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Abstract 

Roughly a third of all horseshoe bat species (Rhinolophidae: Rhinolophus) are found in Africa, where a recent continent-wide genetic sur-
vey suggested the presence of both undescribed and apparently invalid species. Here, we focus on the R. landeri species complex and the 
recent elevation of R. lobatus Peters, 1852, to species rank. That action created ambiguity in the taxonomy of East African members of the 
group—are both R. landeri Martin, 1838, and R. lobatus sympatric in East Africa or is another, unnamed species present there? Here, we 
refine genetic, morphological, and behavioral characterizations of R. landeri and its erstwhile synonyms with samples from the vicinity of 
their type localities. The distribution of R. landeri appears to be limited to Central and West Africa; existing genetic records attributed to 
this species from Mali clearly represent another taxon. We marshal genetic evidence for the species-level distinction of R. dobsoni Thomas, 
1904, from Sudan, which was previously considered a synonym of R. landeri. We reject R. axillaris J. A. Allen, 1917, as a synonym of the R. lan-
deri complex, provisionally regarding it as a valid member of the landeri species group. Finally, we demonstrate that East Africa is home to 
a fourth species of the landeri complex that is named herein. Final resolution of the systematics of this species complex awaits expanded 
characterizations (especially of genetics, vocalizations, and noseleaves) and studies of variation in regions of contact.

Key words: Afrotropical, Chiroptera, genetics, Rhinolophidae, species complex, systematics, vocalizations.

The bat genus Rhinolophus, sole extant member of the Rhinolophidae 
(horseshoe bats), includes aerial insectivores distributed over most 
of the tropical, subtropical, and temperate regions of Africa, Eurasia, 
Oceania, and Australasia. The group originated in Asia (Guillen 
Servent et al. 2003; Chornelia and Hughes 2022), with a single col-
onization giving rise to a clade of African and Palearctic species 
(Dool et al. 2016; Demos et al. 2019). With 112 recognized species, 
Rhinolophus is now the third most speciose genus of mammals, trail-
ing only Crocidura and Myotis (Mammal Diversity Database 2023). 
Remarkably, a third of all recognized Rhinolophus species have been 

discovered (or rediscovered) in the last 2 decades (cf. Simmons 
2005). Genetic and echolocation call analyses have contributed 
importantly to our enhanced understanding of diversity in this and 
other insectivorous bat families (e.g., Tu et al. 2017; Mao et al. 2019; 
Srinivasulu et al. 2019).

Phylogenetic analyses consistently recover the R. landeri spe-
cies group (Csorba et al. 2003) as the earliest diverging group in 
the African–Palearctic clade (Dool et al. 2016; Demos et al. 2019). 
The group currently includes 4 Afrotropical endemics: R. landeri W. 
Martin, 1838—once thought to be continentally distributed (e.g., 
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Happold 2013b) but now used for populations in West and Central 
Africa; R. lobatus Peters, 1852—formerly treated as a subspecies of R. 
landeri, but now regarded as distinct in Southern and Eastern Africa 
(Taylor et al. 2018, 2019); R. alcyone Temminck, 1853—distributed in 
equatorial West and Central African rainforests; and R. guineensis 
Eisentraut, 1960—with a range restricted to far West Africa (Fig. 
1). Formerly, the group also included Rhinolophus blasii Peters, 1867, 
which can now be confidently placed in the euryale species group 
(Dool et al. 2016; Demos et al. 2019; Bücs and Csorba 2022). The 
landeri species group is distinguished from other Rhinolophus species 
groups by a wedge-shaped sella, triangular connecting process, and 
the presence of axillary tufts in the armpits of some males (Csorba 
et al. 2003).

Rhinolophus alcyone is much larger than the remaining 3 spe-
cies (forearm length [FA] 49 to 56 mm) and R. guineensis (FA 44 
to 50 mm) is generally larger than R. landeri (FA 35 to 49 mm) 
where the 2 are sympatric; additionally, R. guineensis has whitish 
(not rusty) axillary tufts (Rosevear 1965; Koopman 1989; Happold 
2013a). Notably, neither R. alcyone nor R. guineensis has junior syn-
onyms. On the other hand, the species R. landeri and R. lobatus 
are same-sized and geographically variable; these 2 taxa and 
their synonyms are here termed the landeri complex with refer-
ence to the extended synonymy of lobatus within landeri. Mammal 
Diversity Database (2023) lists 3 taxa in the synonymy of R. lan-
deri: landeri, dobsoni Thomas, 1904, and axillaris J. A. Allen, 1917. 
Rhinolophus landeri is thought to range from Senegal and Gambia 
in West Africa into Central Africa, as far north as Sudan and as far 
east as Ethiopia and Kenya. Its type locality is “Insulâ Fernando Po 
[= Bioko Island],” Equatorial Guinea. Mammal Diversity Database 
(2023) lists 2 taxa in the synonymy of Rhinolophus lobatus: lobatus 
Peters, 1852 and angolensis Seabra, 1898. The latter is very poorly 
known, has never been revised, and is listed in the synonymy of R. 
landeri by Simmons and Cirranello (2024) and in that of R. lobatus 
by Beja et al. (2019). Rhinolophus lobatus is currently thought to 
range over Eastern and Southern Africa, from South Sudan and 
Kenya to Angola and South Africa (Taylor et al. 2018; mol.org). 
Peters (1852) gave its type locality as “Africa orientalis, Sena, Tette, 
17° Aust.,” Mozambique, but this was subsequently restricted to 
Sena, Mozambique by Moreau et al. (1946).

The validity and limits of taxa in the landeri complex—that is, 
R. landeri, R. lobatus, and their synonyms—have been uncertain 
since the first generic revision. In reviewing this group, Anderson 
(1906:189) stated “Rh. landeri and lobatus are very closely related. 
Rh. landeri has a shorter tibia and tail; the skull is rather more 
slender than, but in other respects quite similar to, that of lobatus; 
the dentition is the same. It is not unlikely that, when a completer 
material is to hand, we shall have to regard Rh. landeri and loba-
tus as western and eastern representatives of 1 species. As to Rh. 
dobsoni, from Kordofan, I have some doubt that it is distinguish-
able from Rh. lobatus; but... I prefer for the present to leave the 
question open.” Confusion continues today with the distributions 
of both R. landeri and R. lobatus thought to overlap broadly in East 
Africa (e.g., mol.org). However, genetic surveys strongly suggest 
that neither species actually occurs in Kenya and that a different 
species may be involved (bats identified as “cf. landeri” in Demos 
et al. 2019).

