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Abstract 

This study examined the spatial and temporal distribution of freshwater snails in Kingwal Wetland, Kenya, to assess their role in 

fascioliasis transmission. A total of 8,754 snails representing eight species were collected across seven sites over a 12-month 

period. The dominant species were Lymnaea auricularia (n = 1,192; 13.6%), Radix natalensis (n = 525; 6.0%), and 

Biomphalaria sudanica (n = 1,838; 21.0%), with L. auricularia and R. natalensis serving as key intermediate hosts of Fasciola 

gigantica. Spatial analysis revealed significant variation in species composition between sites (χ² = 2,435.1, df = 42, p < 0.001), 

with Sites 1 and 2 exhibiting the highest species richness and abundance. Temporal trends showed snail abundance peaking 

during the rainy season (May–August), with the highest monthly count being recorded in May (n = 1,383). Dry-season months 

such as January and December had the lowest counts, with only 230 and 316 individuals, respectively. R. natalensis exhibited the 

highest Fasciola infection prevalence, peaking at 29.3% in June, compared to L. auricularia, which peaked at 19.8% in 

September. A chi-square test for monthly snail distribution confirmed significant seasonal variation (χ² = 839.27, df = 77, p < 

0.001), while a Cochran–Mantel–Haenszel test showed strong interaction between spatial and temporal factors (CMH = 

1,192.37, df = 11, p < 0.001). These findings suggest that fascioliasis transmission risk is highest during wet months and is 

strongly influenced by habitat stability, vegetation, and anthropogenic activity. The results underscore the need for spatially 

targeted and seasonally timed control interventions, including habitat management and precision molluscicide application. This 

study contributes to a growing understanding of wetland ecosystems as dynamic transmission zones for snail-borne diseases and 

provides a foundation for data-driven fascioliasis control strategies in livestock-dependent communities living in wetland 

ecosystems. 
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1. Introduction 

Freshwater snails are integral components of aquatic eco-

systems, performing essential ecological functions such as 

regulating periphyton and phytoplankton biomass through 

grazing, recycling organic matter, and facilitating nutrient 

cycling between sediments and overlying water [1]. They 

form a vital link in food webs, serving as prey for fish, am-

phibians, waterbirds, and invertebrate predators, thereby 

supporting both biodiversity and fisheries productivity [2]. 
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Their abundance and distribution are influenced by hydro-

logical stability, substrate type, and vegetation complexity, 

with structurally diverse habitats generally supporting higher 

snail diversity [3]. However, some freshwater snail species 

also serve as intermediate hosts for parasitic trematodes, 

making them of considerable veterinary and public health 

importance. These dual roles, ecological and epidemiological 

position freshwater snails as key organisms in both conserva-

tion biology and disease ecology [4]. In wetland-adjacent 

communities, routine human–livestock contact with surface 

waters (e.g., communal watering points, laundry sites, and 

floodplain pastures) creates repeated opportunities for expo-

sure to infective stages; livestock and potentially humans are 

therefore exposed through shared water sources. 

Fascioliasis, a neglected zoonotic disease of global im-

portance, is caused by liver flukes of the genus Fasciola, most 

notably F. hepatica in temperate zones and F. gigantica in 

tropical and subtropical regions [5]. In Africa, and particularly 

in East Africa, F. gigantica predominates, and its transmission 

is tightly linked to the presence of competent lymnaeid snails 

such as Lymnaea natalensis and Radix natalensis [6]. The 

parasite’s life cycle is complex: eggs excreted in the feces of 

infected ruminants hatch in water to release miracidia, which 

actively penetrate suitable snail hosts [7]. Within the snail, the 

parasite undergoes successive developmental stages sporo-

cysts, rediae, and cercariae before emerging to encyst as 

metacercariae on aquatic vegetation or other substrates [8]. 

Livestock become infected when grazing on contaminated 

vegetation or drinking infested water. This cycle’s completion 

depends on the availability of aquatic habitats that support 

both the snail host and the free-living larval stages of the 

parasite [9]. For clarity, the generalized life cycle of trema-

todes of the genus Fasciola is illustrated in Figure 1, showing 

the key developmental stages within snail intermediate hosts 

and vertebrate definitive hosts (Figure 1). 

 
Figure 1. Generalized life cycle of Fasciola spp. Adapted from Mas-Coma [8]. Schematic representation of the Fasciola life cycle, illustrating 

the transition from eggs excreted by infected ruminants or humans to miracidia that infect lymnaeid snails, through successive intramolluscan 

stages (sporocyst, rediae, cercariae), and finally to encysted metacercariae on aquatic vegetation or in water, which infect grazing livestock or 

humans upon ingestion. 

The abundance, diversity, and distribution of snail vectors 

are shaped by a range of abiotic and biotic factors, including 

water temperature, dissolved oxygen, pH, conductivity, 

aquatic vegetation, and predator presence [10]. Hydrological 

regimes especially patterns of flooding and drying have a 

profound effect on snail survival and reproductive cycles [11]. 

Seasonal flooding can expand available habitats, increase 

food resources, and dilute predation pressure, leading to 
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population surges in suitable microhabitats [12]. Conversely, 

prolonged drought can fragment habitats, increase mortality, 

and limit dispersal, causing marked declines in snail numbers. 

