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Abstract

The diamond frogs of the genus Rhombophryne are a poorly understood clade of morphologically diverse frogs native to the humid
forests of Madagascar. We here present a monographic revision of the taxonomy and natural history of these frogs. We first provide
morphological diagnoses and contents of the established species groups in Rhombophryne. We then integrate molecular phylogenetic
data from mitochondrial and nuclear genetic markers, with morphometrics, bioacoustics, and micro-CT-based osteology, to describe
seven new species from across Madagascar. This brings the number of species in the genus to 27. We have obtained DNA sequences
from name-bearing specimens of 23 of these species, plus topotypical specimens of two further species; we used museomics methods
to sequence name-bearing types of three species collected before 1976, as well as several other specimens of interest, allowing us to
clarify taxonomic assignment of those individuals. In our treatments of all existing and new species, we provide new insights into
their anatomy, diet, ecology, and distribution. We provide the first published key to the genus, which we hope will make their identi-
fication more straightforward. Finally, we suggest a revised conservation assessment in light of the data that we present. We estimate
24 of the 27 species to be threatened, with two species (R. kilonjy sp. nov. and R. matavy) probably worthy of being classified as
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‘Critically Endangered’. Several candidate species remain taxonomically unaddressed, due to the poor representation of specimens

in museum collections. We therefore emphasise the need for increased survey efforts to fill knowledge gaps in both the taxonomy

and the natural history of these frogs.
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Introduction

Madagascar is a world hotspot of frog diversity, with an
estimated 700+ species, all but two of which are endemic
to the island (Glaw and Vences 2007; Vieites et al. 2009;
Perl et al. 2014; Antonelli et al. 2022; Carné and Vieites
2024). As of June 2026, there are 446 described frog spe-
cies from Madagascar (Frost 2026). Thus, a substantial
taxonomic gap remains, which, however, is rapidly be-
ing addressed, often in monographic treatments yielding
numerous new species at once (e.g., Glaw et al. 2010a;
Rakotoarison et al. 2017; Scherz et al. 2022a).
Madagascar’s anuran diversity is divided across five
families, with the greatest species richness in the Micro-
hylidae Giinther, 1858 and Mantellidae Laurent, 1946,
which account for around 30% and 67%, respectively,
of the 446 species described so far (Frost 2026). The
Malagasy microhylids belong to three endemic subfam-
ilies, but their diversity is mostly concentrated in one of
them: the Cophylinae (Scherz et al. 2022b). This subfam-
ily currently contains 118 of the world’s 771 described
microhylid species (Frost 2026) in nine genera: Anilany
Scherz et al., 2016 (2 spp.), Anodonthyla Miiller, 1892
(12 spp.), Cophyla Boettger, 1880 (7 spp.), Madecasso-
phryne Guibé, 1973 (1 sp.), Mini Scherz et al., 2019 (3
spp.), Platypelis Boulenger, 1882 (18 spp.), Plethodonto-
hyla Boulenger, 1882 (11 spp.), Rhombophryne Boettger,
1880 (20 spp.), and Stumpffia Boettger, 1881 (44 sp.).
As a whole, the subfamily Cophylinae is ecologically
and morphologically very diverse, containing arboreal,
terrestrial, fossorial, and scansorial species, ranging from
the largest microhylids known (>100 mm), to some of
the smallest vertebrates on Earth (<9 mm; Scherz et al.
2022b). Within the subfamily, the diamond frogs, genus
Rhombophryne, are remarkable in consisting of species
that span from highly fossorial to leaping, potentially
scansorial, species, and ranging from large frogs reaching
nearly 60 mm in snout—vent length, down to a highly min-
iaturised species reaching just 12 mm. Despite substantial
recent taxonomic work that brought this genus from eight
species in 2007 (Glaw and Vences 2007) to the present
20 species (Frost 2026), several candidate species remain
to be scientifically named and described. Additionally,
a good deal of new information has been assembled on
some of the nominal species. With the aim of synthesising
the state-of-the-art knowledge on this remarkable genus
and providing a foundation for future reference, we here
present a detailed monographic treatment of the genus.

Genus-level taxonomy of
Rhombophryne species

The genus Rhombophryne was established by Oskar
Bottger, based on the single species R. festudo Boettger,
1880. As a specialised burrowing frog, this species is dis-
tinctive in many respects, notably in its round habitus,
small eyes, ‘barbels’ (spine-like dermal projections) on
the lower lip, short limbs, and short and wide head. In-
deed, so unusual is R. festudo that it was maintained as
a monotypic genus for over a century, even receiving its
own subfamily at one point (Noble 1931) that was main-
tained only for a few years before being synonymised
with Cophylinae by Parker (1934). It came as a great
surprise when, in 2005, genetic results revealed that sev-
eral species that had previously been ascribed to Pletho-
dontohyla Boulenger, 1882 were more closely related to
R. testudo than to other members of the genus Pletho-
dontohyla (Andreone et al. 2005). As a result, Frost et
al. (2006) transferred three species [Plethodontohyla al-
luaudi (Mocquard, 1901), P. coudreaui Angel, 1938, and
P. laevipes (Mocquard, 1895)], to Rhombophryne. Glaw
and Vences (2007) then transferred four more species
to Rhombophryne [Plethodontohyla coronata Vences &
Glaw, 2003, Plethodontohyla serratopalpebrosa (Guibé,
1975), P. guentherpetersi (Guibé, 1973), and P. minuta
(Guibé, 1975)] in anticipation of the genetic results of
Wollenberg et al. (2008). This was a fairly sudden and
major change to our understanding of the diversity and
evolution of the Cophylinae but not the first such event;
15 years earlier, the six species in the genus Mantipus Pe-
ters, 1883, had been merged with the seven in the genus
Plethodontohyla when Blommers-Schlosser and Blanc
(1991) synonymised those genera.

Since 2007, only two small taxonomic transfers have
occurred between Rhombophryne and Plethodontohy-
la: Firstly, Peloso et al. (2016) erroneously transferred
R. matavy D’Cruze, Kohler, Vences & Glaw, 2010
to Plethodontohyla based on a mislabelled sample of
Plethodontohyla fonetana; this mistake was identified,
clarified, and reversed by Scherz et al. (2016b). Secondly,
Bellati et al. (2018) transferred Rhombophryne alluaudi
to Plethodontohyla because it was discovered that the
nomen Dyscophus alluaudi Mocquard, 1901 had been
misapplied to a well-known but as yet unnamed species
of Rhombophryne; Plethodontohyla alluaudi is a poorly
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known frog from the southeast of Madagascar (Bellati et
al. 2018). The taxonomic issues between Rhombophryne
and Plethodontohyla are now resolved, and we do not an-
ticipate that there will be any further transfers of available
names among these genera. Scherz et al. (2016b) provid-
ed a key in their supplementary files to aid in the assign-
ment of specimens to these two genera (and Stumpffia and
Anilany), which relies heavily on osteological characters.
The genus Stumpffia Boettger, 1881 was also synony-
mised with Rhombophryne by Peloso et al. (2016), be-
cause they found Stumpffia and Rhombophryne samples to
be intermixed in their multi-gene phylogenies. However, a
re-analysis of their data and results in the context of a new
multi-gene phylogeny with near-complete taxon sampling
of cophylines by Scherz et al. (2016b) found that numerous
specimens or tissue samples had been mislabelled and/or
misidentified by Peloso et al. (2016), and concluded that
this synonymisation was unjustified—partly as a result of
these mislabellings—and reversed them; Rhombophryne
and Stumpffia are not just genetically distinct, but also
ecomorphologically and osteologically distinct. Howev-
er, one lineage of ‘Stumpffia’ incontrovertibly split from
a node basal to that demarcating the Stumpffia+Rhombo-
phryne clade, and morphological and osteological inves-
tigation of that lineage revealed such strong differences
that a new genus, Anilany, was erected for it (Scherz et
al. 2016b). Peloso et al. (2017) challenged this conclusion
when they re-analysed the data of Scherz et al. (2016b)
with more extensive outgroup sampling and more genetic
data, even though they found almost the same topology
as Scherz et al. (2016b). They advocated for their former
synonymies, but Scherz et al. (2017b) rejected their deci-
sions and again advocated for the continued use of Rhom-
bophryne, Stumpffia, and Anilany, because they are each
monophyletic, diagnosable taxa. Molecular results from
Tu et al. (2018) further supported the genus-level distinc-
tion of Rhombophryne and Stumpffia and the validity of
Anilany. Scherz et al. (2017b) also emphasised the need
for clarification of the phylogenetic relationships of sever-
al undescribed candidate taxa and Stumpffia tridactyla rel-
ative to these genera. Stumpffia was subsequently revised
thoroughly by Rakotoarison et al. (2017), who described
26 new species in this genus. The description of a second
Anilany species, which also contained a detailed osteo-
logical treatment of the genus, has further solidified the
stability of this generic taxonomy (Petzold et al. 2025).

Species diversity in Rhombophryne

Between 1880 and 2007, seven Rhombophryne species
were scientifically named (Boettger 1880a; Mocquard
1895; Angel 1938; Guibé 1973, 1975; Vences and Glaw
2003), at an average rate of roughly one species every 18
years. However, since 2007, research on the genus has in-
tensified, and 13 new species have been named (D’Cruze
et al. 2010; Glaw et al. 2010b; Scherz et al. 2014, 2015a,
2015b, 2016a, 2017a, 2019b; Lambert et al. 2017; Scherz
2020). Today, Rhombophryne thus contains 20 nominal
species. Recently, Belluardo et al. (2022) provided a

phylogenetic revision of Rhombophryne, proposing six
species groups. They also identified 10 candidate species
awaiting taxonomic assessment and description, and they
provided maps of the known distribution of all nominal
species and unnamed lineages or candidate species.

Here, we embark on a taxonomic revision of Rhom-
bophryne. We provide accounts for all six species groups
and detailed taxonomic accounts of all species. We de-
scribe and name seven new species, one of which has not
been previously identified as a candidate species. We also
provide a key to the genus to enable field identification
of these sometimes difficult to distinguish frogs. Finally,
we provide preliminary conservation assessments of all
species.

Materials and Methods

Specimens were collected in the field using standard pro-
cedures for amphibian collection. After euthanasia using
MS-222, chlorobutanol, or lidocaine, specimens were
fixed in either ~90% ethanol or 4% formalin solution and
subsequently transferred to 70% ethanol for long-term
storage. Specimens were almost always preserved with
mouths closed. Field numbers refer to the zoological
collections of ACZCV Angelica Crottini, APR Achille
P. Raselimanana, CRH Carl R. Hutter, DLR Dina Lydie
Ramamonjisoa, DRV David R. Vieites, FGMV Miguel
Vences and Frank Glaw, FGZC Frank Glaw, FN, FAZC
Franco Andreone, MSZC, MSTIS Mark D. Scherz, RJS
Jasmin E. Randrianirina, THC Thio Rosin Fulgence, and
ZCMYV Miguel Vences. Institutional abbreviations refer to
AMNH American Museum of Natural History, New York,
NY USA; BMNH Natural History Museum, London,
UK; EHT-HMS University of Illinois Museum of Nat-
ural History; FMINH Field Museum of Natural History,
Chicago IL, USA; KU Zoological Collections of Kansas
University, Lawrence KS, USA; MCZ Museum of Com-
parative Zoology, Harvard MA, USA; MNCN Museo
Nacional de Ciencias Naturales, Madrid, Spain; MNHN
Muséum National d’Histoire Naturelle, Paris, France;
MRSN Museo Regionale di Scienze Naturali, Turin, Ita-
ly; SMF Senckenberg Naturmuseum Frankfurt, Frankfurt
am Main, Germany; UADBA-(A) the (amphibian) collec-
tions of the Université d’Antananarivo Département de
Biologie Animale; ZFMK Zoologisches Forschungsmu-
seum Alexander Koenig, Bonn, Germany; ZMB Museum
fiir Naturkunde, Berlin, Germany; and ZSM Zoologische
Staatssammlung Miinchen, Munich, Germany. All geo-
graphical coordinates are given in datum WGS84.

Morphological measurements

Morphological measurements were taken by MDS using
a digital calliper to the nearest 0.01 mm and rounded to
0.1 mm. Ratios were calculated prior to rounding to avoid
compound rounding errors.
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The measurement scheme (Fig. 1) generally follows
that used on this genus previously (e.g., Scherz et al.
2015a): SVL snout-vent length, HW maximum head
width, HL head length, from the maxillary commissure to
the anterior-most point of the mouth, ED horizontal eye
diameter, END eye—nostril distance, NSD nostril-snout
tip distance, NMD nostril-premaxillary symphysis dis-
tance, NND inter-narial distance, TDH horizontal tympa-
num diameter, TDV vertical tympanum diameter, HAL
hand length, from the metacarpal-radioulnar articulation
to the tip of the longest finger, LAL lower arm length,
from the carpal-radioulnar articulation to the centre of the
radioulna—humeral articulation, UAL upper arm length,
from the centre of the radioulna—humeral articulation to
the trunk, measured along the posterior aspect of the arm,
FORL forelimb length, given by the sum of HAL, LAL,
and UAL, FOL foot length, from the tarsal-metatarsal ar-
ticulation to the tip of the longest toe, TARL tarsal length,
from the tarsal-metatarsal articulation to the tarsal—tibio-

NND

fibular articulation, FOTL foot length including tarsus,
from the tibiotarsal articulation to the tip of the longest
toe, given by the sum of FOL and TARL, TIBL tibio-
fibula length, TIBW tibiofibula width at thickest point,
measured in dorsal aspect, THIL thigh length, from the
vent to the femoral—tibiofibular articulation, THIW thigh
width at thickest point, measured in supine position, HIL
hindlimb length, given by the sum FOL, TARL, TIBL,
and THIL, IMCL maximum length of inner metacarpal
tubercle, OMCL maximum length of outer metacarpal
tubercle, IMTL maximum length of the inner metatarsal
tubercle, OMTL maximum length of outer metatarsal tu-
bercle. We add the measurement FARL forearm length,
given by the sum of LAL and HAL, as a more reliable
measure than FORL, as UAL is highly variable depend-
ing on fixation quality, and its proximal point is ambig-
uous. With very few exceptions, all examined specimens
were measured, and thus for a nearly exhaustive list of
examined material for each species, the reader is referred

Figure 1. The morphometric scheme used herein. See Morphological measurements section of Materials and Methods for ex-
planation of abbreviations. Not shown: FARL (=LAL+HAL), FORL (=UAL+FARL), HIL (=THIL+TIBL+TARL+FOL), FOTL

(=TARL+FOL).
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to the tables of morphometric measurements presented
as Electronic Supplement (Tables S5-S11) to this article
for each species group treatment, rather than producing
redundant lists of examined material for each species ac-
count.

Specimens were sexed based on one of up to four
different assessment methods: (1) field notes document-
ing an individual as having emitted advertisement calls,
confirming it to be an adult male; (2) dissection, where-
in a slit is made starting from the inguinal region along
the flank, and the gonads are physically examined; (3)
identification of vocal slits, indicating the male sex (note:
this is the first study on cophylines to seek vocal slits
and confirms that they are present, but they are extreme-
ly difficult to find in most specimens because the tongue
is very broad and the mouth tissue soft, rendering them
hidden); (4) identification of oocytes in micro-CT scans,
confirming the female sex and sexual maturity. Although
we made a major effort to sex as many individuals as pos-
sible, many remained unsexed, either because we did not
have permission to perform dissection or because none of
the above approaches yielded definitive results.

Morphometric differences among species groups were
explored and plotted with Principal Component Analysis
(PCA) in R 4.4.1 (2024-06-14) (R Core Team 2024) in
RStudio 2024.09.0.375 (Posit team 2024), using tidyverse
(Wickham et al. 2019) and ggplot2 (Wickham 2016)
packages; and Linear Discriminant Analysis (LDA) us-
ing MASS (Venables and Ripley 2002), FactoMineR (Lé
et al. 2008), tidyverse (Wickham et al. 2019), and ggplot2
(Wickham 2016) packages. We first filtered data to in-
clude only adults or presumed adults, and we removed
all individuals with missing data. Input data were correct-
ed for allometry by taking residuals against SVL, except
SVL itself, which was In-transformed. PCA was per-
formed using the prcomp() function with centre = TRUE
and scale = TRUE. Performance of LDA was assessed by
examining the confusion matrix following leave-one-out
cross validation (1da() call with CV=T). Boxplots of mor-
phometrics (divided by SVL for ease of computation in
the field) were generated using ggplot2 (Wickham 2016).
The full morphometric dataset is included in our Zenodo
repository (https://doi.org/10.5281/zenodo.17247222).

Micro-computed tomography

Micro-CT scans were made with a phoenix|x nanotom m
(GE Measurement & Control, Wunstorf, Germany), us-
ing a diamond, molybdenum, or tungsten target and a 0.1
mm Cu filter. Specimens were sealed inside polyethylene
containers mounted and secured at an oblique angle us-
ing polystyrene such that no extremities were in contact
with the plastic container. A small volume of 70-80%
ethanol was added to the vessel to maintain air saturation
and prevent desiccation. Scan times ranged from 20 to 30
minutes and consisted of 1440 or 2440 projections, with
a timing of 500 or 750 ms. Scanning parameters were ad-
justed according to the target type and specimen, and are
listed in Table S12.

Scan files were assembled using phoenix|x reconstruct

(GE Measurement & Control), set for low noise, ROI-
CT filter, and in-line median. Reconstructed volumes
were imported at 8-bit into VG Studio Max 2.2 (Volume
Graphics GmbH, Heidelberg, Germany). Models were
visualised using the Phong settings, with thresholds ad-
justed manually, and a standard colour palette applied and
manually adjusted. Figures used herein were produced
using the built-in image capture function and are based on
volumes and not surfaces (see discussion by Scherz et al.
2017a). Volumes were exported as DICOM stacks, which
have been deposited on Morphosource.org (see Table S1
for individual Media ID’s).
Abbreviations used in figures are as follows: asp, angu-
losplenial; ep, coronoid process of angulosplenial; asp.
If, lateral facet of angulosplenial; asp.pp, posterior pro-
cess of angulosplenial; asp.vf, ventral foramen of angulo-
splenial; cl, cleithrum; col.pip, pars interna plectri of col-
umella; col.pmp, pars media plectri of columella; cpl(s),
carpal(s); dn, dentary; exc, exoccipital; exc.oc, occipital
condyle of exoccipital; fp, frontoparietal; fp.dp, dorsal
process of frontoparietal; hy.mp, medial process of hy-
oid; mmk, mentomeckelian; mx, maxilla; mx.pf, pars fa-
cialis of maxilla; mx.pp, pars palatina of the maxilla; n,
nasal; n.mp, maxillary process of nasal; npl, neopalatine;
pmx, premaxilla; pmx.ap, alary process of premaxilla;
pmx.lp, lateral process of the pars palatina of the pre-
maxilla; pmx.pp, palatine process of the pars palatina of
the premaxilla; povm, post-choanal portion of vomer;
prt, prootic; prvm, pre-choanal portion of vomer; psp,
parasphenoid; psp.ap, alary process of parasphenoid,
PSP-pPp, posterior process of parasphenoid; pt.ar, anteri-
or ramus of pterygoid; pt.mr, medial ramus of pterygoid;
pt.pr, posterior ramus of pterygoid; qj, quadratojugal;
smx, septomaxilla; spt, sphenethmoid; sq.or, otic ramus
of squamosal; sq.vr, ventral ramus of squamosal; sq.zr,
zygomatic ramus of squamosal; tsl(s), tarsal(s). Termi-
nology follows Trueb (1968, 1973, 1993) and Scherz et
al. (2017a).

Bioacoustics

We recorded anuran vocalization in the field using vari-
ous digital or analogue devices such as Sony WM-D6C
and Tensai RCR-3222 tape recorders with external micro-
phones (Sennheiser Me-80, Vivanco EM 238), and Tas-
cam DRO7, DRO5, Marantz PMD 660 or Roland Edirol
R-09 digital recorders, with built-in microphones (Tas-
cam) or accessorized with semi-directional microphones
(Marantz and Roland). We obtained digital recordings at a
sampling rate of 44.1 kHz and 24-bit resolution and saved
them as uncompressed files. Recordings were digitized or
resampled at 22.05 kHz and 32-bit resolution (except for
R. coronata, digitized at 44.1 kHz) and computer-analysed
using the software CoolEdit Pro 2.0. Frequency informa-
tion was obtained through Fast Fourier Transformation
(FFT; width 1024 points) at Hanning window function;
audiospectrograms were drawn at Blackman window
function with 256 bands resolution. Temporal characters
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were measured from oscillograms. Measured numerical
call parameters were provided as range followed by mean
+ standard deviation in parentheses. Terminology of call
descriptions and methods for call analyses follow those
recommended by Kdhler et al. (2017), using the call-cen-
tred terminological scheme. In several cases, filtering was
applied to recordings containing background sounds. In
all cases of filtering, frequency sectors to be filtered were
carefully chosen to avoid any effects on the bandwidth
of the focal frog calls. All advertisement calls described
herein were analysed using the same methodology. Even
in cases where call parameters were formerly published
from the same recordings, we analysed and describe these
calls again, applying the methodological and terminolog-
ical approach described above to ensure greatest possible
comparability across species. However, in some cases
this procedure may result in slight differences in parame-
ter values when compared to already published data.

For the purpose of easy and immediate comparability,
audiospectrograms and the corresponding oscillograms
of advertisement calls of all species are shown at a stan-
dardized time scale of 1000 ms. To provide an impression
of patterns of call repetition, in most cases we provide
additional oscillograms at variable time scale among spe-
cies, figuring either an entire call series or a general pat-
tern of call repetition.

Molecular relationships and
divergences

For this study, we analysed two fragments of the mito-
chondrial 16S rRNA gene (the 3” and 5’ termini, 16S3’
and 16S5°, respectively) for preliminary species identi-
fication; and a fragment of the nuclear-encoded recom-
bination activating gene 1 (RAG1) to assess the potential
absence of haplotype sharing in this nuclear DNA frag-
ment that could be indicative of cessation or limitation of
gene flow; concordance between the mitochondrial and
nuclear signal was also implicitly used to exclude mis-
assignment of specimens that might occur if there had
been mitochondrial introgression. Neither of these sets
of analyses, however, has sufficient resolution to give a
robust or well-resolved representation of phylogenetic
relationships within the genus Rhombophryne; for that
purpose, a multigene phylogeny is needed. To avoid
unnecessary repetition, we refer to the recent multigene
phylogeny of Belluardo et al. (2022), which was based on
analyses of most of the specimens analysed here. Their
multigene analysis was based on a concatenated align-
ment of 9844 bp, comprising fragments of the mitochon-
drial genes for 12S (12S) and 16S3” and 16S5° rRNA,
cytochrome oxidase subunit I (COI), and cytochrome b
(COB), and the protein-coding nuclear-encoded genes for
brain-derived neurotrophic factor (BDNF), pro-opiome-
lanocortin (POMC), RAGI, recombination activating
gene 2 (RAG2), two non-overlapping portions of sacsin
(SACS-A and SACS-B), leucine-rich repeat and WD re-
peat-containing protein (KIAA1239), and titin (TTN).
Most nodes in that tree are fully resolved, and only few

lineages are present in the analyses of our study that were
not present in theirs.

For our 16S analysis, we compiled a dataset including
100 individuals assigned to the genus Rhombophryne (see
Table S13 for details), covering two adjacent fragments
of the 16S rRNA gene (the 16S3” and 16S5° terminus,
respectively), a marker commonly used for preliminary
molecular species delimitation in Malagasy and other an-
urans (e.g., Fouquet et al. 2007; Vieites et al. 2009; Ra-
kotoarison et al. 2012, 2015, 2017; Scherz et al. 2017a).
For this dataset, sequences available on GenBank (https://
www.ncbi.nlm.nih.gov) from previous studies (Andre-
one et al. 2005; Vieites et al. 2009; Scherz et al. 2014,
2015a,2015b, 2016b, 2017a; Lambert et al. 2017; Scherz
2020; Belluardo et al. 2022) were complemented with a
total of 37 newly generated sequences from 27 individ-
uals with either (i) data obtained from modern samples
using a Sanger sequencing approach (n = 12 sequences
from 12 individuals) or sequences (n = 10 sequences for
6 individuals) extracted from raw Illumina reads from a
target-enrichment dataset (Hutter et al. 2021) generated
for a different project (Petzold et al. in prep.), or (ii) data
obtained from museum samples (n = 15 sequences from 9
individuals) using a museomics approach (see Table S13
for a list of all samples).

(i) For the Sanger sequencing approach, genomic DNA
was extracted from muscle tissue samples preserved in
99% ethanol using the SPRI Bead DNA Extraction Pro-
tocol (http://phyletica.org/lab-protocols/extraction-spri.
html; under 6.1 Laboratory Protocols). The obtained
DNA was quantified with an Agilent Genomic DNA
Screen Tape assay in conjunction with the Agilent 2200
TapeStation system (Agilent Technologies) and subse-
quently PCR-amplified, using the primer 16SL3 (5’-AG-
CAAAGAHYWWACCTCGTACCTTTTGCAT-3") and
16SAH (5’-ATGTTTTTGATAAACAGGCG-3’) (Venc-
es et al. 2003a) for the 16S5’ terminus, and 16Sar-L
(5’-CGCCTGTTTATCAAAAACAT-3’) and 16SBr-H
(5’-CCGGTCTGAACTCAGATCACGT-3")  (Palumbi
et al. 1991) for the 16S3’ terminus. PCR amplifications
were performed in a total volume of 25 pl using 12.5 pl
nuclease-free water, 5 pl 5 x Green GoTaq Flexi Buffer
(Promega), 4 pl 25 mM MgCl, (Promega), 0.4 pl dNTPs
(10 mM) (Invitrogen), 1 ul of forward and reverse prim-
ers (10 pM) (Thermo Fisher Scientific), 0.1 ul 5 U/ul Go-
Taq Flexi DNA Polymerase (Promega) and 1 pl of the
extracted DNA. The protocol and conditions were used
as described in Belluardo et al. (2022), but always used a
final extension step at 72 °C of 10 min. The amplification
products were subsequently purified using the MinElute
PCR Purification Kit (Qiagen), and the amplicon size was
checked with gel electrophoresis on a 2% agarose gel. Se-
quencing reactions for each fragment were performed in a
total volume of 10 pl, including 2 ul 5 x Sequencing Buf-
fer, 0.5 pl BigDye v.3.1, 0.5 ul forward or reverse prim-
er, 6 ul HPLC-water and | pl purified PCR product. All
components are from the BigDye Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher Scientific) and were used
with the following temperature profile: 96 °C for 90 s,
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followed by 30 cycles of 96 °C for 20 s, 55 °C for 15 s
and 60 °C for 4 min using a Biometra T3000 or T1 Cy-
cler. Reaction products were purified using gel filtration
(Sephadex G-50 Superfine; Sigma-Aldrich via Merck
KGaA) on a MultiScreen-HTS-HV plate and subsequent-
ly analysed on a 3500 Genetic Analyzer. Sequencing of
samples was done in both forward and reverse directions.

The modern dataset was subsequently complemented
with sequences extracted from the Illumina reads gener-
ated for a separate project by A. Petzold and colleagues,
which included six recently collected individuals of the
genus Rhombophryne: R. diadema FGZC 3604; R. lae-
vipes MSZC 648; R. matavy ZSM 1628/2008; R. minuta
FGZC 2898; R. savaka ZSM 468/2005; and R. vaventy
FGZC 2876. These samples underwent hybrid-enrich-
ment sequence capture (HybSeq) using a universal bait
set for anuran species called FrogCap (Hutter et al. 2021)
that targets ~20,000 nuclear markers and also recovers
mitochondrial data as bycatch. For the retrieval of 16S
sequences, raw reads were first assessed for quality using
FastQC  (https://www.bioinformatics.babraham.ac.uk)
twice, both before and after trimming of Illumina adapt-
er sequences. Quality filtered and trimmed reads were
subsequently mapped with Geneious Prime v.2023.2.1
(Biomatters Ltd., Auckland, New Zealand) using the 16S
sequence of a conspecific or a closely related species as
a reference. Individual mapping was run for 25 iterations
using a mapping quality filter of 30 and medium-low sen-
sitivity options with an identity threshold of 0.9. The ob-
tained contigs derived from unique reads were assembled
into a consensus sequence of either 16S3” or 16S5°, with
missing sites between contigs denoted as Ns.