Therefore, the goals of our study were to characterize more thor-
oughly the valid taxa in the R. landeri complex in terms of their 
genetics, craniometrics, and echolocation calls. We also sought to 
determine which if any of the available names applies to a well- 
supported clade of bats from Kenya uncovered in recent genetic 
surveys (Demos et al. 2019). The resulting characterizations and dis-
tinctions between taxa should enable more confident identifications 

of these Rhinolophus species, closer specifications of their distribu-
tions, and fuller resolution of their relationships.

Materials and methods.
Selection of taxa and sampling.
Most new genetic data from tissue samples used in this study (n 
= 80) were obtained from specimens previously catalogued and 
part of the permanent collections of the following natural history 
museums: Field Museum of Natural History, Chicago, United States; 
National Museums of Kenya, Nairobi, Kenya; Mammal Collections, 
Estación Biológica de Doñana (CSIC), Seville, Spain; and Natural 
History Museum, London, United Kingdom. Ten samples from 
Ghana were obtained from wing punches of bats released at the 
point of capture (Fig. 1). Where possible, specimens were obtained 
from localities close to the type localities of taxa in the landeri 
species complex, including landeri from Bioko Island, dobsoni from 
Sudan, and lobatus from Mozambique. The provenance of all speci-
mens and sequences used is listed in Supplementary Data SD1 and 
depicted in Fig. 1.

DNA extraction, amplification, and Sanger 
sequencing.
Whole-genomic DNA was extracted from 74 frozen tissue sam-
ples of Rhinolophus using the QIAGEN DNeasy Blood and Tissue Kit 
(Germantown, Maryland). An additional 112 Rhinolophus sequences 
were downloaded from GenBank (Supplementary Data SD1). Fresh 
specimens were sequenced for mitochondrial Cytochrome b (Cytb), 
using the primer pair LGL 765F and LGL 766R (Bickham et al. 1995, 
2004), and 7 unlinked autosomal nuclear introns: SLC38A7 intron 8 
(AAT), ABHD11 intron 5 (ABHD11), ACOX2 intron 3 (ACOX2), ACPT 
intron 4 (ACPT), COPS7A intron 4 (COPS7A), ROGDI intron 7 (ROGDI), 
and STAT5A intron 16 (STAT5A; Mathee et al. 2001; Igea et al. 2010; 
Salicini et al. 2011). PCR (polymerase chain reaction) amplifications 
were carried out using the same thermocycler protocols as in Demos 
et al. (2018). Amplified PCR products were purified using ExoSAP-IT 
(Thermo Scientific, Waltham, Massachusetts). Sequencing was car-
ried out in both directions on an ABI-3100 thermocycler (Applied 
Biosystems, Foster City, California) at the Pritzker Laboratory for 
Molecular Systematics and Evolution (FMNH).

In addition to the above amplification protocols for frozen tis-
sues, 6 samples were derived from hindfoot toe clips of dried study 
skins (hereafter referred to as historic samples; FMNH 34164, 35381, 
48714, 108154 to 108156). DNA of historic samples was extracted 
using the phenol–chloroform protocol as detailed in McDonough et 
al. (2018). DNA sample concentration was increased using Amicon 
Ultra-4 columns with an Ultracel 30 membrane (Millipore Sigma, 
Burlington, Massachusetts).

For library preparation of historical samples, DNA was not 
sheared and irrespective of the starting concentration, 35 μL of 
DNA were aliquoted and concentrated using a 3X bead clean-up 
using MagNA following Rohland and Reich (2012) and resus-
pended in 14 μL of elution buffer. Library preparation was per-
formed using KAPA HyperPrep (Kapa Biosystems) for Illumina 
platforms following the manufacturer’s protocol but was modified 
to use one-quarter of the reagents per reaction. Amplifications 
were performed using 15 cycles with iTru dual indexing primers 
and KAPA HiFi Hotstart ReadyMix (Kapa Biosystems) followed by 
a 1.2X bead clean-up. Library concentrations were measured with 
a Qubit dsDNA High Sensitivity Assay kit (Invitrogen) and pooled 
with other samples in equal nanomolar concentrations; sequenc-
ing was performed in the Field Museum Pritzker DNA lab using a 
MiSeq Illumina system.
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After demultiplexing, we combined paired-end reads using 
FLASH2 v. 2.2.00 (Magoč and Salzberg 2011) and trimmed adapter 
sequences using TrimGalore v. 0.4.3 (Krueger 2017). Poor quality 
sequences (scores below 20) and exact PCR replicates were removed 
using prinseq-lite v.0.20.4 (Schmieder and Edwards 2011). Reads 
were then mapped to a Rhinolophus reference genome using the 
Burrows–Wheeler algorithm in BWA v.7.10 (Li and Durbin 2011) and 
use of the “bwa mem” command.

Gene trees and haplotype networks.
Sequences were assembled and edited using GENEIOUS PRIME v. 
2023.1.1 (Biomatters Ltd). Sequences were aligned using MUSCLE 
with default settings in GENEIOUS. Protein coding data from Cytb 
were translated to amino acids to set codon positions and confirm 
the absence of premature stop codons, deletions, and insertions. 
Several gaps were incorporated in the alignments of the nuclear 
introns, but their positions were unambiguous.

Maximum likelihood (ML) estimates of Cytb gene trees and a con-
catenated alignment of the 7 partitioned introns were made using 
the program IQ-TREE version 2.2.2.7 (Minh et al. 2020) on the CIPRES 
portal. The TESTNEW option was implemented using extended 
model selection that included the FreeRate model and was imme-
diately followed by tree reconstruction using the best-fit model 
found. We conducted analyses using the ultrafast bootstrap algo-
rithm to search for the best-scoring ML tree algorithm with 1,000 
bootstrap replicates. Horseshoe bat species belonging to other spe-
cies groups (Csorba 2008; Demos et al. 2019) served as outgroups for 
the landeri species group analyses: R. deckenii (ferrumequinum group) 
and R. luctus (trifoliatus group) for the Cytb analysis and R. damaren-
sis (fumigatus group) for the nuclear introns. PopART v. 1.7 (Leigh 
and Bryant 2015) was used to construct a median-joining network 

of Cytb haplotypes for populations within the landeri species group. 
Pie charts were used to visualize the relative frequencies and rela-
tionships of haplotypes in these populations. Uncorrected sequence 
divergences (p-distances) within and between species/clades were 
calculated for Cytb using MEGA X v.11.0.13 (Kumar et al. 2018). 
Tree files in the Nexus format are archived on Mendeley Data (DOI: 
10.17632/mxgyjsj66t.1).

