



Diversity and Composition of Anuran Amphibian Communities in Agroecosystems in the Village of Nebo (Lôh-Djiboua Region, Southwestern Côte d’Ivoire)

Abstract

The expansion of agroecosystems is one of the main causes of habitat change for amphibians in West Africa. This study assessed the diversity, structure, and distribution of anuran amphibian communities in four types of agroecosystems (rice fields, oil palm plantation, cocoa plantation, and rubber plantation) in the village of Nebo, Côte d’Ivoire. Surveys were conducted using visual and acoustic methods, and communities were compared using the Shannon, Simpson, Pielou, and Sørensen similarity indices. A total of 1,030 individuals belonging to 25 species, 10 genera, and 8 families were recorded. The families Phrynobatrachidae, Hyperoliidae, and Ptychadenidae were the most diverse. Rice fields (21 species) and oil palm plantation (18 species) exhibited the highest species richness, diversity indices, and abundances, in contrast to cocoa plantation (8 species) and rubber plantation (5 species). The species Amnirana albolabris, Hyperolius concolor, and Leptopelis viridis were present in all agroecosystems, while several species were exclusive to certain habitats. The communities in rice fields and oil palm plantation were highly similar (Cs = 0.821), unlike those in other agroecosystems. Species distribution was primarily determined by water availability, humidity, and vegetation cover. These results show that rice fields and oil palm plantation are important habitats for anuran amphibians in the agricultural landscapes of Nebo. Maintaining a mosaic of agroecosystems that incorporate wetlands and patches of natural vegetation appears to be essential for preserving amphibian diversity in West African agroecosystems.
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1. Introduction 
Global biodiversity is severely affected by habitat destruction, the intensification of human activities, pollution, and climate change (Baillie et al., 2010). Among vertebrates, amphibians are among the most threatened groups, with more than 40% of species in decline or threatened with extinction (IUCN, 2025). Because of their high sensitivity to environmental changes, they are considered excellent bioindicators of ecosystem health (Wells, 2007; Lamotte & Roy, 2003; Mohneke et al., 2010). West Africa is home to a rich diversity of amphibians, particularly in the Guineo-Congolese rainforests (Rödel, 2000; Penner et al., 2011). However, this biodiversity is under increasing pressure due to the conversion of natural habitats into agricultural land and deforestation (Newbold et al., 2015). 

In Côte d’Ivoire, the sharp decline in forest cover has led to habitat fragmentation and changes in animal communities, particularly among forest amphibians (Hillers et al., 2008). Agroecosystems now play a significant role in Ivorian landscapes, which are dominated by cocoa, coffee, rubber, and oil palm plantation (Jagoret et al., 2014). Although less favorable than natural habitats, these environments can serve as alternative habitats for certain amphibian species. Their ability to support biodiversity depends in particular on vegetation structure, water availability, and the intensity of agricultural practices (Tscharntke et al., 2012; Nowakowski et al., 2018).

Despite their ecological importance, amphibians in Ivorian agricultural environments remain understudied. Research has focused primarily on protected areas and tropical forests, while the agroecosystems of the southwest, particularly those in the village of Nebo, remain insufficiently documented. A better understanding of these communities is, however, essential for assessing the effects of human activity and guiding conservation efforts. This study aims to inventory and characterize the anuran amphibian communities in the agroecosystems of the village of Nebo. Its specific objectives are to survey and identify the anuran amphibian species present, to estimate the species richness and relative abundance of these communities, and to characterize and compare the distribution of species across different agricultural habitats.

2. Methods

2.1. Study site 

The study was conducted in the agroecosystems of the village of Nebo, located in the Divo Subprefecture (capital of the Lôh-Djiboua region) in southwestern Côte d’Ivoire (Figure 1). This area is one of the country’s main agricultural basins and is located between 5°30' and 6°15' north latitude and 5°00' and 5°45' west longitude. The region is characterized by a humid subequatorial climate marked by two rainy seasons and two dry seasons, with annual precipitation ranging from 1,200 to 1,800 mm and average temperatures varying between 25 and 28 °C. The terrain is relatively flat with gentle undulations (Brou 2005).

The natural vegetation consists of dense, humid, semi-deciduous forest. However, the expansion of agricultural activities has led to a significant decline in forest cover, replaced by plantations of cacao, rubber trees, oil palms, and food crops (Jagoret et al., 2014). 

The department is also crisscrossed by several watercourse and wetlands that provide suitable habitats for amphibians. The village of Nebo was selected as the study site due to the significance of its agricultural activities, the diversity of its agroecosystems, and the lack of scientific data on the amphibian communities associated with these anthropogenically altered environments. 
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Figure 1 . Location of the village of Nebo in the Lôh-Djiboua region, in southwestern Côte d'Ivoire.