(i) To obtain new sequences from museum specimens
(‘museomics’), i.e., material from which no tissue sam-
ples were freshly taken in the field, either liver or thigh
muscle tissue was taken in a minimally invasive man-
ner under clean conditions and subsequently processed
in a dedicated laboratory, which meets all requirements
to work with historical samples (see Fulton and Shap-
iro 2019). We sampled the holotype (MNHN 1975.24)
and another specimen (UADBA 18258, APR 04222) of
Rhombophryne serratopalpebrosa, the holotype (SMF
4241) and another specimen (BMNH 1895.10.29.30) of
R. testudo, a specimen of R. laevipes (ZSM 853/2003),
a paratype of R. anatiala sp. nov. (MRSN A4600) de-
scribed herein, several specimens of Rhombophryne sp.
‘Ivohibe’ (UADBA 17430, UADBA 17419, UADBA
17420, UADBA 17422, UADBA 17424), the holotype of
R. minuta (MNHN 1975.15), the holotype of R. kilonjy
sp. nov. (MRSN A4627) described herein, and the holo-
type of R. coudreaui (MNHN 1937.19). Not all of these
efforts were successful (see Results, below).

For the extraction of genomic DNA for museomics,
each tissue sample was weighed prior to being incubated
in 1 ml of guanidinium thiocyanate buffer (5 M GuSCN,
50 mM Tris pH 8.0, 25 mM NaCl, 20 mM EDTA, 1%
Tween-20, 1% 2-mercaptoethanol), adapted from Roh-
land et al. (2004), at 37 °C for 18 h overnight. The next
day, the lysate was centrifuged, and processed following

the consecutive steps described in Dabney et al. (2013),
starting with adding 1 ml of the supernatant to 13 ml of
binding buffer (5 M guanidine hydrochloride, 40% iso-
propanol, 0.05% Tween-20, 90 mM sodium acetate).
DNA was purified on MinElute silica spin columns (Qia-
gen) and eluted twice with TET buffer (10 mM Tris-HCl,
1 mM EDTA, 0.05% Tween-20) for a total amount of 25
pul DNA extract; see also Straube et al. (2021). Subse-
quently, the yield of DNA was quantified using the Qubit
dsDNA HS Assay Kit 0.2—-100 ng/ul (Life Technologies,
Carlsbad, California, US) according to the instructions
of the manufacturer. For single-stranded library prepara-
tion, a maximum of 13 ng from each DNA extract was
used following the protocol of Gansauge et al. (2017).
Final library concentrations and fragment length distri-
butions were assessed using a 2200 TapeStation (Agilent
Technologies) assay. Finished libraries were shotgun-se-
quenced either once or twice (in case the first approach did
not provide usable sequence data) for approximately one
million 75 bp single-end reads using an Illumina Nextseq
500/550 sequencing platform at the University of Pots-
dam, following the procedure described in Paijmans et al.
(2017). The treatment of the obtained reads followed the
same procedure described above for sequences derived
from the target-enrichment approach.

Separate 16S3” and 16S5’ alignments were generated
using the MAFFT local pair algorithm implemented in
AliView v1.26 (Larsson 2014) and manually adjusted
if necessary. We then combined both alignments, 16S3’
(527 bp) and 16S5’ (670 bp), using Concatenator v0.2.1
from the iTaxoTools toolkit 0.1 (Vences et al. 2021). The
dataset of the combined fragments, hereafter called 16S
(1274 bp), was used to make phylogenetic inferences in
IQtree v.1.6.12 (Nguyen et al. 2015) under 1000 repli-
cates and the best suited substitution model inferred
using the command —m TEST in the implemented pro-
gram ModelFinder (Kalyaanamoorthy et al. 2017). The
tree was rooted using publicly available sequences from
Scaphiophryne brevis (ZCMV 12812) and S. boribory
(AMNH A16739) as outgroups, and visualised in FigTree
version 1.4.4 (https://github.com/rambaut/figtree).

Uncorrected pairwise distances (p distances) for 16S3’
and 16S5” were calculated for modern samples in Taxi2
(Vences et al. 2024a), which is part of the iTaxoTools tool-
kit (Vences et al. 2021). Lineages were identified guided
by thresholds of 3% for 16S fragments following Fouquet
et al. (2007) and Vieites et al. (2009). This approach is in
line with the one used in Belluardo et al. (2022) who also
based lineage identification on a similar point of refer-
ence in mitochondrial distances, i.e., 6% for COI follow-
ing Perl et al. (2014). The 16S3” alignment was also used
as input for statistical ASAP species delimitation (Puil-
landre et al. 2021), using the iTaxoTools distribution with
default settings (Vences et al. 2021). Non-summarised
distance tables with museomics samples included are giv-
en as Tables S14, S15; non-summarised distance tables
without museomics samples included are given as Tables
S16, S17.

The protein-coding nuclear RAG1 gene was analysed
using a haplotype-network approach so as to gather ev-
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idence for lineage distinction from a locus unlinked to
the mitochondrial sequences used to identify candidate
lineages (Belluardo et al. 2022). Nuclear sequences were
either obtained by (i) extraction from FrogCap datasets
generated for different projects (Hutter et al. 2021, Pet-
zold et al. in prep) using the above-mentioned mapping
approach (n = 12) or (ii) newly generated from tissue
samples taken from 28 individuals (Table S13). For the
latter, total genomic DNA was extracted using protein-
ase K digestion (10 mg/ml concentration) followed by
a standard salt-extraction protocol (Bruford et al. 1992).
A fragment of RAGI] was successfully amplified for
28 specimens with primers RAG1 Coph F1 5’-CGT-
GATCGGGTAAAAGGTGT-3 and RAGI Coph R1
5’-TCGATGATCTCTGGAACGTG-3’ using the follow-
ing amplification conditions: 94 °C for 120 s, 35 cycles
of 94 °C for 20 s, 53 °C for 50 s, 72 °C for 180 s, fol-
lowed by a final extension at 72 °C for 600 s (Rakotoari-
son et al. 2019). PCR reactions were performed in a final
volume of 25 pl using 0.75 pl each of 10 pmol primer,
0.4 pl of total ANTP 10 mM (Promega), 0.1 pl of 5 U/mL
GoTaq, 5 pl 5X Green GoTaq Reaction Buffer (Prome-
ga) and 4 pl of MgCl, 25mM (Promega). Successfully
amplified PCR products underwent post-purification
prior to sequencing using a Sanger sequencing approach
on a 3730xl sequencer (Applied Biosciences) at Macro-
gen Inc. Newly generated sequences were checked by
eye, edited and aligned in BioEdit (version 7.0.5.3; Hall
1999).

We compiled a RAG1 alignment by combining seven
sequences available on Genbank with the 40 sequences
newly obtained in this study, which account for 18 de-
scribed species of Rhombophryne and eight candidate
species (Table S13). The following species and candi-
date species are missing from this analysis: R. regalis, R.
sp. Cal6, R. sp. ‘Ivohibe’, R. mavokely sp. nov. (Cal7),
and R. kilonjy sp. nov. (the latter two described herein,
with R. kilonjy sp. nov. not previously sequenced). We
assessed the diversity in the protein-coding nuclear gene
RAG1 (315 bp) using a haplotype-network approach in
the program Hapsolutely (Vences et al. 2024b) from the
iTaxoTools toolkit (Vences et al. 2021). Nuclear haplo-
types (alleles) were initially inferred using the PHASE
algorithm (Stephens et al. 2001) implemented in Hapso-
lutely, using a phase (-p) and allele (-q) threshold of 0.5
with 1000 MCMC iterations. Subsequently, the network
was inferred from the phased alignment based on the TCS
algorithm (Clement et al. 2000) and graphically edited in
Adobe Illustrator (Adobe Inc.).

Table S13 includes a table of GenBank accession num-
bers for all mitochondrial and nuclear sequences used in
and produced by this study (n = 204). Newly generated
sequences (n = 77) from this study belong to the follow-
ing GenBank series: PZ405231-PZ405243, PZ418412—-
PZ418427, and PZ376996-PZ377035. Some sequenc-
es were too short or too fragmentary to be accepted by
NCBI, so these are only available from our alignments.
Alignment files and other input files used in this study
are available from the Zenodo repository (https://doi.
org/10.5281/zenodo.17247222).

Taxonomic methodology

Our approach to the description and redescription of spe-
cies is intended to be thorough and yet concise, optimis-
ing for consistency across species by preparing descrip-
tions in a standardised, formulaic order. In species for
which the original description was brief, a redescription
of the holotype is given, as well as a description of vari-
ation based on additional examined specimens. In rede-
scriptions, we have explicitly tried to remain true to the
original description of the species, and as such we use
either the same terminology or direct translations of that
terminology when it was not originally published in En-
glish, with modifications to fit the overall scheme of the
descriptions used as standard here.

We also follow Rakotoarison et al. (2017) in treating
species in species groups, in each case first treating the
available nominal species in chronological order of their
description (not alphabetically), then describing our new
species. Diagnoses are given from all hitherto described
species, and from all new species presented preceding the
current taxon (i.e., species 1 is diagnosed against only all
hitherto described species, species 2 against all hitherto
described species and species 1, species 3 against all hith-
erto described species and species 1 and 2, etc.), with oc-
casional deviations where mentions of species described
further down are warranted. To avoid redundancy, each
pairwise comparison is given only once (with few excep-
tions), and subsequently referred back to (e.g., R. festudo
is distinguished from R. coudreaui, but in the account of
R. coudreaui we refer the reader to the diagnosis of R. te-
studo). To further shorten diagnoses, where possible com-
parisons are made to whole groups rather than individual
species (e.g., ‘R. testudo can be distinguished from the R.
serratopalpebrosa group by the absence of superciliary
spines’). In these instances, the full known diversity of
that species group is meant, including the taxa newly de-
scribed herein, but we do not explicitly state which spe-
cies the group contains each time, as this information is
given repeatedly elsewhere in the text.

For the sake of brevity, diagnoses also do not include
a justification for the inclusion of the species within the
genus Rhombophryne; all simply conform with the diag-
nosis of the genus, given below. For all species, inclusion
in this genus is supported on the basis of molecular phy-
logenetic data and morphology (Scherz et al. 2016b; Bel-
luardo et al. 2022). As all species have been sequenced,
and species groups have been established based on phylo-
genetic relationships (Belluardo et al. 2022), assignment
to species group is not included in the diagnosis beyond a
statement of affinity.

Osteological descriptions are not intended to be ful-
ly comprehensive but instead focus specifically on those
characters that appear to have diagnostic value within this
genus and subfamily. For more exhaustive descriptions of
the skeleton of some Rhombophryne species, the reader is
referred to Scherz et al. (2015a, 2017a).

We implement an integrative taxonomic approach
(Padial et al. 2010), using multiple lines of evidence to
support the hypothesis of species as evolutionarily inde-
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87

R. testudo | SMF 4241 | Nossi Be | HT R. testudo
R. testudo | ZSM 475/2000 | FGMV 2000-277 | Lokobe, Nosy Be roup
R. testudo | ZSM 474/2000 | FGMV 2000-276 | Lokobe, Nosy Be 9

R. testudo | BMNH 1895.10.29.30 | Imerina

100 |R. matavy | UADBA-A-FGZC 1890 | Forét d'Ambre
R. matavy | ZSM 1628/2008 | FGZC 1888 | Forét d’Ambre | HT

R ‘mavokely sp. nov. (Ca17) | ZSM 521/2016 | MSZC 0269 | Camp 0, Marojejy | HT

ly sp. nov. (Ca17) | UADBA-A-MSZC 0307 | Camp 0, Marojejy
| R mavokely sp. nov. (Ca17) | ZSM 518/2016 | MSZC 0310 | Camp 0, Marojejy
- e Y . _ _ _ _ _ _ _S59) R.mavokely sp. nov. (Ca17) | ZCMV 15088 | Camp 0, Marojejy

R. mavokely sp. nov. (Ca17) | THC 402 | Bangoabe, Marojejy
R. sp. Ca16 | AMNH A181903 | Andapa area

R. mangabensis | ZSM 470/2005 | ZCMV 886 | Nosy Mangabe | HT
R. mangabensis | ZSM 463/2005 | ZCMV 891 | Nosy Mangabe
R. mangabensis | UADBA-A-ZCMV 2119 | Nosy Mangabe
R. mangaberw/s | ZSM 471/2005 | ZCMV 2118 | Nosy Mangabe
\_ | MRSN A2557 | Mahalevona, Masoala
R. mangabensis | ZSM 262/2016 | Eco-Lodge chez Arol, Masoala
R. savaka | UADBA-A-ZCMV 2079 | Camp Mantella, Marojejy
R. savaka | ZSM 520/2016 | MSZC 0318 | Camp Marojejia, Marojejy
1901 R, savaka | ZSM 468/2005 | ZCMV 2065 | Camp Marojejia, Marojejy | HT
R. savaka | ZSM 519/2016 | MSZC 0319 | Camp Mantella, Marojejy
R. i| MRSN A6267 | a
R. di i| MRSN A6347 | a
R. i| MRSN A6271 | a
100 L R. coudreaui | MRSN A6280 | Betampona

100

100

72

90

100

- 98— R. maraorao sp. nov. (Ca09) | MRSN A2115 | FN 7705 | Ambatoledama, Masoala | HT
—‘ L R. maraorao sp. nov. (Ca09) | MRSN A5524 | Unknown

R. maraorao sp. nov. (Ca09) | MRSN A2497 | RJS 496 | Amparihy, Masoala
R. laevipes | ZSM 218/2004 | FGZC 423 | Montagne d’Ambre R. Iaevipes
78| R laevipes | UADBA-A 62340 | MSZC 0526 | Montagne d’Ambre rou
R. laevipes | UADBA-A 62493 | MSZC 0654 | Montagne d’Ambre 9 P
100} R Jaevipes | UADBA-A-FGZC 1052 | Montagne d’Ambre
R. laevipes | ZSM 77/52018 | MSZC 0648 | Montagne d’Ambre
R. laevipes | ZSM 853/2003 | FGMV 2002.823 | Manongarivo
100 R. nilevina | MRSN A4598 | FN 7252 | Anjanaharibe-Sud
R. nilevina | ZSM 516/2016 | ZCMV 15215 | Camp Simpona, Marojejy
R. nilevina | KU340897 | CRH 798 | Andemaka, Ranomafana | HT
R. nilevina (Ca03) | MRSN A2631 | FAZC 11002 | Antsahamanara, Tsaratanana

R. nilevina (Ca03) | ZSM 667/2001 | MV 2001-131 | Antsahamanara, Tsaratanana
R. nilevina (Ca03) | MVTIS 2001-E50 | Antsahamanara, Tsaratanana

100| R. botabota | ZSM 358/2005 | FGZC 2896 | Camp Simpona, Marojejy | HT
R. botabota | UADBA-A-ZCMV 15158 | Camp Simpona, Marojejy

R. botabota | MRSN A2640 | Andranomadio, Ambolokopatrika-Betaolana
R. botabota | ZSM 513/2016 | ZCMV 15159 | Camp Simpona, Marojejy
R. botabota | ZSM 515/2016 | ZCMV 15241 | Camp Simpona, Marojejy
R. botabota | ZSM 514/2016 | ZCMV 15160 | Camp Simpona, Marojejy
R. botabota | ZSM 524/2016 | ZCMV 15279 | Camp Simpona, Marojejy
R. botabota | MNCN-DRYV 5836 | Angozongahy, Makira
R. botabota | ZSM 538/2009 | ZCMV 11473 | Angozongahy, Makira
98| R. botabota | ZSM 539/2009 | ZCMV 11474 | Angozongahy, Makira
75| R. sonaliae sp. nov. (Ca19) | MRSN A7143 | FAZC 15560 | Maromizaha
99| R. sonaliae sp. nov. (Ca19) | ZSM 3/2002 | MV 2001-1271 | Andasibe | HT
95 R. sonaliae sp. nov. (Ca19) | ZSM 466/2005 | ZSM 2209 | Andasibe
R. sonaliae sp. nov. (Ca19) | MRSN A5034 | RJS 0883 | lampirano

R. sonaliae sp. nov. (Ca19) | MRSN A2620 | FN 6426 | Tsararano

91| R. anatiala sp. nov. (Ca01) | MRSN A2584 | RJS 0348 | Locality uncertain

R. anatiala sp. nov. (Ca01) | MRSN A4600 | Menamalona, Masoala
R. anatiala sp. nov. (Ca01) | MRSN A4544 | FACZ 10314 | Amparihy, Masoala
R. anatiala sp. nov. (Ca01) | MRSN A2696 | RJS 0597 | Amparihy, Masoala | HT

100

93 R. kotrobaratra sp. nov. (Ca10) | MRSN A2610 | FAZC 10312 | Menamalona, Masoala
% kotrobaratra sp. nov. (Ca10) | MRSN A2990 | RJS 0581 | Amparihy, Masoala | HT
R. sp. Ca15 | DLR 620 | Betampona

100 [R.p | ZSM 1826/2010 | ZCMV 12404 | Bepia, Tsaratanana | HT R. proportionalis

R proportionalis | ZSM 1840/2010 | ZCMV 12405 | Bepia, Tsaratanana
R. ellae | ZSM 76/2018 | MSZC 0534 | Montagne d’Ambre | HT R. ellae
91| R- quentini sp. nov. (Ca07) | MRSN A4616 | FAZC 11134 | Antsahamanara, Tsaratanana | HT group
844 R. quentini sp. nov. (Ca07) | MRSN A4615 | FAZC 11129 | Antsahamanara, Tsaratanana

99

97

R. quentini sp. nov. (Ca07) | MV 2001-G46 | Antsahamanara, Tsaratanana
99| R, quentini sp. nov. (Ca07) | MRSN A4617 | FAZC 11133 | Antsahamanara, Tsaratanana

84 R. quentini sp. nov. (Ca07) | MRSN A4604 | FAZC 11048 | Antsahamanara, Tsaratanana
R. kilonj) . nov. | MRSN A4627 | Berara | HT
R | UADBA-A18258 | APR 4222 | Summit of Marojejy R. serratopalpebrosa
R. serratopalpebrosa | MNHN 1975.24 | Summit of Marojejy | HT group
100 R. vaventy | UADBA-A-FGZC 2842 | Camp Simpona, Marojejy
R. vaventy | ZSM 357/2005 | FGZC 2876 | Camp Simpona, Marojejy | HT
R. vaventy | AMNH A167315 | Sorata
R. regalis | MRSN A4602 | FN 7292 | Antsinjorano, Ambolokopatrika-Betaolana | HT
R. ornata | ZSM 1815/2010 | ZCMV 12382 | Matsabory Maiky, Tsaratanana
100} 2 ornata | ZSM 2859/2010 | DRV 06156 | Matsabory Maiky, Tsaratanana

R. omata | ZSM 1816/2010 | ZCMV 12384 | Matsabory Maiky, Tsaratanana | HT
100) R. diadema | UADBA-A 60289 | FGZC 3611 | Sorata
R. diadema | ZSM 1628/2012 | FGZC 3631 | Sorata
R. diadema | ZSM 1629/2012 | FGZC 3604 | Sorata | HT
R. guentherpetersi | ZSM 606/2014 | DRV 6220 | Andranomadio, Tsaratanana
R. guentherpetersi | UADBA-A 60776 | ZCMV 12401 | Andranomadio, Tsaratanana
R. tany | ZSM 1814/2010 | ZCMV 12359 | Matsabory Maiky, Tsaratanana | HT
100/ R. coronata | MV 2001-A1 | Mandraka
R. coronata | ZSM 694/2001 | MV 2001-199 | Mandraka
1001 R. coronata | ZSM 473/2005 | ZCMV 2222 | Andasibe
R. coronata | ZSM 474/2005 | ZCMV 2223 | Andasibe
R. sp. Ca13 | KU340732 | CRH 457 | Vohidrazana

R. minuta | MNHN 1975.15 | Mar HT R. minuta
100| R. minuta | ZSM 359/2005 | FGZC 2897 | Above Camp Simpona, Marojejy .
R. minuta | ZSM 360/2005 | FGZC 2899 | Above Camp Simpona, Marojejy group
100 99! R. minuta | UADBA-A-FGZC 2898 | Above Camp Simpona, Marojejy

0.05

100 r R. longicrus | UADBA-A 60271 | FGZC 3651 | Sorata
R. longicrus | ZSM 1630/2012 | FGZC 3653 | Sorata | HT

R. mavokely sp. nov.

R. maraorao sp. nov.

R. kotrobaratra sp. nov.

R. quentini sp. nov.*

R. serratopalpebrosa

Figure 2. Maximum likelihood phylogeny inferred from the mitochondrial 16S rRNA gene, showing genetic relationships among
all members of the genus Rhombophryne. The outgroups [Scaphiophryne brevis (ZCMV 12812) and S. boribory (AMNH A16739)]
have been removed post-analysis for graphical purposes. The paraphyletic placement of R. mavokely sp. nov. (grey dotted line) is
probably an artifact resulting from non-overlapping fragments (either 16S3” or 16S5°) among sequenced individuals. Bootstrap sup-
port values are shown at corresponding nodes, and values below 70 are not displayed. Species newly described herein are in boldface.
Specimens sequenced using museomics approaches are underlined. Photos show the newly described species, as well as the holotype
of R. serratopalpebrosa (*=photograph mirrored). Photographs are not to scale. Museomics-derived sequence data of Rhombophryne
sp. ‘Ivohibe’ was too poor to include. HT = Holotype. For field and collection abbreviations, see Materials and Methods.
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pendent units, in the framework of the general lineage
concept (de Queiroz 1998, 2007). Lines of evidence in-
clude (1) mitochondrial differentiation exceeding 3% in
a fragment of the 16S rRNA mitochondrial gene, used
to establish candidate species in previous studies (Vieites
et al. 2009; Scherz et al. 2016b; Belluardo et al. 2022);
(2) absence of haplotype sharing in the nuclear RAG1
gene, frequently used as an independent nuclear mark-
er in other studies on Malagasy amphibians and reptiles
(e.g., Rakotoarison et al. 2017; Scherz et al. 2022a; Venc-
es et al. 2022); (3) morphological differentiation (includ-
ing features of colouration, external anatomy, osteology);
and (4) bioacoustic differentiation in advertisement calls.
In some cases, the situation remains ambiguous, and in
these cases, we present treatments of the lineages but
have not described them as new species until new data
are collected that give convincing evidence for or against
species status of the lineages. For greater clarity, we use
the names of the new taxa in the Results section already
before the taxonomic section, in anticipation of our taxo-
nomic treatments.

We determined molecular diagnostic sites differen-
tiating all Rhombophryne lineages for the mitochondri-
al markers 16S3’ and 16S5° using MolD (Fedosov et
al. 2022), as implemented in iTaxoTools (Vences et al.
2021), using only the data obtained from recently col-
lected specimens (i.e., excluding museomics samples, for
which assemblies are often fragmentary or too short). For
this purpose, the full length 16S sequence of Anilany hel-
enae (MZ751042) served as indexing reference, which
was extracted from the complete mitochondrial genome
available on GenBank (https://www.ncbi.nlm.nih.gov).
To avoid biased results, ambiguous sites and sequences
with >50% missing data were removed from the analy-
sis. Gaps were considered as non-diagnostic sites (Gaps_
as_chars=no), NumberN was adjusted to the amount of
missing bases at the beginning and end of the alignment,

. N
o o
]

Uncorrected p—distance (%)
(6]

caused by the insertion of the reference covering the full
length of the gene, and a percent difference of 1% was
used for the inference of redundant diagnostic nucleotide
combinations (rDNCs; Pdiff=1) with 20,000 iterations.
The alignment used for calculation of diagnostic sites
is available from Zenodo (https://doi.org/10.5281/zeno-
do.17247222).

Results

Molecular phylogenetic relationships
and species delimitation

Our 16S phylogeny (100 individuals plus two outgroups;
total alignment length 1196 nucleotides; Fig. 2) corre-
sponds well to that recovered by Belluardo et al. (2022),
with moderate to high support (87-100% bootstrap sup-
port [BS]) for all six species groups established by those
authors. Because this analysis is based on a single mito-
chondrial gene, it does not constitute a reliable hypothe-
sis of higher-level relationships among clades and is pri-
marily used to heuristically propose distinct species-level
units; for a much more robust, multi-gene tree, the reader
is referred to Belluardo et al. (2022).

The ASAP analysis on 16S3” with the best partition
(ASAP score 3.0) consists of 28 subsets (putative spe-
cies), corresponding well to currently described species
(19 included) and established candidate species (nine).
Two exceptions are R. sp. Ca03, which is suggested to be
conspecific with R. nilevina and is not treated here as a
distinct species; and AMNH A167315, referred to by Bel-
luardo et al. (2022) as ‘R. cf. vaventy’, which is suggested
to be conspecific with R. vaventy, supporting the results
of Carné and Vieites (2024) and expanding the distribu-
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Figure 3. Number and genetic distinctiveness of newly described Rhombophryne species over time. Points show the smallest un-

corrected p-distance for each new species among all species described before it (including those published simultaneously). The

dashed line indicates the overall distance among described species over time, based on a Pearson correlation, and around it is shown

the standard error of the model. The solid line is an accumulation curve of total species over time. Plot generated using ggplot2

(Wickham 2016) in the R environment (R Core Team 2024).
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tion of that species to Sorata (see the account of the spe-
cies below). Uncorrected p distances in our 16S3’ dataset
(Table S2) revealed R. sp. Ca03 and R. nilevina to be sep-
arated by just 1.39-2.05% (mean 1.75%, in line with the
findings of Belluardo et al. 2022). Additionally, R. ornata
and R. guentherpetersi were separated by comparatively
low uncorrected p distances of 2.27-3.83%, as was also
found by Scherz et al. (2015b); in this case, morpholog-
ical differences among these lineages strongly support
their distinction. The highest intraspecific distance in
the 3’ fragment was 3.61% in R. botabota, suggesting a
potentially significant lineage differentiation in this spe-
cies that may warrant further investigation in the future
(i.e., the division between populations from southwestern
Makira and the rest of the distribution range). Howev-
er, ASAP partitions splitting these clusters into different
hypothesised species involved over-splitting across the
entire genus, so the present data and approach does not
appear to support treating these populations of R. botab-
ota as distinct units.

The ASAP analysis on 16S5” with the best partition
(ASAP score 1.5) also consists of 28 subsets, but the
input taxon set is not completely overlapping with the
16S3” dataset, and this analysis involves further splitting,
in line with the overall higher uncorrected p distances re-
covered by 16S5’° than 16S3” (compare Tables S2, S3; see
also our museomics findings for ZSM 853/2003, below).
Here, R. sonaliae sp. nov. (= R. sp. Cal9) is divided into
two lineages. Likewise, R. kotrobaratra sp. nov. (= R.
sp. Cal0) is divided into two lineages, as found by Carné
and Vieites (2024), who referred to them as ‘UCS “Sp.
107’ and ‘UCS “Sp. 20”’. All partitions that are more
conservative resulted in over-lumping of the R. serrato-
palpebrosa species group in unrealistic ways, based on
detailed taxonomic work that has been published on that
group (Scherz et al. 2017a). Consequently, it is possible
that these two candidate species (sp. Cal0 and sp. Cal9)
harbour further cryptic diversity; both have intraspecific
uncorrected p distances ranging beyond 3% (4.33% in R.
sp. Cal0 and 2.20-5.70% in R. sp. Cal9). However, to
remain conservative in our taxonomic treatment, we here
treat both R. sp. Cal9 and R. sp. Cal0 as single species,
but flag that they may harbour further cryptic diversity
needing investigation. In this partition, R. nilevina and
R. sp. Ca03 are again recovered as conspecific; although
they are 3.06% divergent, the overall greater divergence
in this marker suggests that the point of reference of 3%
set by Vieites et al. (2009) for the 16S3” would be too low
to use as an indicator of species-level divergence.