The interplay of these environmental variables results in het-

erogeneous snail distributions, often leading to the formation 

of persistent “transmission hotspots” for trematode diseases 

such as fascioliasis [13]. 

In Kenya, fascioliasis is a significant cause of economic 

loss in ruminant production systems, particularly in wet-

land-rich landscapes such as the Lake Victoria basin, parts of 

the Rift Valley, and highland swamps [14]. Despite this, sur-

veillance of intermediate host snails has been sporadic and 

geographically limited, with few longitudinal datasets cap-

turing seasonal dynamics at a local scale [15]. Existing studies 

have often focused on broad-scale prevalence surveys in 

livestock or on snail identification without examining fi-

ne-scale ecological drivers of abundance and distribution [16]. 

This leaves important gaps in understanding how microhabitat 

characteristics, land-use patterns, and climatic variability 

interact to influence snail ecology in fascioliasis-endemic 

areas [17]. 

Kingwal Wetland in Nandi County is a high-altitude wet-

land system characterized by slow-moving channels, seasonal 

flooding, dense stands of emergent and submerged vegetation, 

and extensive livestock grazing [18]. These conditions are 

likely to provide favorable habitats for multiple snail species, 

including known fascioliasis vectors. However, the wetland’s 

snail fauna has not been comprehensively documented, and 

there is little understanding of how snail abundance and di-

versity vary spatially across different microhabitats or tem-

porally in response to seasonal hydrological changes [19]. 

Without such ecological baselines, the design and timing of 

fascioliasis control measures such as mollusciciding, habitat 

management, or targeted livestock treatments remain largely 

guesswork [20]. 

The present study addresses these gaps by conducting a 

year-long ecological assessment of freshwater snails in 

Kingwal Wetland, focusing on spatial, temporal, and spa-

tio-temporal patterns of abundance and diversity in relation to 

environmental conditions. By generating site-specific, sea-

sonally resolved data, this work aims to improve fascioliasis 

risk mapping and provide a scientific foundation for inte-

grated, evidence-based snail control strategies that can be 

adapted to other wetland systems in the region [21]. 

2. Materials and Methods 

2.1. Study Area 

Kingwal Swamp is an important inland wetland ecosystem 

located in Nandi County, western Kenya, within the former 

Rift Valley Province. It is situated approximately 6 km west of 

Kapsabet Town, straddling Nandi Central and Nandi North 

sub-counties, between approximately 0°12′N latitude and 

35°8′E longitude. The swamp forms part of the Lake Victoria 

Basin catchment area and contributes to the Yala River wa-

tershed, playing a critical role in regional hydrological regu-

lation [22]. 

The wetland covers an estimated area of 15–20 km² during 

normal hydrological conditions, although seasonal flooding 

during the long rains (March–June) can significantly expand 

its surface area. It is traversed by the Kingwal River, a major 

tributary of the Yala River, and bordered by a mosaic of land 

uses including communal grazing areas, smallholder farms, 

and patches of riparian vegetation. Historically, Kingwal 

Swamp has supported biodiversity conservation, provided 

grazing grounds during the dry season, and sustained key 

wildlife species such as the rare sitatunga antelope (Tragel-

aphus spekii) [18]. 

The area lies within a sub-humid agro-ecological zone, 

experiencing a bimodal rainfall pattern with annual totals 

ranging from 1,200 to 1,600 mm. Long rains occur from 

March to June, and short rains from October to December. 

Mean monthly temperatures range between 15°C and 26°C, 

providing favorable conditions for both agricultural produc-

tion and freshwater mollusc proliferation [23]. The wetland 

hydrology is maintained by the Kingwal River, supplemented 

by surface runoff and seasonal springs. However, anthropo-

genic activities such as overgrazing, brick-making, papyrus 

harvesting, and edge cultivation have altered the wetland’s 

hydrological and ecological functions, potentially influencing 

snail habitats and fascioliasis transmission risk [24]. 

2.2. Description of Sampling Sites 

Seven sampling sites (Figure 2) were purposively selected 

to represent different hydrological regimes, vegetation struc-

tures, and land use pressures, thereby capturing ecological 

variation relevant to snail distribution and fascioliasis trans-

mission [25]. 

Site 1: Northwestern papyrus swamp, permanently water-

logged, dominated by Cyperus papyrus, minimal anthropo-

logical disturbance representing an undisturbed reference 

habitat. 

Site 2: Midstream river section with moderate current, 

higher dissolved oxygen, and a mixture of sand-silt substrates. 

Site 3: Northern floodplain with seasonal inundation, 

suitable for monitoring snail colonization under fluctuating 

water levels. 

Site 4: Central papyrus zone near a livestock crossing point, 

subject to high trampling and nutrient enrichment from dung. 

Site 5: Western papyrus zone with relatively low disturb-

ance, serving as a semi-pristine control site. 

Site 6: Southern grazing zone with heavy cattle access, high 

turbidity, and elevated nutrient loads. 

Site 7: Southeastern grazing zone with intense livestock 

activity, shallow turbid water, and disturbed vegetation. 

This site stratification enabled spatial comparison of 

high-risk, disturbed areas with low-risk, minimally impacted 

zones. 
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2.3. Sampling Design 

A longitudinal cross-sectional snail survey was conducted 

from January to December 2023, covering both dry and rainy 

seasons. Each site was sampled monthly to capture seasonal 

variation in snail abundance, diversity, and distribution pat-

terns [26]. 

