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Abstract

Ichnotropis is a genus of small and elusive ground-dwelling lizards mostly distributed in the savannas and woodlands south of the 
Congo River. The genus comprises six nominal species and three subspecies; however, the phylogenetic hypothesis of this group 
and the taxonomical status of several taxa remain unresolved. Among these species, Ichnotropis microlepidota stands out, as it is 
only known from the type series since its discovery in the 1950s in the crop of a Chanting Goshawk in Mount Moco, in the central 
highlands of Angola. Consequently, due to the lack of a precise locality and its similar morphology to other species, the taxonomic 
status of this species has been debated by several authors. Thanks to the collection of new material across the Angolan territory, we 
take the opportunity to revise the group, using molecular and morphological techniques. Thus, we here provide the first phylogenetic 
hypothesis of the group in Angola and therefore a phylogenetic placement of I. microlepidota. As a result, we validate the taxonomic 
status of this elusive species and demonstrate that it represents a distinct taxon within the bivittata group, differing by 14.99% 16S 
uncorrected p-distance from I. bivittata. Furthermore, we undertake an updated description of this species, providing additional ex-
ternal and internal (i.e., cranial osteology) morphological features that can be used to compare I. microlepidota with other members 
of the group. Finally, we identified two candidate new species from Angola and corroborated the importance of the central highlands 
of Angola as an important center of endemism in the western slope of Central Africa.
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Introduction

Among reptiles, lizards have the highest proportion of 
species known only from their type localities, type series, 
or both combined, with several species known from a sin-
gle specimen (Meiri et al. 2018). This is due to different 

factors, such as difficult-to-detect or elusive species (i.e., 
strictly fossorial species or canopy specialists), cryptic 
species that are challenging to identify or to distinguish 
from others in the field, or species that distribute across 
conflict zones and consequently are poorly surveyed or cur-
rently inaccessible (Tolley et al. 2016; Meiri et al. 2018). 
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Nonetheless, despite the growing number of recent redis-
coveries (Rodrigues et al. 2013; Prates et al. 2017; So-
lano-Zavaleta et al. 2017; Wang et al. 2017; Baptista et 
al. 2020; Putra et al. 2020; Bates et al. 2023; Cowan et 
al. 2024), many species remain ‘lost’ and needs further 
investigation (Meiri et al. 2018; Lindken et al. 2024).

Notwithstanding, while Africa hosts nine out of the 34 
biodiversity hotspots in the world, its biodiversity remains 
poorly known and understudied (Böhm et al. 2013; Deiku-
mah et al. 2014; Tolley et al. 2016). This is mainly a con-
sequence of political pressure and social instability in the 
continent, the difficult access to many areas, and the lack 
of resources in the territory (Rydén et al. 2020; Ogwu et al. 
2022). All these situations have hampered scientific surveys 
in this still poorly explored continent. The case of Angola is 
remarkable. After the war of independence (1961–1975), it 
suffered nearly a 40-year-long civil war (1975–2002) that 
almost completely precluded any fieldwork or biodiversity 
research (Marques et al. 2018; Baptista et al. 2019).

The first herpetological surveys in Angola date from 
the 19th century during the colonial era, led mainly by Eu-
ropean and western countries, like Portugal, England, the 
United States of America, or Germany (Marques et al. 
2018; Baptista et al. 2019). In the last decade, political 
stabilization in Angola has motivated numerous expedi-
tions to previously understudied or poorly explored areas 
across the country. Consequently, access to new material, 
coupled with the advancement of molecular techniques 
and morphological analysis, has led to the description of 
several new taxa (Conradie et al. 2012a, b, 2013, 2020, 
2022a, b; Stanley et al. 2016; Ceríaco et al. 2018, 2020a, 
b, d, e, 2021, 2024; Branch et al. 2019a, b, c, 2021; 
Marques et al. 2019, 2020a, b, 2022b, 2023a, b, 2024a, 
b; Hallermann et al. 2020; Nielsen et al. 2020; Baptis-
ta et al. 2021, 2023; Lobón-Rovira et al. 2021b, 2022, 
2024b; Parrinha et al. 2021; Wagner et al. 2021; Bates 
et al. 2023), several new species records (Marques et al. 
2018, 2022a, 2023a, b, 2024a; Butler et al. 2019; Con-
radie et al. 2021, 2022b, 2023; Lobón-Rovira et al. 2022, 
2024a, c) and some species rediscoveries (Branch et al. 
2018; Baptista et al. 2020; Bates et al. 2023). Howev-
er, some groups are better known than others, with some 
groups still poorly studied in Angola (e.g., Ichnotropis, 
Agama ~ Conradie, 2024, or Leptopelis ~ Baptista, 2024).

The family Lacertidae comprises ~370 species distrib-
uted in the more arid regions of Europe, Africa, and Asia 
(Uetz et al. 2025). Notably, southern Africa represents a 
high center for lacertid diversity (Branch 1998), which 
includes eight different genera, of which six are present 
in Angola: Ichnotropis, Heliobolus, Holaspis, Meroles, 
Nucras, and Pedioplanis (Branch et al. 2019a). In recent 
years, some of these genera have undergone taxonom-
ic revisions in Angola (i.e., Heliobolus ~Marques et al. 
2022b, Nucras ~Baptista et al. 2020; Branch et al. 2019a 
and Pedioplanis ~Conradie et al. 2012b; Parrinha et al. 
2021). However, other groups like Ichnotropis have never 
been studied in detail, mainly due to the lack of fresh ma-
terial and the highly problematic taxonomy of the group 
(van den Berg 2017).

Ichnotropis is a genus of small-sized African lizards 
(van den Berg 2017) with a wide distribution in the south-
ern and eastern rim of the Congo River Basin, ranging 
from South Africa to Gabon in the west and northwards 
to the eastern coast of Tanzania. Exceptionally, Ichnot-
ropis chapini Schmidt, 1919, has only been recorded 
from Adra, northern Democratic Republic of the Congo 
(DRC), close to the border with South Sudan, and seems 
to be isolated from all other Ichnotropis species (Schmidt 
1919; Edwards et al. 2013; Engleder et al. 2013; van den 
Berg 2017). Ichnotropis lizards normally inhabit dry 
woodland savanna habitats, although they are also pres-
ent in sandy deserts and even in relatively humid environ-
ments (van den Berg 2017).

This genus contains a total of six recognized species 
(I. bivittata Bocage, 1866, I. capensis (Smith, 1838), I. 
chapini Schmidt, 1919, I. grandiceps Broadley, 1967, 
I. microlepidota Marx, 1956, and I. tanganicana Bou-
lenger, 1917) and several subspecies with questionable 
validity (e.g., I. b. pallida Laurent, 1964, I. c. nigrescens 
Laurent, 1952, and I. c. overlaeti Laurent, 1964). Six of 
these taxa have been recorded within Angolan territory 
(i.e., I. b. bivittata, I. b. pallida, I. c. capensis, I. c. over-
laeti, I. microlepidota, and I. cf. grandiceps) (Marques et 
al. 2018; Conradie et al. 2022b). Not surprisingly, these 
elusive lizards have been poorly studied, with some of the 
species being only known from their type series, such as 
I. microlepidota, I. tanganicana, and I. chapini (van den 
Berg 2017). In addition, the lack of fresh material has pre-
vented phylogenetic studies from exploring interspecific 
relationships of this group. Rarity in the observations of 
these lizards can be due to the fact that several sympatric 
species display a unique ‘annual’ reproductive strategy, 
in which their breeding cycles happen asynchronously, 
thus reducing competition between them (Broadley 1967, 
1974, 1979; Jacobsen 1987) and potentially between ju-
veniles and adults. Therefore, due to the above-mentioned 
elusive character of these lizards, information about their 
general ecology and biology in most of their representa-
tives remains unknown or poorly understood.

Morphologically, the genus can be subdivided into two 
main groups, the capensis group, which only includes I. 
capensis and subspecies, and the bivittata group, which 
includes I. bivittata, I. microlepidota, and I. tanganicana 
(Boulenger 1921; Marx 1956; van den Berg 2017). Ichnot-
ropis chapini is believed to be part of the capensis group 
(Schmidt 1919). The capensis group is characterized by 
having a more elongated and sharper snout than the spe-
cies in the bivittata group (i.e., I. bivittata, I. microlepi-
dota, and I. tanganicana), prefrontal scales usually not in 
contact with anterior supraocular scales, and well-defined 
head striations (Boulenger 1921; Marx 1956). On the oth-
er hand, the bivittata group normally has prefrontal scales 
in contact with the anterior supraocular, weakly defined 
head striations, and a much shorter and rounded snout 
(Boulenger 1921; Marx 1956). It is unclear to which of 
these groups I. grandiceps belongs, but it is considered 
closely related to I. capensis (Broadley 1967). Of all six 
recognized species, the taxonomic placement and validity 
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of I. microlepidota has been the most controversial and 
discussed in recent years (Mayer 2013; Edwards et al. 
2013; van den Berg 2017).