All of these lineages except one were recovered as
monophyletic in our phylogenetic analysis (Fig. 2): two
specimens belonging to R. mavokely sp. nov. (= R. sp.
Cal7), ZCMV 15088 and THC 402, were recovered as
sister to R. sp. Cal6, rendering R. mavokely sp. nov.
paraphyletic. This is likely an artefact due to incomplete
overlap between sequenced markers (16S3” for ZCMV
15088 and THC 402 vs. 16S5’ for ZSM 518/2016, ZSM
521/2016 and UADBA-A-MSZC 0307) and not a reflec-
tion of the real phylogenetic relationships between these
two lineages, as the genetic distances between these lin-

eages were high (9.11% in 16S3’, and 13.58-13.88% in
16S5°), whereas sequences in R. mavokely sp. nov. were
all identical in 16S5’.

To examine the pattern of genetic distance among de-
scribed taxa over time, we calculated the smallest uncor-
rected p distance for each new species among all species
described before and simultaneous with it. The overall
trend in genetic distances is significantly negative (linear
model, F,,=11.22, p = 0.0029, R* = 0.31, slope = -0.22;
Fig. 3), in accordance with the expectation for random
sampling within a monophyletic group (probability to
sample the deepest split in the tree equals n-1/n+1, where
n is the number of terminals). All species with p distances
<10% have been described since 2000, but species de-
scribed herein and in recent years remain well spread,
and all are substantially over 3% divergent. Several of
the most recently described species are amongst the most
distinct Rhombophryne species ever found.

RAG1 haplotype network

The RAGI haplotype network (315 bp; Fig. 4) based
on the analyses of 47 specimens from 25 lineages pre-
sented a comparatively high amount of variation with a
total of 45 haplotypes, including several singletons, i.e.,
haplotypes present only in one heterozygous individual
(Fig. 4). There is very limited haplotype sharing among
the analysed taxa in this marker. Only three instances of
haplotype sharing among species-level lineages are ob-
served: one haplotype is shared between R. coronata and
R. sp. Cal3; another is shared between R. nilevina, R.
botabota, and R. quentini sp. nov.; and a third is shared
between R. ornata and R. tany (Fig. 4). Species groups
form loose haplogroups.

Museomics

Using museomics methods (described above), we suc-
cessfully recovered DNA from nine key samples pertinent
to the phylogeny and taxonomy of Rhombophryne (details
of recovered data are provided in the Zenodo repository,
https://doi.org/10.5281/zenodo.17247222), but we mostly
recovered only extremely fragmentary sequences at low
coverage, which we tentatively interpret as follows:

(1) MNHN 1975.24, the holotype of Rhombophryne
serratopalpebrosa from Marojejy. For 16S3’ (to-
tal length 505 bp), only four reads mapped, but
for 16S5’ (total length 613 bp), 18 reads mapped
for a mean depth of 1.2x (389 bp recovered). Con-
sequently, we are able to include this species in a
phylogenetic analysis of the genus for the first time.
As expected on biogeographic grounds, the species
falls sister to other species occurring on Marojejy in
northeastern Madagascar, namely R. regalis and R.
vaventy (Fig. 2).

(2) UADBA 18258 (APR 4222), a specimen from Ma-
rojejy NP (Camp Simpona) that is morphologically
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€)

4)

referable to R. serratopalpebrosa that was not tis-
sue-sampled when it was collected. For 16S3”, only
two reads mapped, but for 16S5°, ten reads mapped
for a mean depth of 0.6x (229 bp recovered). This
was, however, sufficient for phylogenetic analyses
to place it alongside the holotype of R. serratopa-
Ipebrosa (Fig. 2), confirming that it is the second
specimen ever to be found of that species. We pro-
vide a description of this new specimen in the spe-
cies account, below.

SMF 4241, the holotype of R. testudo from the
island Nosy Be off the northwest coast of Mada-
gascar. For both 16S3” and 16S5” only one read of
35 bp and 46 bp mapped, respectively, which was
however sufficient to tentatively assign the spec-
imen to the clade comprising all other specimens
assigned to R. testudo (Fig. 2), based on a shared
unique combination of sites in the 16S5’ alignment
(see Fig. S1).

BMNH 1895.10.29.30, a specimen of R. testudo al-
legedly from ‘Imerina’ in central Madagascar. For
16S3°, 45 reads mapped for a mean depth of 4.9x
(410 bp); for 16S5°, 51 reads mapped for a mean
depth of 2.9x (527 bp). In our phylogenetic anal-
ysis, this specimen is recovered as sister to speci-
mens of R. testudo from the type locality Nosy Be
(Fig. 2), and they are separated by an uncorrected
p distance of 2.63—4.00% in the 16S3” marker, and
5.55% in the 16S5* marker (distance tables includ-

©)

(6)

ing museomics samples are given as Tables S14,
S15, and deposited in the Zenodo repository, https://
doi.org/10.5281/zenodo.17247222). This confirms
that this specimen requires further examination, and
it could indeed represent a divergent lineage.

ZSM 853/2003 (FGMV 2002.823), a specimen of
the R. laevipes species complex from Manongarivo.
For 16S3’, 26 reads mapped for a mean coverage
of 3.4x (494 bp); for 16S5°, 53 reads mapped for
a mean coverage of 5.5% (609 bp). Phylogenetic
analysis places it sister to R. laevipes (Fig. 2), and
it is separated by an uncorrected p distance of 1.40—
2.72% from other specimens of that species in the
16S3’° marker, and 5.05-5.65% in the 16S5’ mark-
er (Tables S14, S15 and Zenodo repository, https://
doi.org/10.5281/zenodo.17247222). We tentatively
refer it to R. laevipes here, but emphasise that fur-
ther work is needed in Manongarivo and other ap-
propriate humid forests between Manongarivo and
Montagne d’Ambre, to provide more samples and
clarify the identity of this lincage.

MRSN A4600, a specimen from Menamalona,
Masoala assignable to the R. laevipes species group
based on its external morphology. For 16S3’, 16
reads mapped for a mean coverage of 2.0x (253 bp);
for 16S5’ three reads mapped for a mean coverage
of 0.2x (153 bp), which was however sufficient to
confirm the specimen to be genetically identical to
other specimens R. sp. Ca0l (Fig. 2), herein de-

R. laevipes group
QO R botabota
QO R. nilevina
O R laevipes
© R anatiala sp. nov. (Ca01)
© R. sp.Ca03
. R. kotrobaratra sp. nov. (Ca10)
. R. sp.Ca15
R. sonaliae sp. nov. (Ca19)
R. ellae group
QO R eliae
O R. quentini sp. nov. (Ca07)

R. minuta group
. R. longicrus
. R. minuta
R. proportionalis group
O R. proportionalis
R. serratopalpebrosa group
© R coronata
© R sp.Catl3
© R vaventy
O R. ornata
© R diadema
. R. tany
R. guentherpetersi
R. testudo group
O R. coudreaui
O R mangabensis
@ R savaka
@ R testudo
‘ R. maraorao sp. nov. (Ca09)
O R. matavy

Figure 4. Haplotype network reconstruction (based on 315 bp, haplotypes inferred using the PHASE algorithm); all available RAG1
sequences for the nominal and candidate species of the genus Rhombophryne were used. Small black dots represent unsampled in-

ferred intermediate haplotypes between those sampled, and lines between haplotypes indicate a single mutational step. Overlapping
RAGI fragments of R. regalis, R. mavokely sp. nov. (Cal7), R. kilonjy sp. nov., and R. sp. Cal6 were not available.
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scribed as R. anatiala sp. nov. (Tables S14, S15 and
Zenodo repository, https://doi.org/10.5281/zeno-
do.17247222). 1t is therefore included as a paratype
of that species here.

age of 0.4x (117 bp); for 16S5°, 11 reads mapped
for a mean coverage of 0.9x (272 bp). Genetically,
the specimen was assigned to the R. ellae species
group, being the sister lineage to R. quentini sp.

(7) UADBA 17419, UADBA 17420, UADBA 17422, nov. (Fig. 2).

UADBA 17424, UADBA 17430, five specimens (10) MNHN 1937.19, the holotype of R. coudreaui from

from Ivohibe in the southeast region of Madagas- the Betampona Reserve in eastern Madagascar. No

car, assignable to the R. serratopalpebrosa species reads mapped to 16S3” or 16S5°, so it could not be

group based on its external morphology. From all included in our analyses. Using a target-enrichment

of these individuals, mapping was extremely poor, approach in a future study may overcome the short-

if at all successful, even after attempts using hot al- age of molecular data for this specimen.

kaline lysis extraction (Hahn et al. 2024). The cause

of this failure is unclear, given that the specimens

are not especially old, and we have had good suc- Diagnosis of species groups

cess from other specimens even stored >30 years in

formalin solution. Additional specimens are needed  Each of the six species groups in Rhombophryne proposed

to assess the phylogenetic placement of this pop- by Belluardo et al. (2022)—the Rhombophryne testudo

ulation, which appears to be morphologically dis-  species group, R. laevipes species group, R. ellae species

tinct from all known R. serratopalpebrosa species — group, R. proportionalis species group, R. minuta species

group members (circumscribed below). We refer to  group, and R. serratopalpebrosa species group (Fig. 5)—

it throughout this manuscript as R. sp. ‘Ivohibe’. presents apomorphic features or character state combi-
(8) MNHN 1975.15, the holotype of R. minuta from  nations that support their recognition (Appendix 1), and

Marojejy. For 16S3’, eight reads mapped foramean  projection of the first two principal components of a PCA

coverage of 0.6x (239 bp); for 16S5°, six reads (Fig. 5A) also reveals that some of these species groups

mapped for a mean coverage of 0.3% (140 bp). Phy-  occupy distinct areas of morphospace (e.g., the R. festu-

logenetic analysis placed it together with the other  do group and R. proportionalis are distinct from the R.

specimens referred to R. minuta, which is sister to  minuta, R. serratopalpebrosa, and most members of the

R. longicrus (Fig. 2). R. ellae and R. laevipes species groups, but not from each
(9) MRSN A4627, a specimen of previously uncer- other; the R. minuta group is furthermore distinct from

tain affiliation from Sahamalaza in northwestern the R. ellae group and R. proportionalis species group).

Madagascar described below as R. kilonjy sp. nov. LDA (Fig. 5B) performed well at distinguishing species

For 16S3°, three reads mapped for a mean cover-  groups (accuracy = 89.2%, k = 0.8595, P < 2.2x10'9),
so L (A B i
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Figure 5. Dimensionality reduction ordinations of Rhombophryne morphometrics, coloured by species group. A Principal Com-

ponent Analysis (PCA) with weightings of the two shown principal components (PCs) given as bar plots beside the axes. B Linear
Discriminant Analysis (LDA) with scaling weights of the two shown Linear Discriminants (LDs) given as bar plots beside the axes.

For morphometric abbreviations, see Materials and Methods. Data were filtered to include only adults and remove all individuals
with missing data. All described species are included. See Zenodo repository (https://doi.org/10.5281/zenodo.17247222), for the

morphometric input data.
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with the most common misassignments in a leave-one-
out cross validation being between the R. ellae and R.
laevipes species groups (five misclassifications), and be-
tween the R. testudo species group and the R. ellae and

R. laevipes species groups (five misclassifications); in a
plot of LD1 (weighted most strongly by SVL and END)
vs LD2 (weighted most strongly by SVL and NND),
most species groups are distinct, but there is partial over-
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Figure 6. Morphometric summary of Rhombophryne in the form of Tukey’s box and whisker plots, coloured by species group. The
box represents the first and third quartiles, and the line indicates the median. All measurements are given relative to SVL, except
SVL itself (given in mm), and a ratio capturing tympanum shape, TDH/TDV. For abbreviations, see Materials and Methods. Full
data are provided in our Zenodo repository (https://doi.org/10.5281/zenodo.17247222).
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lap between the R. ellae and R. laevipes species groups,
and total overlap between the R. minuta and R. serrato-
palpebrosa species groups (but these groups are easily
morphologically distinguishable based on the absence vs.
presence of superciliary spines).

Extensive work has already been done to characterise
the Rhombophryne serratopalpebrosa group (Scherz et
al. 2015b, 2017a), and we here complement that work by
characterising the other species groups with the aim that
these units will help us to work on the taxonomy of the
genus and especially aid in field identification. A summa-
ry of morphometrics among species is shown in Figure 6.
A full key to the genus is also provided below.

Rhombophryne testudo species group

Rhombophryne coudreaui, R. mangabensis, R. maraorao sp. nov. (sp.
Ca09), R. matavy, R. mavokely sp. nov. (sp. Cal7), R. savaka, R. sp.
Calé6, R. testudo

Summary of morphology. A group of small to large
(SVL 18.745.1 mm), detriticolous to truly fossorial
Rhombophryne species. All have relatively short limbs
and a rather flat and round habitus. Fossorial species
(R. testudo, R. matavy, R. coudreaui, and R. maraorao
sp. nov.) lack clavicles entirely. The remaining species
are detriticolous and retain clavicles (though reduced in
R. mangabensis). Skin texture ranges from smooth (R.
mangabensis) to rugose and tubercular (R. coudreaui).
Maxillary, premaxillary, and vomerine teeth are present
or absent.

Calls. Calls known from all species except R. coudreaui
and R. maraorao sp. nov. The call of R. testudo is a rather
long, deep, pulsed note. That of R. matavy is a shorter
tonal call, emitted in a series. The calls of R. mangaben-
sis, R. savaka, and R. mavokely sp. nov. consist of high-
pitched whistles, emitted in series.

Distribution. This group is widely distributed (Fig. 7;
Table S4), with members in the north (R. matavy and
R. testudo), northeast (R. mangabensis, R. maraorao sp.
nov., R. mavokely sp. nov., R. savaka, R. sp. Cal6), and
east (R. coudreaui) of Madagascar.

Ecology. Species found in humid and subhumid tropical
forest. Some present on both mainland and off-shore is-
lands.

Rhombophryne laevipes species group

Contents. Rhombophryne anatiala sp. nov. (sp. Ca0l),
R. botabota, R. kotrobaratra sp. nov. (sp. Cal0), R. laevi-
pes, R. nilevina (including sp. Ca03), R. sonaliae sp. nov.
(sp. Cal9), R. sp. Cal5

Summary of morphology. A group of large-bodied, de-
triticolous to terrestrial Rhombophryne species. All have

a rotund habitus but less flattened than members of the
R. testudo species group. This group has the largest body
size in the genus (SVL 24.1-57.2 mm). Almost all species
have whitish spots on the legs and inguinal region (absent
in R. botabota, R. kotrobaratra sp. nov., and some spec-
imens of R. nilevina). Teeth are present on the maxilla,
premaxilla, and postchoanal vomer. Clavicles are present.
Skin texture is smooth to granular.

Calls. Calls are known from R. nilevina, R. laevipes, R.
botabota and R. sonaliae sp. nov. They consist of single
low frequency, pulsed or tonal notes emitted at long in-
tervals.

Distribution. This group is widely distributed (Fig. 7;
Table S4), with members in the north (R. laevipes, R. nile-
vina), northeast (R. botabota, R. nilevina, R. anatiala sp.
nov., and R. kotrobaratra sp. nov.), and east (R. nilevina,
R. sonaliae sp. nov., R. sp. Cal5) of Madagascar.

Ecology. Species found in humid and subhumid tropical
forest.

Rhombophryne ellae species group
Rhombophryne ellae, R. kilonjy sp. nov., R. quentini sp. nov. (sp. Ca07)

Summary of morphology. A group of medium-sized
(SVL 22.1-30.1 mm), terrestrial or detriticolous Rhom-
bophryne species. All have a rotund habitus, very similar
to the R. laevipes species group. They have bright-orange
colouration on the posterior side of the limbs in life, and
R. ellae and R. quentini sp. nov. have black inguinal ocel-
li outlined in white (absent in R. kilonjy sp. nov.). Teeth
are present on the maxilla, premaxilla, and postchoanal
vomer. Clavicles are present. Skin texture is granular.

Calls. Unknown.

Distribution. This group is restricted to the north of
Madagascar (Fig. 7; Table S4), in Montagne d’Ambre
(R. ellae), Tsaratanana (R. quentini sp. nov.), and the Sa-
hamalaza Peninsula (R. kilonjy sp. nov.).

Ecology. Species found in humid and subhumid tropical
forest.

Rhombophryne proportionalis species
group

Contents. Rhombophryne proportionalis

Summary of morphology. A highly divergent, propor-
tionally miniaturised species (SVL 11.0-12.3 mm), char-
acterised by its small body size, paecdomorphic skull with
anteriorly displaced mandibular articulation and vertical-
ized lateral elements, and the absence of ossified clav-
icles. Teeth are present on the maxilla, premaxilla, and
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postchoanal vomer; those on the vomer are diminutive.
Skin is fairly smooth.

Calls. A trill-like call, consisting of high-pitched ton-
al notes of short duration emitted in regular call series
at regular and fast succession, unlike that of any other
known Rhombophryne species.

Distribution. This group is currently only known from
Tsaratanana (Fig. 7; Table S4).

Ecology. Known only from humid tropical forest in
northern Madagascar.

Rhombophryne minuta species group
Contents. Rhombophryne longicrus, R. minuta

Summary of morphology. A group of small to medi-
um-sized (SVL 16.9-28.0 mm) terrestrial, and likely
scansorial, Rhombophryne species. Both species have
a gracile habitus, long, slender limbs, and lack inguinal
markings. Teeth are present on the maxilla, premaxilla,
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and postchoanal vomer. Clavicles are present. Skin tex-
ture is rather smooth.

Calls. Calls are only known from R. minuta. It emits a
high-pitched two-pulsed call at regular, long intervals.

Distribution. This group is found only in the northeast
(Marojejy, R. minuta) and north (Sorata, R. longicrus) of
Madagascar (Fig. 7; Table S4).

Ecology. Species found in humid high-elevation tropical
forest.

Rhombophryne serratopalpebrosa
species group

Contents. Rhombophryne coronata, R. diadema, R. guen-
therpetersi, R. ornata, R. regalis, R. serratopalpebrosa,
R. tany, R. sp. Cal3, R. sp. ‘Ivohibe’, R. vaventy.

Summary of morphology. A group of small to large-
sized (SVL 19.4-58.6 mm), mostly terrestrial, possibly
semi-detriticolous or even semi-fossorial frogs. They
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Figure 7. Distribution of Rhombophryne species, arranged by species group. Shapes with dotted outlines and question-marks inside
them indicate records of referred but unconfirmed specimens. The questionmark beside Ambohitantely Special Reserve (ca 18.17°S,
47.28°E) in the R. laevipes species group map refers to an unvouchered photographic record of uncertain species identity requiring
further study, included here because it is the only record from Madagascar’s central highlands. Basemap is USGS 1-arc second
SRTM data. Shaded polygons are outlines of protected areas. Stars represent type localities. For a gazetteer, see Table S4.
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have a gracile to rotund habitus. The group is character-
ised by the possession of superciliary spines (otherwise
only present on a few members of the R. testudo species
group, which however differ strongly in other aspects of
morphology, making confusion impossible). Most lack
inguinal markings. Teeth are present on the maxilla, pre-
maxilla, and postchoanal vomer. Clavicles are present.
Skin texture varies from smooth to rugose.

Calls. Calls are only known from R. coronata. It makes
a high-pitched short tonal note emitted in regular call se-
ries of variable duration. Most calls are composed of two
recognizable pulses. Its frequency modulation—contain-
ing upward and downward frequency sweeps within each
note—is unique among all known Rhombophryne calls.

Distribution. This group is widely distributed, with
members in the north (R. guentherpetersi, R. ornata, R.
tany, R. diadema), northeast (R. serratopalpebrosa, R.
vaventy, R. regalis), and east (R. coronata, R. sp. ‘Ivohi-
be’, R. sp. Cal3) (Fig. 7; Table S4) of Madagascar. See
Scherz et al. (2017a) for detailed discussion of the bioge-
ography of this clade.

Ecology. Species found in humid and subhumid tropical
forest.

Taxonomic treatments

Rhombophryne Boettger, 1880
Type species. Rhombophryne testudo Boettger, 1880

Synonymy. Mantiphrys Mocquard, 1895. Type species:
Mantiphrys laevipes Mocquard, 1895.

Definition. A cophyline microhylid frog genus character-
ised by the following suite of characters: (1) a procoelous
vertebral column, (2) knobbed or unornamented terminal
phalanges (i.e., not Y- or T-shaped), (3) unexpanded or
weakly expanded terminal discs of fingers and toes, (4)
presence (very occasional absence) of a curved clavicle,
and (5) divided vomer usually bearing teeth on the post-
choanal portion.

Diagnosis. Within Madagascar, only Scaphiophryne,
Stumplffia, and Plethodontohyla can be confused with
Rhombophryne. Scaphiophryne are stouter and round-
er in general, often with expanded terminal discs (vs
knobbed or unornamented in Rhombophryne), and have
an undivided vomer (vs divided into pre- and post-cho-
anal portions). Stumpffia have straight or absent clavicles
(vs curved or absent), typically lack teeth on the maxil-
lae (vs generally present), lack teeth on the postchoanal
vomers (vs generally present). Several members of the
genus Plethodontohyla are arboreal and can easily be dis-
tinguished by presence of Y- or T-shaped terminal phalan-
ges on fingers and toes; terrestrial Plethodontohyla can be

distinguished by the combination of absence of clavicles
and absence of frontoparietal-nasal contact (vs frontopa-
rietal-nasal contact present in all Rhombophryne lacking
clavicles) (see also the key provided in the appendices of
Scherz et al. 2016b).

Distribution. Limited primarily to the northern half of
Madagascar, with the southern-most occurrence in Ivo-
hibe in South Central Eastern Madagascar (R. sp. ‘Ivohi-
be’). Apparently absent from western and southern Mad-
agascar.

Rhombophryne testudo species group

Rhombophryne testudo Boettger, 1880
Figures 2, 4-12

Holotype. SMF 4241 (formerly 1177.2a), an adult female,
collected on an unknown date on ‘insula Nossi Bé’ (Nosy
Be; approx. coordinates 13.2—13.4°S, 48.2-48.4°E), Di-
ana Region, Madagascar, by Carl Ebenau (erroneously
later designated as a lectotype by Mertens 1967) (Figs
8,9, 11).

Paratypes. None. Boettger (1880a) states explicitly that
the species is based on a single specimen.

Referred specimens. Numerous specimens claimed to be
syntypes/paralectotypes exist as a result of the erroneous
designation of SMF 4241 as lectotype by Mertens (1967).
We are not aware of an exhaustive list, but Barbour and
Loveridge (1929) stated there were seven in the Museum
of Comparative Zoology of Harvard, namely MCZ 2163
(one specimen), 2236 (one), 2731 (three), plus 9317 and
9318 (two). At least one of the specimens in MCZ 2731
was exchanged to the Field Museum of Natural History,
where it is archived as FMNH 73363 and incorrectly list-
ed as a ‘co-type’. A further specimen (EHT-HMS 44690,
ex-SMF 4267) is listed as present in the type collection
of the University of Illinois Museum of Natural History
(Phillips 2015). This is also not a type. Four specimens
formerly under catalogue number ZMB 10059 (now di-
vided into ZMB 10059 [one specimen] and 51041-51043)
were also originally incorrectly included in the catalogue
of the Museum fiir Naturkunde, Berlin as types of R. te-
studo, but this was corrected in the digital catalogue.

We here examined SMF 42474263 (16 specimens),
which Mertens (1967) incorrectly considered paralec-
totypes—none of these specimens in fact has type sta-
tus. Additionally, we examined ZSM 474/2000 (FGMV
2000.276) and ZSM 475/2000 (FGMV 2000.277),
two adult specimens of uncertain sex, collected on 11
March 2000 on the east coast of Lokobe National Park
(13.4133°S, 48.3342°E, 110 m a.s.l.), Nosy Be, Diana
Region, northern Madagascar, by F. Glaw, K. Schmidt,
and M. Vences; UADBA-A-FGZC 5620, an adult male,
collected on 29 April 2019 on the Kindro trail, Ampa-
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sindava (13.4099°S, 48.3051°E, ca 80 m a.s.l.), Lokobe (Fig. 10); and ZMB 51041, an adult female, collected in
National Park, Nosy Be, Diana Region, northern Mada- 1887 on Nosy Be (no precise collection data), Diana Re-
gascar, by F. Glaw, M.D. Scherz, and A. Razafindraibe  gion, northern Madagascar, by C. Reuter (originally part

Rhombophryne testudo
SMF 4241

Rhombophryne matavy
ZSM 1629/2008

Rhombophryne maraorao sp. nov.
MRSN A2115

Rhombophryne mangabensis
ZSM 470/2005

Rhombophryne savaka
ZSM 248/2005

Rhombophryne mavokely sp. nov.
ZSM 521/2016

Figure 8. Name-bearing type specimens of species in the Rhombophryne testudo species group in dorsal (left) and ventral (right)
views. Scale bars = 10 mm.



Vertebrate Zoology 76, 2026, 485-610

503

of ZMB 10059). We further examined photographs of the
false ‘syntypes’, MCZ 2163, MCZ 9317, and MCZ 9318,
to confirm their identity and morphological agreement
with the holotype.

Assignment of specimens. All referred specimens are
unambiguously assigned to the species based on their
overall morphology (the rotund body, short limbs, and
chin barbels are unmistakable) and collection around
the type locality. ZSM 475/2000 is used as the reference
specimen for this species in 16S rRNA barcoding (16S3’
EU341110/AY594125; 16S5° EU341110/AY594087;
Vieites et al. 2009); a sample from either this specimen
or ZSM 474/2000, with the tissue number MV 2000-
B59, was used as the reference for COI barcoding (COI
KF611596/MH940140; Perl et al. 2014). These speci-
mens cluster in our mitochondrial phylogeny (Fig. 2).
Both specimens are included in the RAGI haplotype net-
work (Fig. 4).

Definition. Type species of the genus Rhombophryne.
Within the R. festudo group, this species is sister to
R. matavy (Fig. 2; Belluardo et al. 2022). It is charac-
terised by having the following unique suite of charac-
ters: (1) medium to large body size, adult SVL 33.0-43.1

R. coudreaui

R. savaka

R. mavokely sp. nov.

mm; (2) head much wider than long (HW/HL 2.00-2.60);
(3) small eyes (ED/HL 0.23-0.39); (4) short hindlimbs
(HIL/SVL 1.18-1.41); (5) large inner metatarsal tubercle
(IMTL/FOL 0.15-0.24); (6) generally pronounced outer
metatarsal tubercle; (7) second finger slightly shorter than
fourth; (8) third toe distinctly longer than fifth; (9) dor-
sal skin rough with converging paravertebral ridges; (10)
presence of chin barbels; (11) absence of pronounced su-
perciliary spines; (12) absence of inguinal ocelli or spots;
(13) absence of distinctive markings along the posterior
thigh; (14) highly robust skull with very broad squamo-
sal, maxilla, and posterior process of angulosplenial; (15)
clavicles absent; and (16) advertisement call (based on 4
analysed calls by one individual) highly pulsed (162177
pulses per call), with (17) call duration 823-894 ms, (18)
inter-call interval 6071-10186 ms, and (19) dominant fre-
quency 508-524 Hz.

