae natalensis), 

as well as a suite of abiotic factors (pH, TP and current 

velocity) in this region. There is a bit similarity between 

the findings of present study and with regard to 

occurrence of Lymnaea acuminata (Nagare and 

Dummalod, 2012) but the difference exists if the 

coexisting biotic community is taken into consideration. 

 

Several studies have investigated the relationship 

between snail species with environmental factors by 

using PCA (César et al., 2012; Strzelec et al., 2014). 

According to PCA diagram obtained in this study, 

total phosphorus, speed velocity and pH are often 

considered as major factors determining the 

distributions of freshwater snails in Irhambi/Katana 

and Bugorhe sub-county.  

 

Conclusively, these results are still limited and can’t be 

generalized to many species and sites with different 

ecological situations. However, the levels and the type 

of such variables differ from species to species 

knowledge on species characteristic can help increase 

our understanding of aquatic mollusc and their 

importance in ecological and biological studies. Further 

detailed studies on each of these individual parameters 

are needed. The present findings could be utilized by 

future researchers and ecologists as supplementary in 

means of control intermediate host of disease. 

 

Acknowledgments 

The author thanks Kalala for help with the map of the 

study area and all the technician of Malacology 

laboratory of CRSN-Lwiro (Kipongo, Shaburhwa, 

Sangika, Bazibuhe and Barhakomerwa) for valuable 

assistance in the field. 

 

References 

Abdel ME. 1958. Factors conditioning the habitat of 

Bilharziasis intermediate host of the family 

Planorbida. W.H.O. Bull 18, 785-818. 

 

Alaka AP. 2014. Limnological and correlation 

studies of canal water body of Sangli, Maharashtra. 

Int. Res. J. Environ. Sci 3(9), 43-49. 

 

Anoh KP. 2002. Encombrement des baies de la 

lagune Ebrié : causes et impacts environnementaux. 

BIOTERRE, Rev. Inter. Sci. de la vie et de la terre, N◦ 

spécial, 229-240. 

 

APHA. 2005. Standard method for the examination 

of water and waste water. Amer. Pub. Health Assoc, 

Washington, D. C. 17th, 1452 pp. 

 



J. Bio. & Env. Sci. 2022 

 

17 | Bagalwa et al. 

Bagalwa M, Baluku B. 1997. Distribution des 

mollusques hôtes intermédiaires des schistosomoses 

humains à Katana, Sud-Kivu, Est du Zaïre. Méd Trop 

57, 369-372. 

 

Bagalwa M, Majaliwa JGM, Kansiime F, 

Bashwira S, Tenywa M, Karume K. 2015. 

Sediment and nutrient loads into river Lwiro, in the 

Lake Kivu basin, Democratic Republic of Congo. Int. 

J. Biol. Chem. Sci 9(3), 1678 - 1690. 

 

Bagalwa M, Zirirane N, Batumike C, Baluku B, 

Majaliwa M, Mushagalusa N, Karume K. 2016. 

The effects of land use and land cover change on 

freshwater snail distribution in Katana region, 

Democratic Republic of Congo. Journal of 

Biodiversity and Environmental sciences 9(6), 1-12. 

 

Balagizi K, Ngendakumana S, Mushayuma 

N, Adhama M, Bisusa M, Baluku B, Isumbisho 

M. 2013. Perspectives de gouvernance 

environnementale durable dans la région de Lwiro 

(Sud Kivu, République Démocratique du 

Congo). VertigO, - la revue électronique en sciences 

de l'environnement, Hors-série 17. 

http://journals.openedition.org/vertigo/13826 

DOI: 10.4000/vertigo.13826 

 

Batumike C, Bagalwa M, Ndegeyi K, Baluku B, 

Bahizire K. 2014. Distribution spatio-temporelle 

des mollusques Physa acuta, hôtes potentiels de la 

shistosomose à Schistosoma haematobium dans la 

région de Katana. International Journal of Innovation 

and Applied Studies 7(1), 309-316. 

 

Borcherding J, Volpers M. 1994. The Dreissena-

monitor 1st results on the application of this 

biological early warning system in the continuous 

monitoring of water quality. Water Science and 

Technology 29, 199-201. 

 

Briers RA. 2003. Range size and environmental 

calcium requirements of British freshwater gastropods. 

Global Ecology and Biogeography 12, 47-51. 