2.2. Datta collection 
Surveys were conducted in four dominant agroecosystems in the village of Nebo: a cacao plantation, a rubber plantation, an oil palm plantation, and a rice fields, the characteristics of which are listed in Table 1. Rectangular transects measuring 200 m long by 100 m wide were established in each agroecosystem according to the methods described by (Rödel & Ernst 2004). Sampling campaigns were conducted during the rainy season, between April and September 2025, a period particularly favorable for amphibian activity. 

Sampling of anuran amphibians relied on two complementary methods: visual survey with capture and acoustic identification. The visual survey consisted of active and systematic searches in various microhabitats likely to harbor amphibians. Daytime surveys were conducted between 6:30 a.m. and 11:00 a.m., while nighttime surveys took place between 6:30 p.m. and 9:00 p.m. Observed individuals were captured by hand or using a dip net. During nighttime surveys, flashlights were used to locate specimens. Shining light directly on the individuals’ heads caused temporary disorientation, making it easier to capture them.

The captured specimens were photographed and then identified using the identification guides and keys by Rödel & Spieler (2000) and Netherlands (2019). After identification, all individuals were released back at their capture sites to minimize disturbance to natural populations.

At the same time, the acoustic method made it possible to detect species that are difficult to observe visually, particularly males engaged in reproductive activity. Among anuran amphibians, vocalizations exhibit characteristics specific to each species while remaining relatively consistent among individuals of the same species (Rödel, 2000). Calls were recorded using a digital voice recorder to create a database of acoustic references and to confirm the identification of species detected in the fields.

Table 1. Characteristics of the Various Agroecosystems in the Village of Nebo
	Agroecosystems
	Vegetation Structure
	Watercourse
	Relief 
	Age

	Oil Palm Plantation
	- Herbaceous understory consisting of grasses, Cyperaceae, and ruderal plants;

- Thick litter between the rows.
	Seasonal River
	Plain (lowland)
	15 years

	Rubber Plantation
	- A herbaceous layer consisting of grasses, ferns, and weeds ;
- A more or less abundant layer of rubber tree leaves.
	Seasonal Stream
	Plateau
	15 years

	Cocoa plantation


	- Upper tree layer: existing or planted shade trees;

- Herbaceous layer: grasses, ferns and creeping plants; 

- Abundant litter: dead leaves, pods and plant debris.
	Seasonal Stream


	Plateau
	15 years



	Rice fields
	- Aquatic and semi-aquatic plants

- Vegetation on embankments and along the banks: herbaceous plants, grasses and small shrubs. 
	Permanent river
	Plain (lowland)
	6 months


2.3. Data Analysis Methods
· Observed species richness

Two complementary techniques, visual sampling with capture and acoustic sampling, were used to estimate the abundance and species richness of amphibians in different habitats (Assemian et al., 2006). Species richness, a key indicator of biodiversity, corresponds to the number of species recorded and depends on the sampling effort.

· Sørensen’s Index

This index measures the similarity in species between two habitats. It is calculated using the following formula: Cs = (2C) / (A + B); C represents the number of species common to both habitats. A represents the number of species in habitat 1. B represents the number of species in habitat 2. The index ranges from 0, when there are no species in common between the two habitats, to 1, when all species found in habitat 1 are also present in habitat 2.

· Frequency of occurrence 

This method is used to determine the habitat preferences of a given species. It involves counting the number of times species i appears in the samples (Dajoz, 2000). This number is expressed as a percentage of the total number of surveys and provides information on the species frequently encountered in a habitat. It is calculated as follows (3): F = (Fi × 100) / Ft: Fi = number of surveys containing species i; Ft = total number of surveys carried out. Depending on the value of F, three (3) groups of species are distinguished: constant species (F > 50%); accessory species (25% < F < 50%); and accidental species (F < 25%).

· Shannon index
According to Amanieu & Lasserre (1982), this index measures the degree of organisation of the stand. The Shannon & Weaver (1963) species diversity index is used to highlight the overall diversity of the stand. High values of the Shannon index correspond to a high level of diversity in the stand under study. The formula is as follows:
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S_(obs) = total number of species observed across all samples; pi = ni / ∑ ni = relative frequency of species i in the stand ; N = ∑ ni = total number of individuals. The choice of the Shannon index is justified by the fact that it is independent of sample size (Ramade, 1994).