Ichnotropis microlepidota was described in 1956, 
when five specimens (FMNH 74283–74287) were re-
moved from the crop of a Dark Chanting Goshawk (Me-
lierax metabates) that was collected from the base of 
Mount Moco, Huambo Province, during a bird survey 
(Marx 1956). However, some authors have questioned 
the validity of this species and its distribution, suggest-
ing that these specimens may have been transported by 
the goshawk from another locality (van den Berg 2017). 
Nevertheless, a series of apomorphic characters in I. mi-
crolepidota, which support its taxonomic recognition, 
including prefrontals in contact with anterior supraocu-
lars, a row of smaller scales separating the supraciliaries 
from the supraoculars, and a more rounded snout, has 
motivated some authors to consider the species as re-
lated to the bivitatta group (Marx 1956; Edwards et al. 
2013; van den Berg 2017). However, I. microlepidota 
differs from I. bivitatta by having smaller-sized dorsal 
scales, having more scales around midbody (43–50 vs. 
32–39), and a lower number of subdigital lamellae un-
der the fourth toe (16–17 vs. 19–21) (Marx 1956). It 
is noteworthy that prior to Marx’s examination, Park-
er (1936) recorded a juvenile Ichnotropis from Mount 
Moco (1500–1900 m. a.s.l.), which he tentatively iden-
tified as I. bivittata, but noted some different characters 
(specifically, smaller scales and higher midbody scale 
rows [45–56]) that indicated it possibly being a distinct 
species from I. bivittata. Since then, no more individu-
als have been found. Therefore, the taxonomic status of 
I. microlepidota remains the subject of debate, as high-
lighted by Edwards et al. (2013), who suggested that 
resolution could only come through new material en-
abling a phylogenetic revision of this enigmatic genus.

The Central Highlands of Angola are represented by 
an archipelago of Afromontane forest pockets surrounded 
by montane grasslands with numerous peaks exceeding 
2000 m. a.s.l. (Lobón-Rovira and Bauer 2021). There-
fore, it is noteworthy to mention an Ichnotropis specimen 
photographed in Mount Namba that was documented in 
van den Berg (2020) as possibly being I. microlepidota. 
Although finally it could not be properly identified from 
the pictures, and the specimen was tentatively assigned to 
I. bivittata. This record should be taken into consideration 
due to Mount Namba having similar or identical habitat 
traits as Mount Moco and that they already share some 
endemic species (e.g., Bitis heraldica Boulenger, 1887 
(Ceríaco et al. 2020c)).

With this work we aim to shed light on the taxonomic 
status of I. microlepidota and provide an updated phylo-
genetic hypothesis of this group in Angola. To achieve this 
goal, we implemented a robust phylogenetic analysis to 
revisit the taxonomic status of the different taxa recorded 
from Angola, based on the most complete molecular data, 
internal (3D osteological reconstruction of the skull), ex-
ternal morphological data, and distribution. This helped us 
to provide a phylogenetic placement of I. microlepidota, 

but also to corroborate if this species is part of the bivittata 
group as previously thought or, in contrast, if the species 
is more closely related to the capensis group.

Materials and methods
Sampling

Material of Ichnotropis spp. (specimens and tissue sam-
ples) has been collected across the Angolan territory 
between 2012 and 2021. Target sites included Mount 
Moco Special Reserve, Huambo Province, and Calandula 
(=Duque de Braganca), Malanje Province, for being the 
type localities of I. microlepidota and I. bivittata, respec-
tively. In October 2020, an adult male, morphological-
ly identified as I. microlepidota, was collected at Mount 
Moco (-12.4554, 15.1632). Nevertheless, despite the 
fact that we failed to collect fresh topotypic material of 
I. bivittata, additional material of I. bivittata, I. capensis, 
and I. cf. grandiceps was collected across the territory 
(Table 1) (Baptista et al. 2019; Conradie et al. 2023). The 
final dataset included 38 newly collected specimens of 
four Angolan Ichnotropis spp. (Table 1). Tissue samples 
and/or vouchers were collected. Vouchers were eutha-
nized with an injection of tricaine methanesulphonate 
(MS222) (Conroy et al. 2009). After euthanasia, liver 
or muscle samples were collected for the phylogenetic 
analyses and stored in 95–99% ethanol. The individu-
als were fixed in 10% formalin, after which they were 
transferred to 70% ethanol for long-term storage in the 
Museu de História Natural e da Ciência—Universidade 
do Porto (MHNC-UP), Porth Elizabeth Museum (PEM), 
and Fundação Kissama Collection (FKH) herpetological 
collections. For each sample collected, the locality was 
recorded using the WGS84 coordinate datum.

Phylogenetic data

We extracted DNA from newly collected material us-
ing the EasySpin Genomic DNA Tissue Kit (Citomed, 
Portugal), following the manufacturer´s protocols. Con-
centrations were 5 μl PCR Master Mix, 0.4 μl of each 
primer, 3.2 μl H2O, and 1–3 μl DNA (DNA elution was 
adjusted to extraction results). Two mitochondrial genes, 
a partial mitochondrial ribosomal gene (16S rRNA; 511 
bp) and a mitochondrial encoded gene ND4 (802 bp), and 
two partial fragments of a nuclear gene (RAG-1 ~985 
bp and c-mos ~337 bp) were generated for most of the 
tissue samples detailed in Table 1. Primer and PCR re-
action details are summarized in Table 2. The prepared 
PCR products were purified and sequenced at the Centre 
for Molecular Analysis (CTM-CIBIO, Porto, Portugal) 
and Macrogen Corp. (Amsterdam, Netherlands). Se-
quences were checked and edited using Geneious Prime 
v.2024.0.5 (http://www.geneious.com/) and aligned using 
the MUSCLE plugin for Geneious. All sequences have 
been deposited in GenBank (Table 1).

http://www.geneious.com/
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Table 1. List of material used for the phylogenetic analyses, including information on their catalog number, field number, country, 
localities, decimal geographic coordinates, and GenBank ascension numbers. Abbreviations: Aaron M. Bauer field numbers (AMB), 
California Academy of Sciences (CAS), Krystal Tolley field numbers (KTH, RSP, WP), Museu de História Natural e da Ciência - 
Universidade do Porto (MHNCUP), Ninda Baptista field numbers (NB), Pedro Vaz Pinto field numbers (P, L series), Port Elizabeth 
Museum (PEM), Stuart V. Nielsen field numbers (SVN), Thomas Branch field numbers (TB), Werner Conradie field numbers (WC, 
ANG). Missing data or unavailable information is indicated as Missing Data (–). 