Morphological analyses.
We analyzed the external and craniodental morphology of 195 R. 
landeri species group members distributed in Cameroon, Central 
African Republic, Equatorial Guinea, Gabon, Kenya, Mozambique, 
South Sudan, Sudan, and Uganda (Supplementary Data SD1). 
Morphometric analyses centered on voucher specimens housed 
in 3 natural history museums: Field Museum of Natural History, 
Chicago, Illinois, United States (FMNH); Royal Ontario Museum, 
Toronto, Ontario, Canada (ROM); and Estación Biológica de Doñana, 
Seville, Spain (EBD). We also had access to photos and published 
reports of specimens from the American Museum of Natural 
History, New York (AMNH); Natural History Museum, London, 
United Kingdom (NHMUK); and the Natural History Museum, 
Berlin, Germany (ZMB).

We collected morphometric data only from adults, correspond-
ing to those specimens with completely erupted and partly worn 
dentitions. External measurements relied on those taken by the 
collector and recorded on skin tags. In addition, 12 craniodental 
measurements—as defined and depicted by Velazco and Gardner 
(2012)—were taken using digital calipers at 0.01 mm resolution: 
GLS, greatest length of skull; CIL, condyloincisive length; CCL, con-
dylocanine length; BB, braincase breadth; ZB, zygomatic breadth; 
PB, postorbital breadth; MSTW, mastoid width; MPW, mastoid 

Fig. 1.  Map of taxonomic and geographic sampling for study of the Rhinolophus landeri species group (all taxa) and the landeri complex (dobsoni, landeri, 
lobatus, and sp. nov.). Stars mark type localities for taxa in the landeri group: orange circles, R. alcyone; purple diamonds, R. dobsoni; red triangles, R. landeri; 
blue squares, R. lobatus; and the clade from Kenya and South Sudan, labeled sp. nov., inverted triangles. The green squares denote locations of the western 
Cytb subclade of R. landeri. See text for discussion.
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process width; MTRL, maxillary toothrow length; MLTRL, postca-
nine toothrow length; M2–M2, width at M2; DENL, dentary length; 
and MANDL, mandibular toothrow length.

Statistical analyses relied on the Statistica 7.1 package (StatSoft 
2005). Group distributions were summarized by means, sample size, 
standard deviations, and range (minimum and maximum values). 
Tests for differences among taxa relied on F-tests implemented 
with the breakdown and 1-way ANOVA routine; the same routine 
provided post hoc tests of pairs of taxa using Tukey’s HSD statistic. 
In all cases, P < 0.05 was taken as indicating a significant difference. 
Principal components analysis was conducted on untransformed 
variables using the covariance matrix. Because discriminant 
function analysis is sensitive to violations of homoscedasticity, 
log-transformed variables were used in stepwise analysis of the lan-
deri complex members.

Vocalization analyses.
Echolocation calls of members of the landeri complex were recorded 
in the hand using several acoustic recorders. Bats in Kenya were 
recorded with bats held in the hand ca. 30 cm away from the micro-
phone of a D1000X bat detector (Pettersson Elektronik AB, Uppsala, 
Sweden; www.batsound.se; 384 kHz sampling rate, 16-bit resolu-
tion). In Mozambique, lobatus individuals were recorded with an 
Avisoft Ultrasound 116Hb Bat Detector (Avisoft Bioacoustics, Berlin, 
Germany; 300 kHz sampling rate, 16 bits, mono, with a thresh-
old of 16) connected to an HP Pavillion 6210 notebook (Hewlett 
Packard Development Company, Palo Alto, California). In Cameroon, 
Equatorial Guinea, and Ghana, echolocation calls were recorded 
using Wildlife Acoustics Echo Meter Touch 2 Pro Android (Wildlife 
Acoustics, Inc., Maynard, Massachusetts; Firmware Version: App 
2.8.14; 384 kHz sampling rate, 16-bit resolution) on Galaxy and 
Samsung smartphones. All detectors used in this study are digital 
recorders with high sampling frequencies that offer full-spectrum 
recording capability and capture the full bandwidth of the call (Moir 
et al. 2013).

We recorded handheld bats because, without the Doppler-shift 
compensation associated with flight, the “resting frequency” of 
these stationary individuals varies very little within a sequence 
(Fenton et al. 2012; Hiryu et al. 2016); this makes handheld 
calls best suited for frequency comparisons between individu-
als or populations. The recorded sequences were stored as .wav 
files and graphically examined using the software BatSound 4.3 
(Pettersson Elektronik, Uppsala, Sweden). A customized 512-
point fast Fourier transform with a Hanning window was used 
for sound analysis, accounting for both the power spectrum and 
spectrograms. In accordance with Jung et al. (2014), we measured 
the bandwidth, call duration (ms), call interval (ms), maximum 
frequency (StartF) and minimum frequency (EndF), and peak 
frequency or frequency of maximum energy, using KaleidoScope 
v.3.1.4b (Wildlife Acoustics). For every bat, the mean of 10 calls 
with the best signal-to-noise ratios was determined and used in 
all analyses.

Results
Phylogenetic analyses.
Pairwise Cytb genetic distances among species of the R. landeri spe-
cies group appear in Table 1. The average difference between spe-
cies pairs is 5.5%, alcyone is most distant from the remaining species 
(mean 6.4%), and the closest pair is landeri and cf. landeri (3%). The 
clade from Kenya and South Sudan (labeled in figures and tables as 
sp. nov.) averages 5.7% distant from named taxa in the group and is 
nearest to dobsoni from Sudan (4.5%).

The ML tree for Cytb sequences of the landeri species group 
appears in Fig. 2. Each of the species R. alcyone, R. landeri, and R. 
lobatus are strongly supported in the analysis (bs = 100). In addition, 
the clade from Kenya and South Sudan and dobsoni from Sudan 
are each recovered as monophyletic with strong support (bs = 100), 
and as sisters to landeri (bs = 86). The latter clade contains well- 
supported (bs ≥ 71) subgroups from Central Africa plus Bioko Island 
(the type locality of landeri) and from far West Africa (Senegal and 
Mali, labeled as cf. landeri); members of both groups are present in 
Ghana. There is moderate support (bs = 65) for lobatus as sister to 
the remainder of the landeri complex, and strong support (bs = 100) 
for alcyone being sister to the landeri complex as a whole. R. alcy-
one also contains well-supported subgroups from Central and West 
Africa.

A substitution network of the Cytb haplotypes appears in Fig. 3. 
No haplotype is shared among taxa. Most haplotypes are strongly 
regional and limited to a single country, exceptions being a loba-
tus haplotype in both Mozambique and neighboring Zimbabwe 
and an alcyone haplotype found both in Gabon and Central African 
Republic. At least 10 Cytb substitutions separate all members of the 
landeri species group from each other. As in the ML tree, lobatus, dob-
soni, and the clade from Kenya and South Sudan are each homo-
geneous and well distinguished from others, exhibiting a star-like 
structure; on the other hand, alcyone and landeri contain more heter-
ogeneous, geographically structured haplotypes, perhaps reflecting 
their broader geographic sampling.

