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Abstract

Ichnotropis is a genus of medium-sized lacertids endemic to sub-Saharan Africa, characterised by rough head shields. The genus
currently comprises six nominal species distributed across much of southern, central, and eastern Africa. Some species are apparently
active at only certain times of the year, resulting in limited specimen collections and severely hampering research. This scarcity of
material has historically made comprehensive systematic reviews of the genus difficult and has led to the description of numerous
regional morphological variants as distinct species or subspecies. Material collected in recent years has enabled us to provide a new
phylogenetic hypothesis of Ichnotropis using two mitochondrial genes (16S and ND4) and two nuclear genes (c-mos and RAG-1).
Our phylogenetic dataset includes 56 individuals representing five of the six currently recognised species (excluding /. chapini).
Additionally, the broad geographical sampling of the widespread /. capensis group has allowed us to explore the taxonomic status of
several species and subspecies within the group. As a result, we demonstrate the monophyly of Ichnotropis in relation to other Afri-
can lacertids and present the most comprehensive phylogeny of the genus to date. We also provide the first phylogenetic placements
for . tanganicana and 1. grandiceps, which allows us to validate their taxonomic statuses. Furthermore, we recovered a new cryptic
species closely related to /. grandiceps, and identified several well-supported clades within the /. capensis group, all corroborated by
multi-locus species delimitation analyses. One of these clades is described herein as a new species, while the remaining taxa of inter-
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est are discussed and highlighted for future investigation. Based on our findings, we recommend the following taxonomic revisions:
Ichnotropis longipes and I. macrolepidota should remain synonyms of . capensis; I. bivittata pallida and I. capensis nigrescens are
treated as a junior synonyms of /. bivittata; and I. overlaeti is considered a junior synonym of /. tanganicana. Although we could not
determine the phylogenetic placement of /. chapini due to the lack of genetic material, its head morphology and scalation support its
reassignment to the /. bivittata group. Thus, it is retained as a valid species pending the availability of new material for further tax-
onomic actions. In conclusion, this study resolves several long-standing taxonomic issues within one of Africa’s most understudied

lacertid genera and lays a solid foundation for future research on the genus Ichnotropis.
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Introduction

The family Lacertidae comprises 388 recognised spe-
cies and numerous subspecies distributed across Africa,
Europe, and Asia (Uetz et al. 2025). Although the main
species hotspot can be found in the Palearctic, particu-
larly in arid zones such as northern Africa and the Ara-
bian Peninsula, substantial diversity also occurs farther
south. Central and southern Africa—spanning much of
sub-Saharan Africa, from south of the Congo River Ba-
sin to the southernmost tip of the continent—harbours at
least 65 recognised species across 11 genera (Uetz et al.
2025). This accounts for approximately 17% of global
lacertid diversity, underscoring the region’s significance
as a centre of endemism and evolutionary diversification
within the family. Despite its richness, the lacertid fauna
of central and southern Africa remains comparatively un-
derstudied (Tolley et al. 2016), highlighting a gap in our
knowledge on the family’s biogeography and evolution-
ary history.

In recent years, several phylogenetic studies have
attempted to address this gap by focussing on central
and southern African lacertid genera, including Adolfus
(Greenbaum et al. 2011, 2018), Pedioplanis (Makokha et
al. 2007; Conradie et al. 2012; Childers et al. 2021; Par-
rinha et al. 2021), Meroles (Edwards et al. 2012, 2013a),
Nucras (Edwards et al. 2013b; Branch et al. 2019; Bauer
et al. 2019, 2020, 2025; Baptista et al. 2020), and He-
liobolus (Marques et al. 2022a). Some of these and other
studies have also focused on alpha taxonomy (Green-
baum et al. 2011; Edwards et al. 2013a; Englender et al.
2013; Wagner et al. 2014). Collectively, these studies
have improved our knowledge of lacertid systematics
and diversity, resulting in the description of multiple new
species. Despite this progress, detailed phylogenetic and
phylogeographic studies are still lacking for certain gen-
era, such as Holaspis, Ichnotropis, Latastia, and Tropi-
dosaura.

The African lacertid genus Ichnotropis Peters, 1854
comprises several small to medium-sized, rough-scaled,
terrestrial species that inhabit mesic to xeric savannas in
central and southern Africa (Branch 1998; Spawls et al.
2018; Pietersen et al. 2021; Benito et al. 2025). Interest-
ingly, the genus includes several sympatric species that

are presumed to have an annual reproductive strategy,
in which they breed asynchronously, and this might be
a strategy to reduce interspecific competition (Broad-
ley 1967a, 1974, 1979; Jacobsen 1987). However, our
knowledge of this ecological phenomenon is hampered
by the lack of robust ecological studies on this genus.

Knowledge of the genus is based largely on the work
of Boulenger (1921) and subsequent species descriptions
by de Witte and Laurent (1942), Laurent (1952), Marx
(1956) and Broadley (1967b), as well as a recent compre-
hensive synthesis of the genus provided by van den Berg
(2017). Six species are currently recognised as valid:
Ichnotropis bivittata Bocage, 1866; Ichnotropis capen-
sis (Smith, 1838); Ichnotropis chapini Schmidt, 1919;
Ichnotropis grandiceps Broadley, 1967; Ichnotropis mi-
crolepidota Marx, 1956; and Ichnotropis tanganicana
Boulenger, 1917. Furthermore, the subspecies, /. bivittata
pallida Laurent, 1964 is considered to be valid, while ad-
ditional species or subspecies (i.e., I. capensis nigrescens
Laurent, 1952; I. macrolepidota Peters, 1864; I. longipes
Boulenger, 1902; I. overlaeti de Witte & Laurent, 1942)
have been described but are currently not considered
valid, or are controversial (Uetz et al. 2025). Confusion
therefore persists in the literature regarding the number
of accepted species, their diagnostic characteristics, and
synonyms (van den Berg 2017). Thus, in the absence of
a strong phylogenetic framework for Ichnotropis that can
be used to clarify species boundaries, and a detailed mor-
phological revision, this confusion is likely to continue.

In recent years, collections of Ichnotropis across its
range have improved, particularly due to a concerted ef-
fort to carry out biodiversity surveys in under-sampled re-
gions such as Angola (Conradie et al. 2016, 2022a; Beni-
to et al. 2025), the Democratic Republic of the Congo
(DRC) (Keates 2024) and Zambia (Pietersen et al. 2017).
This has allowed for validation of the taxonomic status of
some described species within a phylogenetic framework
in the current study, as well as providing a more informed
knowledge baseline regarding the diversity and evolution
of this group in central and southern Africa. Through this
process, we aim to stabilise the taxonomy of the group
and lay a foundation for future work.



Vertebrate Zoology 75, 2025, 627-672

629

Material and Methods

Sampling

Over the past decade, multiple new Ichnotropis spec-
imens were collected across central and southern Afri-
ca, especially from Angola, Democratic Republic of the
Congo (DRC), Mozambique, South Africa and Zambia
(Table 1). Initial species identifications were based on
key diagnostic features (e.g., dorsolateral colouration,
head scalation, supraocular—supraciliar-prefrontal con-
tacts) reported in the literature (Boulenger 1921; Marx
1956; Broadley 1967b; van Berg 2017), supplemented
by examination of type and topotypic or near-topotypic
material (see Morphology below), and by considering
geographic proximity to the respective type localities.
DNA samples were collected from either liver, muscle
or tail tips and preserved in 99% ethanol after which
voucher specimens were fixed in 10% formalin and trans-
ferred to 70% ethanol for long-term storage at the Port
Elizabeth Museum (PEM, South Africa), the Coleccao
Herpetologica do Lubango (CHL, Angola), the Nation-
al Museum Namibia (NMNW, Namibia), the Museu
de Historia Natural e da Ciéncia—Universidade do Por-
to (MHNC-UP, Portugal), the Museo delle Scienze di
Trento (MUSE, Italy), and the Fundagao Kissama Col-
lection (FKH, Angola). Representative material was also
deposited with the Ministry of Environment, Luanda,
Angola (MINAMB), and the Museu de Historia Natural
de Maputo, Mozambique (MHNM). For all newly col-
lected specimens, geographic coordinates were recorded
in decimal degrees (WGS84 datum, four decimal places)
using a handheld GPS, and elevation in meters above sea
level (a.s.l.).

DNA extraction, amplification and
sequencing

DNA was isolated from tissue samples using a standard
salt extraction method (Aljanabi and Martinez 1997).
Standard Polymerase Chain Reaction (PCR) procedures
were utilised to amplify one partial mitochondrial ribo-
somal gene (16S rRNA [16S]), one partial mitochondrial
gene (NADH-dehydrogenase subunit 4 [ND4]), and two
partial nuclear genes (oocyte maturation factor [c-mos],
recombination activating gene 1 [RAG-1]). Each ampli-
fication was conducted with a PCR mixture of 25 ul to-
tal volume, containing 12.5 pL. Taq DNA Polymerase 2x
Master Mix (Ampliqon; 3 mM MgCl,, 0.4 mM dNTPs
and Ampliqon Taq DNA polymerase), 2 pl forward prim-
er (10 uM), 2 ul reverse primer (10 uM), and 8.5 pl of
extracted genomic DNA (20-50 ng/ul) and water com-
bined. The cycling profile for all the genes was as fol-
lows: Initial denaturation step at 94°C for 5 min, followed
by 30-37 cycles of 94°C for 30 s, 42—-58°C for 45 s, and
72°C for 45 s, with a final extension at 72°C for 8 min.
The cycling profile for the genes differed only in the an-
nealing temperature and the number of cycles (Table S1).
The prepared PCR products were sent to Macrogen Cor-

poration in Amsterdam, The Netherlands, for purification
and sequencing with forward primers.

Phylogenetic analyses

For the phylogenetic analyses, 46 Ichnotropis individu-
als were sequenced, supplemented with sequences from
10 individuals available from GenBank. Six Meroles
squamulosus individuals were used as outgroup taxa
(Table 1). For each gene, new sequences were checked
and edited using BioEdit Sequence Alignment Editor
v.7.2.5 (Hall 1999), and then aligned with the GenBank
sequences in MEGA v.7.0.27 (Tamura et al. 2013), using
the ClustalW v.1.6 alignment algorithm with default set-
tings for alignment parameters (Thompson et al. 1994).
Single gene maximum likelihood (ML) trees were cre-
ated in IQ-TREE v.2.1.3 (Nguyen et al. 2015) to visually
check the placement of sequences and compare topolo-
gies. DAMBE v.7.3.1 (Xia 2018) was used to test for sat-
uration using the individual as well as combined first and
second codon positions of each protein-coding gene. As
none of the genes were found to be saturated, the genes
were not partitioned by codons. In addition, congruence
between individual gene datasets, as well as between mi-
tochondrial and nuclear datasets, were tested using 100
replicates of the partition-homogeneity test (PHT) (Farris
et al. 1994, 1995) in PAUP* v.4.0a169 (Swofford 2003).
All gene-tree combinations were congruent, allowing
for the creation of a concatenated dataset of 2128 base
pairs for further phylogenetic analyses, with the individ-
ual gene alignments joined using SequenceMatrix v.1.8.2
(Vaidya et al. 2011).

The optimal partition scheme and best-fitting models
of molecular evolution were selected using ModelFinder
implemented in [Q-TREE (Chernomor et al. 2016; Minh
etal. 2021). The following settings were used: -p partition
file (each partition has its own evolution rate), a greedy
strategy and the FreeRate heterogeneity model exclud-
ed (only invariable sites and Gamma rate heterogeneity
considered) (Chernomor et al. 2016; Kalyaanamoorthy et
al. 2017). As MrBayes is not able to implement all the
IQ-TREE models, the -mset mrbayes command was used
to ensure that only models that were compatible with
MrBayes were selected. The best-fitting model schemes
selected for each dataset were as follows: 16S: GTR+G,
ND4: GTR+I+G, c-mos+RAG-1: HKY+G.

Maximum likelihood phylogenies were generated in
IQ-TREE, using a random starting tree and the best-fit-
ting model schemes selected for each dataset (as selected
above). The ultrafast bootstrap approximation (UFBoot)
method (Hoang et al. 2018) was implemented using 5000
replicates and a minimum correlation coefficient of 0.99.
To ensure accuracy, the analysis was run twice to con-
firm that independent ML searches recovered the same
topologies.

Bayesian inference (BI) was run using MrBayes
v.3.2.7a (Ronquist et al. 2012) on the CIPRES Science
Gateway XSEDE (http://www.phylo.org; Miller et al.
2010) using the gene-partitioned scheme and model se-
lection identified by ModelFinder implemented in IQ-
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TREE. Two parallel runs of the MCMC were run for 20
million generations, each with four independent chains,
and trees were sampled every 1000 generations using
BEAGLE (Ayres et al. 2019). A burn-in of 20% was used
to generate the consensus tree. Tracer v.1.7.2 (Rambaut
et al. 2018) was used to assess the effective sample size
(ESS) for the run parameters. The ESS values were found
to be above 200, indicating that the burn-in was adequate.
Both the ML and BI trees were generated using FigTree
v.1.4.4 (Rambaut 2018). Nodes with bootstrap support
(BS) > 95% for ML analyses as well as posterior proba-
bilities (PP) > 0.95 for the BI analyses (Huelsenbeck and
Rannala 2004) were regarded as well supported.

Species delimitation analyses were performed to ex-
plore species boundaries and elucidate whether there
was potential cryptic diversification within Ichnotropis.
Mitochondrial genes (16S, ND4) were combined for spe-
cies delimitation analyses, excluding the outgroup taxa,
and the sequences were trimmed to 1134 bp to minimise
missing data in the datasets. Several different delimita-
tion analyses were run: Automatic Barcode Gap Discov-
ery (ABGD), Assemble Species by Automatic Partition-
ing (ASAP), Poisson Tree Processes (PTP), Multi-rate
Poisson Tree Process (mPTP), and Bayesian Poisson
Tree Processes (bPTP). Alignments were prepared and
uploaded onto the ABGD Web Interface (https://bioinfo.
mnhn.fr/abi/public/abgd/abgdweb.html, web version 22
May 2023) and the ASAP Web Interface (https://bioin-
fo.mnhn.fr/abi/public/asap/asapweb.html, web version
22 May 2023) as FASTA files. For ABGD, the following
settings were used: Standard pairwise distance (p dis-
tance) metrics, minimum barcode gap width (1), intraspe-
cific divergence minimum (0.001) and maximum (0.1)
(Puillandre et al. 2012). For ASAP, the Simple Distance
(p distance) substitution model was used (Puillandre et
al. 2021). Multi-locus ML phylogenies were created for
the two concatenated mitochondrial genes in IQ-TREE
as outlined above. The phylogenies were rendered as
unrooted nexus files and uploaded onto the bPTP web
server (http://species.h-its.org/ptp; Zhang et al. 2013) for
the PTP and bPTP analyses, and the mPTP analysis was
conducted using the web server at http://mptp.h-its.org/#/
tree (Kapli et al. 2016).

Uncorrected pairwise distances (p distances) were esti-
mated in MEGA X (Kumar et al. 2018) for mitochondrial
genes (16S, ND4). Sequences were trimmed to minimise
missing data in the datasets and p distances were estimat-
ed using uniform rates, pairwise deletion of remaining
data, and 500 bootstrap replicates.

Morphology

We examined all newly collected material in the collec-
tions of the National Museum of Namibia (NMNW),
Windhoek, Namibia, and Port Elizabeth Museum (PEM).
Additional morphological data were gathered from the
following museum collections: PEM, Ditsong National
Museum of Natural History, Pretoria (TM); Musée Royal
de I’Afrique Centrale, Tervuren, Belgium (RMCA); and
Institut Royal des Sciences Naturelles de Belgique, Brux-

elles, Belgium (IRSNB). The morphological dataset was
further supplemented with data from primary literature
(Boulenger 1921; Loveridge 1933; de Witte and Laurent
1942; Laurent 1952, 1964; Broadley 1967b; Haacke 1970)
and unpublished data of D.G. Broadley and W.R. Branch.
The final dataset incorporates morphological data from
the type specimens of: Ichnotropis bivittata, 1. capensis
nigrescens, 1. chapini, I. macrolepidota, I. microlepidota,
and 1. overlaeti. Additionally, high-resolution images of
the type specimens of /. longipes and I. tanganicana were
consulted, as well as key specimens in the Dundo Muse-
um, Angola (DM) and Museum of Comparative Zoology,
USA (MCZ). List of material examined can be found in
the Appendix. This represents all the relevant type mate-
rial, except for the type of Ichnotropis capensis, which
remains unaccounted for in the Natural History Museum,
London (BMNH). The available material enables us to
confidently assign our specimens to known species and to
make informed taxonomic decisions.

Scale nomenclature, scale counts, and measurements
used in the descriptions follow previous studies on Afri-
can Lacertidae (Conradie et al. 2012; Branch et al. 2019;
Parrinha et al. 2021; Benito et al. 2025), and were adjust-
ed as needed to address the morphology of Ichnotropis.
The following measurements were taken in millimetres
(mm) using a digital calliper (accuracy of 0.01 mm) with
the aid of a Nikon SMZ1270 microscope: Snout—vent
length (SVL, tip of the snout to the posterior edge of the
cloaca); tail length (TAIL, tip of tail to posterior edge of
the cloaca, measured only for specimens with complete
original tails); total length (TL, combined SVL and tail
length); head length (HL, from the anterior edge of the
occipital scale to the tip of the snout); head width (HW,
widest part of head —usually measured just behind the
eye); head height (HH, measured just behind the eyes);
snout to front of arm (S-FL, from tip of snout to anterior
insertion of forelimb); eye diameter (ED, from top ante-
rior to the posterior edge of eye); snout to eye distance
(SE, from tip of snout to anterior edge of eye); eye-to-eye
distance (EE, from anterior edge of one eye to anterior
edge of the other eye); tympanum length (Tymp-L, at
its widest part vertically); lower jaw length (LJL, ante-
rior edge of the jaw bone to tip of lower jaw); inter-limb
length (ILL, distance between axillary and inguinal re-
gions); forelimb length (FLL, from elbow to wrist); hind
limb length (HLL, from knee to heel); hind foot length
(HFL, from ankle to tip of fourth toe, excluding claw);
fourth finger length (FFL, excluding claw), fourth toe
length (FTL, excluding claw), length of anterior supra-
ocular scale (SO), distance between anterior supraocular
to second loreal (SO-L, measurement between the closest
point of the anterior supraocular to the posterior edge of
the second loreal), frontal scale width (FNW, at its widest
point), and frontal scale length (FNL). All measurements,
except for EE, FNW, FNL, were taken on the right side
of the body.