Rhombophryne testudo is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, “T’ at site 456, ‘T’ at site 651 and ‘C’ at site 734,
in 16S3°, ‘C’ at site 1099, ‘C’ at site 1179, and ‘G’ at site
1216.

R. maraorao sp. nov.

R. maraorao sp. nov.

*
i R. mangabensis Q
9
-

Tpe

<4 *\% " & R. mavokely sp. novl.jﬂ‘\

Figure 9. Ventral views of hands and feet, and lateral views of head of name-bearing type specimens of members of the Rhombo-
phryne testudo species group. Not to scale. * = mirrored for conformity.
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Diagnosis. Within the genus Rhombophryne, R. testudo
can easily be distinguished from all other species by the
presence of several distinct chin barbels and its fortified
skull, and from all species except R. coudreaui, R. mat-
avy, and R. maraorao sp. nov. described below by its ro-
tund body. From R. matavy it can further be distinguished
by its pulsed (vs tonal) advertisement call that is much
longer (call duration 823-894 ms vs 161-209 ms), and
with a lower dominant frequency (508-524 Hz vs 1588—
1688 Hz).

Redescription of the holotype. A specimen in a good
state of preservation, quite stiff and hard, somewhat
desiccated (Figs 8, 9). Developing eggs evident in a mi-
cro-CT scan of the specimen.

Body robust, thomboid. Head very wide and short,
much wider than long (HW/HL 2.45). Eyes small, pu-
pils small, round. Snout obtuse, slightly protruding and
rounded in dorsal view, angular in lateral view, with five
barbels on it, two slightly above and between the nos-
trils, two directly below these, and a central one below
these over the commissure of the jaws. Canthus rostralis
distinct, convex. Loreal region concave, slightly oblique.
Nostril openings small, angled anterolaterally, equidistant
between tip of snout and eye, slightly protuberant. Tym-
panum indistinct, vertically oval. TDH/ED 0.827. Supra-
tympanic fold distinct, weakly raised but tubercular and

so uneven in height, forming a gentle curve from the line
of the top of the eye over the tympanum, sloping down to
the posterior of the top of the arm. Superciliary spines are
absent but there is a small light-coloured spot centrally
above each eye, with several small tubercles on the dorsal
surface of the eye.

The jaw is firmly shut, such that it is impossible to
open without damaging the specimen irreparably. The
original description described the specimen as lacking
maxillary teeth, having small and weak palatal bones (in-
terpreted as the neopalatines), a simple unfringed ‘fold’
on the palate, which is interpreted as being the vomer-
ine ridge, as the species lacks proper vomerine teeth (see
Variation below), and having a large tongue that is wid-
er than it is long, attached anteriorly and posteriorly free
with a longitudinal furrow but without lateral emargina-
tion. Given that the jaw is so tightly shut, it is not clear
how this information was obtained.

Forelimbs relatively short and thick, the upper arm
hardly distinguishable from the trunk (FARL/SVL 0.397).
Fingers without webbing, all short, relative lengths 1 <2
=4 <3 (Fig. 9). Finger subarticular tubercles indistinct,
single, round; inner metacarpal tubercle large, slightly
shorter than first finger IMCL/HAL 0.278); outer meta-
carpal/palmar tubercle indistinct, single. Hind limb thick,
tibiotarsal articulation extent when adpressed anteriorly
along the body cannot be assessed due to strong fixa-

Figure 10. Rhombophryne testudo in life. Photographed in low-elevation rainforest in Lokobe National Park, Nosy Be. A—D adult
male UADBA-A-FGZC 5620 in A lateral, B anterolateral, C dorsal, and D ventral views.
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tion. TIBL/SVL 0.259. Inner metatarsal tubercle present,
large, longer than first toe, roughly as long as second toe
(IMTL/FOL 0.193). Outer metatarsal tubercle faint. Toes
not webbed; first toe distinctly reduced, toe lengths 1 <
2 <5 <3 <4, fifth toe distinctly shorter than third; sub-
articular tubercles indistinct, single and round; toe tips
not enlarged. Finger and toe tips without circum-marginal
grooves (Fig. 9).

Dorsal skin smooth, with numerous tubercles on the
flanks and limbs and along the jaw, and especially a
number of barbels on the bottom lip. The ventral skin is
wrinkled but smooth. Symmetrical converging ridges are
present from behind the exoccipital region of the head
running toward the cloaca, with a pair of less distinct, less
extensive ridges between them from the posterior head to
roughly the level of the suprascapulae.

After at least 137 years in preservative, the coloura-
tion of the specimen is still brown and does not appear
to have faded except perhaps in a blemished area on the
right side of the dorsum at roughly the level of the ilia.
The brown base colour has darker-brown symmetrical
markings, which consist of a chevron running from the
medial inguinal region to the centre of the dorsum and
two dark irregular patches posterior to the suprascap-
ular region. The tubercles and digits of the hands and
feet are cream, and there is a fine cream line defining
the fold between the dorsal and ventral posterior thigh.
A single dark brown crossband is present on the shank,
one on the tarsus, and one on the lateral foot that match-
es with that of the shank when the leg is fully folded.
The ventral colour is as the dorsum, but lighter brown
over the chin and with a curious translucent spot on the

Figure 11. Skeleton of Rhombophryne testudo holotype SMF 4241. A—C Whole skeleton in A dorsal, B ventral, and C lateral view;
D-G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in ventral view. Gut con-
tents in A—C are apparently dense soil, sand, and stones. Abbreviations are given under Materials and Methods.
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Figure 12. Advertisement calls of Rhombophryne testudo, re-
corded on Nosy Be in 1992. Top: audiospectrogram and cor-
responding oscillogram of one advertisement call at 1000 ms
time scale. Bottom: oscillogram at 20000 ms time scale sho-
wing pattern of call repetition (three calls). Recording high-
pass filtered at 175 Hz.

ventral abdomen. The colour of the specimen in life is
unknown.

Variation. SVL 33.0-43.1 mm (n = 18); full measure-
ments are presented in Table S5. Most specimens could
not be sexed because we did not have permission to dis-
sect them, and the jaws of most specimens were so firmly
fixed shut that we could not open the mouth and search
for traces of vocal slits. Overall morphology is highly
consistent. The tongue is broad and disc-like, posterior-
ly free. Maxillary teeth are absent. The vomerine teeth
ridges form two straight transversal rows posterior to the
rounded choanae, not meeting medially. The second and
fourth fingers can vary in which is longer. There is a little
variation in colouration, with some individuals uniformly
brown in dorsal colour and others with dark-brown mark-
ings (e.g., Fig. 10).

Call. The advertisement call recorded in January or Feb-
ruary 1992 at Nosy Be (air temperature unknown) con-
sists of a long, pulsed note emitted at irregular intervals
(Fig. 12); calls are not arranged in call series. Pulses with-
in calls are generally narrowly spaced and partly fused,
but pulse repetition is distinctly faster in the second half
of each call and results in respective parallel frequency
bands reflecting pulse rate. Amplitude within calls is con-
stantly increasing from the beginning towards the end
where it drops to zero quickly. Numerical parameters
of 4 analysed calls are as follows: call duration (= note
duration) 823-894 ms (854 + 30 ms); inter-call intervals
6071-10,186 ms (8370 + 2100 ms); pulses per call 162—
177 (169 + 7); pulse repetition rate within first half of
call approximately 135 pulses/second, within second half

approximately 280 pulses/second; dominant frequency
508-524 Hz (519 = 7 Hz); prevalent bandwidth 500-
3200 Hz. Calls from the same recording (Vences et al.
2006, CD 3, track 33) have been described by Glaw and
Vences (1992), D’Cruze et al. (2010), and Lambert et al.
(2017) using slightly different terminological schemes.

Etymology. Feminine nominative Latin noun meaning
‘turtle’ or ‘tortoise’, presumably in reference to the short
limbs and rotund body shape of this species.

Distribution. Confirmed from (1) Nosy Be (type locali-
ty), and (2) Nosy Komba (Glaw and Vences 1992; Andre-
one et al. 2003; Hyde Roberts and Daly 2014). Elevation:
0-450 m a.s.1. (the peak of Mt Lokobe on Nosy Be).

Records from Réunion (Guibé 1978) resulted from a
clerical error when information were being copied from
one catalogue to another, and were corrected by Glaw and
Vences (2002). A record from ‘Imerina’ by Parker (1934)
is based on BMNH 1895.10.29.30, collected by Richard
Baron. The location Imerina could refer to anywhere
across the high plateau of central Madagascar (the area
where Baron served as a reverend; Laurence 1987). Bar-
on was one of the most widely travelled explorers of that
time, and the lack of precise collection date means that
refinement of locality is challenging. However, it should
be noted that Baron undertook an enormous journey from
central-eastern Madagascar, along the coast north to An-
tsiranana, and then down the west coast to Nosy Be (a
journey of almost 2000 km), collecting plants along the
way (JSTOR Global Plants correspondence KADC2664
from Library and Archives at Royal Botanic Gardens,
Kew). It is therefore conceivable that the location is an
error; that Baron collected the specimen in Nosy Be at the
end of his journey and sent it along with the consignment
of plants to London. Examination of this specimen re-
vealed it to be an adult male. It does not have any evident
morphological differences from other R. festudo spec-
imens. However, as stated above, a museomic sample
of this specimen confirmed it to have moderately strong
genetic differentiation from other R. festudo specimens.
A BLASTn search of every contig in NCBI, howev-
er, consistently identified Rhombophryne testudo ZSM
475/2000 as closest match, and with a sequence cover-
age of 4.9x and 2.9% for 16S3 and 16S5, respectively, it
remains possible that a genetically divergent lineage is
present in Imerina (or at some other location along Bar-
on’s travel routes), which would be in need of re-discov-
ery to verify. Records from Marojejy and Andapa-Sam-
bava (Guibé 1978; Blommers-Schldsser and Blanc 1991;
probably deriving from the same specimen, see Glaw and
Vences 2002) referred to R. coudreaui by Andreone and
Randrianirina (2008), but are here referred to R. mara-
orao sp. nov., described below.

Natural history. Rhombophryne testudo is a fossorial
species found in primary and secondary low-elevation
humid forest, where it inhabits burrows 5-10 cm deep
beneath the leaf litter (Glaw and Vences 1994). Calls are
emitted from January to April, at highest intensity before
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and during heavy rain, irrespective of the time of day
(Glaw and Vences 1994). Calling can occur without rain,
but a series of two or three calls is then followed by a
long pause of several minutes (Glaw and Vences 1994).
Kohler et al. (1997) reported finding a 10 cm wide, 15 cm
deep nest beneath a rock beside a small creek, containing
two adults and 18 juveniles measuring 9—11 mm in SVL,
in December 1995. This suggests development occurs in
subterranean burrows with parental care, perhaps by both
parents (Kohler et al. 1997). No tadpoles or eggs of the
species have yet been observed.

A defensive behaviour is known wherein specimens
stretch their hindlimbs to prevent them being turned onto
their backs (Glaw and Vences 1994). We have also ob-
served individuals puff themselves up significantly when
caught, presumably to make them more difficult to swal-
low—common behaviours in burrowing microhylid frogs.

Keefe and Blackburn (2020) compared the humerus
of Rhombophryne testudo to other burrowing frogs. They
noted its similarity to forward-burrowers, suggesting that
it may also be able to burrow forwards, but highlighting
the need for behavioural observations of this species.

The gut of the holotype contains a great deal of soil, as
evident from our micro-CT scans (Fig. 11). We examined
the contents of the digestive system of an adult female
specimen (with well-developed eggs), ZMB 51041. The
stomach contained mostly detritus, especially tiny frag-
ments of wood and leaves. Fragments of two insects were
present in this detritus: the 4.7 mm abdomen of a small
rove beetle (Staphylinidae), and the thorax and partial ab-
domen of an ant. The intestines contained mostly a fine
mud with tiny fragments of wood and leaf, the head of an
ant, and the thorax and head of the same rove beetle. By
volume, the vast majority of gut contents was non-animal
material. This suggests that most of the ingested matter of
these frogs might be substrate, not insects. Although un-
likely, more ecological research is needed to understand
if these animals may be partly detritivorous or geopha-
gous. However, it is more likely that insect larvae, anne-
lid worms, or other soft-bodied organisms are the primary
prey of these frogs, and are digested quickly and thus ab-
sent from the digestive system of preserved frogs.

Karyotype. The karyotype of this species was described
by Aprea et al. (2007), with 2n = 26 largely metacentric
chromosomes (second and third pairs submetacentric,
fourth pair subtelocentric/telocentric). Nucleolar organ-
iser regions were in a pericentromeric position on the
short arm of the second chromosome pair. Heterochro-
matin was indistinct, and Chromomycin A; (CMA,) and
4’ 6-diamidino-2-phenylindole (DAPI) negative, i.e.,
lacking particularly GC- or AT-rich regions.

Rhombophryne coudreaui (Angel, 1938)

Figures 2,4-9, 13, 14

Plethodontohyla coudreaui Angel, 1938
Rhombophryne coudreaui — Frost et al. (2006)

Holotype. MNHN 1937.19, an adult female, collected in
January 1937 from ‘Réserve de Betampona (forét orien-
tale, prés de Moramanga, a mi-chemin, entre Tamatave
et Tananarive)’ (Angel 1938: 261), today the Réserve
Naturelle Intégrale de Betampona, Antsinanana Re-
gion, eastern Madagascar (approx. coordinates 17.9°S,
49.2°E), by M. Coudreau (Figs 8, 9, 14).

Paratypes. None.

Referred specimens. MRSN A6280 (FAZC 13600), an
unsexed adult, collected on 12 February 2007 at Saham-
bendrana (17.8984°S, 49.2154°E, 458 m a.s.l.), Betam-
pona Strict Nature Reserve, Antsinanana Region, east-
ern Madagascar, by G. de Sousa Miranda Rosa and F.
Andreone (Fig. 13A—C); MRSN A6347 (FAZC 13887),
an adult male, collected on 17 November 2007 at Main-
timbato (17.8940°S, 49.2283°E, 255 m a.s.l.), Betampo-
na Strict Nature Reserve, Antsinanana Region, eastern
Madagascar, by G. de Sousa Miranda Rosa, F. Andreone,
and J. Noel; MRSN A6267 (FAZC 13624) and MRSN
A6271 (FAZC 13653; Fig. 13D-G), two unsexed indi-
viduals, collected on 19 February 2007 at Maintimbato
(17.8940°S, 49.2283°E, 255 m a.s.l.), Betampona Strict
Nature Reserve, Antsinanana Region, eastern Madagas-
car, by G. de Sousa Miranda Rosa.

Assignment of specimens. The specimen MRSN A6347
is used as the reference specimen for this species in 16S
rRNA barcoding (16S3° FI559299/HM364772; Vieites
et al. 2009). All referred material agrees morphological-
ly with the holotype, and is topotypical. Assignment of
MRSN A6271, MRSN A6267 and MRSN A6280 is fur-
ther confirmed by molecular taxonomic identification
(Fig. 2). An additional tissue sample from a topotypical
individual (not collected), DLR 550 (tissue number ACZC
7731) is present in the RAG1 haplotype network (Fig. 4).

Definition. Within the R. festudo group, this species is
sister to R. maraorao sp. nov. (described below) based
on molecular phylogenetic data (Fig. 2; Belluardo et al.
2022). It is characterised by the possession of the follow-
ing unique suite of characters: (1) small to medium body
size, adult SVL 21.5-26.4 mm; (2) head much wider than
long (HW/HL 1.65-1.85); (3) small eyes (ED/HL 0.29—
0.31); (4) short hindlimbs (HIL/SVL 1.17-1.30); (5) large
inner metatarsal tubercle (IMTL/FOL 0.15-0.18); (6)
generally indistinct outer metatarsal tubercle; (7) second
finger equal in length to fourth; (8) third toe distinctly
longer than fifth; (9) dorsal skin rough to rugose with
converging longitudinal rows of tubercles; (10) presence
of few, small chin barbels; (11) absence of pronounced
superciliary spines; (12) absence of inguinal ocelli or
spots; (13) absence of distinctive markings along the
posterior thigh; (14) broad but not fortified skull, without
expansion of squamosal, maxilla, or posterior process of
angulosplenial; and (15) clavicles absent.
Rhombophryne coudreaui is furthermore distinguished
from all other Rhombophryne species analysed by the fol-
lowing robust diagnostic nucleotide combination in the
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mitochondrial 16S rRNA gene (positions relative to the
full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘C’ at site 259, and ‘T at site 329 and ‘T’ at site
348. No diagnostic sites were identified for 16S3’.

Diagnosis. Within the genus Rhombophryne, R. cou-
dreaui can easily be distinguished from all other species
except R. festudo, R. matavy, and R. maraorao sp. nov.
described below by its flattened, rotund body and short,
broad head. Among these species, see the account of R.
testudo above for distinction from that species; it can be
distinguished from R. matavy by smaller body size (SVL
21.5-26.4 mm vs 40-50 mm), rougher dorsal skin, and
less fortified skull; for distinction from R. maraorao sp.
nov., see the description of that species, below. Rhombo-
phryne coudreaui may also differ from all other Rhom-

S P

bophryne species by the absence of carpal 2 in the hand
(vs presence); see the ‘Osteology of the Rhombophryne
testudo species group’ below for discussion.

Redescription of the holotype. A specimen in a medio-
cre state of preservation, with its arms and legs stretched
straight and several broken bones (Figs 8, 9, 14; see os-
teology, below). An incision made along the left flank
makes ova visible and has torn the stomach, which ev-
idently contains the remains of some arthropods, but
which we have not emptied.

Body robust and rotund, stout. Head very wide and
short, much wider than long (HW/HL 1.72). Eyes small,
pupils round. Snout rounded in dorsal view, rounded
in lateral view. A few small chin barbels. Canthus ros-
tralis distinct, concave. Loreal region concave, slightly

Figure 13. Rhombophryne coudreaui in life, all photographed in Betampona. A—C unsexed adult MRSN A6280 (FAZC 13600) in A

dorsolateral, B dorsal, and C ventral view. D-G unsexed adult MRSN A6271 (FAZC 13653) in D dorsolateral, E dorsal, F ventral,
and G anterior view. H unsexed individual (assignment to a specimen uncertain) in dorsolateral view.
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oblique. Nostril openings small, angled laterally, closer
to tip of snout than to eye, slightly protuberant. Tympa-
num indistinct, round. TDH/ED 0.824. Supratympanic
fold distinct, raised, from posterior corner of eye straight
over tympanum, then slightly curving downward. There
are a few tiny bumps above each eye, which do not form
distinct superciliary spines. Maxillary and vomerine teeth
present, vomerine teeth distinct, each straight row bearing
a diastema in its middle, separated from the contralateral
at the midline by a small gap. Choanae oblong. Tongue
very broad, round, attached anteriorly, posteriorly free.
Forelimbs relatively short and thick, the upper arm
hardly distinguishable from the body cavity (FARL/SVL
0.321). Fingers without webbing, all short, relative lengths
1 <2 =4 < 3. Finger subarticular tubercles distinct, large
and flat; inner metacarpal tubercle large (IMCL/HAL
0.289); outer metacarpal/palmar tubercle paired. Hind
limb thick, tibiotarsal articulation extent when adpressed

anteriorly along the body cannot be assessed due to the
many broken bones in the legs. TIBL/SVL 0.302. Inner
metatarsal tubercle present, large (IMTL/FOL 0.178).
Outer metatarsal tubercle absent. Toes not webbed; first
toe strongly reduced, second toe moderately reduced, toe
lengths 1 <2 <5 <3 <4, fifth toe distinctly shorter than
third; subarticular tubercles indistinct, single and round;
toe tips not enlarged.

The dorsal skin is rather rough, with notable tuber-
cles outlined in dark brown above the suprascapular and
sacral regions. The ventral skin is as rough as the dorsal.
Along the lower lip there are a series of small barbels,
especially two on either side of the medial symphysis a
little behind the line of the jaw.

After at least 83 years in preservative, the colouration
of the specimen is pale creamy brown, with darker areas
on the forearms and the areas of the body that are covered
in the fixed specimen, such as the axillae. The ventral sur-

metatarsal Element Y
radiale

radioulna

1 mm

fibulare

1 mm

Figure 14. Skeleton of Rhombophryne coudreaui holotype MNHN 1937.19. A—C Whole skeleton in A dorsal, B ventral, and C
lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H left foot in ventral view; I right hand in ventral view.
Gut contents in A—C are apparently dense soil and stones. Abbreviations are given under Materials and Methods.
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face is a more homogeneous light brown. Distinctive dark
brown markings surround the tubercles on the suprascap-
ular and sacral regions, but otherwise the dorsum is rath-
er homogeneous in colour. The hindlimbs have lost most
colouration, but a distinctive cream tubercle surrounded
in brown is present on each shank. The forelimbs are ven-
trally dark brown on the lower arm, with a brown cross-
band anteriorly; pale and indistinctly patterned on the
upper arm. The colour of the specimen in life is unknown.

Variation. SVL 21.5-26.4 mm (n = 5); full measure-
ments are presented in Table S5. The base colouration
of all recently collected specimens is a dark chocolatey
brown (see Fig. 13 for an idea of colour variation in life).
Much of the body patterning is consistent, especially the
dark suprascapular spots which define the short edge of
a trapezium where the eyes mark the long edge. MRSN
A6271 has a chin marbled with cream and also has cream
spots on its anterior thigh and interior shank; no other ex-
amined specimen shares these patterns.

Call. The call of this species is not known.

Etymology. Eponym for Mr. Coudreau, ‘Conservateur
des Réserves naturelles de Madagascar’ (Angel 1938).

Distribution. This species is confined to low-eleva-
tion forests in eastern Madagascar, and is with certain-
ty known only from (1) Réserve Naturelle Intégrale de
Betampona (type locality), where it has been found at Sa-
hambendrana, Maintimbato and Sahaindrana (Rosa et al.
2012) as well as at Sahabefoza (17.9142°S, 49.2078°E,
353 m a.s.l.). However, S. Andrianarivo provided MDS
photographs clearly assignable to this species from (2)
Ampasina, a highly degraded forest just 8 km east of
Betampona (17.918°S, 49.323°E, ca 80 m a.s.1.), taken on
2 October 2022. This indicates that the species is present
and may be able to persist in strongly anthropogenically
altered forest. Elevation: ca 80200 m a.s.l.

The record from Ambolokopatrika-Betaolana (An-
dreone 2003) unambiguously refers to R. maraorao sp.
nov. (described below), as it is based on the type materi-
al of that species. The specimen MNHN 1973.576 from
Marojejy in the northeast of Madagascar was assigned
to R. coudreaui by Andreone and Randrianirina (2008),
but the material used for comparison to R. coudreaui was
also from the northeast and is described as a new species,
R. maraorao sp. nov., below. Based on the locality of this
specimen and its apparent affinity with R. maraorao sp.
nov., we consider it likely that MNHN 1973.576 is refer-
rable to that species, and therefore remove Marojejy from
the locality record of R. coudreaui. The same applies
also to other records from Marojejy (Raselimanana et al.
2000) and Maroantsetra (IUCN SSC Amphibian Special-
ist Group 2016d).

Natural history. Rhombophryne coudreaui is a fossori-
al species restricted to low-elevation humid forest that
is seldom encountered and poorly known. This species
exhibits a death-feigning behaviour beyond normal ton-

ic immobility wherein it straightens and stiffens all four
limbs (Fig. 13F). One specimen was found at Sahaindra-
na campsite (Betampona Strict Nature Reserve) walking
on the leaf litter in the early hours of the morning (around
6 am). Two individuals were found underneath wet leaf
litter and rotten logs in almost-closed-canopy humid for-
est on the ridge at 460 m at 10:40 am in Sahabefoza.

Rhombophryne matavy D’Cruze, Kohler,
Vences & Glaw, 2010

Figures 2, 4-9, 15-17

Plethodontohyla matavy — Peloso et al. (2016), ex-error due to sample
confusion
Rhombophryne matavy — Scherz et al. (2016b)

Remark. This species is only known from the type series.

Informal names. This species was listed as ‘Rhombo-
phryne sp. nov.” by D’Cruze et al. (2008), and ‘Rhombo-
phryne sp. 8 by Vieites et al. (2009).

Holotype. ZSM 1628/2008 (FGZC 1888), an adult male,
collected on 27 February 2008, in Forét d’Ambre Special
Reserve (now part of Montagne d’ Ambre National Park)
(12.4628°S, 49.2233°E, 482 m a.s.l.), Diana Region (part
of former Antsiranana Province), northern Madagascar,
by N. D’Cruze, F. Glaw, J. Ké6hler, and local guides (Figs
8,9, 15, 16).

Paratypes. Three specimens: ZSM 1629/2008 (FGZC
1889), UADBA-A-FGZC 1890, and UADBA-A-FGZC
1891, three adult males with the same collection data as
the holotype except that UADBA-A-FGZC 1891 was
collected on 28 February 2008.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA barcod-
ing (16S3” FJ559298; Vieites et al. 2009) and COI bar-
coding (COI KF611589; Perl et al. 2014). All paratypes
agree morphologically with the holotype, and are topo-
typical. Assignment of UADBA-A-FGZC 1890 is further
confirmed by molecular taxonomic identification (Fig. 2).
ZSM 1628/2008 is present in the RAGI haplotype net-
work (Fig. 4).

Definition. Within the R. festudo group, this species is
sister to R. testudo based on molecular phylogenetic data
(Fig. 2; Belluardo et al. 2022). It is characterised by the
possession of the following unique suite of characters: (1)
large body size, adult SVL 40-50 mm (see ‘Variation’ be-
low for discussion of these values); (2) head much wider
than long (HW/HL 1.88-2.05); (3) small eyes (ED/HL
0.24-0.28); (4) short hindlimbs (HIL/SVL 1.17-1.25);
(5) large inner metatarsal tubercle (IMTL/FOL 0.21-
0.26); (6) pronounced outer metatarsal tubercle; (7) sec-
ond finger rough equal in length to fourth; (8) third toe
distinctly longer than fifth; (9) dorsal skin with scattered
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Figure 15. Rhombophryne matavy in life, all photographed in the Forét d’Ambre parcel of Montagne d’Ambre National Park. A,
B adult male holotype ZSM 1628/2008 (FGZC 1888) in A anterolateral view while calling, and B anterodorsolateral view; C, D an
adult male, probably a paratype in the UADBA collection, in C anterodorsolateral and D ventral view. E-G an adult male, probably
a paratype in the UADBA collection in E anterodorsolateral, F ventral, and G closeup anterior view. Notice the lack of distinct chin
barbels.
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warts and ridges; (10) absence of chin barbels; (11) ab-
sence of pronounced superciliary spines; (12) absence of
inguinal ocelli or spots; (13) absence of distinctive mark-
ings along the posterior thigh; (14) broad and slightly for-
tified skull, but without expansion of maxilla or posterior
process of angulosplenial; and (15) clavicles absent; and
(16) advertisement call (based on 15 analysed calls by
one individual) tonal, with (17) call duration 161-209 ms,
(18) inter-call interval 267-353 ms, and (19) dominant
frequency 1588-1688 Hz.

Rhombophryne matavy is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, “T’ at site 474, ‘T’ at site 475, and ‘C’ at site 538;

in 16S3’, ‘A’ at site 1018, ‘C’ at site 1072, and ‘T at site
1078.

Diagnosis. Within the genus Rhombophryne, R. matavy
can easily be distinguished from all other species except
R. testudo, R. coudreaui, and R. maraorao sp. nov. de-
scribed below by its rotund body and short, broad head.
Among these species, see the accounts of R. festudo (its
sister species) and R. coudreaui above for distinction
from those species; for distinction from R. maraorao sp.
nov., see the description of that species, below.

Variation. Adult male SVL 44.6-45.1 mm (n = 2); full
measurements are presented in Table S5. D’Cruze et
al. (2010) measured the same specimens and reported
their SVLs to be substantially larger (46.7-47.6 mm).