DOI: 10.1046/j.1466-822X.2003.00316.x 

Brown DS. 1994. Freshwater snails of Africa and 

their medical importance (revised 2nd edn.), Taylor & 

Francis, London, 609p. 

 

Camara IA, Konan MK, Diomandé D, Edia EO, 

Gourène G. 2009. Ecology and diversity of 

freshwater shrimps in Banco National Park, Côte 

d’Ivoire (Banco River Basin). Knowledge and 

Management of Aquatic Ecosystems 393(05), 1 -10. 

 

César II, Martín SM, Rumi A, Tassara M. 2012. 

Mollusks (Gastropoda and Bivalvia) of the Multiple-

Use Reserve Martín García Island, Río de la Plata 

River: biodiversity and ecology. Brazilian Journal of 

Biology 72(1), 121-130. 

DOI: 10.1590/S1519-69842012000100014 

 

Choubisa SL. 2008. Focus on pathogenic trematode 

cercariae infecting freshwater snails (Mollusca: 

Gastropoda) of tribal region of southern Rajasthan. 

India. J. Parasitic Dis 32(1), 47-55. 

 

Cumberlidge N. 2005. A rapid survey of the 

decapod crustaceans of the Boké Préfecture, Guinea. 

In: H. E. Wright, J. McCullough and M.S. Diallo 

(Eds.), A rapid Biological Assessment of Boké 

Préfecture, Northwestern Guinea. Bulletin Biological 

Assessment 41, 38 - 46. 

 

Devkota R, Budha PB, Gupat R. 2011. Trematode 

cercarial infections in fresh water snails of Chitwan 

district, Central Nepal. Himalayan Journal of 

Sciences: 7(9), 8-14. 

 

Dillon RT. 2000. The Ecology of Freshwater Mussels. 

Cambridge University Press, Cambridge, 509 pp 

 

Dodds WK, Smith VH. 2016. Nitrogen, 

phosphorus, and eutrophication in streams. Inland 

Waters 6, 155-164.  

 

Duft M, Schmitt C, Bachmann J, Brandelik C, 

Schulte-Oehlmann U, Oehlmann J. 2007. 

Prosobranch snails as test organisms for the 

assessment of endocrine active chemicals- an 

overview and a guideline proposal for a reproduction 

test with the freshwater mudsnail Potamopyrgus 

antipodarum. Ecotoxicology 16, 169-182. 

DOI: 10.1007/s10646-006-0106-0 

http://journals.openedition.org/vertigo/13826


J. Bio. & Env. Sci. 2022 

 

18 | Bagalwa et al. 

El Deeb FAA, El-Shenawy NS, Soliman MFM, 

Mansour SA. 2017. Freshwater snail distribution 

related to physicochemical parameters and aquatic 

macrophytes in Giza and Kafr El-Shiekh 

Governorates, Egypt. Int J Vet Sci Res 3(1), 8-13.  

 

Gallordo A, Prenda J, Pujente A. 1994. Influence 

of quality of some environmental factors on the 

freshwater macroinvertebrates distribution in two 

adjacent river basins under Mediterranean climate 

Molluscs II. Archiv fur Hydrobiologie 131, 449-463. 

 

Garg RK, Rao RJ, Saksena DN. 2009. Correlation 

of molluscan diversity with physicochemical 

characteristics of water of Ramsagar reservoir. India. 

Int. J. Biodivers. Conserv 6, 202-207. 

 

Giovanelli A, da Silva CLPAC, Leal GBE, 

Baptista DF. 2005. Habitat preference of freshwater 

snails in relation to environmental factors and the 

presence of the competitor snail Melanoides 

tuberculatus (Müller, 1774). Mem Inst Oswaldo Cruz, 

Rio de Janeiro 100(2), 169-176. 

 

Golterman HL, Clymo RS, Ohnstad MAM. 

1978. Methods for physical and chemical analysis of 

freshwaters. Ed. II, Blackwell Scientific publ., 213p. 

 

Gupat K, Khajuria A. 2004. Ecology of freshwater 

snails (gastropoda: Molluscs) in lake Mansar, Jammu. 

Advances in fish aand Wildlife Ecology and Biology: 

3, 258-264. 

 

Hart CW, Fuller SLH. 1974. Pollution Ecology of 

Freshwater Invertebrates. Academic Press, New 

York, 215 pp. 

