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Abstract   

The Cameroonian freshwater crab genus Louisea Cumberlidge, 1994 currently includes four 

threatened species: L. edeaensis (Bott, 1969) from Lake Ossa Island, L. balssi (Bott, 1959) from Mt. 

Manengouba, L. yabassi Mvogo Ndongo, von Rintelen & Cumberlidge, 2019 from the Ebo Forest 

zone, and L. nkongsamba Mvogo Ndongo, von Rintelen & Cumberlidge, 2019 from the Nlonako 

Ecological Reserve. We report here on collections of specimens of L. yabassi (from two new localities) 

and L. nkongsamba (from six new localities). The phylogenetic relationships of the four species of 

Louisea are currently unresolved. Here, we describe morphological variation within populations of 

both L. nkongsamba and L. yabassi that are supported by differences in characters of the carapace, 

mandible, thoracic sternum, and male second gonopods. In addition, three genetic lineages were found 

within L. nkongsamba that are supported by uncorrected p-distance and the haplotype network. No 

correlation, however, was found between the morphotypes within the species and the genetic lineages 

grouping populations of both of these species. Phylogenetic analyses based on three mtDNA loci (COI, 

12S rRNA, and 16S rRNA) revealed divergence times of 5.6 million years ago (Ma) for when L. 

edeaensis diverged from L. balssi, 4.1 MA for when L. yabassi diverged from L. nkongsamba and L. 
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edeaensis, and 2.48 MA for when L. yabassi diverged from L. nkongsamba. Immediate threats to these 

rare and threatened species of freshwater crabs and to the rainforest ecosystem upon which they depend 

include deforestation, habitat fragmentation, agricultural encroachment, pollution and firewood 

gathering. Our results indicate that IUCN Red List reassessments of extinction risk for these four 

species would likely result in changes of category for L. balssi and L. edeaensis (both might be 

upgraded from EN to critically endangered (CR)), and first-time assessments for L. yabassi and L. 

nkongsamba would likely place them both in the endangered (EN) category. Recognition of species 

boundaries and of subpopulations of species will prove useful when making informed conservation 

decisions as part of the development of species action plans. 

 

Key words: critically endangered, intraspecific variation, morphotypes, phylogenetic analysis  

 

Introduction 

  The freshwater crab genus Louisea is endemic to remote forested ecosystems in Cameroon and 

was established by Cumberlidge (1994) and revised by Mvogo Ndongo et al. (2019) in order to 

accommodate four species: L balssi (Bott, 1959), L. edeaensis (Bott, 1969), L. nkongsamba Mvogo 

Ndongo, von Rintelen & Cumberlidge, 2019, and L. yabassi Mvogo Ndongo, von Rintelen & 

Cumberlidge, 2019. Both L balssi, L. edeaensis have been revised recently based on new material 

collected in Cameroon (Mvogo Ndongo et al. 2017a, b, 2018, 2019). Louisea nkongsamba was 

described from specimens collected from Mt. Nlonako in 2018, while L. yabassi was described only 

from two specimens collected in 1908 at Yabassi by German researchers during colonial period and 

deposited in the Museum für Naturkunde (ZMB), Berlin, Germany (Mvogo Ndongo et al. 2019). 

Recently, Mvogo Ndongo et al. (2021a), discovered new and threatened populations of L. yabassi 

living in streams in the Ebo Forest near Yabassi, Cameroon, and provided recommendations for their 

conservation. Other works on Cameroon fauna have focused on taxonomy, phylogenetic relationships, 

and conservation, but none has included all four species of the genus Louisea (e.g., Daniels et al. 2015, 

Mvogo Ndongo et al. 2017a, b, c, 2018, 2019, 2020, 2021b). 

The genus Louisea includes some of the smallest freshwater crab species found in Africa (adult 

at CWs between 20 and 24 mm) (Cumberlidge 1994, 1999, Mvogo Ndongo et al. 2017b, 2017c, 2018, 

2019). The present work is based on new collections of L. yabassi from two sites in the Ebo Forest and 

of L. nkongsamba from six localities in the Nlonako Ecological Reserve (Mvogo Ndongo et al. 2019, 

2021a). These populations are compared with similar data from L. balssi from populations at Kumba 

and Mt. Manengouba (Cumberlidge 1994, 1999, Mvogo Ndongo et al. 2017, 2018, 2019) and L. 

edeaensis from populations at Yaounde, Edea, and Lake Ossa (Cumberlidge 1994, 1999, Mvogo 

Ndongo et al. 2017a, 2017c, 2019). This study is the first to include morphological and molecular data 

from all four species of Louisea.  
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The four species of Louisea are rare and threatened freshwater crabs that are all endemic to 

Cameroon and all are of great conservation importance because they are restricted-range endemics that 

are subjected to immediate threats from human activities (Cumberlidge 1994, 1999, Mvogo Ndongo et 

al. 2017b, 2017c, 2018, 2019, 2021a). These species are an important part of the fauna of a key 

biodiversity hotspot in southwestern Cameroon that is home to a number of other endemic and 

charismatic species of invertebrates and vertebrates found in both terrestrial and aquatic habitats 

(Cumberlidge 1994, 1999, Mvogo Ndongo et al. 2017, 2018, 2019, 2021a). For example, the aquatic 

ecosystems of this biodiversity hotspot are important spawning grounds for fish and invertebrates, and 

the forests are refuges for charismatic wildlife including monkeys, chimpanzees, gorillas, manatees, 

elephants, birds, bats, turtles, snakes, and amphibians (Gonwouo et al. 2006, Herrmann et al. 2005, 

Morgan and Abwe 2006, Morgan et al. 2013, Mvogo Ndongo et al. 2017, 2018, 2019, 2021a).  

Louisea yabassi is endemic to Yabassi and the Ebo Forest, L. nkongsamba is endemic to Mount 

Nlonako, L. balssi is endemic to the area between Kumba and Mount Manengouba, and L. edeaensis 

is found between Yaounde, Edea, and Lake Ossa. The habitats in all four of these locations are 

threatened by encroachment from foresters, fishermen, and farmers, and any environmental changes 

arising from anthropogenic sources may threaten these endangered freshwater crabs. Changes in these 

populations can be detected by morphological and molecular studies, and these are likely to be of 

importance when considering long term conservation interventions (Stearns 1989, Griffiths et al. 

2000).  

The aim of the present work is to study intraspecific variation of morphological characters as a 

means of identifying species boundaries within Louisea, and to evaluate the genetic distance between 

the four species using molecular data. Accurate species delimitation is necessary for understanding 

levels of biodiversity and for adopting effective conservation and sustainable management strategies 

(Cornetti et al. 2015). The results of this study will enable the development of species action plans 

aimed at the conservation of these rare threatened species of endemic Cameroonian freshwater crabs.  

 

Material and methods  

Sample collection 

Four species of Louisea were collected from four different locations in southwestern Cameroon 

between 2015 and 2021 and were each identified by reference to the identification keys provided by 

Cumberlidge (1994, 1999) and Mvogo Ndongo et al. (2019). The four species are from Mt. Nlonako 

(50 specimens of L. nkongsamba), Ebo Forest near Yabassi (35 specimens of L. yabassi), Bedimet 

Island in Lake Ossa (30 specimens of L. edeaensis), and Mt. Manengouba (8 specimens of L. balssi). 

