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Abstract. High species richness in tropical West Africa has been demonstrated for many species groups, 
among which shrews are no exception. Within the Crocidura poensis species complex, six species are 
currently described and recognized in West Africa, but a recent study suggested the existence of an 
additional cryptic species based on dorsal skull morphology. Here, an integrative approach combining 
the complete mitochondrial genome, eight nuclear markers, external morphology and geometric 
morphometrics methods on the skull and mandible of the C. poensis species complex distributed across 
West Africa is used to test the validity of the new candidate species. Species delimitation analyses 
performed separately on nuclear and mitochondrial DNA support the existence of seven species. 
Despite low genetic distance with its closest relative, the new species can be distinguished by several 
diagnostic nucleotide characters using cytochrome b sequences, by morphometric analyses on the skull 
and mandible as well as traditional external measurements. This allowed us to describe the new species 
as Crocidura pediculus Voet, Cornette & Nicolas sp. nov. 

Keywords. Geometric morphometrics, species delimitation, species description, systematics, West 
Africa.
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Introduction
The West Africa (WA) subregion is the area delimited by the outermost borders of Mauritania, Mali, 
Niger and Nigeria, comprising the countries in the southern half of the western part of Africa (CILSS 
2016). It is home to a wide range of climates and landscapes, bounded by the Sahara to the north, the 
Atlantic Ocean to the South and West, and by the Cameroon volcanic line to the East. Although the 
landscape is overall flat and of low elevation, mostly between 0 and 1000 m a.s.l., the surrounding desert 
and ocean create variable conditions responsible for the diverse climate and vegetation in WA. Based 
on long-term annual rainfall, five bioclimatic regions have been defined in WA, from dry to wet: The 
Saharan, the Sahelian, the Sudanian, the Guinean and the Congo-Guinean. Each of these regions is home 
to different vegetational types, from desert and savannas to dense tropical forests. Due to the diverse 
climate and vegetation, WA records high levels of biodiversity, in particular within the Guinean Forests 
of the WA hotspot. Since 1960, annual rainfall has slightly decreased, and shifts in the bioclimatic region 
boundaries have been detected, highlighting the sensitivity of the vegetation types to climate change 
(Heubes et al. 2011). During the Pleistocene, climatic shifts occurred on longer time scales and with 
higher intensity, repeatedly changing the vegetation patterns in WA (deMenocal 2004; Trauth et al. 2009). 
Periods of colder and dryer climate lead to the retreat of tropical forests into fragmented patches, leading 
to the isolation of habitat-specific populations and the creation of highly heterogeneous landscapes. This 
climatic and vegetational instability, in addition to the presence of many river basins, is believed to have 
led to the high levels of species diversity and endemism observed in WA. Small mammals in particular 
may have been more sensitive to these events, with their rapid generation time and fast evolution (Jacquet 
et al. 2014; Bohoussou et al. 2015; Hassanin et al. 2015). Other speciation modes have been proposed in 
this subregion such as ecological speciation resulting from environmental gradients (Nosil 2012; Zhen 
et al. 2017).

Whether the result of geographic isolation or environmental gradients, high species richness in tropical 
WA has been demonstrated for many species groups, among which shrews (Eulipotyphla, Soricidae) 
are no exception (Hutterer & Happold 1983; Churchfield et al. 2004; Jacquet et al. 2012; Nicolas et al. 
2020; Amori et al. 2021; Denys et al. 2021; Mamba et al. 2021). Among shrews, the genus Crocidura 
Wagler, 1832 is particularly species-rich, representing the mammal genus with the highest number of 
known species (Wilson & Mittermeier 2018). The exact count is yet to be determined, due to their 
conservative morphology, uneven sampling, unstudied lifestyles and lack of or confusing genetic data 
(Voet et al. 2022). Over 210 species are listed throughout the world in the most recent checklists, and 
more are discovered on a yearly basis using integrative approaches (Ceríaco et al. 2015; Konečný et al. 
2020; Esselstyn et al. 2021; Craig et al. 2025), either from newly collected individuals or from the 
rigorous combination of the study of genetic markers and use of geometric morphometric methods 
on museum specimens. When species determination is uncertain due to overly similar morphologies 
and the insufficiency of traditional identification methods, species are often grouped within species 
complexes and referred to as cryptic species (Fišer et al. 2018). Many such complexes exist within 
the genus Crocidura, such as the C. poensis Fraser, 1843 species complex (Nicolas et al. 2019). This 
species complex has one of the highest species counts, with ten currently identified lineages, distributed 
across tropical Africa (Nicolas et al. 2019; Konečný et al. 2020). Out of these ten genetically confirmed 
lineages, the six found in WA form a monophyletic group and five of those are highly overlapping in their 
geographic distributions. The allopatric exception, C. foxi Dollman, 1915, has been captured in Benin, 
Ghana, Cameroon and Nigeria, occurring east of the Dahomey Gap. Crocidura cf. longipes, temporarily 
named as such in Nicolas et al. (2019) based on C. longipes Hutterer & Happold, 1983, is present the 
furthest to the west, in Senegal and Guinea; C. theresae Heim de Balsac, 1968 is found from Guinea to 
Burkina Faso, C. buettikoferi Jentink, 1888 and C. grandiceps Hutterer, 1983 were captured in Guinea, 
Ivory Coast, Liberia and Ghana; lastly, C. wimmeri Heim de Balsac & Aellen, 1958 is found in Ivory 
Coast and Ghana. Following the publication of the phylogeny of the C. poensis species complex (Nicolas 
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et al. 2019), a study investigating the morphology of the species within the complex found higher 
morphological disparity in C. grandiceps, as high as twice the value found within the other species (Voet 
et al. 2022). The morphospace showed two near distinct convex hulls, unusual phenomenon within a 
single species. Moreover, mitochondrial DNA markers displayed two distinct monophyletic clades within 
this species with high support values, leading to the hypothesis of an additional candidate species, C. 
cf. grandiceps. A candidate species being a population with sufficient evidence for its recognition as a 
species, but having not yet been formally described (Padial et al. 2010). In Voet et al. (2022), the species 
C. grandiceps was temporarily split in two lineages, C. grandiceps and C. cf. grandiceps, awaiting a 
more complete diagnosis and formal description.

In this paper, an integrative approach was used to clarify the taxonomy of C. grandiceps. With the 
complete mitochondrial genome and eight nuclear markers, molecular phylogenies were reconstructed 
for the WA species of the C. poensis species complex, and species delimitation approaches were used 
to test the C. cf. grandiceps species hypothesis. In addition, external morphology as well as skull and 
mandible size and shape of the geographically WA overlapping species of the C. poensis species complex 
were investigated using geometric morphometric methods. BPP species delimitation analyses performed 
separately on nuclear and mitochondrial DNA support the existence of seven species. Despite low genetic 
distance with its closest relative, the new species can be distinguished by several diagnostic nucleotide 
characters using cytochrome b sequences, by morphometric analyses on the skull and mandible as well 
as by traditional external measurements. This allowed us to validate and describe the new species.

Material and methods
Sampling
As mitochondrial lineages can be used to determine which species a specimen can be attributed to in the 
C. poensis species complex (Nicolas et al. 2019), cytochrome b (Cytb) and 16S sequences were collected 
from GenBank or newly produced. Taking into consideration the West African clade’s monophyly and 
geographic segregation, the focus was set on those species instead of the complete C. poensis species 
complex. The Cytb and/or 16S sequences of between seven and 277 individuals per species or candidate 
species were gathered (for a total of 443 specimens). Among those, 37 were successfully sequenced 
for the complete mitogenome (C. theresae, 10; C. cf. grandiceps, 6; C. grandiceps, 2; C. cf. longipes, 
5; C. buettikoferi, 6; C. wimmeri, 1; C. foxi, 7) along with eight nuclear markers (36 successful, 1 
C. buettikoferi fewer). The skulls and mandibles of genetically identified individuals were also used to 
quantify the morphological variation between species and candidate species. A total of 98 specimens 
in dorsal view, 94 in ventral view and 85 mandibles were examined, for a total of 85 individuals with 
all three intact structures. External body measurements of up to 414 of the 443 genetically identified 
specimens were examined as well.