 

Johnson PTJ, Chase JM, Dosch KL, Hartson 

RB, Gross JA, Larson DJ, Sutherland DR, 

Carpenter SR. 2007. Aquatic eutrophication 

promotes pathogenic infection in amphibians. 

Environment studies 104(40), 15781-15786 

Linda AOA, William KA, Fredrick AA, Severin 

A, Mabel DT, Kwabena MB. 2017. Environmental 

Factors and their Influence on Seasonal Variations of 

Schistosomiasis Intermediate Snail Hosts Abundance 

in Weija Lake, Ghana. Journal of Advocacy, Research 

and Education 4(2), 68 -80. 

 

Lydig A. 2009. Factors conditioning the distribution 

of fresh water pulmonates, Biomphalaria spp., 

Bulinus spp., and Lymnea spp., in Babati District, 

Tanzania. Bachelor’s Thesis, Södertörn University 

School of Life Science. 

 

Madsen H. 1992. Food selection by freshwater snails 

in the Gezira irrigation channels, Sudan. 

Hydrobiologia 228, 203 - 217. 

 

Malik DS, Bharti PK. 2005. Fluctuation in 

planktonic population of Sahastradhara hill stream at 

Dehradun, Uttaranchal. Aquacult: 6(2), 213-220. 

 

March JG, Benstead JP, Pringle CM, Ruebel 

MW. 2001. Linking shrimp assemblages with rates of 

detrital processing along an elevational gradient in a 

tropical stream. Can. J. Fish Aquat Sci 58, 470-478. 

 

N’Zi KG, Gooré Bi G, Kouamélan EP, Koné T, 

N’Douba V, Ollevier F. 2008. Influence des facteurs 

environnementaux sur la répartition spatiale des 

crevettes dans un petit bassin ouest africain - rivière 

Boubo - Côte d’Ivoire. Tropicultura 26(1), 17-23. 

 

Nagare KR, Dummalod CB. 2012. Aquatic flora 

and fauna associated with the freshwater snail 

Lymnaea acuminata in Kham river at Aurangabad 

(M.S.) Int. Multi. Res. J 2(5), 0508. 

 

Njoku-Tony RF. 2011. Effect of some 

physicochemical parameters on the abundance of 

intermediate snails of animal trematodes in Imo 

state, Nigeria. Res 3, 5-12.  

 

Ofoezie IE. 1999. Distribution of freshwater snails 

in the man-made Oyan Reservoir, Ogun State, 

Nigeria. Hydrobiology 416, 181-191. 



J. Bio. & Env. Sci. 2022 

 

19 | Bagalwa et al. 

Olivier L, Scheiderman M. 1956. Method for 

estimation of the density of aquatic snail population. 

Exp. Parasitol 5, 109-117. 

 

Pemola DN, Singh S, Jauhari RK. 2015. Biotic 

and abiotic components associated with freshwater 

snails at Gularghati in Doon Valley, Uttarakhand. 

Flora and fauna 21(2), 219 - 224 

 

Pérez-Quintero JC. 2011. Freshwater mollusc 

biodiversity and conservation in two stressed 

Mediterranean basins. Limnologica 41, 201-212 

 

Pizarro J, Vergara PM, Rodríguez JA, 

Valenzuela AM. 2010. Heavy metals in northern 

Chilean rivers: spatial variation and temporal trends. 

The Journal of Hazardous Materials 181, 747-754. 

doi: 10.1016/j.jhazmat.2010.05.076 

 

Rai R, Jauhan RK. 2016. Distribution of 

pulmonate snail Indoplarnorbis exustus in relation to 

variant abiotic factors in and around water bodies of 

Doon Valley, Uttarakhand. International Journal of 

Applied Biology and Pharmaceutical Technology 

7(2), 15 - 24. 

 

Rosenberg DM, Resh VH. 1993. Freshwater 

biomonitoring and benthic macroinvertebrates, 

Chapman & Hall, New York, 488 p. 

 

Rycken W, Steuber T, Hirschfeld M, Freitag H, 

Niedenzu B. 2003. Recent and historical discharge 

of a large European river system-oxygen isotopic 

composition of river water and skeletal aragonite of 

Unionidae in the Rhine. Palaeogeography 

Palaeoclimatology Palaeoecology 193, 73-86. 