Species Catalog No. Field 
Number

Country Locality Latitude, 
Longitude

16S ND4 RAG1 C-mos Source

I. aff. grandiceps PEM R23306 WC-3969 Angola 4 km upstream from 
Cuanavale River source

-13.5080, 
18.8973

PV357715 PV412835 PV412862 PV390640 This work

I. aff. grandiceps PEM R23420 WC-4816 Angola Cuando River source -13.0035, 
19.1275

PV357716 PV412836 – – This work

I. aff. grandiceps PEM R23362 WC-4056 Angola drive to Cuanavale camp 
from Samanunga village

-13.0380, 
18.8298

PV357717 PV412837 PV412863 – This work

I. aff. grandiceps PEM R23279 WC-3994 Angola Cuanavale River source -13.0903, 
18.8940

PV357718 PV412838 PV412864 – This work

I. b. bivittata – NB0675 Angola Luando Integral Nature 
Reserve

-10.2772, 
16.9533

PV357719 PV412839 PV412865 PV390641 This work

I. b. bivittata – P1-318 Angola Cambau -9.9633, 
15.1706

PV357720 PV412840 PV412866 PV390642 This work

I. b. bivittata PEM R23525 WC-4515 Angola west of Cuito town on 
Aludungo rd.

-12.3278, 
16.9067

PV357721 – PV412867 – This work

I. b. pallida PEM R17934 KTH09-075 Angola 7 km East of Humpata -14.9820, 
13.4352

HF547775 HF547731 HF547694 – Edwards et 
al. 2012

I. capensis PEM R23530 WC-4585 Angola Kembo River source -13.1095, 
19.0061

PV357722 PV412841 PV412868 PV390643 This work

I. capensis PEM R23500 WC-4618 Angola Kembo River source lake -13.1360, 
19.0453

PV357723 PV412842 PV412869 – This work

I. capensis PEM R20009 WC12-A191 Angola HALO Cuito Cuanavale 
of"ce

-15.1392, 
19.1436

PV357724 PV412843 – – This work

I. capensis PEM R20495 ANG-311 Angola 8.5 km north of Rito -16.6232, 
19.0535

PV357725 PV412844 – – This work

I. capensis PEM R22069 L18 Angola Gambos, Foster’s farm -15.8500, 
14.6833

PV357726 PV412845 – – This work

I. capensis – NB0771 Angola Bicuar National Park -15.2435, 
14.8915

PV357727 PV412846 PV412870 PV390644 This work

I. capensis – NB0772 Angola Bicuar National Park -15.2435, 
14.8915

PV357728 PV412847 PV412871 PV390644 This work

I. capensis – NB0779 Angola Bicuar National Park -15.1048, 
14.8403

PV357729 PV412848 PV412872 PV390644 This work

I. capensis – NB1116 Angola Cusseque -13.6851, 
17.0795

PV357730 PV412849 – PV390647 This work

I. capensis PEM R27394 WC-6797 Angola Quembo River bridge 
camp

-13.5275, 
19.2806

PV357731 PV412850 PV412873 PV390648 This work

I. capensis – NB1123 Angola Cusseque -13.6782, 
17.0832

PV357732 PV412851 – PV390649 This work

I. capensis – NB1124 Angola Cusseque -13.6776, 
17.0836

PV357733 PV412852 – – This work

I. capensis – NB1138 Angola Cusseque -13.6858, 
17.0796

PV357734 – – – This work

I. capensis – ABC2 Namibia Katima Mulilo -17.7000, 
24.0000

JX962898 – JX963023 JX962916 Engleder et 
al. 2013

I. capensis CAS 209602 AMB 6007 South Africa KwaZulu-Natal, Kosi Bay -26.9400, 
32.8200

DQ871149 – DQ871207 – Makokha et 
al. 2007

I. capensis – AMB 6001 Namibia Road to Tsumkwe -19.4600, 
19.7200

DQ871148 – DQ871206 – Makokha et 
al. 2007

I. aff. capensis PEM R19903 TB44 Angola Camp Chiri, Miombo 
forest/camp

-9.3969, 
20.4319

PV357735 PV412853 PV412874 – This work

I. aff. capensis PEM R23531 WC-4560 Angola Sombanana village river -12.3071, 
18.6235

PV357736 PV412854 PV412875 – This work

I. aff. capensis MHNCUP-
REP0984

P9-035 Angola Mona Quimbundo – Tahal -10.0583, 
19.8056

PV357737 PV412855 – – This work

I. aff. capensis PEM R19905 TB46 Angola Camp Chiri, Miombo 
forest/camp

-9.3969, 
20.4319

PV357738 PV412856 PV412876 – This work

I. aff. capensis – P3-059 Angola Cuemba -12.1707, 
18.2257

PV357739 PV412857 – PV390650 This work

I. aff. capensis PEM R23996 WC-6291 Angola Lake Tchanssengwe -12.4140, 
18.6442

PV357740 PV412858 – – This work

I. aff. capensis PEM R23409 WC-4557 Angola Lungue Bungue River 
camp bridge crossing

-12.5835, 
18.6660

PV357741 PV412859 PV412877 – This work

I. microlepidota MHNCUP-
REP 0983

P0-044 Angola Moco – Canjonde -12.4554, 
15.1632

PV357742 PV412860 PV412878 PV390651 This work

http://www.ncbi.nlm.nih.gov/nuccore/PV357715
http://www.ncbi.nlm.nih.gov/nuccore/PV412835
http://www.ncbi.nlm.nih.gov/nuccore/PV412862
http://www.ncbi.nlm.nih.gov/nuccore/PV390640
http://www.ncbi.nlm.nih.gov/nuccore/PV357716
http://www.ncbi.nlm.nih.gov/nuccore/PV412836
http://www.ncbi.nlm.nih.gov/nuccore/PV357717
http://www.ncbi.nlm.nih.gov/nuccore/PV412837
http://www.ncbi.nlm.nih.gov/nuccore/PV412863
http://www.ncbi.nlm.nih.gov/nuccore/PV357718
http://www.ncbi.nlm.nih.gov/nuccore/PV412838
http://www.ncbi.nlm.nih.gov/nuccore/PV412864
http://www.ncbi.nlm.nih.gov/nuccore/PV357719
http://www.ncbi.nlm.nih.gov/nuccore/PV412839
http://www.ncbi.nlm.nih.gov/nuccore/PV412865
http://www.ncbi.nlm.nih.gov/nuccore/PV390641
http://www.ncbi.nlm.nih.gov/nuccore/PV357720
http://www.ncbi.nlm.nih.gov/nuccore/PV412840
http://www.ncbi.nlm.nih.gov/nuccore/PV412866
http://www.ncbi.nlm.nih.gov/nuccore/PV390642
http://www.ncbi.nlm.nih.gov/nuccore/PV357721
http://www.ncbi.nlm.nih.gov/nuccore/PV412867
http://www.ncbi.nlm.nih.gov/nuccore/HF547775
http://www.ncbi.nlm.nih.gov/nuccore/HF547731
http://www.ncbi.nlm.nih.gov/nuccore/HF547694
http://www.ncbi.nlm.nih.gov/nuccore/PV357722
http://www.ncbi.nlm.nih.gov/nuccore/PV412841
http://www.ncbi.nlm.nih.gov/nuccore/PV412868
http://www.ncbi.nlm.nih.gov/nuccore/PV390643
http://www.ncbi.nlm.nih.gov/nuccore/PV357723
http://www.ncbi.nlm.nih.gov/nuccore/PV412842
http://www.ncbi.nlm.nih.gov/nuccore/PV412869
http://www.ncbi.nlm.nih.gov/nuccore/PV357724
http://www.ncbi.nlm.nih.gov/nuccore/PV412843
http://www.ncbi.nlm.nih.gov/nuccore/PV357725
http://www.ncbi.nlm.nih.gov/nuccore/PV412844
http://www.ncbi.nlm.nih.gov/nuccore/PV357726
http://www.ncbi.nlm.nih.gov/nuccore/PV412845
http://www.ncbi.nlm.nih.gov/nuccore/PV357727
http://www.ncbi.nlm.nih.gov/nuccore/PV412846
http://www.ncbi.nlm.nih.gov/nuccore/PV412870
http://www.ncbi.nlm.nih.gov/nuccore/PV390644
http://www.ncbi.nlm.nih.gov/nuccore/PV357728
http://www.ncbi.nlm.nih.gov/nuccore/PV412847
http://www.ncbi.nlm.nih.gov/nuccore/PV412871
http://www.ncbi.nlm.nih.gov/nuccore/PV390644
http://www.ncbi.nlm.nih.gov/nuccore/PV357729
http://www.ncbi.nlm.nih.gov/nuccore/PV412848
http://www.ncbi.nlm.nih.gov/nuccore/PV412872
http://www.ncbi.nlm.nih.gov/nuccore/PV390644
http://www.ncbi.nlm.nih.gov/nuccore/PV357730
http://www.ncbi.nlm.nih.gov/nuccore/PV412849
http://www.ncbi.nlm.nih.gov/nuccore/PV390647
http://www.ncbi.nlm.nih.gov/nuccore/PV357731
http://www.ncbi.nlm.nih.gov/nuccore/PV412850
http://www.ncbi.nlm.nih.gov/nuccore/PV412873
http://www.ncbi.nlm.nih.gov/nuccore/PV390648
http://www.ncbi.nlm.nih.gov/nuccore/PV357732
http://www.ncbi.nlm.nih.gov/nuccore/PV412851
http://www.ncbi.nlm.nih.gov/nuccore/PV390649
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Phylogenetic analyses

We used phylogenetic reconstructions to place I. micro-
lepidota in an evolutionary context and to provide an up-
dated phylogenetic hypothesis of the group for Angola. 
For these analyses, we combined the newly generated 
sequences and supplemented them with previously pub-
lished sequence data of Ichnotropis spp. (i.e., Edwards 
et al. 2013; Engleder et al. 2013) downloaded from 
GenBank, using Meroles squamulosus as an outgroup 
(Table 1) for being a close-related member of the sister 
genus Meroles (Engleder et al. 2013). Phylogenetic anal-
yses were run using Bayesian inference (BI) and maxi-
mum likelihood (ML) approaches using a concatenated 
dataset of the four genes. The partitioning schemes were 
assessed using PartitionFinder2 (Lanfear et al. 2017), and 
the best substitution model of sequence evolution was 
selected using ModelFinder in IQ-Tree v2.3.4 (Minh et 
al. 2021) with the Bayesian information criterion (BIC). 
We partitioned the combined dataset by gene, as sug-
gested in PartitionFinder2. The best substitution models 
were TIM2+F+G4 (16S), TPM2u+F+I+G4 (ND4), K2P 
(c-mos), and K2P+G4 (RAG-1). Maximum likelihood 
(ML) analysis was performed in IQ-Tree v2.3.4 (Trifino-
poulos et al. 2016) with four partitions of the concate-
nated dataset and 1000 bootstrap replicates following the 
ultrafast bootstrap approximation method (UFBoot) (Ho-
ang et al. 2018). Bootstrap values of 95% or higher for 
the ML analysis were considered as strongly supported 
(Huelsenbeck and Hillis 1993). The Bayesian inference 
analysis was conducted with MrBayes v3.2.7 (Ronquist 
et al. 2012) on CIPRES (Miller et al. 2010) with four par-
titions of the concatenated dataset. The final BI analysis 
was run for 10 × 106 generations of the Metropolis cou-
pled Markov chain Monte Carlo [(MC)3], sampled every 

