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Diversity and biogeographical status of edible frogs in the Mount Nimba Strict Nature Reserve (West, Côte d’Ivoire) 

Abstract

Edible frogs constitute an important wildlife resource for local populations and play a key ecological role in tropical ecosystems. However, their increasing exploitation, combined with environmental pressures, may affect their diversity and distribution, particularly in areas of high ecological value. This study investigated the species diversity and biogeographical status of edible frogs in the Mount Nimba Strict Nature Reserve. Using a sampling method combining visual and acoustic techniques, 15 species across 6 genera and 6 families were recorded, with the Ptychadenidae being the most diverse. Species richness and abundance vary across transects, with savannah habitats appearing to be the most favourable. Diversity indices show spatial heterogeneity, although evenness remains high across all sites. Biogeographical analysis reveals a predominance of species from western Upper Guinea, as well as a majority of taxa classified as of least concern, despite the presence of near-threatened and data deficient species. These results highlight the ecological importance of the MNSNR and the need for sustainable management of exploited frog resources. 
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1. Introduction 
Global biodiversity is undergoing an unprecedented decline due to climate change, habitat degradation and anthropogenic pressures (IPBES, 2019; Dirzo et al., 2014). Amphibians are among the most vulnerable groups, with approximately 41% of species threatened globally (Stuart et al., 2004; IUCN, 2023). In West Africa, this situation is particularly concerning due to the high species richness and high level of endemism in certain biodiversity hotspots (Myers et al., 2000; Rödel et al., 2005). In Côte d’Ivoire, the Mount Nimba Strict Nature Reserve (MNSNR), a UNESCO World Heritage Site, constitutes a major mountain ecosystem harbouring exceptional biodiversity, linked to the diversity of its habitats (Schnell, 1987; Lamotte, 1998). This ecological heterogeneity supports a rich herpetofauna, including endemic species such as Nimbaphrynoides occidentalis (Hillers et al., 2008; Sandberger-Loua et al., 2016). Amphibians play a fundamental ecological role as biological regulators and bioindicators (Wells, 2007; Blaustein et al., 2010). Furthermore, several species of frog are used as a food source in Africa, contributing to local livelihoods (Mohneke et al., 2010; Onadeko et al., 2011). However, this exploitation, combined with advanced urbanisation and habitat loss, could increase their vulnerability, particularly in the absence of precise knowledge regarding their ecology and biogeographical status. 

Despite their importance, studies on amphibians in the MNSNR remain primarily focused on general inventories (Rödel et al., 2005; Hillers et al., 2008), with little information on edible species. This study therefore aims to analyse the species diversity of edible frogs in the MNSNR and to determine their biogeographical status, in order to contribute to their conservation and the sustainable management of wildlife resources. More specifically, the objectives are (i) to compile an inventory of harvested species, (ii) to determine their spatial variation, and (iii) to assess their affiliation with the main African biogeographic regions. 
2. Methods 
2.1. Study site 
The study was conducted in the MNSNR (Fig. 1) and its surrounding area, the characteristics of which are recorded in Table 1. The MNSNR is situated on the border between Côte d’Ivoire, Guinea and Liberia (Bakarr et al., 2001; Ricketts et al., 2005). The reserve extends between 7°25’ and 7°45’ N and 8°20’ and 8°35’ W and covers an area of approximately 5,092 ha in Côte d’Ivoire (Lamotte and Roy, 2003). This reserve is situated in the west of Côte d’Ivoire, in the department of Danané. The climate of this region is sub-equatorial, characterised by an average annual rainfall of over 1,700 mm and an average annual temperature of around 25 °C. 
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Fig. 1 : Overview of the various transects in the Mount Nimba Strict Nature Reserve

Table 1 : Characteristics of the various transects in the Mount Nimba Strict Nature Reserve
	Study site
	Transect
	Geographical location
	Vegetation 
	Habitat
	Water cours 
	Pressure

Human

	MNSNR
	T1 
	07°33’ 35’’ N / 08°26’ 08’’ W
	Wooded
	Primary forest
	Torrent
	No pressure