All specimens of the two species collected in the present study (L. nkongsamba from Mt. Nlonako and 

L. yabassi from Ebo Forest) were measured, their gender and life stage (juvenile, sub adult, adult) 

recorded, the precise GIS location noted, and the details of their habitat noted. Descriptive 
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morphometrics of specimens of L. edeaensis (from Lake Ossa, 90 m asl) and L. balssi (from Mount 

Manengouba, 1,958 m asl) are given in Mvogo Ndongo et al. (2019: Tables 2 and 3 respectively) 

(Mvogo Ndongo et al. 2017, 2018, 2019). Most collected specimens were returned alive and unharmed 

to the place where they were collected after recording all relevant morphological data. A few adult 

specimens (males and females) were preserved in ethanol for further morphological descriptions, and 

single walking legs of selected specimens were removed and preserved in ethanol for further molecular 

analysis. The newly collected specimens were deposited either in the Museum Für Naturkunde, Berlin, 

Germany (ZMB) or the Unity of Taxonomy, Production and Sustainable Management of Aquatic 

Animals, in the Department of Management of Aquatic Ecosystems, Institut des Sciences Halieutiques, 

University of Douala, Cameroon (LABO-PASMAT). The terminology used follows Cumberlidge 

(1999) and the classification follows Cumberlidge and Daniels (2022). Characters of the gonopods, 

carapace, thoracic sternum, chelipeds, third maxillipeds, and mandibles were examined in detail and 

photographs were taken using a Leica microscope, model Z16A POA, and the software LAS V4 and 

Helicon Focus 6.7.1. Post processing was undertaken using Adobe Photoshop CC5.  

 

Morphological analysis 

Measurements of the carapace and gonopods of all specimens collected were made with digital calipers 

and the results recorded in millimetres (mm). Specimens were sorted according to their stage of 

development into juveniles, subadults, and adults. at which maturity is reached (signified by identifying 

specimens that had undergone the pubertal moult from subadult to adult). The pubertal moult was 

determined by examining the degree of development of the pleon of a series of juvenile, subadult and 

adult females. The pleon of juvenile females is undeveloped and resembles the slim pleon of juvenile 

males; the pleon of subadults is significantly widened and partially covers the thoracic sternum, while 

the pleon of adult females is dramatically enlarged and rounded such that its lateral margins overlap 

the coxae of the pereiopods and the telson covers S1–2. The lower limit of the range for the pubertal 

moult was judged as the CW of the largest non-adult female, while the upper limit of the pubertal moult 

was judged to be the CW of the smallest adult female specimen. 

 

Molecular analysis  

Genomic DNA was extracted from a tissue sample of up to 25 mg cut from the pereiopod 

muscle of 70% ethanol-preserved specimens using the Qiagen DNeasy Blood & Tissue kit following 

the manufacturer’s instructions. Polymerase chain reaction (PCR) was used to amplify three 

mitochondrial gene fragments. A ~ 638 bp region of the 16S ribosomal RNA gene (16S) using primers 

16L29 and 16HLeu (Schubart 2009), a ~ 594 bp region of the 12S ribosomal RNA gene (12S) using 

primers 12L4 and 12H2 (Schubart 2009), and a 648 bp region of the protein-coding mitochondrial 
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gene, Cytochrome Oxidase subunit I gene (COI) using primers LCOI-1490 and HCOI-2198 (Folmer 

et al. 1994). PCR was performed in 25 μl volumes containing 1x Taq buffer, 1.5 mM MgCl2, 200 μM 

each dNTP, 1 U Taq polymerase, ca. 50–100 mg DNA and ddH2O up to volume. After an initial 

denaturation step of 4 min at 94 °C, cycling conditions were 35 cycles at 94 °C for 30 s, 45 °C for 60 

s, and 72 °C for 90, with a final elongation step of 5 min at 72 °C. The same primers were used in PCR 

and sequencing. PCR products were sent to Macrogen Europe for purification and cycle sequencing of 

both strands of each gene. The sequences obtained were proofread manually using Chromas Lite (v. 

2.1.1) (Technelysium Pty Ltd, Queensland, Australia) and aligned with ClustalW (Thompson et al. 

1994) implemented in BioEdit 7.0.5 (Hall 1999). New sequences were submitted to the National Center 

for Biotechnology Information (NCBI) and are available from GenBank under the accession numbers 

in Table 1 (pending). Results from these genes were concatenated into a single alignment that was then 

converted into a Nexus file with FaBox (Villesen 2007).  

 

Phylogeographic investigations  

The COX1 mitochondrial gene was used here that is relatively variable and is commonly used 

for population genetics, and more recently also for animal species identification within the barcoding 

approach (Hebert et al. 2003). This was useful to examine the population genetic structure of L. 

nkongsamba, providing evidence for genetic substructure among the sampling sites in Nlonako 

Ecological Reserve. That was critical to investigate historical connectivity among populations of 

Louisea species and to implement the future management of genetic diversity. 

In order to graphically depict the genetic distance between the mitochondrial genotypes, a 

maximum parsimony genotype networks (Templeton et al. 1992) were built with the software PopArt 

(Leigh and Bryant 2015). Haplotype and nucleotide diversities were used to compare genetic diversities 

among the sampling sites in terms of number of haplotypes and genetic distances of these haplotypes. 

Phylogeographic investigations have been successfully used by several authors to determine 

connectivity among populations of endemic freshwater crab species (see Stemmer and Schubart (2016) 

for populations of Sesarma fossarum in the Cockpit Country of Jamaica). 

 

Phylogenetic investigations   

The mitochondrial genes COX1, 12SrRNA, 16SrRNA were useful for identification of species 

boundaries and examination of the evolutionary origins and relationships of the endemic Cameroonian 

Louisea freshwater crabs and to determine whether morphological and ecological similarities between 

species are based on convergence or common ancestry. 

Here two methods of phylogenetic inference were applied to our data set: maximum likelihood 

(ML) using the software PAUP*, and Bayesian inference (BI) as implemented in MrBayes (v.3.3; 

Huelsenbeck & Ronquist, 2001) (Mvogo Ndongo et al. 2017a, b, Fratini et al. 2005). The best 
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evolutionary model was determined with jModeltest v.2.1.7 (Darriba et al. 2012) based on the Akaike 

information criterion (Posada and Buckley 2004) and resulted in the GTR+I+G (COI), GTR+G (16S) 

and HKY+G (12S) models. ML tree was obtained for each alignment with 1000 bootstrap 

pseudoreplicates.  Bayesian Inference (BI) was performed to infer phylogeny by using MrBayes v. 

3.2.2 (Huelsenbeck and Ronquist 2001). The MCMC was run with four independent chains for 

10,000,000 generations, samplefreq = 500, and burnin = 10,001. Analyses were conducted separately 

to test for topology congruence.  

To estimate clade divergence times based on the COX1 gene, we conducted a Bayesian analysis 

with the software BEAST 2.6.2 (Bouckaert et al. 2019), using a strict clock model (Yule Model) with 

a rate of evolution for the COX1 of 2.33% per million years (my) (10% SD) (following Schubart et al. 

1998). We ran Markov chains for 10 million generations, sampling every 1000th iteration and 

discarding the first 25% as burn-in. Overall, 7500 trees were obtained, and these trees were used to 

calculate the maximum clade credibility tree in TreeAnnotator v.1.6.1 (part of the BEAST package). 