The following scalation details were recorded with the
aid of a dissecting microscope: Number of supralabials
(SL, anterior to the subocular); number of infralabials
(IL); the number and condition of the nasal scales; the
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number and condition of the loreals; scalation condition
of the lower eyelids; number of supraciliaries (SC); the
condition of temporal scales and the elongate temporal
plate (scales between parietals and temporal scales); the
degree of head striations (ridges) present on the dorsal
head; the condition of the tympanum opening and the
tympanic shield; the condition of the frontonasals (FN),
prefrontals (PF, whether the PF is in contact with anterior
SO and if the PF is in contact with 1** SC), frontal (F),
interparietal (IP), parietals (P) and occipital scales (O);
number of supraoculars (SO) [note: for this study we re-
strict the supraoculars to the two larger scales and refer
to the cluster of 1-4 smaller scales posterior to the 2
SO as the post-supraoculars]; number of smaller scales in
front of the anterior SO, touching frontal, prefrontal and
1** SC; number of granules in contact with the two large
SO and SC; number of paired chin shields (CS, and the
number in contact); midbody scale rows (MSR); longi-
tudinal ventral scale rows (LVSR, counted midway be-
tween fore- and hind limbs); transverse rows of ventrals
(TVSR, counted from the axilla to the groin); femoral
pores (right/left); and subdigital lamellae under the 4% toe
(LUFT).

To investigate the morphological variation between
Ichnotropis species and to compare them with previous-
ly published material (Benito et al. 2025), two separate
principal component analyses (PCA) were run on adult
specimens. We considered specimens to be adults if the
SVL was larger than 40 mm, as that was the smallest size
at which we could clearly observe the hemipenal bulge
in males. First, a PCA was performed on the full dataset,
which included all measurement variables (Dataset 1).
The initial analysis revealed that head-related measure-
ments (HH, HL, HW) accounted for most of the variation.
To determine whether other variables contributed notable
variation, a second PCA was run on a reduced dataset that
excluded these head measurements (Dataset 2). All the
variables were first size-corrected using a linear regres-
sion with body size (SVL) as the covariate, and the resid-
uals were used as input variables for the PCA. Variables
with communalities > 0.5 were retained in the analysis,
a varimax rotation was applied, and vectors with eigen-
values > 1.0 were extracted (Tabachnick and Fidel 2019).
The resulting principal component (PC) scores were saved
and subsequently used as input for a multivariate analysis
of variance (MANOVA), with species as the fixed fac-
tor. Differences between species were evaluated post hoc
using Tukey’s HSD test. All analyses were conducted in
RStudio v.2023.09.1+494 (RStudio Team 2022).

In order to explore other potential diagnostic charac-
ters between species, we tested the morphological varia-
tion in Dataset 1 and 2 across different taxa using permu-
tational ANOVAs (PERMANOVAs) with the package
RRPP (Collyer and Adams 2018) implemented in RStu-
dio v.2023.09.1+494 (RStudio Team 2022). Variables
were size-corrected (SVL) and log-transformed prior to
the analyses to mitigate the effects of size and multicol-
linearity. Finally, standard boxplots were used to visually
represent the variables that were significantly different
between species.

Mapping

To enable production of contemporary geographic distri-
bution maps for all Ichnotropis species, observation lo-
cations were sourced from published datasets (e.g., van
den Berg 2017; Marques et al. 2018), museum databases
(PEM, TM, RMCA, IRSNB), and other citizen science
repositories (http://www.inaturalist.org; http://vmus.adu.
org.za [records were download before the website shut
down]). Each record obtained from online sources was
checked for diagnostic features mentioned in this study to
confirm species identifications. Those which could not be
confidently identified were excluded from the mapping
exercise. However, historical specimens that were not ex-
amined, or for which identification could not be verified,
were tentatively mapped based on their initial identifi-
cation in the original publication or museum catalogue.
The online GeoNames gazetteer (http://www.geonames.
org) or the GEOLocate Web Application (https://www.
geo-locate.org/web/WebGeoref.aspx) was used to geo-
reference all historical data lacking precise location in-
formation. Finally, all valid observation records were
mapped using QGIS v.3.2 (http://qgis.org). Data used
for mapping can be found at: https://doi.org/10.6084/m9.
figshare.30285421.

Results

Phylogenetic analyses

Both maximum likelihood and Bayesian inference ana-
lyses recovered identical topologies for the concatenated
dataset (Figs 1, S1, S2), with strong support at most major
nodes. Although the mitochondrial and nuclear gene trees
produce different topology in the placement of 1. micro-
lepidota, these differences were not considered to repre-
sent strong phylogenetic conflict (see Figs S3, S4). Our
phylogenetic results recovered four distinct clades within
Ichnotropis.

Ichnotropis tanganicana was consistently supported as
sister to all other congeners in all analyses, from which
it is highly divergent (Table 2). All species delimitation
methods supported its distinct species status and further
subdivided it into two lineages (Fig. 1).

Ichnotropis microlepidota was recovered as sister to
the I. bivittata clade, though this relationship was not
strongly supported in the BI analysis. Nevertheless, all
species delimitation analyses favoured its specific sta-
tus, with notably high pairwise p distances for 16S and
ND4 genes (Table 2). The I bivittata clade contained
only four samples and amongst them, topotypic mate-
rial of I b. pallida (KTH09-075), which exhibited high
intraspecific variation. This sample differed markedly
from other 1. b. bivittata samples, with divergence val-
ues comparable to those in the 1. capensis group, but
lower than between other species (Table 2). Addition-
ally, all species delimitation analyses—except mPTP—
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Table 2. Mean sequence divergences (uncorrected p distances) between Ichnotropis species for 16S and ND4 genes, given as percentages. The numbers in the diagonal grey boxes represent the mean

intraspecific sequence divergences and standard errors, numbers below the diagonal grey boxes represent the mean interspecific sequence divergences, while numbers above the diagonal grey boxes

represent standard errors of the interspecific sequence divergences. n/c — was not possible to estimate sequence divergences.
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identified each 1. bivittata lineage as a candidate
species (Fig. 1).

Ichnotropis grandiceps was recovered as a sis-
ter taxon to the 1. capensis group. Furthermore,
newly collected material from Angola was re-
covered as a distinct lineage, sister to a sample
from Namibia (RE211206D1) collected from
near the type locality of I grandiceps, and with
high divergence in both mitochondrial markers
(Table 2). All delimitation analyses supported the
distinctiveness of the Angolan lineage as a candi-
date new species (Fig. 1).

Within the 1. capensis group, high levels of
intraspecific variation were detected, with three
major clades (Clades 1-3) returned in the phy-
logenetic analysis. Species delimitation analyses
recovered between three and seven candidate spe-
cies among these clades, which do not necessarily
agree with the three major clades. Sequence di-
vergence among Clade 1 with Clades 2 and 3 (col-
lectively referred to as 1. capensis sensu lato) was
>5% for 16S and ~12% for ND4 (Table 2), com-
parable to species-level thresholds amongst oth-
er African Lacertidae (~2—12% 16S and 7-23%
ND4; Conradie et al. 2012; Edwards et al. 2013a;
Branch et al. 2019; Parrinha et al. 2021). Further-
more, 1. capensis sensu lato was consistently sup-
ported as distinct across all species delimitation
methods. It should be noted that the intra-specif-
ic variation within /. capensis sensu lato, while
surprisingly high, was not comparable with spe-
cies level divergence (Fig. 1; Table 2). Overall,
we propose that the genetic evidence, taken with
other evidence (see below) suggests that each of
these groups can be considered separately evolv-
ing metapopulations under the general lineage
concept of species (de Queiroz 1998; see below).

Morphology

The two PCAs produced similar results despite
analysing different subsets of original variables.
In PCA1 (Dataset 1), PC1 (37.3%) and PC2
(13.11%) together explained 50.41% of the to-
tal variation, with PC1 primarily correlated to
head-related variables (HL and SE) and PC2
correlated to limb measurements (FTL and HFL;
Fig. 2; Table S2). Similarly, in PCA2 (Dataset
2), PC1 (36.24%) and PC2 (11.41%) accounted
for 47.65% of the total variation, in which PC1
is also correlated with head morphology (SE and
LJL), while PC2 correlated to the same variable
as in previous analysis, suggesting consistent
underlying morphological patterns regardless of
variable inclusion. The MANOVA showed sig-
nificant differences between the species for only
PC2 (P = 0.000) in both PCAs, and for PC1 of
PCA2 (P = 0.007; Table S2). Post hoc pairwise
comparisons (Tukey’s HSD) revealed no signif-
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icant differences between species for PC1 (P > 0.05),
but significant differences were detected for PC2 in both
analyses (Table S3). The main differences detected were

between species of different groups (e.g., I. bivittata ver-
sus 1. capensis; I. capensis versus 1. grandiceps) but not
within the different groups (Table S3).
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In addition, the PERMANOVA analysis revealed
additional significant differences not captured by the
MANOVA of the principal components, primarily in
snout—vent length (SVL) and two head measurements
(head width, HW; head height, HH; Table S4). Notably,
the new candidate species sister to /. grandiceps exhibit-
ed key morphological divergence, differing significantly
in HW compared to I. bivittata (ANOVA: F = 10.445,
P =0.030), I capensis (F = 17.514, P = 0.001), and the
candidate species sister to 1. capensis (F = 16.096, P =

0.002). Differences in HH were also detected between
1. grandiceps and I. capensis (F = 16.483, P = 0.001), as
well as between I. grandiceps and the candidate species
sister to /. capensis (F =13.388, P=0.007). Additionally,
L capensis differed from I. microlepidota (F =9.443, P =
0.048) and the candidate species sister to I. grandiceps
(F=10.452, P=0.030) in HH.

The morphological analyses suggest overall, that
the genus Ichnotropis can be divided into three distinct
morphological groups based on head morphology and
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Figure 3. Records of specimens from the Ichnotropis bivittata group, based on all literature records (open circles), examined

material (closed circles) and genetically analysed material (white centres). Respective type localities are indicated by arrows:

Ib — L bivittata, Ibp — 1. bivittata pallida, Ic — I. chapini, Im — I. microlepidota, Ien — I. capensis nigrescens, lo — I. overlaeti and

It — I tanganicana.

scalation. These groupings provide a useful framework
for species identification and can be used to support the
species hypotheses from the phylogenetic analyses: The
L bivittata, I. grandiceps, and I. capensis groups. The
L bivittata group can be defined morphologically based
on a more rounded snout, the prefrontal scale mostly in
contact with the anterior large supraocular (89% in con-
tact, n = 86), and with irregular strongly developed head
striations. The 1. grandiceps group can be defined by a
robust but pointed snout, a prefrontal scale that is always
separated from the anterior large supraocular, and a head
with weakly developed striations. The /. capensis group
can be defined by a narrower and pointed snout, the pre-
frontal mostly separated from the anterior supraocular
(96%, n = 288), with prominent and evenly spaced head
striations. These morphological groupings are in part sup-
ported by the phylogenetic analyses, except for . tangan-
icana, which forms its own monotypic clade.

Colouration in Ichnotropis is very variable depend-
ing on breeding season, ontogeny, and habitat. However,
based on the breeding colouration of males, Ichnotropis
can be divided into the same three morphological groups
described above. The I bivittata group has scattered
blue or yellow-orange or black-edged white spots on the
lower flanks of the body, between the limbs. The ven-
tral scales are often uniform grey, but can have scattered
black speckles. The /. grandiceps group is characterised
by a uniform brick red-brown dorsum with scattered
darker brown speckles. The gular region and flanks can
be light yellow in the breeding season. The /. capensis
group shows the most variation in dorsal colouration, but
is most often characterised by dark black stripes on the
flanks with a continuous orange line on the lower flanks
between the legs. The gular region and flanks can be light
yellow in the breeding season.

Systematics

Based on the morphological differences (head shape and
scalation) and the distinct dorsal colouration differences
observed among the adult breeding male material exam-
ined, combined with the above-mentioned genetic evi-
dence (species delimitation and p distance analyses), the
new material of /. cf. grandiceps and I. capensis Clade
1 from eastern Angola are described below as new spe-
cies. Our approach to delimitation follows the general
lineage-based species concept, which is based on multi-
ple different lines of evidence (morphology, colouration,
genetics) supporting independent evolving metapopu-
lation lineages (de Queiroz 1998). No historical names
are available for these new species, thus leaving no out-
standing taxonomic or nomenclatural concerns. While
the species delimitation analyses suggested the presence
of additional putative species, we were unable to iden-
tify consistent morphological characters to justify their
recognition at this time. Additionally, we also provide a
systematic review of the other Ichnotropis species, dis-
cussing their taxonomy, morphology and distribution.

Reptilia: Squamata: Lacertidae

The Ichnotropis bivittata group

The phylogenetic analyses recovered the I bivittata
group that includes 1. bivittata (including 1. b. pallida),
L. chapini and I. microlepidota. However, based on the
morphological similarities, we also consider the indepen-
dent I. tanganicana lineage to be part of the 1. bivittata
group as it shares the following morphological features
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with all other members of the /. bivittata group: Short,
rounded head; prefrontal largely in contact with the ante-
rior supraocular; well-defined head striations; and a series
of dorsolateral markings, which appear as yellow spots in
L bivittata, blue spots in I. tanganicana, or black-edged
white spots in I. microlepidota. This group is restricted to
the more mesic savannas of central Africa from central
Angola to northern DRC and eastern Tanzania (Fig. 3).

Ichnotropis bivittata Bocage, 1866
Angolan rough-scaled lizard
Figures 4-7; Table 3

Taxonomic note. Bocage (1866) described Ichnotropis
bivittatus (= bivittata) based on a series of specimens col-
lected from Duque de Braganca [= Calandula], Malanje
Province, Angola, despite Giinther (based on material
that Bocage had sent to him) considering them to be the
same as /. capensis. Boulenger (1887) followed Giinther
and did not consider 1. bivittata to be a valid species.
This prompted Bocage (1895) to relegate I. bivittata into
the synonymy of I. capensis. It was not until Boulenger
(1921) reviewed the family Lacertidae that 1. bivittata was
reinstated as a valid species. This taxonomic revision was
followed by most subsequent authors, except for a brief
period when [. bivittata was regarded as a subspecies of /.
capensis (Laurent 1952; Hellmich 1957; Managas 1963;
Robertson et al. 1963). The above confusion led to much
of the historical Angolan material being incorrectly as-
signed to I. capensis (Marques et al. 2018).

When Laurent (1964) described the subspecies 7. b.
pallida he distinguished it from the nominotypical form
based on its duller dorsal colouration and differences in
head scalation—specifically, its less pronounced keeled
head striations, distinct interparietal shape, and small
frontoparietals that were separated by the interparietal
(see Ceriaco et al. 2020a: fig. 30). However, colouration
in Ichnotropis, as in many lacertids, is highly variable
and influenced by factors such as substrate, age and sex,
rendering it an unreliable taxonomic character—except
when comparing adult breeding male material, where it
can provide useful diagnostic insights. Furthermore, the
head scalation observed in the holotype appears to be
aberrant, as the scalation differs from a topotypic speci-
men from Humpata (PEM R17934; Fig. 7). Specifically,
the configuration where the frontoparietals are separated
by the interparietal, which in turn is in contact with the
frontal, has not been observed in any other Ichnotropis
specimens examined in this study, including the topotyp-
ic Humpata specimen. Although phylogenetic analyses
reveal notable divergence between the Humpata spec-
imen and other /. bivittata samples, further research is
necessary before making definitive taxonomic decisions
regarding the validity of 1. b. pallida. Therefore, we cur-
rently treat 1. b. pallida as a junior synonym of 1. bivittata.

In the same paper, Laurent (1952) described Ichnotro-
pis capensis nigrescens based on two specimens exhibit-

ing darker ventral surfaces. Notably, the paratype (BE
RMCA_Vert.R.1869), originating from Luluabourg [=
Kananga, Kasai-Central Province, DRC], had previously
been designated as a paratype in the description of Ic/ino-
tropis overlaeti by de Witte and Laurent (1942). The initial
classification of nigrescens as a subspecies of 1. capensis
was guided by Boulenger’s (1921) key, which empha-
sised the separation of the prefrontal from the anterior su-
praocular. Subsequently, Loveridge (1933) synonymised
this subspecies with /. capensis. Upon examining the type
specimens, along with two additional specimens housed
at RMCA (BE RMCA Vert.R.15925 and BE RMCA
Vert.R.16240) from Ndwa Village near Bolobo—proxi-
mate to the holotype’s locality—it was observed that they
possess a short and rounded snout, a character consistent
with members of the . bivittata group (see Fig. 2). Con-
sequently, these specimens are transferred to the 1. bivit-
tata group instead of I. capensis. Specifically, the holo-
type (BE_ RMCA Vert.R.14671) and the two additional
specimens are assigned to /. bivittata sensu lato based on
the presence of closely spaced pale spots (possibly yellow
in life) above the forelimb, whereas the Kananga para-
type (BE_ RMCA Vert.R.1869) is reassigned to /. tan-
ganicana, based on shared morphological (supraocular in
contact with supraciliaries) and colouration characteris-
tics detailed in the species account below (evenly spaced
white dorsolateral spots; described as being blue by de
Witte and Laurent 1942). Given the substantial sequence
divergence observed in our limited /. bivittata material,
the name nigrescens may be applied to northern popula-
tions, particularly those from the Republic of the Congo,
DRC and Gabon, should future studies support the recog-
nition of a distinct species in this region.