	
	T2 
	07°33’ 49’’ N / 08°24’ 20’’ W
	Wooded
	Secondary forest
	River
	No pressure

	
	T3
	07°35’ 24’’ N / 08°25’ 06’’ W
	Grassy
	High-altitude grassland
	Ravine
	No pressure

	Periphery of the MNSNR
	T4
	07°33’ 52’’ N / 08°23’ 27’’ W
	Wooded
	Cocoa field
	Stream
	Intense pressure

	
	T5
	07°33’ 14’’ N / 08°23’ 59’’ W
	Wooded
	Rubber plantation
	Stream
	Intense pressure

	
	T6
	07°32’ 42’’ N / 08°25’ 55’’ W
	Grassy
	Rice field
	River
	Intense pressure


2.2. Data collection
Data collection took place from April to June 2020. Sampling was carried out in six (6) rectangular transects using the method described by Rödel & Ernst (2004). Three transects were established within the MNSNR (stable zone) and three others on the periphery (disturbed zone). Wetland habitats, which generally serve as amphibian breeding grounds, and accessibility also guided the choice of habitats. Two amphibian sampling techniques were used: the visual-capture method and the acoustic method. The visual technique combined with capture involved conducting thorough searches of the various habitats during daytime sampling (6.30 am to 11 am) and night-time sampling (6.30 pm to 9 pm). Frogs were captured by hand or using a dip net during daytime sampling. As for night-time sampling, this was carried out using torches. The beams of light directed directly at the specimen’s head dazzled its eyes, disoriented it and rendered it immobile for a few seconds, thus enabling its capture. The captured individuals were photographed and identified using the identification keys of Rödel and Spieler (2000) and Channing and Rödel (2019); they were then released back into their habitat. Acoustic techniques have made it possible to identify male callers of certain frog species during the breeding season. Indeed, amongst amphibians, croaks differ from one species to another, but the vocalisation is similar amongst individuals of the same species (Heyer et al. 1994; Rödel, 2000; Rödel and Ernst 2004). To this end, we used a voice recorder to record the croaks, thereby obtaining evidence of the croaks heard. 

2.3. Data analysis 

· Diversity indices 

❖ Observed and estimated species richness 

The abundance and species richness of amphibians were estimated across different habitats (Rocha et al., 2004). Species richness, a key indicator of biodiversity, corresponds to the number of species recorded. Species richness was estimated using the non-parametric Jackknife-1 and Chao-2 estimators, based on occurrence data, in order to assess sampling efficiency (Heltshe and Forrester, 1983; Chao, 1987). These estimates depend on the sampling effort and the characteristics of the communities (O’Hara, 2005). These estimators were calculated using the following formula :
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Sobs = total number of species observed across all samples; Qi = number of species recorded in i samples; m = total number of samples. 

❖ Sørensen Index 

This index measures the similarity in species between two habitats. It is calculated using the following formula: Is = (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 common to both habitats, to 1, when all species found in habitat 1 are also present in habitat 2. 

❖ Frequency of occurrence 
This method allows the habitat preferences of a given species to be determined. 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: F_i = number of surveys containing species i; F_t = total number of surveys conducted. 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 and Lasserre (1982), this index measures the degree of organisation of the stand. The Shannon-Weaver species diversity index (1963) is used to highlight the overall diversity of the stand. High values of the Shannon index correspond to high diversity in the stand under study. Its formula is as follows : 
[image: image6.png]H'




S obs = total number of species observed across all samples; p i = 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) allows us to study the evenness of species distribution and to compare the diversity of two stands with different species richness (SR) (Dajoz, 2000). The calculation of the species diversity index must always be accompanied by that of evenness, 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 among species. 

2.4. Statistical analysis

The estimated species richness and the effectiveness of the sampling technique were assessed using the Estimate S software (version 9.1.0). This was done to estimate the expected species richness in the environments studied. The Past software (version 4.13) was used to process the data on diversity indices (H’) and evenness indices (E) across the different transects. 