 

Results  

Morphological analyses 

Morphometric measurements of populations of L. yabassi and L. nkongsamba are provided in 

Table 2. The adult size range of L. yabassi, based on male and female specimens from the two 

populations, was between CW 16.5 and CW 24.0 mm. Subadults ranged from CW 11.0 to CW 15.5 

mm, and juveniles were CW 10.0 mm or less. No significant differences were found between the 

carapace proportions (CW/FW, CL/FW, CH/FW) of these populations (Table 2). The adult size range 

of L. nkongsamba based on male and female specimens from four of the six sites, was between CW 

15.8 and CW 20.0 mm. Subadults ranged from CW 11.5 to CW 14.4 mm (two populations, PAMN 

02.12.19 and PAMN 10.12.19, consisted entirely of subadults), and juveniles of this species measured 

CW 10.0 mm or less. No significant differences were found between the carapace proportions 

(CW/FW, CL/FW, CH/FW) of any of the populations of these two species, and these proportions were 

virtually identical in all cases (Table 2). There was a slight difference in the adult size range of L. 

yabassi and L. nkongsamba, with the former species growing to CW 24 mm and the latter species 

reaching only CW 20 mm.   

A number of morphological differences were found between selected characters of specimens 

of L. yabassi from populations living in the two localities in Ebo Forest (Table 3). Similarly, several 

morphological character differences were found between specimens from 6 sites of L. nkongsamba 

that were organised into two groups, refer here as two morphotypes (Table 4). Illustrations of the 
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character differences between the two populations of L. yabassi (based on adult males) are provided in 

Figs. 1-5, and the two morphotypes of L. nkongsamba (based on adult males) are provided in Figs. 6-

9. Despite these morphological differences between populations of L. nkongsamba and L. yabassi, 

there was no genetic support for recognising these differences as indicating different genetic lineages 

that would warrant formal taxonomic recognition (Figs. 10-12).  

The pubertal moult estimates indicate that the largest species of Louisea is L. yabassi (CW 24 

mm), the smallest species is L. balssi (CW 16.2 mm), while the size ranges of L. edeaensis and L. 

nkongsamba are similar and fall in between these values (CW 20.00 mm) (Table 3). Louisea balssi is 

a high-altitude species found at 1989 m asl, L. nkongsamba is a submontane species (found between 

938 and 1462 m asl), while both L. yabassi (300 m asl) and L. edeaensis (90 m asl) are low-altitude 

species (see Mvogo Ndongo et al. 2017, 2019, 2021a) (Table 3). 

 

Molecular analyses 

For the molecular analyses, a total of 138 sequences were obtained that included 46 sequences 

of CO1, 46 sequences of 16S RNA, and 46 sequences of 12S RNA (Tables 1). ML and BI trees were 

constructed for each individual gene. The tree presented here for ML topology (Fig. 10) has been 

reconstructed from the concatenation of the three partial loci (CO1, 16S RNA and 12S RNA) into a 

single alignment that was then converted into a Nexus file with FaBox. This tree (Fig. 10) includes the 

four species of Louisea (L. balssi, L. edeaensis, L. nkongsamba and L. yabassi) as in-groups, and 

Potamonemus man Mvogo Ndongo et al., 2021, and Buea mundemba Mvogo Ndongo et al., 2020 as 

out-group species. Statistical values at the nodes on Figure 10 indicate posterior probabilities or 

bootstrap values from ML (left) and Bayesian inference (BI) (right). The molecular evidence presented 

here subdivides L. nkongsamba into three lineages (populations 1, 2, and 3), but these groups do not 

correlate with the two main groups of morphotypes (represented by Nlonako Nlonako Enguegue 

n°1_1462 m and Nlonako Eyimba, Ngaltongue, Enguegue n°2_1382 m, Nguegue) whose characters 

are listed in Table 4. For example, population 1 of L. nkongsamba comprised specimens that were 

collected in all six of the localities on Mt. Nlonako (Table 1, 5, Fig. 10); population 2 of L. nkongsamba 

comprised specimens that were collected in five out of the six localities on Mt. Nlonako (Table 1, 5, 

Fig. 10); and population 3 of L. nkongsamba comprised specimens that were collected in four out of 

the six localities on Mt. Nlonako (Table 1, 5, Fig. 10). The two morphotypes are represented in all three 

populations of L. nkongsamba (Table 1).  

 The results of the uncorrected p-distance between species pairs of Louisea are given in Table 

6, and the uncorrected p-distances between genetic populations of L. nkongsamba are given in Table 

7. Divergence time calculations used to investigate the divergence time of Louisea species (Fig. 11) 
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showed that L. edeaensis diverged from the well-established L. balssi about 5.6 Ma, L. yabassi and L. 

nkongsamba diverged from L. edeaensis about 4.1 Ma, and Louisea yabassi separated from L. 

nkongsamba about 2.48 Ma. The haplotype network also distinguishes between the populations of 

Louisea species (Fig. 12). 

 

Discussion 

Intraspecific variation 

The two populations of L. yabassi from localities 3 kilometres apart in the Ebo Forest genetically-form 

a single clade with little lineage differentiation (Fig. 10: Populations 1 and 2) and these individuals 

show relatively low levels of morphological variation (Table 4), but nevertheless two populations with 

a distinct morphotype can be identified (Table 1). Similarly, the 6 sampled localities around Mt. 

Nlonako 4-10 kilometres apart (Tables 1, 5) where L. nkongsamba is found host individuals who fall 

into three genetically-recognisable populations (Fig. 10: Populations 1, 2 and 3), which in turn have 

two distinct morphotypes (Table 5). Populations 1 and 3 consisted of individuals who all conformed to 

morphotype 1, while Population 2 included individuals of both morphotypes (Table 1). 

 

Phylogenetic relationships 

The four Louisea species were recovered here as a monophyletic clade (Fig. 10) with strong 

topological statistical support, and high pairwise uncorrected p-distance values between species pairs 

of Louisea (Table 6). This study, therefore, supports the continued recognition of four species of 

Louisea that are all endemic to the rainforests of Southwest Cameroon. Even the two morphologically 

variable species, L. nkongsamba and L. yabassi, were found in the molecular analyses to have low 

uncorrected p-distance values between population pairs, which does not support the recognition of any 

of these populations as distinct species in their own right (Mvogo Ndongo et al. 2019). The four Louisea 

species are endemic to different habitats within the rainforest zone: montane forest streams (L. balssi), 

submontane forest streams (L. nkongsamba), islands in a freshwater lake (L. edeaensis), and lowland 

forest streams (L. yabassi).  

 The results of the phylogenetic analysis indicate that all four species of Louisea form a single 

clade with L. balssi from Mt. Manengouba as the ancestral species, while L. edeaensis from Lake Ossa 

is the sister species of the clade that includes L. yabassi and L. nkongsamba (Fig. 10). The divergence 

time estimates for these species are provided in Fig. 11. 

Mount Manengouba where Louisea first evolved consists mainly of a shield volcano overlain by 

a stratovolcano whose highest peaks are at 2,411 m asl, and which covers an area of 500 km2. This 

mountain was formed 1.55 Ma in three stages (Kagou Dongmo 2006, Kagou Dongmo et al. 2001). The 

first stage, (from 1.55 to 0.7 Ma), corresponds to the formation of a basaltic shield volcano that evolved 

to a stratovolcano (named Elengoum) which was capped by trachyte domes and flows (Pouclet 2014). 
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The second stage (between 0.70 and 0.56 Ma), was when the summit if Elengoum collapsed and created 

a large caldera open to the west. The third stage (from 0.56 Ma to recent times), includes the formation 

of a new stratovolcano named Eboga inside the caldera (see Pouclet 2014).  