Synonymy. Ichnotropis capensis nigrescens Laurent,
1952: 201 (new synonymy); Ichnotropis bivittata pallida
Laurent, 1964: 64 (new synonymy).

Syntypes. BMNH 1946.9.3.4748 (1866.6.11.3-4),
ZMB 5827 [additional syntypes in Lisbon Museum were
probably destroyed by a fire in 1978], collected from
Duque de Braganga [= Calandula], Malanje Province,
Angola by F.A.P. Bayao.

General description. A medium-sized lacertid with a
rounded snout and strongly striated head scales. Nostril
pierced between three nasals; the supranasals in broad
contact behind the rostral; single frontonasal as broad as
long; paired prefrontal scales in broad contact medially;
prefrontal mostly in contact with the anterior supraocular
(separate in BE RMCA_Vert.R.40 [I. overlaeti paratype],
BE RMCA Vert.R.14641 [I. capensis nigrescens holo-
type] and NMZB-UM 16358), separated from the first su-
praciliary by a smaller scale (rarely in contact); two large
supraoculars, which are separated from the supraciliaries
by one row (or rarely two rows anteriorly) of small scales
(7-9) and preceded by a cluster of 2—5 smaller scales;
1-3 smaller post-supraocular scales; paired frontoparietal
scales in broad contact; two parietals separated by an inter-
parietal; occipital scale not reaching much past parietals;
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Figure 4. Photographs in life of Ichnotropis bivittata depicting the closely spaced yellow spots just posterior to the forelimbs.
Specimens photographed at A Cuito town (PEM R23530), Angola; B Cambau (FKH-0833), Angola; C Cangandala National Park,
Angola; D Luando Reserve (CHL0675), Angola; and E Humpata (PEM R17934 — [. b. pallida), Angola. Photographs: A — Werner
Conradie; B, C, D — Pedro Vaz Pinto; E — William R. Branch.

two loreal scales present, the anterior one smaller than the ~ with lip; 3—6 (mostly 4) supralabials anterior to the sub-
posterior; posterior loreal is separated from the anterior  ocular and two posteriorly; 6-9 (mostly 6) infralabials; 5
supraocular by two smaller scales; subocular in contact  (rarely 6) chin shields, with the anterior three (rarely four)
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Figure S. Syntype (ZMB 5827) of Ichnotropis bivittata from Duque de Braganga [= Calandula], Malanje Province, Angola. Pho-
tographs of body in A dorsal and B ventral views, and head in C dorsal, D lateral and E ventral views. Scale bars represent 10 mm.
Photographs: Frank Tillack.

A | B

Figure 6. Holotype (BE_RMCA_Vert.R.14641) of Ichnotropis capensis nigrescens from Bolobo, Democratic Republic of the Con-
go. Photographs of body in A dorsal and B ventral views, and head in C dorsal, D lateral and E ventral views. Scale bars represent
10 mm. Photographs: Max Benito.
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Figure 7. Topotypic (PEM R17934) Ichnotropis bivittata pallida from Humpata, Huila Province, Angola. Photographs of body in

A dorsal and B ventral views, and head in C dorsal, D lateral and E ventral views. Scale bars represent 10 mm. Photographs: Werner

Conradie.

in broad contact; 3—4 (mostly 4) supraciliaries; 2940
midbody scale rows; 8—10 longitudinal rows of enlarged
ventral plates; 22—31 transverse ventral scale rows; 17-24
subdigital lamellae under the 4" toe; 10—14 femoral pores
per thigh. Size: Adult specimens varied from 42.2-75.0
mm (mean: 63.2 mm) SVL and 85.0-156 mm (mean:
109.7mm) TAIL. Largest female: 71 mm SVL (FMNH
74288 — Serra do Moco, Angola); largest male: 75 mm
SVL (NMZB-UM 16358 — Chitau, Angola). Colouration
(Fig. 4): The dorsal side of the head, body and tail varies
from brown to coppery red, sometimes with dark brown
to black paired blotches. The flanks are dark brown to
black, typically with two pale dorsolateral stripes. The up-
per stripe, usually two scales wide, originates behind the
eye and extends onto the tail. The lower stripe begins an-
teriorly at the supralabials, tracing posteriorly through the
ear, over the arm, and to the groin, though it may not be
distinctly defined at midbody. Between these two stripes
lies a broad band of coppery brown to black scales, inter-
spersed with scattered black markings. Beneath the lower
pale stripe there are scattered brown to black markings,
sometimes accompanied by orange spots or blotches that
extend onto the venter. During the breeding season, males
exhibit more prominent orange flanks (extending onto the
lower side of the tail), while the white stripes and lateral
sides of the head become vividly yellow anteriorly. Di-
agnostic narrowly-spaced yellow or orange spots above
the arm extend backwards for about a third of the body
in both sexes. Dorsal tail with scattered white specks and
black bars. The venter is typically plain white, although
some individuals may have a grey venter or scattered fine
grey to black specks.

Distribution. Ichnotropis bivittata is known from An-
gola’s central plateau, with its range extending north-

ward into western DRC, the Republic of the Congo, and
southeastern Gabon (Fig. 3). Laurent (1964) reported
both 1. overlaeti de Witte & Laurent, 1942 and I. bivit-
tata occurring sympatrically at Alto Cuilo, Lunda-Sul
Province, Angola. During a recent field expedition to
Alto Cuilo, the presence of I bivittata was confirmed,
and re-examination of historical DM (Dundo Museum)
material attributed to 1. overlaeti revealed it to be rather
assignable to . capensis sensu lato, based on a narrower
and sharper head profile, the prefrontal in contact with
the anterior supraocular and absence of any dorsolater-
al spots. In the present study, we also document the oc-
currence of I. aff. capensis—herein described as a new
species—from Mona Quimbundo, approximately 62 km
east of Alto Cuilo. These findings indicate that three dis-
tinct Ichnotropis species occur in the Miombo woodland
of northeastern Angola. Historical records of I. bivittata
from eastern Angola (Managas 1963) require re-evalua-
tion, as they may be referable to the /. capensis group or
possibly to 1. tanganicana.

Habitat and Natural History. Ichnotropis bivittata in-
habits wet Miombo woodlands, preferring open, sandy
areas suitable for thermoregulation and foraging. It is a
diurnal, terrestrial species and an active forager, primarily
preying on small arthropods such as ants, beetles, and ter-
mites (Pietersen et al. 2021). Activity peaks during warm-
er periods and declines in cooler or wetter conditions.
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Table 3. Summary of morphological data for the Ichnotropis bivittata group. Measurements are all shown in millimetres (mm).

Values are given as a range, with mean + standard deviation in parenthesis. Juveniles were excluded from the measurements, but

were included in the scalation data. For abbreviations see Materials and Methods section. n = sample size.

Characters 1. bivittata 1. chapini 1. microlepidota 1. tanganicana
n=39 n=3 n==6 n=32

SVL 42.2-75.0 (63.2 £ 8.33) 53.8-58.0 (55.6 £ 2.15) 48.7-52.0 (50.4 £ 1.45) 41.0-60.0 (53.9 +4.21)

TAIL 85-156 (109.7 + 15.47) 77 69.8 55.6-107.9 (81.7 £ 12.15)

HL 12.1-15.3 (13.6 £ 1.22) 11.7-12.9 (12.2 £ 0.64) 12.6 11.2-14.2 (12.6 £ 0.79)

HW 6.0-9.9 (8.3 +1.08) 7.0-8.7 (7.7 £ 0.89) 6.7-7.3 (7.0 £ 0.20) 6.1-8.7 (7.6 £ 0.51)

HH 5.4-8.7 (7.2 £ 0.90) 6.5 5.3-6.7 (5.9 +0.62) 52-8.4(6.8+0.71)

ED 4.1-4.7 (4.4 +£0.29) 4.2-5.2(4.7+0.70) 3.6 3.9-4.5(4.2+0.18)

SE 3.9-6.8 (5.6 £ 0.90) 4.9-5.9 (5.4 +0.53) 4.3-52(4.7+0.37) 5.1-6.6 (5.8 £ 0.36)

LL 14.2-17.2 (15.6 £ 1.6) 11.5-13.8 (12.7 £ 1.63) 13.3 12.3-16.0 (13.8 £ 1.02)

IL 23.6-33.9 (26.7 £3.31) 24.3-33.0 (28.8 £4.33) 22.5 19.4-29.4 (24.8 +3.0)

FLL 5.8-94(7.5+£1.13) 6.1-6.9 (6.5 +£0.52) 5.4 4.7-8.7 (6.5 + 0.80)

HLL 9.0-12.4 (10.4 £ 1.28) 9.2-9.5(9.3+0.23) 7.4 7.9-10.7 (9.2 +0.79)

TAIL/SVL 1.3-2.4(1.8£0.28) 1.3 1.4 1.2-2.0 (1.6 £0.23)

HL/SVL 0.2 (0.2+0.01) 0.2 (0.2+0.02) 0.3 0.2-0.3 (0.2 £ 0.02)

ES/HL 0.4-0.5 (0.4 +£0.02) 0.4-0.5 (0.4 £0.02) 0.4 0.4-0.5 (0.5+0.01)

HW/HL 0.5-0.7 (0.6 = 0.05) 0.3-0.7 (0.6 £ 0.10) 0.6 0.6 (0.6 £0.03)

MSR 29-40 34-35 43-50 28-42

LVSR 8-10 8-10 8-10 8-10

TVSR 22-31 24-25 26-30 20-27

SL 3-6 (mostly 4) 4-5 (mostly 4) 4 3-5 (mostly 4)

1L 6-9 (mostly 6) 6-7 (mostly 6) 6-8 (mostly 7) 5-7 (mostly 6)

SC 3—4 (mostly 4) 3-5 (mostly 4) 4 4-5 (mostly 4)

LUFT 17-24 18-20 16-19 17-22

Femoral pores 10-14 89 10-13 10-15

Ichnotropis chapini Schmidt, 1919
Chapin’s rough-scaled lizard
Figure §; Table 3

Taxonomic note. When /. chapini was described, it was
differentiated from its congeners based on the presence
of an anterior supraloreal, thus having two anterior lo-
real scales (Schmidt 1919). However, additional mate-
rial collected from Adra in northeastern DRC does not
possess any anterior supraloreal (de Witte 1933; Laurent
1952). Despite the limited material available, the scala-
tion observed in the type specimen appears to be anom-
alous. This is further supported by the fact that we have
only recorded this condition (an anterior supraloreal)
once for all of the other Ichnotropis specimens examined
(n =432). As in the previous species, I. chapini was as-
signed to the 1. capensis group based on the observation
that the prefrontal is separated from the anterior supra-
ocular (Boulenger 1921). Examination of high-resolution
photographs of the holotype (Fig. 8) and physical exam-
ination of additional material from RMCA showed that
this species belongs to the /. bivittata group, based on
the more rounded head (Fig. 2). This species also seems
geographically well isolated from other species in the ge-
nus, but this might just be an effect of under-sampling.
The seasonality of Ichnotropis species makes them hard

to observe outside or the breeding season. Consequent-
ly, coupled with the absence of any modern material and
thus molecular data, we retain this species as valid until
more data become available.

Holotype. AMNH 10674, adult female, collected from
Aba, Haut-Uele Province, DRC in July 1911.

General description. A medium-sized lacertid with a ro-
bust, rounded snout. Head scalation moderately striated.
Nostril pierced between three nasals; the supranasals are
in broad contact behind the rostral; single frontonasal, as
broad as long; paired prefrontal scales in broad contact
medially; prefrontal not in contact with anterior supra-
ocular and separated from the supraciliaries by a smaller
scale; two large supraoculars, which are separated from
the supraciliaries by one row of small scales (6—8) and
preceded by a cluster of 2—3 (3 median) smaller scales;
one post-supraocular scale; two loreal scales present,
which are separated from the anterior supraocular by two
scales (except in the holotype, where the anterior lore-
al is divided to form a supraloreal on both sides and on
the left side of BE RMCA Vert.R.3657); subocular in
contact with lip; 4-5 (mostly 4) supralabials in front of
subocular; 67 (mostly 6) infralabials; five chin shields,
with the anterior 2-3 in broad contact (in the holotype
only the first two chin shields are in contact, while in BE
RMCA_ Vert.R.3657 the third chin shield is in narrow
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A B

Figure 8. Holotype (AMNH 10674) of Ichnotropis chapini from Aba, Haut-Uele Province, Democratic Republic of the Congo.
Photographs of body in A dorsal and B ventral views, and head in C dorsal, D lateral and E ventral views. Scale bars represent 10

mm. Photographs: Lauren Vonnahme.

contact anteriorly); 3—5 (mostly 4) supraciliaries; 34-35
midbody scale rows; 8—10 longitudinal rows of enlarged
ventral plates; 24-25 transverse ventral scale rows;18-20
subdigital lamellae under 4" toe; 8-9 femoral pores per
thigh. Size: Adult specimens varied from 53.8-58.0 mm
(median: 55.0 mm) SVL and 77 mm TAIL (all speci-
mens’ tails missing or truncated; this measurement is
based on Schmidt 1919). Largest female: 58 mm SVL
(AMNH 10674 — holotype); largest male: 55.0 mm SVL
(BE_ RMCA Vert.R.3656 — Adra, DRC). Colouration
(based on preserved specimens; Fig. 8): Dorsal surface
uniformly greyish brown, with scattered darker brown
to black scales. A distinct lateral white stripe originates
at the subocular region, bordered both dorsally and ven-
trally by narrow black lines; this stripe extends over the
forelimbs but does not reach the hind limbs in females
(AMNH 10674 and BE RMCA_Vert.R.3657), but reach-
es the hind limbs in the male (BE_ RMCA_Vert.R.3656).
A second faint dorsolateral line is present above the low-
er white stripe, and only extends to just posterior of the
forearms in females, while in the male this stripe is more
prominent and extends to just above the hind limbs. Be-
tween these lines are a series of transverse black spots
in the females, each spanning 2—3 scales in width and
approximately half a scale in length, located at the tips of
the scales. In the male the space between the two white
stripes forms a prominent black band with scattered black
scales. This band extends onto the temporal and snout
area. Dorsally, two similar series of transverse black

markings flank the vertebral region, extending laterally
to the dorsolateral stripe. Ventral scales and chin shields
are white with subtle grey margins. The two outermost
ventral rows are punctuated with small brown dots in fe-
males, but form a continuous narrow black band between
the limbs in the male and extends onto the supralabials.
Supralabials and infralabials are irregularly mottled with
light and dark pigmentation. Limbs greyish brown dor-
sally, transitioning to a lighter tone on the ventral sur-
faces.

Distribution. Only known from northeastern DRC in the
vicinity of Aba (Fig. 3). Given this locality’s proximity
to the border with South Sudan (< 10 km), it is likely to
occur in the latter country.

Habitat and Natural History. Very little is known about
this species, but it is expected to have similar habitat re-
quirements to other Ichnotropis species.



644

Conradie W et al.: Systematics of African rough-scaled lizards

Ichnotropis microlepidota Marx, 1956
Mount Moco rough-scaled lizard
Figures 9, 10; Table 3

Taxonomic note. Described based on five specimens
retrieved from the crop of a Dark Chanting Goshawk
(Melierax metabates) at the base of Serra do Moco (the
geographical feature of Serra do Moco which includes the
highest peak in Angola at 2620 m a.s.l., is often collo-
quially referred to as Mount Moco) (Marx 1956). Parker
(1936) was actually the first to document this species as
L bivittata from Serra do Moco and alluded to its small-
er dorsal scales. Remarkably, these smaller dorsal scales
were one of the main diagnostic features when 1. micro-
lepidota was described. However, its taxonomic status

has been disputed in the past (Mayer 2013) because of its
resemblance to I. bivittata and the lack of precise local-
ity data, given that the type series was found in the crop
of a dark chanting goshawk (Marx 1956). No additional
specimens were collected until PVP collected a topotypic
specimen in October 2020 at Serra do Moco (Benito et al.
2025). Thanks to this new material, Benito et al. (2025)
provided the first phylogenetic placement of the species,
validating its taxonomic status and demonstrating that
this species belongs to the . bivittata group.

Holotype. FMNH 74285, adult male, collected from the
‘foot of Mount Moco’ [= Serra do Moco], Huambo Prov-
ince, Angola, by Gerd Heinrich on 19 September 1954.

Paratypes. FMNH 74283-84 (females), FMNH 74286—
87 (males); same collection details as holotype.

Figure 9. Photographs in life of Ichnotropis microlepidota (MHNCUP-REP0983) from Serra do Moco, Huambo Province, Angola

uf i 3 X ; 5 e o .

(adapted from Benito et al. 2025). Photographs in A dorsolateral view of the full body and B lateral view of the head. Photographs:

Pedro Vaz Pinto.

A

Figure 10. Ichnotropis microlepidota (MHNCUP-REP0983) specimen from Serra do Moco, Huambo Province, Angola (adapted
from Benito et al. 2025). Photographs of body in A dorsal and B ventral views, and head in C dorsal, D lateral and E ventral views.
Scale bars represent 10 mm. Photographs: Max Benito.
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Additional material. MHNCUP-REP(0983, adult male,
collected at Serra do Moco, Huambo Province, Angola
(—12.4554°,15.1632°,2300 m a.s.l.), on 18 October 2020
by Pedro Vaz Pinto (Benito et al. 2025); juvenile speci-
men collected at Serra do Moco, Huambo Province, An-
gola, 1500-1900 m a.s.l., in March 1934 by Karl Jordan
(Parker 1936).