3.Results
3.1. Diversity of edible frogs in the Mount Nimba Strict Nature Reserve
Fifteen (15) species of edible frogs, divided into 6 genera and 6 families, were collected from the various transects of the MNSNR (Table 2). The Ptychadenidae family is the most dominant, with 10 species. In contrast, the monospecific families are represented by the Arthroleptidae, Conrauidae, Dicroglossidae, Odontobatrachidae and Pipidae. Transects T2 and T6 have the highest species richness, with 10 and 12 frog species respectively. These are followed by transects T4 (6 species) and T5 (5 species). The transects with the lowest species richness are T1 (2 species) and T3 (3 species). The community structure is dominated by occasional species (40%) (Ptychadena arnei, P. pujoli, P. tournieri, Astylosternus occidentalis, Hoplobatrachus occipitalis, Xenopus tropicalis), followed by common species (33.3%) (Ptychadena bibroni, P. longirostris, P. oxyrhynchus, P. pumilio, P. stenocephala) and occasional species (26.7%) (Ptychadena retropunctata, P. submascareniensis, Conraua alleni, Odontobatrachus arndti). 

Table 2 : Diversity and frequency of occurrence of frog species in the Mount Nimba Strict Nature Reserve
	Families 
	Species
	Transects

	
	
	T1
	T2
	T3
	T4
	T5
	T6

	Arthroleptidae
	Astylosternus occidentalis
	-
	-
	**
	-
	-
	**

	Conrauidae
	Conraua alleni
	*
	-
	-
	-
	-
	-

	Dicroglossidae
	Hoplobatrachus occipitalis
	-
	**
	**
	-
	-
	**

	Ptychadenidae
	Ptychadena arnei 
	-
	**
	-
	-
	-
	**

	
	Ptychadena bibroni
	-
	***
	-
	***
	***
	***

	
	Ptychadena longirostris 
	-
	***
	-
	***
	***
	***

	
	Ptychadena oxyrhynchus 
	-
	***
	-
	***
	***
	***

	
	Ptychadena pujoli
	-
	**
	-
	**
	-
	**

	
	Ptychadena pumilio 
	-
	***
	-
	***
	***
	***

	
	Ptychadena retropunctata 
	-
	-
	-
	-
	-
	*

	
	Ptychadena stenocephala 
	-
	***
	-
	***
	***
	***

	
	Ptychadena submascareniensis 
	-
	-
	*
	-
	-
	-

	
	Ptychadena tournieri
	-
	**
	-
	-
	-
	**

	Odontobatrachidae
	Odontobatrachus arndti
	*
	-
	-
	-
	-
	-

	Pipidae
	Xenopus tropicalis
	-
	**
	-
	-
	-
	**

	Total
	15
	2
	10
	3
	6
	5
	12


* = accidental species, ** = accessory species, *** = constant species, - = absent species

Fig. 2 shows the species accumulation curve (Mao-Tau index) for edible frogs collected in the MNSNR. This curve shows a rapid increase in species richness during the first few days of sampling. This is followed by a gradual slowdown, then stabilisation from the fifteenth day onwards. Species richness reaches a plateau of around 15 species. 


Fig. 2 : Species accumulation curve (Mao-Tau index) for edible frogs collected in the Mount Nimba Strict Nature Reserve

3.2. Analysis of the Sørensen similarity index in the transects 
Analysis of the Sørensen similarity index (Table 3) reveals a high degree of homogeneity between transects T2, T4, T5 and T6. In contrast, transect T1 shows low similarity to the others. Transect T3 occupies an intermediate position. Hierarchical classification based on the Sørensen index highlights a clear structure within the amphibian communities (Fig. 3). Transects T2, T4, T5 and T6 form a homogeneous group, whilst transect T3 occupies an intermediate position. Transect T1 appears to be highly isolated. 