2.4. Snail Collection 

Snails were collected using two standard methods: 

1) Scoop netting: A fine mesh (1 mm) hand net was used to 

dredge submerged vegetation, detritus, and sediments. 

2) Hand picking: Snails attached to vegetation, debris, or 

sediment surfaces were picked manually using forceps 

or gloved fingers. 

Sampling effort was standardized to 30 minutes per site per 

visit. Collected snails were placed in labeled, aerated plastic 

containers with water from the respective sites and trans-

ported to the field laboratory within 2 hours. 

Geographic coordinates of each sampling site were rec-

orded in triplicate using a Garmin GPSMAP® 64st handheld 

unit (±3 m accuracy). Spatial distribution maps for snail spe-

cies abundance and infection prevalence were generated using 

QGIS v3.28.4 (Open Source Geospatial Foundation) [26]. 

Abundance data were visualized using proportional symbol 

mapping, where symbol size corresponded to the number of 

individuals per species per site. Species diversity and infec-

tion prevalence were overlaid as graduated color scales. Base 

maps and hydrological layers for Nandi County and the Yala 

River basin were obtained from the Kenya Open Data portal 

and processed in the WGS84 coordinate system. Thematic 

maps depicting ecological zones (e.g., permanent swamp, 

seasonal floodplain, grazing areas) were digitized from 

high-resolution satellite imagery (Sentinel-2, 10 m resolution) 

to contextualize snail distributions. 

During transport and temporary storage, snails were 

maintained under standardized conditions to minimize han-

dling stress and mortality. Immediately after collection, con-

tainers were kept in opaque, ventilated coolers to limit light 

exposure, with lids left ajar for passive aeration; ice packs 

were used as needed to keep water close to ambient field 

temperature. Total time from capture to laboratory processing 

did not exceed 6 hours (transport ≤ 2 hours; bench-holding ≤ 4 

hours). Water in the transport containers was the source water 

from each site and was not replaced during transit to avoid 

thermal/osmotic shock. At the laboratory, containers were 

placed in a shaded area at room temperature (∼15–26°C, 

matching local ambient conditions), and snails were pro-

cessed promptly; if short-term holding was unavoidable (≤ 2 

hours), containers remained covered (low light) and gently 

aerated. No feeding occurred during transport/holding, and 

any moribund individuals were excluded from abundance 

counts but recorded separately. 

2.5. Identification and Enumeration 

Snails were examined under a dissecting microscope (×40) 

and identified to species level using morphological keys de-

scribed by Brown [27] and Kristensen [28]. Diagnostic fea-

tures included shell shape, whorl count, aperture size, and 

ornamentation. Individuals were counted and recorded by 

species for each site and month. 

 
Figure 2. Sampling sites in Kingwal Wetland, Nandi County, Kenya (Jan–Dec 2023). Seven sites (S1–S7) stratified by hydrology, vegetation 

diversity and disturbance: S1 = NW papyrus zone (low disturbance); S2 = mid-stream river reach (moderate flow); S3 = seasonal floodplain; 

S4 = papyrus near livestock crossing; S5 = western papyrus (semi-pristine); S6 = southern grazing zone; S7 = SE grazing zone. Base map: 

county and hydrography layers (WGS84). Coordinates recorded with GPS (±3 m). Map produced in QGIS 3.28.4. Scale bar in km and north 

arrow shown. 
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2.6. Diversity and Abundance Analysis 

Species richness (S), total abundance (N), and Shannon–Wiener 

diversity index (H′) were calculated for each site and month: 

H′=−∑(pi⋅lnpi) 

where pi is the proportion of individuals belonging to species 

iii. Relative abundance (%) was calculated for each species as 

a proportion of total snails collected in a sampling event [29]. 

2.7. Statistical Analysis 

Snail abundance and diversity were compared among sites 

and seasons using one-way ANOVA; when omnibus effects 

were significant, pairwise differences were examined with 

Tukey’s HSD (α = 0.05, two-tailed). ANOVA and Tukey 

procedures were run in SPSS v25. Analyses were performed 

using SPSS v25 for statistical testing and R software v4.2.3 (R 

Core Team, 2023) using the stats and vcd packages for eco-

logical visualization [30]. Associations among species, sites, 

and months were evaluated using Chi-square (χ²) tests of 

independence [27], and the consistency of month–abundance 

associations across sites was assessed with the Cochran–

Mantel–Haenszel (CMH) test. Statistical significance was set 

at p < 0.05 for all tests. Where relevant, model assumptions 

(normality and homoscedasticity) were checked prior to in-

ference; transformations or non-parametric alternatives were 

considered if assumptions were not met. 

2.8. Ethical Considerations 

Research licence was obtained from the National Com-

mission for Science, Technology and Innovation (NACOSTI). 

Nandi County authorities, and local community leaders also 

approved the research. All sampling procedures adhered to 

best ecological practices to minimize disturbance to habitats, 

and no vertebrates were harmed during the study [31]. 