· Equitability

Pielou’s evenness index (1969) enables the evenness of species distribution to be studied and the diversity of two stands with different species richness (SR) to be compared (Dajoz, 2000). The calculation of the species diversity index must always be accompanied by that of the evenness index, as two stands with different physiognomies may have the same diversity. Evenness is obtained by relating the observed diversity to the stand’s maximum theoretical diversity:
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H’ = Shannon diversity index; log2 (SR) = Hmax (diversity achieved when all species have the same abundance); SR = species richness. Equitability varies between 0 and 1 and reflects the degree of homogeneity in the distribution of abundances amongst species.

2.4. Statistical analysis 

The Past software (version 4.13) was used to analyse the data on diversity (H’) and evenness (E) indices across the different agroecosystems. 

3. Results

3.1. Species composition of the anuran amphibian community

During this study, 25 species of anuran amphibians were collected from the four (4) agroecosystems in the village of Nebo. These species are divided into ten (10) genera and eight (8) families (Table 2). Of the eight (8) families, the Phrynobatrachidea (6 species), Hyperoliidae (5 species) and Ptychadenidae (5 species) are the most diverse. These are followed by the Arthroleptidae (3 species) and the Bufonidae (2 species). In contrast, the monospecific families are the Ranidae, Dicroglossidae, Pipidae and Hemisotidae. Figure 2 shows photographs of one example of a species from each family.
Table 2. Diversity of the anuran amphibian community in the village of Nebo

	Families
	Genera
	Species

	Arthroleptidae
	Arthroleptis
	Arthroleptis poecilonotus

	
	Leptopelis
	Leptopelis spiritusnoctis

	
	
	Leptopelis viridis

	Bufonidae
	Sclerophrys
	Sclerophrys maculata

	
	
	Sclerophrys regularis

	Dicroglossidae
	Hoplobatrachus
	Hoplobatrachus occipitalis

	Hemisotidae
	Hemisus
	Hemisus marmoratus

	Hyperoliidae
	Afrixalus
	Afrixalus dorsalis

	
	Hyperolius
	Hyperolius concolor

	
	
	Hyperolius guttulatus

	
	
	Hyperolius picturatus

	
	
	Hyperolius fusciventris lamtoensis

	Phrynobatrachidae
	Phrynobatrachus
	Phrynobatrachus alleni

	
	
	Phrynobatrachus calcaratus

	
	
	Phrynobatrachus francisci

	
	
	Phrynobatrachus gutturosus

	
	
	Phrynobatrachus latifrons

	
	
	Phrynobatrachus plicatus

	Pipidae
	Xenopus 
	Xenopus tropicalis

	Ptychadenidae
	Ptychadena
	Ptychadena aequiplicata

	
	
	Ptychadena bibroni

	
	
	Ptychadena mascareniensis

	
	
	Ptychadena oxyrhynchus

	
	
	Ptychadena tellenii

	Ranidae
	Amnirana
	Amnirana albolabris
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Figure 2. Photos of a few species from each family of anuran amphibians in the village of Nebo ; 

Hemisus marmoratus (A) ; Hyperolius fusciventris lamtoensis (B) ; Hoplobatrachus occipitalis (C) ; Phrynobatrachus plicatus (D) ; Ptychadena tellenii (E) ; Amnirana albolabris (F) ; Leptopelis spiritusnoctis (G) ; Sclerophrys regularis (H) ; Afrixalus dorsalis (I) ; Arthroleptis poecilonotus (J).
3.2. Species richness by agroecosystem type
Table 3 shows the species richness and distribution of amphibians in the agroecosystems of the village of Nebo. rice fields has the highest species richness with 21 species, followed by the oil palm plantation (18 species). However, cocoa plantation and rubber plantation are home to far fewer species, with 8 and 5 species respectively. 

Among the species recorded, Amnirana albolabris, Hyperolius concolor and Leptopelis viridis were sampled in all four habitat types. Three species (Hyperolius fusciventris lamtoensis, Phrynobatrachus plicatus and Xenopus tropicalis) were observed exclusively in rice fields, whilst Phrynobatrachus alleni and Ptychadena aequiplicata were observed only in cocoa plantation. By contrast, no species strictly confined to oil palm or rubber plantation were observed.