1000 generations. Convergence was assessed by examin-
ing the effective sample size (ESS) values using Tracer 
1.7 (Rambaut et al. 2014), where all parameter values 
had ESS values > 200, and 25% of the trees generated 
were discarded as burn-in to generate a 50% majority rule 
consensus tree in MrBayes. We set the substitution mod-
el space with the option lset nst=mixed rates=invgamma. 
Bootstrap analyses (BS) with 1000 pseudoreplicates were 
used to evaluate relative branch support. Posterior proba-
bilities (PP) were used to assess nodal support, and PP ≥ 
0.95 was considered strongly supported. Finally, we used 
16S uncorrected pairwise sequence divergences (p-dis-
tance) to inspect intra- and interspecific variation, calcu-
lated in MEGA v.10.1.7 (Kumar et al. 2018).

External morphological data

For the external morphological analyses, we examined a 
total of 135 specimens of Ichnotropis from Angola, the 
Democratic Republic of the Congo (DRC), Namibia, and 
South Africa (Suppl. material 1: table S1). This material 
included 25 newly collected materials from Angola and 
110 historical materials from across Africa deposited in 
the British Museum of Natural History, UK (BMNH), 
Field Museum of Natural History, USA (FMNH), the 
Royal Belgian Institute of Natural Sciences, Belgium 
(RBINS), the Royal Museum of Central Africa, Belgium 
(RMCA), and the Porth Elizabeth Museum, South Afri-
ca (PEM). Historical material from RBINS and RMCA, 
including the types of I. c. overlaeti and I. c. nigrescens, 
was included. We also included the type series of I. mi-
crolepidota, which is deposited in the Field Museum 
of Natural History (FMNH). In addition, we compared 
high-resolution images of the types.

Species Catalog No. Field 
Number

Country Locality Latitude, 
Longitude

16S ND4 RAG1 C-mos Source

M. squamulosus – WP125 South Africa Rooipoort Nature Reserve -28.5937, 
24.2100

HF547778 HF547738 HF547701 – Edwards et 
al. 2012

M. squamulosus – RSP373 South Africa Venetia Limpopo Reserve -22.2661, 
29.3329

HF547777 HF547737 HF547699 – Edwards et 
al. 2012

M. squamulosus PEM R19626 SVN362 South Africa Lapalala Game Reserve, 
Landmanslust

-23.8759, 
28.3061

HF547776 HF547736 HF547697 – Edwards et 
al. 2012

M. squamulosus – ABH9 Tanzania Laela -8.7500, 
32.1833

JX962897 – EF632221 EF632266 Engleder et 
al. 2013

M. squamulosus – ABH3 Mozambique unknown – JX962896 – JX963022 JX962915 Engleder et 
al. 2013

Table 2. Primer details and PCR protocols used to generate sequences for this study. The PCR column denotes the number of re-
peated cycles/annealing temp (°C) used in the PCR.

Gene Primer Length (bp) Reference Sequence PCR
16S 16S-L 511 Palumbi 1996 5’-CGCCTGTTTATCAAAAACAT-3’ 40 / 54

16S-H 5’-TGACTGCAGAGGGTGACGGGCGGTGTGT-3’
c-mos G73_69 337 Whiting et al. 2003 5’-GCGGTAAAGCAGGTGAAGAAA-3’ 40 / 54

G74_70 5’-TGAGCATCCAAAGTCTCCAATC-3’
ND4 ND4 (ND4F) 802 Arévalo et al. 1994 5’-CACCTATGACTACCAAAAGCTCATGTAGAAGC-3’ 40 / 58

Leu (ND4R) 5’-CATTACTTTTACTTGGATTTGCACCA-3’
RAG-1 f1aFw 985 Wiens et al. 2010 5’-CAGCTGYAGCCARTACCATAAAAT-3’ 40 / 50–54

r2Rv 5’-CTTTCTAGCAAAATTTCCATTCAT-3’

http://www.ncbi.nlm.nih.gov/nuccore/HF547778
http://www.ncbi.nlm.nih.gov/nuccore/HF547738
http://www.ncbi.nlm.nih.gov/nuccore/HF547701
http://www.ncbi.nlm.nih.gov/nuccore/HF547777
http://www.ncbi.nlm.nih.gov/nuccore/HF547737
http://www.ncbi.nlm.nih.gov/nuccore/HF547699
http://www.ncbi.nlm.nih.gov/nuccore/HF547776
http://www.ncbi.nlm.nih.gov/nuccore/HF547736
http://www.ncbi.nlm.nih.gov/nuccore/HF547697
http://www.ncbi.nlm.nih.gov/nuccore/JX962897
http://www.ncbi.nlm.nih.gov/nuccore/EF632221
http://www.ncbi.nlm.nih.gov/nuccore/EF632266
http://www.ncbi.nlm.nih.gov/nuccore/JX962896
http://www.ncbi.nlm.nih.gov/nuccore/JX963022
http://www.ncbi.nlm.nih.gov/nuccore/JX962915
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We recorded morphometric measurements as follows: 
snout-vent length (SVL, from tip of snout to anterior clo-
aca opening), tail length (TL, from tip of tail to posterior 
cloaca opening), occipital-snout length (HL, from poste-
rior end of occipital to tip of snout), head width (HW, at 
widest point), head height (HH, at highest point), snout 
to front of arm (S-FL, from tip of snout to anterior inser-
tion of forelimb), snout to eye distance (SE, from tip of 
snout to anterior corner of eye), eye diameter (ED), eye to 
eye distance (EE, from anterior corner of eye to anterior 
corner of eye), tympanum width (Tymp-L, at its widest), 
fore limb length (FLL, from elbow to wrist), hind limb 
length (HLL, from knee to heel), inner limb length (IL, 
distance between inguinal and axillary regions), hind foot 
length (HFL, from ankle to tip of fourth toe excluding 
claw), lower jaw length (LJL, anterior edge of jaw bone 
to tip of lower jaw), fourth finger length (FFL, exclud-
ing claw), fourth toe length (FTL, excluding claw), an-
terior SO (length of anterior supraorbital scale), distance 
between anterior supraocular to second loreal (SO-L, 
measurement between the closest point of the anterior su-
praocular to the posterior edge of the second loreal), fron-
tal scale width (FNW, at its widest point), frontal scale 
length (FNL). The meristic data collected was: number of 
upper labials (UL) for which we counted scales in anteri-
orly and posteriorly of the subocular, number of lower la-
bials (LL), number of chin shields (including the number 
in direct contact), number of supraciliaries, longitudinal 
rows of ventral scales at midbody; transverse number of 
ventral scales (from line between posterior side of fore 
limbs to groin), scales around midbody (including ventral 
scales), number of granular scales separating supraorbital 
from the supraciliaries, rows of scales between anterior 
supraocular and second supraciliaries, number of scales 
separating anterior supraocular from posteriorly loreal, 
number of rows of scales between upper labials and tem-
poral shield, number of subdigital lamellae from the base 
of the digit to tip of toe before the claw starts on the fourth 
toe and the number of femoral pores on the left and right 
side. We also examined if the occipital scale extended 
past the parietal scales, if there was contact between pre-
frontal scales and anterior supraocular, contact between 
supraoculars and supraciliaries, contact between fron-
tonasal and supraciliaries, and if the anterior loreal scale 
was divided or not. All data was collected using a Leica 
LD2500 or Nikon SMZ1270 dissecting microscope, and 
measurements were taken in millimeters (mm) with a dig-
ital caliper (accuracy of 0.01 mm).