Specimens of L. nkongsamba found in the cool mountain streams that drain the higher altitudes 

of the submontane zone of Mount Nlonako (938 to 1462 m asl) are small-bodied (adult males measure 

CW:  12.00 – 20.00 mm), while males of L. balssi from the high-altitude streams (1,958 m asl) draining 

into the caldera of Mount Manengouba are also remarkably small-bodied (CW: 13.00 - 16.2 mm). 

Genetic differentiation tends to be somewhat limited in small-bodied montane species of freshwater 

crabs (Daniels et al. 2016). On the other hand, limited genetic variation was found in populations of L. 

edeaensis (a lowland species living on an island in a lake). The moist tropical rainforests that surround 

Mt. Manengouba receive high annual rainfall amounts that have provided a stable climate that has 

consistently supported tropical rainforests even during periods of fluctuating drier periods (Brown and 

Ab'Saber 1979, Diamond and Hamilton 1980, Mayr and O'Hara 1986, Grubb 1992, Zimkus 2009). 

Species of freshwater crabs (such as L. balssi) found in such places would be sheltered from the harsher 

effects of rainforest disruption arising from prolonged dry periods in the past, making the Cameroon 

Highlands a Pleistocene forest refuge for forest species. Over time, Louisea dispersed from its original 

location around Mt. Manengouba and spread out into the surrounding forests in Southwest Cameroon, 

including Mount Nlonako where species divergence gave rise to L. nkongsamba, and the forested 

lowlands around Yabassi and Lake Ossa, where L. yabassi and L. edeaensis evolved. 

 

Habitat, threats, and conservation measures 

Louisea species are semi-terrestrial and prefer temporary water bodies such as puddles near 

small permanent streams as well as damp environments under small stones or fallen leaves on land 

adjacent to streams (Mvogo Ndongo et al. 2017, 2018, 2019, 2021). These freshwater crabs have 

limited dispersal abilities due to reproduction by direct development that restricts dispersal to the 

movements of adults, and to their relative isolation (dues the complicated topography and the 

fragmentary nature of their wetland habitats). These factors are probably responsible for much of the 

diversity and endemism of these freshwater crabs (Cumberlidge et al. 2009). Ongoing threats exist to 

the rainforest habitat of these crabs driven by human population increases, deforestation, rapid 

urbanization, infrastructure development and increased agriculture in southwestern Cameroon 

(Dudgeon et al. 2006). Other anthropogenic threats include increased noise pollution and altered 

terrestrial and aquatic landscapes (Kight and Swaddle 2011, Shannon et al. 2015, Buxton et al. 2017). 

Our surveys suggest that the original populations of both L. edeaensis (from Edea and Yaounde) and 

L. balssi (from near Kumba) could prove to be extirpated because the type localities are now in urban 

areas or in disturbed forest, and there have been no conservation measures in place for these species. 

Although several zoological expeditions have surveyed this region over the years, L. edeaensis and L. 
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balssi have still not been recorded from their original localities (but admittedly these expeditions were 

not focused on collecting freshwater crabs at these localities).  

Although some of the recently collected Louisea specimens from Mount Manengouba, Ebo 

Forest, Nlonako Ecological Reserve, and Lake Ossa were found in protected areas, almost all of their 

original habitats are now threatened by anthropogenic sources. For example, although Lake Ossa is a 

protected area, the lake’s fishes, manatees, molluscs, crabs and shrimps receive little actual protection, 

and Bedimet Island in Lake Ossa is under threat from deforestation and from intensive and encroaching 

agricultural practices. Although preliminary conservation actions have been carried out, more support 

is still needed.  

So far, all four species of Louisea have only limited distributional data and little is known about 

other aspects of their lifecycle. What is clear, however, is that L. edeaensis and L. balssi should be 

upgraded to Critical Endangered (CR) and L. yabassi and L. nkongsamba needs to be assessed as 

Endangered (EN) once their conservation assessment will be carried out.  

The results of the present study indicate a strong need for further research aimed at developing 

a database on the distributions, population biology, and ecology of these species of Louisea, as well as 

a need to develop and implement conservation measures to mitigate declines in freshwater crab 

diversity in Southwest Cameroon in general. Besides Louisea, the biodiversity-rich rainforests of 

southwestern Cameroon are home to 7 other endemic species of semi-terrestrial freshwater crabs: Buea 

asylos (Cumberlidge, 1993), B. bangem Mvogo Ndongo, von Rintelen & Cumberlidge, 2020, B. 

mundemba Mvogo Ndongo, von Rintelen & Cumberlidge, 2020, B. nlonako Mvogo Ndongo, von 

Rintelen & Cumberlidge, 2020, Potamonemus man Mvogo Ndongo, von Rintelen & Cumberlidge, 

2021, P. sachsi Cumberlidge & Clark, 1993 and Sudanonautes tiko Mvogo Ndongo, Schubart & 

Cumberlidge, 2017 (Cumberlidge and Daniels 2022, Cumberlidge et al. 2019, Mvogo Ndongo et al. 

2017a–c, 2018, 2019, 2020, 2021a, b). These species are of great conservation importance and also the 

most threatened by anthropogenic activities in these forests (Mvogo Ndongo et al. 2021b). This unique 

freshwater crab diversity is not yet fully appreciated by the relevant government agencies or indigenous 

communities. Therefore, capacity building through community outreach and collaboration with local 

communities and research institutes based in southwest Cameroon is recommended to raise awareness 

and facilitate monitoring of local endemic semi-terrestrial freshwater crab species. This initiative 

incudes training local field guides to aid with species identification, provision of resource guides for 

fisheries managers and park officials that highlight the role of threatened crabs in freshwater 

ecosystems, and the benefits that conservation development can bring in local areas (Brooks et al. 

2008). 
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Figure 1. Whole specimen of Louisea yabassi endemic to Eboforest. A: Dorsal view of largest adult 

male (CW 20.18 mm) of site n°1 (population n°1). B: Ventral view of largest adult male (CW 20.18 

mm) of site n°1 (population n°1). C: Dorsal view of largest adult male (CW 21.30 mm) of site n°2 

(population n°2). D: Ventral view of largest adult male (CW 21.30 mm) of site n°2 (population n°2). 

Scale bars: A, B = 15 mm, C, D = 17 mm. 

 

Figure 2. Louisea yabassi endemic to Eboforest. A: Dorsal view of largest adult male (CW 20.18 mm) 

of site n°1 (population n°1). B: Frontal view of largest adult male (CW 20.18 mm) of site n°1 

(population n°1). C: Dorsal view of largest adult male (CW 21.30 mm) of site n°2 (population n°2). D: 

Frontal view of largest adult male (CW 21.30 mm) of site n°2 (population n°2). Scale bars: A, B = 8 

mm, C, D = 9 mm. 

 

Figure 3. Louisea yabassi endemic to Eboforest, thoracic sternites (s1–s8) and pleonal segments (a4–

a7). A: largest adult male (CW 20.18 mm) of site n°1 (population n°1). B: largest adult male (CW 

21.30 mm) of site n°2 (population n°2). Scale bars: A, B = 8 mm, C, D = 9 mm. 