Figure 16. Skeleton of Rhombophryne matavy holotype ZSM 1628/2008 (FGZC 1888). A—C Whole skeleton in A dorsal, B ventral,
and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H left foot in ventral view; I right hand in ventral
view. Gut contents in A—C are apparently dense soil and stones. Abbreviations are given under Materials and Methods.
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Figure 17. Advertisement calls of Rhombophryne matavy (ZSM
1628/2008, holotype), recorded in Forét d’Ambre Special Re-
serve (now part of Montagne d’Ambre National Park) in 2008.
Top: audiospectrogram and corresponding oscillogram of two
advertisement calls from a regular call series at 1000 ms time
scale. Bottom: oscillogram at 4000 ms time scale depicting a
regular call series containing five calls.

The reason for the discrepancy in measured size is not
clear. D’Cruze et al. (2010) also measured two paratypes,
UADBA-A-FGZC 1890 and 1891, as 39.4 and 49.4 mm,
respectively. For this reason, we have given the SVL in
the diagnosis above as between 40 and 50 mm.

Call. The advertisement call of the holotype (ZSM
1628/2008), recorded on 27 February 2008 at Forét
d’Ambre Special Reserve (air temperature unknown),
consists of a tonal note of moderate duration emitted in
regular call series containing 5 calls repeated at regular
succession (n = 3; Fig. 17). Each call exhibits consid-
erable amplitude modulation, with highest energy pres-
ent at approximately the last third of the call’s duration.
Slight upward frequency modulation is evident in each
call, followed by a fast terminal drop in frequency. Nu-
merical parameters of 15 analysed calls are as follows:
call duration (= note duration) 161-209 ms (183 + 14
ms); inter-call intervals within regular call series 267-353
ms (299 + 22 ms); number of calls per call series 5 (5.0 +
0.0); duration of regular call series 2091-2202 ms (2130
+ 48 ms); dominant frequency 1588—1688 Hz (1652 = 16
Hz); prevalent bandwidth 750-6800 Hz; frequency bands
recognizable at approximately 880, 2500, 3360, 4160,
5060, and 5840 Hz. Calls from the same recording have
been described by D’Cruze et al. (2010) using a slightly
different terminological scheme.

Etymology. The Malagasy adjective matavy meaning
‘fat’, in reference to the body shape of the species, es-
pecially when inflated (D’Cruze et al. 2010). Used as an
invariable noun in apposition.

Distribution. This species is only known from (1) the
low-elevation parcel of forest in Montagne d’Ambre Na-
tional Park, formerly known as Forét d’Ambre Special
Reserve (type locality). Elevation: ca 482 m a.s.l.

Natural history. Rhombophryne matavy is a fossorial
species found in low-elevation humid forest; its ecolo-
gy is poorly known, but presumably much like its sister
species, R. testudo. Highest calling activity (in choruses)
was noticed during and just after rain, and the specimens
were collected at night, mostly up to 5 cm deep in the leaf
litter, though one was found active on top of it (D’Cruze
et al. 2010). D’Cruze et al. (2010) noted a defensive be-
haviour involving the stretching of the limbs and arching
the back, like R. festudo. They reported the faeces of one
individual (ZSM 1628/2008) to include the remains of
several insects, including beetles.

Rhombophryne mangabensis Glaw, Kohler
& Vences, 2010

Figures 2, 4-9, 18-20

Rhombophryne minuta [partim] — Glaw and Vences (1992)

Remark. This species was referred to as R. minuta by
Glaw and Vences (1992), where its call and morphology
were first described.

One sequence belonging to this species, KU724182 in
GenBank, is erroneously ascribed to collection number
ZCMV 891 (corresponding to ZSM 463/2005, a Platype-
lis grandis); the actual R. mangabensis specimen to which
this sequence belongs is ZCMV 890.

Informal names. The call was published as ‘Plethodon-
tohyla sp. (Nosy Mangabe)’ by Vences et al. (2006). This
species was listed as ‘Rhombophryne sp. aff. minuta’ by
Glaw and Vences (2007), as ‘Rhombophryne sp. 2 Nosy
Mangabe’ by Wollenberg et al. (2008), and as ‘Rhombo-
phryne sp. 5’ by Vieites et al. (2009).

Holotype. ZSM 470/2005 (ZCMV 886), an adult male,
collected on 22 February 2005 on ‘Nosy Mangabe island’
(ca 15.50°S, 49.77°E, ca 50-100 m a.s.l.), Analanjirofo
Region, northeastern Madagascar, by F. Glaw, R.D. Ran-
drianiaina, and M. Vences (Figs 8, 9, 19).

Paratypes. Eight specimens: ZSM 471/2005 (ZCMV
2118), ZSM 472/2005 (ZCMV 2154), UADBA-A-ZC-
MV 2119, and UADBA-A-ZCMV 890, three adult spec-
imens (probably males) and one subadult, with the same
collection data as the holotype (Fig. 18A-C); ZFMK
52769-52771, three adult males, and ZFMK 52772, one
subadult specimen, all collected on 13 March 1991 at the
type locality, by F. Glaw and M. Vences (ZFMK 52769 is
shown in Fig. 18D).

Referred specimens. ZSM 1573/2009, a subadult, col-
lected in May/June 2003 on Nosy Mangabe (15.4959°S,


http://www.ncbi.nlm.nih.gov/nuccore/KU724182

49.7693°E), Analanjirofo Region, northeastern Mada-
gascar, by N. Lutzmann; ZSM 262/2016 (FGZC 5417),
an unsexed adult, collected on 10 August 2016 near the
‘Eco-Lodge chez Arol’ (ca 15.712°S, 49.964°E, 21 m
a.s.l.), Masoala Peninsula, Analanjirofo Region, north-
eastern Madagascar, by F. Glaw, D. Protzel, J. Forster,
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K. Glaw, and T. Glaw; MRSN A2557, an unsexed adult,
collected on 8 February 2002 at ‘Camp 2’ Mahalevona
(ca 15.4178°S, 49.9410°E, ca 669 m a.s.l.), Masoala
Peninsula, Analanjirofo Region, northeastern Madagas-
car, by J.E. Randrianirina; UADBA-A-APR12051 (Fig.
18E), an unsexed specimen, collected on 25 November

C s gy

> S

Figure 18. Rhombophryne mangabensis in life. A, B probably paratype UADBA-A-ZCMYV 890 from Nosy Mangabe in A dorsola-
teral and B ventral view. C paratype ZSM 471/2005 (ZCMYV 2118), adult presumed male from Nosy Mangabe, in dorsolateral view.
D paratype ZFMK 52769, adult male from Nosy Mangabe, in dorsolateral view. E UADBA-A-APR12051, unsexed adult from
Ambobhitsitondroina, Masoala National Park, in dorsolateral view, photographed on 25 November 2015.
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2015 at Ambohitsitondroina (15.5694°S 50.0034°E, 609
m a.s.l.), Masoala National Park, Analanjirofo Region,
northeastern Madagascar, by A. Raselimanana.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA bar-
coding (16S3* EU341109/KU724181; 16S5° EU341109;
Vieites et al. 2009) and COI barcoding (COI KF611588/
KU937775; Perl et al. 2014). All paratypes and referred
specimens conform well with the holotype in morpholo-
gy. The paratypes are all topotypical. Assignment of spec-
imens ZSM 471/2005, UADBA-A-ZCMV 2119, MRSN
A2557, and ZSM 262/2016 is further confirmed by mo-
lecular taxonomic identification (Fig. 2). MRSN A2557
and ZSM 262/2016 are present in the RAG1 haplotype
network (Fig. 4).

Definition. Within the R. testudo group, this species is
sister to R. savaka based on molecular phylogenetic data
(Fig. 2; Belluardo et al. 2022). It is characterised by the
possession of the following unique suite of characters: (1)
small body size, adult SVL 19.6-23.2 mm; (2) head wider
than long (HW/HL 1.60-1.86); (3) moderately small eyes
(ED/HL 0.34-0.38); (4) short hindlimbs (HIL/SVL 1.54—
1.60); (5) small inner metatarsal tubercle (IMTL/FOL
0.09-0.12); (6) indistinct outer metatarsal tubercle; (7)
second finger roughly equal in length to fourth; (8) third
toe distinctly longer than fifth; (9) dorsal skin finely gran-
ular with a few scattered warts, especially a suprascapular
pair outlined in black; (10) absence of chin barbels; (11)
absence of pronounced superciliary spines; (12) absence
of inguinal ocelli or spots; (13) absence of distinctive
markings along the posterior thigh; (14) unfortified skull

prehallux
1 mm

centrale

Figure 19. Skeleton of Rhombophryne mangabensis holotype ZSM 470/2005 (ZCMV 886). A—-C Whole skeleton in A dorsal, B
ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right
hand in ventral view. Gut contents in A—C are apparently dense soil and small stones. Abbreviations are given under Materials and
Methods.
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Figure 20. Advertisement calls of Rhombophryne mangaben-
sis, recorded on Nosy Mangabe in 1991. Top: audiospectrogram
and corresponding oscillogram of one advertisement call from
aregular call series at 1000 ms time scale. Bottom: oscillogram
at 4000 ms time scale depicting a regular call series containing
four calls. Recording high-pass filtered at 2500 Hz.

without expansion of maxilla or posterior process of an-
gulosplenial; (15) clavicles reduced, thin, curving; and
(16) advertisement call (based on 20 analysed calls by
one individual) tonal, with (17) call duration 180-237 ms,
(18) inter-call interval 419—822 ms, and (19) dominant
frequency 33003550 Hz.

Rhombophryne mangabensis is furthermore distin-
guished from all other Rhombophryne species analysed by
the following robust diagnostic nucleotide combination
in the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, A’ at site 383, ‘G’ at site 567 and ‘C’ at site 641;
in 16S3°, A’ at site 917, ‘A’ at site 1088, ‘G’ at site 1090,
and ‘A’ at site 1127.

Diagnosis. Within the genus Rhombophryne, R. manga-
bensis can easily be distinguished from all members of
the R. serratopalpebrosa species group by the absence of
superciliary spines (vs presence); from members of the
R. minuta species group by less gracile body and much
shorter limbs; from R. proportionalis by its much larger
body size (SVL 19.6-23.2 mm vs 11.0-12.3 mm); from
members of the R. ellae species group by the absence
of inguinal spots and reddish orange colouration on the
hindlimbs (vs presence); from members of the R. lae-
vipes species group by the absence of inguinal spots or
ocelli (vs presence in most species), and smaller adult
body size (SVL 19.6-23.2 mm vs 24.1-57.2 mm). Within
the R. testudo species group, see accounts of R. festudo,
R. coudreaui, and R. matavy above for distinction from
those species. From its sister species, R. savaka, it can be
distinguished by the less pronounced diastema in vomer-

ine teeth, slightly longer relative tibia length (TIBL/SVL
0.44-0.46 vs 0.37-0.42), absence of inguinal spots (vs
presence), and by advertisement call with slightly longer
call duration (180-237 ms vs 121-142 ms), generally
longer inter-call interval (419-822 ms vs 302—451 ms),
and lower dominant frequency (3300-3550 Hz vs 4144—
4210 Hz). For distinction from newly described species,
see accounts of those species, below.

Variation. SVL 19.6-23.2 mm (n = 4 adults; two pre-
sumed subadults measure 16.5 and 18.9 mm, respective-
ly); full measurements are presented in Table S5. Mea-
surements are largely consistent with those given in the
original description by Glaw et al. (2010b). All specimens
are consistent in morphology and colouration, including
the newly referred specimens from mainland Madagascar
(ZSM 262/2016 and MRSN A2557). Two raised black
markings with small light brown points in the suprascap-
ular region are consistently present as part of the variably
complete anterior chevron marking; a posterior chevron
running from the inguinal region anteriorly over the dor-
sum is sometimes incomplete at the midline but is usually
indicated (Fig. 18A, C—E). Shanks often exhibit a broad
middle stripe and two narrow stripes proximal and distal
to this stripe (Fig. 18A, C-E).

Call. The advertisement call recorded on 13 March 1991
at Nosy Mangabe (air temperature unknown) consists
of a tonal note of moderate duration emitted in regular
call series containing a variable number of calls (2-5) re-
peated at rather regular succession (Fig. 20). Each call
exhibits some irregular amplitude modulation, with 2 or
3 peaks recognizable within each call, with the terminal
peak having the highest energy. Slight upward frequency
modulation is evident in each call until the last third of
the call’s duration, followed by a terminal drop in fre-
quency. Numerical parameters of 20 analysed calls are
as follows: call duration (= note duration) 180-237 ms
(198 £ 15 ms); inter-call intervals within regular call se-
ries 419822 ms (484 = 113 ms); duration of regular call
series 820-2895 ms (1779 + 925 ms); dominant frequen-
cy 3300-3550 Hz (3434 + 85 Hz); prevalent bandwidth
2800-7500 Hz; weak frequency bands recognizable at
approximately 5250 and 6760 Hz. Calls from the same
recording (Vences et al. 2006, CD 3, track 31) have been
described by Glaw et al. (2010b) using a slightly different
terminological scheme.

Etymology. Toponym referring to Nosy Mangabe, the is-
land where the species was originally discovered.

Distribution. This species was originally known only
from (1) Nosy Mangabe (type locality), but its presence
on the Masoala Peninsula was reported by Raherilalao et
al. (2016) and confirmed by Belluardo et al. (2022). The
extent of its range on the peninsula constitutes three fur-
ther distinct sites: (2) Tampolo (under which we include
the nearby ‘Eco-Lodge chez Arol’), (3) Mahalevona, and
(4) Ambohitsitondroina (15.5694°S 50.0034°E, 609 m
a.s.l.; Fig. 18E). Elevation: ca 15-669 m a.s.l.
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Natural history. Rhombophryne mangabensis is a
semi-fossorial or detriticolous species found in low-ele-
vation humid forest. Specimens were collected at night
during heavy rain, during which many calls were heard in
an intense chorus. Males called from concealed positions
in the leaf litter of ‘apparently primary low-altitude rain-
forests’ (Glaw et al. 2010b: 240). Calling has not been di-
rectly observed, but the call described above certainly be-
longs to this species, as specimens caught while searching
for the source of calling were inflated with air, typical for
calling Rhombophryne. Active specimens were encoun-
tered on the forest floor during the day, in the evening,
and at night. One individual was captured by pitfall traps
set up in a valley with closed-canopy humid forest associ-
ated with thick leaf litter and many rotten logs.

Karyotype. Aprea et al. (2007) reported on the karyo-
type of ‘Rhombophryne sp. aff. minuta’ from Masoala,
but the specimen number they reported, MRSN A3656,
is from Manarikoba in Tsaratanana, and is therefore not
referrable to this species, but in fact belongs to Rhombo-
phryne quentini sp. nov., described below. The karyotype
of R. mangabensis is therefore unknown.

Rhombophryne savaka Scherz et al., 2016
Figures 2, 4-9, 21-23

Informal names. This species was listed as ‘Rhombo-
phryne sp. 4’ by Vieites et al. (2009) and Glaw et al.

Figure 21. Rhombophryne savaka in life. Not to scale. All photographed in low elevation primary rainforest in Marojejy National
Park. A—C adult male KU 347465 (CRH 1653), and D-F adult male ZSM 519/2016 (MSZC 0319), from near ‘Camp Mantella’;
G-I adult female ZSM 520/2016 (MSZC 0318; notice large white eggs visible in ventral view) from near ‘Camp Marojejia’.
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(2010b), and ‘Rhombophryne sp. Ca4’ by Perl et al.
(2014).

Holotype. ZSM 468/2005 (ZCMV 2065), an adult male,
collected on 18 February 2005 at ‘Camp Marojejia’
(14.4350°8S, 49.7605°E, 746 m a.s.l.), Marojejy National
Park, Sava Region, northeastern Madagascar, by F. Glaw,
M. Vences, and R.D. Randrianiaina (Figs 8, 9, 22).

Paratype. One specimen: UADBA-A-ZCMV 2079, a
specimen of unknown age and sex with the same collec-
tion data as the holotype.

Referred specimens. ZSM 519/2016 (MSZC 0319;
Fig. 21D-F) and KU 347465 (CRH 1653; Fig. 21A-C),
two adult males (call vouchers), collected at night on
2 December 2016 near ‘Camp Mantella’ (ca 14.438°S,
49.776°E, 450 m a.s.l.), Marojejy National Park, Sava

Region, northeastern Madagascar, by M.D. Scherz, J.H.
Razafindraibe, C.R. Hutter, and A. Razafimanantsoa;
ZSM 520/2016 (MSZC 0318; Fig. 21G-I), an adult fe-
male, collected at night on 1 December 2016 near ‘Camp
Marojejia’ (14.4340°S, 49.7610°E, ca. 750 m a.s.l.), Ma-
rojejy National Park, Sava Region, northeastern Mada-
gascar, by M.D. Scherz, J.H. Razafindraibe, C.R. Hutter,
and A. Razafimanantsoa.

Assignment of specimens. The holotype is used as the ref-
erence specimen for this species in 16S rRNA barcoding
(16S3* KU724176; Vieites et al. 2009) and COI barcod-
ing (COI KF611594; Perl et al. 2014). The paratype and
referred material conform well with the holotype in mor-
phology, and were collected at or near the type locality.
Assignment of specimens ZSM 519/2016, ZSM 520/2016,
and UADBA-A-ZCMV 2079 is further confirmed by mo-
lecular taxonomic identification (Fig. 1). KU 347465 has

Figure 22. Skeleton of Rhombophryne savaka specimen ZSM 519/2016 (MSZC 0319). A—C Whole skeleton in A dorsal, B ventral,
and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in

ventral view. Abbreviations are given under Materials and Methods.
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been sequenced with the FrogCap hybrid capture probe set;
it is included in the RAG1 haplotype network (Fig. 4).

Definition. Within the R. testudo group, this species is
sister to R. mangabensis based on molecular phyloge-
netic data (Fig. 2; Belluardo et al. 2022). It is charac-
terised by the possession of the following unique suite
of characters: (1) small body size, adult SVL 18.8-20.9
mm; (2) head wider than long (HW/HL 1.66-1.80); (3)
moderately small eyes (ED/HL 0.35-0.43); (4) short
hindlimbs (HIL/SVL 1.37-1.55); (5) small inner metatar-
sal tubercle (IMTL/FOL 0.11-0.14); (6) moderately dis-
tinct outer metatarsal tubercle; (7) second finger roughly
equal in length to fourth, except in one individual where
it is much shorter than fourth; (8) third toe distinctly lon-
ger than fifth; (9) dorsal skin finely granular with a few
scattered warts, especially a suprascapular pair outlined
in black; (10) absence of chin barbels; (11) absence of
pronounced superciliary spines; (12) occasional presence
of small black inguinal ocelli without light outline; (13)
absence of distinctive markings along the posterior thigh;
(14) unfortified skull without expansion of maxilla or
posterior process of angulosplenial; (15) clavicles pres-
ent, thin, curving; and (16) advertisement call (based on
28 analysed calls by one individual) tonal, with (17) call
duration 121-142 ms, (18) inter-call interval 221-395
ms, and (19) dominant frequency 3714-3861 Hz.
Rhombophryne savaka is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, “C’ at site 355, ‘G’ at site 664 and ‘T at site 687; in
16S3’, ‘A’ at site 937, ‘T’ at site 1094, and ‘T” at site 1155.

Diagnosis. Within the genus Rhombophryne, R. sava-
ka can easily be distinguished from all members of the
R. serratopalpebrosa species group by the absence of
superciliary spines (vs presence); from members of the
R. minuta species group by less gracile body and much
shorter limbs; from R. proportionalis by its much larger
body size (SVL 18.8-20.9 mm vs 11.0-12.3 mm); from
members of the R. ellae species group by the absence of
reddish orange colouration on the hindlimbs (vs pres-
ence); from members of the R. laevipes species group by
the absence of white outline on inguinal spots or whitish
inguinal spots (vs presence in most species), and smaller
adult body size (SVL 18.8-20.9 mm vs 24.1-57.2 mm).
Within the R. testudo species group, see accounts of
R. testudo, R. coudreaui, R. matavy, and its sister species
R. mangabensis above for distinction from those species.
For distinction from newly described species, see ac-
counts of those species, below.

Variation. SVL 18.7-20.9 mm (n = 3). For variation in
other measurements, see Table S5.

A detailed description of the species is given in
Scherz et al. (2016a), but it was based on just a sin-
gle individual. Additional specimens collected in 2016
are very similar to the holotype (Fig. 21). The largest
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Figure 23. Advertisement calls of Rhombophryne savaka (ZSM
519/2016), recorded in Marojejy National Park in 2016. Top:
audiospectrogram and corresponding oscillogram of two adver-
tisement calls from a regular call series at 1000 ms time scale.
Bottom: oscillogram at 4000 ms time scale depicting a regular
call series containing five calls. Recording high-pass filtered at
1000 Hz.

specimen is an ovigerous female, ZSM 520/2016 (Fig.
21G-I), but this specimen is only 0.5 mm larger than the
male holotype. The skin was consistently rather smooth
in all individuals. ZSM 519/2016 shows a large diastema
in its vomerine teeth, consistent with the holotype. All
specimens are consistent in overall colouration, but dif-
fer in details of patterning. ZSM 520/2010 has an exten-
sive near-black bar on its lower posterior thigh, where
the other specimens have only a small trapezoid. This
specimen also has blackish spots above its suprascapu-
lar region and faint crossbands on its hindlimbs, which
are lacking form the other specimens. Inguinal spots
were present only in the holotype; ZSM 520/2016 has
a diminutive inguinal spot on the right side but not the
left. The posterior thigh is solid cream in colour. The
abdomen is also immaculate cream in all specimens,
and very translucent in life (Fig. 21C, F, I). At least one
specimen (ZSM 520/2016) has dark markings above the
suprascapular region, but these are not as distinctive or
dark as in R. mangabensis or in R. mavokely sp. nov.
described below.

Call. The advertisement call recorded on 2 December
2016 at Camp 1, Marojejy National Park (call voucher
ZSM 519/2016 [MSZC 0319]; air temperature 22.6 °C)
during rainfall, consists of a tonal note of short duration
emitted in short regular call series (Fig. 23). Inter-call
intervals within call series tend to be slightly longer in
duration towards the end of a series. Each call exhib-
its some slight amplitude modulation, with call energy
moderately fast increasing towards the middle of the call,
then keeping the same level of energy until the last quar-
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ter of the call’s duration when it quickly drops towards
the call’s end. Slight upward frequency modulation is
evident in each call until two thirds of the call’s duration,
followed by a slight terminal drop in frequency. Numer-
ical parameters of 28 analysed calls are as follows: call
duration (= note duration) 121-142 ms (132 + 5 ms);
inter-call intervals within regular call series 221-395 ms
(296 £ 45 ms); number of calls per call series 45 (4.3 =
0.5); duration of regular call series 1342—1883 ms (1483
+ 187 ms); dominant frequency 3714-3861 Hz (3807 +
47 Hz); prevalent bandwidth 1600-7800 Hz; frequency
bands recognizable at approximately 1900, 5700, and
7680 Hz.

Additional calls recorded on 2 December 2016 at
the same locality (voucher specimen KU 347465 [CRH
1653]) completely agree in general characteristics with
the call described above, except for a slightly higher
dominant frequency explainable by smaller body size
of the calling male, and have the following numerical
parameters (3 call series and 13 calls analysed): call du-
ration (= note duration) 110-122 ms (115 + 3 ms); in-
ter-call intervals within regular call series 302451 ms
(340 £ 46 ms); number of calls per call series 45 (4.3 £
0.6); duration of regular call series 1461-1932 ms (1631
+ 261 ms); dominant frequency 41444210 Hz (4175 +
27 Hz); prevalent bandwidth 1800-8500 Hz.

Etymology. The Malagasy noun savaka meaning ‘dias-
tema’, in reference to the diastema in the vomerine teecth
that were thought to be diagnostic of this species. Used as
an invariable noun in apposition.

Distribution. Rhombophryne savaka is known only from
(1) Marojejy National Park (type locality). Elevation:
450-750 m a.s.l. (based on newly collected material).
Records from 1300+200 m a.s.l. by Rakotoarimalala and
Raselimanana (2023) cannot be verified as we have not
examined material and have no DNA sequences, so they
are here not included.

Natural history. Rhombophryne savaka is a semi-fosso-
rial or detriticolous species found in low- to mid-eleva-
tion humid forest. Calling activity was triggered by rain
in November and December 2016, especially at night.
Locally the species seemed rather common, though it was
very difficult to localise calling individuals. Males emit
advertisement calls from within or on the leaf litter; ZSM
519/2016 was observed calling with a leaf resting on its
back. Females likewise live within the leaf-litter; ZSM
520/2016 was collected whilst attempting to find a calling
male from within the same quadrat of leaf litter (the male
could not be found).

Rhombophryne maraorao sp. nov.

https://zoobank.org/OE6F8C26-9223-4075-89C7-
C9CCIDSD6DD3

Figures 2, 4-9, 24, 25

Remark. Specimens assignable to this species were at-
tributed to Rhombophryne testudo by Blommers-Schloss-
er and Blanc (1991) and Guibé (1978), as R. coudreaui by
Andreone (2003), as both R. coudreaui and R. testudo by
Glaw and Vences (2007), and as R. coudreaui by Andre-
one and Randrianirina (2008).

Informal names. This species was listed as ‘Rhombo-
phryne sp. 9 by Vieites et al. (2009), ‘Rhombophryne sp.
Ca09’ by Belluardo et al. (2022), and ‘Rhombophryne sp.
9’ and ‘CCS “Sp. 9"’ by Carné and Vieites (2024).

Justification of the new species. According to current
knowledge, this is the allopatric sister lineage of R. cou-
dreaui, which it also closely resembles morphologically.
However, it is genetically highly divergent (10% uncor-
rected p distance in the 16S3’ fragment), there is no hap-
lotype sharing with R. coudreaui or any other Rhombo-
phryne species in the nuclear gene RAGI (Fig. 4), and
it has subtle but recognizable morphological differences
(see Diagnosis below). We are therefore convinced that it
represents an evolutionarily independent lineage.

Holotype. MRSN A2115 (FN 7705), an adult male, col-
lected on 2 December 1998 in the Ambatoledama Cor-
ridor (Andasin’i Governera) (ca 15.30°S, 50.02°E, 650
m a.s.l.), Masoala Peninsula, Sava Region, northeastern
Madagascar, by F. Andreone and J.E. Randrianirina (Figs
8,9,24D, 25).

Paratypes. Three specimens: MRSN A2496 (no field
number) and MRSN A2497 (RJS 0496), an adult female
and a juvenile, respectively, collected on 8 February 2002
at ‘Camp 7’ Antsiranana Faritany (15.4177°S, 49.9403°E,
ca. 800 m a.s.l.), Amparihy, Masoala Peninsula, Analanji-
rofo Region, northeastern Madagascar, by J.E. Randrianir-
ina; MRSN A6929 (FN 7292), an adult male, collected on
13 December 1997 at ‘Camp 3’ Antsinjorano (14.5433°S,
49.4300°E, ca 950 m a.s.l.), Ambolokopatrika-Betaola-
na Forest, Sava Region, northeastern Madagascar by F.
Andreone, G. Aprea & J.E. Randrianirina (Fig. 24A-C).
Note: MRSN A6929 formerly bore the collection number
MRSN A2066 (Andreone 2003), but this number was ap-
parently duplicated, so a new number was issued.