Table 3 : Sørensen index values for transect comparisons 
	Transect
	T1
	T2
	T3
	T4
	T5
	T6

	T1
	
	16.7
	0
	0
	0
	14.3

	T2
	
	
	46.2
	75
	66.7
	81.8

	T3
	
	
	
	44.4
	33.3
	40

	T4
	
	
	
	
	54.5
	66.7

	T5
	
	
	
	
	
	58.8
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Fig. 3 : Hierarchical classification dendrogram based on the Sørensen index
3.3. Spatial distribution of the Shannon diversity index and evenness 

Fig. 4 highlights notable spatial variations in species diversity (Shannon index, H′) and evenness (E) between the different transects studied. The values of the Shannon index (H′) range from 0.7 to 2.4, reflecting diversity levels ranging from low (T1) to high (T2 and T6), with intermediate values observed in the other transects. In contrast, evenness (E) remains generally high across all sites (0.90 to 1.00), indicating a relatively even distribution of individuals across species. Transect T1 exhibits maximum evenness despite low diversity. 
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Fig. 4 : Variation in species diversity (Shannon index) and evenness of frogs across transects

3.4. Variation in the abundance of edible frog species across transects

A total of 528 edible frog specimens were sampled in the MNSNR. This reserve is dominated by the species H. occipitalis (17.04%; N=90) (Fig. 5A). It is followed by relatively abundant species, namely O. arndti (7.77%; N = 41), Ptychadena bibroni (7.38%; N= 39), P. tournieri (7.2%; N= 38) and P. longirostris (7.2%; N= 38). The least abundant species are P. retropunctata (3.6%; N=19) and P. pujoli (3.41%; N=18). Furthermore, Fig. 5B shows the variation in abundance across the transects. Transect T6 has the highest abundance (39.4%; N= 208), followed by transect T2 (22.91%; N= 121). In contrast, transect T5 has the lowest abundance (3.6%; N= 19). 
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Fig. 5 : Variations in the abundance of frog species (A) and across transects (B)

3.5. Biogeographical status of edible frog species in the Mount Nimba Strict Nature Reserve 
Analysis of biogeographical status reveals an uneven distribution of edible frog species across their various habitats (Table 4). Frog species confined to western Upper Guinea (wUG) are by far the most common, with seven (7) species. These are followed by five (5) species confined to Africa (AF). Meanwhile, the species Ptychadena longirostris, P. tournieri and Xenopus tropicalis have a low West African (WA) affiliation. As regards the preferred habitats of the Reserve’s edible frogs, savannahs (S) largely contain a large number of species (10 species). Habitats of degraded forests (FB) and primary forests (F) host 7 and 6 species respectively, whilst in the montane grassland (MG), a single species (P. submascareniensis) is predominantly typical of the mountains but is also present in the savannahs. Furthermore, Hoplobatrachus occipitalis, P. bibroni, P. oxyrhynchus and P. pumilio are species found in both savannah and degraded forest habitats. P. longirostris and Xenopus tropicalis are species found in both degraded forest and primary forest habitats. In contrast, P. arnei is the only species found in all three habitats: savannahs, degraded forests and primary forests. Regarding the conservation status on the IUCN Red List, the species surveyed show a marked predominance of taxa classified as Least Concern (LC), accounting for over 70% of the population. However, a significant proportion of species are classified as ‘Data Deficient’ (DD), at around 25%. The presence of Odontobatrachus arndti, classified as Near Threatened (NT), highlights the ecological importance of the site, particularly for specialised forest species that are sensitive to disturbance.