Genetics
Sequencing and assembly
Rapid approximate-maximum-likelihood (approximate-ML) trees were reconstructed for multiple Cytb 
and 16S datasets of variable sequence length depending on individual coverage using FastTree (Price et 
al. 2010) and the CAT-GTR model. The reliability of nodes was calculated using local support values like 
in PhyML3. These trees were used as a base for the assignment of specimens to mitochondrial lineages, 
to use as a reference for the morphometrics analyses. The choice of outgroups was based on the paper on 
shrew diversity by Dubey et al. (2008), and the availability of their sequences on GenBank. The twelve 
species used can be found in SM1.
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From the complete dataset, a subset containing a total of 404 complete Cytb sequences were extracted 
for the six recognized species present in WA (C. cf. longipes, C. buettikoferi, C. grandiceps, C. theresae, 
C. wimmeri and C. foxi) and the candidate species C. cf. grandiceps. This complete Cytb dataset was 
used to construct the approximate-ML tree (Fig. 1). Using that tree and the other rapid approximate-ML 
trees (from partial sequences) as a baseline, individuals were selected based on clade and locality for 
the further sequencing of the complete mitochondrial genome and eight nuclear markers. In individual-
rich clades, conspecific specimens were preferentially chosen from different localities, in an attempt to 
optimize geographic sampling and obtain a good representation of genetic variability. They were also 
preferentially selected from complete Cytb sequences of excellent quality to maximize the likelihood 
of successful further sequencing, assuming that these samples had good DNA quality. The complete 
mitochondrial genome (apart from the control region) was obtained by long-range PCR of three 
overlapping fragments using LongAmp Taq DNA polymerase (New England BioLabs Inc., Ipswich, MA) 
and sequenced using the Illumina sequencer of the “Service de Systématique Moléculaire” of the MNHN. 
The reads were loaded into Geneious Prime 2021.1.1 (https://www.geneious.com/) (Kearse et al. 2012), 
trimmed by an error probability algorithm and mapped to a Crocidura buettikoferi reference mitogenome 
(GenBank no. PX633553.1), with a maximum mismatch of 3%. Primers were mapped onto the consensus 

Fig. 1. Maps of all specimens with available Cytb and/or 16S sequences and approximate -maximum-
likelihood tree of complete Cytb sequences. Inclusion in the morphometrics analyses is shown by shape 
(circles indicate specimens without morphometrics data and triangle specimens with both morphometrics 
and genetic data). The C. grandiceps Hutterer, 1983 holotype was included in the morphometrics study 
and is shown by a green star. A. Map of Crocidura grandiceps, C. cf. grandiceps and C. cf. longipes. 
B. Map of C. theresae, C. wimmeri, C. buettikoferi and C. foxi. C. On the tree, node support values of 1 
are shown by large diamonds. Colored boxes on the right side indicate the best ASAP partition and the 
species supported by the BPP analysis for 7 candidate species.

https://www.geneious.com/
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sequence and reads anteriorly located to the primer were removed. Sequences were aligned using the 
MAFFT plugin (ver. 7.450) on Geneious Prime and default settings. Alignments were visually checked 
for errors and excessive gaps, and manually corrected. From the complete mitochondrial genome, 12 
coding genes and the non-coding RNA fragments (16S and 12S, ribosomal RNA and all transfer RNA) 
were extracted individually and reassembled by grouping the coding genes and concatenating all non-
coding fragments terminally. Coding gene alignments were verified by translation into protein sequences. 
For 36 individuals, eight nuclear genes were amplified by short-range PCR and sequenced using the 
Illumina sequencer. Eight nuclear markers were selected based on previous works: the five exons ApoB, 
BDNF, BRCA1, GHR and vWF, and the three introns HDAC2, MCGF and STAT5A. All primers for the 
mitochondrial fragments and the nuclear genes can be found in SM2 Table 1, as well as complete gene 
names and intron/exon fragments.

Phylogenetic tree reconstructions
Our final dataset comprised 37 ingroup individuals with complete or near-complete mitogenomes and 36 
with nearly all of the eight selected nuclear markers. The mitogenome dataset comprised 14 743 positions 
with 3.3% of missing data. The nuclear dataset had 4597 positions with 11.1% of missing data (missing 
positions in the concatenated dataset) and 12.5% of missing loci. Eleven of the twelve outgroups chosen 
for the Cytb and 16S approximate-ML trees were used for the complete mitogenome, nine were used 
for the nuclear dataset. For the mitogenome, we tested 39 partitions: the 12 coding genes separated by 
codon position, the two ribosomal subunits, and all tRNAs put end-to-end, the sequences being too 
short to carry information in individual analyses. The nuclear dataset was partitioned using the same 
principle. All exons (ApoB, BDNF, BRCA1, GHR and vWF) were partitioned by codon position. The 
three introns (HDAC2, MCGF1, and STAT5A) were examined individually but without codon position 
partitioning. For both datasets, all models from MrBayes were tested with linked branch lengths and 
the greedy algorithm, and the best partitions and models were selected using the Bayesian information 
criterion (BIC). Maximum likelihood (ML) trees were reconstructed using the IQ-TREE Web Server 
(http://iqtree.cibiv.univie.ac.at) (Nguyen et al. 2015). Providing a specified partition and sequence 
alignment, IQ-TREE simultaneously outputS the best partition scheme, models and consensus tree. 
Linked branch lengths was selected and node support was calculated through ultrafast bootstrap ping 
with 1000 replicates (Hoang et al. 2018). Before running the Bayesian reconstructions, as MrBayes does 
not simultaneously calculate the best partition, PartitionFinder2 ver. 2.1.1. (Lanfear et al. 2017) was used 
to detect the best schemes and substitution models. The best schemes were then used in the Bayesian 
tree reconstructions with MrBayes ver. 3.2.7a (Ronquist & Huelsenbeck 2003). For each dataset, two 
independent runs of four chains (MCMC) were run for 5 000 000 generations and sampled every 100 
generations, checking convergence with Tracer ver. 1.7.2 (Rambaut et al. 2018) and discarding the first 
25% as burn-in.

Sequence divergence and species delimitation
Cytb divergence between species was calculated using the K2P model on MEGA ver. 7.0.26 (Kumar 
et al. 2016), over 404 complete Cytb sequences. The K2P model was used in order to compare 
values with other species groups, while being aware that it may not be appropriate for closely related 
species (Srivathsan & Meier 2012). Two methods were used to test our species delimitations. 1) 
Assemble species by automatic partitioning (ASAP is available through the spart explorer website: 
https://spartexplorer.mnhn.fr/) (Puillandre et al. 2021) which is a prior-free method that requires only a 
sequence alignment to estimate species partitions was used. This method uses a hierarchical clustering 
algorithm, generating potential species partitions depending on between-group genetic distance 
matrices. As it does not accommodate recombination, it is traditionally used on monolocus alignments 
(mitochondrial barcodes such as Cytb or COI). Prior-free partitions were tested in our complete Cytb 
dataset (outgroups excluded) as well as in the complete mitogenome dataset. Both the Jukes-Cantor 