Referred specimens. MNHN 1973.576, an unsexed
specimen, collected on 19 December 1972 at ‘Sambava,
km 17 route d’Andapa’ near the Marojejy Massif, Sava
Region, northeastern Madagascar, by C. Blanc. This
specimen was assigned morphologically to ‘R. coudreaui’
by Andreone and Randrianirina (2008), but the material
used for comparison to R. coudreaui in that work consti-
tutes the type series of R. maraorao sp. nov., and does
not include any material of R. coudreaui sensu stricto.
Although we were not able to re-examine this specimen,
its assignment to R. maraorao sp. nov. is partly supported
by the textual description from Andreone and Randrian-
irina (2008: 47), ‘this specimen (likely a female 34.9 mm
long) does not show an evident tympanum, lacks pro-
truding jaw whiskers and shows the typical rhomboidal
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drawing on the head, and has a rather dark belly’. This
assignment remains tentative, however, and requires con-
firmation by either morphological inspection or museom-
ic sequencing.

MRSN A5524, originally reported by Andreone and
Randrianirina (2008) as being from Tsingy de Bemara-
ha in western Madagascar, was found by Belluardo et al.
(2022) to be genetically identical with R. maraorao sp.
nov. Belluardo et al. (2022) showed that its locality was
probably confused, and it is most likely from somewhere
in northeastern Madagascar. It is referred to this species
on genetic and morphological grounds, but its incorrect
former locality is not considered as part of the distribu-
tion of the species. We also do not include it in the diag-
nosis of the species, but comment on how its morphology
expands our knowledge of the species in the Variation
section, below.

BMNH 1987.331, an unsexed possible subadult,
collected on 31 August 1986 in Anandrivola Forest
(15.775°S, 49.600°E, ca 580 m a.s.l.), Analanjirofo Re-
gion, northeastern Madagascar, by C.J. Raxworthy, is ten-
tatively assigned to this species based on its small size,
rotund body and short head, rough skin, and the second
finger being slightly shorter than the fourth (the last char-
acter being the key feature distinguishing it from R. cou-
dreaui; see Diagnosis, below).

R s L T, L)

Specimens previously attributed to R. coudreaui from
Marojejy (Raselimanana et al. 2000) and Maroantsetra
(IUCN SSC Amphibian Specialist Group 2016d) may be
referable to R. maraorao sp. nov., as these two species
are only now being recognised as distinct, with R. mara-
orao sp. nov. apparently occurring north of R. coudreaui.
However, these records may also refer to R. mavokely
sp. nov. (described below), which may look similar in
its flat body profile and broad head, so carefuly scrutiny
is warranted, and we do not include these locations in the
distribution of this species.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA bar-
coding (16S5° AY594072; Andreone et al. 2005; 16S3’
AY594110; Vieites et al. 2009). All paratypes and referred
specimens conform well with the holotype in morpholo-
gy. Assignment of MRSN A2497 is further confirmed by
molecular taxonomic identification. MRSN A2115 and
MRSN A2497 are present in the RAGI haplotype net-
work (Fig. 4).

Definition. Within the R. testudo group, this species is
sister to R. coudreaui based on molecular phylogenetic
data (Fig. 2; Belluardo et al. 2022). It is characterised by
the possession of the following unique suite of characters:

ek

Figure 24. Rhombophryne maraorao sp. nov. in life. A-C adult male paratype MRSN A6929 (FN 7292) from Ambolokopatrika in
A anterodorsolateral, B ventral, and C dorsolateral view. D adult male holotype MRSN A2115 (FN 7705) from Masoala Peninsula
(Ambatoledama Corridor: Andasin’i Governera) in dorsolateral view.
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(1) small to medium body size, adult SVL 22.5-28.9 mm;
(2) head much wider than long (HW/HL 1.69-1.88); (3)
small eyes (ED/HL 0.25-0.27); (4) short hindlimbs (HIL/
SVL 1.10-1.28); (5) well-developed inner metatarsal tu-
bercle IMTL/FOL 0.13-0.19); (6) indistinct outer meta-
tarsal tubercle; (7) second finger slightly to distinctly lon-
ger than fourth; (8) third toe distinctly longer than fifth;
(9) dorsal skin rough to rugose with longitudinal rows
of tubercles; (10) presence of pronounced, pointed chin
barbels; (11) absence of pronounced superciliary spines;
(12) absence of inguinal ocelli or spots; (13) absence of
distinctive markings along the posterior thigh; (14) broad
but not fortified skull, without expansion of squamosal,
maxilla, or posterior process of angulosplenial; and (15)
clavicles absent.

Rhombophryne maraorao sp. nov. is furthermore
distinguished from all other Rhombophryne species an-
alysed by the following robust diagnostic nucleotide

il
tatarsal i !
m @ f

1mm
fibulare
tibiale

combination in the mitochondrial 16S rRNA gene (posi-
tions relative to the full 16S sequence of Anilany helenae
MZ751042): in 16S5°, ‘C’ at site 406, T’ at site 459, and
‘T’ at site 500; in 16S3°, ‘A’ at site 1057, ‘A’ at site 1075,
and ‘A’ at site 1092.

Diagnosis. Within the genus Rhombophryne, R. mara-
orao sp. nov. can easily be distinguished from all other
species except R. testudo, R. coudreaui, and R. matavy
by its rotund body and short, broad head. Among these
species, it can be distinguished from R. festudo by smaller
body size (SVL 22.5-28.9 mm vs 33.0-43.1 mm), lon-
ger head (HW/HL 1.69-1.88 vs 2.00-2.60), rougher skin,
smaller chin barbels, and much less fortified skull; and
from R. matavy by smaller body size (SVL 22.5-28.9
mm vs 40-50 mm), longer head (HW/HL 1.69-1.88 vs
1.88-2.05), presence of chin barbels (vs absence), and
less fortified skull. Rhombophryne maraorao sp. nov. is

1mm

radioulna

Figure 25. Skeleton of Rhombophryne maraorao sp. nov. holotype MRSN A2115 (FN 7705). A-C Whole skeleton in A dorsal, B
ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand
in ventral view. Gut contents in A—C are apparently small stones. Abbreviations are given under Materials and Methods.
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most closely related to, and most similar to, R. coudreaui.
These species are difficult to distinguish morphologically.
The most reliable character for distinguishing these spe-
cies is the presence of pronounced pointed barbels along
the lower lip in R. maraorao sp. nov., versus fewer, less
pronounced barbels in R. coudreaui. They may also dif-
fer in eye size, with R. coudreaui having larger relative
eye size (ED/HL 0.29-0.31) than R. maraorao sp. nov.
(ED/HL 0.25-0.27); and in relative finger length, with the
second finger at least slightly longer than the fourth in
R. maraorao sp. nov., vs equal in length in R. coudreaui.

Description of holotype. An adult male specimen in a
moderately good state of preservation, though fairly soft
(Figs 8, 9). An incision made along the right flank to
check the sex. Testes distinct.

Body robust and rotund. Head wider than long (HW/
HL 1.76). Eyes quite small (ED/HL 0.25), pupils large,
round. Snout rounded in dorsal and lateral views. Can-
thus rostralis distinct, concave. Loreal region concave,
oblique. Nostril closer to tip of snout than to eye, slight-
ly protuberant. Tympanum indistinct, round, TDH/ED
0.594. Supratympanic fold moderately distinct, raised
but tubercular and so uneven in height, forming a sig-
moid curve from the line of the top of the eye straight
over the tympanum, curving down behind the tympa-
num, and then posteriorly to the top of the arm. A row of
five (right) or three (left) small superciliary spines above
each eye, as well as small granules distributed over the
top of the eye and head. A row or pronounced tubercles
(barbels) along the lower lip. Tongue partly removed as a
tissue sample. It was attached anteriorly, broad, and un-
lobed. Maxillary and vomerine teeth present, vomerine
teeth present in two curving rows separated at the mid-
line by a small gap. Choanae round, placed laterally in
the roof of the mouth.

Forelimbs relatively short and thick, the upper arm
hardly distinguishable from the body cavity (FARL/
SVL 0.323). Fingers without webbing, all short, relative
lengths 1 <2 =4 <3 (Fig. 9). Finger subarticular tuber-
cles distinct, round, whitish; inner metacarpal tubercle
broad and flat, outer metacarpal/palmar tubercle distinct
and round. Hind limb thick, tibiotarsal articulation reach-
ing insertion of arm when adpressed anteriorly along the
body. TIBL/SVL 0.304. Inner metatarsal tubercle present,
large. Outer metatarsal tubercle faint. Toes not webbed,;
first toe distinctly reduced, toe lengths 1 <2 <5 <3 <
4, fifth toe distinctly shorter than third; subarticular tu-
bercles distinct, broad and round; toe tips not enlarged
(Fig. 9).

After 25 years in preservative, the colouration of the
specimen is largely faded. It is beige in base colour, with
light brownish symmetrical markings. These border the
back of the head region, the scapular region, and from
the inguinal region to the posterior third of the back,
forming a beige cross-like shape over the central dor-
sum. The legs too are beige above with faint light brown
crossbands on the thigh, more distinct crossbands on the
shank, and a dark posterior tarsus. The hidden surfaces
of the thighs are whitish, but there is a trapezoidal brown

marking around the vent. The dorsal and lateral foot are
beige with very fine brown specks. The ventral body has
a beige base-colour, intensely speckled with brown (more
distinct than above), especially over the chin and pecto-
ral girdle. This pattern extends onto the ventral arms and
legs. Colouration in life (Fig. 24D) was much browner
than the specimen is in preservative. The outline of the
markings on the dorsum in beige-cream was particularly
distinctive.

Variation. SVL 22.5-28.9 mm (n = 3; a putative subadult,
MRSN A2497, measures 20.9 mm, and the referred spec-
imen with uncertain collection locality, MRSN A5524,
measures 29.8 mm). For variation in measurements, see
Table S5. All specimens have pronounced tubercles along
the lower lip. Most individuals are a brownish cream co-
lour dorsally in preservative, much lighter in colour than
most R. coudreaui, but MRSN A5524 is much browner
and more mottled, and the colour of this species in life
is also dark brown (Fig. 24); differences in colour of the
specimens may be due to preservation fluids or other fac-
tors, and are not taken to be diagnostic. The referred spec-
imen BMNH 1987.331 is rather dark, but has also been
stained to have blue-green bones, which may have altered
its skin colour as well. Much of the body patterning is
consistent, especially the dark suprascapular spots which
define the short edge of a trapezoid where the eyes form
the ends of the long edge. The sacral region also has dark
markings, though less consistently than in R. coudreaui.
In four of the five specimens (not MRSN 2497) the chin is
marbled brown and cream. The first toe of MRSN A2496
is less distinctly reduced than other specimens, and is
connected to the second toe with distinct webbing on the
left side but not on the right. MRSN A5524 has a sub-
stantially larger relative inner metatarsal tubercle than the
other individuals (IMTL/FOL 0.23 vs 0.13-0.19).

Call. The call of this species is not known.

Etymology. The Malagasy adjective maraorao meaning
‘rough to the touch’, in reference to the rugose skin of this
species in life and in preservative. Used as an invariable
noun in apposition.

Distribution. Currently known from (1) Ambatoledama
Corridor (Andasin’i Governera); (2) Amparihy, (3) Am-
bolokopatrika-Betaolana, and possibly (4) Anandrivola.
Referral of material from Marojejy to this species re-
mains too uncertain to include in its distribution at pres-
ent. Elevation: ca 650-950 m a.s.l.

Natural history. Rhombophryne maraorao sp. nov. is a
fossorial species found in low- to mid-elevation humid
forest; its ecology is poorly known, but presumably much
like R. coudreaui. All of the individuals from Masoala
and Ambolokopatrika-Betaolana were unearthed and col-
lected whilst digging in the soil to install pitfall traps. The
gut of MRSN A6929 contained a beetle, an amphipod, a
small ant, pieces of an arthropod, and detritus (several
leaf and bark fragments).
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Rhombophryne mavokely sp. nov. Informal names. This species was listed as ‘Rhombophryne
sp. Cal7’ by Belluardo et al. (2022), and ‘Rhombophryne
https://zoobank.org/EDDD599C-C5B4-45F6-91B0-051D68C-  sp. 17” and ‘CCS “Sp. 17" by Carné and Vieites (2024).
9C91D
Justification of the new species. The new species is
Figures 2, 5-9, 26-29 placed in a clade containing R. mangabensis, R. savaka,

Figure 26. Rhombophryne mavokely sp. nov. in life. Not to scale. All photographed in low elevation primary rainforest within
Marojejy National Park in 2016. A—C adult male holotype ZSM 521/2016 (MSZC 0269) in A lateral, B dorsal, and C ventral view;
D-G unsexed adult paratype ZSM 517/2016 (ZCMV 15088) in D lateral, E dorsal, F ventral view, and G with its right hindlimb
stretched to reveal the orange flash colouration; and H-K unsexed adult paratype UADBA-A-MSZC 0307 H with its left hindlimb
stretched to reveal the orange flash colouration, and in I lateral, J dorsal, and K ventral view.


https://zoobank.org/EDDD599C-C5B4-45F6-91B0-051D68C9C91D
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and an undescribed candidate species (R. sp. Cal6) from
the Andapa area for which only genetic data are known.
It differs, however, from all nominal species of Rhom-
bophryne by very high genetic divergences: 10.3% and
10.9% uncorrected p distance in the 1653’ fragment from
R. mangabensis and R. savaka, respectively; and >11%
from all other species (Belluardo et al. 2022). It further-
more differs from R. mangabensis and R. savaka by the
presence of reddish-orange colouration on the posterior
thigh, and from the syntopic R. savaka by bioacoustic and
further morphological characters (see Diagnosis below).
In addition, it is phylogenetically sister to the R. mang-
abensis | R. savaka subclade (Belluardo et al. 2022) and
thus cannot be considered conspecific with either of these
species. Its status as distinct species is therefore beyond
doubt.

Holotype. ZSM 521/2016 (MSZC 0269), an adult male
(call voucher), collected on 22 November 2016 in low
elevation primary rainforest within Marojejy National
Park (14.4400°S, 49.7782°E, 402 m a.s.l.), Sava Region,

northeastern Madagascar, by M.D. Scherz, J.H. Razafind-
raibe, and A. Razafimanantsoa (Figs 8, 9, 26A—C, 28).

Paratypes. Three specimens: ZSM 517/2016 (ZCMV
15088), an unsexed adult, collected on the morning of 16
November 2016 at ‘Camp 0’ (ca 14.446°S, ca 49.785°E,
ca 310 m a.s.l.), Marojejy National Park, Sava Region,
northeastern Madagascar, by M.D. Scherz, M. Vences,
A. Rakotoarison, M.C. Bletz, J.H. Razafindraibe, and A.
Razafimanantsoa (Fig. 26D-G); ZSM 518/2016 (MSZC
0310), a juvenile, and UADBA-A-MSZC 0307 (Fig.
26H-K), an unsexed adult, both collected in the eve-
ning of the 26 November 2016 from the same locality as
ZSM 517/2016, by M.D. Scherz, J.H. Razafindraibe, A.
Razafimanantsoa, and C.R. Hutter.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA barcod-
ing (16S5° OL780607; Belluardo et al. 2022). All para-
types conform well with the holotype in morphology, and
are from near the type locality. Assignment of specimens
ZSM 518/2016, ZSM 517/2016, and UADBA-A-MSZC

Figure 27. Uncollected specimens tentatively referred to Rhombophryne mavokely sp. nov. based on dark suprascapular spot with

a light middle, a dark marking in the supratympanic region, absence of chin barbels, and presence of dorsal ridges. A—C a speci-
men from Anjanaharibe-Sud Special Reserve in A dorsolateral, B dorsal, and C anterior view, photographed by Eric Matthieu; D a
probable juvenile specimen from Simpona Lodge in Makira Natural Park in dorsolateral view, photographed by Lucas Pastor. Used

with permission.
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0307 is further confirmed by molecular taxonomic identi-
fication (Fig. 2). RAGI sequence of this species is so far
not available.

Definition. Within the R. festudo group, this species is
most closely related to R. mangabensis, R. savaka, and
its possible sister lineage R. sp. Cal6 based on molecu-
lar phylogenetic data (Fig. 2; Belluardo et al. 2022). It is
characterised by the possession of the following unique
suite of characters: (1) small body size, adult SVL 21.2—
21.3 mm; (2) head wider than long (HW/HL 1.60-1.68);
(3) moderately small eyes (ED/HL 0.36-0.38); (4) short
hindlimbs (HIL/SVL 1.50-1.61); (5) small inner metatar-
sal tubercle (IMTL/FOL 0.12-0.13); (6) outer metatarsal
tubercle absent; (7) second finger distinctly longer than
fourth; (8) third toe distinctly longer than fifth; (9) dorsal
skin finely granular with a few scattered warts, especially
a suprascapular pair outlined in black; (10) absence of chin
barbels; (11) absence of pronounced superciliary spines;
(12) absence of inguinal ocelli or spots; (13) presence of
reddish orange in the inguinal region and on the posterior
thigh; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; (15) clavicles pres-
ent, thin, curving; and (16) advertisement call (based on
16 analysed calls by one individual) tonal, with (17) call
duration 231-262 ms, (18) inter-call interval 623—808 ms,
and (19) dominant frequency 3178-3265 Hz.

Rhombophryne mavokely sp. nov. is furthermore
distinguished from all other Rhombophryne species an-
alysed by the following robust diagnostic nucleotide
combination in the mitochondrial 16S rRNA gene (posi-
tions relative to the full 16S sequence of Anilany helenae
MZ751042): in 16S5°, A’ at site 315, ‘C’ at site 326, and
‘T’ at site 331; in 16S3°, ‘G’ at site 937, ‘G’ at site 938,
and ‘A’ at site 956.

Diagnosis. Within the genus Rhombophryne, R. mavoke-
ly sp. nov. can easily be distinguished from all species ex-
cept R. ellae, R. ornata, and two other species described
below (R. quentini sp. nov. and R. kotrobaratra sp. nov.),
by the presence of reddish orange colouration on the pos-
terior thigh. Among these species, it can be distinguished
from R. ellae by a more dorsoventrally compressed habi-
tus, smaller body size (SVL 21.2-21.3 mm vs 24.9 mm),
wider head (HW/HL 1.60-1.68 vs 1.47), and shorter
hindlimbs (HIL/SVL 1.50-1.61 vs 1.71); and from R. or-
nata by the absence of superciliary spines (vs presence).
For distinction from R. quentini sp. nov. and R. kotro-
baratra sp. nov., see the descriptions of those species,
below. When the orange of the limbs is not visible there is
also some resemblance to R. coudreaui and R. maraorao,
which however differ by generally larger adult body size
(SVL 21.5-28.9 vs 21.2-21.3 mm), much shorter hind-
limbs (HIL/SVL 1.10-1.30 vs 1.50-1.61), and presence
of chin barbels (vs absence).

Rhombophryne mavokely sp. nov. occurs syntopically
or in near sympatry with the closely related R. savaka.
Aside from colouration, R. mavokely sp. nov. can be dis-
tinguished from R. savaka by its rougher dorsal skin with
more ridges (vs relatively smooth), and by the longer ad-

vertisement call duration (231-262 ms vs 121-142 ms),
longer inter-call interval (623—-808 ms vs 221-395 ms),
and slightly lower dominant frequency (3178-3265 Hz
vs 3714-3861 Hz).

Description of holotype. A specimen in a good state of
preservation (Fig. 8). A tissue sample was taken from its
left thigh for genetic analysis.

Body rotund. Head wider than long (HW/HL 1.68).
Eyes quite small (ED/HL 0.36), pupils small, round.
Snout rounded in dorsal view, truncate in lateral view.
Canthus rostralis distinct, concave. Loreal region con-
cave, oblique. Nostril closer to tip of snout than to eye,
slightly protuberant. Tympanum indistinct, round, TDH/
ED 0.62. Supratympanic fold indistinct, demarcated at its
anterior end by a dark comma-shaped marking. In life it
was more distinct, curving from the posterior corner of
the eye over the tympanum and towards the insertion of
the arm (Fig. 26A). Superciliary spines absent, but two
white dots above each eye. Small granules and ridges
distributed over the body in life are largely flat in pre-
servative but mostly still marked by a lighter coloura-
tion. Most prominent of these are a pair of markings in
the suprascapular region, and a series of three (left) and
two (right) bumps along the ilia and in the sacral region.
Tongue broad, attached anteriorly, posteriorly free. Max-
illary and vomerine teeth present, vomerine teeth present
in two curving rows separated at the midline by a small
gap. Choanae round, placed laterally in the roof of the
mouth.

Forelimbs relatively short (FARL/SVL 0.417), fair-
ly slender. Fingers without webbing, all short, relative
lengths 1 <4 <2 < 3, second finger slightly longer than
fourth (Fig. 9). Finger tips not expanded, slightly point-
ed. Finger subarticular tubercles indistinct, whitish; inner
metacarpal tubercle broad and flat, outer metacarpal/pal-
mar tubercle indistinct, greyish. Hind limb thick, tibio-
tarsal articulation reaching the eye when adpressed ante-
riorly along the body. TIBL/SVL 0.461. Inner metatarsal
tubercle present, oblong, whitish. Outer metatarsal tuber-
cle visible only as a slightly lightened area of the outer
metatarsus. Toes not webbed; toes unreduced, toe lengths
1 <2 <5 <3 <4, fifth toe distinctly shorter than third;
subarticular tubercles distinct, greyish, rather flat; toe tips
slightly enlarged, slightly pointed (Fig. 9).

After seven years in preservative, the colouration of
the specimen is quite vibrant, though lighter than in life
(Fig. 8). The base colour is a soft pink, becoming more
reddish posteriorly and mauve anteriorly, especially over
the head. The dorsal surfaces of the eyes are dark mauve.
There are several dark brown markings on the body, par-
ticularly the comma-shaped markings in the supratym-
panic region, the black spots with mauve centres on the
suprascapular region and iliac/sacral region, and cross-
bands on the forelimbs. Additionally, the ventral surfaces
of the feet, and especially the ventral portion of the pos-
terior thigh are almost black. The darkened area of the
thigh is not trapezoidal as in some other Rhombophryne
species, but really extends over the entire length of the
posterior thigh. It is separated from the dorsal coloura-
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tion by areas that are cream in preservative. The dorsal
surfaces of the legs have faint brown crossbands, two on
the thigh, two on the shank, and two or three on the feet.
The dorsal surface of the foot is laterally pinkish, but over
most of its surface is mottled brown, with a light annu-
lus before each toe tip. The dorsal surfaces of the hands
are similar. The flank colouration merges seamlessly with
the venter (i.e., there is no dorsolateral colour border, nor
indeed a lateral head colour border). The ventral coloura-
tion is largely cream mottled with a greyish brown. The
chin is darkest, with the posterior extent of the vocal sac
clearly demarcated. The ventral arms are a light cream,
less yellow than over the hind limbs. Colouration in life
was like in preservative but generally more orange.

2mm

Variation. SVL 21.2-21.3 mm (n = 2). For variation in
other measurements, see Table S5. Morphology is highly
consistent. All specimens collected were characterised by
highly similar colouration and patterning, except that in
ZSM 517/2016 the posterior thigh is bright pink where it
is cream in ZSM 521/2016, the thigh is more clearly stri-
ated, and the dark colouration around the cloaca is more
restricted in distribution. All known specimens possess a
dark suprascapular spot with a light middle, and a dark,
almost comma-shaped marking in the supratympanic re-
gion (Figs 26, 27), similar to R. mangabensis (Fig. 18),
and distinct from R. savaka (Fig. 21).

Call. The holotype (ZSM 521/2016) was collected after
recording a call in primary low-altitude rainforest, under

col.pip {
9.2 col.pmp

Figure 28. Skeleton of Rhombophryne mavokely sp. nov. paratype ZSM 517/2016 (ZCMV 15088). A—C Whole skeleton in A dor-
sal, B ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I
right hand in ventral view. Gut contents in A—C include dense soil and stones. Abbreviations are given under Materials and Methods.
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Figure 29. Advertisement calls of Rhombophryne mavokely sp.
nov. (ZSM 521/2016), recorded in Marojejy National Park in
2016. Top: audiospectrogram and corresponding oscillogram of
one advertisement call from a regular call series at 1000 ms time
scale. Bottom: oscillogram at 20,000 ms time scale depicting a
regular call series containing fourteen calls. Recording band-
pass filtered at 500-8500 Hz.

leaf litter, during dry weather. It was not seen calling, but
was collected from the location of the call emission, and
the call is similar to but distinctly different from that of
R. savaka, and we are therefore confident that it is as-
signable to this species and this individual. The adver-
tisement call, recorded on 23 November 2016 (20:20 h)
at an unknown air temperature, consists of a tonal note
of moderate duration emitted in regular call series (Fig.
29). Each call exhibits some amplitude modulation with
a very short intermittent drop in energy occurring after
about one third of the call’s duration. This drop in energy
is also visible in the audiospectrogram, with frequencies
slightly being shifted in the last two thirds of the call’s
duration when compared to the first third and showing a
somewhat different structure of harmonics. Overall, slight
upward frequency modulation is evident within each call,
with a short terminal drop. Numerical parameters of one
complete call series and 16 analysed calls are as follows:
call duration (= note duration) 231-262 ms (245 £+ 8 ms);
inter-call intervals within regular call series 623—808 ms
(701 + 59 ms); number of calls per call series 14; dura-
tion of regular call series 12,583 ms; dominant frequen-
cy 3178-3265 Hz (3219 + 28 Hz); prevalent bandwidth
1500-8400 Hz; frequency bands in the first third of the
call recognizable at approximately 2050, 3100, 4200,
5200 and 6140 Hz, in the last two thirds of the call at ap-
proximately 1650, 3250, 4800, 6400, and 8100 Hz.

Etymology. The Malagasy adjective mavokely mean-
ing ‘pink’, in reference to the pinkish colouration of this
species in life and in preservative, especially on the legs.
‘Mavokely’ is also a linguistic quirk of the Malagasy lan-

guage, as it is derived from the juxtaposition of the com-
ponents mavo meaning ‘yellow, and kely meaning ‘small’.
This name thus forms a double entendre, by referring also
to the small stature and yellowish colouration of some in-
dividuals in life. Used as an invariable noun in apposition.

Distribution. This species is currently definitively known
only from (1) Marojejy National Park (type locality).
However, photographs of specimens tentatively referra-
ble to this species from (2) Anjanaharibe-Sud (14.72°S,
49.46°E, ca 1430 m a.s.1.) and (3) Simpona Lodge in Ma-
kira Natural Park (near 15.1992°S, 49.6208°E, ca 410 m
a.s.l.) have been sent to us by Eric Mathieu and Lucas
Pasteur, respectively (Fig. 27), suggesting that it may
have a somewhat larger distribution in the rainforests of
northeastern Madagascar. Elevation: ca 310402 m a.s.1.,
but the record from Anjanaharibe-Sud would add ca 1000
m elevation to ca 1430 m a.s.l., if verified.

Natural history. Rhombophryne mavokely is a semi-fos-
sorial or detriticolous species found in low- to mid-eleva-
tion humid forest. All specimens were found in the leaf lit-
ter, and this species probably spends most of its life in the
interstitial layer between the surface of the leaflitter and
the soil. ZSM 517/2016 was collected less than a metre
from a curled-up snake, Alluaudina bellyi, which is likely
to prey upon this and other leaf-litter dwelling frog species
(Hutter et al. 2018). We found Rhombophryne mavokely
sp. nov. at consistently lower elevation than R. savaka,
but it is not clear if there is a contact zone between the
two species at around 400450 m a.s.l., and records from
higher elevations mentioned above remain to be verified.