3. Results 

3.1. Spatial Variations in Snail Abundance 

A total of 8 different species of freshwater snails were 

identified and counted across the study sites in Kingwal 

Wetland. These species included Biomphalaria sudanica, B. 

pfeifferi, B. choanomphala, Lymnaea auricularia, Bulinus 

globosus Cleopatra africana, Radix natalensis and Bellamya 

hightoni. The abundance of each species is summarized in 

Figure 3. A total of 8,754 freshwater snails were collected 

from Kingwal Wetland over the 12 months study period. The 

most abundant species was Biomphalaria sudanica, with 

1,838 individuals, representing approximately 21.0% of the 

total collected snails. This was followed by B. pfeifferi (n = 

1,568; 17.9%), L. auricularia (n = 1,192; 13.6%), Bulinus 

globosus (n = 1,117; 12.8%), and Cleopatra africana (n = 

1,109; 12.7%). The least abundant species were Radix na-

talensis and Bellamya hightoni, with 525 (6.0%) and 573 

(6.5%) individuals respectively. B. choanomphala was also 

relatively less common, accounting for 832 snails or 9.5% of 

the total. A Chi-square test revealed a highly significant dif-

ference in species abundance (χ² = 868.89, df = 7, P < 0.0001), 

indicating that the distribution of snail species was related to 

the sites of sampling. 

 
Figure 3. Total abundance of freshwater snail species pooled across all sites, Kingwal Wetland (Jan–Dec 2023); N = 8,754). Bars show total 

counts by species; percentages above bars give share of the pooled total. Species abbreviations: B. sud = Biomphalaria sudanica; B. pfe = B. 

pfeifferi; L. aur = Lymnaea auricularia; B. glo = Bulinus globosus; C. afr = Cleopatra africana; R. nat = Radix natalensis; B. hig = Bellamya 

hightoni; B. cho = B. choanomphala. A chi-square test indicated unequal species abundances (χ² = 868.89, df = 7, p < 0.0001). 
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A total of 8,754 freshwater snails were collected from the 

seven sampling sites, showing considerable variation in spe-

cies composition across sites locations (Figure 4). Site 2 rec-

orded the highest abundance with 1,651 snails, where Bi-

omphalaria sudanica was dominant, comprising 54.9% of the 

total, followed by Radix natalensis at 13.3%, and Bulinus 

hightoni at 8.8%. Site 7 followed with 1,337 snails, and 

Lymnaea auricularia was the most prevalent species at 35.4%, 

while Bulinus globosus and Biomphalaria choanomphala 

accounted for 23.5% and 11.1%, respectively. Site 1 had 1,097 

snails, where Ceratophallus africana led at 35.8%, with Bi-

omphalaria pfeifferi and L. auricularia contributing 29.6% 

and 11.6%, respectively. Site 6 yielded 1,053 snails, domi-

nated by L. auricularia at 39.7%, followed by B. pfeifferi at 

27.3% and B. globosus at 10.8%. Similarly, Site 3 had 1,053 

snails, where B. sudanica made up 37.6%, B. pfeifferi 18.9%, 

and L. auricularia 12.4%. These findings highlight spatial 

heterogeneity in snail populations, with B. sudanica domi-

nating in Site 2, while L. auricularia, a key intermediate host 

of Fasciola gigantica, was most prevalent in Sites 6 and 7. 

To assess whether the differences in species abundance 

across the sites were statistically significant, a Chi-square test 

of independence was performed. The analysis revealed a 

highly significant association between snail species and 

sampling site location, with χ² = 3,284.77, df = 42, P < 

0.0001). 

 
Figure 4. Snail species abundance by site (S1–S7), Kingwal Wetland (Jan–Dec 2023). Stacked bars display counts of each species per site; 

labels give site totals. 

The Figure 5 visualization highlights spatial heterogeneity 

of snail species distribution (e.g., B. sudanica dominating S2; 

L. auricularia prominent at S6–S7). Association between 

species and site was significant (χ² = 3,284.77, df = 42, p < 

0.0001). See Figure 2 for site descriptions. The map in Figure 

5 visually illustrates the spatial distribution of eight freshwa-

ter snail species across seven study sites within the King’wal 

wetland. Each site corresponds to a specific ecological zone, 

ranging from permanently waterlogged swamp edges to sea-

sonally inundated floodplains and livestock-accessed grazing 

areas. The map integrates species-specific abundance using 

color-coded proportional symbols and provides a unified 

legend for easy interpretation, along with a distance scale in 

kilometers for spatial orientation. 

The abundance patterns depicted on the map reveal clear 

ecological gradients. Site 2, located along the midstream 

section of the wetland, exhibits the highest concentration of B. 

sudanica (906 individuals) and B. barthi (220 individuals), 

suggesting that this moderately water flowing habitat provides 

favorable conditions such as stable moisture and oxygenated 

water that support these species. In contrast, Site 6 and Site 7, 

which fall within the heavily grazed southern and southeast-

ern zones, show significant dominance of B. phthinotropis 

(418 and 474 individuals respectively) and elevated presence 
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of B. globosus and B. choanomphala, highlighting the influ-

ence of livestock-induced eutrophication and habitat dis-

turbance. Interestingly, Ceratophallus africana, a 

mud-dwelling snail, shows peak abundance in Site 1 (393 

individuals), the northwestern edge of the swamp character-

ized by rich organic sediments and limited disturbance. Sim-

ilarly, B. pfeifferi, a known intermediate host of Schistosoma 

mansoni, is particularly abundant in Sites 1, 5, and 6, poten-

tially indicating areas of increased transmission risk for 

schistosomiasis. 