The 7 nuclear introns yield a different topology and offer var-
ying support for these groupings (Fig. 4). Neither landeri nor loba-
tus is recovered as reciprocally monophyletic in the ML intron tree. 
However, there is strong support (bs > 97) for the monophyly of 
both alcyone and the clade from Kenya and South Sudan. Curiously, 
sequences of cf. landeri from SAN 95 and SAN 96, which were 
strongly supported as sister to the Central African landeri clade in 
the Cytb analysis, are recovered in the intron analysis as lying out-
side all surveyed members of the landeri species group.

Morphometric analyses.
External characters of the R. landeri species group are presented 
in Table 2; also included are analyses of variance among mem-
bers of the landeri complex. The substantially larger size of R. 
alcyone is immediately apparent and is the rationale for limiting 
ANOVAs to members of the landeri complex. Half of the variables 
show significant variation among the 4 taxa including TL, HF, and 
FA, but mean differences are small and overlapping ranges are 
appreciable.

Craniodental variables for the landeri species group are presented 
in Table 3. As with external variables, R. alcyone is far larger than the 
remaining taxa. Just over half (57%) of the variables vary signifi-
cantly among members of the landeri complex, but again differences 

Table 1.  Number of base differences per site, averaged among 121 
nucleotide sequences over 1,140 base positions of Cytb. Boldfaced 
entries on diagonal measure intraspecific variation in our samples.

alcyone dobsoni landeri cf. landeri lobatus sp. nov.

alcyone 0.017

dobsoni 0.063 0.007

landeri 0.065 0.053 0.009

cf. landeri 0.062 0.050 0.030 0.015

lobatus 0.061 0.056 0.057 0.050 0.002

sp. nov. 0.067 0.045 0.058 0.057 0.058 0.003

www.batsound.se
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Fig. 2.  Maximum likelihood phylogeny of mitochondrial Cytb sequences of the Rhinolophus landeri species group. The phylogeny was inferred in IQ-TREE. 
Bootstrap values are included at major nodes.
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among taxa are small and overlap is high. These impressions are 
borne out by a principal components ordination of craniodental 
variables of the landeri complex (Supplementary Data SD2). The first 
2 components account for 45.2% of overall variation. All variables 
had positive loadings on PC1, generally with high coefficients for 
skull length measures and small coefficients for dental measures. 
On PC2, dental measures generally had high positive coefficients 
while those describing braincase breadth had negative values. The 
projection of scores on components 1 and 2 shows broad overlap 
among members of the landeri complex.

Discriminant function analysis of the landeri complex offers 
greater separation of taxa (Supplementary Data SD3). Variables 
GLS, ZB, C–C, MLTLR, M2–M2, and MANDL entered the discriminant 
function with significance (P < 0.05); all but M2–M2 differed sig-
nificantly among taxa in univariate analyses (Table 3). Significant 
Mahalanobis distances separated all taxon pairs save dobsoni and 
lobatus (Supplementary Data SD3). However, across taxa, only 87% 
of specimens were correctly classified (Supplementary Data SD4). 
Of 51 specimens of the clade from Kenya and South Sudan ana-
lyzed, 2 were classified as dobsoni and 3 as landeri; none were mis-
taken for lobatus. Specimens of other taxa mistaken for that clade 
included 1 of 2 dobsoni, 4 of 29 landeri, and 1 of 5 lobatus.

Echolocation calls.
Vocalization statistics for 3 of the 4 landeri complex taxa are tabu-
lated in Table 4 (calls are lacking for R. dobsoni). Sampled taxa differ 
significantly in 5 of the 6 variables. All possible pairs of taxa show 

significant differences based on Tukey’s HSD for peak frequency 
and end frequency (Supplementary Data SD5), with landeri charac-
terized by the lowest peak frequencies (mean 102.5 kHz), and the 
clade from Kenya showing the highest (109.7 kHz). A scatter plot of 
peak frequency, end frequency, and bandwidth (Fig. 5) shows com-
plete separation of the 3 sampled taxa.

The calls of R. landeri and the clade from Kenya differ quali-
tatively as well. Hanning call composites of 4 individual landeri 
and 4 individuals of the Kenyan clade appear in Supplementary 
Data SD6. The plots show that the high duty-cycle calls of these 
Rhinolophus consist of a distinct frequency-modulated element at 
each end of the constant-frequency band comprising most of the 
duration of the call and much of its energy. In R. landeri, the brief  
frequency-modulated elements are narrow-band, whereas in the 
clade from Kenya they are broader-banded, especially the terminal 
element. Also apparent in the calls of Kenyan bats is the strength 
of the first harmonic, which is normally obsolete in high duty-cycle 
bats; this harmonic is weakly expressed in only 1 of the 4 R. landeri 
but conspicuous in all 4 individuals of the Kenyan Rhinolophus.

Discussion
Despite morphological similarities to named forms, the strongly 
supported genetic distinctions of bats from Kenya and South Sudan 
and their qualitatively and quantitatively differentiated vocaliza-
tions clearly indicate that the Kenyan clade is a distinct lineage, 
which we describe as follows:

Fig. 3.  Haplotype substitution network for Cytb among members of the Rhinolophus landeri species group. All but 3 haplotypes (2 for R. alcyone, 1 for R. 
lobatus) are restricted to a single country. “CAR” denotes haplotypes originating in the Central African Republic.
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Rhinolophus webalai Patterson, Dick, Bartonjo, and Demos, new 
species

Webala’s Horseshoe Bat

Synonymy
Rhinolophus lobatus

Matschie 1895 (in part); Hollister 1918; Swynnerton and 
Hayman 1950 (in part); Kulzer 1959 (in part)

Rhinolophus landeri

Ellerman et al. 1953 (in part); Kock 1969 (in part); Kingdon 1974; 
O’Shea and Vaughan 1980; Hill & Smith 1984 (in part); Webala 
et al. 2004; Taylor et al. 2005; Patterson and Webala 2012;  
Lanza et al. 2015; López-Baucells et al. 2017; Musila et al. 2019; 
Kamau et al. 2022

Rhinolophus landeri lobatus

Harrison 1961; Koopman 1975 (in part); Aggundey and Schlitter 
1984; Simmons 2005 (in part); Happold 2013b (in part)

Rhinolophus cf. landeri

Demos et al. 2019; Dick et al. 2023; Rainho et al. 2023

Holotype
Field Museum of Natural History (FMNH) 215894, adult male, 
cleaned skull and formalin-fixed carcass in 70% ethanol, muscle 
tissue preserved in liquid nitrogen, and ectoparasites (6 female and 
5 male streblid bat flies, all Raymondia planiceps Jobling, 1930) in 95% 
ethanol; Cytb sequence GenBank accession PP782749. Collected 
with a hand net by B.D. Patterson, P.W. Webala, and C.W. Dick (orig-
inal number BDP4600) at 1830 h on 10 May 2006 from the inside 
walls of an abandoned building.