Rhombophryne sp. Calé

Remark. This candidate species was identified by Bel-
luardo et al. (2022) based exclusively on GenBank se-
quences of the specimen AMNH A181903 (RAX 10368),
a specimen registered as ‘Rhombophryne cf. minuta’ on
the AMNH online database portal (https://emu-prod.
amnh.org, accessed 25 January 2023). It was referred
to as ‘Rhombophryne sp. 16’ by Belluardo et al. (2022)
and ‘UCS “Sp. CA16™ by Carné and Vieites (2024). It
has been sequenced for mitochondrial markers 16S3’
and 16S5’ (KM509192), COI (KM509860), and nuclear
genes BDNF (KM509332), TYR (KM509984), SIAH1
(KM509728), and C-MYC (KM509466). It was collect-
ed in the Andapa area (given as a county in the AMNH
online database, without precise coordinates) of the Sava
Region, northeastern Madagascar by C.J. Raxworthy.
Based on its phylogenetic position (Fig. 2; Belluardo et
al. 2022), it appears to be a member of the R. mangaben-
sis species complex, but we have not been able to exam-
ine this specimen, and therefore are not able to assess it
taxonomically. Genetically, it differs by >7.95% uncor-
rected p distance in the 1653’ fragment from all other
Rhombophryne species (Table S2). It is distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
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the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘A’ at site 293, ‘G’ at site 483, and ‘A’ at site 539.
No diagnostic sites were identified for 16S3’.

Osteology of the Rhombophryne testudo
species group

Material examined. This description is based on the
following specimens: R. coudreaui (MNHN 1937.19;
Fig. 14), R. mangabensis (ZSM 470/2005; Fig. 19), R.
maraorao sp. nov. (MRSN A2115; Fig. 25), R. matavy
(ZSM 1628/2008; Fig. 16), R. mavokely sp. nov. (ZSM
517/2016; Fig. 28), R. savaka (ZSM 519/2016; Fig. 22),
R. testudo (SMF 4241; Fig. 11). The right mandible of
ZSM 470/2005, left tibiofibula of SMF 4241, and numer-
ous bones of MNHN 1937.19 are broken.

The Rhombophryne testudo species group exhibits re-
markably high levels of osteological variation. Especially
R. testudo itself has highly derived skeletal morphology,
only a few elements of which have been described previ-
ously (Howes and Ridewood 1888; Parker 1934). Here,
we provide a description of the osteology of the group that
highlights particularly diagnostic features of each species.

The skeleton of members of this group is generally ro-
bust and dorsoventrally compressed. The skull is broader
than long, extremely so in R. testudo and R. matavy. In
R. testudo and, to a slightly lesser extent in R. matavy,
there are obvious osteological adaptations to a fossorial
lifestyle, with hyperossification of the skull and extreme
broadening of several bones of the skull. Remarkably, the
skull of R. coudreaui and R. maraorao sp. nov. is not so
strongly adapted, despite their externally similar, highly
fossorial morphology. The more terrestrial R. mangaben-
sis, R. savaka, and R. mavokely sp. nov. do not show ob-
vious adaptations for fossoriality.

Dorsal investing bones. Nasals closely abutting the fron-
tals in most species (exceptions: R. maraorao sp. nov.,
R. mavokely sp. nov.), in contact with the sphenethmoid
in R. testudo, R. mangabensis, R. savaka, R. coudreaui,
and R. matavy. The maxillary process of the nasal reach-
es the maxilla in R. testudo and nearly in R. matavy. The
anterior edge of the maxillary process is hollowed out to
be concave in R. maraorao sp. nov. and R. coudreaui (a
feature unique to these two species).

The frontoparietals are hyperossified in R. festudo,
with a substantial medial ridge at their suture; to a lesser
degree and without the median ridge in R. matavy. The
lateral ventrally descending flange of the frontoparietal
extends almost the full length in R. testudo, R. maraorao
sp. nov., and R. matavy. The dorsal processes of the fron-
toparietals range from small bumps in R. mavokely sp.
nov. to almost horn-like projections in R. festudo, with a
further accessory structure that is flared dorsally on top
of the lateral flange of the frontoparietal in that species.

Neurocranium. The sphenethmoid varies from fully
ossified and covering the entire wall of the braincase

(R. testudo, R. matavy, R. maraorao sp. nov.), to strongly
ossified and covering most of the wall of the braincase
(R. coudreaui, R. mangabensis, R. savaka), to strongly
ossified but only covering the anterior half of the wall of
the braincase (R. mavokely sp. nov.).

The exoccipital is surprisingly weakly ossified in the
otherwise hyperossified skull of R. festudo. 1t is ossified in
R. savaka, R. mangabensis, and R. matavy, but not the other
species (but this is not a diagnostic feature, as ossification in
this bone varies within species). The occipital condyles are
enlarged in R. testudo and R. matavy. The exoccipitals do
not meet medially. The prootic is well ossified in all species.

The septomaxilla is strongly reduced in R. festudo to a
diminutive element lacking the medial ramus (and appar-
ently unossified on the right side, see Fig. 11D). The me-
dial ramus is apparently also missing from R. maraorao
Sp. nov., R. mangabensis, and R. coudreaui, but it is pres-
ent in R. matavy; however, see our previous comments on
the septomaxilla and its ossification, and why it should
not be relied upon as a diagnostic feature in micro-CT
scans (Scherz et al. 2017a).

The columella is rather similar in shape and structure
among species. It nearly touches the otic ramus of the
squamosal in R. festudo.

Ventral investing and palatal bones. The cultriform
process of the parasphenoid is extremely broad in R. te-
studo and R. matavy, broad in R. coudreaui and R. mara-
orao sp. nov., and not expanded in R. mavokely sp. nov.,
R. mangabensis, and R. savaka.

The anterior portion of the vomer is triradiate, near-
ly crescentic in some species. The posterior portion is
generally sigmoid, but rather straight in R. festudo and
R. matavy. It bears distinct teeth in all species except R.
testudo, where there are strong, bumpy ventral ridges.
There is a distinct diastema in the vomerine teeth of R.
savaka, R. mavokely sp. nov., and R. coudreaui, and a
small gap that may be a diastema in R. mangabensis. The
neopalatine, which lies dorsally on top of the vomer, is
distally expanded in R. testudo and R. matavy.

Macxillary arcade. Maxillary teeth are present in all spe-
cies except R. testudo. The premaxilla is small in R. te-
studo. The maxilla itself is extremely deep in R. testudo,
much more so than any other species. The facial process
of maxilla is bluntly (R. coudreaui, R. mangabensis, R.
maraorao Sp. nov., R. mavokely sp. nov., R. savaka, R.
mangabensis), or sharply and triangularly (R. matavy, R.
testudo) raised, in R. testudo in broad dorsal contact with
the maxillary process of the nasal (closely approaching
in R. matavy, not in contact in any other species). The
contact with the quadratojugal is extremely fortified in
R. testudo, and is strong in all other species.

Suspensorium. The anterior ramus of the quadratojugal in
R. savaka and R. mavokely sp. nov. has a concave ventral
edge in lateral view; it is rather straight in the other spe-
cies, except R. testudo, where it is highly unusual in shape,
curving ventrally, in the opposite direction to its normal
curve in lateral perspective (Fig. 11G). The quadratoju-
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gal-squamosal contact in R. festudo is nearly the full length
of the bone; in the other species, it is brief and posterior.

The squamosal is ventrally hugely fortified in R. te-
studo and to a lesser degree in R. matavy, with a strong-
ly expanded ventral ramus. The otic and zygomatic rami
form a scooped structure in dorsal view in all species of
this group. The zygomatic ramus is longer than the otic
in R. testudo, but they are more or less the same length in
the other taxa. In all species, the otic ramus ascends and
flattens dorsoventrally. It is flat ended in R. festudo, but
bluntly rounded in all other species.

The pterygoid is likewise extraordinary in R. festudo,
with a massively expanded posterior ramus and expanded
medial ramus. The medial ramus is exceptionally long in
R. matavy.

Mandible. The mentomeckelians of R. testudo are at an
almost right-angle to their normal position, forming essen-
tially blunt caps for the angulosplenials. They are ‘normal’,
hourglass-shaped small elements forming the mandibular
symphysis medially in all other species. The dentary is ei-
ther totally reduced or short and thin in R. testudo. It is
poorly ossified in R. maraorao sp. nov. and R. matavy.

The angulosplenial is posteriorly strongly expanded in
R. testudo, with a deep posterolateral facet that gives it
a rather unusual shape. The coronoid process is strongly
raised in that species. The coronoid process of R. mavoke-
ly sp. nov. is more strongly raised than that of R. savaka
or R. mangabensis. The posterior process (articular facet)
is moderately expanded in all species except R. festudo,
where it is strongly expanded.

Pectoral girdle. The coracoids of R. testudo and R. mat-
avy have a long medial contact facet (unossified), much
longer than other members of the species group. Clavicles
are present and curved in R. mavokely sp. nov. and R. sa-
vaka, reduced (or poorly ossified) in R. mangabensis, but
absent in all other species. The scapula and cleithra do not
differ sufficiently for further comment.

The humeral crests are strongly developed in all spe-
cies, though to the greatest extent in R. festudo. The cris-
ta ventralis is strong, extending one third (R. mavokely
sp. nov.), around half (R. savaka, R. maraorao sp. nov.,
R. mangabensis), or over half (R. testudo, R. coudreaui,
R. matavy) the length of the bone. The crista lateralis is
particularly strong in R. festudo and R. matavy. The radi-
oulna varies in dimensions, but not substantially in struc-
ture among species.

Carpals 2, 3-5, element Y, radiale and ulnare present.
Howes and Ridewood (1888) asserted that the carpus of
Rhombophryne testudo has carpal 2 fused into the joint
3-5 element of most other frogs, but we do not find this to
be the case. However, R. coudreaui does not seem to have
a carpal 2 (Fig. 141), so it may be that Howes and Ride-
wood (1888) were examining bones of that species. The
carpal elements of the examined specimen of R. mara-
orao sp. nov. were not sufficiently ossified to study the
bones of the hands (Fig. 251). The prepollex of R. savaka,
R. mangabensis, R. testudo, R. matavy, and R. coudreaui
is large and subtriangular. The digital formula of all spe-

cies is the same (2-2-3-3), and terminal phalanges consis-
tently end with small knobs.

Vertebral column. Transverse processes of V2 perpen-
dicular to body axis in all species except R. savaka, where
they are angled anteriorly. All transverse processes long,
much longer than the centra are wide in all species ex-
cept R. mangabensis, R. savaka, and R. maraorao sp.
nov., where the posterior four presacrals have transverse
processes slightly shorter than the centrum is wide. The
sacrum is as wide as V4 in all species, its anterior edge
straight, angled either slightly anteriorly (R. savaka) or
posteriorly (all other species). The diapophyses are not
strongly flared, and the posterior edge is at most slightly
curved. The urostyle has a dorsal ridge along its entire
length in R. testudo and R. maraorao sp. nov., but the
posterior quarter is free in all other species.

Pelvic girdle. Iliac shafts with strong dorsal crests in all
species except R. mavokely sp. nov. and R. savaka. The
oblique groove is practically absent and dorsal promi-
nence absent in all species except R. matavy, where there
is a distinct dorsal prominence and corresponding oblique
groove, and R. mangabensis, where an oblique groove is
recognisable, but there is no dorsal prominence. The fe-
mur has a slight posterior ridge in all species except R. sa-
vaka, R. mavokely sp. nov., and R. mangabensis. The ti-
biofibula and tarsus do not bear further comment. The toe
formula is standard (2-2-3-4-3). The prehallux of R. te-
studo and R. matavy is a dramatically expanded single
element. In R. savaka, R. mangabensis, and R. coudreaui
it is comprised of two elements. The state in R. maraorao
sp. nov. and R. mavokely sp. nov. cannot be commented
upon because of the low ossification. Terminal phalanges
of all toes short and knobbed.

Rhombophryne laevipes species group

Rhombophryne laevipes (Mocquard, 1895)
Figures 2, 4-7, 30-35

Mantiphrys laevipes Mocquard, 1895

Mantophrys laevipes — Mocquard (1909), subsequent incorrect spell-
ing

Mantipus laevipes — Guibé (1946)

Plethodontohyla laevipes — Blommers-Schldsser and Blanc (1991)

Rhombophryne laevipes — Frost et al. (2006)

Remarks. Type species of Mantiphrys Mocquard, 1895.
Parker (1934) considered R. laevipes to be a synonym
of Mantipus hildebrandti Peters, 1883, and it was, in es-
sence, described as such by Mocquard; the description
given is of a specimen assigned to M. hildebrandti, but
in a footnote Mocquard notes the numerous points of
difference from Peters’ description, and states that, if Pe-
ters’ description is found to be accurate, then he would
propose to name the new form Mantiphrys laevipes
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(Mocquard 1895). The name was resurrected by Guibé
(1946). Today, Mantipus hildebrandti is considered a ju-
nior synonym of Plethodontohyla inguinalis Boulenger,
1882. We have verified this based on re-examination of
the holotype of M. hildebrandti, ZMB 10440, which was
reported lost by Glaw and Vences (1992) but was redis-
covered by Bauer et al. (1996).

Some specimens formerly thought to be juveniles of
this species have been reidentified in this study as R. ellae.

Rhombophryne laevipes

MNHN 1893.285

Rhombophryne nilevina
KU 340897

Rhombophryne sonaliae sp. nov.
ZSM 3/2002

Holotype. MNHN 1893.285, an adult male, collected on
an unknown date on ‘Montagne d’Ambre’, Diana Re-
gion, northern Madagascar by Mr Alluaud and Mr Belly
(Figs 30, 31, 34).

Paratypes. None.

Referred specimens. ZSM  902/2003 (FGMV
2002.0916), a juvenile specimen, collected on 19 Feb-

Rhombophryne botabota
ZSM 358/2005

Rhombophryne kotrobaratra sp. nov.
MRSN A2990

>

Rhombhlyné anatiala sp. nov.
MRSN A2696

Figure 30. Name-bearing type specimens of species in the Rhombophryne laevipes species group in dorsal (left) and ventral (right)

views. Scale bars = 10 mm.
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ruary 2003, and ZSM 925/2003 (FGMV 2002.0998), an
adult female, collected on 19-20 February 2003 on Mon-
tagne d’Ambre (no precise coordinates), Diana Region,
northern Madagascar, by F. Glaw, R.D. Randrianiaina,
and A. Razafimanantsoa; ZSM 200/2004 (FGZC 387)
and ZSM 218/2004 (FGZC 423), a juvenile and an un-
sexed individual, collected on 19 February 2004 on the
Voie des Milles Arbres (12.5200°S, 49.1756°E, 1052 m
a.s.l.), Montagne d’Ambre National Park, Diana Region,
northern Madagascar, by F. Glaw, M. Puente, R. Randri-
aniaina, A. Razafimanantsoa; ZSM 2188/2007 (FGZC
1283), a juvenile, collected on 13 March 2007 near the
Cascade Antakarana (ca 12.52°S, 49.17°E, ca 1030 m
a.s.l.), Montagne d’Ambre National Park, Diana Region,
northern Madagascar, by P. Bora; ZSM 77/2018 (MSZC
0648), adult male (call voucher), collected at 14:56 h on
19 November 2017 near the Gite d’Etape (12.5204°S,
49.1718°E, 1066 m a.s.l.), Montagne d’Ambre Nation-
al Park, Diana Region, northern Madagascar, by M.D.
Scherz, J.H. Razafindraibe, A. Razafimanantsoa, O.
Randriamalala, S.M. Rasolonjavato, R. Tiavina, and A.
Rakotoarison (Fig. 32A-C, 33A-C); UADBA-A 62340
(MSZC 0526), a subadult, collected at night on 25 De-
cember 2017 at 12.5205°S, 49.1890°E, 1028 m a.s.l. in
Montagne d’ Ambre National Park, Diana Region, north-
ern Madagascar, by M.D. Scherz, J.H. Razafindraibe, A.
Razafimanantsoa, O. Randriamalala, S.M. Rasolonjava-
to, R. Tiavina, and A. Rakotoarison (Fig. 32D-F); UAD-

R. laevipes

R. botabota

R. sonaliae sp. nov.

R. anatiala sp. nov.

BA-A 62493 (MSZC 0654), a juvenile, collected on 19
November 2017 at 12.5206°S, 49.1862°E, 1008 m a.s.l.
in Montagne d’Ambre National Park, Diana Region,
northern Madagascar, by M.D. Scherz, J.H. Razafindra-
ibe, A. Razafimanantsoa, O. Randriamalala, S.M. Raso-
lonjavato, R. Tiavina, and A. Rakotoarison (Fig. 32G-I);
UADBA-A-FGZC 1052, individual of unknown sex or
maturity, collected on 25 February 2007 on Montagne
d’Ambre in a pitfall trap (precise coordinates not avail-
able), Diana Region, northern Madagascar, by F. Glaw, P.
Bora, H. Enting, J. Kohler, and 1. Knoll.

The specimen ZSM 853/2003 (FGMV 2002.823), an
adult female, collected on 3 February 2003 at ‘Camp
1’ (13.9770°S, 48.4220°E, 751 m a.s.l.), Manongarivo
Massif, Diana Region, northern Madagascar, by F. Glaw,
R.D. Randrianiaina, and M. Vences (Fig. 33H-I), is phy-
logenetically sister to all other specimens collected so
far (Fig. 2), and differs genetically from all other speci-
mens of R. laevipes by 1.24-2.46% in the 16S3° marker,
and 4.90-5.45% in the 16S5” marker, but is consistent-
ly recovered as conspecific in species delimitation, and
is therefore assigned to this species. A second specimen
from the other side of this mountain, BMNH 1987.2300,
an unsexed adult, collected on 25 February 1988 at
‘Camp B’ (14.067°S, 48.283°E, 350 m a.s.l.), Manonga-
rivo Massif, Sofia Region, northern Madagascar, by C.J.
Raxworthy, agrees morphologically, and is consequently
also assigned to this species.

R. nilevina

R. kotrobaratra sp. nov.

R. sonaliae sp. nov. |

‘ E R. anatiala sp. nov. .
!\

Figure 31. Ventral views of hands and feet, and lateral views of heads of name-bearing type specimens of members of the Rhombo-
phryne laevipes species group. Not to scale. * = mirrored for conformity.
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Assignment of specimens. ZSM 218/2004 is used as the
reference specimen for this species in 16S rRNA barcod-
ing (16S3” and 16S5” EU341104; Vieites et al. 2009) and
COI barcoding (COI KF611587; Perl et al. 2014). All of
the referred material except ZSM 853/2003 is collected
at the general type locality. The adult specimens conform
with the holotype in overall morphology, and especial-
ly in the presence of white spots on the hidden surfaces
of the legs. Assignment of UADBA-A-FGZC 1052 (not
examined morphologically), UADBA-A 62340 (MSZC
0526), UADBA-A 62493 (MSZC 0654), ZSM 77/2018,
and ZSM 853/2003 is further confirmed by molecular
taxonomic identification (Fig. 2). ZSM 77/2018 has been

sequenced with the FrogCap hybrid capture probe set and
is included in the RAGI haplotype network (Fig. 4).

Definition. Within the R. laevipes group, this species has
a rather isolated position, and is probably sister to a sub-
clade containing various other species based on molecu-
lar phylogenetic data (Fig. 2; Belluardo et al. 2022). It is
characterised by the possession of the following unique
suite of characters: (1) large body size, adult SVL 42.8—
50.8 mm; (2) head wider than long (HW/HL 1.57-1.84);
(3) moderately small eyes (ED/HL 0.30-0.34); (4) rel-
atively long hindlimbs (HIL/SVL 1.62—-1.86); (5) small
inner metatarsal tubercle (IMTL/FOL 0.08-0.11); (6)

Figure 32. Rhombophryne laevipes in life. Not to scale. All photographed in Montagne d’Ambre National Park. A—C adult male
ZSM 77/2018 (MSZC 0648) in A dorsolateral, B dorsal, and C ventral view; D—F subadult UADBA-A 62340 (MSZC 0526) in
D dorsolateral, E dorsal, and F ventral view; G-I juvenile UADBA-A 62493 (MSZC 0654) in G dorsolateral, H dorsal, and I ventral
view.
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outer metatarsal tubercle absent; (7) second finger shorter
than or equal in length to fourth; (8) third toe distinctly
longer than fifth; (9) dorsal skin smooth with very few
raised bumps in some individuals; (10) absence of chin

Scherz et al.: Revision of the microhylid genus Rhombophryne

barbels; (11) absence of pronounced superciliary spines;
(12) presence of white inguinal spots on a dark brown
background; (13) presence of white spots on the posterior
thigh and ventral surface of the shanks; (14) unfortified

Figure 33. Rhombophryne laevipes in life. A—C adult male ZSM 77/2018 (MSZC 0648) from Montagne d’ Ambre in A dorsolateral

and B dorsal view, and C in the process of pushing its way beneath a mossy log; D, E adult putative female from Montagne d’Am-

bre, photographed in 2004, in D dorsolateral and E ventral view; F unsexed adult from Montagne d’Ambre, in dorsolateral view,

photographed in 1994; G unsexed adult from Montagne d’Ambre, in dorsolateral view, photographed in 2003; H, I adult female
ZSM 853/2003 (FGMV 2002.823) from Manongarivo in H dorsolateral and I ventral view.
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skull without expansion of maxilla or posterior process
of angulosplenial; (15) clavicles present, thin, curving;
and (16) advertisement call (based on 12 analysed calls
by one individual) highly pulsed, with (17) call duration
208-254 ms, (18) inter-call interval 1563-2186 ms, and
(19) dominant frequency 612-631 Hz.

Rhombophryne laevipes is furthermore distinguished
from all other Rhombophryne species analysed by the fol-
lowing robust diagnostic nucleotide combination in the mi-
tochondrial 16S rRNA gene (positions relative to the full
16S sequence of Anilany helenae MZ751042): in 16S5’,
‘T’ at site 354, ‘G’ at site 395, and ‘C’ at site 611; in 16S3°,
‘G’ at site 1075, ‘T’ at site 1086, and ‘G’ at site 1165.

Diagnosis. Within the genus Rhombophryne, R. laevipes
can easily be distinguished from R. testudo, R. coudreaui,

R. matavy, and R. maraorao sp. nov. by smooth skin
(vs rough), absence of chin barbels (vs presence), much
longer hindlimbs (HIL/SVL 1.62-1.86 vs 1.10-1.41),
and presence of white spots in the inguinal region and
on the ventral shank (vs absence); from R. mangaben-
sis, R. mavokely sp. nov., R. savaka, R. proportionalis,
and members of the R. ellae and R. minuta species groups
by much larger adult body size (SVL 42.8-50.8 mm vs
11.0-30.1 mm), and presence of white spots in the in-
guinal region and on the ventral shank (vs absence); and
from all members of the R. serratopalpebrosa species
group by the absence of superciliary spines (vs presence),
and presence of white spots in the inguinal region and on
the ventral shank (vs absence).

Within the R. laevipes species group, R. laevipes may
not be distinguishable from R. nilevina morphological-

Figure 34. Skeleton of Rhombophryne laevipes holotype MNHN 1893.285. A—C Whole skeleton in A dorsal, B ventral, and C
lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in ventral
view. Gut contents in A—C include soil and small stones. Abbreviations are given under Materials and Methods.
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ly (traits formerly thought to be diagnostic of the latter
species are now known to be variable and overlap with
R. laevipes; see the account, below), but can be distin-
guished by its shorter advertisement call (call duration
208-254 ms vs 526534 ms), much shorter inter-call
interval (1.5-2.2 s vs 42—126 s), and higher dominant
frequency (612—-631 Hz vs 526534 Hz). It can be distin-
guished from R. botabota by the presence of white spots
on the inguinal region, posterior thigh, and ventral shank
(vs black inguinal ocelli or absence of inguinal spots,
and no remarkable colour on the hindlimbs), and pulsed
(vs tonal) advertisement call that is longer (call duration
208-254 ms vs 161-201 ms) and lower in dominant fre-
quency (612-631 Hz vs 1256-1291 Hz). For distinction
from newly described members of this species group, see
their respective descriptions below.

Redescription of the holotype. An adult male specimen
in a good state of preservation, though strongly faded
(Figs 30, 31). An L-shaped incision made in the dorsal
skin, a further such incision made over the pectoral girdle
to expose the pectoral girdle, and a straight incision along
the right flank. The rictus is ripped on both sides, and a
small pinhole through the middle of the chin.

Body robust. Head wider than long (HW/HL 1.62).
Eyes quite large (ED/HL 0.31), pupils large, round. Snout
rounded in dorsal and lateral view. Canthus rostralis dis-
tinct, concave. Loreal region concave, oblique. Nostril
closer to tip of snout than to eye, slightly protuberant.
Tympanum distinct, oval, TDH/ED 0.57. Supratympanic
fold distinct, strongly raised, running straight from poste-
rior corner of eye over tympanum, curving ventrally pos-
terior to the tympanum towards the insertion of the arm.
Superciliary spines absent. Dorsal skin smooth. Ventral
skin very finely granular. Tongue broad, attached anterior-
ly, posteriorly free. Maxillary and vomerine teeth present,
varying in height, separated at the midline by a small gap.
Choanae ovoid, placed laterally in the roof of the mouth.

Forelimbs relatively long (FARL/SVL 0.403), strongly
built. Fingers without webbing, moderately long, relative
lengths 1 <2 <4 <3, second finger slightly shorter than
fourth. Finger tips not expanded, rounded. Finger subar-
ticular tubercles distinct, whitish, flat; inner metacarpal
tubercle broad and flat, outer metacarpal/palmar tuber-
cle indistinct. Hind limb strong, tibiotarsal articulation
reaching tympanum when adpressed anteriorly along the
body. TIBL/SVL 0.524. Inner metatarsal tubercle pres-
ent, oblong, somewhat bulging. Outer metatarsal tubercle
absent. Toes not webbed; toes unreduced, toe lengths 1
<2 <5 <3 <4, fifth toe distinctly shorter than third;
subarticular tubercles distinct, slightly raised; toe tips not
enlarged, rounded.

After at least 128 years in preservative, the colouration
of the specimen is largely lost and the skin rather translu-
cent, especially ventrally. The only traces of colouration
that remain are on the legs: The posterior thighs are dark
brown with several large white spots on the ‘hidden’ areas
(not symmetrical). The left shank and foot are dark brown
dorsally, and ventrally the shanks are also dark brown
with round whitish spots. Colouration in life unknown.
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Figure 35. Advertisement calls of Rhombophryne laevipes, re-
corded on Montagne d’Ambre in 2017. Top: audiospectrogram
and corresponding oscillogram of one advertisement call from
aregular call series at 1000 ms time scale. Bottom: oscillogram
at 8000 ms time scale depicting a regular call series containing
three calls. Recording high-pass filtered at 110 Hz.

Variation. SVL 42.8-50.8 mm (n = 5). For variation in
other measurements, see Table S6. A dark brown chev-
ron is often present over the scapular region (Figs 32, 33),
and the side of the head is usually dark brown below the
supratympanic fold, but lighter brown ventrally along the
mouth and rictus (Figs. 32A, D, G, 33A, D, F, H). The in-
guinal region is dark brown with white spots, and the pos-
terior thigh (e.g., Fig. 33A, B, F, H) and ventral shank also
have distinctive white or orange spots. These are present
also in juveniles (e.g., Fig. 321). The dorsal colouration
can be highly reticulated dark patterns (e.g., Fig. 33G, H),
or just scattered dark spots (e.g., Fig. 33F). The ventral
abdomen is highly variable, usually with numerous dark
spots, and large unpigmented areas (Figs 32C, F, I, 33E,
I). The dorsal thigh and shank showed dark brown cross-
bands in all adult specimens we examined, but these were
only very weakly visible in the juvenile UADBA-A 62493
(MSZC 0654) (Fig. 32G-I). Juveniles and subadults tend
to be quite orange in colour (Fig. 32D-I, see also im-
age captioned ‘Rhombophryne sp., Montagne d’Ambre’
on page 448 of Glaw and Vences 2007), often with an
X-shaped marking (which can be indistinct, cf. Fig. 321I)
on the dorsum. The areas that lack dark colouration appear
to correspond to those that appear white in adults. Round
spots on the ventral shank are less distinct in juveniles,
and apparently become more distinct with age (Fig. 32).
The dark colouration of the lateral head is always present.