General description. A medium-sized, robust lacertid
with a rounded snout and strongly striated and keeled head
scales. Nostril pierced between three nasals; the suprana-
sals are in broad contact behind the rostral; single fron-
tonasal, as broad as long; paired prefrontal scales in broad
contact medially; prefrontal in contact with the anterior
supraocular and either in contact or narrowly separated
from supraciliaries by a smaller scale; two large supraoc-
ulars, preceded by a single scale (documented by Marx
1956 as a small supraocular); the anterior supraocular is
in broad or narrow contact with the 1% supraciliary ante-
riorly; the posterior part of the anterior supraocular and
the posterior supraocular are separated from the supracil-
iaries by one row of small scales (6); one post-supraoc-
ular scale; two loreal scales present, which are separated
from the anterior supraocular by one scale; subocular in
contact with lip; four supralabials in front of subocular;
6-8 infralabials (mostly seven); five chin shields, with the
anterior three pairs in broad contact; four supraciliaries
(Marx 1956 recorded five, but he included the posteri-
or loreal); 43—-50 midbody scale rows; 8—10 longitudinal
rows of enlarged ventral plates; 2630 transverse ventral
scale rows; 16—19 subdigital lamellae under the 4" toe;
10-13 femoral pores per thigh. Size: Adult specimens
varied from 48.7-52.0 mm (mean: 50.4 mm) SVL and
69.8 mm TAIL (only one specimen with intact tail). Larg-
est female: 51 mm SVL (FMNH 74283); largest male:
52 mm SVL (FMNH74285, 74286). Colouration (Fig.
9): The dorsal pattern features a light brown central band
extending from just behind the head to the hind limbs.
This band is bordered on each side by two broken rows
of black blotches. Along the lateral sides of the body, two
cream to yellow longitudinal stripes run from the level of
the ear openings posteriorly to the hind limbs. Between
these stripes lie a series of paired white ocelli, each bor-
dered externally by black rings. Below the lower lateral
stripe there is a continuous row of single white ocelli. The
dorsal surface of the head is brown, mottled with black
speckling across most scales. The mouth is bordered in
black, which fades to white along the upper portion of the
supralabials and the lower portion of the infralabials. The
first row of chin shields is entirely black, while rows two
through five are bicoloured—black medially and white
laterally. The throat (gular region) is pale red-orange, in-
terspersed with black scales and marked by two distinct
bright yellow-orange spots located beneath the posterior
ends of the lower jaws. The ventral surface is uniformly
white

Distribution. Currently only known from the slopes
of Serra do Moco, in the central Angolan highlands

(Fig. 3).

Habitat and Natural History. The specimens from the
type series were preyed upon by a dark chanting goshawk
(Melierax melabates) (Marx 1956). The specimen col-
lected by PVP (MHNCUP-REP(0983) was found during
the day on top of an exposed small rock in open mon-
tane grassland, with thick vegetation cover at 2300 m
a.s.l. (Benito et al. 2025). The montane habitat in Serra
do Moco is mainly formed by a thick layer of grass and
small bushes as well as many rocks underneath. This type
of habitat is likely to hinder the species detectability.

Ichnotropis tanganicana Boulenger, 1917
Tanzanian rough-scaled lizard
Figures 11-13; Table 3

Taxonomic note. This species was described from the
‘East Coast [of] Lake Tanganyika’ in modern-day Tan-
zania based on a single subadult specimen that was col-
lected in 1896. When Boulenger (1917) described /. tan-
ganicana, he ascribed the holotype to a subadult male.
However, after our examination of high-resolution pho-
tographs of the type specimen it was not possible to sex
it, so we regarded it as an unsexed subadult specimen.
Since its description, no additional material has been doc-
umented. However, due to the vague description provided
by Boulenger (1917), the taxonomic status of this species
has been questioned by some authors (Mayer 2013). On
the other hand, based on some diagnosable head scala-
tion features (i.e., supraoculars in contact with supracil-
iaries), this species was preliminary retained as valid in
subsequent years (Spawls et al. 2002, 2018; van den Berg
2017; Uetz et al. 2025).

In this study, an adult female specimen collected from
the mid-elevation Miombo woodlands west of the Kabo-
bo Plateau, DRC (MTSN 9947; Fig. 11E) agreed with the
description of I. fanganicana based on the supraocular
arrangement, (i.e., anterior supraocular in direct contact
with the supraciliaries), and the colouration (bronzy olive
dorsum with three fine black stripes on nape). However,
Boulenger (1917), in his description of the type speci-
men after 20 years of preservation, did not document the
unique, evenly-spaced blue dorsolateral spots observed in
the new DRC specimen (Fig. 11E). Based on this new
information about the dorsal colouration, we revisited the
literature, examined known museum specimens (previ-
ously ascribed to /. bivittata in eastern DRC and adjacent
Zambia and Tanzania) and consulted online citizen sci-
ence platforms.

Of special interest is the case of the first specimens of
L bivittata from Ipemi, Udzungwa Mountains, Tanzania,
documented by Loveridge (1933). He states that, in com-
parison to the type, he regards his specimens as conspe-
cific with I bivittata and distinct from 1. tanganicana, of
which he also examined the type. However, he provides
no further details. In his description of the specimens’ co-
lour, he offered a detailed account of the colouration as
follows: ‘...series of blotches which is rather more black



646

Conradie W et al.: Systematics of African rough-scaled lizards

Figure 11. Photographs in life of Ichnotropis tanganicana from across its range, depicting the evenly spaced dorsolateral blue spots.
Photographs from A Rukwa, Tanzania; B Cambua, Democratic Republic of the Congo; C Rumphi, Malawi (https://www.inaturalist.
org/observations/146895735); D Nyika National Park, Malawi (https://www.inaturalist.org/observations/146684850); E Kindingi,
Lake Tanganyika (MTSN 9947), Democratic Republic of the Congo; and F Upemba National Park, Democratic Republic of the
Congo (https://www.inaturalist.org/observations/249778421). Photographs: David Lloyd-Jones; B — Colin Tilbury, C — Marc Hen-
rion, D — Tim Brammer, E — Wandege Muninga, D — Naftali Honig.

than chestnut-brown having the appearance of ocelli by
reason of a blueish-white central spot in each ...". Exam-
ination of high resolution images of the two Ipemi spec-
imens in the Museum of Comparative Zoology (MCZ
R30836-7) confirmed the presence of the unique blue
lateral spots (although faded to white in preservative)
and the dorsal colouration, but the supraoculars were not
in contact with the supraciliaries, as reported in the type
specimen (BMNH 1946.9.3.49) of I tanganicana. This
difference might have been the reason why Loveridge
(1933) considered his material to be conspecific with
L bivittata rather than I. tanganicana.

Additionally, de Witte and Laurent (1952) again men-
tioned these unique dorsolateral blue spots in the colour
description of 1. overlaeti: *“... from this place it is some-
times replaced by a series of small blue spots more or less
bordered with black, extending to the base of the hind
limbs; blue spots are also present on the upper band, be-
tween the front and hind limbs.” (translation from French
to English). When we examined the type specimens of
1. overlaeti at the RMCA (Fig. 13), we not only confirmed
the remnants of blue lateral spots and the nape colouration,
but we also confirmed the presence of contact between
the supraoculars and the supraciliary scales, in agreement


https://www.inaturalist.org/observations/146895735
https://www.inaturalist.org/observations/146895735
https://www.inaturalist.org/observations/146684850
https://www.inaturalist.org/observations/249778421
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Figure 12. Holotype (BMNH 1946.9.3.49) of Ichnotropis tanganicana from ‘East coast of Lake Tanganyika’, Tanzania. Photo-
graphs of body in A ventral and B dorsal views, and head in C dorsal, D lateral and E ventral views. Photographs: Patrick Campbell.

Figure 13. Holotype (BE_ RMCA_Vert.R.9691) of Ichnotropis overlaeti from Kapanga, Haut-Katanga Province, Democratic Re-
public of the Congo. Photographs of body in A ventral and B dorsal (note the evenly spaced white dorsolateral spots indicated by
the arrows) views, and head in C dorsal, D lateral and E ventral views. Scale bars represent 10 mm. Photographs: Max Benito.
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with . tanganicana. Nevertheless, this feature was only
present in the holotype (BE RMCA Vert.R.9691) and
one of the original paratypes (BE_ RMCA_Vert.R.1869,
later used as a paratype for 1. nigrescens). However, the
other paratype material conformed morphologically to ei-
ther /. bivittata (see above) or I. capensis sensu lato (see
below).

Other published sources showing photographs of /. bi-
vittata (sic) with blue spots include de Witte (1933: plate
2, fig. 1) from southeastern DRC, Spawls et al. (2018:
202, bottom right) from southwestern Tanzania, and
Phadima et al. (2024: 22; also on iNaturalist 146895735)
from northwestern Malawi. Additional records were
also found on iNaturalist (191773297, 146684850,
147210660, 87417155) and ReptileMap (169500) from
DRC, Malawi and Zambia

Based on the combined evidence, all the above materi-
al can thus be confidently assigned to I. tanganicana. We
therefore take this opportunity to expand on the original
description of /. tanganicana and synonymise 1. overlaeti
with 1. tanganicana.

Synonymy. Ichnotropis overlaeti de Witte & Laurent,
1942: 173 (new synonymy).

Holotype. BMNH 1946.9.3.49 (96.5.14.14), collected
from ‘East Coast [of] Lake Tanganyika’, Tanzania, pre-
sented to the museum by Mr. WH. Nutt in 1896.

General description. A medium-sized lacertid with a
robust, rounded snout. Head scalation weakly to mod-
erately striated. Nostril pierced between three nasals;
the supranasals are in broad contact behind the rostral;
single frontonasal, as broad as long; paired prefrontal
scales in broad contact medially; prefrontal mostly in
contact with the anterior supraocular (n = 29 in contact,
seven not in contact; three in contact on one side only)
and separated from supraciliaries by a smaller scale; two
large supraoculars, which are either in direct contact (n
= 15) or separated (n = 18) from the supraciliaries by a
series of small scales; those that are not in contact are
separated by one row of small scales (3-9) and preced-
ed by a cluster of 1-6 (1.7 average) smaller scales; one
post-supraocular scale; two loreal scales present, which
are separated from the anterior supraocular by two scales;
subocular in contact with lip; 3—5 (mostly 4) supralabials
in front of subocular; 5-7 (mostly six) infralabials; five
chin shields, with the anterior three in broad contact; 45
(mostly four) supraciliaries; 28-42 (average: 36.0) mid-
body scale rows; 8-10 (average: 8.4) longitudinal rows
of enlarged ventral plates; 20-27 (average: 22.8) trans-
verse ventral scale rows; 17-22 subdigital lamellae under
the 4" toe; 10-15 femoral pores per thigh. Size: Adult
specimens varied from 41.0-60.0 mm (mean: 53.9 mm)
SVL and 55.6-107.9 mm (mean: 81.7 mm) TAIL. Largest
female: 60 mm SVL (NMZB-UM 24433 — Misuku Hills,
Malawi); largest male: 56 mm SVL (NMZB-UM 24432
— Misuku Hills, Malawi). Colouration (Fig. 11): The top
of the head and the anterior part of the body are coppery
red, sometimes with three clearly defined black stripes

on the nape. The anterior part of the dorsum is grey with
scattered brown paired blotches with black edging, ex-
tending onto the tail. The flanks are dark brown to black,
typically with interrupted white dorsolateral stripes. The
upper stripe originates behind the eye and extends onto
the neck and then breaks up into smaller white blotch-
es. The lower stripe begins anteriorly at the supralabi-
als, tracing posteriorly through the ear and over the arm,
breaking into smaller white blotches on the anterior third
of the body. Between these two stripes lies a broad dark
brown to black band. Diagnostic, evenly-spaced green
to blue spots start above the arm and extend posteriorly
to the groin in both sexes. Beneath the lower interrupted
white stripe/blotches lies another narrow band of brown
to black scales, sometimes accompanied by orange spots
or blotches extending onto the venter. During the breed-
ing season, males exhibit more prominent orange flanks,
while the lower white stripe and lateral head become viv-
id yellow anteriorly. The specimen from the DRC (MTSN
9947) exhibits a bright orange lower jaw. The venter is
typically plain white but can have light grey colouration.

Distribution. Known from western Tanzania, south to
northern Malawi, and eastward to northern Zambia and
southern DRC (Fig. 3).

Habitat and Natural History. The Lukwati specimen
was discovered in grassland adjacent to Brachystegia
woodland. This specimen exhibited peculiar leg-tucking
behaviour, wherein it raised its body and folded its legs to
the sides (Spawls et al. 2018; Lloyd-Jones pers. comm.).
A gravid female was observed laying eggs in January
(iNaturalist 146684850). Shelled eggs in the oviducts of
one specimen measured 13.5 mm % 6.5 mm (Robertson et
al. 1963). Stomach contents were documented to contain
Acrididae, Mantidae, Isoptera, and Araneae (Robertson
et al. 1963).

The Ichnotropis grandiceps group

Phylogenetically and morphologically, the I. grandiceps
group includes 1. grandiceps and a candidate new species
from Angola described here, which share the following
morphological features: Robust, broad and depressed
head; the prefrontal always separated from the anterior
supraocular; weak head striations; and uniform brown to
red dorsum. This group is restricted to the Kalahari Basin,
from central Angola to northern Namibia (Fig. 14).
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Figure 14. Records of the Ichnotropis grandiceps group, based on all literature records (open circles), examined material (closed

circles) and genetically analysed material (white centres). Respective type localities are indicated by arrows: Ig — 1. grandiceps, and

Ir — I robusta sp. nov.

Ichnotropis grandiceps Broadley, 1967
Zambezi rough-scaled lizard
Figures 15, 16; Table 4

Taxonomic note. This is the most recently described
species of Ichnotropis. It was described from the western
Zambezi Region in north-eastern Namibia, based on only
three specimens, and was distinguished from sympatric
I capensis based on its larger size, rounded head and dorsal
colouration (Broadley 1967b). This is a rarely documented
species and it is only known from the type series, four ad-
ditional specimens collected from north-eastern Namibia
(Haacke 1970), one specimen from Khaudum, Namibia
(van Breda 2023), and one specimen from western Zambia
(Pietersen et al. 2017). Conradie et al. (2022a) tentative-
ly assigned material from eastern Angola to this species
based on shared morphology, but phylogenetic analyses
(see Results) recover it as a separate sister lineage, which
represents a candidate new species described below.

Holotype. USNM 163989, an adult male, collected ‘25
miles west of Mohembo, Botswana, on the border of the
Caprivi Strip (South West Africa)’, Namibia by T.N. Liv-
ersedge and S.W. Goussard on 20 May 1967.

Paratypes. NMZB-UM 16278 (male) and USNM 163990
(juvenile); same collection details as holotype.

General description. A large, robust lacertid with a point-
ed snout. Head scalation weakly striated. Nostril pierced

between three nasals; the supranasals are in broad contact
behind the rostral; single frontonasal, as broad as long;
paired prefrontal scales in broad contact medially; pre-
frontal separated from the anterior supraocular by a small-
er scale (except on the right-side of TM 86237) and sepa-
rated from supraciliaries by a smaller scale (except on the
right-side of TM 38309); two large supraoculars, which
are separated from the supraciliaries by one row of small
scales (5-9) and preceded by a cluster of smaller scales
(3-7); 2-3 post-supraocular scales; two loreal scales pres-
ent, which are separated from the anterior supraocular
by two scales; subocular in contact with lip; 4-5 (mostly
five) supralabials in front of subocular; 5—7 (mostly six)
infralabials; five chin shields, with the anterior three in
broad contact; 4-5 (mostly five) supraciliaries; 4447
(average: 45.6) midbody scale rows; 10 longitudinal rows
of enlarged ventral plates; 27-31 (average: 28.3) trans-
verse ventral scale rows; 20-26 subdigital lamellae under
the 4" toe; 8—14 femoral pores per thigh. Size: Adult spec-
imens varied from 57.2-77.9 mm (mean: 65.6 mm) SVL
and 103.4-148.0 mm (mean: 124.9 mm) TAIL. Largest
female: 77.9 mm SVL (RE211206D1/NMNW R12212 —
Khaudum, Namibia); largest male: 70 mm SVL (USNM
163989 — 40 km W of Mohembo, Botswana). Colouration
(in preservative; Fig. 16): Above pale grey-brown, with
darker stippling and a few scattered dark black spots on
the body and tail. A poorly defined dark brown dorsolater-
al band extends from the neck to the groin, where it breaks
up into a line of lateral spots on the tail. Sides of the head
and lower flanks white. Venter white. In juveniles or sub-
adults (Fig. 15), the dark brown lateral band is replaced
by a mustard-coloured band (Pietersen et al. 2017).
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Figure 16. Ichnotropis grandiceps (RE211206D1/NMNW R12212) specimen from Khaudum, Namibia. Photographs of body in A
ventral and B dorsal views, and head in C dorsal, D lateral and E ventral views. Photographs: Werner Conradie.

Table 4. Summary of morphological data for the /chnotropis grandiceps group. Measurements are presented in millimetres (mm).
Values are given as a range with mean + standard deviation in parenthesis. Data for adults and subadults are presented separately.
For abbreviations, see the Materials and Methods section. n = sample size.