 

Figure 4. Louisea yabassi endemic to Eboforest, Cameroon. A, B: frontal view of right (A) and left 

(B) chela of largest adult male (CW 20.18 mm) of site n°1 (population n°1). E, F: frontal view of right 

(E) and left (F) chela of largest adult male (CW 21.30 mm) of site n°2 (population n°2). H:  right 
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cheliped merus of largest adult male (CW 20.18 mm) of site n°1 (population n°1). D: right cheliped 

merus of largest adult male (CW 21.30 mm) of site n°2 (population n°2). G: right cheliped carpus of 

largest adult male (CW 20.18 mm) of site n°1 (population n°1). C. right cheliped carpus of largest adult 

male (CW 21.30 mm) of site n°2 (population n°2). K. left third maxilliped of largest adult male (CW 

20.18 mm) of site n°1 (population n°1). L. left third maxilliped of largest adult male (CW 21.30 mm) 

of site n°2 (population n°2). I: Ventral view of right mandible of largest adult male (CW 20.18 mm) of 

site n°1 (population n°1). J: Ventral view of right mandible of largest adult male (CW 21.30 mm) of 

site n°2 (population n°2). Scale bars: D, H, A, B, E, F, C, G: 5 mm;   I, J: 1 mm; K, L: 2 mm 

 

Figure 5. Louisea yabassi endemic to Eboforest, Cameroon. A, left G1 ventral view of largest adult 

male (CW 20.18 mm) of site n°1 (population n°1). D: left G1 ventral view of largest adult male (CW 

21.30 mm) of site n°2 (population n°2).  C: left G1 dorsal view of largest adult male (CW 20.18 mm) 

of site n°1 (population n°1). F: left G1 dorsal view of largest adult male (CW 21.30 mm) of site n°2 

(population n°2). B: G2 of largest adult male (CW 20.18 mm) of site n°1 (population n°1). E: G2 of 

largest adult male (CW 21.30 mm) of site n°2 (population n°2). Scale bars: A, B, D, E, C, F: 1 mm. 

 

Figure 6. Morphotypes of Louisea nkongsamba endemic to Nlonako. A: Dorsal view of adult male 

(CW 18.20 mm) from Eyimba. B: thoracic sternites (s1–s8) and pleonal segments (a4–a7) of adult male 

(CW 18.20 mm) from Eyimba. C: dorsal view of adult male (CW 11.70 mm) from Nlonako_ Enguegue 

(site n°1). D: thoracic sternites (s1–s8) and pleonal segments (a4–a7) of adult male (CW 11.70 mm) 

from Nlonako_ Enguegue (site n°1). Scale bars: A, B: 12 mm; C, D: 8 mm. 

 

Figure 7. Morphotypes of Louisea nkongsamba endemic to Nlonako, Littoral Cameroon. A: dorsal 

view of adult male (CW 11.70 mm) from Nlonako_ Enguegue (site n°1). B: frontal view of adult male 

(CW 11.70 mm) from Nlonako_Enguegue (site n°1). C: Dorsal view of adult male (CW 18.20 mm) 

from Eyimba. D: Frontal view of adult male (CW 18.20 mm) from Eyimba. Scale bars: A, B = 3 mm, 

C, D = 4 mm. 

 

Figure 8. Morphotypes of Louisea nkongsamba endemic to Nlonako, Littoral Cameroon. A, B: frontal 

view of right (A) and left (B) chela of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). 

G, H: frontal view of right (G) and left (H) chela of adult male (CW 18.20 mm) from Eyimba. D: right 

cheliped merus of adult male (CW 12.00 mm) from Nlonako_Enguegue (site n°1). J: right cheliped 

merus of adult male (CW 18.20 mm) from Eyimba. C: right cheliped carpus of adult male (CW 12.00 

mm) from Nlonako_ Enguegue (site n°1). I: right cheliped carpus of adult male (CW 18.20 mm) from 

Eyimba. F: left third maxilliped of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). L: 

right third maxilliped of adult male (CW 18.20 mm) from Eyimba.  E: ventral view of right mandible 

of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). K: Ventral view of right mandible 

of adult male (CW 18.20 mm) from Eyimba. Scale bars: A, B, C, D: 2 mm, G, H, I, J: 5 mm; E: 500 

μm; K: 1 mm; F, L: 1 mm.  

 

Figure 9. Morphotypes of Louisea nkongsamba endemic to Nlonako, Littoral Cameroon. A, right G1 

ventral view of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). D: right G1 ventral 

view of adult male (CW 18.20 mm) from Eyimba. B: left G1 dorsal view of adult male (CW 12.00 

mm) from Nlonako_ Enguegue (site n°1). E: left G1 dorsal view of adult male (CW 18.20 mm) from 

Eyimba. C: G2 of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). F: G2 of adult male 

(CW 18.20 mm) from Eyimba. A, B, C, D, E, F: 1mm. 
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Figure 10. ML tree topology for the four freshwater crab Louisea species  from Cameroon included in 

this study derived from mtDNA sequences corresponding to three loci (partial 16S rRNA, COI and 

12S rRNA genes). BI and ML statistical values (%) on the nodes indicate posterior probabilities and 

bootstrap support, respectively. 

 

Figure 11.  BI tree topology for the four freshwater crab Louisea species from Cameroon included in 

this study derived from COI mtDNA sequences constructed with BEAST 2.6.2. Statistical values on 

the nodes indicate age in million year. 

 

Figure 12.  Maximum parsimony genotype networks of COI, constructed with PopArt. Hatch marks 

stand for mutation steps. 
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Table 1:  GenBank numbers of the three mtDNA markers used in this study for the four species of Louisea 

and the outgroups. Nl = Nlonako; Here = sequence available in the present study; * = Mvogo Ngongo et al. 

2019; ** = Mvogo Ndongo et al. 2017c. 

 
Species and Sample 
No. on Fig. 10 

Locality in Cameroon Population 
No. 

Morphotypes Extraction/muse
um number 

GenBank Accession 
Number (pending) 

     (Fig. 10) (Tables 3, 4)   CO1    12S 
rRNA 

16S 
rRNA 

L. nkongsamba (1) Nlonako, Engugue1382 Population 1 Nl Morphotype 1 ZMB-X21 Here Here Here 

L. nkongsamba (2) Nlonako, NgaltongueS1 Population 1 Nl Morphotype 1 ZMB-X26 Here Here Here 

L. nkongsamba (3) Nlonako, NgaltongueS1 Population 1 Nl Morphotype 1 ZMB-X27 Here Here Here 

L. nkongsamba (4) Nlonako, NgaltongueS1 Population 1 Nl Morphotype 1 ZMB-X28 Here Here Here 

L. nkongsamba (5) Nlonako, NgaltongueS1 Population 1 Nl Morphotype 1 ZMB-X29 Here Here Here 

L. nkongsamba (6) Nlonako Engugue1462 Population 1 Nl Morphotype 1 ZMB-X31 Here Here Here 

L. nkongsamba (7) Nlonako, NgaltongueS2 Population 1 Nl Morphotype 1 ZMB-X36 Here Here Here 

L. nkongsamba (8) Nlonako, NgaltongueS2 Population 1 Nl Morphotype 1 ZMB-X37 Here Here Here 

L. nkongsamba (9) Nlonako, NgaltongueS2 Population 1 Nl Morphotype 1 ZMB-X38 Here Here Here 

L. nkongsamba (10) Nlonako, NgaltongueS2 Population 1 Nl Morphotype 1 ZMB-X39 Here Here Here 

L. nkongsamba (11) Nlonako, Eyimba Population 1 Nl Morphotype 1 ZMB-X41 Here Here Here 

L. nkongsamba (12) Nlonako, Nguengue Population 1 Nl Morphotype 1 ZMB-X46 Here Here Here 

L. nkongsamba (13) Nlonako, Nguengue Population 1 Nl Morphotype 1 ZMB-X47 Here Here Here 

L. nkongsamba (14) Nlonako, Nguengue Population 1 Nl Morphotype 1 ZMB-X48 Here Here Here 

                