DOI: 10.1016/S0031-0182(02)00713-7 

 

Şahin SK, Zeybek M. 2014. Distribution of 

mollusca fauna in the streams of Tunceli Province 

(East Anatolia, Turkey) and its relationship with some 

physicochemical parameters. Turkish Journal of 

Fisheries and Aquatic Sciences 

DOI: 10.4194/1303-2712-v16_1_19. 

Sharma B, Sharma N, Kumar D. 2005. 

Biodiversity of fresh water snail fauna of Western 

Uttar Pradesh. Uttar Pradesh J. Zool 25(3), 303-306. 

 

Simboura N, Zenetos A. 2002. Benthic indicators 

to use in ecological quality classification of 

Mediterranean soft bottoms marine ecosystems, 

including a new biotic index. Mediterranean Marine 

Science 3(2), 77 - 111. 

 

Singh V, Singh DK. 2009. The effect of abiotic 

factors on the toxicity of cypermethrin against the 

snail Lymnaea acuminata in the control of 

fascioliasis. J. Helminthes 83, 39-45. 

 

Spyra A. 2010. Environmental factors influencing 

the occurrence of freshwater snails in woodland water 

bodies. Biologia 65(4), 697- 703. 

 

Spyra A. 2014. Woodland ponds as an important 

habitat of Hippeutis complanatus (Linnaeus 1758) 

occurrence - effect of environmental factors and habitat 

preferences. Ekológia (Bratislava) 33(2), 101 - 115. 

 

Struijs J, Zwart DD, Posthuma L, Leuven RS, 

Huijbregts MAJ. 2010. Field Sensitivity 

Distribution of Macroinvertebrates for Phosphorus in 

Inland Waters. Integrated Environmental Assessment 

and Management —7(2), 280-286. 

 

Strzelec M, Krodkiewska M, Królczyk A. 2014. The 

impact of environmental factors on the diversity of 

gastropod communities in sinkhole ponds in a coal 

mining region (Silesian Upland, Southern Poland). 

Biologia 69(6), 780-789. DOI: 10.2478/s11756-014-0369 

 
Supian Z, Ikhwanuddin AM. 2002. Population 

dynamics of freshwater molluscs (Gastropod: 

Melanoides tuberculata) in Crocker Range Park, 

Sabah. ASEAN Review of Biodiversity and 

Environmental Conservation (ARBEC).  

 
Ter Braak CJF, Smilauer P. 2002. CANOCO 

reference manual and Canodraw for Windows user’s 

guide: software for canonical community ordination 

(version 4.5), Microcomputer Power, New York. 



J. Bio. & Env. Sci. 2022 

 

20 | Bagalwa et al. 

Townsend CR, Hildrew AG, Francis JE. 1983. 

Community structure in some southern English 

streams: The influence of physicochemical factors. 

Freshwater Biol 13, 521 - 544. 

 

Usio N, Townsend CR. 2001. The significance of 

the crayfish Paranephrops zealandicus as shledders 

in a New Zealand headwater stream. J. Crustacean. 

Biol 21, 354-359. 

 

Wanjala PM, Battan MK, Luoba IA. 2013. 

Ecology of Biomphalaria pfeifferi in Budalangi 

Endemic Focus of Western Kenya. Research Journal 

of Biological Sciences 8(3), 74-82. 

 

Watten BJ. 2004. Method and apparatus for control 

of aquatic vertebrates and invasive species, US Patent 

No. 6821442. 

 

Wetzel RG, Likens GE. 2001. Limnological 

analysis. Springer, 429p. 

Williams NV. 1970. Studies on aquatic pulmonate 

snails in central Africa 1. Field distribution in relation 

to water chemistry. Malacologia 10, 153-164. 

 

Yan JP, Yong H, Huang H. 2007. Characteristics 

of heavy metals and their evaluation in sediments 

from middle and lower reaches of the Huaihe River. 

Journal of China University of Mining and 

Technology 17, 414-417. 

 

Yi-Jiun JT, Maloney K, Arnalda AE. 2007. Biotic 

and abiotic factors influencing the distribution of the 

Huachuca springsnail (Pyrgulopsis thompsom). J 

Freshwater Ecol 213-218. 

 

Zeybek M, Kalyoncu H, Ertan OO. 2012. Species 

Composition and Distribution of Mollusca in Relation 

to Water Quality. Turkish Journal of Fisheries and 

Aquatic Sciences 12, 721-729. 

DOI: 10.4194/1303-2712- v12_3_21 

 

 

 

 