Characters 1. grandiceps 1. grandiceps 1. robusta sp. nov. 1. robusta sp. nov.
n = 6 (adults) n = 4 (subadults) n =35 (adults) n =11 (subadults)

SVL 57.2-77.9 (65.6 + 7.52) 57.2-77.9 (65.6 + 7.52) 71.9-78.8 (74.9 £ 3.12) 35.6-51.1 (44.6 £ 5.33)
TAIL 103.4-148.0 (124.9 = 16.21) 38.5-50.2 (44.9 +£5.97) 121.0-140.0 (133.0 = 8.29) 68.0-100.9 (88.2 £ 11.76)
HL 12.7-18.2 (16.0 £ 2.11 9.9-13.5 (12.0 + 4.558) 17.8-18.7 (18.3 £ 0.39) 9.5-04.7 (11.9 + 1.60)
HW 7.7-12.0 (9.3 £ 1.97) 5.8-7.9 (6.9 + 1.08) 11.1-11.8 (11.5 £ 0.31) 5.6-8.5(7.2+1.07)
HH 6.4-9.7 (7.8 +£1.39) 5.4-6.8 (6.2+0.72) 9.1-9.4(9.3+0.13) 5.8-6.8 (6.4 £0.41)
ED 4.9-6.0 (5.2 +£0.50) 3.0-4.6 (4.0 £ 0.90) 2.9-3.8(3.2+0.42) 2.3-2.7 (2.6 £0.16)
SE 6.3-8.2 (7.0 £ 0.85) 4.6-6.0 (5.5 +0.73) 6.1-8.4 (8.3+0.12) 5.4-6.0 (5.6 £ 0.25)
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Characters 1. grandiceps 1. grandiceps 1. robusta sp. nov. 1. robusta sp. nov.
LL 14.3-18.3 (16.1 £ 1.99) 10.5-15.0 (13.3 £ 1.96) 20.5-24.2 (21.6 £ 1.53) 1.1-17.0 (13.8 £ 1.90)
IL 24.8-38.9 (30.4 £ 5.99) 19.4-38.9 (26.1 £6.9) 33.4-40.1 (36.3 £2.38) 18.2-26.0 (22.0 £2.77)
FLL 6.9-9.4 (7.8 + 1.11) 4.2-6.5(5.3+1.15) 7.2-8.6 (8.3 +£0.62) 3.8-6.4(5.1+0.89)
HLL 10.6-13.7 (11.8 + 1.35) 7.0-9.0 (8.3+1.13) 12.8-13.9 (13.4 +0.44) 6.5-10.5 (8.7 £ 1.35)
TAIL/SVL 1.3-2.2(1.9£0.34) 2.0 (2.0 +0.02) 1.6-1.9 (1.8 £0.17) 1.8-2.1 (2.0 £ 0.09)
HL/SVL 0.2-0.3 (0.2 +0.01) 0.3 (0.3+0.01) 0.2-0.3 (0.2 £0.01) 0.3 (0.3+0.01)
ES/HL 0.4-0.5 (0.5 £ 0.03) 0.4-0.5 (0.5 £ 0.02) 0.4-0.5 (0.5+0.01) 0.4-0.5 (0.4 = 0.00)
HW/HL 0.5-0.7 (0.6 + 0.05) 0.5-0.6 (0.6 +0.04) 0.6-0.7 (0.6 £ 0.02) 0.6-0.7 (0.6 £ 0.03)
MSR 44-47 43-48

LVSR 10 9-10

TVSR 27-31 26-33

SL 4-5 (mostly 5) 4-6 (mostly 5)

IL 5-7 (mostly 6) 5-7 (mostly 6)

SC 4-5 (mostly 5) 4-5 (mostly 5)

LUFT 20-26 20-26

Femoral pores 8-14 8-14

Distribution. Known from northeastern Namibia and
adjacent Botswana, and from western Zambia (Fig. 13).
The apparent gap in distribution between northeastern
Namibia/Botswana and western Zambia likely reflects a
lack of sampling, and the species’ range is believed to be
more continuous.

Habitat and Natural History. Ontogenetic colour differ-
ences have been observed between juveniles and adults
(this study). Found in sympatry with 1. capensis sensu
lato. Associated with Baikiaea woodland on deep Kala-
hari alluvial sands and hard lime-rich soils in open wood-
land (Haacke 1970; Pietersen et al. 2021).

Ichnotropis robusta sp. nov.
Robust rough-scaled lizard

https://zoobank.org/1E069D01-1F86-488F-9025-DEBDB-
47BEA00

Figures 17, 18; Tables 4, 5

Chresonymy.
Ichnotropis cf. grandiceps — Conradie et al. (2022a: 198); Ichnotro-
pis aff. grandiceps — Benito et al. (2025: 8§93).

Holotype. PEM R23420 (field number WC-4816), adult
male, collected from Cuando River source (—13.0035°,
19.1275°, 1343 m a.s.l.), Moxico Province, Angola by
Werner Conradie and James Harvey on 21 November
2016.

Paratypes. 4 specimens: a) PEM R23361 (field number
WC-4063) and PEM R23362 (field number WC-4056),
adult females, collected on the road between Cuanavale
River source camp and Samanunga village (—13.0380°,
18.8298°, 1605 m a.s.l.), Moxico Province, Angola by
Werner Conradie and Luke Verburgt on 13 March 2016;
b) PEM R23421, adult male, same collection details as

holotype; ¢) PEM R23482 (field number WC-4804),
adult male, collected from Cuando River source, trap 4
(-13.0016°, 19.1296°, 1372 m a.s.l.), Moxico Province,
Angola by Werner Conradie and James Harvey on 15 No-
vember 2016.

Additional juvenile material. 12 specimens: a) PEM
R23279-80; INBAC (no number), collected from Cua-
navale River source lake (—13.0933°, 18.8940°, 1367 m
a.s.l.), Moxico Province, Angola by Werner Conradie on
1 March 2016; b) PEM R23299-300, grassland west of
Cuanavale River source en route to Samanunga village
(—13.0751°, 18.8848°, 1366 m a.s.l.), Moxico Province,
Angola by Werner Conradie and Luke Verburgt on 16
March 2016; ¢) PEM R23303-9, trap 4 km upstream
from Cuanavale River source lake (—13.0508°, 18.8973°,
1380 m a.s.l.), Moxico Province, Angola by Werner Con-
radie from 28 February to 15 March 2016.

Etymology. The species name robusta is the feminine
form of the Latin adjective robustus, meaning ‘robust’ or
‘sturdy’, in reference to the large, heavy-built adults of
this species.

Diagnosis. Assigned to Ichnotropis due to the absence of
a well-defined collar, digits not serrated or fringed, sub-
digital lamellae keeled, and subocular bordering the lip.
A large Ichnotropis with a single frontonasal; subocular
bordering the lip; a single anterior loreal; feebly devel-
oped head shield striations; prefrontals well separated
from the anterior supraocular; and supraciliaries separat-
ed from the supraoculars by a series of smaller scales.
The new species can be distinguished from other Ich-
notropis species based on a combination of the following
characters: Prefrontals well separated from the anterior
supraocular (versus mostly in contact in 1. bivittata, I. mi-
crolepidota and I. tanganicana); high number of midbody
scale rows (43—48 versus 2542 in . capensis sensu lato);
large, robust head and rounded snout (versus small de-
pressed head and pointed snout in /. capensis sensu lato);
four (46%) to five (50%) supralabials anterior to the sub-
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ocular (versus mostly four in 1. capensis sensu lato); dis-
tinctive large trapeziform occipital wedged between the
parietals, not protruding past parietals (versus occipital
usually extending posteriorly, well beyond the level of
the parietals in /. capensis sensu lato).

The new species resembles 1. grandiceps in its large
size, robust, rounded head; prefrontals well separated
from anterior subocular; high midbody scale rows (43—
48 versus 44-47) and genetic similarity. Due to the lack
of comparative adult material of I. grandiceps, no clear
morphological and colouration differences could be ob-
served between the two species. However, the two spe-
cies exhibit clear differences in habitat preferences. All
1 grandiceps material have either been found in drier
Zambezian Baikiaea woodlands or Combretum-Vachellia
bushveld (Broadley 1967b; Haacke 1970; Pietersen et al.
2017) at lower elevations (less than 1000 m a.s.l.), while
the new species is associated with the higher elevations
(above 1300 m a.s.l.) of the Angolan Plateau, which con-
sists of moister Angolan Miombo woodland.

In the phylogenetic analysis, the uncorrected p dis-
tances show that the new species differs by >6.7% for
16S and >16.3% for ND4 sequence divergence from oth-
er Ichnotropis species (Table 2).

Holotype description (Fig. 18). Adult male measuring
73.5 mm SVL and 96 mm TAIL (regenerated). Body mod-
erately depressed; head not depressed, 1.7 times as long
as broad (HL 18.9/HW 11.1 mm), its length equivalent
to 25.7% of snout—vent length, expanded in the temporal
region and very distinct from the neck. Adpressed hind
limb reaches the anterior ear opening. The foot length is
almost equal to the head length (FL 18.3/HL 18.9 mm).
Upper head shields very feebly striated and keeled;
nostril pierced between three nasals, the supranasals in
broad contact behind the rostral; frontonasal slightly
broader than long (2.6 x 2.4 mm); prefrontals much lon-
ger than broad (4.3 x 1.7 mm), in broad contact medial-
ly, not reaching the anterior supraoculars (separated by a
small keeled scale), and separated from the anterior loreal
by a small keeled scale; frontal twice as long as its max-
imum width between the posterior tips of the prefrontals
(6.2 x 3.0 mm), rounded anteriorly and strongly narrowed
posteriorly; frontoparietals longer than broad; parietals
longer than broad (5.4 x 2.8 mm), extending posterior-
ly, widely separated by a large interparietal and occip-
ital, the latter small and its posterior margin level with
the posterior borders of the parietals; an elongate keeled
upper temporal shield borders the parietal; two supraocu-
lars, the anterior supraocular longer than its distance from
posterior loreal (2.3 mm vs. 1.8 mm), and in contact with
posterior half of frontal; the second is smaller, separated
from the supraciliaries by nine (right)/eight (left) small
keeled scales (except the 4* supraciliary on the left side,
which is in narrow contact with the second supraocu-
lar); two post-supraocular scales; five supraciliaries, the
first two much longer than the others and forming a long
oblique suture. Lower nasal in contact with the rostral,
first supralabial and anterior loreal; postnasal small, in
contact with the other two nasals, frontonasal, and anteri-

or loreal; two loreals, the posterior one much larger; four
supralabials anterior to the subocular, whose lower bor-
der on the lip is much shorter (2.5x) than the upper; three
supralabials posterior to the subocular; temporal scales
strongly keeled; a narrow tympanic shield on the upper
anterior edge of the vertically elongate ear opening; lower
eyelid scaly with a median series of vertically elongate
scales. Six infralabials; four (right) and five (left) large
chin shields, the first two (right) and three (left) in median
contact; gular scales imbricate; no collar.

Dorsal scales rthomboid, strongly keeled and imbri-
cate, lateral scales smaller and feebly keeled, passing
gradually into the smooth, rounded ventral plates, which
are broader than long; 44 scales around the middle of the
body; ventral plates in 10 longitudinal and 29 transverse
rows between fore- and hind limbs; preanal scales irreg-
ular; scales on upper surfaces of limbs rhomboid, strong-
ly keeled, and imbricate; 12 femoral pores on each side;
subdigital lamellae pluricarinate and spinulose, 21 under
the 4" toe; caudal scales strongly keeled above and below,
except those just posterior to the vent, which are smooth.

Colouration. (In life, breeding colouration; similar to
Fig. 17A): Above uniform reddish-brown, with small
black spots on the lower body and anterior third of tail;
dorsolateral bands as in preserved colouration, but more
vivid; gular, chin shields and posterior section of white
dorsolateral band bright yellow to anterior of the forelimb
insertion, fading to just behind the arm; front limbs brick
red dorsally, hind limbs dark grey anteriorly and brick
red posteriorly; venter (except gular) white. Colouration
(in preservative; Fig. 18): Above pale grey-brown, with
a few scattered dark brown to black spots (not cover-
ing more than one scale) on lower body and upper tail;
a well-defined broad (covering 3—4 scales at midbody)
black dorsolateral band extends from the tip of the snout
to the groin; below this black dorsolateral band is a sec-
ond narrow white band (covering 1-2 scales at midbody)
which also extends from the tip of the snout to the groin;
below this white band is another narrow black band ex-
tending from the mental, along the edge of the jaw (edge
of supra- and infralabials), to just behind the forelimb in-
sertion, where it fades to fine specks towards the groin.
Limbs dorsally brown and ventrally white; venter white.

Paratype variation. The paratypes are in general agree-
ment with the holotype in most regards, differing only
in: Two large supraoculars, which are separated from the
supraciliaries by a single row of smaller scales (7-10)
and preceded by a cluster of smaller scales (3—5) (ex-
cept in PEM R23482, the 1% supraciliary is in narrow
contact with the anterior supraocular on the right side);
1-3 post-supraocular scales; large occipital scale that sep-
arates the two interparietals and extends well past their
posterior edge; two loreal scales present, which are sep-
arated from the anterior supraocular by 1-2 scales; 4-5
(mostly 5) supralabials in front of the subocular; 6-7
(mostly 6) infralabials; five chin shields, with the anteri-
or three in broad contact; five supraciliaries; 43—48 (av-
erage: 45.0) midbody scale rows; 26-30 (average: 27.8)
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Figure 17. Photographs in life of Ichnotropis robusta sp. nov. Photographs of A adult male (PEM R23482) from Cuando River
source, Angola; B adult female (PEM R23362) from the road between Cuanavale River source camp and Samanunga village,
Angola; C juvenile (PEM R23304) from 4 km upstream of Cuanavale River source lake, Angola; and D juvenile (PEM R23300)
from the road between Cuanavale River source camp and Samanunga village, Angola. Photographs: A, B, C — Werner Conradie;
D — Luke Verburgt.

Figure 18. Holotype (PEM R23420) of Ichnotropis robusta sp. nov. from Cuando River source, Moxico Province, Angola. Photo-
graphs of body in A ventral and B dorsal views, and head in C dorsal, D lateral and E ventral views. Scale bars represent 10 mm.
Photographs: Werner Conradie.
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Table 5. Measurements (in mm) and scale counts for the type series of Ichnotropis robusta sp. nov. Scale counts given as Right/

Left. For abbreviations, see the Materials and Methods section. t = truncated.

Catalogue No. PEM R23420 PEM R23482 PEM R23421 PEM R23362 PEM R23361
Type status Holotype Paratype Paratype Paratype Paratype
Sex Male Male Male Female Female
SVL 73.5 71.9 72.7 71.7 78.8
TAIL 96t 135.0 140.0 121.0 136.0
HL 18.7 18.5 17.9 17.8 18.5
HW 11.1 11.8 11.7 11.2 11.6
HH 9.2 9.1 9.2 9.4 9.4
ED 29 3.8 3.1 3.0 3.1
SE 8.1 8.4 8.2 8.2 8.3
LL 21.3 21.5 20.6 20.5 24.2
IL 36.3 334 35.8 36.0 40.1
FLL 8.3 8.6 8.6 8.5 7.2
HLL 13.8 133 13.1 12.8 13.4
TAIL/SVL — 1.9 1.9 1.6 1.7
HL/SVL 0.3 0.3 0.2 0.2 0.2
ES/HL 0.4 0.5 0.5 0.5 0.4
HW/HL 0.6 0.6 0.7 0.6 0.6
MSR 44 44 45 43 48
LVSR 10 10 10 10 10
TVSR 29 26 26 28 30
SL 4/4 4/4 5/5 5/4 5/5
IL 6/6 7/6 7/6 6/6 6/6
SC 5/6 5/5 5/5 5/5 5/5
LUFT 21 22 20 20 23
Femoral Pores 12/12 13/12 14/14 12/11 12/12

transverse ventral scale rows; 20-23 subdigital lamellae
under the 4" toe; 11-14 femoral pores per thigh. Size:
Adult specimens varied from 71.9—78.8 mm (mean: 75.3
mm) SVL and 121-140.0 mm (mean: 133.0 mm) TAIL.
Largest female: 78.8 mm SVL + 136 mm TAIL (PEM
R23361); largest male: 73.5 mm SVL + 96.0 mm truncat-
ed tail (Holotype). Colouration (Fig. 17B): Females with
numerous scattered black scales on back and tail, scat-
tered white scales along the upper edge of the dorsolateral
dark brown band, continuing onto the tail. Lower dorso-
lateral black band broken from behind the head to the tail.

Additional juvenile material variation. Prefrontal sepa-
rated from the anterior supraocular by 1-2 smaller scales
(in contact in PEM R23300 and R23299 — both sides;
PEM R23309 — left side only) and separated from supra-
ciliaries by a smaller scale (except PEM R23305 and PEM
R23299); two large supraoculars, which are separated
from the supraciliaries by one row (two in PEM R23280
and R23303) of small scales (7-10) and preceded by a
cluster of smaller scales (2—7) (except in PEM R23300,
where the 1 supraciliary is in narrow contact with the
anterior supraocular on the right side; in narrow contact
on the left side in PEM R23306; in PEM R23307, the
2% and 3% supraciliaries are in contact with the posterior
supraocular on the right and anterior supraocular on the
left); 1-2 post-supraocular scales; two loreal scales pres-
ent, which are separated from the anterior supraocular by
1-2 scales; subocular in contact with the lip; 4—6 (mostly

five) supralabials in front of the subocular; 6—7 (mostly
six) infralabials; five chin shields, with the anterior three
in broad contact; 5—-6 (mostly five) supraciliaries; 43—47
(average: 45.0) midbody scale rows; 9-10 longitudinal
rows of enlarged ventral plates; 30-33 (average: 32.4)
transverse ventral scale rows; 20-25 subdigital lamellae
under the 4" toe; 11-13 femoral pores per thigh. Size:
Juvenile specimens varied from 35.6-51.1 mm (mean:
44.6 mm) SVL and 68.0-100.9 mm (mean: 88.2 mm)
TAIL. Colouration (Fig. 17C, D): In juveniles, the dor-
sum is grey anteriorly and orange posteriorly, with scat-
tered black and white specks, and a narrow mustard co-
loured dorsolateral band. The dorsum of the tail is orange
with scattered black and white scales. The venter is white.

Distribution. Only recorded from the headwaters of the
Okavango (Cuito and Cuanavale Rivers) and Cuando
Rivers in central Angola (Fig. 14).

Habitat and Natural History. Ontogenetic colour dif-
ferences have been observed between juveniles and
adults. Breeding colouration males and gravid females
were collected in November 2016, while non-breeding
females and juveniles were found in February—March
2016. Juveniles were only observed on sandier areas
around the source of the Cuanavale River, while two
adult females were found on the elevated grassland ridg-
es surrounding the river. Found in sympatry with /. ca-
pensis sensu lato.
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Figure 19. Geographic records of the Ichnotropis capensis group, based on all literature records (open circles), examined material

(closed circles) and genetically analysed material (white centres). Respective type localities are indicated by arrows: Ic — . capensis,

llc — I longicorpa sp. nov., llp — 1. longipes, and Im — I. macrolepidota.