 
Figure 5. Spatial distribution map of eight freshwater snail species across seven sites, Kingwal Wetland (Jan–Dec 2023). Proportional sym-

bols encode abundance (larger = more individuals); color hue encodes species (shared legend inset). Background polygons denote habitat 

zones (permanent papyrus, seasonal floodplain, grazed margins). Key examples annotated (e.g., high B. sudanica at S2; high L. auricularia 

at S6–S7). Projection: WGS84. Map created in QGIS 3.28.4 from monthly field tallies; base layers from Kenya Open Data portal. Include 

legend, scale bar (km), and north arrow on the map. 

3.2. Temporal Variations in Snail Abundance 

A total of 8,754 freshwater snail individuals representing 

eight distinct species were recorded across King’wal Wetland 

over a 12-month sampling period (Table 1). The identified 

taxa included B. sudanica, B. pfeifferi, B. hightoni, L. auric-

ularia, B. choanomphala, B. phthinotropis, Ceratophallus 

africana and Radix natalensis. These species exhibited nota-

ble differences in their temporal distribution, with monthly 

abundance varying substantially, thereby indicating signifi-

cant fluctuations in the wetland’s snail community structure 

over time. 

Peak snail abundance was consistently recorded during the 

mid-year months of June, July, and August, which correspond 

with periods of increased rainfall, flooding, and expanded 

aquatic habitat availability. In June, a total of 1,146 individ-

uals (13.1%) were collected, with B. sudanica and B. pfeifferi 

emerging as dominant species. B. sudanica accounted for 306 

individuals (16.65%), while B. pfeifferi contributed 244 indi-

viduals (15.56%), together comprising over 32% of the total 

monthly catch. In July, total abundance rose to 1,230 indi-

viduals (14.1%), with marked increases in L. auricularia (186; 

16.65%) and C. africana (180; 15.17%). B. phthinotropis also 

showed a mid-year peak in August, contributing 185 indi-

viduals (15.51%) to the total of 1,179 snails (13.5%) collected 

that month. In contrast, the lowest snail abundance was rec-

orded during January (230 individuals; 2.6%) and December 

(316 individuals; 3.6%), both dry-season months character-

ized by reduced surface water, increased evapotranspiration, 

and fragmented microhabitats. In January, B. pfeifferi was 

entirely absent from all sites, suggesting its high sensitivity to 

drying conditions. Radix natalensis declined sharply to just 

21 individuals (1.14%), while L. auricularia and B. cho-

anomphala were similarly rare, registering only 12 (1.07%) 

and 9 (1.08%) individuals respectively. 

Temporal trends in relative species composition also re-

vealed distinct seasonal preferences of certain ecological 

niches. For instance, B. choanomphala, a species commonly 

associated with shallow, well-vegetated waters, peaked during 

June (139 individuals; 16.7%) but was almost absent in the 

dry months, likely due to habitat desiccation. In contrast, B. 

sudanica and B. hightoni demonstrated increasing presence 

from September to December, with both species reaching 

their relative maxima in October–December each exceeding 

12% of the monthly totals. This trend may reflect their toler-

ance to marginal or disturbed habitats that emerge later in the 

year. C. africana, a mud-dwelling pulmonate snail, was par-

ticularly dominant in the wettest months, with a notable peak 

in June (172 individuals; 15.5%). 

The analysis revealed a highly significant association be-

tween sampling month and snail species abundance (χ² = 

839.27, df = 77, P < 0.001), confirming that the distribution of 

snail species across months was non-random. Months within 

the May to August window contributed most significantly to 
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the chi-square value, while early (January–March) and late 

(November–December) months of the year exhibited mark-

edly lower abundance and reduced inter-species variability. 

Table 1. Monthly temporal abundance of freshwater Snail species in Kingwal Swamp (2024). 

Month 
B. su-

danica 

B. 

pfeifferi 

L. auricu-

laria 

B. cho-

anomphala 

B. phthinot-

ropis 

C. afri-

cana 

R. na-

talensis 

B. 

hightoni 
Total 

January 
21 

(1.14%) 
0 (0.00%) 12 (1.07%) 9 (1.08%) 50 (4.20%) 

46 

(4.15%) 

44 

(8.38%) 

48 

(8.38%) 
230 

February 
77 

(4.19%) 

18 

(1.15%) 
0 (0.00%) 35 (4.21%) 13 (1.09%) 

92 

(8.29%) 

22 

(4.19%) 

24 

(4.19%) 
281 

March 
153 

(8.33%) 

65 

(4.15%) 
12 (1.07%) 69 (8.29%) 0 (0.00%) 

139 

(12.53%) 
6 (1.14%) 6 (1.05%) 450 

April 
230 

(12.51%) 

131 

(8.35%) 
47 (4.21%) 104 (12.50%) 13 (1.09%) 

172 

(15.50%) 
0 (0.00%) 0 (0.00%) 697 

May 
286 

(15.56%) 

196 

(12.50%) 
93 (8.33%) 129 (15.50%) 50 (4.20%) 

185 

(16.68%) 
6 (1.14%) 6 (1.05%) 951 

June 
306 

(16.65%) 

244 

(15.56%) 