Type locality
Kenya: Kilifi County; Malindi Marine Park, KWS Headquarters, 5 m 
a.s.l., −3.2546, 40.1320, in human-modified coastal rainforest.

Etymology
We are pleased to name the new species after one of Africa’s fore-
most bat biologists, Dr. Paul Waswa Webala, in recognition of his 
important contributions as a field biologist, conservation scientist, 
prolific author, and mentor to Africa’s next generation. We suggest 
Webala’s horseshoe bat as a common name for this species.

Diagnosis
A small member of the R. landeri species complex with spade-
shaped sella, acutely triangular connecting process, lancet with 

Fig. 4.  Maximum likelihood analysis of 7 nuclear introns for members of the Rhinolophus landeri species group. The phylogeny was inferred in IQ-TREE. 
Bootstrap values are included at major nodes.

PP782749
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strongly concave tip, and the presence of rust-colored axillary tufts 
in a majority of adult males (Fig. 6). Middle lower premolar tiny, dis-
placed labially and barely reaching the cingula of flanking premolars 
(Fig. 7). Echolocation call (Supplementary Data SD6) dominated by 
long constant-frequency signal flanked by brief initial and terminal 
frequency-modulated elements, the latter with a greater frequency 
span, making call bandwidth very broad. Peak frequency averages 
109.7 kHz, end frequency 80.2 kHz, and bandwidth 30.2 kHz. Unlike 

other sampled members of the landeri complex, the fundamental 
(first) harmonic of the call is conspicuous.

Description and comparisons
External measurements (in mm unless otherwise noted) of the 
holotype are TTL 76, TL 26, HF10, EL 15, WT 9.8 g, FA 44.5; tibia 
length, 19.18; third metacarpal, 31.45. Craniodental measurements 
are GLS 18.5, CIL 16.6, CCL 15.99, BB 7.69, ZB 9.47, PB 2.48, C–C 4.91, 

Table 3.  Craniodental variables for the Rhinolophus landeri species group. Entries include means, sample size (in parentheses), standard 
deviation, and range (minimum–maximum). Units are in mm. Right-most column contains 1-way ANOVA results testing that species of the 
landeri species complex (dobsoni, landeri, lobatus, and the new species) do not differ. n.s. indicates P > 0.05.

R. alcyone R. dobsoni R. landeri R. lobatus R. sp. nov. F3,87 to 112, probability

GLS 22.93 (13) 0.55
22.12 to 23.7

18.62 (2) 0.13
18.52 to 18.71

18.75 (34) 0.51
17.40 to 19.90

19.07 (6) 0.39
18.60 to 19.61

18.53 (61) 0.48
16.59 to 19.50

F = 3.25, P = 0.025

CIL 21.12 (9) 0.61
20.12 to 21.92

15.92 (2) 0.80
15.38 to 16.51

16.52 (30) 0.57
15.20 to 17.30

16.88 (5) 0.33
16.44 to 17.24

16.65 (54) 0.39
15.32 to 17.26

F = 2.52, n.s.

CCL 20.51 (13) 0.81
19.7 to 22.79

15.46 (2) 0.78
14.85 to 15.95

15.87 (35) 0.49
14.70 to 16.87

16.36 (6) 0.10
16.20 to 16.48

16.03 (60) 0.27
15.21 to 16.58

F = 5.51, P = 0.001

BB 9.67 (14) 0.28
9.24 to 10.07

8.3 (3) 0.46
7.77 to 8.65

7.91 (40) 0.27
7.10 to 8.30

8.19 (7) 0.26
7.92 to 8.62

7.98 (61) 0.32
7.39 to 8.65

F = 2.93, P < 0.05

ZB 12.14 (14) 0.36
11.56 to 12.71

9.34 (3) 0.05
9.3 to 9.4

9.29 (40) 0.35
8.40 to 9.79

9.61 (7) 0.14
9.53 to 9.90

9.59 (63) 0.23
8.93 to 10.05

F = 10.9, P < 0.000

PB 3.2 (14) 0.21
2.91 to 3.59

2.25 (3) 0.15
2.09 to 2.39

2.45 (40) 0.20
2.10 to 3.08

2.51 (7) 0.19
2.22 to 2.84

2.45 (65) 0.16
2.13 to 2.98

F = 1.52, n.s.

C–C 6.41 (13) 0.19
6.05 to 6.76

4.58 (3) 0.17
4.45 to 4.77

4.43 (37) 0.30
3.79 to 5.03

4.58 (7) 0.26
4.23 to 4.92

4.83 (64) 0.22
4.00 to 5.35

F = 20.45, P < 0.000

MSTW 10.47 (14) 0.22
9.87 to 10.81

8.53 (3) 0.28
8.22 to 8.77

8.46 (40) 0.29
7.70 to 9

8.68 (7) 0.11
8.55 to 8.85

8.46 (64) 0.32
7.23 to 9.25

F=1.13, n.s.

MPW 10.89 (14) 0.23
10.52 to 11.21

8.93 (2) 0.12
8.84 to 9.01

8.95 (38) 0.25
8.50 to 9.60

9.03 (7) 0.17
8.86 to 9.34

8.65 (60) 0.60
8.72 to 9.6

F = 3.86, P = 0.1.

MTRL 8.79 (13) 0.24
8.42 to 9.17

6.44 (3) 0.21
6.23 to 6.64

6.58 (38) 0.31
5.80 to 7.08

6.74 (7) 0.15
6.43 to 6.92

6.64 (66) 0.20
5.922 to 7.00

F = 1.61, n.s

MLTRL 6.79 (14) 0.21
6.52 to 7.13

5.26 (3) 0.04
5.22 to 5.29

5.03 (40) 0.24
4.60 to 5.63

5.35 (7) 0.13
5.22 to 5.54

5.06 (66) 0.21
4.76 to 5.64

F = 5.40, P < 0.002

M2–M2 8.55 (14) 0.27
8.06 to 8.99

6.44 (3) 0.14
6.29 to 6.55

6.61 (40) 0.20
6.30 to 7.10

6.57 (7) 0.20
6.26 to 6.80

6.62 (66) 0.27
6.1 to 7.21

F = 0.62, n.s.