Morphological analyses

We used different datasets for the different analyses, 
defined as follows: Dataset 1, which included all speci-
mens on which most morphological traits have been re-
corded (48 specimens), and Dataset 2, which included all 
the specimens (135 specimens; Suppl. material 1: table 

S1). First, to explore the main morphological differences 
among Angolan Ichnotropis species, we conducted two 
Principal Component Analyses (PCAs). The first analy-
sis was performed using Dataset 1, while the second ex-
cluded the effect of head shape differences by removing 
head-related variables (HL, HW, and HH) from Dataset 
1. These variables were size-corrected using SVL as a 
covariate, and the residuals were subsequently used in 
the PCAs. Following Branch et al. (2014), variables with 
communalities > 0.5 were retained in the PCA. A varimax 
rotation was applied, and principal components (PCs) 
with eigenvalues > 1.0 were extracted. The resulting PC 
scores were saved and used as input variables for a mul-
tivariate analysis of variance (MANOVA), with species 
as the fixed factor. Post-hoc pairwise comparisons were 
conducted using Tukey’s HSD test to identify which vari-
ables explained the main morphological differences in the 
first two PCAs (Branch et al. 2014). Secondly, to explore 
other potential diagnostic characters between species, we 
tested the morphological variation in Dataset 2 across 
different taxa using permutational ANOVAs (PERMA-
NOVAs) with the package RRPP (Collyer and Adams 
2018) implemented in RStudio v.2023.09.1+494 (RStud-
io Team, 2022). Variables were size-corrected (SVL) and 
log-transformed prior to the analyses to mitigate the ef-
fects of size and multicollinearity. Finally, we used stan-
dard boxplots to visually represent those variables that 
showed significant differences between I. microlepidota 
and any other species.

Osteological data and comparisons

To identify potential diagnostic characters on the cranial 
elements of Ichnotropis microlepidota, we visually com-
pare the high-resolution X-ray computed tomography 
(HRCT) scan of I. microlepidota (MHNCUP-REP0983) 
with material of I. bivittata (RCMA 14641, formerly the 
holotype of I. c. nigrescens fide Conradie et al. in prep.; 
and MCZ-R39726) (Suppl. material 1: table S2). HRCT 
was performed at the Royal Museum of Central Africa 
(RMCA) CT facilities and at Centro de Instrumentación 
Científica of Granada (CIC). The cranium of Ichnotro-
pis bivittata (MCZ-R39726) was downloaded from the 
Morphosource platform (https://www.morphosource.
org). Detailed parameters for each CT scan are defined in 
Suppl. material 1: table S2. All specimens were regarded 
as adults to avoid potential ontogeny variation of the skull 
elements. To guarantee we used adult specimens for the 
cranial comparisons, we checked the femoral pore devel-
opment, as they are feebly visible or not completely de-
veloped in juveniles and subadults. The 3D segmentation 
models for the skulls were generated for articulated skulls 
using Avizo Lite 2019.1 (Thermo Fisher Scientific). To fa-
cilitate visualization, individual bone units of the cranium 
and jaws were colored following the same color palette 
as Lobón-Rovira and Bauer (2021). Bones not included 

https://www.morphosource.org
https://www.morphosource.org
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in Lobón-Rovira and Bauer (2021) were included in 
the pallet and are defined in Suppl. material 1: table S3. 
Annotations were made manually in Adobe Photoshop 
v.25.7.0 (Adobe Systems Incorporated 2019). CT scan 
raw data (.tiff files) have been deposited in MorphoSource 
(www.morphosource.org; Suppl. material 1: table S2).

Results
Phylogenetic analyses

Both phylogenetic analyses (ML and BI) retrieved 
the same topology, although with different support 
strengths for some nodes. The phylogenetic analyses 
recovered five well-supported operational taxonom-
ic units (OTUs) (Fig. 1) that are consistent with the 
pairwise comparisons of the 16S uncorrected p-dis-
tances (4.57%–17.80%, Table 3).

The different phylogenetic reconstructions recovered 
a well-supported monophyletic group that includes in-
dividuals morphologically identified as Ichnotropis aff. 
grandiceps. This group clusters with a larger group (PP: 
0.99, BS: 89%) that includes all the other members of the 
Ichnotropis genus (Fig. 1). The large clade includes two 
well-differentiated subclades, here identified as the cap-
ensis and bivittata groups (PP: 0.99, BS: 97%). The cap-
ensis group includes two well-supported subclades (PP: 
1.00, BS: 100%) that differ genetically from each other 
by > 4.5% (16S uncorrected p-distance). The two main 
subclades recovered here in the capensis group represent-
ed a well-defined geographic distribution with one sub-
clade (namely I. capensis) from central to the southern 
half of the Angolan territory, northeastern Namibia, and 
eastward to coastal South Africa, and a second subclade 

(namely I. aff. capensis) distributed in the northeastern 
half of the Angolan territory (Fig. 8). Within the bivittata 
group, the phylogenetic analyses retrieved two subclades 
that differ by a minimum of 14.83% (16S uncorrected 
p-distance, Table 3), including both subspecies of I. bivit-
tata (namely, I. b. bivittata and I. b. pallida) and I. micro-
lepidota, that were recovered as sister taxa (PP: 0.99, BS: 
97%, Fig. 1). The two subspecies of I. bivittata differ by 
4.03% (16S uncorrected p-distance, Table 3).

Morphological analyses

The results of the two PCAs explained a considerable 
portion of the variation in the three principal components 
in both analyses (69.5% and 68.65%, respectively). On 
the first PCA, the highest proportion of the variation in 
the PC1 is explained by the HL and S-FL, and in the PC2 
by the HW and the Tymp_L (Suppl. material 1: table S4).

When we remove the HL, HW, and HH from the PCA 
analysis (PCA2; Suppl. material 1: table S4), the PC1 is 
explained by the S-FL and the HLL, and in the PC2 by the 
ED and the Tymp_L.

Nevertheless, in both analyses, the multivariate 
means on PC1 show no differences between the spe-
cies (MANOVA PCA1 p value = 0.639; MANOVA 
PCA2 p value = 0.297) as shown in Fig. 2. The PC2 
shows two main groupings exploring differently the 
morphospace (MANOVAs p value = 0.000). These re-
sults are supported by the post hoc pairwise comparison 
(Tukey’s HSD) that does not show a significative differ-
ence in the PC1 (HL and S-FL) between species, but it 
does in several species pairs in the PC2 (e.g., HW and 
Tymp_L in I. microlepidota–I. aff. capensis p < 0.05) 
(Suppl. material 1: table S5).

Figure 1. Bayesian inference tree based on concatenated dataset including 2635 bp of two mitochondrial (16S, ND4) and two nuclear-en-
coded (C-mos, RAG1) markers. Nodes are labeled with ML bootstrap values (BS) above and BI posterior probability (PP) below.
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Despite the fact that the PERMANOVAs did not re-
trieve many additional significant results for the continu-
ous measurements (Suppl. material 1: table S6), it recovers 
some additional significative differences not highlighted by 
the PCA analyses (Suppl. material 1: table S6). Thus, the 
main morphological differences between I. microlepidota 
and other Ichnotropis members are the SVL, three main 
head measurements (i.e., HL, HW, and HH), the S-FL, 
and the Tymp_L (Fig. 3, Suppl. material 1: table S6). For 
example, significant differences in head length (HL) have 
been found when compared to I. capensis (ANOVA: F1,27 
= 14.630; p-value = 0.001), I. aff. grandiceps (ANOVA: 
F1,14 = 11.478; p-value = 0.008), and I. bivittata (ANOVA: 
F1,21 = 10.335; p-value = 0.013), in the head width (HW) 
with I. aff. grandiceps (ANOVA: F1,14 = 19.166; p-value 
= 0.000) and I. capensis (ANOVA: F1,27 = 8.271; p-value 
= 0.037) and in the head height (HH) with I. aff. grandi-
ceps (ANOVA: F1,14 = 10.201; p-value = 0.015) (Fig. 3, 
Suppl. material 1: table S6). In addition, the results on the 
comparison of the meristic data show a marginal differ-
ence between I. microlepidota and the other members of 
the group (like midbody scales or lamellae under the fourth 
toe; Fig. 3), being exceptionally divergent when compared 

to I. aff. grandiceps in most of the meristic measurements 
(Fig. 3). Meristic comparison showed main differences in 
the midbody scale count, which is higher in I. microlepido-
ta than in the other Ichnotropis species (43–50 vs. 32–39 
in I. bivittata, 30–41 in I. capensis, 34–41 in I. aff. Cap-
ensis, and 43–48 in I. aff. grandiceps) and in the number 
of lamellae under the fourth toe, which conversely seems 
lower in I. microlepidota (16–19 vs. 18–20 in I. bivittata, 
18–26 in I. capensis, 19–24 in I. aff. capensis, and 19–24 
in I. aff. grandiceps) (Fig. 3). It is worth noticing that al-
though not as high as in I. microlepidota, the number of 
scales around the midbody is also higher in I. aff. grandi-
ceps than in the other species (excluding I. microlepidota).