http://iqtree.cibiv.univie.ac.at
https://spartexplorer.mnhn.fr/
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and the Simple Distance (p-distance) methods were tested. The K2P model was excluded for the reason 
specified above (Srivathsan & Meier 2012). 2) Bayesian Phylogenetics and Phylogeography (BPP 
ver. 4.6.1) (Yang 2015) was used to jointly estimate the species delimitations and species trees (A11 
analysis). BPP uses the multispecies coalescent model (MSC) (Rannala & Yang 2003; Jiao et al. 2021) 
and gene sequence alignments in a Bayesian Markov chain Monte Carlo program to assign posterior 
probability values to predefined species hypotheses and output a sample of posterior species trees. Three 
datasets were used (without outgroups): the complete Cytb set, the complete mitochondrial DNA set, 
and the gene-partitioned nuclear dataset, with as candidate lineages the six WA species found in Nicolas 
et al. (2019) and the candidate species C. cf. grandiceps. Since for the nuclear data, the sequences 
are polymorphic and unphased, the phasing option was switched on. BPP requires two priors: root 
divergence time (t0) and population size (qs). Both were calculated empirically using our three datasets, 
and set to inverse gamma priors. The parameter t0 was calculated using the maximum observed genetic 
difference divided by two which for the nuclear dataset gave an inverse gamma distribution of a = 3 
and b = 0.0035. For qs, we used a = 3 and b = 0.006, corresponding to the average distance between 
individuals from the same lineage. The priors were calculated individually for each dataset. The starting 
tree used was the species tree obtained in Voet et al. (2022) and cropped to include only the species of 
interest. The Cytb analyses were run five times independently with random seed numbers, 10 000 000 
iterations and a burn-in of 20%. For the mitochondrial DNA, we changed the number of iterations to 
5 000 000, and for the nuclear DNA, we kept the value of 10 000 000, as a compromise between number 
of specimens and number of sites, using preliminary test runs to verify convergence. Outputs of the 
BPP analyses were imported into R (R Core Team 2021) and converted into files readable by FigTree 
and Tracer (https://github.com/onmikula/bpptools). Convergence of runs was verified using Tracer. The 
maximum clade credibility tree was extracted from the posterior species trees sample using the mean 
common ancestry node heights, and compared across runs. Species candidates and their average posterior 
probabilities are shown at the tips, and average posterior probabilities of nodes are displayed on the same 
tree. The average was calculated over the five independent runs for each dataset. 

Diagnostic Cytb nucleotides
To identify diagnostic nucleotide characters for the new candidate species we used MOLD software 
(Fedosov et al. 2022) based on the Cytb alignment used for the phylogenetic analysis. Unlike traditional 
approaches that identify Diagnostic Nucleotide Characters (DNCs) based solely on observed sequence 
differences, MOLD employs a robust procedure of iterated haplotype subsampling in order to simulate 
the impact of unsampled intraspecific genetic diversity and therefore, the genetic variation likely present 
in nature but absent from the dataset due to limited sampling. Only those sites that consistently retain 
their diagnostic power across multiple resampling replicates are retained as redundant Diagnostic 
Nucleotide Characters (rDNCs) as they are considered more robust descriptors of a taxon: less sensitive 
to sampling artifacts and more likely to remain valid as additional genetic data become available. 

Morphology 
Using Cytb and 16S sequences for lineage identification, individuals of interest were selected as such: 
within the geographically overlapping WA species (all except C. foxi, wich is allopatrically distributed 
to the east of the Dahomey Gap), study specimens were selected based on skull and mandible integrity, 
age group (SM2 Fig. 1), and geographic location (SM1), aiming for intact adults and good geographic 
coverage within the species. A geometric morphometrics approach was used to investigate skull and 
mandible form (i.e., size and shape) (Needham & Hardy 1950; Cooke & Terhune 2015). The structures 
were photographed by a single person using a NIKON 5600 camera with a 60 mm AF-S Micro NIKKOR 
lens. The tpsDIG2 ver. 2.31 software (Rohlf 2005) was used to place 28 and 78 landmarks on the dorsal 
and ventral faces of the skull. For the mandible, a combination of 15 anatomical landmarks and 80 
sliding semilandmarks (Bookstein 1991) were digitized. The landmark placements and their descriptions 

https://github.com/onmikula/bpptools
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can be found in SM2 (Fig. 2, Table 2). Sliding semilandmarks were added to the mandibular body 
and coronoid process to compensate for the absence or rarity of homologous landmarks on important 
functional structures (Cornette et al. 2015a; 2015b). The final datasets comprised 98 specimens in dorsal 
view, 94 in ventral view and 85 mandibles, for a total of 85 specimens with all three intact structures. The 
type specimen of C. grandiceps was landmarked as well. Landmark files were imported into R, and all 
subsequent operations were conducted using the geomorph and Morpho R packages (Adams & Otárola-
Castillo 2013; Schlager et al. 2020). Differences in position, rotation and scale were removed using 
Generalized Procrustes Analyses (Rohlf & Slice 1990). On the mandible, the sliding semilandmarks 
were allowed to glide along the average curve while minimizing bending energy (Gunz & Mitteroecker 
2013). For the skulls (bilaterally symmetrical structures), the aligned coordinates were then corrected 
for asymmetry. Initial individual selection had been done based on age, preferentially landmarking adult 
specimens. However, for some species in which fewer skulls were readily available, younger individuals 
had to be included to increase sample size. ANOVAs and MANOVAs were run on all three structures in 
order to test whether age had a significant effect on size and shape, and whether an interaction existed 
between species and age. Sexual dimorphism in size and shape was also tested. Principal Component 
Analyses (PCA) were run separately on all three structures (including the type) and the corresponding 
morphospaces were displayed with the deformations along the axes in order to quantify and visualize 
shape differences. Shape averages for each species and structure were plotted against the general average 
with a magnification factor of five. Canonical Variates Analysis (CVA) was run on all three structures, 
and displayed with the deformations along the axes. Using mitochondrial lineages as the species grouping 
variable, CVA was used to maximize between group differences and help in the discovery of diagnostic 
anatomical structures in species identification. The CVA was run on the PCs capturing 90% of shape 
variability, on a dataset excluding the type specimen of C. grandiceps. Pairwise comparisons were made 
between species on all three structures with a Tukey test with Bonferroni correction for size, and the 
distribution of pairwise statistics for shape (Collyer & Adams 2021). Pairwise comparisons were also 
performed on traditional external body measurements to test for significant differences between species. 
Crocidura wimmeri was excluded from the comparisons as only one specimen was available. In addition, 
alcohol-preserved specimens were dried and observed for outward appearance and color differences.

All specimens used in the genetic and morphometric analyses and their information can be found in SM1.

Results
Genetics 
Both the ML and Bayesian mitogenome trees (Fig. 2) are very well resolved, with all nodes displaying 
posterior probabilities of 0.99 or more for the Bayesian analysis, and bootstrap support values of over 
83 for the ML analysis. All six WA species confirmed in Nicolas et al. (2019) are recovered, with the 
newly identified C. cf. grandiceps forming a monophyletic clade, a sister species to C. grandiceps. The 
C. grandiceps – C. cf. grandiceps clade is a sister to C. cf. longipes. These three clades have overlapping 
distributions in Guinea and Liberia. 

The nuclear tree displays the same results as in Nicolas et al. (2019), with lower support values than in 
the mitochondrial DNA and C. buettikoferi appearing as a paraphyletic clade (Fig. 3). The species C. cf. 
longipes, C. grandiceps and C. cf. grandiceps appear as a single group. 

Cytb genetic distances are presented in SM2 Table 3. C. cf. grandiceps displays 2.6% genetic distance 
with C. grandiceps, and 6.2% with C. cf. longipes, its two closest relatives. All other pair comparisons 
output values between 6.7 and 13.6%. The best partition in ASAP for the complete Cytb sequences 
retrieves seven species, grouping C. grandiceps and C. cf. grandiceps in one clade (Fig. 1). The four 
sequences of C. wimmeri are split in two lineages, separating the specimens from Ghana and Ivory Coast. 
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The complete mitogenome dataset returns nine lineages in the best partition (Fig. 2), this time separating 
C. grandiceps and C. cf. grandiceps. This partition also isolates two specimens (one C. theresae and 
one C. buettikoferi) from their respective species. However, at least for specimen BH45 (C. theresae), 
this placement is likely an artefact caused by the high proportion of missing data (25%) in its sequence. 