140 

(12.53%) 
139 (16.70%) 99 (8.30%) 

172 

(15.50%) 

22 

(4.19%) 

24 

(4.19%) 
1146 

July 
286 

(15.56%) 

261 

(16.64%) 

174 

(15.58%) 
129 (15.50%) 149 (12.50%) 

139 

(12.53%) 

44 

(8.38%) 

48 

(8.38%) 
1230 

August 
230 

(12.51%) 

244 

(15.56%) 

186 

(16.65%) 
104 (12.50%) 185 (15.51%) 

92 

(8.29%) 

66 

(12.57%) 

72 

(12.56%) 
1179 

September 
153 

(8.33%) 

196 

(12.50%) 

174 

(15.58%) 
69 (8.29%) 199 (16.70%) 

46 

(4.15%) 

82 

(15.62%) 

89 

(15.53%) 
1008 

October 
77 

(4.19%) 

131 

(8.35%) 

140 

(12.53%) 
35 (4.21%) 185 (15.51%) 

12 

(1.08%) 

87 

(16.57%) 

95 

(16.58%) 
762 

November 
21 

(1.14%) 

65 

(4.15%) 
93 (8.33%) 9 (1.08%) 149 (12.50%) 0 (0.00%) 

82 

(15.62%) 

89 

(15.53%) 
508 

December 2 (0.11%) 
17 

(1.08%) 
46 (4.12%) 1 (0.12%) 100 (8.39%) 

14 

(1.26%) 

64 

(12.19%) 

72 

(12.56%) 
316 

Values represent total counts of each species collected per month across seven sampling sites. The data illustrate clear seasonal fluctuations, 

with peak abundance during the rainy season (June–August) and reduced densities in the dry months (January–March, October–December). 

Species abbreviations: R. nat = Radix natalensis; B. pfe = Biomphalaria pfeifferi; L. aur = Lymnaea auricularia; B. cho = B. cho-

anomphala; B. phth = B. phthinotropis; C. afr = Ceratophallus africana; B. bar = B. barthi; B. hig = B. hightoni. Total = 8,754 

individuals 

3.3. Spatio-temporal Patterns 

The spatio-temporal analysis of freshwater snail popula-

tions in King’wal Wetland revealed significant variations in 

both abundance and species richness across the study period 

and sampling locations (Figure 6). Over a continuous 

12-month survey period, from January to December 2023, a 

total of 8,754 snails belonging to eight species were recorded 

across the seven surveyed sites. Statistical tests confirmed that 

snail species abundance variations were not random. A 

Chi-Square Test of Independence indicated a highly signifi-

cant association between snail abundance, site, and month (χ² 

= 4,922.19, df = 60, p < 0.001), while the Cochran–Mantel–

Haenszel (CMH) Test further reinforced a consistent, strati-

fied association between abundance and month across all sites 

(CMH = 1,192.37, df = 11, p < 0.001). 

Abundance was highest during the long rainy season, par-

ticularly from March to June. The peak occurred in May, with 

Site 1 recording the highest monthly total of 1,383 snails. 

Comparable peaks were observed at Site 3 in April (1,347 

snails) and at Site 2 in May (1,328 snails), indicating that 

increased rainfall, rising water levels, and enhanced vegeta-

tion cover during this period created favorable breeding and 
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foraging conditions. In contrast, snail abundance declined 

markedly during the dry season, with the lowest monthly 

count occurring in December at Site 7, where only 281 indi-

viduals were collected. Other notably low counts were rec-

orded at Site 5 in November (324 snails) and again at Site 7 in 

the same month (327 snails). 

Each site exhibited a unique pattern of abundance and 

species composition. Site 1 was consistently the most pro-

ductive and diverse, with monthly snail totals rarely dropping 

below 900 and supporting up to 10 or 11 species per month. 

Site 2 mirrored this productivity, especially during the wet 

season, though it showed a slight decline in snail numbers and 

diversity during September and November, likely due to 

seasonal drying or changes in water quality. Site 3 displayed a 

rapid seasonal response, with a sharp increase in abundance 

beginning in March, peaking in April, and gradually declining 

in subsequent months. Despite the drop in total numbers, Site 

3 consistently maintained high species richness, often with 

nine or more species per month. 

Site 4 exhibited more moderate abundance, peaking at 874 

snails in May, and supported fewer species than the first three 

sites. However, it occasionally hosted uncommon species 

during the rainy season, reflecting a degree of ecological 

complexity. Site 5 showed more erratic trends, with wide 

monthly fluctuations and limited species diversity often fewer 

than six species suggesting environmental stress or anthro-

pogenic disturbance. Site 6 was distinctive in exhibiting a 

bimodal abundance pattern, with notable peaks in January 

(926 snails) and April (1,071 snails). This site maintained 

moderate to high snail numbers throughout the year, poten-

tially due to perennial water sources and stable habitat condi-

tions. 

Site 7 consistently showed the lowest snail abundance and 

species richness, rarely exceeding 600 individuals per month 

and typically hosting only three to five species. Its poorest 

performance, recorded in December, reflected likely habitat 

degradation, seasonal desiccation, or elevated human and 

livestock pressure. 