The Ichnotropis capensis group

Based on the phylogenetic reconstructions and the mor-
phological data, the /. capensis group includes /. capensis
sensu lato and a candidate new species (described below)
from central Angola, which share the following morpho-
logical features: A more slender build (compared to the
other two groups), the prefrontal mostly separated from
the anterior supraocular, and a narrow, flattened head
with distinct evenly spaced head striations. This group is
restricted to the Kalahari Basin from the central Angolan
plateau to northern Namibia, eastward to the east coast of
Mozambique and South Africa (Fig. 19).

Ichnotropis capensis (Smith, 1838) sensu lato
Cape rough-scaled lizard
Figures 20-23; Table 6

Taxonomic note. /chnotropis capensis was originally de-
scribed from the “sandy deserts around Latakoo”, which
corresponds to the present-day Kuruman area in the
Northern Cape province, South Africa. Since its original
description, no additional specimens have been collect-
ed from the type locality or proximate areas. The nearest

known record today is from Giya Camp in southern Bo-
tswana, approximately 340 km north of the type locality.
This gap in distribution may be due to limited sampling
effort in the region (Tolley et al. 2023), or alternatively,
it may reflect uncertainty or inaccuracy in the locality in-
formation provided by Smith (1838), who was traveling
extensively across the northern provinces of South Africa
at the time. Due to the uncertainty surrounding the type
locality and the fact that the type specimen remains un-
accounted for in the BMNH (P. Campbell, pers. comm.
23 January 2024), the designation of a neotype is recom-
mended to further stabilise the taxonomic status of Ich-
notropis capensis. However, we refrain from taking this
action at present, because we lack comparative material
from the southern and eastern parts of the species’ dis-
tribution, including areas near the type locality of Ich-
notropis longipes (Mazoé and the region between Umtali
and Marandellas). Although we have examined photo-
graphs of the 1. longipes type specimens (all subadults),
we choose not to assign this name to any of the remaining
L capensis clades until additional material becomes avail-
able and a neotype for /. capensis can be designated.
Jacobsen et al. (2010) noted the presence of disjunct
populations of Ichnotropis capensis between the east
coast of southern Africa and the interior. Populations
from the eastern coastal regions of South Africa and ad-
jacent Mozambique form a distinct monophyletic clade
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Figure 20. Photographs in life of Ichnotropis capensis sensu lato from A Cuando River source, Angola (adult male), B Cuanavale
River source, Angola (adult female), C Xai-Xai, Mozambique (adult male), D Ngonye Falls, Zambia (adult female), E Zambezi Re-
gion, Namibia (adult male), F Kosi Bay, South Africa (adult male). Photographs: A—D — Werner Conradie; E, F — William R. Branch.

that differs genetically by 4.1-6.4% 16S uncorrected
p distance from other /. capensis populations. Although
this coastal material could be referred to Ichnotropis
macrolepidota Peters, 1854—originally described from
Lourenco Marques (now Maputo), Mozambique—our
analysis indicates that the observed genetic differences
fall within the expected range of intraspecific variation
and likely reflect geographic separation between popu-
lations. This was further supported by the lack of clear
morphological or geographical separation. As such, we
consider Ichnotropis macrolepidota a junior synonym of
1. capensis. Nevertheless, if future studies demonstrate
that the eastern coastal populations represent a distinct
operational taxonomic unit (OTU), the name /. macro-
lepidota should be resurrected for it.

Synonymy. Algyra capensis Smith, 1838: 94; Tropidosau-
ra Dumerelii Smith, 1849: appendix 7; Ichnotropis ma-
crolepidota Peters, 1854: 617; Ichnotropis longipes Bou-
lenger, 1902: 17.

Type. BMNH 1865.5.4.56, collected from the ‘Sandy
deserts around Latakoo’ [= Kuruman], Northern Cape,
South Africa by Andrew Smith.

General description. A medium-sized lacertid with a
narrow and depressed snout. Head scalation strongly
striated. Nostril pierced between three nasals; the su-
pranasals are in broad contact behind the rostral; single
frontonasal, as broad as long; paired prefrontal scales in
broad contact medially; prefrontal separated from the
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Figure 21. Ichnotropis capensis sensu lato (PEM R27396) from middle Quembo River bridge camp, Moxico Province, Angola.
Photographs of body in A ventral and B dorsal views, and head in C dorsal, D lateral and E ventral views. Scale bars represent
10 mm. Photographs: Werner Conradie.

Figure 22. Syntype (ZMB 6123) of Ichnotropis macrolepidota from Lourengo Marques [= Maputo], Mozambique. Photographs of
body in A ventral and B dorsal views, and head in C dorsal, D lateral and E ventral views. Scale bars represent 10 mm. Photographs:
Frank Tillack.
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Figure 23. Syntype (BMNH 1946.8.4.23) of Ichnotropis longipes from Mazoé€, Zimbabwe. Photographs of body in A ventral and
B dorsal views, and head in C dorsal, D lateral and E ventral views. Scale bars represent 10 mm. Photographs: Patrick Campbell.

anterior supraocular (only in contact in 15 out of 245
specimens examined) and separated from supraciliaries
by a smaller scale; two large supraoculars, which are sep-
arated from the supraciliaries by one (very rarely two)
row of small scales (4-9) and preceded by a cluster of
3-10 smaller scales; two loreal scales present, which are
separated from the anterior supraocular by 2-3 scales;
1-2 post-supraoculars; subocular in contact with the lip;
3—6 (mostly four) supralabials in front of the subocular;
5-8 (mostly six) infralabials; five chin shields, with the
anterior three in broad contact; 3—5 (mostly four) su-
praciliaries; 25-42 (average: 36.7) midbody scale rows;
8-10 (average: 8.8) longitudinal rows of enlarged ven-
tral plates; 20-31 (average: 25.8) transverse ventral scale
rows; 16-26 (average: 21.6) subdigital lamellae under
the 4" toe; 6-15 femoral pores per thigh. Size: Adult
specimens varied from 40.0-67.8 mm (mean: 54.6 mm)
SVL and 69.5-149.0 mm (mean: 110.4 mm) TAIL. Larg-
est female: 65 mm SVL (NMZB-UM 9228 — Umtali,
Zimbabwe); largest male: 67.8 mm SVL (BE RMCA
Vert.R.7785 — Dilolo, DRC). Colouration (Fig. 20): In
males, the flanks feature a striking, broad black longitu-
dinal band that originates at the tip of the snout, passes
through the eye, and extends posteriorly well beyond the
hind limbs, gradually fading towards the tip of the tail.
This black band is bordered by two distinct white stripes:
The upper stripe begins just behind the eye, while the
lower stripe originates at the rostral plate, crosses the
tympanum, and runs parallel to the black band along the
length of the body. Below the lower white stripe, a vivid
reddish-orange stripe is especially prominent on the an-

terior flanks. A secondary short black line also originates
at the snout, runs across the supralabials along the side
of the head, and terminates anterior to the insertion of
the forelimbs. The main black band on the flank is often
scattered with small white spots, particularly towards the
posterior end of the body. In breeding males, the white
stripes on the head and neck, as well as the gular region,
become infused with a bright yellow hue. The dorsal sur-
face is a rich reddish-brown, adorned with scattered dark
brown speckling. Females exhibit a more subdued co-
louration, with an overall grey-brown tone that is lighter
on the ventral side. A single, less pronounced dark black
stripe originates at the snout, passes through the eye, and
continues along the flanks, gradually fading towards the
tail. Juveniles and subadults are often grey in coloura-
tion with a white dorsolateral stripe. The venter is mostly
white, but some specimens exhibit grey colouration with
scattered black specks.

Distribution. Widespread, occurring across several
countries in southern Africa, including Angola, Namibia,
Botswana, Zambia, Zimbabwe, Mozambique, and parts
of South Africa and Malawi (Fig. 19). Historical records
from north-eastern Angola and DRC assigned to /. capen-
sis or 1. overlaeti need to be re-evaluated in light of this
study and might be assignable to either /. tanganicana,
L bivittata or 1. longicorpa sp. nov. (see new species de-
scription below).

Habitat and Natural History. This species prefers arid
to mesic savanna habitats. It is a diurnal lizard, actively
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Table 6. Summary of morphological data for the Ichnotropis capensis group. Measurements are in millimetres (mm). Values are

given as a range with mean + standard deviation in parenthesis. Juveniles were excluded from the measurements, but were included

in the scalation data. For abbreviations, see the Materials and Methods section. n = sample size.

Characters 1. capensis sensu lato 1. longicorpa sp. nov.
n=256 n=12

SVL 40.0-67.8 (54.8 £ 5.11) 62.7-71.2 (66.4 +2.37)

TAIL 69.5-149.0 (110.4 + 17.89) 117-160 (137.5 £ 15.94)

HL 10.1-14.7 (12.7 + 0.97) 13.1-17.2 (15.1 £ 1.16)

HW 5.6-8.6 (7.2 +0.67) 7.8-9.4 (8.7 £ 0.46)

HH 4.5-7.5(5.9+0.62) 6.1-8.5 (7.4 £0.61)

ED 3.9-6.3 (4.5 +0.52) 2.4-5.9 (4.4 +0.98)

SE 4.0-7.0 (5.2£0.77) 6.0-7.3 (6.9 £ 0.40)

LL 12.5-16.4 (142 + 1.18) 14.4-18.7 (17.8 + 1.27)

IL 18.5-31.6 (25.5£3.29) 27.4-31.6 (28.7 £ 1.42)

FLL 5.0-8.2 (6.2 +0.70) 6.8-8.4 (7.5 +£0.46)

HLL 7.4-13.2 (10.5+1.25) 10.6-13.5 (12.3 £ 0.96)

TAIL/SVL 1.2-2.7 (2.0£0.28) 1.9-2.4(2.2+0.22)

HL/SVL 0.2-0.3 (0.2 £0.01) 0.2-0.3 (0.2+0.01)

ES/HL 0.4-0.5 (0.5 £ 0.02) 0.4-0.5 (0.4 £0.02)

HW/HL 0.2-0.7 (0.6 £ 0.06) 0.5-0.6 (0.6 = 0.03)

MSR 25-42 3441

LVSR 8-10 9-10

TVSR 20-31 25-31

SL 3-6 (mostly 4) 4-5 (mostly 4)

IL 5-8 (mostly 6) 6-7 (mostly 6)

SC 3-5 4

LUFT 16-26 19-24

Femoral pores 6-15 10-13

foraging for small invertebrates such as termites, spiders,
beetles, and grasshoppers. Females lay up to nine eggs
per clutch, typically during the summer months from
October to November. The eggs measure approximately
5.5-7.0 mm by 8.5-9.5 mm. The incubation period rang-
es from 56 to 77 days, with hatchlings emerging between
January and March. Females may produce up to two
clutches within a single breeding season.

Ichnotropis longicorpa sp. nov.
Long-bodied rough-scaled lizard

https://zoobank.org/2D3A7A69-E837-4542-89C3-D4C-
C18A2A160

Figures 24, 25; Tables 6, 7

Chresonymy.

Ichnotropis capensis overlaeti — Laurent (1950: 12, in part); Ichnot-
ropis capensis — Conradie et al. (2022a: 198, in part); Ichnotropis aff.
capensis — Benito et al. (2025: 893).

Holotype. PEM R23410 (field number WC-4558), adult
male, collected from Lungwebungu River camp bridge
crossing, (—12.5835°, 18.6660°, 1304 m a.s.l.), Moxico
Province, Angola by Werner Conradie and Luke Verburgt
on 22 October 2016.

Paratypes. 6 specimens: a) PEM R23409 (field number
WC-4557), adult male, same collection details as ho-
lotype; b) PEM R23502 (field number WC-4522), and
PEM R23531 (field number WC-4560), adult male and
female respectively, collected from Sombanana Village
(—12.3108°, 18.6239°, 1403 m a.s.l.), Moxico Province,
Angola by Werner Conradie and Luke Verburgt on 9 Oc-
tober 2016; ¢) PEM R23505-7 (field number WC-4543,
WC-4562 and WC-4563, respectively), adult males, col-
lected from Lake Tchanssengwe (—12.4102°, 18.6348°,
1414 m a.s.l.), Moxico Province, Angola by Werner Con-
radie and Luke Verburgt on 21 October 2016.

Additional material. 9 specimens: a) PEM R19903 (field
number TB 44) and PEM R19905 (field number TB 46),
adult female and male respectively, collected from Camp
Chiri, Miombo forest/camp (—9.3969°, 20.4319°, 1004 m
a.s.l.), Lunda-Sul Province, Angola by Tom Branch on
24 October 2008; b) PEM R23977 (field number WC-
6267), juvenile, collected from near Lungwebungu Trap
2 (—12.5820°, 18.6656°, 1208 m a.s.l.), Moxico Province,
Angola by Werner Conradie and Alex Rebelo on 22 April
2018; ¢) PEM R23986 (field number WC-6266), juve-
nile, collected from Lungwebungu Trap 1 (-12.5801°,
18.6674°, 1298 m a.s.l.), Moxico Province, Angola by
Werner Conradie and Alex Rebelo on 22 April 2018; d)
PEM R23996-7 (field numbers WC-6291 and WC-6292,
respectively), juveniles, collected from Lake Tchanssen-
gwe (—12.4140°, 18.6442°, 1393 m a.s.l.), Moxico Prov-


https://zoobank
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Figure 24. Photographs in life of Ichnotropis longicorpa sp. nov. Photographs of A adult male (PEM R23410) from Lungwebungu
River camp bridge crossing, Angola, and B adult female (PEM R23531) from Sombanana village, Angola. Photographs: Werner

Conradie.

Figure 25. Holotype (PEM R23410) of Ichnotropis longicorpa sp. nov. from Lungwebungu River camp bridge crossing, Moxico
Province, Angola. Photographs of body in A ventral and B dorsal views, and head in C dorsal, D lateral and E ventral views. Scale
bars represent 10 mm. Photographs: Werner Conradie.

ince, Angola by Werner Conradie and Alex Rebelo on 23
April 2018; e) BE RMCA_ Vert.R.17490, 17492 (adult
males) and BE RMCA_ Vert.R.17491 (adult female),
collected from the Dundo region, Lunda-Norte Province,
Angola by Barros Machado on 14 December 1947.

Etymology. The species name longicorpa is the feminine
form of the Latin adjective longicorpus, derived from
longus (long) and corpus (body), referring to this species’
elongate body.

Diagnosis. Assigned to Ichnotropis due to the absence of
a well-defined collar, digits not serrated or fringed, sub-
digital lamellae keeled, and subocular bordering the lip.
A slender Ichnotropis with a single frontonasal; subocu-
lar bordering the lip; a single anterior loreal; feebly de-
veloped head shield striations, prefrontals well separated
from the anterior supraocular; and supraciliaries separat-
ed from the supraoculars by a series of smaller scales.
The new species can be distinguished from other Ich-
notropis species based on a combination of the following
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Table 7. Measurements (in mm) and scale counts for the type series of Ichnotropis longicorpa sp. nov. Scale counts are given as

Right/Left. For abbreviations, see the Materials and Methods section. t = truncated.

Catalogue No. PEM R23410 | PEM R23409 | PEM R23502 | PEM R23505 | PEM R23506 | PEM R23507 | PEM R23531
Type Status Holotype Paratype Paratype Paratype Paratype Paratype Paratype
Sex Male Male Male Male Male Male Female
SVL 67.7 63.0 64.3 63.9 65.4 66.2 63.1
TAIL 160.0 146.0 149.0 92t 127.0 148.0 117.0
HL 15.6 15.8 15.6 14.7 15.3 15.8 13.1
HW 8.5 8.6 9.4 8.9 8.9 9.2 7.8
HH 7.1 7.3 7.5 7.3 7.1 7.5 6.1
ED 3.1 3.6 3.6 2.4 2.8 3.8 3.0
SE 6.6 6.6 6.7 6.7 6.6 72 6.1
LL 17.6 18.0 18.1 16.8 17.3 18.7 15.2
IL 30.8 31.4 29.0 28.9 31.2 29.5 31.6
FLL 7.4 7.8 8.2 7.0 7.5 7.3 6.8
HLL 13.5 13.1 12.6 13.3 13.5 13.2 11.5
TAIL/SVL 2.4 2.3 2.3 1.9 22 1.9
HL/SVL 0.2 0.3 0.2 0.2 0.2 0.2 0.2
ES/HL 0.4 0.4 0.4 0.5 0.4 0.5 0.5
HW/HL 0.5 0.5 0.6 0.6 0.6 0.6 0.6
MSR 39 37 38 40 37 40 37
LVSR 9 9 9 9 9 10 9
TVSR 30 28 29 31 28 30 28
SL 4/4 4/4 4/4 4/5 4/4 4/4 4/5
IL 6/6 7/6 6/6 717 6/6 6/6 6/6
SC 4/4 4/4 4/4 4/4 4/4 4/4 4/4
LUFT 22 20 21 22 24 22 22
Femoral pores 12/10 10/10 12/12 12/11 13/12 11/10 10/10

characteristics: Prefrontals well separated from the ante-
rior supraocular (versus mostly in contact in . bivitta-
ta, I. microlepidota and I. tanganicana); lower number
(34-41) of midbody scales rows (44-47 in I. grandiceps
and 43-48 in I. robusta sp. nov.); small, depressed head
and pointed snout (versus large robust head and rounded
snout in I. grandiceps and I. robusta sp. nov.); four su-
pralabials anterior to the subocular (versus mostly five in
1 grandiceps and I. robusta sp. nov.); distinctive occip-
ital scale usually extending posteriorly well beyond the
level of the parietals (versus large trapeziform occipital
wedged between the parietals, not protruding past pari-
etals in . grandiceps and I. robusta sp. nov.).

The new species resembles /. capensis sensu lato in
its narrow, pointed snout, with the prefrontals well sep-
arated from the anterior subocular. It differs in that the
new species exhibits black spots on the chin shields and
gular scales (versus immaculate in /. capensis sensu lato)
and the absence of a clear upper white dorsolateral stripe
that separates the dark black lateral band from the dorsal
brown vertebral band (versus present in most /. capensis
sensu lato).

In the phylogenetic analysis, the uncorrected p dis-
tances show that the new species differs by >5.9% for
16S and >12.3% for ND4 sequence divergence from oth-
er Ichnotropis species (Table 2).