	Families and species
	Transect
	Distribution range
	Habitat preferences
	IUCN Red List

	
	T1
	T2
	T3
	T4
	T5
	T6
	AF 
	WA 
	wUG 
	S
	MG 
	FB 
	F
	

	Arthroleptidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Astylosternus occidentalis
	
	
	X
	
	
	X
	
	
	X
	
	
	
	X
	LC

	Conrauidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Conraua alleni
	X
	
	
	
	
	
	
	
	X
	
	
	
	X
	LC

	Dicroglossidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hoplobatrachus occipitalis
	
	X
	X
	
	
	X
	X
	
	
	X
	
	X
	
	LC

	Ptychadenidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ptychadena arnei 
	
	X
	
	
	
	X
	
	
	X
	X
	
	X
	X
	DD

	Ptychadena bibroni
	
	X
	
	X
	X
	X
	X
	
	
	X
	
	X
	
	LC

	Ptychadena longirostris 
	
	X
	
	X
	X
	X
	
	X
	
	
	
	X
	X
	LC

	Ptychadena oxyrhynchus 
	
	X
	
	X
	X
	X
	X
	
	
	X
	
	X
	
	LC

	Ptychadena pujoli
	
	X
	
	X
	
	X
	
	
	X
	X
	
	
	
	DD

	Ptychadena pumilio 
	
	X
	
	X
	X
	X
	X
	
	
	X
	
	X
	
	LC

	Ptychadena retropunctata 
	
	
	
	
	
	X
	
	
	X
	X
	
	
	
	LC

	Ptychadena stenocephala 
	
	X
	
	X
	X
	X
	X
	
	
	X
	
	
	
	LC

	Ptychadena submascareniensis 
	
	
	X
	
	
	
	
	
	X
	X
	X
	
	
	DD

	Ptychadena tournieri
	
	X
	
	
	
	X
	
	X
	
	X
	
	
	
	LC

	Odontobatrachidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Odontobatrachus arndti
	X
	
	
	
	
	
	
	
	X
	
	
	
	X
	NT

	Pipidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Xenopus tropicalis
	
	X
	
	
	
	X
	
	X
	
	
	