Additionally, certain species, such as Bellamya unicolor 

and Lymnaea natalensis, were recorded only sporadically, 

mostly between April and July. Their limited and seasonally 

dependent presence suggests that their life cycles are closely 

tied to specific environmental cues, particularly hydrological 

changes. 

Overall, the results highlight a strong dependence of 

freshwater snail populations on both spatial habitat charac-

teristics and seasonal climatic patterns. The highest snail 

abundance and diversity were observed in stable, vegeta-

tion-rich sites during the rainy season, while environmentally 

stressed sites experienced significant declines in both param-

eters. These spatio-temporal patterns are critical for informing 

fascioliasis risk assessment and the timing and targeting of 

snail control interventions. 

 
Figure 6. Spatio-temporal variation in snail abundance in King’wal Wetland (Jan–Dec 2023). 
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Heatmap (months × sites) shows total individuals per site 

per month (cell value; color intensity = higher abundance). 

Line above the heatmap gives monthly totals (all sites com-

bined). Abundance peaked in the long-rains (May–Aug) and 

declined in dry months (Jan, Dec). A CMH test confirmed 

consistent month–abundance association across sites (CMH 

= 1,192.37, df = 11, p < 0.001); month–species association 

was also significant (χ² = 839.27, df = 77, p < 0.001). 

4. Discussion 

This study provides a comprehensive ecological evaluation 

of freshwater snail populations in Kingwal Wetland, Kenya, 

focusing on their spatial and temporal dynamics and their 

implications for fascioliasis transmission. Over a 12-month 

period, 8,754 individual snails representing eight species were 

recorded, with notable variability in species composition and 

abundance depending on habitat characteristics and season-

ality. The dominant species identified were Biomphalaria 

sudanica, Biomphalaria pfeifferi, Lymnaea auricularia, Bu-

linus globosus, and Radix natalensis, several of which serve 

as intermediate hosts for trematode parasites. 

Spatial analysis indicated significant differences across the 

seven sampled sites. Sites 1, 2, and 3 demonstrated the highest 

species richness and abundance, attributed to their relatively 

undisturbed habitats, consistent water flow, and dense aquatic 

vegetation. In contrast, Site 7 consistently recorded the lowest 

values for both abundance and diversity, likely due to seasonal 

drying, high anthropogenic disturbance, and water quality 

degradation. These patterns mirror observations from Opisa et 

al. [32] and Kariuki et al. [33], who linked snail diversity to 

water stability and vegetation density in East African wet-

lands. Similarly, El-Deeb et al. [34] found that spatial gradi-

ents in land-use intensity significantly influenced snail 

abundance in the Nile Delta. 

Lymnaea auricularia, the most abundant Fasciola vector 

observed, was primarily located in areas with slow-moving 

waters and rich aquatic flora. This aligns with findings by 

Mbabazi et al. [35], who identified L. auricularia as a prin-

cipal intermediate host in wetland sites of the Lake Victoria 

Basin. Conversely, R. natalensis, though numerically less 

dominant, exhibited higher infection prevalence with Fasci-

ola gigantica across several months, supporting the conclu-

sions of Bakuza et al. [36], who emphasized that transmission 

can be sustained by low-density snail populations under 

conducive environmental conditions. 

Temporal data revealed that snail populations peaked dur-

ing the long rainy season (May–August), coinciding with 

increased habitat expansion, improved water quality, and 

enhanced vegetation density. This temporal surge parallels 

studies by Kazibwe et al. [37] and Nakanwagi et al. [38], who 

documented similar seasonally induced snail blooms in 

Ugandan and Tanzanian wetlands. The highest single-site 

snail count in this study occurred in May at Site 1, corre-

sponding with the highest rainfall volume recorded during the 

year. Conversely, the dry-season months of January and De-

cember saw marked declines in both snail abundance and 

species diversity, likely due to increased evaporation, reduced 

vegetation, and limited microhabitat availability. 

Statistical analyses, including Chi-square and Cochran–

Mantel–Haenszel (CMH) tests, confirmed that snail distribu-

tion patterns were significantly influenced by both space and 

time rather than occurring randomly. These findings are con-

sistent with the work of Rabone et al. [39], who demonstrated 

that snail community structures in the Lake Victoria Basin 

followed predictable seasonal and ecological patterns. Simi-

larly, Southgate et al. [40] documented that trema-

tode-transmitting snails in Zambian floodplains exhibited 

structured spatial variation influenced by water level and soil 

texture. 

The co-occurrence of Biomphalaria and Bulinus species 

vectors of Schistosoma mansoni and S. haematobium, re-

spectively further highlights the complex vector ecology in 

Kingwal Wetland. Although these species do not transmit 

Fasciola, their presence indicates overlapping ecological 

niches and complicates disease control. This coexistence 

suggests that Kingwal Wetland may represent a potential 

co-endemic zone where fascioliasis and schistosomiasis 

transmission cycles overlap spatially and temporally. The 

ecological overlap of Lymnaea, Biomphalaria, and Bulinus 

species underscores the importance of adopting an integrated 

“One Health” approach in surveillance and control, as advo-

cated by Habib et al. [41]. Acknowledging this broader trem-

atode assemblage provides a more holistic understanding of 

the wetland’s public health relevance, since these species 

contribute to multiple zoonotic and human parasitic infections 

beyond fascioliasis. Future work should therefore extend the 

analytical framework to include molecular screening of snail 

populations for Schistosoma, Echinostoma, and other trema-

tode species to establish the full transmission spectrum and 

co-infection risks in the ecosystem. 