Holotype description (Fig. 25). Adult male measuring
67.7 mm SVL and 160 mm TAIL (2.4 x SVL). Body
moderately depressed; head distinctly depressed, almost

twice as long as broad (HL 15.8/HW 8.5 mm), its length
equivalent to 23.3% of SVL, expanded in the temporal
region and very distinct from the neck. Adpressed hind
limb just reaching the anterior edge of ear opening. The
foot length is longer than the head length (FL 19.2/HL
15.8 mm).

Dorsal head shields very feebly striated and keeled;
nostril pierced between three nasals, the supranasals in
broad contact behind the rostral; frontonasal as long as
broad (2.2 x 2.2 mm); prefrontals much longer than broad
(2.7 x 1.5 mm), in broad contact medially, not reaching
the anterior supraoculars (separated by a small keeled
scale), in contact with the anterior and posterior loreal;
frontal more than twice as long as its maximum width be-
tween the posterior tips of the prefrontals (4.6 x 2.1 mm),
rounded anteriorly and strongly narrowed posteriorly;
paired frontoparietals longer than broad (3.0 x 2.0 mm);
parietals longer than broad (3.8 x 2.6 mm), extending
posteriorly, widely separated by a large interparietal and
occipital, the posterior margin extending past the poste-
rior borders of the parietals; three keeled temporal scales
bordering the parietal, the first one longest, followed by
the second and third (smallest); two enlarged supraocu-
lars, the anterior supraocular slightly longer than the pos-
terior one and longer than its distance from the posterior
loreal (2.4 mm vs. 1.5 mm), in contact with the posterior
half of the frontal, separated from the posterior loreal by
two smaller keeled scales; the anterior supraoculars are
preceded by a cluster of five smaller keeled scales, the
posterior supraocular is followed by three smaller keeled
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post-supraocular scales, the two supraoculars are separat-
ed from the supraciliaries by a single row of nine small
keeled scales. Five supraciliaries, the first two much lon-
ger than the others and forming a long oblique suture.
Lower nasal in contact with the rostral, first supralabial,
and anterior loreal (narrow contact on left side); postna-
sal small, in contact with the other two nasals, anterior
loreal, and frontonasal. Two loreals, the posterior one
much larger and divided below; four supralabials anterior
to the subocular, whose lower border on the lip is much
shorter (3x) than the upper border; three supralabials
posterior to subocular; temporal scales strongly keeled;
a narrow tympanic shield on the upper anterior corner of
the vertically elongate ear opening. Lower eyelid scaly
with a median series (4-5) of vertically elongate scales.
Six infralabials; five pairs of large chin shields, the first
three pairs in median contact; gular scales imbricate; no
collar.

Dorsal scales rhombic, strongly keeled and imbricate;
laterals smaller and feebly keeled, passing gradually into
the smooth, rounded ventral plates, which are broad-
er than long; 39 scales around the middle of the body;
ventral plates in nine longitudinal and 30 transverse rows
between the fore- and hind limbs; preanal scales irregu-
lar; scales on upper surfaces of limbs rhombic, strongly
keeled, and imbricate; 12/10 femoral pores on each side;
subdigital lamellae pluricarinate and spinulose, 22 under
the 4" toe; caudal scales strongly keeled above and below,
except those just posterior to the vent, which are smooth.

Colouration. (In life, breeding colouration; Fig. 24A):
The dorsum varies from grey on the head and nape to red-
dish-brown on the dorsum and grey on the tail. The side
of the body has a dark black band that originates on the
snout and run posteriorly to the tail, where it disappears
at the tip. Below this black band is a white stripe that
originates on the snout, runs below the eye to the front
limb, is less distinct between the fore- and hind limb, and
then fades onto the tail. Below this white line is another
black stripe that originates on the snout, running along
the edges of the supra- and infralabials to the front limbs.
The white stripes on the sides of the head and the gular
region are pale yellow. Below the black band and white
flank stripe (that appears as scattered white and grey spots
in places) is an orange band. Limbs are brick red and
grey. Chin shields and gular scales have scattered black
blotches of varying sizes. The venter is white with scat-
tered black specks. Colouration (in preservative; Fig. 25):
Above pale grey-brown; a well-defined broad (covering
3—4 scales at midbody) black dorsolateral band extends
from the tip of the snout to the groin; below this black
dorsolateral band is a narrow white band (covering one
scale at midbody) which extends from the tip of the snout
to just posterior to the front limb, fading towards the groin

and tail base. Below this white band is another narrow
black band extending from the mental, along the edge of
the jaw (edge of supra- and infralabials) to just posterior
to the forelimb insertion. Flanks bear a light brown band
(two scales wide); gular and chin shields with scattered
black spots or blotches; limbs dorsally brown and ventral-
ly white; 2—3 white spots on the anterior surfaces of the
legs; venter white with scattered black specks.

Paratype and additional material variation. The para-
types are in agreement with the holotype in scalation,
with only minor variation: Prefrontal always separate
from the anterior supraocular by one scale (except PEM
R19905 on right side); frontonasal always separate from
the 1% supraciliaries (except in PEM R23409 and PEM
R23506); two (rarely three) scales separating anterior su-
praocular from the posterior loreal; cluster of 3-9 scales
in front of the anterior supraocular; single row of 6-9
scales separating the supraoculars from the supraciliaries;
1-4 post-supraoculars; four supraciliaries; 4—5 supralabi-
als; 67 infralabials; five chin shields, with first three in
contact (PEM R23505 has six chin shields, with the first
four in contact on the left side); 9-10 transverse ventral
plates; 25-31 longitudinal ventral plates; 34—41 midbody
scale rows; 19-24 subdigital lamellae under the 4" toe;
10-13 femoral pores on each thigh. PEM R23409 exhib-
its some aberrant head scalation in that the anterior loreal
seems to be divided, forming a supraloreal that separates
the anterior loreal from the frontonasal and the parietal,
and the posterior loreal is divided into two scales. Size:
Adult specimens varied from 62.7-71.2 mm (mean: 65.3
mm) SVL and 117.0-160.0 mm (mean: 141.2 mm) TAIL.
Largest female: 65.1 mm SVL (PEM R19905 — Camp
Chiri, Angola); largest male: 71.2 mm SVL (BE_ RMCA
Vert.R.17492 — Dundo, Angola). Colouration of all males
are in agreement with the holotype. The paratype female
(PEM R23531; Fig. 24B) is duller in colouration, almost
uniformly reddish-brown dorsally and grey laterally, with
no white stripes or black bands.

Distribution. Only recorded from the headwaters of the
Lungwebungu and Cuando Rivers in central Angola,
northwards to the DRC border (Fig. 19). Some speci-
mens from Mabwe River, Upemba National Park, DRC
(IRSNB 7895, 7897, 7907-9, 78728), exhibit the same
distinct dark brown to black gular markings and might
be assigned to this species. If confirmed, this new species
could be more widely distributed than currently thought.

Habitat and natural history. This species was not found
to be sympatric with any other Ichnotropis species, but it
occurs in close geographical proximity to I. capensis sen-
su lato and /. robusta sp. nov. This species is associated
with wet Miombo woodland.
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Key to the genus Ichnotropis Peters, 1854

1a Snout depressed and pointed, prefrontal separated from anterior supraocular by one or two smaller keeled scales... 2

1b Snout robust and rounded, prefrontal mostly in contact with anterior supraocular-................... 5 (I. bivittata group)
2a 43-47 midbody scale rows, body robust, head broad, adult SVL > 70 mm ...........cccccee. 3 (I. grandiceps group)
2b 25-42 midbody scale rows, body slender, head narrow, adult SVL <65 mm........ccccoevevvinenee (1. capensis group)
3a Confined to the drier Zambezian Baikiaeca woodlands or Combretum-Vachellia bushveld in western Zambia and the

Zambezi Region of Namibia and adjacent Botswana; occurs below 1000 m a.s.1.........coovrieiinieins 1. grandiceps
3b Confined to the Angolan Plateau, which consists of moister Angolan Miombo woodland; occurs above 1300 m

TS SRR SRR 1. robusta sp. nov.
4a Long, slender body and head; dark black spots/blotches on chin shields and gular scales, no clear upper white dor-

solateral line separating dorsolateral black band from dorsal brown vertebral band............... I longicorpa sp. nov.
4b Short body and head; no dark black spots/blotches on chin shields or gular scales, clear white upper dorsolateral

line separating black dorsolateral band from dorsal brown vertebral band ..............cccocceene..e. L. capensis sensu lato
5a >42 (42-50) midbody scale rows, known only from Mt Moco, Angola.............cccceeeeeriniiiiennn. 1. microlepidota
5b <42 (28—42) MIidDOAY SCALE TOWS ...eueeeieuieiiieieeiieie ettt ettt ettt e st et e see e e s seenteeseenseese et e eneenseenseeseeneeeneensesneeseeneas 6
6a Presence of dorsolateral blue or yellow SPots in Life........ccuovuieiiiieiiiiee e e 7
6b No dorsolateral blue or yellow spots, only known from north-eastern DRC..........cc.ccccoeeiiiicincnnnncnenne. 1. chapini
7a Prefrontals mostly separated from the anterior supraocular, which is often in contact with the 1% supraciliary; evenly

spaced blue dorsolateral spots; occurs in southern DRC, Zambia, Malawi and Tanzania.................. 1. tanganicana

7b Prefrontal mostly in contact with anterior supraocular, which is always in contact with the 1* supraciliary; closely

spaced yellow spots above arm; occurs in Angola, eastern DRC, Republic of the Congo and Gabon.......I. bivittata

Discussion

Although Ichnotropis species are locally abundant and
widely distributed across sub-Saharan Africa, excluding
West Africa, the genus remains among the most taxonom-
ically neglected of African lacertids. This historical over-
sight is likely driven by a combination of strong seasonal
activity patterns, which limit detectability outside of peak
reproductive periods (Broadley 1967a, 1974, 1979; Ja-
cobsen 1987; this study), and a legacy of taxonomic con-
fusion dating back over a century (Boulenger 1921; Lau-
rent 1952, 1964; van den Berg 2017; Benito et al. 2025).
As a result, specimen collections have remained sparse in
many regions, and the group’s true species richness has
long been underestimated.

Through expanded geographic sampling, covering
much of the known ranges of 1. bivittata and I. capensis,
and the generation of the first genetic data for /. tangan-
icana and I. grandiceps, we provided the most compre-
hensive and geographically inclusive phylogenetic frame-
work for Ichnotropis species to date. Species delimitation
analyses, combined with a substantially enhanced mor-
phological dataset, support the validity of most currently
recognised species (with the exception that we could not
validate the phylogenetic status of /. chapini) and justi-
fy the formal description of two new Angolan endemics:
Ichnotropis robusta sp. nov. and 1. longicorpa sp. nov.
These findings underscore the continued importance of
integrating molecular and morphological approaches in
taxonomic revisions of morphologically conservative lin-
eages.

Conversely, our phylogenetic framework also facilitat-
ed the reassessment of several taxonomically ambiguous
species and subspecies, many of which had not previ-

ously been evaluated using phylogenetic analyses. For
instance, although 1. b. pallida exhibits notable genetic
divergence from other 1. bivittata populations, we con-
servatively synonymise the subspecies with the nominal
form until further data become available. Furthermore,
based on our findings, we recommend retaining /. /on-
gipes and I. macrolepidota as synonyms of . capensis
sensu lato, due to the absence of consistent diagnostic
morphological differences and inclusion of topotypic
material in our phylogenetic analyses. Additionally, we
propose synonymising I. c¢. nigrescens with I. bivittata,
and treating /. overlaeti as a junior synonym of I tan-
ganicana, based on morphological congruence. Newly
collected Ichnotropis material from west of the Kabobo
Plateau and Upemba National Park in DRC allowed us
to reassess the poorly known . tanganicana, previous-
ly known only from its type specimen and a vague type
locality (Boulenger 1917; Meiri et al. 2018). Our data
confirm the species’ taxonomic validity, help revise the
species description and suggest a broader geographic
distribution than previously recognised. As a result, most
historical records of /. bivittata from East Africa are here
reassigned to /. tanganicana.

While there was a more comprehensive sampling for
L capensis relative to 1. bivittata, the limited material
available for 1. bivittata (n = 4, including topotypic 7. b.
pallida) exhibited moderate genetic divergence, and spe-
cies delimitation analyses consistently identified these
lineages as distinct. Given the broad unsampled distri-
bution of 1. bivittata, coupled with the high genetic di-
versity observed within the available dataset, increased
geographic sampling, especially within topographically
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complex Angola, DRC, Republic of the Congo and Ga-
bon, may reveal additional cryptic diversity. Moreover,
our species delimitation analyses recovered multiple pu-
tative candidate species within the /. capensis sensu lato
complex. It must be noted that some of these lineages
may correspond to previously described species, such as
L longipes, but resolving this will require targeted sam-
pling from type localities or museomics (i.e., historical
DNA [hDNAJ]) to assess potential synonymy or revalida-
tion (McGuire et al. 2018; Raxworthy and Smith 2021;
Zacho et al. 2021; Lalueza-Fox 2022; Letsch et al. 2025).
Although we were unable to assess the phylogenetic
placement of 1. chapini due to the absence of genetic data,
we recommend its provisional assignment to the . bivit-
tata group based on similarities in head morphology and
scalation. Until further material becomes available for
molecular analysis, we propose retaining . chapini as a
valid species.

The species delimitation analyses confirmed the spe-
cies status of both newly described and previously rec-
ognised taxa, less conservative methods also revealed
potential cryptic diversity within 1. tanganicana, I. bivit-
tata, 1. longicorpa sp. nov., and 1. capensis sensu lato.
We caution that single-locus approaches can overestimate
species boundaries by conflating intraspecific variation
with interspecific divergence, especially under conditions
of incomplete lineage sorting or limited geographic sam-
pling (e.g., Carstens et al. 2013; Sukumaran and Knowles
2017). To mitigate this risk, we employed five indepen-
dent species delimitation methods, enabling cross-vali-
dation and allowing us to conservatively interpret only
those lineages supported by multiple lines of evidence
(morphology, colouration, ecology) as candidate species
(e.g., Fujisawa and Barraclough 2013; Zhang et al. 2013;
Kapli et al. 2016).

Morphological analyses broadly support the three ma-
jor clades recovered by the phylogenetic analyses, with
diagnostic differences in head shape, scalation, and breed-
ing colouration. These traits are largely consistent across
multiple populations, making them valuable for species
identification in the field. The I capensis, 1. grandiceps
and [ bivittata groups exhibit distinctive morpholog-
ical characteristics that aid in distinguishing them from
each another, even in the absence of genetic data. How-
ever, . tanganicana is an exception: It forms a deeply
divergent mitochondrial lineage that is sister to all other
Ichnotropis species in the phylogeny; nevertheless, it re-
mains morphologically similar to all members of the 7.
bivittata group, being thus included as part of this group.
The recognition of /. tanganicana as a distinct species
is supported primarily by molecular divergence, unique
geographic distribution, and its distinctive colouration
— most notably the presence of evenly spaced blue lat-
eral spots — underscoring the importance of integrating
genetic and phenotypic data in resolving cryptic diversity
within morphologically conservative lineages.

Biogeographically, Ichnotropis shows its highest di-
versity across the northern and western parts of central
and southern Africa, with the Kalahari Basin emerging as
a hotspot for species richness for this group. In contrast,

eastern Africa is represented by only a single species
(i.e., I. tanganicana), while South Africa harbours just
one taxon from the /. capensis complex. These patterns
are shaped by regional habitat heterogeneity, historical
barriers to gene flow, and likely also by limited historical
sampling in large swathes of suitable habitat (Greenbaum
etal. 2018).

The description of two new Ichnotropis species from
Angola contributes to the wave of reptile species discov-
eries in the region over the past two decades (Conradie
et al. 2012, 2020a, 2020b, 2020c; Stanley et al. 2016;
Branch et al. 2019, 2021; Marques et al. 2019a, 2019b,
2020, 2022a, 2022b, 2023a, 2023b, 2024; Ceriaco et
al. 2020b, 2020c, 2020d, 2024; Hallermann et al. 2020;
Lobdn-Rovira et al. 2021, 2022, 2025a, 2025b; Parrinha
et al. 2021, 2025a, 2025b, 2025c; Wagner et al. 2021;
Bates et al. 2023; Roll et al. 2024). Since 2012, Angola’s
known lacertid diversity has nearly doubled, from 10 to
18 species, mirroring growth in other reptile groups such
as skinks and geckos (Conradie 2024). Given that large
portions of Angola remain poorly surveyed, further spe-
cies discoveries are likely to occur within the territory.

The two new Ichnotropis species described here were
discovered through intensive fieldwork in central and
southeastern Angola, regions long underexplored due to
decades of civil conflict and the difficult access to these
areas (Conradie et al. 2021). Recent herpetological sur-
veys in these areas have yielded numerous new species,
expanded faunal records, and have provided compre-
hensive species inventories (e.g., Conradie et al. 2016,
2020a, 2020b, 2021, 2022a, 2022b, 2023; Nielsen et al.
2020), underscoring the importance of targeted fieldwork
and systematic biodiversity assessments in historically
inaccessible areas (Tolley et al. 2016). These two new-
ly described Ichnotropis species (I. robusta sp. nov. and
1 longicorpa sp. nov.) are currently considered Angolan
endemics, though they may also occur in adjacent regions
of DRC and Zambia. Finally, the Angolan highlands and
adjacent Miombo woodlands appear particularly signif-
icant, harbouring several endemic or near-endemic taxa
(Bauer et al. 2023; Becker et al. 2023). These findings
align with previous research identifying this region as
a hotspot of reptile endemism and support calls for en-
hanced conservation attention.