The species delimitation performed with BPP on the Cytb sequences outputs higher posterior 
probabilities for the seven species hypothesis (Fig. 1). All the candidate species are supported with 
posterior probabilities of 1 for Cytb (SM2 Fig. 3). For the complete mitochondrial DNA, the five 
independent runs support the seven species hypothesis with an average posterior probability ranging 

Fig. 2. Map of sampled specimens and Bayesian tree of the complete mitochondrial genome 
reconstructed using MrBayes. Posterior probabilities (Bayesian) and bootstrap values (ML) are shown 
on nodes (PP/BS). Clade nodes with support values of 1 (PP) and 100 (Bootstrap) are displayed by 
large black diamonds. Within species, support values are not shown for clarity. Colored boxes on the 
right correspond to the three best species partitions produced by ASAP, sorted by ASAP score (lowest 
score = best partition), and to the species supported by BPP analyses for seven candidate species. 
Numbers above the colored boxes indicate the number of species partitions obtained and the ASAP score.
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between 0.87 and 1.00 (SM2 Fig. 3). The reconstructed BPP tree is the same as the ML and Bayesian 
trees, although the nodes have low support values. The BPP species delimitation performed on the eight 
independent nuclear markers supports the existence of the seven WA species in all five independent runs, 
with posterior probabilities of 1 for each species. Crocidura cf. grandiceps emerges as the closest relative 
to C. cf. longipes, even if the posterior probability is relatively low (0.92; Fig. 3).

MOLD analysis reveals four nucleotides on the Cytb gene that are shared by all members of C. cf. 
grandiceps and by no member of the reference taxa: sites 201: ‘A’, 579: ‘G’, 783: ‘T’ and 1071: ‘A’. 
However, only three of them are considered as reliable diagnostic nucleotide characters by the software: 
‘A’ in the site 201, ‘G’ in the site 579, ‘T’ in the site 783.

Fig. 3. A. BPP nuclear species tree. Posterior probabilities for species and nodes are shown on the tree. 
B. Bayesian tree of the concatenated nuclear dataset reconstructed using MrBayes. Posterior probabilities 
(Bayesian) and bootstrap values (ML) are shown on nodes (PP/BS). Clade nodes with a support value of 
1 are displayed as large black diamonds. Intraspecific clade node support values are not shown for clarity.
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Morphology
In all three bone structures (skull in dorsal and ventral view and mandible), the age and species variables 
have a significant effect on size and shape, but no interaction could be detected between them (SM2 
Table 4). Likewise, the test for sexual dimorphism on size and shape outputs non-significant results. As 
a result, all specimens were kept as a pooled sample. Size boxplots (Fig. 4) display the log-transformed 
centroid size for the three structures. In dorsal view, from smallest to largest, the order is as such: 
C. theresae, C. cf. grandiceps, C. buettikoferi, C. cf. longipes and C. grandiceps. However, the mandibule 
of C. cf. grandiceps appears to be smaller than that of C. theresae. Pairwise size comparisons (SM2 Table 
5) show that for all three structures C. cf. grandiceps can only be discriminated from C. grandiceps. 
Crocidura grandiceps is the only species that differs in size from all others. Crocidura buettikoferi, the 
second largest species in our dataset, differs in size from C. theresae, the smallest species. Pairwise shape 
comparisons (Table 1) result in significant differences being observed in nearly all pairs apart from C. cf. 
grandiceps – C. theresae. Among the three closely related C. grandiceps, C. cf. grandiceps and C. cf. 
longipes, C. cf. grandiceps is significantly different from C. cf. longipes only in the dorsal view (d = 0.02, 
Z = 1.81, p = 0.034*), and from C. grandiceps in the dorsal and ventral views of the skull (d = 0.029, 
Z = 4.560, p = 0.001* and d = 0.030, Z = 4.006, p = 0.001*, respectively), but not the mandible. The 

Fig. 4. Size boxplots. Sample sizes are displayed for each species above the corresponding box. 
A.Weight. B. Body length. C. Tail length. D. Tail/body ratio. E. Foot length. F. Ear length. G. Log 
centroid sizes of the skull in dorsal view. H. Skull in ventral view. I. Mandible. 
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mandible is the least easily discriminated in pair comparisons, with only three significantly different pairs 
(C. buettikoferi – C. grandiceps, C. buettikoferi – C. theresae and C. grandiceps – C. theresae). Among 
the other geographically overlapping WA species, C. cf. grandiceps differs from C. buettikoferi in the 
skull in dorsal and ventral views. 

The PCA displays areas of overlap among all species (Fig. 5). The results of the pairwise comparisons 
are visually concurring with the morphospace, C. grandiceps being the most easily discriminated in 
the skull in dorsal and ventral views, different from the other species primarily along axis 1. Crocidura 
cf. grandiceps is largely overlapping with C. theresae in both dorsal and ventral skull views, as the 
absence of significant differences in shape indicated. The overlap is slightly less pronounced between 
the pair in ventral view, and even less so in the mandible, where the area occupied by C. cf. grandiceps 
extends into the morphospace of C. cf. longipes and C. grandiceps. The holotype of C. grandiceps falls 
unambiguously within C. grandiceps’ convex hull in the dorsal skull view, just outside the convex hull 
in ventral view, but still closer to C. grandiceps than any of the other species, and near the center of the 
morphospace for the mandible, inside the areas occupied by all other species as well. 

In dorsal view, Principal Component 1 (PC1; 26.74% of total shape variability) is mainly represented 
by differences in the rostrum to braincase size ratio. Negative values are associated with a larger 
maxillary bone compared to the braincase, as is apparent in C. grandiceps. The incisors extend further 
out anteriorly, the interorbital space is narrower, the articular facets are smaller, and the widest point of 

Skull dorsal Skull ventral Mandible
d Z Pr(> d) d Z Pr(> d) d Z Pr(> d)

C. buettikoferi – 
C. cf. grandiceps 0.014 2.274 0.015* 0.018 2.893 0.003* 0.019 1.510 0.062

C. buettikoferi – 
C grandiceps 0.022 4.605 0.001* 0.021 4.199 0.001* 0.022 2.548 0.005*

C. buettikoferi – 
C cf. longipes 0.022 4.254 0.001* 0.025 3.841 0.001* 0.021 0.986 0.146

C. buettikoferi – 
C. theresae 0.015 3.618 0.001* 0.012 2.846 0.001* 0.018 2.383 0.009*

C. cf. grandiceps 
– C. grandiceps 0.029 4.560 0.001* 0.030 4.006 0.001* 0.025 2.106 0.022

C. cf. grandiceps 
– C. cf. longipes 0.017 1.807 0.034* 0.015 1.457 0.074 0.021 0.488 0.314

C. cf. grandiceps 
– C. theresae 0.011 1.006 0.146 0.011 0.916 0.179 0.020 1.419 0.073

C. grandiceps – 
C. cf. longipes 0.031 4.945 0.001* 0.033 4.091 0.001* 0.022 0.914 0.170

C. grandiceps – 
C. theresae 0.030 5.329 0.001* 0.028 4.760 0.001* 0.032 4.028 0.001*

C. cf. longipes – 
C. theresae 0.020 3.163 0.002* 0.019 3.083 0.002* 0.023 1.258 0.098

Table 1. Pairwise comparisons (distribution of pairwise statistics) of shape of the skull in dorsal view, 
the skull in ventral view and the mandible. Significance is marked by asterisks and d is the mean distance 
between species. Bold pairs are species with at least two significant differences.
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Fig. 5. PCA and deformations. A-C. PCA of the aligned coordinates: skull in dorsal view (A), skull in 
ventral view (B), mandible (C). Species are represented by color. The holotype of C. grandiceps Hutterer, 
1983 (light green) is shown in the morphospace of all three structures. D-F. Deformations along the axes 
are represented to the right of their respecive PCA plots, with a magnification factor of three. Species 
are represented by color. 
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the braincase is more posteriorly located. PC2 captures 16.72% of the total shape variability and its main 
feature lies in braincase width. Negative values are associated with a narrower, elongated skull, a feature 
visible in C. grandiceps and C. cf. longipes. 