L. nkongsamba (15) Nlonako, Engugue1382 Population 2 Nl Morphotype 1 ZMB-X22 Here Here Here 

L. nkongsamba (16) Nlonako, Engugue1382 Population 2 Nl Morphotype 1 ZMB-X23 Here Here Here 

L. nkongsamba (17) Nlonako, Engugue1382 Population 2 Nl Morphotype 1 ZMB-X24 Here Here Here 

L. nkongsamba (18) Nlonako, NgaltongueS1 Population 2 Nl Morphotype 1 ZMB-X30 Here Here Here 

L. nkongsamba (19) Nlonako Engugue1462 Population 2 Nl Morphotype 2 ZMB-X32 Here Here Here 

L. nkongsamba (20) Nlonako Engugue1462 Population 2 Nl Morphotype 2 ZMB-X33 Here Here Here 

L. nkongsamba (21) Nlonako Engugue1462 Population 2 Nl Morphotype 2 ZMB-X34 Here Here Here 

L. nkongsamba (22) Nlonako, Eyimba Population 2 Nl Morphotype 1 ZMB-X42 Here Here Here 

L. nkongsamba (23) Nlonako, Eyimba Population 2 Nl Morphotype 1 ZMB-X43 Here Here Here 

L. nkongsamba (24) Nlonako, Eyimba Population 2 Nl Morphotype 1 ZMB-X44 Here Here Here 

L. nkongsamba (25) Nlonako, Nguengue Population 2 Nl Morphotype 1 ZMB-X49 Here Here Here 

L. nkongsamba (26) Nlonako, Nguengue Population 2 Nl Morphotype 1 ZMB-X50 Here Here Here 

                

L. nkongsamba (27) Nlonako, Engugue1382 Population 3 Nlon 
Morphotype 1 

ZMB-X25 Here Here Here 

L. nkongsamba (28) Nlonako Engugue1462 Population 3 Nlon 
Morphotype 1 

ZMB-X35 Here Here Here 

L. nkongsamba (29) Nlonako, NgaltongueS2 Population 3 Nlon 
Morphotype 1 

ZMB-X40 Here Here Here 

L. nkongsamba (30) Nlonako, Eyimba Population 3 Nlon 
Morphotype 1 

ZMB-X45 Here Here Here 

                

L. yabassi (31) Eboforest Stream N°1 Population 1 Ebo Morphotype 
1 

ZMB-X11 Here Here Here 

L. yabassi (32) Eboforest Stream N°1 Population 1 Ebo Morphotype 
1 

ZMB-X12 Here Here Here 

L. yabassi (33) Eboforest Stream N°1 Population 1 Ebo Morphotype 
1 

ZMB-X13 Here Here Here 

L. yabassi (34) Eboforest Stream N°1 Population 1 Ebo Morphotype 
1 

ZMB-X14 Here Here Here 

L. yabassi (35) Eboforest Stream N°1 Population 1 Ebo Morphotype 
1 

ZMB-X15 Here Here Here 
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L. yabassi (36) Eboforest Stream N°2 Population 2 Ebo Morphotype 
2 

ZMB-X16 Here Here Here 

L. yabassi (37) Eboforest Stream N°2 Population 2 Ebo Morphotype 
2 

ZMB-X17 Here Here Here 

L. yabassi (38) Eboforest Stream N°2 Population 2 Ebo Morphotype 
2 

ZMB-X18 Here Here Here 

L. yabassi (39) Eboforest Stream N°2 Population 2 Ebo Morphotype 
2 

ZMB-X19 Here Here Here 

L. yabassi (40) Eboforest Stream N°2 Population 2 Ebo Morphotype 
2 

ZMB-X20 Here Here Here 

                

L. edeaensis Lake Ossa, Bedimet 
Island 

Population 1  -- ZMB Crust 30335 MN1
8806
8.1* 

--- MN21
7395
* 

L. edeaensis Lake Ossa, Bedimet 
Island 

Population 1  -- T351-30 KY96
4474
.1** 

KY96
4479
** 

KY96
4472
** 

L. edeaensis Lake Ossa, Bedimet 
Island 

Population 1  -- ZMB_Crust 
26930 

KY96
4473
.1** 

KY96
4478
** 

----- 

                 

L. balssi Manengouba, stream Population 1  -- ZMB Crust 30319 MN1
8807
1.1* 

MN21
7385
* 

MN21
7392
* 

L. balssi Manengouba, stream Population 1  -- ZMB Crust.29628 MN1
8807
0.1* 

MN21
7384
* 

MN21
7391
* 

                

Potamonemus man Bakossi National Park Population 1  -- ZMB Crust 30327 MN1
8806
7.1* 

MN21
7390
* 

MN21
7398
* 

Buea mundemba Korup National Park Population 1  -- ZMB Crust 30321 MN1
8806
9.1* 

MN21
7388
* 

MN21
7396
*  
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Table 2. Morphometric and collection data of specimens of Louisea yabassi from Ebo Forest 
Cameroon and L. nkongsamba from 6 localities in Nlonako ecological reserve, Cameroon. PAMN: 
Pierre A. Mvogo Ndongo; Ad: adult; Sa: subadult, M: male; F: female. 
 

                   

Species CW/FW 
Mean 

(n) 

CL/FW 
Mean 

(n) 

CH/FW 
Mean 

(n)  

Size Range               
(CW in mm) 

Collector & 
Date 

Museum No. 
for few 

specimens 

Locality Latitude, 
Longitude 

ASL 
(m) 

L. yabassi  
 
2.9 (19) 
  

 
 
2.1 (19) 
  

 
 
1.3 (19) 
  

Ad M 16.4 
to 20.2 

PAMN, 
10.12.19 

LaboPasmat 
X100 

Ebo Forest, 
Stream N°1 

4.417150, 
10.200210 

162 

L. yabassi Ad F   12.0 
to 24.1 

PAMN, 
10.12.19 

ZMB 
Crust.(process) 

Ebo Forest, 
Stream N°1 

4.417150, 
10.200210 

162 

L. yabassi  
2.9 (16) 
  

 
2.1 (16) 
  

 
1.3 (16) 
  

Ad M 16.6 
to 21.3 

PAMN, 
13.12.19 

LaboPasmat 
X101 

Ebo Forest, 
Stream N°2 

4.416460, 
10.202130 

254 

L. yabassi Ad F 17.4 to 
22.5 

PAMN, 
13.12.19 

ZMB 
Crust.(process) 

Ebo Forest, 
Stream N°2 

4.416460, 
10.202130 

254 

                    

L. 
nkongsamba 

2.9 (8) 2.1 (8) 1.3 (8) Ad M 15.8 
to 20.0 

PAMN, 
05.12.19 

LaboPasmat 
X102 

Nlonako, 
Nguengue 

4.912444, 
9.980556 

1176 

L. 
nkongsamba 

2.9 (5) 2.1 (5) 1.3 (5) Ad M 12.8 
to 18.5 

PAMN, 
11.11.16 

ZMB 
Crust.(process) 