The osteological comparison of the skulls of I. micro-
lepidota and I. bivittata allows us to identify a few po-
tential diagnostic characters between species. While the 
I. microlepidota cranium presents a more rounded shape 
in dorsolateral view, with a broader lateral profile and tall-
er dorsoventral profile, the skull in both I. bivittata skulls 
presents a slenderer and more elongated overall shape 
(Fig. 4). In addition, the skull in I. microlepidota presents 
a shorter and more robust jugal bone than in the other two 
species, a broader and more longitudinally compressed 

A B

Figure 2. A. PCA plot of the first principal component (PC1) versus the second principal component (PC2) on Dataset 1 including 
all the morphological variables; B. PCA plot of the first principal component (PC1) versus the second principal component (PC2) 
of Dataset 1, excluding the three main morphological variables of the head (i.e., HL, HW, HH). Species are represented by different 
color and symbol included in the legend. For abbreviations see the Materials and Methods section. For loadings of all axes and 
explained variance, see Suppl. material 1: tables S4, S5.

Table 3. Percent sequence divergence for 16S (uncorrected pairwise distances) between and within Ichnotropis species included on 
the phylogenetic analyses and Meroles squamulosus. Bold values on the diagonal depict mitochondrial divergence within species.

ID 1 2 3 4 5 6 7
1. Ichnotropis microlepidota n/c
2. Ichnotropis bivittata 
bivittata

14.83 3.37

3. Ichnotropis bivittata pallida 15.50 4.03 n/c
4. Ichnotropis capensis 16.23 8.50 9.13 3.64
5. Ichnotropis aff. grandiceps 17.80 6.70 7.85 9.26 1.30
6. Ichnotropis aff. capensis 15.88 6.76 7.68 4.57 8.72 1.95
7. Meroles squamulosus 24.69 14.29 14.74 19.00 14.74 17.69 3.25
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Figure 3. Boxplot (top whisker – maximum value; lower whisker – minimum value; bold horizontal line – median; box – 1st and 3rd 
quartile) displaying meristic measurements of Ichnotropis species. Different colors depict records of different species within Ichnot-
ropis; see inset for color explanations. Significative values between I. microlepidota and other Ichnotropis species are highlighted 
under the graphics. For all ANOVA results see Suppl. material 1: table S6. For abbreviations see the Materials and Methods section.
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maxilla and dentary bones in their lateral view, and a 
more downfacing and compressed premaxilla in its later-
al view with a larger distance between the posterior ends 
of both pterygoid bones and jugals when compared to 
I. bivittata. Furthermore, the parietal bone is wider than 
longer in I. microlepidota, while in I. bivittata, the pari-
etal presents a broader lateral profile. Finally, striation in 
the dorsal view of skulls seems to be more prominent in 
I. microlepidota, with a rougher-looking surface on al-
most all bones in the dorsal view of the skulls (Fig. 4).

Overall, due to the morphological and phylogenet-
ic differences that support the taxonomic recognition of 
I. microlepidota, coupled with the lack of accurate mor-
phological information about the species (e.g., coloration 
in life, osteology) and the taxonomic confusion around 
this taxon, we take the opportunity to provide an updated 
description (below) of I. microlepidota, aiming to provide 
an accurate description and comparison with other mem-
bers of the group that could be useful for future taxonom-
ic decisions on this group.

Ichnotropis microlepidota Marx, 1956
Figs 4–6, Table 4, Suppl. material 1: tables S1, S7

Holotype. FMNH 74285, adult male, collected at the 
foot of Mount Moco, Huambo Province, Angola, on 19 
September 1954 by Gerd Heinrich.

Paratypes. FMNH 74283–84, adult females, with 
the same collecting information as the holotype; FMNH 
74286–7, adult males, with the same collecting informa-
tion as the holotype.

New additional material. MHNCUP-REP0983, adult 
male, collected at Mount Moco, Huambo Province, An-
gola (-12.4554, 15.1632), 2300 m a.s.l., on 18 October 
2020 by Pedro Vaz Pinto.

Additional referred material. A juvenile specimen 
collected at Mount Moco, Huambo Province, Ango-
la, 1500–1900 m a.s.l., in March 1934 by Karl Jordan 
(Parker 1936).

Updated description. Measurements and meristic 
data are summarized in Suppl. material 1: table S1. Ich-
notropis microlepidota is a medium-sized lizard species 
(maximum SVL = 61.00 mm, mean 56.8 ± 4.8). 4 upper 
labials anteriorly to the subocular (mostly 2–3 posterior-
ly to the subocular), 7–8 (mostly 7) lower labials, and 5 
pairs of chin shields, from which the first three pairs are 
in contact. Rostral with slight insertion between nasals. 
Single rhomboid frontonasal scale, slightly wider than 
longer. Undivided anterior loreal scale, which is smaller 
than the larger posterior loreal. Prefrontal scales longer 
than wider and in contact with supraoculars. Single row 
of scales between posterior loreal and anterior supraocu-
lar scales. Four supraciliaries on each side, which can be 
in contact or not with the anterior supraoculars. Three su-
praoculars, with the first (anterior one) being the largest, 

Table 4. Summary of external morphological data of all species within the Ichnotropis genus. Measurements are shown in millime-
ters (mm) (average and standard deviations). Juveniles are excluded from these summary statistics. For individual measurements, 
see Suppl. material 1: table S8. Abbreviations are detailed in the Materials and Methods section. Missing data or unavailable infor-
mation is indicated as not available (N/A).

Species I. bivittata I. capensis I. aff. capensis I. aff. grandiceps I. microlepidota
N (males/females) (N = 10/6) (N = 50/39) (N = 9/3) (N = 3/2) (N = 3/2)
SVL 62.4 ± 6.9 53.5 ± 4.9 65.3 ± 2.4 74.9 ± 3.1 56.8 ± 4.8
HL 14.9 ± 1.8 12.7 ± 0.9 15.2 ± 1.2 18.3 ± 0.4 11.8 ± 0.8
HW 8.4 ± 1 7.3 ± 0.6 8.8 ± 0.5 11.5 ± 0.3 7 ± 0.2
HH 7.2 ± 0.9 5.9 ± 0.6 7.2 ± 0.6 9.3 ± 0.1 5.9 ± 0.6
S-FL 25.4 ± 0.3 20.9 ± 1.7 24.4 ± 1.8 28.8 ± 0.4 19.14
SE 6.4 ± 0.1 6 ± 0.4 5.4 ± 0.9 6.4 ± 0.4 4.85
ED 2.9 ± 0.1 2.2 ± 0.4 3.7 ± 1.0 3.2 ± 0.3 2.62
EE 4.6 ± 0.1 4.2 ± 0.4 4.4 ± 1.1 3.2 ± 0.3 3.62
Tymp-L 2.7 ± 0.3 2.2 ± 0.3 2.2 ± 0.6 4.2 ± 0.3 1.56
FLL 7 ± 1.2 6.2 ± 0.7 7.5 ± 0.5 8.3 ± 0.6 5.45
HL 10.1 ± 1.5 10.6 ± 1.1 12.6 ± 1 13.4 ± 0.4 7.43
ILL 26.2 ± 4 25.1 ± 3.4 29.8 ± 1.4 36.3 ± 2.4 22.53
HFL 14.8 ± 1 16 ± 1.8 18.4 ± 1.8 16.4 ± 1.9 12
LJL 16.4 ± 0.9 13.4 ± 1.4 16.5 ± 1.9 21.6 ± 1.5 13.32
FFL 4 ± 0.4 3.9 ± 0.5 3.9 ± 0.6 5 ± 0.5 3.56
FTL 7.4 ± 0.6 8.4 ± 0.9 8.8 ± 1.2 9.8 ± 0.7 6.28
FNW 2 ± 0.3 1.8 ± 0.2 2.2 ± 0.1 2.6 ± 0.2 1.54
FNL 4.3 ± 0.6 2.3 ± 1 2.7 ± 1.1 2.1 ± 0.2 3.29
UL 4 ± 0 4.1 ± 0.2 4.1 ± 0.2 4.6 ± 0.5 4 ± 0
LL 6.3 ± 0.6 6.6 ± 0.6 6.2 ± 0.4 6.2 ± 0.3 7.6 ± 0.5
Chin shields 5 ± 0 5.2 ± 0.5 5 ± 0 4.9 ± 0.2 5 ± 0
SC 3 ± 0 3.9 ± 0.9 4 ± 0 5.1 ± 0.2 4 ± 0
Ventral plates longitudinal 24.8 ± 3.6 25.3 ± 2.4 28.4 ± 1.6 27.8 ± 1.8 25.4 ± 1.5
Ventral plates transverse 8.8 ± 1.1 8.8 ± 0.9 9.2 ± 0.4 10 ± 0 8.8 ± 1.1
Midbody 34 ± 1.2 35.5 ± 2.7 38.2 ± 1.9 44.8 ± 1.9 47.8 ± 2.8
Lamellae fourth toe 19.3 ± 1.2 21.3 ± 1.9 21.8 ± 1 21 21.2 ± 1.3  17 ± 1.2
FP 8.8 ± 0.9 10.1 ± 1.1 10.9 ± 0.8 12 12.2 ± 0.8 1 1.3 ± 0.8
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followed by a slightly smaller second supraocular and a 
third one, which is the smallest. Eight rows of temporal 
scales between temporal shield and upper labials. Tempo-
ral shields half the length of parietals. Parietals twice as 
long than broad. Frontal scale 2–3 times longer than wide. 
Semicircular-shaped occipital scales slightly extending 
past the parietal scales. Head shields heavily striated. 
Dorsal scalation is composed of small, heavily keeled, 
rounded scales slightly elongated towards the back. High 

number of scales around the midbody (43–50, mean 47.8 
± 2.8). Middorsal scales slightly larger than dorsal scales 
and lack keeling towards the venter. Ventral pholidosis 
with large hexagonal scales that lack keeling. 23–27 ven-
tral plates in the longitudinal section and between 8–10 in 
the transverse section. Tail scalation is formed by elon-
gated and keeled scales pointing towards the tail tip and 
disposed in rings (Fig. 5). Subdigital lamellae 16–19. 
Femoral pores 9–12 per side.