In ventral view, the outline changes are the same as in dorsal view, PC1 (29.88% of total shape 
variability) mainly capturing the variation in rostrum to braincase ratio, and PC2 (13.36%) the change 
in skull width. In addition to overall skull shape, PC1 is associated with changes in internal structures. 
Minimal values correspond to incisors extending further laterally, with a wider rostrum. The molar and 
the palatine bone extend posteriorly, the palatine bone protruding further into the interorbital area. The 
braincase being reduced in size, the foramen magnum appears more anteriorly located and the space 
between the foramen lacerum posterius and the tympanic area is reduced. The maximum values display 
an extension of the occipital condyles, until their tip is no longer aligned with the posterior extremity of 
the foramen magnum. PC2 minimum values are associated with the same changes observed in dorsal 
view as well as the anterior extremity of the foramen magnum being more posteriorly located and the 
occipital condyles extending further to the back of the skull. 

In the mandible, a strong overlap appears between all species. PC1 and PC2 capture 30.71% and 12.36% 
of total shape variability, respectively. PC1 is mainly associated with changes in coronoid process 
orientation compared to the mandibular body, the negative values corresponding to a more obtuse angle. 
Negative values are also matched with a shorter mandibular condyle and angular process. PC2 displays 
two main areas of variability, positive values being associated with a smaller angle between mandibular 
condyle and coronoid process, and a more vertical insertion of incisor i1, extending anteriorly towards 
negative values. 

The CVA on the PCs capturing 90% of the total shape variability obtained the highest results in 
classification accuracy for the skull in ventral view (97.85%). The dorsal view was the least successful, 
with 81.44% of correct classification, preceded closely by the mandible with 82.35%, only slightly 
better than the dorsal view. The classification results for each species and structure can be viewed in 
SM2 Table 6. In dorsal view, C. cf. grandiceps had one of the highest misclassification scores, with 
27.27% of specimens sorted in C. theresae, and only 54.55% correctly classified as C. cf. grandiceps. 
However, in ventral view, 100% were correctly sorted. The mandible was sorted alternatively into C. cf. 
grandiceps (80%), C. buettikoferi (10%) and C. cf. longipes (10%). The CVA plots (SM2 Fig. 4) display 
deformation results similar to the PCA results: in dorsal view, CV1 (47.05%) and CV2 (32.71%) overall 
display the same shifts in rostrum to braincase ratio and braincase shape, but contrary to CP2, CV2 shows 
a focus on braincase elongation and lateral curvature. Crocidura grandiceps can be distinguished from 
the other species along axis 1, and axis 2 only partially separates C. theresae and C. buettikoferi from 
C. cf. longipes. In ventral view, CV1 (50.18%) and CV2 (27.13%) display reversed changes compared 
with the PCA, CV1 capturing differences in braincase shape and elongation, and CV2 those in rostrum 
– braincase ratio. Crocidura grandiceps can be differentiated from C. buettikoferi and C. theresae along 
axis 1, and from C. cf. longipes and C. cf. grandiceps along axis 2, with no overlap. Likewise, there is 
no overlap between C. grandiceps and C. cf. grandiceps in dorsal and ventral views. In the mandible, 
the shifts along the axes are more subtle than in the PCA, and slightly different. The overlap among 
species is higher than in the other structures. CV1 (72.44%) captures shifts in mandibular body length 
and coronoid process orientation, and C. grandiceps barely stands out along the positive values of CV1. 
CV2 (17.44%) does not allow any discrimination. 

PCA and CVA plots along with the average represented shape of each species (SM2 Fig. 5) highlight 
several key features in distinguishing the species geographically overlapping in WA. From smallest to 
largest species, C. theresae is characterized by a large braincase, its maximum width placed anteriorly. 
In the rostrum, the area carrying the incisors is narrower, and that of the molars extends further laterally. 
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Crocidura cf. grandiceps resembles C. theresae most closely in the skull, the main difference lying in 
the width of its maxillary bone, and the placement of the foramen magnum compared with the occipital 
condyles, closer to C. cf. longipes, explaining the overlap on the PCA and CVA. The skull of Crocidura 
cf. longipes is elongated, the rostrum to braincase remaining small. The interorbital area is more anterior 
and the braincase extends posteriorly. Crocidura buettikoferi lies in the center of the morphospace for 
all three structures, its shape closely resembling the general average, with a rounded braincase and short 
rostrum. The largest, C. grandiceps, is the most easily discriminated in the skull, with an elongated 
rostrum and small braincase compared to the whole. The palatine bone extends much further into the 
interorbital area. In the mandible, two main differences arise on the average shapes: the length of the 
mandibular body for C. grandiceps and the length of the angular process in C. cf. grandiceps. 

The comparison of external body measurements results in several significant differences between species 
(SM2 Fig. 6). Crocidura grandiceps is larger in size and significantly different from C. cf. grandiceps, 
C. theresae and C. buettikoferi in all recorded external body measurements. Crocidura cf. grandiceps 
differs from C. buettikoferi only in ear length (smaller ears) and from C. theresae in tail and hindfoot 
length (longer tail and hindfeet), with weak significance for both. No significant differences were found 
between C. cf. grandiceps and C. cf. longipes, in any of the recorded body measurements. Although 
non-significant, C. cf. grandiceps is slightly lighter in body weight than C. theresae, but with a longer 
total body size (tail and hindfoot are both slightly longer). 

Taxonomic account 
Class Mammalia Linnaeus, 1758

Order Eulipotyphla Waddell, Okada & Hasegawa, 1999
Suborder Erinaceota Van Valen, 1967

Superfamily Soricoidea Gill, 1872
Family Soricidae Fischer, 1815

Subfamily Crocidurinae Milne-Edwards, 1872
Genus Crocidura Wagler, 1832

Crocidura pediculus Voet, Cornette & Nicolas, sp. nov.
urn:lsid:zoobank.org:act:A8B3B3AF-5D6B-4EE7-A708-620BB961D19F

Figs 6–7

Crocidura cf. grandiceps – Voet et al., 2022 : figs 2–4, 6.

Diagnosis (see Figs 6–7 and SM2 Figs 5–6)
The Cytb DNA diagnosis for the taxon C. pediculus sp. nov. is: ‘A’ in the site 201, ‘G’ in the site 579, 
‘T’ in the site 783.

The new species is distinguished from other members of the West African C. poensis group by its small 
size and pelage coloration. It closely resembles C. grandiceps in having a dark brown dorsal pelage, 
a slate-brown belly, and a gradual transition between the two (Fig. 6). The tail is long, dark brown to 
black, and fully haired. However, C. pediculus sp. nov. is significantly smaller than C. grandiceps in both 
external measurements and skull/mandible dimensions (Fig. 7).

Etymology
The specific name is a noun in apposition, stemming from the Latin pediculus ‘little foot’. The species is 
generally smaller and has significantly smaller hindfeet compared to C. grandiceps (Latin: ‘large head’), 
under which name it has until now been exhibited in museum collections.

https://zoobank.org/urn:lsid:zoobank.org:act:A8B3B3AF-5D6B-4EE7-A708-620BB961D19F
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Type material
Holotype

GUINEA • ♀ adult; Zogota; 7.944° N, 9.105° W; 2 Feb. 2012; V. Nicolas and A. Lalis leg.; lowland 
forest; GenBank nos. ON603722 (Cytb); MNHN, MNHN-ZM-2013-503. 