Table 3. Specific richness and distribution of anuran amphibians in the agroecosystems of the village of Nebo
	Species


	Rice fields
	oil palm

plantation 
	Cocoa plantation
	Rubber plantation

	Afrixalus dorsalis
	x
	x
	
	

	Amnirana albolabris
	x
	x
	x
	x

	Arthroleptis poecilonotus
	
	
	x
	x

	Hemisus marmoratus
	x
	x
	
	

	Hoplobatrachus occipitalis
	x
	x
	
	

	Hyperolius concolor
	x
	x
	x
	x

	Hyperolius guttulatus
	x
	x
	
	

	Hyperolius picturatus
	x
	x
	
	

	Hyperolius f. lamtoensis
	x
	
	
	

	Leptopelis spiritusnoctis
	
	
	x
	x

	Leptopelis viridis
	x
	x
	x
	x

	Phrynobatrachus alleni
	
	
	x
	

	Phrynobatrachus calcaratus
	x
	x
	
	

	Phrynobatrachus francisci
	x
	x
	
	

	Phrynobatrachus guturosus
	x
	x
	
	

	Phrynobatrachus latifrons
	x
	x
	
	

	Phrynobatrachus plicatus
	x
	
	
	

	Ptychadena aequiplicata
	
	
	x
	

	Ptychadena bibroni
	x
	x
	
	

	Ptychadena mascareniensis
	x
	x
	x
	

	Ptychadena oxyrhynchus
	x
	x
	
	

	Ptychadena tellenii
	x
	x
	
	

	Xenopus tropicalis
	x
	
	
	

	Sclerophrys maculata
	x
	x
	
	

	Sclerophrys regularis
	x
	x
	
	

	Total
	21
	18
	8
	5


3.3. Diversity and Equitability Index for anuran amphibian communities

Figure 3 shows the variation in species diversity indices (Shannon, Simpson and evenness) for anuran amphibians across the four agroecosystems. The diversity of anuran amphibians varies according to land-use type. The highest Shannon index values were observed in rice fields (H' = 2.91) and in oil palm plantation (H' = 2.79). In contrast, cocoa plantation (H' = 1.94) and rubber plantation (H' = 1.44) had the lowest Shannon indices.

A similar trend was observed with the Simpson index, where rice fields and oil palm plantation showed the highest values at (1-D = 0.94) and (1-D = 0.93) respectively. Meanwhile, the lowest values were recorded in cocoa plantation (0.84) and rubber plantation (0.73).

As regards Pielou’s equitability, it remains high across all agroecosystems (E ranges from 0.89 to 0.97). The highest value was obtained in the oil palm plantation (E = 0.97), whilst the lowest equitability (E = 0.89) was observed in rubber plantation.
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Figure 3. Variation in species diversity indices (Shannon, Simpson and evenness) for anuran amphibians across the four agroecosystems.

3.4. Structure of the anuran amphibian populations in the village of Nebo

A total of 1,030 anuran amphibians were sampled in the agroecosystems of the village of Nebo. These agroecosystems are dominated by species such as Leptopelis viridis (14.66 per cent; N = 151) and Hoplobatrachus occipitalis (12.14 per cent; N = 125) (Figure 4A). These are followed by relatively abundant species, namely Hyperolius concolor (7.28%; N = 75) and Ptychadena mascareniensis (6.6%; N = 68). In contrast, Phrynobatrachus plicatus (0.78%; N = 8) is the least abundant species. 

Furthermore, Figure 4B shows the variation in relative abundance across agroecosystems. rice fields and oil palm plantation have the highest relative abundances, at (48.44%; N = 499) and (31.26%; N = 322). These agroecosystems are followed by cocoa plantation (14.37%; N = 148). In contrast, rubber plantation have the lowest relative abundance (5.93%; N = 61).
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Figure 4. Variations in the relative abundances of anuran amphibian species (A) and agroecosystems (B)

3.5. Similarité des communautés entre agroécosystèmes
Table 4 shows the similarities between the anuran communities in the different agroecosystems. The Sørensen similarity index revealed a high degree of similarity between the anuran communities in rice fields and oil palm plantation (Cs = 0.821). A relatively high similarity was also observed between cocoa plantation and rubber plantation (Cs = 0.615). In contrast, the other comparisons showed low similarity values (Cs ranging from 0.154 to 0.231). 

Table 4. Sørensen similarity index between communities of anuran amphibians in the agroecosystems of the village of Nebo
	Agroécosystèmes
	Rice fields
	Oil palm plantation
	Cocoa plantation
	Rubber plantation

	Rice fields
	1
	0.821
	0.207
	0.154

	Oil palm plantation
	
	1
	0.231
	0.174

	Cocoa plantation
	
	
	1
	0.615

	Rubber plantation
	
	
	
	1


3.6. Influence of environmental characteristics on the distribution of anurans

Table 5 shows that the distribution of anurans is mainly influenced by water availability, humidity and vegetation cover. rice fields and oil palm plantation, characterised by high water availability and numerous breeding sites, favour aquatic and generalist species. In contrast, cocoa and rubber plantation, with their dense vegetation cover and more stable microclimate, are home to a greater number of forest species.