DENL 15.96 (14) 0.55
15.19 to 16.8

11.78 (2) 0.63
11.33 to 12.22

12.03 (40) 0.46
11.20 to 13.30

12.43 (7) 0.10
12.28 to 12.57

12.17 (65) 0.35
11.47 to 12.82

F = 3.15, P < 0.05

MANDL 7.13 (66) 0.19
6.76 to 7.58

6.93 (2) 0.21
6.79 to 7.08

7.42 (39) 0.39
6.3 to 8.3

7.35 (7) 0.22
7.01 to 7.66

7.13 (66) 0.19
6.75 to 7.58

F = 10.4, P < 0.000

Table 2.  External variables for species of the landeri species group. Entries include means, sample size (in parentheses), standard deviation, 
and range (minimum–maximum). Units are in mm except weight, which is in grams. Right-most column contains 1-way ANOVA results 
testing that the 4 groups in the landeri species complex (dobsoni, landeri, lobatus, and the new species) do not differ. n.s. denotes P > 0.05.

R. alcyone R. dobsoni R. landeri R. lobatus R. sp. nov. F3,142, probability

Total length (TTL) 95.46 (13) 6.49
85 to 108

71 (1) 76.37 (19) 4.10
69 to 85

81.2 (5) 2.49
79 to 85

79.32 (128) 6.14
60 to 93

 2.26 (n.s.)

Tail length (TL) 27 (13) 4.34
19 to 32

25 (1) 25.53 (19) 3.20
21 to 35

25.8 (5) 2.86
21 to 28

28.08 (128) 2.32
21 to 34

 7.36 (P < 0.001)

Hind foot length (HF) 12.92 (13) 1.61
11 to 15

10 (1) 9.58 (19) 0.69
8 to 11

6 (5) 0.55
6 to 7

8.93 (128) 1.02
7 to 12

12.77 (P < 0.001)

Ear length (EL) 23.35 (13) 2.32
20 to 27

17 (1) 17.26 (19) 2.28
12 to 22

19 (5) 1.41
17 to 20

17.24 (127) 1.68
14 to 29

 1.62 (n.s.)

Weight (W) 17.73 (13) 2.37
12.5 to 21

[missing] 7.45 (33) 1.28
5.2 to 9.9

8.18 (5) 0.33
7.8 to 8.6

7.80 (107) 0.68
6 to 10.2

 2.88 (n.s.)

Forearm length (FA) 54.62 (13) 1.98
51 to 57

44 (1) 44.05 (40) 1.58
40 to 48

45.4 (5) 0.55
45 to 46

45.03 (128) 1.14
42.7 to 49

 6.77 (P < 0.001)

http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyae085#supplementary-data
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Table 4.  Call variables for 3 species of the Rhinolophus landeri complex. Entries include means, sample size (in parentheses), standard 
deviation, and range (minimum–maximum). Units are in kHz unless otherwise noted. Right-most column contains 1-way ANOVA results 
testing that the 3 groups do not differ.

R. landeri R. lobatus R. sp. nov. F2,40, probability

Frequency of maximum energy 102.45 (14) 1.00
100.91 to 103.87

106.88 (5) 0.55
106.58 to 107.87

109.73 (24) 1.17
105.53 to 110.70

203.54 (P < 0.001)

Start frequency 104.83 (14) 1.94
102.56 to 111.71

111.56 (5) 0.53
111.32 to 112.50

110.41 (24) 1.26
105.93 to 111.71

73.95 (P < 0.001)

End frequency 87.07 (14) 6.38
81.32 to 100.50

103.47 (5) 0.52
103.12 to 104.29

80.23 (24) 3.62
75.47 to 89.53

55.57 (P < 0.001)

Duration (ms) 67.56 (14) 14.76
32.61 to 85.07

65.70 (5) 15.52
47.95 to 85.05

58.87 (24) 9.37
47.60 to 85.00

2.50 (n.s.)

Call interval (ms) 124.73 (5) 83.26
76.00 to 272.53

138.36 (5) 45.93
87.85 to 198.55

177.55 (24) 36.45
113.30 to 293.30

3.58 (P < 0.05)

Bandwidth 12.29 (14) 6.61
3.45 to 23.22

8.08 (5) 0.26
7.62 to 8.21

30.17 (24) 3.92
19.31 to 35.58

143.55 (P < 0.001)

Fig. 5.  Trivariate plot of echolocation call variables for sampled members of the Rhinolophus landeri species complex. Variables are frequency of maximum 
energy, end frequency, and bandwidth; units of all 3 in kHz.
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MSTW 7.73, MPW 8.57, MTRL 6.62, MLTRL 4.91, M2–M2 6.32, DENL 
11.91, MANDL 7.18.

A small member of the R. landeri species complex with naked, 
spade-shaped sella; acutely triangular connecting process, with 
leading and trailing edges longer than its base on the lancet; tip 
of the lancet acutely triangular, with lancet margins strongly con-
stricted above the dorsal cell; lancet shorter than the horseshoe is 
broad; horseshoe less broad than muzzle, and averaging somewhat 
smaller than in R. landeri and R. lobatus—mean of 6 fluid-preserved 
samples 7.1 mm with a range 6.76 to 7.74, whereas comparable val-
ues for 12 landeri are 7.53 mm (6.9 to 8.3) and 6 lobatus are 7.61 mm 
(7.07 to 7.98), but differences are not significant (F2,21 = 2.96, P = 
0.07). Median emargination of horseshoe as broad as the connect-
ing process, and internarial cup is highly cupped. Lower lip with a 
single distinct median groove. Dorsal fur typically grayish to honey 
brown, venter paler. Many rhinolophoid bats, including both R. alcy-
one and R. landeri (Rosevear 1965), exhibit 2 pelage morphs—one  
grayish-brown and the other distinctly reddish. Although the red-
dish morph was thought to be absent in R. dobsoni (cf. Kock 1969), 
FMNH 35381 from Gallabat, Sudan (near the Ethiopian border), doc-
uments its existence in that taxon. The reddish morph is also rare 
and may be entirely absent in R. webalai sp. nov., as none of the 
specimens we collected in mistnets, abandoned buildings, mines, or 
caves exhibited this morph. Rust-colored axillary tufts are present 
in most males. Of 33 fluid-preserved males at hand, 18 had well 
developed rust-colored axillary tufts, and 5 others had incipient (or 
rudimentary) tufts; only 10 lacked any trace of tufts.

First upper premolar small but aligned with adjacent teeth so that 
canine and second premolar (P3) are well separated (Supplementary 
Data SD7); middle lower premolar tiny, its crown barely reaching 
the cingula of the adjacent premolars, and labially displaced, so 
that the first and last premolars are in contact or very nearly so. 
Rhinolophus dobsoni resembles it in lower premolar size and place-
ment, whereas R. landeri and R. lobatus have somewhat larger and 
less displaced p3.