Paratypes 
GUINEA • 1 ♀ adult; Zogota; 7.944° N, 9.105° W. 30 Jan. 2012; V. Nicolas and A. Lalis leg.; lowland 
forest; GenBank nos: ON620437 (16S), PX633560 (complete mtDNA), PX054761 (ApoB), PX054815 
(BDNF), PX054851 (GHR), PX054907 (MCGF); MNHN, MNHN-ZM-2013-501 • 1 ♂ adult; same 
locality as for holotype; 4 Feb. 2012; V. Nicolas and A. Lalis leg.; lowland forest; GenBank no.: 
ON603721 (Cytb); MNHN, MNHN-ZM-2013-504 • 1 ♂ adult; Franfina; 9.63° N, 8.94° W; Feb. 2004; 

Fig. 6. Specimens of Crocidura pediculus sp. nov. Voet, Cornette & Nicolas a. holotype, ♀ MNHN-
ZM-2013-503 b. Paratype, ♀ MNHN-ZM-2013-501 c. Paratype, ♂ MNHN-ZM-2020-1895; and 
Crocidura grandiceps d. MNHN-ZM-2017-450 e. MNHN-ZM-2017-455. Specimens are preserved in 
alcohol and were dried prior to taking the pictures.
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C. Denys and E. Lecompte leg.; GenBank nos: MH806024 (Cytb), MH782818 (16S); MNHN, MNHN-
ZM-2013-772 • 1 ♂ adult; Gbetlaya; 9.84° N, 11.04° W; May 2003; E. Fichet-Calvet leg.; GenBank no.: 
ON620407 (16S); MNHN, MNHN-ZM-2013-763 • 1 ♀; same data as for preceeding; GenBank nos: 
MH806017 (Cytb), MH782811 (16S); MNHN, MNHN-ZM-2013-764 • 1 ♂ adult; Hermakono; 9.036° 
N, 8.918° W; 680 m a.s.l.; 8 Aug. 2011; V. Nicolas and A. Lalis leg.; forest; GenBank nos: PX054599 
(Cytb), PX633559 (complete mtDNA), PX054760 (ApoB), PX054794 (BRCA1), PX054814 (BDNF), 
PX054850 (GHR), PX054883 (HDAC2), PX054906 (MCGF), PX054937 (STAT5A), PX054961 (vWF); 
MNHN, MNHN-ZM-2013-453 • 1 ♀ adult; Hermakono; 9.036° N, 8.918° W; 680 m a.s.l.; 5 May 
2011; V. Nicolas and A. Lalis leg.; forest; GenBank nos: MH806039 (Cytb), MH782832 (16S); MNHN, 
MNHN-ZM-2013-499 • 1 ♀ adult; Ziama forest, Kazaouma; 8.35° N, 9.217° W; 21 Sep. 2003; V. 
Nicolas and M. Colyn; fallow; GenBank nos: MH806032 (Cytb), MH782826 (16S); MNHN, MNHN-
ZM-2020-1891 • 1 ♂ adult; Ziama forest, Malweta; 8.3° N, 9.233° W; 18 Aug. 2003; V. Nicolas and M. 
Colyn; anthropogenic forest; GenBank no.: ON620408 (16S); MNHN, MNHN-ZM-2020-1895 • 1 ♀ 
adult; Yerende; 10.04° N, 13.68° W; 14 Mar. 2005; C. Denys and A. Lalis leg.; GenBank nos: MH806027 
(Cytb), MH782821 (16S); MNHN, MNHN-ZM-2013-781.

Other material examined
GUINEA • 1 ♂ adult; Franfina; 9.63° N, 8.94° W; Feb. 2004; C. Denys and E. Lecompte leg.; GenBank 
nos: MH806022 (Cytb), MH782816 (16S); MNHN, MNHN-ZM-2013-769 • 1 ♀ adult; same data as 
for preceeding; GenBank nos: MH806023 (Cytb), MH782817 (16S); MNHN, MNHN-ZM-2013-770 

Fig. 7. SkullS in dorsal, ventral and lateral view and mandible. a. Crocidura grandiceps MNHN-
ZM-2012-1082 b. Crocidura pediculus sp. nov. Voet, Cornette & Nicolas holotype, ♀ MNHN-
ZM-2013-503 and c. Crocidura cf. longipes MNHN-ZM-2013-875. All images are standardized. 
Selected individuals are the closest to the morphospace centroid for the species.
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• 1 ♀ adult ; same data as for preceeding; GenBank nos: ON603720 (Cytb), ON532738 (16S); MNHN, 
MNHN-ZM-2013-771 • 1 ♂ adult; Gbie; 7.640° N, 8.417° W; 406 m a.s.l.; Feb. 2008; C. Denys leg.; 
lowland forest; GenBank nos: JQ732363 (Cytb), JQ732590 (16S); MNHN, MNHN-ZM-2012-1077 • 1 
♀ adult ; Gbie; 7.642° N, 8.337° W; 467 m a.s.l.; Oct. 2008; C. Denys leg.; lowland forest; GenBank nos: 
JQ732393 (Cytb), JQ732626 (16S); MNHN, MNHN-ZM-2012-1079 • 1 ♀ adult; Hermakono; 9.036° 
N, 8.918° W; 680 m a.s.l.; 7 Aug. 2011; V. Nicolas and A. Lalis leg.; forest; GenBank nos: PX054675 
(Cytb), PX633558 (complete mtDNA), PX054759 (ApoB), PX054793 (BRCA1), PX054813 (BDNF), 
PX054849 (GHR), PX054882 (HDAC2), PX054905 (MCGF), PX054936 (STAT5A), PX054960 
(vWF); MNHN, MNHN-ZM-2013-449 • 1 ♂ young adult; Ziama forest, Kazaouma; 8.35° N, 9.217° 
W; 27 Aug. 2003; V. Nicolas and M. Colyn; fallow; GenBank no.: PX054649 (Cytb); MNHN, MNHN-
ZM-2019-241 • 1 ♂ young adult; same locality as for preceeding; 19 Sep. 2003; V. Nicolas and M. 
Colyn; field; GenBank no.: PX057592 (16S); MNHN, MNHN-ZM-2024-997 • 1 ♂ subadult; same 
locality as for preceeding; 21 Sep. 2003; V. Nicolas and M. Colyn; fallow; GenBank nos: PX054733 
(Cytb), MH782827 (16S); MNHN, MNHN-ZM-2024-998 • 1 ♀; same locality as for preceeding; 15 
Oct. 2003; V. Nicolas and M. Colyn; fallow; GenBank nos: MH806034 (Cytb), MH782828 (16S); 
MNHN, MNHN-ZM-2024-999 • 1 ♂ adult; same locality as for preceeding; 21 Nov. 2003; V. Nicolas 
and M. Colyn; cornfield; GenBank nos: EF524681 (Cytb), EF524897 (16S); MNHN, MNHN-
ZM-2024-1000 • 1 ♂ subadult; Ziama forest, Malweta; 8.3° N, 9.233° W; 28 Oct. 2003; V. Nicolas 
and M. Colyn; anthropogenic forest; GenBank nos: MH806035 (Cytb). MH782829 (16S); MNHN, 
MNHN-ZM-2024-1001 • 1 ♀ young adult; same locality as for preceeding; 12 Nov. 2003; V. Nicolas 
and M. Colyn; secondary forest; GenBank nos: MH806036 (Cytb). MH782830 (16S); MNHN, MNHN-
ZM-2024-1002 • 1 ♀; Kediana; 11.82° N, 10.14° W; 14 Dec. 2011; C. Denys and A. Lalis leg.; GenBank 
nos: PX054703 (Cytb); MNHN, MNHN-ZM-2013-756 • 1 ♂; Yerende; 10.04° N, 13.68° W; 14 Mar. 
2005; C. Denys and A. Lalis leg.; GenBank nos: PX054641 (Cytb), PX057594 (16S); MNHN, MNHN-
ZM-2013-778 • 1 ♀; same data as for preceeding; GenBank nos: PX054704 (Cytb), PX057595 (16S); 
MNHN, MNHN-ZM-2013-779 • 1 ♂; same data as for preceeding; GenBank nos: MH806026 (Cytb), 
MH782820 (16S); MNHN, MNHN-ZM-2013-780 • 1 ♂; same data as for preceeding; GenBank nos: 
PX054642 (Cytb), PX057596 (16S); MNHN, MNHN-ZM-2013-782 • 1 ♀; same data as for preceeding; 
GenBank no.: PX057597 (16S); MNHN, MNHN-ZM-2013-783 • 1 ♂; same data as for preceeding; 
GenBank no.: PX057598 (16S); MNHN, MNHN-ZM-2013-784 • 1 ♀; same data as for preceeding; 
GenBank no.: PX057599 (16S); MNHN, MNHN-ZM-2013-786 • 1 ♀; same data as for preceeding; 
GenBank no.: PX054734 (Cytb), PX057593 (16S); MNHN, MNHN-ZM-2013-789 • 1 ♀; same data as 
for preceeding; GenBank nos: MH806028 (Cytb), MH782822 (16S); MNHN, MNHN-ZM-2013-790 • 1 
♂; same locality as for preceeding; 15 Mar. 2005; C. Denys and A. Lalis leg.; GenBank no.: PX057600 
(16S); MNHN, MNHN-ZM-2013-787 • 1 ♂; same data as for preceeding; GenBank no.: PX057601 
(16S); MNHN, MNHN-ZM-2013-788 • 1 ♀ adult; Zogota; 7.931° N, 9.125° W; 12 Jun. 2011; V. Nicolas 
and A. Lalis leg.; fallow; GenBank nos: PX054645 (Cytb), PX633555 (complete mtDNA), PX054756 
(ApoB), PX054790 (BRCA1), PX054810 (BDNF), PX054846 (GHR), PX054879 (HDAC2), PX054902 
(MCGF), PX054933 (STAT5A), PX054957 (vWF); MNHN, MNHN-ZM-2013-477.