Nlonako, 
NgaltongueS2 

 4.922320, 
9.958620 

1180  

L. 
nkongsamba 

2.9 (12) 2.1 (12) 1.3 (12) Ad M 13.8 
to 17.4 

PAMN, 
15.01.16 

LaboPasmat 
X103 

Nlonako, 
NgaltongueS1  

4.922320, 
9.961820 

1180 

L. 
nkongsamba 

2.9 (10) 2.1 (10) 1.3 (10) Sa M 11.7 to 
11.8 

PAMN, 
02.12.19 

ZMB 
Crust.(process) 

Nlonako, 
Engugue1382 

4.906010, 
9.972400 

1382 

          

L. 
nkongsamba 

2.9 (11) 2.1 (11) 1.3 (11) Sa M 11.5 to 
14.4 

PAMN, 
10.12.19 

LaboPasmat 
X104 

Nlonako, 
Eyimba 

4.891870, 
9.984760 

1194 

 L. 
nkongsamba 

 2.9 (6)  2.1 (6)  1.3 (6) 

Ad 12  

 PAMN 
02.12.19 

 ZMB 
Crust.(process) 

 Nlonako, 
Engugue1462 

 4.906070, 
9.972880 

1462  

 L. 
nkongsamba 

   Ad F 14 to 
15 

 PAMN 
02.12.19 

LaboPasmat 
X105 

Nlonako, 
Engugue1462 

 4.906070, 

9.972880 

1462 

L. 
nkongsamba 

   
Sa 6.60 

PAMN 
02.12.19 

ZMB 
Crust.(process) 

Nlonako, 
Engugue1462 

 4.906070, 

9.972880 

1462 

L. edeaensis  
 
 
 
 
3.0 (21) 
  

 
 
 
 
 
2.5 (21) 
  

 
 
 
 
 
1.4 (21) 
  

Ad M 14.1 
to 17.5 

Mvogo 
Ndongo et al. 
2019 

 See Mvogo 
Ndongo et al. 
2019, (’table 
2, P. 143) 

Lake Ossa 
3.815583, 
10.055139 

90 

L. edeaensis 

Ad F   13.0 
to 19.9 

Mvogo 
Ndongo et al. 
2019 

 See Mvogo 
Ndongo et al. 
2019, (’table 
2, P. 143) 

Lake Ossa 
3.815583, 
10.055139 

90 

                    

L. balssi  
 
 
 
2.9 (8) 
  

 
 
 
 
2.1 (8) 
  

 
 
 
 
1.2 (8) 
  

Ad M 13.3 
to 16.2 

Mvogo 
Ndongo et al. 
2019 

 See Mvogo 
Ndongo et al. 
2019, (’table 
3, P. 147) 

Manengouba 
5.032472, 
9.827167 

1958 

L. balssi 

Ad F   13.3 
to 14.8 

Mvogo 
Ndongo et al. 
2019 

 See Mvogo 
Ndongo et al. 
2019, (’table 
3, P. 147) 

Manengouba 
5.032472, 
9.827167 

1958 
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Table 3. Comparison of morphological characters between two populations of Louisea yabassi from 
Ebo Forest, Cameroon 
 

Character Ebo Forest Stream Population 1 (morphotype 1) Ebo Forest Stream Population 2 
(morphotype 2) 

Epibranchial tooth Reduced to granule (Fig. 2A) Small tooth (Fig. 2C) 

Intermediate tooth 
between exorbital & 
epibranchial teeth 

Clearly distinct, but small (Fig. 2A) Large and triangular (Fig.2 C) 

Major cheliped 
dactylus 

Slim and slightly arched (Fig. 4 A) Slim and straight (Fig. 4 E) 

Cheliped carpus inner 
margin teeth 

Both distal & proximal teeth large & clearly 
separate (Fig. 4G) 

Distal tooth larger than proximal tooth, 
positioned close to each other (Fig. 4C) 

Mandible inferior 
lateral corner of coxa 
(biting edge) 

Lacking pointed tip (Fig. 4I) With pointed tip (Fig. 4J) 

Margin of sternal 
sulcus S3 

With long setae (Fig. 3 A) Lacking setae (Fig. 3B) 

Sternal sulcus S3/4  Reduced to two deep side notches (Fig. 3A)  Not visible (Fig. 3B) 
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Table 4. Comparison of morphological characters between two populations of Louisea nkongsamba from Mt. 

Nlonako, Cameroon 

 

Characters Morphotype 1 
Nlonako Engugue1462 

Morphotype 2 
Nlonako Eyimba, Ngaltongue, Engugue1382, 
Nguegue and type specimens (see Mvogo 
Ndongo et al. 2019) 

Exorbital tooth Large (Fig. 7A) Small (Fig. 7C) 

Epibranchial tooth Small tooth (Figs. 7A, B) Reduced to granule (Figs. 7C, D) 

Lateral margin posterior to 
epibranchial tooth 

Lined by small granules (Figs. 7A, B) Smooth (Figs. 7C, D) 

Intermediate tooth between 
exorbital & epibranchial teeth 

Large (Fig. 7A) Small (Fig. 7C) 

Postfrontal crest Poorly defined, completely traversing 
carapace, meeting anterolateral margins at 
intermediate tooth (Figs. 7A, B) 

Clearly defined, completely traversing carapace, 
not meet anterolateral margins (Figs. 7C, D) 

Major cheliped dactylus Slim and straight (Fig. 8 A)  Slim and slightly arched (Fig. 8G) 

Cheliped carpus inner margin 
teeth 

Distal tooth larger than proximal tooth, both 
slender, clearly separate positioned close to 
each other (Fig. 8C) 

 Distal tooth larger than proximal tooth, both 
robust, positioned close to each other (Fig. 8I) 

Medial inferior margin of 
cheliped merus 

With small but distinct jagged distal tooth 
angled outward at 60°, followed by numerous 
granules & small teeth (Fig. 8D) 

With large jagged distal tooth angled outward at 
90°, followed by numerous granules & small 
teeth decreasing in size proximally (Fig. 8J) 

Mandible inferior lateral 
corner of coxa (biting edge) 

Lacking pointed tip (Fig. 8E) With pointed tip (Fig. 8K) 

Distance from exopod and 
Ischium of third maxilliped  

Large (Fig. 8F) Small (Fig. 8L) 

Sternal segment s3 Absent except for two deep side notches (Fig. 
6B)   

Absent, lacking side notches (Fig. 6D)   

G2 SA length Relatively short 2.1 mm (Fig. 9C)   Relatively long 2.8 mm (Fig. 9F)   
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Table 5. The number of individuals per site grouped in each of the three populations of Louisea nkongsamba 

included in the present study. 
 

Sites Altitude (m asl) No. Individuals 

in Population 1 

No. Individuals in 

Population 2 

No. Individuals in Population 

3 

Enguegue n°2 1382 1 3 1 

Ngaltongue n°1 1176 4 1 0 

Ngaltongue n°2 1256 4 0 1 

Enguegue n°1 1462 1 3 1 

Nguegue 1211 3 2 0 

Eyimba 938 1 3 1 

Total   14 12 4 

 

 

 

 
 

Table 6. The pairwise uncorrected p-distances of the COI, 16S rRNA, 12S rRNA partial sequences between 

species of Louisea. 
 