Although traditional cranial and dental morphometrics of spe-
cies in the landeri complex are broadly overlapping, a number of 
variables show significant diagnostic differences (P < 0.05) as judged 
by Tukey’s HSD. From R. dobsoni, R. webalai sp. nov. differs in having 

a narrower braincase and a shorter postcanine maxillary toothrow. 
From R. landeri, the new species differs in having broader zygomatic 
arches, a greater distance across the canines, a smaller mastoid 
process width, and shorter mandibular toothrow. And from R. loba-
tus, R. webalai sp. nov. differs in having a shorter postcanine maxil-
lary toothrow (Table 3; Fig. 7).

The baculum of R. webalai sp. nov. is a simple, straight rod-like 
shaft with a smoothly flaring and slightly notched base when 
viewed dorsally. Across 9 adult males, bacular length averaged 
2.25 mm (range 2.05 to 2.49) and base breadth 0.78 mm (0.685 to 
0.885; Supplementary Data SD8). Bats identified as R. lobatus by 
Taylor et al. (2018) had on average somewhat longer and broader 
bacula (2.57 mm, 0.94 mm), although several small samples of bats 
that they identified as R. cf. lobatus from the same general area var-
ied in average baculum length from 1.98 to 2.96 mm and in base 
breadth from 0.42 to 1.12 mm. A single West African bat that they 
identified as R. landeri had a baculum with a length of 2.29 mm and 
a breadth of 0.88 mm, resembling R. webalai sp. nov.

Echolocation calls of R. webalai sp. nov. (Fig. 5; Supplementary 
Data SD6) are dominated by a long constant-frequency signal (mean 
109.76 kHz); call frequency averages higher than either R. landeri 
(102.7 kHz) or R. lobatus (106.9 kHz). The main call in all 3 species 
is flanked initially and terminally by brief frequency-modulated 
elements; the terminal element in R. webalai sp. nov. has a great 
frequency span, making the bandwidth very broad (30.17 kHz) for a 
high duty-cycle bat, and much broader than R. landeri (9.03 kHz) or 
R. lobatus (8.08 kHz). The fundamental (first) harmonic is conspicu-
ous in R. webalai sp. nov. but not apparent in calls of R. landeri or R. 
lobatus.

Known parasites of R. webalai sp. nov. include the streblid bat fly 
Raymondia planiceps, which infested the series from Malindi Marine 
Park and Marsabit National Park. Bats of this species are also more 
rarely infested by the eurytopic nycteribiid bat fly Penicillidia fulvida 
(Bigot 1885; see Verrett et al. 2022).

Distribution
Insofar as known, R. webalai sp. nov. occurs in a variety of habitats, 
both natural and human-influenced, in Kenya and South Sudan. Its 
occurrence in neighboring Uganda and northern Tanzania seems 

Fig. 6.  External characteristics of Rhinolophus webalai sp. nov., showing nose leaf, axillary tufts, and typical grayish-brown pelage condition of FMNH 233830, 
adult male from Marsabit National Park and Reserve, Kenya.
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Fig. 7.  Cranial and mandibular views of the Rhinolophus landeri species complex, all to same scale: (a) R. dobsoni, FMNH 48714; (b) R. landeri, FMNH 240685; 
(c) R. lobatus, FMNH 229146; and (d) R. webalai sp. nov., FMNH 215894 (holotype).
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likely. Somali bats identified as R. landeri by Lanza et al. (2015) have 
measurements distinctly smaller than those of R. webalai, raising 
the possibility that the new species is replaced by a different species 
in northern parts of that country. The extensive distribution and 
varied ecological and roosting associations of R. webalai suggest an 
IUCN listing as “Least Concern.”

For most of the 20th century, the R. landeri complex was thought 
to consist of a single species, more recently as one consisting of 
2 subspecies. As might be expected from this history, traditional 
external and craniodental characters fail to distinguish the dif-
ferent members of this group. Yet as alternative character sets are 
documented, the distinctions of regional taxa have become more 
apparent. Mitochondrial Cytb shows reciprocal monophyly among 
all the taxa tested, including R. dobsoni, while 7 nuclear introns more 
clearly document the distinction of R. webalai sp. nov. from other 
members of this complex than is apparent between R. landeri and 
R. lobatus. Small but significant differences also exist in the vocali-
zations of typical members of R. landeri, R. lobatus, and R. webalai sp. 
nov., and the calls of the latter species appear to differ qualitatively 
in call structure.

Strong genetic and vocal distinctions of R. webalai sp. nov. are 
the primary justifications for its description as a new species, yet 
these character sets are still lacking for some other taxa in the 
complex. Only mitochondrial sequences are available to gauge 
the genetic distinctions of R. webalai sp. nov. from Sudanese R. dob-
soni. The Cytb phylogeny securely recovered R. webalai and R. dob-
soni as monophyletic and as sister to each other and as a pair to 
R. landeri (Fig. 2). The substitution network also substantiates the 
distinction of R. dobsoni from both R. landeri and from R. webalai 
sp. nov. (Fig. 3).

Rhinolophus axillaris, known only from Aba, Democratic Republic 
of the Congo, has long been treated as a synonym of R. landeri 
(Koopman 1975; Van Cakenberghe et al. 2017), and thus was a pos-
sible senior synonym for the new species. Rhinolophus axillaris was 
named in recognition of its possession of the axillary tufts that 
characterize other members of the landeri species group. However, 
in GLS (mean of 20 mm reported by Allen et al. 1917), axillaris is 
larger than any individual of the landeri complex that we measured, 
and those species average far smaller (Table 3). Perhaps more sig-
nificantly, the second premolar in the mandibular battery of axilla-
ris is large and more in line with the remaining cheek teeth, fully 
separating the first lower premolar from the last (Supplementary 
Data SD9). In all members of the landeri complex, the second lower 
premolar is tiny, subequal to the cingula on flanking premolars and 
labially displaced, so that the first and last premolars are in closer 
contact (Fig. 7; Supplementary Data SD7). Unfortunately, our efforts 
to obtain Cytb sequence from the R. axillaris holotype failed. Until 
additional specimens allow a fuller evaluation and characterization 
of this form, we regard R. axillaris as a valid taxon. Given its axillary 
tufts, it is most likely a member of the landeri species group; perhaps 
given its size, it is more closely related to R. alcyone or R. guineensis 
than to the landeri complex.

Our Cytb substitution network (Fig. 3) neatly recovers members of 
the landeri species group as nearest neighbors and admits no other 
species. A previous median-joining network for these taxa (Fig. 3 in 
Taylor et al. 2018) depicted various species of the Rhinolophus capen-
sis species group interposed between R. lobatus and R. landeri. This 
undoubtedly resulted from use of a contaminated sample for R. lan-
deri, as acknowledged by Taylor et al. (2019). Interestingly, in mito-
chondrial terms, lobatus is closer to West African “cf. landeri” than 
it is to its erstwhile synonyms and geographic neighbors: Central 
African landeri, North African dobsoni, and East African webalai sp. 
nov. (Table 1).