LIBERIA • 1 ♂ adult; Fape; 7.242° N, 9.305° W; 14 Jul. 2011; V. Nicolas and A. Lalis leg.; forest; 
GenBank nos: PX054698 (Cytb), PX633556 (complete mtDNA), PX054757 (ApoB), PX054791 
(BRCA1), PX054811 (BDNF), PX054847 (GHR), PX054880 (HDAC2), PX054903 (MCGF), 
PX054934 (STAT5A), PX054958 (vWF); MNHN, MNHN-ZM-2013-438 • 1 ♀ adult; Fape; 7.230° N, 
9.300° W; 16 Jul. 2011; V. Nicolas and A. Lalis leg.; fallow; GenBank nos: PX054598 (Cytb), PX633557 
(complete mtDNA), PX054758 (ApoB), PX054792 (BRCA1), PX054812 (BDNF), PX054848 (GHR), 
PX054881 (HDAC2), PX054904 (MCGF), PX054935 (STAT5A), PX054959 (vWF); MNHN, MNHN-
ZM-2013-439 • 1 ♀; Fape; 7.226° N, 9.292° W; 10 Jul. 2011; V. Nicolas and A. Lalis leg.; backwater; 
GenBank nos: MH806040 (Cytb), MH782833 (16S); MNHN, MNHN-ZM-2013-495.
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COTE D’IVOIRE • 1 ♂; Gbagroube; 5.85° N, 5.3° W; 12 Mar. 2005; S.; Kan Kouassi and B. Allali 
Kouadio leg.; GenBank no.: PX057568 (16S); MNHN, MNHN-ZM-2012-1474.

Description (see Figs 6–7 and SM2 Figs 5–6)
Crocidura pediculus sp. nov. has a dark brown color, with a slightly lighter belly, shifting to a slate 
brown, greyer than the back (Fig. 6). The transition between the back and belly coloring is gradual, with 
no defined delimitation. The tail is dark brown, nearly black, covered by hairs along its entire length. 
Hands and feet are brown, the outside darker than the inside. Ears are large, covered in very short hairs 
and appearing bald. Even if in external coloring C. pediculus looks like C. grandiceps they are very 
different based on morphometry. Crocidura grandiceps appears to have longer and larger limbs, an 
elongated head, a longer, wider tail, thicker at the base, and more numerous and thicker darker head 
vibrissae. All external measurements are significantly smaller in C. pediculus (weight = 13.06 ± 2.81 g, 
body length = 92.02 ± 9.00 mm, tail length = 58.95 ± 8.58 mm, hindfoot length = 15.02 ± 1.01 mm, and 
ear length = 8.32 ± 1.72 mm) than in C. grandiceps (weight = 19.07 ± 5.30 g, body length = 101.35 ± 
8.67 mm, tail length = 77.46 ± 11.24 mm, hindfoot length = 19.11 ± 2.78 mm and ear length = 10.72 ± 
1.89 mm; SM2 Fig. 6). These size differences between the two species are also apparent on the skull and 
the mandibles. Crocidura grandiceps has a more elongated rostrum and small braincase compared to 
Crocidura pediculus. Its palatine bone extends much further into the interorbital area.

Based on external body measurements, Crocidura pediculus sp. nov. resembles C. cf. longipes. However, 
their pelage coloration is different, C. longipes having been originally described as a uniformly chocolate 
brown shrew with very long hindfeet and a sparsely haired tail. The skull of C. pediculus is more 
globular, while it is more elongated in C. cf. longipes. The dentition is weaker in C. cf. longipes and the 
angular process of the mandible is longer in C. pediculus.

Crocidura pediculus sp. nov. differs significantly from C. buettikoferi in ear length, having smaller ears 
(8.32 ± 1.72 mm and 9.25 ± 1.81 mm, respectively). Morphometric analyses also reveal differences 
in skull shape (dorsal and ventral views), although C. buettikoferi occupies a central position in the 
morphospace for all three cranial structures. The braincase of C. pediculus is more globular and the 
rostrum shorter. The coloration of the pelage of C. buettikoferi is similar to that of C. pediculus: its dorsal 
pelage is deep-chocolate-brown and the ventral pelage is paler or greyish-brown. The tail is dark, very 
sparsely covered with hairs and bristles (pilosity ca 50%).

Crocidura pediculus sp. nov. and C. therease have similar external, skull or mandibular sizes, except 
the longer tail length (58.95 ± 8.58 mm) and hind foot length (15.02 ± 1.01 mm) of C. therease (53.63 
± 4.46 mm and 14.185 ± 1.18 mm, respectively). These species also have very similar skull and 
mandibles shapes. However, they can be discriminated based on coloration: C. theresae is a small-
sized shrew described as lighter in color than the other WA species from the complex C. poensis, with 
a greyish coloring and light grey belly. The feet and tail are shorter. The tail has sparse brown hairs, 
pilosity ca 75%. 

Crocidura wimmeri is a rare, critically endangered shrew species (Vogel et al. 2014) and we only had 
two specimens in our dataset. Thus, we were not able to compare it morphometrically to C. pediculus 
sp. nov. Crocidura wimmeri is a medium-sized species, and its coat is almost uniformly dark ash-grey, 
with only a brown sheen on the dorsal side. The tail is not densely haired.

No genotyped specimens of C. foxi can be found west of the Dahomey gap, which should exclude the 
confusion between the two species as there is probably no geographic overlap in their geographic ranges.
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Ecology and distribution
Crocidura pediculus sp. nov. is a habitat generalist, captured mostly in primary lowland forests, fields 
and young fallows. One individual was captured in an anthropogenic forest and one in wetlands. 

The current distribution of known specimens is Guinea and Liberia and extends to Ivory Coast, with a 
single specimen captured in Gbagroube, in the center of the country.