Figure 4. Comparative visualization of the skulls of Ichnotropis microlepidota (MHNCUP-REP0983) and I. bivittata (RMCA 
14641; MCZ-R39726) (from left to right). Detail of the skull in A. Dorsal; B. Lateral, and C. Ventral views; and lower jaws in 
D. Dorsal; E. Lateral; F. Ventral, and G. Medial views. For the color palette, see Suppl. material 1: table S3. Scale bars: 10 mm.
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Figure 5. Specimen of Ichnotropis microlepidota (MHNCUP-REP0983) from Mount Moco, Huambo Province, Angola. (A, B) 
Dorsal and ventral view of the preserved specimen. Details of the head of the preserved specimen in (C) dorsal, (D) lateral, and (E) 
ventral view. (F) Detail of pelvic region and hind limbs. Scale bars represent 15 mm. In life pictures of the full body (G) and detail 
of the head (H). Photos by Max Benito and Pedro Vaz Pinto.

Figure 6. Detailed views in A. Dorsal; B. Lateral; C. Ventral; D. Frontal; E. Posterior of skull, and F. Medial; G. Ventral; H. Dorsal; 
I. Lateral view of the right jaw of Ichnotropis microlepidota (MHNCUP-REP0983). Abbreviations: aSo, anterior supraocular; Bc, 
braincase; Co, coronoid; CB, compound bone; D, dentary; EcP, ectopterygoid; EP, epipterygoid; F, frontal; J, jugal; Lc, lacrimal; M, 
maxilla; mSo, middle supraocupar; N, nasal; Ot, otostape; P, parietal; PF, prefrontal; Pl, palatine; PM, premaxilla; PO, postorbital; 
pSo, posterior supraocular; Pt, pretygoid; Q, quadrate; SM, septomaxilla; SO, supraorbital; Sp, splenial; Sq, squamosal; SR, sclerot-
ic ring; ST, supratemporal; V, vomer. Scale bars represent 10 mm.
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The cranium presents on its overall a rounded shape 
on its lateral and dorsal view (Fig. 6A, B). Frontal and 
parietal bones fused and separated by the fronto-pari-
etal suture (Fig. 6A). Both bones are heavily striated in 
their dorsal view. Pineal foramen present in the medial 
section of the parietal bone. Postorbital bones promi-
nent, in tight contact with the postocular, frontal, pari-
etal, and squamosal bones. Supratemporal bone present, 
located as a splinter of a bone between the squamosal 
and the posterolateral process of the parietal (Fig. 6E). 
Nasal bones paired (Fig. 6D). Lacrimal bone present 
and unfused with the maxilla (Fig. 6B). A large jugal 
bone present in contact with the lacrimal bone, ectopter-
ygoid, and postorbital bone. Braincase elements fused. 
Otostapes unperforated. The sclerotic rings comprise 14 
ossicles with similar shape and size. Vomer bones paired 
(Fig. 6C). A robust lower jaw with a high and prom-
inent coronoid bone (Fig. 6F–I). Compound bone and 
surangular bones fused. Splenial bone large in contact 
with compound bone, coronoid, and dentary. Nine pre-
maxillary tooth loci, 20 maxillary tooth loci, and 22–23 
dentary tooth loci.

Comparative diagnosis. This species can be differ-
entiated from I. bivittata by having higher number of 
scales around the midbody (43–50 vs. 32–39 in I. bivitta-
ta) and a lower number of subdigital lamellae under the 
fourth toe (16–19 vs. 18–20 in I. bivittata). Furthermore, 
I. bivittata presents narrowly yellow-spaced spots above 
the front limbs, while I. microlepidota lacks this dorso-
lateral spotting. Furthermore, I. microlepidota presents 
anterior suboculars, which can be in contact or not with 
the supraciliaries, while in I. bivittata, they are always 
separated. Moreover, it differs from the capensis group 
by having a more rounded and shorter snout, prefrontals 
in contact with the anterior supraoculars, a higher num-
ber of scales around the midbody (43–50 vs. 30–41 in 
I. capensis and 34–41 in I. aff. capensis), a lower num-
ber of subdigital lamellae under the fourth toe (16–19 vs. 
18–26 in I. capensis and 19–24 in I. aff. capensis), and 
for lacking a lateral orange band in adult males, which 
is highly conspicuous in adult males from the capensis 
group. It also differs from I. aff. grandiceps in the number 
of lamellae under the fourth toe (16–19 vs. 19–24 in I. aff. 
grandiceps) and for the same orange band in adult males 
as in the capensis and bivittata groups. In addition, I. mi-
crolepidota can be differentiated from I. bivittata based 
on a few osteological characters as follows: broader cra-
nium dorsoventrally, with a taller dorsoventral profile, a 
shorter and more robust jugal bone, a more downfacing 
and laterally compressed premaxilla, and longitudinally 
compressed maxilla and dentary bones in I. microlepido-
ta versus a narrower and shorter cranial profile in I. bivit-
tata. The skull of I. bivittata presents an overall rounded 
shape in its lateral and dorsal view. Parietal and frontal 
bones separated by the fronto-parietal suture, and both 
with low striation in their dorsal view. The pineal fora-
men situated in the medial to anterior section of the pari-
etal. Elongated jugal bones in their lateral view, in con-

tact with lacrimal bone, ectopterygoid, and the postorbital 
bone. Otostapes unperforated. The sclerotic rings com-
prise 14 ossicles with similar shape and size. Nasal and 
vomer bones paired. An elongated lower jaw formed by 
coronoid, dentary, splenial, and fused compound bones, 
all of them in contact. Nine premaxillary tooth loci, 20 
maxillary tooth loci, and 23 dentary tooth loci. (Fig. 4).

Coloration in life (Fig. 5G–H). The dorsal pattern 
consists of a light brown dorsal band that reaches from 
behind the head to the posterior limbs, surrounded by two 
discontinuous bands consisting of black blotches. The 
pattern on the lateral side of the body consists of two light 
cream to yellow bands from ear opening height extending 
towards the back. Between them, a row of consecutive 
pairs of white ocelli surrounded by external black sec-
tions. Under the lower lateral band, another row of con-
tinuous single ocelli. The head is brown on top, sprinkled 
with black markings on most of the scales. Mouth open-
ing is surrounded by a black coloration, which turns white 
to the upper part of the upper labials and to the lower part 
of the lower labials. The first row of chin shields is fully 
black, and rows 2–5 are half white (towards the outside) 
and half black. The gular coloration consists of a light 
orange color, some black scales, and two conspicuous 
bright yellow-orange speckles under the posterior end of 
both lower jaws. Ventral coloration is immaculate white.

Variation. Meristic and morphometric data are sum-
marized in Suppl. material 1: table S1. The new individu-
al of I. microlepidota (MHNCUP-REP0983) has a small-
er snout-vent length when compared to the type series 
(Suppl. material 1: table S1). Sexual dimorphism appears 
in the head height (HH), higher in males than in females 
(6.2 ± 0.5 vs. 5.3 ± 0), in the head length (HL), longer in 
males (12.1 ± 1 vs. 11.5 ± 0.2), in the scales around the 
midbody, higher in females (49–50 vs. 43–49), and in the 
number of ventral scales in transversal view, higher in 
males (8–10 vs. 8). In addition, the newly collected mate-
rial presents a proportionally larger HH (Suppl. material 
1: table S1) when compared to the type series, probably a 
consequence of the decomposition stage of the type series 
when they were found.