Conclusion

This study presents the most comprehensive phylogenetic
and taxonomic revision of the genus Ichnotropis to date.
By integrating mitochondrial and nuclear molecular data,
detailed morphological assessments, and broad geograph-
ic sampling, we reveal that Ichnotropis lizards harbour
more diversity than previously recognised. Our findings
support the description of two new taxa, indicate multi-
ple potential cryptic species and clarifies the taxonomic
status of several historically ambiguous names. The re-
covered phylogenetic structure and strong geographic
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partitioning underscore the evolutionary significance
of central and southern Africa, particularly the Angolan
highlands, as a centre of diversification and endemism for
reptiles. This work not only stabilizes the taxonomy of
Ichnotropis, but also lays a robust foundation for future
evolutionary, ecological and conservation studies for this
group across its range.
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Appendix

List of material examined for the study (‘examined by William Branch, *examined by Donald Broadley, * photographs
only). Museum acronyms: AMNH — American museum of Natural History, BMNH — British Museum (now Natural
History Museum, London), CHL - Colecg¢ao Herpetologica do Lubango, Angola, DM — Dundo Museum, Angola,
NMNW — National Museum Namibia, NMZB — Natural History Museum of Zimbabwe, PEM — Port Elizabeth Mu-
seum, TM — Transvaal Museum (now Ditsong National Museum of Natural History), USNM — Smithsonian National
Museum of Natural History. Other abbreviations: P series — Pedro Vaz Pinto field series, DRC — Democratic Republic

of the Congo, NP — National Park, IR — Integral Reserve.

Ichnotropis bivittata

ANGOLA: “P5-074, P5-075, Alto Cuilo (-10.0853; 19.4624); DM
1854 (1. b. pallida — holotype), Boca da Humpata, Huila (—14.9333;
13.5167); ' BMNH 1906.8.24.34-42, Caconda (-13.7333; 15.0667); P1-
318, Cambau (—10.1048; 15.2182); “AMNH 47113-7, *FMNH 18507
(5851), "FMNH 18507 (5855—6), NMZB-UM 16358; Chitau (-11.4333;
17.15); PEM R23530, Cuito town (-12.3278; 16.9067); "BMNH
1904.5.2.28 (98), BMNH 1904.5.2.29 (115), *MBL 662a-b (destroyed
syntypes), *MBL 663a-b (destroyed syntypes), “*ZMB 5827 (syntype),
Duque de Braganca [= Calandula] (-9.0916; 15.9549); *MBL 661, Hui-
la (destroyed); *MBL 660a—b (destroyed), Lobango (—14.9167; 13.5);
CHLO0675, Laundo IR (—=10.2772; 16.9533); #unvouchered photo, Mus-
semde (—10.5252; 15.9810); "FMNH 74288, Serra do Moco (—12.4167;
15.1833); PEM R17934 (I. b. pallida), 7 km East of Humpata
(—14.9820; 13.4352). DRC: BE RMCA_Vert.R.14641 (I. c. nigrescens
— holotype), Bololo (-2.1667; 16.2333); BE_ RMCA_Vert.R.14719,
Lemfu, Bas-Congo (-5.3; 15.2167); BE_ RMCA_Vert.R.15925, BE
RMCA_Vert.R.16240, Bolobo, Village Nolua (-2.1667; 16.2333);
BE RMCA_Vert.R.21138, BE RMCA_Vert.R.21234, Makaw River,
Kasai (-3.4667; 18.3); BE RMCA_Vert.R.40 (1. overlaeti — paratype),
Kwango; BE RMCA_Vert.R.914, Bas Congo; BE RMCA_Vert.R.979,
Kimpana (-4.0990; 17.1378). GABON: “iNaturalist 240842482, Le-
koko (-22.4262; 13.5546); “iNaturalist 239804857, Lekoko (—22.2228;
13.5076).

Ichnotropis chapini

DRC: BE RMCA Vert.R.3656-7, Adra (Kibali-Ituri), 3.5; 30.5);
*AMNH 10674 (holotype), Aba (3.8333; 30.1667)

Ichnotropis microlepidota

ANGOLA: "FMNH 74283-7, Serra do Moco (-12.4167; 15.1478);
MHNCUP-REP0983, Serra do Moco (—12.4554; 15.1632).

Ichnotropis tanganicana

DRC: IRSNB 7845(1-2), IRSNB 7848(1-5), Lusinga, Upemba NP
(—8.9326; 27.2055); IRSNB 7850, Mukana, marsh near Lusinga, Up-
emba NP (-8.9202 27.0278); IRSNB 7852(1-3), Kateke River, Up-
emba NP; IRSNB 7857(1-3), Kakunda River, Upemba NP (-8.8469;
26.7341); IRSNB 7863, IRSNB 7871, Masomb on Grande-Kafwe
River, Upemba NP (-9.0833; 27.2); IRSNB 7875(1-2), Kalumen-
gongo River, Upemba NP (—8.9457; 26.9897); PEM R19203, Katwe

Camp Kundelungu (-10.565; 27.8586); PEM R28448-9, PEM
R28452, PEM R28456, Upemba National Park (-9.0443; 26.9966);
BE RMCA Vert.R.1289, Mission de Loanza, Katanga (—8.6753;
28.7002); BE RMCA_ Vert.R.1869 (I. c. nigrescens — paratype), Lu-
luabourg (—58958; 22.4178); BE RMCA_Vert.R.20198, Lula (Luisa)
(=7.2; 22.4167); BE RMCA Vert.R.2367, Kandolo (Sankuru-Kasai)
(-5.8111; 21.6952); BE RMCA_ Vert.R.7674, Kansenia (—10.3167;
26.033); BE RMCA_Vert.R.9691 (1. overlaeti — holotype), Kapanga
(—8.35; 22.2833); “"MUSE-VER 9947, Kindingi, west of Kabobo Pla-
teau (—5.2626; 29.9076); *NMZB-UM 12728, Masombwe, Upemba
NP (-9.0833; 27.2). MALAWI: *NMZB-UM 24432-3, Misuku Hills
(-9.6667 33.55). TANZANIA: *NMZB 3217, Msanzi, Ufipa (—8.1698;
31.5212); *MCZ R30836-7, Ipemi, Udzungwa Mountains (—8.3333;
35.9667). ZAMBIA: PEM R02817-8, Abercorn [= Mbala] (-8.84;
31.3658); *IRSNB 2666, Mbala (-8.8402; 31.3659); *NMZB 1511,
Sakeji Stream (—11.2329; 24.3118).

Ichnotropis grandiceps

BOTSWANA: *NMZB-UM 16278, *USNM 163989-90, 40 km W
of Mohembo (—18.2996; 21.4171). NAMBIA: RE211206D1/NMNW
R12212, Khaudum (-18.2876; 20.9897); TM 30822, Ndobe, 15 km N
of Aha Mts. (—19.5783; 20.9978); TM 38609—-10, Farm Deo Valente
(—18.9348; 18.8448); TM 38404, Caprivi strip, 16 km E of 21 0 E corner
beacon, Botswana border (—18.3176; 21.1536). ZAMBIA: TM 86237,
Sioma Park Headquarters (—16.6689; 23.5675).

Ichnotropis capensis sensu lato

ANGOLA: PEM R20008-9, HALO Cuito Cuanavale campsite & office
(—15.1392; 19.1436); PEM R20486-8, western end of M’Pupa airstrip
(-17.5119; 20.0431); PEM R21490, middle Longa River (—16.28392;
18.84744); PEM R21843-5, small tributary of Curiri River, 4 km
south of Lunge River (-14.6848; 18.6737); PEM R23274-8, Cuanav-
ale River source (—13.0933; 18.8940); PEM R23253-4, Cacundu Falls
(—13.77390; 18.75520); PEM R23298, grasslands W of Cuanavale to
Samanunga village (—13.0751; 18.88481); PEM R23326-8, MCTA: no
number, Cuito River source lake (-12.6894; 18.3601); PEM R23351-3,
Culua River source, 6 km SE of Cuito River source (—12.7368; 18.3931);
PEM R23370, MCTA: no number, Cuanavale River source (—14.8547;
19.2864); PEM R23414-9, Cuando River source (—13.0034; 19.1275);
PEM R23440, MCTA: no number (x2), Cuando River source trap 1
(~13.0039; 19.1281); PEM R23453, MCTA: WC-4584 (plus 1 additional
specimen), Quembo River trap 4 (—13.13586; 19.04709); PEM R23489,
Quembo River trap 2 (-13.1354; 19.0440); PEM R23493-5, Cuanav-
ale River source lake camp side (—13.0944; 18.8937); PEM R23508-9,
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amphitheatre at Cuanavale River source (—13.0505; 18.8962); PEM
R23521-2, grassland drive west of Cuanavale River source (-13.0135;
18.8170); PEM R23539, Longa River (—14.55956; 18.41419); PEM
R23546-8, Quembo River source camp (—13.1456; 19.0457); PEM
R27393, MCTA: WC-6796, Cuanavale River source lake (-13.0905;
18.8939); PEM R27394-401, MCTA: WC-6796, Quembo River
bridge camp (—13.5275; 19.2806). BOTSWANA: *BM 1910.5.30.17,
50 km N of Okwa (-21.9654; 21.9); *LACM 1703641, Kwai Camp
(~19.1609; 23.4645); *NMZB 1158, Tsane (-24.0333; 21.9); ¥*NMZB-
UM 13369, Nunga (-18.8051; 25.7381); *NMZB-UM 13670, 10 km
W of Gabarone (—24.6464; 25.9119); *NMZB-UM 14471-2, 55 km
S of Ghanzi (-22.1964; 21.6500); *NMZB-UM 16189, 30 km E of
Magweggana (—18.5450; 23.8227); *NMZB-UM 16276-7, 40 km W
of Mohembo (-18.2996; 21.4196); *NMZB-UM 16286-8, 90 km W
of Mohembo (—18.2981; 20.9441); *NMZB-UM 16377-8, Kasane
(-17.8167; 251.1500); *NMZB-UM 16510, 80 km E of Shakawe
(~18.6418; 21.1468); *NMZB-UM 9735, *NMZB-UM 9770-2, 65
km NW of Lephepe (—22.9013; 25.3484); *NMZB-UM 9786, Lep-
hepe (—23.6643; 27.6173). DRC: IRSNB 10673 (Adult), IRSNB 10673
(Juvenile), Kasaji, Katanga (—10.3817; 23.4477); IRSNB 78728(1-2),
IRSNB 7874, IRSNB 7895(1-2), IRSNB 7897(1-4), IRSNB 7907(1—
2), IRSNB 7908(1-3), IRSNB 7909(1-4), NMZB-UM 12719, Mabwe
River, Upemba NP (-8.6826; 6.4775); BE RMCA_Vert.R.4644, M’Pa-
la, Kanzenze region (—10.5197; 25.2126); BE RMCA_Vert.R.6045,
Mukishi, Haut-Lomami (/. overlaeti — paratype) (—8.4942; 24.6858);
BE RMCA_ Vert.R.678, Lofoi, Katanga (/. overlaeti — paratype)
(-10.2167; 27.4167); BE RMCA_Vert.R.7777-92, Dilolo, Lualaba
(—10.4667; 22.46667). MOZAMBIQUE: PEM R05565, northeastern
edge Lake Xingute, Maputo Special Reserve); —26.5072; 31.8172);
PEM R15549, PEM R15556-7, 7 km North of Chibuto (-24.6231;
33.5661); PEM R21112-3, Chizavane, Zona Braza Lodge (-25.0137,
34.0375); PEM R24969, Panda (-23.9475; 34.4644; “ZMb 6123,
83857, Lourenzo Marques [= Maputo] (I. macrolepidota — syntypes)
(—25.9653; 32.5892). NAMIBIA: IRSNB 11769, farm Labora, Gobabis
district; NMZB-UM 23278, 15 km WSW of Katima Mulilo (—17.6851;
24.0520); RE211206BI/NMNW R11561, RE211206B3/NMNW
R11562, Khaudum (-18.2876; 20.9897). SOUTH-AFRICA: PEM
R08393, Kwangwanase Post Office, Manguzi (-26.9833; 32.7500);
PEM R08509, 3 km southeast of Manguzi (-27.0061; 32.7688); PEM
R08403, PEM R12003, PEM R12190-3, PEM R12289, PEM R12363,
Sihangwane, Tembe Elephant Park (—27.0508; 32.4275); PEM R12365,
PEM R12369, Glentig, near Nylstroom. —24.4004; 28.4430); PEM
R12371, Pretoria (-25.7500; 28.200); PEM R12372, Honingfontein
(-23.2952; 30.0549); PEM R12919, Matubatuba (-28.4053; 32.2138);
PEM R24748, Tembe Elephant Park (—27.0217;32.4583); PEM R25371,
Lephalale (—23.6319; 27.6170). ZAMBIA: PEM R01999, *NMZB-
UM 4440-1, NMZB-UM 4487, Lusaka (-15.1667; 28.1167); PEM
R06394-7 (AM 5958), Isoka Boma (—10.1606; 32.6335); PEM R06277,
Sakeji School (-11.2333; 24.3114); PEM R12318-21, *NMZB 2824~
5, Balovale (—13.5493; 23.1102); PEM R12342, Situnda pan, Liuwa
Plains National Park (Kalabo) (—14.6706; 22.6567); PEM R12621-3,
Siyengi pan, Liuwa Plains National Park (Kalabo) (—14.8142; 22.9311);
PEM R22021-4, Ngonye Falls (—16.6736; 23.5969); *BM.1932.5.3.33,
Chibuluma, Numbwa (-14.9783; 27.0619); *FMNH 133029, *NMZB-
UM 10064-5, *NMZB-UM 21013, *NMZB-UM 6756, Kalabo, Baro-
tseland (—14.99939; 22.6780); *NMZB 2220-30, *NMZB-UM 11381,
*NMZB-UM 9226-35, Livingstone (—17.8520; 25.2585); *NMZB
2823, Lunga Game Reserve (—12.8112; 24.760); *NMZB 3158, Kasu-
su, Kalomo (—17.0348; 25.6504); *NMZB 10520, *NMZB 10548-53,
*NMZB 10576-79, *NMZB 10624, *NMZB 10645-7, *NMZB 10649,

*NMZB 10697701, Hillwood Farm, Ikelenge (—11.2502; 24.3101).
ZIMBABWE: PEM R12323-4, Marandellas (—18.2000; 31.5500); PEM
R12325, PEM R12330, Kutama (-17.7333; 30.4167); PEM R12331-2,
Musami (—17.8000; 31.6333); PEM R12335, Driefontein (-19.4172;
30.7135); PEM R12336-7, Salisbury [= Harare] (—17.8361; 31.0408);
PEM R12338-9, Plumtree (—20.4906; 27.8033); PEM R12340, Fila-
busi (—20.5333; 29.2833); *NMZB 10898, Botswana Border Post BB
276, 1 km from Zimbabwe gate (—19.625; 26.125); *NMZB 11488-90,
Ngamo Pans, Hwange NP (-19.1125; 27.4626); *NMZB 11885, Kenne-
dy Annexe, Hwange (—18.8624; 27.1673); *NMZB 11890, Wexau Pan,
Hwange (—19.1266; 27.3652); *NMZB 11899, Ngweshla Pans, Hwange
(-19.0276; 27.1121); *NMZB 12389-92, *NMZB 12395, *NMZB
12398, Mfagaza, Hwange NP (—19.125; 27.375); *NMZB 12401,
Marambo Pan, Hwange (-19.5333; 27.58333); *NMZB 12409, Madun-
dumela, Hwange NP (-19.125; 27.125); *NMZB 12436, Vungu Bridge,
Gweru (—19.625; 29.625); *NMZB 12587, Mfagaza-Madisevan Pan,
Hwange (—19.125; 27.375); *NMZB 1264047, N of Mbazu, Hwange
NP (-19.125; 27.125); *NMZB 12659-66, S of Mbazu, Hwange NP
(=19.375; 27.125); *NMZB 12700-6, *NMZB 17207, Verneys Pan,
Hwange NP (-189606; 26.8175); *NMZB 12744-5, 8 km W of Verneys
Pan, Hwange NP (—18.9655; 26.7426); *NMZB 12810, *NMZB 12836~
7, *NMZB 12850, Westwood Ranch, Hwange (-17.9167; 25.5333);
*NMZB 13037, Njakwa Pan, Hwange NP; *NMZB 13048, Dina Pan,
Hwange (—18.9833; 26.3333); *NMZB 13072, 8 km S of Dina Pan,
Hwange, —19.0556; 26.3333); *NMZB 13092, Bembesi Vlei, Hwange
(—18.8362; 26.6386); *NMZB 13148-9, Manzimbomvu Pan, Hwange
(—18.875; 26.125); *NMZB 13159, 4 km E of Tshamasi Pan, Hwange
(—19.125; 26.625); *NMZB 13391, Makona Pan, Hwange (—19.3167,
26.9167); *NMZB 13417, 2 km WSW of Dorama Pan, 19.7402;
26.4156); *NMZB 13432, 2 km S of Matambo Pan, Hwange (-19.6396;
26.4861); *NMZB 13442-4, 5 km SW of Tamasanka Pan, Hwange NP
(—19.6486; 26.3328); *NMZB 13466, Tamasanka Pan, Hwange NP
(=19.62; 5 26.37); *NMZB 13470, 2 km W of Jazibannini, Hwange
NP (—19.375; 26.625); *NMZB 13473, *NMZB 134778, 3 km NW of
Little Dzivanini, Hwange (—~19.8808; 26.4796); *NMZB 13520, 4 km
E, Shakwanki, Hwange (-19.1983; 26.3037); *NMZB 13524-6, 1 km
W Shakwanki, Hwange NP (-19.1997; 26.2667); NMZB 13581-2, 2.5
km NNW of Ngwahla Pan, Hwange NP (-19.3415; 26.0750); *NMZB
135834, Ngwahla Pan, Hwange NP (-19.0276; 27.1121); *NMZB
13591-2, Tamafupa, Hwange NP (-19.3277; 26.0926); *NMZB 13796,
Pandamatenga, Hwange NP (-18.5000; 25.6667); *NMZB 9012, Ka-
zuma Depression West (—18.3500; 25.5333); *NMZB 9171, Kazuma
Forest Land (—18.3500; 25.5333); *NMZB 9196, Panda Masuie Forest
Land (—18.125; 25.625); *NMZB 95234, Gokwe (—18.2048; 28.9349).
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