Other taxa, such as Ceratophallus africana and Bellamya 

hightoni, were often found in organically rich sediment zones, 

particularly in less disturbed areas like Site 1. Brown [27] and 

Kristensen [28] reported similar habitat preferences among 

planorbid and viviparid snails, associating their presence with 

detritus-laden substrates and minimal physical disturbance. 

These habitat affinities reinforce the role of wetland micro-

habitats in structuring snail communities and highlight the 

value of preserving such zones for ecological balance and 

surveillance. Compared to related studies, the findings from 

Kingwal Wetland both align with and diverge from regional 

patterns. For example, Mwachiro et al. [42] documented 

greater dominance of R. natalensis in wetland zones of western 

Kenya, whereas L. auricularia was more prevalent in the current 

study. This discrepancy may reflect ecological variation in alti-

tude, soil type, vegetation structure, or human land use. 

From a theoretical standpoint, the results lend empirical sup-
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port to ecological succession theory [43], which posits that 

community composition is shaped by a combination of nutrient 

enrichment, disturbance, and habitat maturity. Sites with high 

biodiversity in this study typically showed more stable water 

conditions, lower anthropogenic interference, and well-developed 

vegetation, suggesting that long-term ecological balance supports 

more diverse and productive snail communities. 

Although the study employed robust field methods and a 

year-long timeline, certain limitations should be acknowl-

edged. Chief among them is the exclusive reliance on mor-

phological snail identification, which carries risks of misclas-

sification, especially among cryptic or morphologically similar 

species. Furthermore, environmental variables such as water pH, 

turbidity, and nutrient load were not directly incorporated into 

statistical models, limiting ecological interpretation. This meth-

odological gap is echoed by Appleton [44] and Alafiatayo et al. 

[45], who advocated for the integration of molecular and envi-

ronmental monitoring tools in malacological research. 

Emerging technologies present new opportunities to en-

hance future studies. Remote sensing and GIS, for instance, 

can be used to map aquatic vegetation and predict snail habitat 

suitability based on NDVI (Normalized Difference Vegetation 

Index) and land surface moisture. Musyoka et al. [46] 

demonstrated the feasibility of such tools in identifying 

Fasciola risk zones in Kenyan river basins. In addition, 

PCR-based techniques for identifying larval stages of Fasci-

ola within snails are becoming increasingly accessible and 

could vastly improve transmission risk assessments. 

Finally, this study contributes to the growing understanding 

of wetlands as dynamic disease ecologies. The clear cluster-

ing of snail vectors in certain ecological niches, combined 

with seasonal infection trends, supports the need for targeted, 

evidence-based control approaches. By highlighting both 

fascioliasis and schistosomiasis-related snail hosts, the study 

broadens the context of trematode transmission in Kingwal 

Wetland and underscores the need for integrated control pro-

grams that consider multiple parasite systems rather than 

single-disease interventions. It also reinforces the ecological 

connectivity between livestock management, wetland con-

servation, and public health. 

The public health implications of these findings are con-

siderable. The demonstrated coexistence of snail hosts for 

both fascioliasis and schistosomiasis indicates that commu-

nities in and around Kingwal Wetland face overlapping zo-

onotic risks from shared water sources used for livestock and 

domestic purposes. These data provide an ecological basis for 

developing localized fascioliasis risk maps and integrating 

snail surveillance into existing county health programs. In 

Nandi County, results could guide the Department of Public 

Health and Veterinary Services in scheduling deworming 

campaigns and mollusciciding activities during peak trans-

mission months (May–August). At the national level, the 

findings align with Kenya’s One Health strategy and can 

inform the Ministry of Health and Ministry of Agriculture, 

Livestock, and Fisheries in designing joint environmental 

monitoring frameworks under the Kenya National Public 

Health Institute. Strengthening community education on safe 

water use and grazing practices, coupled with wetland man-

agement and vector control policies, would therefore provide 

a practical pathway to reduce the burden of fascioliasis and 

related snail-borne diseases in western Kenya. 

5. Conclusions 

Given the rich and dynamic freshwater snail community in 

King’wal Wetland, coupled with the dominance of competent 

fascioliasis vectors such as Lymnaea auricularia and the 

consistent infection prevalence in Radix natalensis, control 

strategies should be both targeted and seasonally timed. 

Molluscicide applications should be scheduled to coincide 

with the onset of the rainy season (April–May), when snail 

populations typically surge. Spatial mapping of snail habitats 

using GIS and remote sensing should be prioritized to pin-

point high-risk zones for focused intervention. Farmer edu-

cation programs are essential to raise awareness about the 

risks of livestock grazing and watering in snail-infested areas, 

particularly during peak transmission months. Habitat man-

agement measures, such as fencing off sensitive wetland 

zones or establishing designated livestock watering points, 

can help minimize contact between animals, humans, and 

infected environments. In addition, integrating molecular 

diagnostics into future surveys will enhance the accuracy of 

infection detection and vector identification. Finally, estab-

lishing a long-term ecological monitoring program will be 

critical for tracking snail population dynamics in response to 

climate variability and land-use changes, ensuring adaptive 

and sustainable fascioliasis control. 
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