Table 5. The influence of environmental characteristics on the distribution of anurans in different agroecosystems
	characteristics
	Rice 

fields
	Oil palm plantation
	Cocoa plantation
	Rubber 

plantation

	Water availability
	+++++
	++++
	+++
	++

	Vegetation cover
	++
	+++
	+++++
	++++

	Humidity
	+++++
	++++
	+++++
	+++

	Breeding sites
	+++++
	++++
	++
	+

	Groupe d'espèces favorisé
	Aquatiques et généralistes
	Généralistes
	Forestières
	Forestières tolérantes


+ = very low; ++ = low; +++ = moderate; ++++ = high; +++++ = very high. 

4. Discussion

This study highlights a relatively high diversity of anuran amphibians in the agroecosystems of the village of Nebo, with 25 species belonging to eight families. This species richness confirms that tropical agricultural landscapes can contribute to the maintenance of amphibian communities when wet habitats and a certain degree of landscape heterogeneity are preserved. The predominance of the families Hyperoliidae, Phrynobatrachidae and Ptychadenidae is consistent with recent surveys carried out in West Africa, which highlight their high ecological plasticity and their ability to colonise anthropogenically modified habitats (Ernst & Rödel, 2005; Ernst et al. (2006); Bell et al., 2025; Luedtke et al., 2023).

The differences observed between agroecosystems reflect the effect of land-use patterns on community structure. rice fields exhibit the highest values for species richness, diversity and abundance, confirming their role as alternative habitats for many anuran species due to the availability of water, high biological productivity and an abundance of breeding sites. Similar results have been reported in several tropical agroecosystems (Mohneke et al., 2010; Kanga et al., 2021; Ousssou et al., 2022). Oil palm plantation also maintain relatively high diversity where ditches, temporary pools and semi-natural features persist, although these habitats remain less favourable to specialist forest species (Kwatrina et al., 2018). Conversely, cocoa plantation and, in particular, rubber plantation exhibit lower species richness, probably due to the scarcity of aquatic habitats necessary for the reproduction of anurans, as well as the intensification of agricultural practices. Several recent studies show that habitat simplification, drainage and the use of agricultural inputs reduce amphibian diversity in cultivated landscapes (Newbold et al., 2015; Nowakowski et al., 2022; Bell et al., 2025).

The Shannon and Simpson indices and Pielou’s evenness index indicate that differences between agroecosystems are primarily linked to species richness rather than to the dominance of a small number of taxa. These results corroborate the work of Newbold et al. (2015), who observed across different habitats that, in anuran communities subjected to moderate disturbance, diversity indices are influenced by species richness.

The resilience of Amnirana albolabris, Hyperolius concolor and Leptopelis viridis demonstrates their high ecological tolerance, whilst species found exclusively in rice fields or cocoa plantation reflect more specific ecological requirements. This complementarity between habitats confirms that the heterogeneity of agricultural landscapes promotes the maintenance of regional diversity (Tscharntke et al., 2012). Similarly, the high abundance of Hoplobatrachus occipitalis and Leptopelis viridis highlights their good adaptation to wet agricultural environments, a trend also reported in recent assessments of their ecology and conservation status (Luedtke et al., 2023; IUCN, 2025).

Furthermore, the strong similarity between the communities found in rice fields and oil palm plantation, as well as the relationships observed between species and environmental variables, confirm that water availability, humidity and vegetation cover are the main factors shaping anuran assemblages. These results support the concept of an environmental filter and highlight the importance of conserving a mosaic of agricultural landscapes incorporating wetlands, vegetated corridors and semi-natural habitats in order to preserve amphibian diversity in West African agroecosystems (Bell et al., 2025).

Conclusion

This study shows that the agroecosystems of the village of Nebo are home to a remarkable diversity of anuran amphibians (25 species, eight families), the composition and structure of which vary according to land use type. rice fields and oil palm plantation exhibit the highest species richness, diversity and abundance, whilst cocoa and rubber plantation harbour more limited communities. These variations are primarily linked to water availability, humidity and the structure of the vegetation cover, which influence species distribution.

The coexistence of generalist species and species restricted to specific habitats highlights the importance of heterogeneous agricultural landscapes for maintaining amphibian biodiversity. These findings highlight the need to preserve a mosaic of agroecosystems incorporating wetlands and elements of natural vegetation in order to promote the conservation of anurans in West African agricultural landscapes. 
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