Louisea species Uncorrected p-distance 

 CO1 16S rRNA 12S rRNA 

L. nkongsamba and L. yabassi 
3.97% 2.15% 3.77% 

L. nkongsamba and L. edeaensis 
8.61% 4.33% 4.92% 

L. nkongsamba and L. balssi 
7.98% 5.04% 12.42% 

L. edeaensis and L. yabassi 
8.88% 4.35% 4.27% 

L. edeaensis and L. balssi 
10.15% 7.77% 11.04% 

L. yabassi and L. balssi 
7.32% 5.36% 12.94% 

 

 

 

 

 

Table 7. The pairwise uncorrected p-distances of the COI, 16S rRNA, 12S rRNA partial sequences of 

populations of Louisea nkongsamba  
 

Louisea species Uncorrected p-distance 

 CO1 16S rRNA 12S rRNA 

Population 2 and Population 3 0.48% 0.87% 0.95% 

Population 2 and Population 1 0.70% 0.20% 0.71% 

Population 3 and Population 1 0.52% 0.61% 1.18% 
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Figure 1. Whole specimen of Louisea yabassi endemic to Eboforest. A: Dorsal view of largest adult 

male (CW 20.18 mm) of site n°1 (population n°1). B: Ventral view of largest adult male (CW 20.18 

mm) of site n°1 (population n°1). C: Dorsal view of largest adult male (CW 21.30 mm) of site n°2 

(population n°2). D: Ventral view of largest adult male (CW 21.30 mm) of site n°2 (population n°2). 

Scale bars: A, B = 15 mm, C, D = 17 mm. 
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Figure 2. Louisea yabassi endemic to Eboforest. A: Dorsal view of largest adult male (CW 20.18 mm) 

of site n°1 (population n°1). B: Frontal view of largest adult male (CW 20.18 mm) of site n°1 

(population n°1). C: Dorsal view of largest adult male (CW 21.30 mm) of site n°2 (population n°2). D: 

Frontal view of largest adult male (CW 21.30 mm) of site n°2 (population n°2). Scale bars: A, B = 8 

mm, C, D = 9 mm. 
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Figure 3. Louisea yabassi endemic to Eboforest, thoracic sternites (s1–s8) and pleonal segments (a4–

a7). A: largest adult male (CW 20.18 mm) of site n°1 (population n°1). B: largest adult male (CW 

21.30 mm) of site n°2 (population n°2). Scale bars: A = 8 mm, B = 9 mm. 
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Figure 4. Louisea yabassi endemic to Eboforest, Cameroon. A, B: frontal view of right (A) and left 

(B) chela of largest adult male (CW 20.18 mm) of site n°1 (population n°1). E, F: frontal view of right 

(E) and left (F) chela of largest adult male (CW 21.30 mm) of site n°2 (population n°2). H:  right 

cheliped merus of largest adult male (CW 20.18 mm) of site n°1 (population n°1). D: right cheliped 

merus of largest adult male (CW 21.30 mm) of site n°2 (population n°2). G: right cheliped carpus of 

largest adult male (CW 20.18 mm) of site n°1 (population n°1). C. right cheliped carpus of largest adult 

male (CW 21.30 mm) of site n°2 (population n°2). K. left third maxilliped of largest adult male (CW 

20.18 mm) of site n°1 (population n°1). L. left third maxilliped of largest adult male (CW 21.30 mm) 

of site n°2 (population n°2). I: Ventral view of right mandible of largest adult male (CW 20.18 mm) of 

site n°1 (population n°1). J: Ventral view of right mandible of largest adult male (CW 21.30 mm) of 

site n°2 (population n°2). Scale bars: D, H, A, B, E, F, C, G: 5 mm;   I, J: 1 mm; K, L: 2 mm 
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Figure 5. Louisea yabassi endemic to Eboforest, Cameroon. A, left G1 ventral view of largest adult 

male (CW 20.18 mm) of site n°1 (population n°1). D: left G1 ventral view of largest adult male (CW 

21.30 mm) of site n°2 (population n°2).  C: left G1 dorsal view of largest adult male (CW 20.18 mm) 

of site n°1 (population n°1). F: left G1 dorsal view of largest adult male (CW 21.30 mm) of site n°2 

(population n°2). B: G2 of largest adult male (CW 20.18 mm) of site n°1 (population n°1). E: G2 of 

largest adult male (CW 21.30 mm) of site n°2 (population n°2). Scale bars: A, B, D, E, C, F: 1 mm. 
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Figure 6. Morphotypes of Louisea nkongsamba endemic to Nlonako. A: Dorsal view of adult male 

(CW 18.20 mm) from Eyimba. B: thoracic sternites (s1–s8) and pleonal segments (a4–a7) of adult male 

(CW 18.20 mm) from Eyimba. C: dorsal view of adult male (CW 11.70 mm) from Nlonako_ Enguegue 

(site n°1). D: thoracic sternites (s1–s8) and pleonal segments (a4–a7) of adult male (CW 11.70 mm) 

from Nlonako_ Enguegue (site n°1). Scale bars: A, B: 12 mm; C, D: 8 mm. 
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Figure 7. Morphotypes of Louisea nkongsamba endemic to Nlonako, Littoral Cameroon. A: dorsal 

view of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). B: frontal view of adult male (CW 

12.00 mm) from Nlonako_Enguegue (site n°1). C: Dorsal view of adult male (CW 18.20 mm) from Eyimba. 

D: Frontal view of adult male (CW 18.20 mm) from Eyimba. Scale bars: A, B = 3 mm, C, D = 4 mm. 
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Figure 8. Morphotypes of Louisea nkongsamba endemic to Nlonako, Littoral Cameroon. A, B: frontal 

view of right (A) and left (B) chela of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). 

G, H: frontal view of right (G) and left (H) chela of adult male (CW 18.20 mm) from Eyimba. D: right 

cheliped merus of adult male (CW 12.00 mm) from Nlonako_Enguegue (site n°1). J: right cheliped 

merus of adult male (CW 18.20 mm) from Eyimba. C: right cheliped carpus of adult male (CW 12.00 

mm) from Nlonako_ Enguegue (site n°1). I: right cheliped carpus of adult male (CW 18.20 mm) from 

Eyimba. F: left third maxilliped of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). L: 

right third maxilliped of adult male (CW 18.20 mm) from Eyimba.  E: ventral view of right mandible 

of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). K: Ventral view of right mandible 

of adult male (CW 18.20 mm) from Eyimba. Scale bars: A, B, C, D: 2 mm, G, H, I, J: 5 mm; E: 500 

μm; K: 1 mm; F, L: 1 mm. 
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Figure 9. Morphotypes of Louisea nkongsamba endemic to Nlonako, Littoral Cameroon. A, right G1 

ventral view of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). D: right G1 ventral 

view of adult male (CW 18.20 mm) from Eyimba. B: left G1 dorsal view of adult male (CW 12.00 

mm) from Nlonako_ Enguegue (site n°1). E: left G1 dorsal view of adult male (CW 18.20 mm) from 

Eyimba. C: G2 of adult male (CW 12.00 mm) from Nlonako_ Enguegue (site n°1). F: G2 of adult male 

(CW 18.20 mm) from Eyimba. A, B, C, D, E, F: 1mm. 
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Figure 10. ML tree topology for the four freshwater crab Louisea species  from Cameroon included in 

this study derived from mtDNA sequences corresponding to three loci (partial 16S rRNA, COI and 

12S rRNA genes). BI and ML statistical values (%) on the nodes indicate posterior probabilities and 

bootstrap support, respectively. 
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Figure 11. BI tree topology for the four freshwater crab Louisea species from Cameroon included in 

this study derived from COI mtDNA sequences constructed with BEAST 2.6.2. Statistical values on 

the nodes indicate age in million year.  
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Figure 12.  Maximum parsimony genotype networks of COI, constructed with PopArt. Hatch marks 

stand for mutation steps. 
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