Discussion
Genetic analyses 
In Crocidura shrews, the mean genetic distance between sister species using Cytb sequences typically 
exceeds 6% (Bannikova et al. 2011; Jacquet et al. 2012; Jacquet et al. 2014). Crocidura pediculus sp. 
nov. displays similar values of genetic distance with all other species except between itself and its closest 
mitochondrial relative, C. grandiceps (2.6%). Although unusual, similar cases have been previously 
reported between other shrew species (Jacquet et al. 2015). The value between itself and its second 
closest mitochondrial relative C. cf. longipes is on the lower end of the spectrum, but still included in it 
(6.2%). Species discrimination analyses based on Cytb sequences and barcode gaps directly reflect this 
result, as ASAP’s best partition fails to discriminate between C. grandiceps and C. pediculus. However 
it partitions the four C. wimmeri sequences in two distinct lineages, from Ghana and Ivory Coast, 
suggesting the existence of a cryptic species. Since C. wimmeri is rare and considered as endangered, 
few specimens are available for analysis and this result could not be further investigated. The use of 
single mitochondrial markers (barcodes) is useful for many species delimitations, but is not sufficient in 
certain cases, over or underestimating the number of species (Esquivel et al. 2022; Penna et al. 2022). 
Furthermore, the mitochondrial and nuclear DNA datasets do not output exactly the same results. The 
complete mitogenome ML and Bayesian trees display the same results as the Cytb approximate-ML tree, 
supporting the monophyly of C. pediculus, and placing it as the closest relative to C. grandiceps. Those 
two are in turn the closest relatives of C. cf. longipes, with strong support. ASAP’s best partition for the 
complete mitogenome retrieves C. pediculus and C. grandiceps as separate species. Since shrews are 
short-lived, it has been suggested that they might have higher rates of molecular evolution (Esselstyn 
& Brown 2009), but this may not be the case for all species, depending on the strength of selection and 
drift, and low levels of genetic distance have been detected between recognized species (Jacquet et al. 
2015). As in Nicolas et al. (2019), the concatenated nuclear DNA ML and Bayesian approaches fail to 
retrieve the monophyly of C. pediculus, gathering all three closest relatives C. grandiceps, C. cf. longipes 
and C. pediculus in a single group. The dated species tree reconstructed in Voet et al. (2022) placed 
C. pediculus as a sister species to C. grandiceps, as does the mitochondrial tree. This may result from 
the disequilibrium between the number of mitochondrial and nuclear sites. The divergence between the 
two species was estimated at around 350 ky, representing a very recent split on evolutionary timescales. 
As mitochondrial DNA evolves four times faster than nuclear DNA, it is not unusual to encounter 
mitochondrial monophyly along with an unresolved nuclear phylogeny (Toews & Brelsford 2012; 
Després 2019). The BPP analyses produce similar results with all three datasets, the five independent 
runs supporting the seven species hypothesis (i.e., validating C. pediculus as a distinct species) and 
outputting posterior probability values of 1 or near 1 for all seven tested species. The nuclear species 
tree portrays C. cf. longipes as a closest relative to C. pediculus with moderate support (0.90), whereas 
the maximum clade credibility tree based on the mitogenome portrays C. grandiceps and C. pediculus as 
sisters. Which represents the closest relative to C. pediculus therefore remains uncertain. The discordance 
between mitochondrial and nuclear DNA is a common phenomenon in animals (Rabone et al. 2015; 
Naidoo et al. 2016). Studies have found several potential causes, ranging from adaptive introgression 
of mitochondrial DNA to demographic disparities such as sex-biased asymmetries, incomplete lineage 
sorting and hybrid zone movements. In lineages where divergent mitochondrial clades have emerged 
without geographic isolation, which may have been the case here, adaptive introgression and sex-biased 



European Journal of Taxonomy 1039: 297–322 (2026)

316

asymmetries are the favoured hypotheses (Toews & Brelsford 2012). In mammals, different dispersal 
abilities between males and females is widespread, females often being more sedentary than males (Li 
& Kokko 2019). Shrews appear to be no exception and many species are considered as highly territorial 
(Wilson & Mittermeier 2018), which may explain the discrepancy despite the lack of knowledge about 
the lifestyles of the shrews of the C. poensis species complex. However, many authors discuss sex-biased 
dispersal and argue that it generates high levels of mitochondrial divergence (Després 2019). Here, 
mitochondrial divergence between C. grandiceps and C. pediculus is low, despite lineage monophyly, 
possibly discarding sex-biased dispersal as a driver. Genome scale data are needed to further investigate 
the nuclear difference between C. grandiceps, C. pediculus and C. cf. longipes.

Morphology
Nearly all individuals in the museum collections genetically identified as being C. pediculus sp. nov. 
were initially attributed the name C. grandiceps. However, C. pediculus and C. grandiceps are among 
the most morphologically different in the species complex, displaying significant differences in size and 
shape in all three examined structures, and in all recorded external body measurements. The very similar 
coloring, and overlapping geographic ranges may explain the difficulty in differentiating them. However, 
multiple morphometrical differences are found between the two species (see species description).

A few individuals of C. pediculus sp. nov. have been initially morphologically identified in museum 
collections as C. buettikoferi or C. foxi. No genotyped specimens of C. foxi can be found west of the 
Dahomey gap, which should eliminet the confusion as there is probably little to no geographic overlap 
in their ranges. Crocidura pediculus differs significantly from C. buettikoferi in ear length, having 
smaller ears, and in skull shape (dorsal and ventral views). Crocidura pediculus is most similar in 
external measurements and skull and mandible size and shape to C. theresae and C. cf. longipes, yet no 
confusions have been made in museum collections, probably due to their distinct coloration. 

New species versus morphotype
Through the comparison of the genetic and morphological material available for numerous specimens 
of the C. poensis species complex, we propose to consider C. pediculus sp. nov. as a new species. Some 
confusion remains regarding the relationships between the closely related C. grandiceps, C. pediculus 
and C. cf. longipes, whether due to incomplete lineage sorting and/or the choice of nuclear markers, or 
mito/nuclear introgression. Despite the nuclear ML and Bayesian trees failing to retrieve the monophyly 
of C. pediculus, the BPP analyses on both the mitochondrial and nuclear DNA output higher support 
for the seven species hypothesis. Lastly, and despite this apparent recent speciation event and low 
mitochondrial divergence, there is strong morphological divergence between C. grandiceps and C. 
pediculus, which remains rare among Crocidura shrews (Esselstyn et al. 2021; Hinckley et al. 2022). In 
the skull of C. grandiceps and C. pediculus, the divergence seems to have occurred mainly in rostrum 
length and robustness. This has been observed in other speciose groups such as bats, where many 
morphotypes have evolved according to a variety of diets (Hedrick et al. 2020). Morphological disparity 
within the former C. grandiceps species reached twice the values within other species, questioning even 
its denomination as cryptic species (Voet et al. 2022). Cryptic species usually refer to species that are 
morphologically unidentifiable and rely on genetic markers to be discriminated (Fišer et al. 2018; Struck 
et al. 2018; Korshunova et al. 2019). Here, crypsis remains only in the historical sense, as they were 
initially grouped under the same species name. Morphologically speaking, C. pediculus is much smaller 
than C. grandiceps and can be statistically discriminated from its former namesake. Its measurements 
(skull and body) resemble those of the open-habitat dweller and more distant relative C. theresae. The 
diversification of West African C. poensis complex species may have been driven by both Pleistocene 
refuge dynamics and divergent selection across ecological gradients (Nicolas et al. 2019). Habitat 
preferences within the complex reveal distinct niche partitioning: C. buettikoferi occupies a wide range 
of habitats, including grasslands within the rain forest, forests, relict forests in derived savanna, fallows 
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and cocoa plantations; C. grandiceps is considered a forest species; C. theresae primarily inhabits open 
habitats such as grasslands and fields, with rare occurrences in forest relicts; C. wimmeri is restricted 
to wet, swampy coastal forest in eastern Ivory Coast and western Ghana; C. cf. longipes is confined to 
isolated gallery forests in western coastal Guinea. Notably, over half of theC. pediculus specimens were 
captured in open habitats (fields and fallows), suggesting character displacement with the forest-dwelling 
species C. grandiceps (Brown & Wilson 1956; Fišer et al. 2015; Biedma et al. 2020) or evolutionary 
convergence with the open-habitat species C. theresae, potentially linked to habitat preferences and 
predator evasion (Spaeth 2009; Zou & Zhang 2016). Further work is necessary in order to improve our 
comprehension of the relationships within the C. poensis species complex, but also on the processes 
responsible for its diversification. To this aim coupled phenotypic and genome wide approaches allowing 
the detection of signatures of natural selection would be useful.
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