Distribution and habitat. Ichnotropis microlepidota 
represents a micro-endemic Angolan species only known 
to occur at Mount Moco, Huambo Province (Fig. 8). The 
type series (holotype and paratypes) were found in the 
crop of a goshawk, which was collected at the base of 
Mount Moco. However, the locality may lack precision 
given that the bird could have captured the lizard else-
where. The habitats at Mount Moco include open mon-
tane and fire-prone grasslands with scattered bushes and 
trees, rocky outcrops, and remnants of Afromontane forest 
in deep gullies (Fig. 7). The montane grasslands start at 
around 1800 m a.s.l. but are most prominent above 2100 
m a.s.l. and are formed by a thick layer of grass and small 
bushes as well as many rocks underneath. The grass spe-
cies present in those grasslands are Festuca spp., Mono-
cymbium ceresiiforme, Themeda triandra, Tristachya in-
amoena, Tristachya bequertii, Hyparrhenia andongensis, 
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and Hyparrhenia quarrei, among others (Mills et al. 
2011). Shrub cover usually includes species such as 
Cliffortia spp., Erica spp., Philippia benguelensis, Pro-
tea trichophylla, Stoebe vulgaris, and Xerophyta spp., 
although the last ones mainly appear in rocky outcrops 
(Mills et al. 2011).

Natural history. Ichnotropis microlepidota is a 
ground-dwelling lizard with diurnal habits. The specimen 
reported here (MHNCUP-REP0983) was found during 
the day on top of an exposed small rock in open mon-
tane grassland habitat, with thick vegetation cover. Few 
reptile species were observed in the area, but at least one 
Viperidae species has been previously recorded in the re-
gion and same habitat, namely the endemic Bitis heraldi-
ca, which may prey on Ichnotropis microlepidota. Other 
reptile species recorded nearby but associated with rocky 
or wetland habitat included Crotaphopeltis hotamboeia, 
Cordylus momboloensis, Trachylepis albopunctata, Tra-
chylepis sulcata, Panaspis cabindae, Agama cf. schacki, 
and Afroedura wulfhaackei.

Conservation status. The species is listed as Data De-
ficient (DD) on the IUCN Red List (Ceríaco et al. 2020c). 
This is a consequence of the lack of information about the 
distribution of this species and the specific threats that men-
ace the sites where it occurs. Even with the collection of this 
new individual of I. microlepidota (MHNCUP-REP0983), 
this information is still incomplete, and therefore, it is likely 
that this species will remain listed as Data Deficient (DD).

Discussion

Although most lacertid genera in Angola have been recently 
revised and several new species have been described (Con-
radie et al. 2012b; Branch et al. 2019b; Baptista et al. 2020; 
Parrinha et al. 2021; Marques et al. 2022b), Ichnotropis has 
been neglected as a consequence of the lack of fresh material 
to evaluate the species relationships in a phylogenetic con-
text. Therefore, the relationships between the genus mem-
bers and the taxonomical status of some of them, such as I. 
microlepidota, have been the subject of debate. The access 
to newly collected topotypical material from Mount Moco 
and additional fresh material from different sites across the 
Angolan territory has allowed us to verify the taxonomic sta-
tus of the species, but also to better assess the relationships 
of I. microlepidota with other members of this group, pro-
viding the first phylogenetic placement of I. microlepidota.

Morphologically, the new material of I. microlepi-
dota (MHNCUP-REP0983) from Mount Moco agreed 
with the original description of I. microlepidota (Marx 
1956). In addition, the genetic information has allowed us 
to demonstrate that I. microlepidota represents a distinct 
taxon within the bivittata group, which conforms a mono-
phyletic clade containing I. bivittata and I. microlepidota 
as sister species. Although the nodal support within this 
group is sufficient, further sampling efforts are needed to 
obtain new fresh material within the group to provide a 
larger and more robust phylogenetic hypothesis.

Figure 7. A–C. Habitat of Ichnotropis microlepidota in Mount Moco, Huambo Province; D. Dark Chanting Goshawk (Melierax 
metabates) from Mount Moco. Photos by Pedro Vaz Pinto.
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The phylogenetic reconstruction recovered three main 
groups among Angolan Ichnotropis, including five differ-
ent taxa (I. aff. grandiceps, I. capensis, I. aff. capensis, I. 
bivittata, and I. microlepidota). Even though the two sub-
species of I. bivittata show relevant mitochondrial dis-
tances in the 16S gene (4.03%), we cannot confirm wheth-
er the I. b. pallida subspecies represents a valid species or 
not due to the lack of sufficient genetic and morphologi-
cal material for this work. Therefore, further sampling is 
recommended to clarify the taxonomy of this subspecies. 
Moreover, we failed to retrieve any genetic lineage that 
can be ascribed to I. c. overlaeti (see below regarding the 
status of this subspecies) in Angola (Marques et al. 2018). 
On the other hand, our phylogenetic and morphological 
analyses retrieve a highly divergent clade within the 
capensis group that represents a candidate new species 
(namely, I. aff. capensis). In addition, detailed examina-
tion of the type series of I. c. overlaeti and I. c. nigrescens 
challenges the validity of these two subspecies and places 
them in the bivittata group. Thus, the taxonomic status 
of this candidate new species cannot be resolved in this 
work due to taxonomic inconsistencies found in the orig-
inal description and the detailed examination of the type 
series of I. c. overlaeti and I. c. nigrescens. Consequently, 
a detailed revision of this entire group is still needed to 
shed light on the taxonomy of all Ichnotropis.

External morphology seems to be very conserved 
among Ichnotropis species, and few characters are reliable 
enough to identify species. However, the new material 
has allowed us to provide unequivocal diagnostic charac-
ter between I. microlepidota and other Ichnotropis spe-
cies in terms of scalation, coloration, and morphometry. 
In addition, we identified some diagnostic characters on 
the skull between I. microlepidota and I. bivittata. How-
ever, previous works have already shown that lizard 

species can display significant intraspecific osteological 
variation (e.g., Lobón-Rovira 2024a), and therefore the 
cranial diagnostic characters here proposed must be tak-
en with caution due to the low series used for this os-
teological comparison. In addition, despite the fact that 
morphology is very conserved in this group, I. micro-
lepidota can be easily distinguished morphologically and 
genetically from I. bivittata (the only species occurring 
in sympatry), and therefore guarantees the taxonomic 
status of this species.

Color polymorphism is known for being highly 
prevalent among and within Lacertidae. This has led to 
dismissing coloration as a reliable diagnostic character 
to use to distinguish between different taxa (Brock et al. 
2022). However, the large series of material examined in 
this work have allowed us to assess coloration features 
that we consider worth mentioning, which could be useful 
when identifying I. microlepidota from other Ichnotropis 
species (namely, the lack of a red/orange lateral band in 
adult males and the presence of consecutive rows of black 
encircled white ocelli). Moreover, the narrowly spaced 
yellow spots above the forelimbs present in I. bivittata 
and absent in I. microlepidota are a key coloration fea-
ture to take into consideration to differentiate the two spe-
cies. These spots are the reason for finally identifying the 
doubtful individual in van den Berg (2020) as I. bivittata 
and not I. microlepidota.

The results of this work represent another example 
of the importance of the central highlands as the main 
center of endemism in southwestern Africa for amphibi-
ans and reptiles (Bauer et al. 2023; Lobón-Rovira 2024a) 
as well as underline the importance of Mount Moco as 
an important conservation area (Gonçalves et al. 2019; 
Branch et al. 2021; Lobón-Rovira et al. 2021a; Conradie 
et al. 2022c; Baptista et al. 2023; Bates et al. 2023). 

Figure 8. Geographic distribution of Ichnotropis within Angolan territory, on a greyscale elevation map (Fick and Hijmans 2017). 
Different colors depict records of different species within Ichnotropis; see the inset for color explanations. Circles represent histor-
ical records, triangles denote newly collected material, and start denotes type localities.
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In addition, we consider that this elusive species might 
exist in other areas with similar habitat traits, such as 
Mount Namba, and consequently we highlight the impor-
tance of further surveys on the central highlands aiming 
to shed light on the distribution and conservation status of 
this still poorly known endemic lizard.

It must be highlighted that the conservation status of 
this species remains unclear due to the lack of data about 
its distribution and relative abundance (Ceríaco et al. 
2020c). However, the grassland habitat in Mount Moco is 
highly threatened by intentionally provoked bushfires to 
create suitable land portions for agriculture and livestock, 
which affects possible suitable habitat for this species 
(Cáceres et al. 2013). Furthermore, montane grasslands 
seem to play a crucial role in complicating the detectabil-
ity of this species and others in this area, which are also 
rarely found in surveys, such as the Angolan adder (Bi-
tis heraldica) (Ceríaco et al. 2020d). Consequently, this 
highlights again the importance of continuing fieldwork in 
these remote and poorly explored areas of Angola to shed 
light on the conservation status of this endemic species.

To conclude, this work demonstrates the taxonomic 
status of a poorly known and endemic Angolan species 
but also provides the first revision of this group in Africa. 
We here provide crucial genetic material for key species 
of this group (i.e., I. microlepidota) that can help to solve 
future taxonomic questions on this group. Therefore, this 
work can help to better understand the evolutionary histo-
ry of elusive ground lizards and serve as a foundation for 
future studies in this group.
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