	X
	X
	LC


Table 4 : Frogs species recorded in the MNSNR with respective transects records, distribution range, known habitat preferences, and IUCN Red List category. AF = Africa (any range beyond West Africa), WA = West Africa (defined as the area west of the Cross River in Nigeria), UG = Upper Guinea (defined as forest zone west of the Dahomey Gap), wUG = western Upper Guinea, S = savannah, MG = montane grasslands, FB = farmbush (degraded and secondary forest), F = forest; IUCN categories : LC = Least Concern, NT = Near Threatened, DD = Data Deficient.
4. Discussion
This study identified 15 species of edible frogs in the Mount Nimba Strict Nature Reserve. This species richness exceeds that reported by Rödel and Branch (2002), Rödel (2003) and Rödel and Ernst (2003) for Mount Sangbé National Park (9 species), Mount Péko National Park (6 species) and Taï National Park (9 species), respectively. This high species richness is thought to be due to the microhabitats and the very dense river network. Indeed, microhabitats serve as refuges for animals in general and for frogs in particular. Furthermore, the high diversity of the Ptychadenidae family is thought to be due to its strong preference for open habitats and its adaptation to the savannah-forest mosaics of West Africa. These observations are consistent with the work of Rödel and Ernst (2004). Similar results have been reported in several regional studies, where species of the genus Ptychadena dominate anuran amphibian populations due to their ecological plasticity (Ofori-Boateng et al., 2013; Mohneke et al., 2010). The accumulation curve for edible frog species has reached a plateau. This asymptote suggests that the sampling effort deployed has enabled the identification of almost all species present in the study area. Consequently, the probability of detecting new species with additional effort appears low, attesting to the representativeness and robustness of the data collected. The presence of incidental species in certain habitats could be explained by the fact that these species may have developed strategies to adapt to the environmental conditions of the habitat. Indeed, according to Magurran (2004), this behaviour reflects a non-random organisation typical of tropical communities; hence the case of Odontobatrachus arndti, a rare but locally abundant species (Gaston, 2000). Furthermore, widely distributed species, such as Hoplobatrachus occipitalis and species of the genus Ptychadena, demonstrate greater ecological tolerance and an ability to adapt to open or disturbed environments. The spatial pattern observed across transects, confirmed by similarity analyses, is consistent with the influence of variations in microhabitats and ecological connectivity (Legendre and Legendre, 2012). This type of pattern has also been observed in fragmented tropical landscapes (Penner et al., 2011). The predominance of savannahs as the main reservoir of diversity is consistent with the work of Mohneke et al. (2010). These authors demonstrated that edible frogs are closely associated with open habitats and temporary wetlands. However, degraded forests play a key role as transition zones, contributing to the maintenance of diversity at the landscape scale (Gardner et al., 2007). The relatively high abundance (528 individuals) of edible frogs in the MNSNR is thought to be due to generally favourable ecological conditions. The dominance of Hoplobatrachus occipitalis confirms its status as a generalist species, widely distributed across sub-Saharan Africa. This species is known for its high tolerance to disturbance and its ability to utilise anthropogenised habitats, particularly agricultural areas and temporary water bodies (IUCN, 2023; Luedtke et al., 2023). Indeed, the high abundance of H. occipitalis may thus reflect some habitat modification, particularly in the peripheral areas of the reserve. This finding is consistent with the work of Nowakowski et al. (2022), conducted in other tropical ecosystems subject to human pressures. The relatively high presence of Odontobatrachus arndti, a species classified as Near Threatened, is a notable finding. Species of the genus Odontobatrachus are generally associated with well-preserved forest streams and are sensitive to environmental disturbances. Its relative abundance may indicate the persistence of high-quality forest microhabitats within the MNSNR. However, this result could also reflect aggregated spatial distribution, a common phenomenon among tropical amphibians (Grant et al., 2020). Species of the genus Ptychadena, well represented in the sample, confirm their affinity for open habitats and temporary wetlands. Their ecological success is often attributed to their ecological plasticity and their ability to rapidly colonise disturbed habitats (Channing and Rödel, 2019; Zimkus et al., 2021). Conversely, the low abundance of certain species (P. retropunctata, P. pujoli) could be explained by specific ecological requirements, low detectability or seasonal variations in activity. Indeed, tropical amphibian communities often exhibit high temporal variability, linked in particular to rainfall cycles (Urbina-Cardona et al., 2020; Ficetola et al., 2021). The spatial variability observed between transects highlights the key role of habitat heterogeneity in shaping amphibian communities. The high abundance in transects T6 and T2 could be associated with increased resource availability, favourable hydrology or higher ecological connectivity. Conversely, the low abundance in transect T5 could reflect less favourable environmental conditions or increased anthropogenic pressure. Recent studies highlight that habitat degradation and landscape fragmentation strongly influence the distribution and abundance of amphibians in tropical Africa (Tchassem et al., 2022; Hughes et al., 2023). From a biogeographical perspective, the dominance of frog species in western Upper Guinea confirms the regional importance of the MNSNR, whilst the presence of widely distributed species reflects a mixed assemblage (Penner et al., 2011). However, despite the majority of species being classified as of Least Concern, the presence of taxa with Data Deficient status and one Near Threatened species highlights the need for enhanced monitoring (Stuart et al., 2004).

Conclusion
This study has highlighted a high species richness of edible frogs in the Mount Nimba Strict Nature Reserve, exceeding that reported in several protected areas in Côte d’Ivoire. This makes the reserve a major site for the conservation of edible frogs in West Africa. The dominance of Ptychadenidae reflects the influence of open habitats and savannah–forest mosaics, which are characteristic of the region. The abundance of frogs observed in the MNSNR results from a complex interaction between the ecological traits of the species, habitat quality and anthropogenic pressures. The population structure of edible frogs exhibits marked spatial and biotopic variation, with significant differences between transects and a major contribution from savannahs, whilst intermediate habitats play an important role in ecological connectivity. The predominance of West-High Guinean species, combined with the presence of widely distributed species, highlights the site’s biogeographical importance. Although the majority of species are classified as of Least Concern, the presence of taxa with Insufficient Data and one Near Threatened species highlights significant conservation challenges. All this information makes regular ecological monitoring and sustainable management of this frog population necessary and important in order to preserve these wildlife resources and the balance of the associated ecosystems.
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