Both R. alcyone and R. landeri show evidence of distinct subclades 
in Central and West Africa (Figs. 2 and 3). The phylogeographic break 
in R. alcyone occurs at the Dahomey Gap, where the interior savanna 
mosaic extends south to the coast and interrupts the expanse of 
moist equatorial rainforests (Demenou et al. 2016). The gap itself is 
demarcated by the 2 largest rivers in West Africa, the Volta and the 
Niger, adding additional barriers to biotic distributions (Oates et al. 
2022). Samples of R. alcyone collected immediately west of the gap in 
Ghana were all recovered in a clade with those from Ivory Coast and 
Senegal, well separated from the Central African clade. This species 
is closely associated with lowland rainforests (Happold 2013a). In 
R. landeri, both the West African subclade (labeled as cf. landeri in 
Fig. 1) and the Central African clade range into Ghana, so that the 
distribution of the latter clade spans the Dahomey Gap. The broad 
habitat tolerances of R. landeri, which can include degraded forests 
and woodlands in West Africa (Rosevear 1965), and the dispersal 
abilities that allowed it to reach Bioko Island in the Gulf of Guinea 
may have allowed the Central African clade to cross the gap.

Cytb sequences from Mali (KU531353) and Senegal (FJ457612) 
were accessioned in GenBank as R. landeri and taken to represent 
that species in the corrected analysis by Taylor et al. (2019). These 
West African sequences, here designated cf. landeri, were strongly 
supported as sister to, but well separated from, the typical Central 
African landeri clade in the mitochondrial analysis (Fig. 2); in the 
multi-locus intron analysis, they were recovered as sister to all 
remaining members of the landeri species group (Fig. 4). The only 
species of the landeri species group not explicitly included in our 
analysis was R. guineensis, whose geographic range includes Guinea, 
Senegal, and likely also Mali. Mitochondrial–nuclear discordance is 
well known in Rhinolophus bats (e.g., Mao et al. 2013; Demos et al. 
2019) and is apparent here. Until vouchered specimens of R. guineen-
sis can be sequenced, it is possible that the specimens labeled cf. 
landeri in Fig. 4 are in fact misidentified R. guineensis; their associa-
tion with the West African Cytb clade of R. landeri is perhaps attrib-
utable to a historic introgression event.

Vocalizations distinguish R. webalai sp. nov. from other members 
of the landeri species complex, particularly its very low terminal fre-
quencies and the strength of the first harmonic in its calls. Both fea-
tures had been noted in earlier studies of Kenyan “R. landeri.” Using 
early acoustic equipment, O’Shea and Vaughan (1980) reported 
the peak frequency of handheld R. webalai sp. nov. calls as 55 kHz, 
mistaking its fundamental frequency for the second harmonic—in 
most rhinolophoid bats, the fundamental component is suppressed, 
and only the second harmonic is apparent. Taylor et al. (2005) later 
recognized the 55 kHz band as the fundamental frequency of the 
Kenyan bats.

Although the calls of most high duty-cycle bats are dominated by 
a constant frequency, Hill and Smith (1984) noted that “some popu-
lations” of R. landeri have calls with frequency-modulated sweeps of 
up to 40 kHz. This is an apparent reference to the vocalizations of R. 
webalai sp. nov., as frequency-modulated sweeps in the calls of both 
R. landeri and R. lobatus have very modest bandwidths by compari-
son (Fig. 5; Supplementary Data SD6).

Our conclusions (1) that the R. landeri complex includes not 2 
but 4 species (R. landeri, R. lobatus, R. dobsoni, and R. webalai sp. 
nov.) and (2) that R. axillaris is distinct and possibly more distantly 
related to this group must be considered tentative: our sample 
sizes were small and our geographic sampling porous. Basing our 
analysis on samples collected near type localities with support-
ing genetic information strengthens the association between pat-
tern and name, aiding taxonomic characterization, but ignores 
geographic variation and fails to interrogate zones of contact. 
Our conclusions rest mainly on the integrity of the genetic and 

http://academic.oup.com/jmammal/article-lookup/doi/10.1093/jmammal/gyae085#supplementary-data
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vocalization characters we have presented. Another potentially 
informative character set for subsequent analyses would be 
more detailed study of nose leaf variation (Csorba et al. 2003). 
Unfortunately, the methodology and analysis recently described 
by Chornelia et al. (2022) for distinguishing Asian species of 
Rhinolophus cannot be retroactively conducted on the dried or  
fluid-preserved museum specimens on which we based our anal-
ysis. Nevertheless, future field workers should evaluate its effec-
tiveness for these Afrotropical Rhinolophus.

Supplementary data
Supplementary data are available at Journal of Mammalogy online.

Supplementary Data SD1. Table of specimens used in genetic, mor-
phological, and vocalization analyses of the Rhinolophus landeri species 
group, including accession numbers and provenance (.csv format).

Supplementary Data SD2. Plot of PCA factors 1 and 2 from 
analysis of craniodental variables for the Rhinolophus landeri 
complex.

Supplementary Data SD3. Squared Mahalanobis distances from 
discriminant function analysis of log-transformed craniodental 
variables, and their F-values and significance.

Supplementary Data SD4. Classification matrix from discrimi-
nant function analysis and percent correctly classified values.

Supplementary Data SD5. Results of Tukey’s HSD (unequal sam-
ple sizes) for 6 vocalization variables among sampled members of 
the Rhinolophus landeri complex.

Supplementary Data SD6. Hanning window plots of 4 individu-
als of Rhinolophus landeri field recorded in Equatorial Guinea (a to d), 
and 4 individuals of Rhinolophus webalai sp. nov. from Kenya (e to h). 
Ordinal units in kHz; abscissa panels are each 250 ms.

Supplementary Data SD7. Maxillary (above) and mandibular 
(below) toothrows of Rhinolophus webalai sp. nov. (FMNH 215909). 
Scale bar = 1 mm.

Supplementary Data S8. Dorsal view of bacula of Rhinolophus 
webalai sp. nov.; scale below in mm. (a) FMNH 233843; (b) FMNH 
233883; (c) FMNH 233884; (d) FMNH 233885; (e) FMNH 233894.

Supplementary Data S9. Mandibular toothrow of Rhinolophus 
axillaris (AMNH 49175, female holotype) showing the prominent sec-
ond lower premolar that clearly separates the first and last premo-
lars, suggesting it may not belong in the Rhinolophus landeri complex.
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