Call. The advertisement call recorded on 19 November
2017 (14:30 h) near the Gite d’Etape (air temperature
21.3 °C; voucher specimen ZSM 77/2018, MSZC 0648)
consists of a low-pitched, pulsed note of moderate dura-
tion, usually emitted in short call series containing 2 or
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3 calls, although one single call was also recorded (Fig.
35). Calls (= notes) exhibit distinct amplitude modulation,
with call energy starting at low level, rapidly increasing
after about a fifth of the call’s duration, reaching its max-
imum at about half of the call’s duration, followed by a
decrease towards the call’s end. Pulses are very narrowly
spaced and very short in duration, with each pulse appar-
ently shorter than 3 ms, but difficult to measure exactly.
It is also not possible to count the number of pulses per
note (= call), but pulse repetition rate can roughly be cal-
culated in major parts of the note. Numerical parameters
of 12 analysed calls are as follows: call duration (= note
duration) 208-254 ms (228 £ 13 ms); inter-call intervals
within regular call series 15632186 ms (1758 =231 ms);
number of calls per call series 2 or 3 (2.1 £ 0.3); duration
of regular call series 2008-4167 ms (2632 £+ 899 ms);
pulse repetition rate within calls about 310-320 pulses/
second; dominant frequency 612—-631 Hz (619 = 6 Hz);
prevalent bandwidth 320-3000 Hz; numerous parallel
frequency bands recognizable with approximately 320
Hz spacing up to 9200 Hz, which represent a reflection of
pulse rate (see Kohler et al. 2017).

Etymology. Latin feminine nominative singular adjective
derived from the words ‘laevis’, meaning smooth or slip-
pery, and ‘pes’ meaning ‘foot’.

Distribution. This species is known from mid-elevation
rainforests of (1) Montagne d’ Ambre National Park (type
locality). In an intensive survey on Montagne d’Ambre
in 2017 and 2018, we did not find it above 1100 m a.s.l.
on this mountain, nor did we find it below 900 m a.s.l.
This matches observations by Raxworthy and Nussbaum
(1994), who recorded this species to occur 900—1200 m
a.s.l. Additionally, we here confirm its occurrence (2) on
the Manongarivo Massif (at 350-751 m a.s.l.). Elevation:
350-1200 m a.s.1.

Natural history. Rhombophryne laevipes is a semi-fos-
sorial or detriticolous species found in low- to mid-ele-
vation humid forest. Males call during and shortly after
rain, especially at night, from concealed positions with-
in the leaf litter. Between November 2017 and January
2018, calling activity was greatest at the start of No-
vember, and diminished as rain frequency increased.
This suggests that mating may take place at the start of
the rainy season. When handled, captured males that
had been calling struggled to deflate their vocal sacs,
and emitted distress calls. Juvenile and subadult indi-
viduals were more commonly encountered than adults,
usually active at night. After capture, we spent a short
time observing the behaviour of ZSM 77/2018. Its initial
escape attempts were long leaps. After calming down,
when placed in leaf litter, it did not attempt to dig back-
wards, as is thought to be the dominant mode of dig-
ging in Rhombophryne. Instead, it attempted to hide by
pushing itself under objects head-first, using its strong
hindlimbs to push its body forward (Fig. 33C). Eudeline
et al. (2015) reported on the predation of this species by
Compsophis albiventris.

Rhombophryne botabota Scherz et al., 2016
Figures 2, 4-7, 30, 31, 36-38

Informal names. This species was listed as ‘Rhombo-
phryne sp. 1’ by Wollenberg et al. (2008), ‘Rhombo-
phryne sp. 2’ by Vieites et al. (2009), and ‘Rhombophryne
sp. Ca2’ by Perl et al. (2014). Carné and Vieites (2024)
treated specimens from Makira as ‘DCL “Makira™’.

Holotype. ZSM 358/2005 (FGZC 2896), an adult male,
collected on 18 February 2005 at ‘Camp Simpona’
(14.4364°S,49.7433°E, 1326 m a.s.l.), Marojejy National
Park, Sava Region, northeastern Madagascar, by F. Glaw,
M. Vences, and R.D. Randrianiaina (Figs 30, 31, 37).

Paratypes. Six specimens: ZSM 538/2009 (ZCMV
11473), ZSM 539/2009 (ZCMV 11474), two presumably
immature males, collected on 21 June 2009 at ‘Camp 1’
Angozongahy, (15.4370°S, 49.1186°E, 1009 m a.s.l.),
western side of the Makira Plateau, Analanjirofo Region,
northeastern Madagascar, by M. Vences, D.R. Vieites, F.
Ratsoavina, R. Randrianiaina, E. Rajeriarison, T. Rajofi-
arison, and J. Patton; MRSN A2956 (FN 7164), MRSN
A2640 (FN 7238), MRSN A2954 (FN 7281), MRSN
A2955 (FN 7300), two males and two females, collect-
ed on 9-15 December 1997 at ‘Camp 2’ Andranomadio
(14.5304°S, 49.4383°E, 860 m a.s.l.), Ambolokopatri-
ka-Betaolana Forest, Sava Region, northeastern Mada-
gascar, by F. Andreone, G. Aprea, and J.E. Randrianirina.

Referred specimens. UADBA-A-ZCMV 15158 (Fig.
36L—N), ZSM 515/2016 (ZCMV 15241, Fig. 36], K), and
ZSM 513/2016 (ZCMV 15159; Fig. 360-Q), three juve-
niles, and ZSM 514/2016 (ZCMV 15160; Fig. 36D-F),
ZSM 523/2016 (ZCMV 15216; Fig. 36G-1), and ZSM
524/2016 (ZCMV 15279; Fig. 36A-C), three unsexed
adults, all collected on 18-20 November 2016 in the
vicinity of ‘Camp Simpona’ (ca 14.4366°S, 49.7434°E,
1325 m a.s.l.), Marojejy National Park, Sava Region,
northeastern Madagascar, by M.D. Scherz, A. Rako-
toarison, M. Bletz, M. Vences, J. Razafindraibe, and A.
Razafimanantsoa; MNCN-uncatalogued (DRV 5836), an
unsexed individual, collected on 25 June 2009 at ‘Camp
1’ Angozongahy, (15.4370°S, 49.1186° E, 1009 m a.s.l.),
western side of the Makira Plateau, Analanjirofo Region,
northeastern Madagascar, by M. Vences, D.R. Vieites, F.
Ratsoavina, R. Randrianiaina, E. Rajeriarison, T. Rajofi-
arison, and J. Patton.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA bar-
coding (16S3° EU341102/FJ559297; 16S 5° EU341102;
Vieites et al. 2009) and COI barcoding (COI KF611585;
Perl et al. 2014). All paratypes and referred specimens
conform well with the holotype in morphology. MRSN
A2640, MRSN A2956, ZSM 513/2016, ZSM 514/2016,
ZSM 515/2016, ZSM 524/2016, ZSM 538/2009, ZSM
539/2009, MNCN-DRV 5836, and UADBA-A-ZCMV
15158 are further confirmed by molecular taxonomic
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Figure 36. Rhombophryne botabota in life. Not to scale. All photographed in high elevation primary rainforest within Marojejy
National Park. A—C adult ZSM 524/2016 (ZCMV 15279) in A dorsolateral, B dorsal, and C ventral view; D-F adult ZSM 514/2016
(ZCMV 15160) in D dorsolateral, E dorsal, and F ventral view; G-I adult ZSM 523/2016 (ZCMV 15216) in G dorsolateral, H dor-
sal, and I ventral view; J, K juvenile ZSM 515/2016 (ZCMV 15241) in J dorsal, and K ventral view; L-N juvenile UADBA-A-ZC-
MV 15158 in L dorsolateral, M dorsal, and N ventral view; O—Q juvenile ZSM 513/2016 (ZCMV 15159) in O dorsolateral,
P dorsal, and Q ventral view.
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identification (Fig. 2). MRSN A2956 is present in the
RAGT haplotype network (Fig. 4).

Definition. Within the R. laevipes group, this species
appears to be sister to a clade consisting of R. sonali-
ae sp. nov. and R. anatiala sp. nov. (described below)
based on molecular phylogenetic data (Fig. 2; Belluardo
et al. 2022). It is characterised by the possession of the
following unique suite of characters: (1) medium body
size, adult SVL 24.2-32.2 mm; (2) head wider than long
(HW/HL 1.44-1.69); (3) moderately small eyes (ED/HL
0.33-0.38); (4) moderately long hindlimbs (HIL/SVL
1.41-1.75); (5) small inner metatarsal tubercle (IMTL/
FOL 0.08-0.13); (6) outer metatarsal tubercle absent; (7)
second finger shorter than or equal in length to fourth;
(8) third toe distinctly longer than fifth; (9) dorsal skin

smooth; (10) absence of chin barbels; (11) absence of
pronounced superciliary spines; (12) absence of distinct
inguinal spots (sometimes dark brown lines converging
anterodorsally); (13) absence of distinctive markings
along the posterior thigh; (14) unfortified skull without
expansion of maxilla or posterior process of angulo-
splenial; (15) clavicles present, thin, curving; and (16)
advertisement call (based on 4 analysed calls by one in-
dividual) tonal, with (17) call duration 161-201 ms, (18)
inter-call interval 2529-2716 ms, and (19) dominant fre-
quency 12561291 Hz.

Rhombophryne botabota is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in

Element Y
radiale

Figure 37. Skeleton of Rhombophryne botabota holotype ZSM 358/2005 (FGZC 2896). A-C Whole skeleton in A dorsal, B ventral,
and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in

ventral view. Abbreviations are given under Materials and Methods.
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Figure 38. Advertisement calls assigned to R. botabota, recor-
ded at Angozongahy, Makira, in 2009. Top: audiospectrogram
and corresponding oscillogram of one advertisement call at
1000 ms time scale. Bottom: oscillogram at 10,000 ms time
scale showing pattern of call repetition (four calls). Recording
high-pass filtered at 550 Hz.

16S5°, ‘G’ at site 304, ‘T’ at site 568, and ‘A’ at site 682.
No diagnostic sites were identified for 16S3°.

Diagnosis. Within the genus Rhombophryne, R. botabota
can easily be distinguished from R. testudo, R. coudreaui,
R. matavy, and R. maraorao sp. nov. by smooth skin (vs
rough), absence of chin barbels (vs general presence),
longer hindlimbs (HIL/SVL 1.41-1.75 vs 1.10-1.41);
from R. mangabensis by larger body size (SVL 24.2-32.2
mm vs 19.6-23.2 mm), and smooth skin (vs finely gran-
ular with scattered warts); from R. savaka by larger body
size (SVL 24.2-32.2 mm vs 18.8-20.9 mm), absence of
a diastema in the vomerine teeth (vs presence), and ab-
sence of inguinal spots (vs occasional presence); from
R. mavokely sp. nov., R. ornata, and members of the R.
ellae species group by the absence of reddish orange co-
louration on the posterior thigh and in the inguinal region
(vs presence); from members of the R. minuta species
group by generally shorter hindlimb length (HIL/SVL
1.41-1.75 vs 1.73-1.84), and less gracile habitus; from
R. proportionalis by much larger adult body size (SVL
24.2-32.2 mm vs 11.0-12.3 mm); and from all members
of the R. serratopalpebrosa species group by the absence
of superciliary spines (vs presence).

Within the R. laevipes species group, see the account
of R. laevipes above for distinction from that species.
Rhombophryne botabota can be distinguished from R. ni-
levina by smaller body size (SVL 24.2-32.2 mm vs 41.2—
57.2 mm), absence of white spots in the inguinal region
and on the posterior thigh and ventral shank (vs sometimes
present), and tonal (vs pulsed) advertisement call that is
shorter (call duration 161-201 ms vs 538-598 ms) and
higher in dominant frequency (1256—1291 Hz vs 526-534

Hz). For distinction from newly described members of this
species group, see their respective descriptions below.

Variation. SVL ranges from 24.2-32.2 mm; for varia-
tion in other measurements, see Table S6. Skin texture
of the newly collected material was surprisingly variable
in life, ranging from smooth to tubercular (Fig. 36). The
supratympanic fold was consistently highly pronounced
and always dark in colour. Colouration was noted to vary
substantially in the type series by Scherz et al. (2016a),
most importantly including the occasional presence of
spots on the posterior thigh, and presence of a dark ingui-
nal ‘stripe’ in almost all individuals. Many also possessed
a pair of dark spots on top of the head behind the eyes
(Fig. 36J, M, P).

Call. The allocation of the analysed recording to R.
botabota is slightly tentative, as the recorded individual
was not seen calling. However, R. botabota was the only
Rhombophryne species found at the place of call emis-
sion (see Scherz et al. 2016a). The advertisement call re-
corded on 24 June 2009 (12:00 h) at Angozongahy site,
Makira (estimated air temperature 22-24 °C), consists
of a single tonal note of moderate duration repeated at
regular intervals, but apparently not arranged in regular
call series. Calls lack any frequency modulation, but ex-
hibit moderate amplitude modulation, with call energy
increasing from the beginning of the call and reaching
its maximum at approximately half of the call’s duration
(Fig. 38). Numerical parameters of 4 analysed calls are as
follows: call duration (= note duration) 161-201 ms (180
+ 19 ms); inter-call intervals 2529-2716 ms (2638 + 97
ms); dominant frequency 1256-1291 Hz (1274 + 16 Hz);
prevalent bandwidth 1100-3200 Hz; harmonic frequency
bands recognizable at about 630, 1910, 2580 and 3160
Hz. Calls from the same recording have been described
by Scherz et al. (2016a) using a slightly different termino-
logical scheme. Slight differences in temporal measure-
ments when compared to Scherz et al. (2016a) result from
different recognition of the ‘tapering tail’ in calls, which
we here consider to likely represent an echo effect.

Etymology. The Malagasy adjective botabota meaning
‘chubby’, in reference to the body shape of this species.
Used as an invariable noun in apposition.

Distribution. Known from (1) Marojejy National Park
(type locality), (2) Ambolokopatrika-Betaolana, and (3)
Makira in northeastern Madagascar (Scherz et al. 2016a).
Elevation: 860—1326 m a.s.l. Records from 750+200 m
a.s.l. by Rakotoarimalala and Raselimanana (2023) can-
not be verified as we have not examined material and
have no DNA sequences, so they are not included here.

Natural history. Rhombophryne botabota is a semi-fos-
sorial or detriticolous species found in mid-elevation
humid forest. In the vicinity of ‘Camp Simpona’ in No-
vember 2016, we found R. botabota to be moderate-
ly abundant during surveys. Specimens were routinely
found by raking over quadrats of leaf litter, or collect-
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ing the quadrats in rice bags and sorting through them
by hand. Previously, most specimens had been collect-
ed using pitfall traps (Scherz et al. 2016a). Some calls
were heard, but no individuals could be observed call-
ing. Paratype ZSM 538/2009 was recorded by Scherz et
al. (2016a) to have a subulinid snail in its gut, making it
the only record of gastropod consumption by a Rhombo-
phryne species.

L 23

Figure 39. Rhombophryne nilevina in life. A—C adult male paratype UADBA-A-CRH 799 from near Andemaka, Ranomafana

Rhombophryne nilevina Lambert, Hutter &
Scherz, 2017

Figures 2, 4-7, 30, 31, 39-42
Remark. Lambert et al. (2017) mistakenly gave the ho-

lotype’s collection number as KU 340893 in their tables
1 and 2 and figure 3. The correct number is KU 340897.

Informal names. The candidate species ‘Rhombophryne
sp. 3’ of Vieites et al. (2009) and ‘Rhombophryne sp.

Tys

National Park in A dorsolateral, B dorsal, and C ventral view; D-F unsexed adult ZSM 516/2016 (ZCMV 15215) from Marojejy
National Park in D dorsolateral, E dorsal, and F ventral view; G-H adult male MRSN A4598 from Ambolokopatrika-Betaolana in
G dorsolateral and H ventral view.
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Ca3’ of Perl et al. (2014) and Belluardo et al. (2022) from
Tsaratanana is here included in R. nilevina due to its small
uncorrected p distances (Tables S2, S3) and the results of
our species delimitation analysis.

Carné and Vieites (2024) treated specimens from Ma-
rojejy and Anjanaharibe-Sud as ‘R. sp. cf. nilevina’ refer-
ring to them as ‘DCL “North™’, and treated R. sp. Ca03 as
an unconfirmed candidate species ‘UCS “Sp. 3.

Holotype. KU 340897 (CRH 798), an adult male, collect-
ed at mid-day on 8 February 2015 from ‘montane rainfor-
est near the former village of Andemaka in Ranomafana
National Park’ (ca 21.1287°S, 47.5054°E, 1240 m a.s.l.),
Vatovavy-Fitovinany Region, South Central East Mada-
gascar, by S.M. Lambert, E. Rajeriarison, and R.J. Ful-
gence (Figs 30, 31, 40).

/ T‘i §

metatarsal

Paratypes. One specimen: UADBA-A-CRH 799, an
adult male, collected on the morning of 7 February 2015
from the same locality as the holotype, by S.M. Lambert
and R.J. Fulgence (Fig. 39A-C).

Referred specimens. ZSM 516/2016 (ZCMV 15215),
an unsexed adult, collected on 18 November 2016 near
‘Camp Simpona’ (ca 14.4366°S, 49.7434°E, 1325 m
a.s.l.), Marojejy National Park, Sava Region, northeast-
ern Madagascar, by M.D. Scherz, A. Rakotoarison, M.
Bletz, M. Vences, J. Razafindraibe, and A. Razafimanant-
soa; MRSN A4598 (FN 7252), an adult male, collected
on 12 December 1997 near ‘Camp 2’ Andranomadio (ca
14.7180°S, 49.5124°E, 820 m a.s.l.), Ambolokopatri-
ka-Betaolana corridor, Sava Region, northeastern Mada-
gascar, by F. Andreone.

radioulna

fibulare 1 mm

Figure 40. Skeleton of Rhombophryne nilevina holotype KU 340897 (CRH 798). A—C Whole skeleton in A dorsal, B ventral, and
C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in ventral
view. Abbreviations are given under Materials and Methods.
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According to our species delimitation, specimens
formerly assigned to R. sp. Ca03 are also included in
R. nilevina: MRSN A2631 (FAZC 11002), an adult fe-
male, ZSM 664/2001 (FGMV 2001.124), a subadult,
ZSM 667/2001 (FGMV 2001.131), a <10 mm juvenile
(the original genetic reference specimen for the candidate
species), MRSN A3016 (FAZC 11135), an adult male
(sexed by incision), and MRSN A3249 (FAZC 11086), a
juvenile, all collected between 4 and 9 February 2001 at
Antsahamanara (ca 14.05°S, 48.79°E, ca 1000 m a.s.L.),
Tsaratanana Massif, Diana Region, Madagascar, by F.
Andreone, F. Mattioli, J.LE. Randrianirina, and M. Vences.

Assignment of specimens. The holotype is to be used as
the reference specimen for this species in 16S rRNA bar-
coding (1653’ KY288475; Lambert et al. 2017), but by
inclusion of R. sp. Ca03, so too is ZSM 667/2001 (16S3’
FJ1559296; Vieites et al. 2009). ZSM 667/2001 (MV 2001.
F5; KF611592) and MVTIS 2001.E50 (KF611593) (both
originally R. sp. Ca03) are used as references for COI
barcoding (Perl et al. 2014). The paratype and referred
material conform well with the holotype in morphology,
but see Variation section for comments on colour varia-
tion within the species. The paratype is topotypical. As-
signment of specimens ZSM 516/2016, ZSM 667/2001,
MRSN A2631, MRSN A4598, and MRSN A3016 (as
well as tissue sample MV 2001-E50) is confirmed by
molecular taxonomic identification (Fig. 2). KU 340897,
MRSN A4598, MRSN A2631, and MVTIS 2001.E50 are
present in the RAG1 haplotype network (Fig. 4).

Definition. Within the R. laevipes group, this species
forms a subclade with R. botabota, R. sonaliae sp. nov.
and R. anatiala sp. nov. (described below) based on mo-
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Tsaratanana Massif, in life.

Figure 41. Rhombophryne nilevina specimen MRSN A2631 (formerly referred to as R. sp. Ca03), from Antsahamanara on the

lecular phylogenetic data (Fig. 2; Belluardo et al. 2022).
It is characterised by the possession of the following
unique suite of characters: (1) large body size, adult SVL
41.2-57.2 mm; (2) head wider than long (HW/HL 1.42—
1.81); (3) moderately small eyes (ED/HL 0.31-0.34);
(4) relatively long hindlimbs (HIL/SVL 1.52-1.83); (5)
small inner metatarsal tubercle (IMTL/FOL 0.10-0.14);
(6) outer metatarsal tubercle absent; (7) second finger dis-
tinctly shorter than fourth; (8) third toe distinctly longer
than fifth; (9) dorsal skin smooth; (10) absence of chin
barbels; (11) absence of pronounced superciliary spines;
(12) presence or absence of white inguinal spots on a
blackish background; (13) presence or absence of white
spots on the posterior thigh and ventral shank; (14) un-
fortified skull without expansion of maxilla or posterior
process of angulosplenial; (15) clavicles present, thin,
curving; and (16) advertisement call (based on 7 analysed
calls by one individual) pulsed, with (17) call duration
538-598 ms, (18) inter-call interval 42—126 s, and (19)
dominant frequency 526534 Hz.

Rhombophryne nilevina is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘G’ at site 389, ‘T’ at site 401, and ‘T at site 555;
in 16S3°, ‘T’ at site 956, ‘T at site 1075, ‘A’ at site 1131,
and ‘A’ at site 1157.

Diagnosis. Within the genus Rhombophryne, R. nilevina
can easily be distinguished from R. testudo, R. coudreaui,
R. matavy, and R. maraorao sp. nov. by smooth skin (vs
rough), absence of chin barbels (vs general presence),
longer hindlimbs (HIL/SVL 1.52-1.83 vs 1.10-1.41);

e s
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from R. mangabensis and R. savaka by much larger
body size (SVL 41.2-57.2 mm vs 18.7-23.2 mm), lon-
ger relative forearm length (FARL/SVL 0.39-0.42 vs
0.33-0.38), well-ossified clavicles (vs poorly ossified),
absence of black inguinal spots (vs presence in R. sava-
ka); from R. mavokely sp. nov., R. ornata, and members
of the R. ellae species group by the absence of reddish
orange colouration on the posterior thigh and in the ingui-
nal region (vs presence); from members of the R. minuta
species group by usually shorter relative hindlimb length
(HIL/SVL 1.52-1.81 vs 1.73—1.84), and less gracile hab-
itus; from R. proportionalis by much larger adult body
size (SVL 41.2-57.2 mm vs 11.0-12.3 mm); and from all
members of the R. serratopalpebrosa species group by
the absence of superciliary spines (vs presence).

Within the R. laevipes species group, see the accounts
of R. laevipes and R. botabota above for distinction from
those species. Note that several traits thought to distin-
guish R. nilevina from R. laevipes and R. botabota (e.g.,
absence of stark colour boundary between lateral head
and dorsum, and absence of white spots in the inguinal
region; Lambert et al. 2017) are now known to vary with-
in the species (see Variation, below) and cannot be used
as diagnostic traits anymore. For distinction from newly
described members of this species group, see their re-
spective descriptions below.

Description of MRSN A2631. (a specimen of R. sp. Ca03
now included in R. nilevina): An adult female specimen
in a good state of preservation. The right half of the body
cavity is opened with the organs exposed; a piece of liver
tissue was taken for genetic analysis. A small number of
well-developed eggs lies in the dorsal part of the body
cavity, which is taken up mostly with the thick-walled
stomach.

Body robust. Head wider than long (HW/HL 1.71).
Eyes quite small (ED/HL 0.32), pupils large, round.
Snout rounded in dorsal and lateral view. Canthus ros-
tralis distinct, concave. Loreal region concave, oblique.
Nostril closer to tip of snout than to eye, slightly protu-
berant. Tympanum distinct, round, TDH/ED 0.75. Supra-
tympanic fold distinct, slightly raised, running straight
from posterior corner of eye over tympanum, curving
gently ventrally posterior to the tympanum, demarcating
the boundary of the dark brown lateral head colouration.
Superciliary spines absent, but one white dot above each
eye. Dorsal skin smooth in preservative, was slight-
ly granular in life with a few larger granules (Fig. 41).
Tongue broad, attached anteriorly, posteriorly free. Max-
illary and vomerine teeth present, vomerine teeth present,
curved, with small lateral diastemata, separated at the
midline by a small gap. Choanae round, placed laterally
in the roof of the mouth.

Forelimbs relatively short (FARL/SVL 0.443), strong-
ly built. Fingers without webbing, moderately long,
relative lengths 1 < 2 < 4 < 3, second finger distinctly
shorter than fourth. Finger tips not expanded, rounded.
Finger subarticular tubercles distinct, whitish, flat; inner
metacarpal tubercle broad and flat, outer metacarpal/pal-
mar tubercle indistinct, greyish. Hind limb strong, tibio-

tarsal articulation reaching between eye and nostril when
adpressed anteriorly along the body. TIBL/SVL 0.537.
Inner metatarsal tubercle present, oblong, whitish, some-
what bulging. Outer metatarsal tubercle absent. Toes not
webbed; toes unreduced, toe lengths 1 <2 <5 <3 <4,
fifth toe distinctly shorter than third; subarticular tuber-
cles distinct, cream, slightly raised; toe tips not enlarged,
rounded.

After 22 years in preservative, the colouration of the
specimen remains quite vibrant, though less strongly
contrasting than in life (Fig. 41). The base colour is a
coffee brown across the dorsum, and venter except that
it takes on a purplish tone over the abdomen, and a rich-
er brown on the chin. On the dorsum, a broad pattern of
darker brown is present, across which is strewn almost
black markings, especially in an interocular line, a small
trianguloid marking on the head, and a V-shaped area on
the back. The lateral surface of the head is almost black,
strongly separated from the dorsal body colouration. The
inguinal region has a large blackish splotch and a series
of small white spots. The dorsal surfaces of the hindlimbs
have a series of dark brown crossbands; the posterior sur-
faces of the thighs are dark chocolate brown with a few
light brown or cream spots. The cloaca marks the top of
a blackish trapezoid, and above it there is a small black-
ish bar. The ventral thighs are coffee brown with small
cream flecks, the ventral shanks are dark chocolate brown
with cream spots. The dorsal foot is spotted with cream,
its ventral surface dark brown. The ventral abdomen is
cream and a purplish brown. Each finger and toe has a
cream annulus before the distalmost phalange. The arm
has blackish disjointed crossbands dorsally, but is coffee
brown below, including on the palmar surface. Coloura-
tion in life was like in preservative but with a grey, rather
than a brown, base colour (Fig. 41).

Variation. SVL ranges from 41.2-57.2 mm; for variation
in other measurements, see Table S6. The newly exam-
ined material from northeastern Madagascar generally
agrees well with the type series in morphology, despite
extending the range of the species by well over 800 km.
Unlike the types, northern specimens have distinct white
spots in the inguinal region and on the posterior thigh and
ventral shank. Many specimens have at least a spot, gen-
erally a bar, above the cloaca (absent from MRSN 4598),
and all have a distinct colour border between their lateral
head and dorsal head. MRSN A4598 has distinct vocal
slits that confirm its sex as male.

Call. The advertisement call recorded on 8 February
2015 (12:00 h) near Andemaka, Ranomafana National
Park (air temperature estimated to be around 20 °C; pre-
sumably emitted by the holotype KU 340897), consists
of a pulsed note of moderate to long duration, emitted
at irregular and long intervals. Calls (= notes) exhibit
distinct amplitude modulation, with call energy start-
ing at low level, moderately increasing to about one
fourth of the call’s duration, rapidly increasing after half
of the call’s duration, reaching its maximum in its last
quarter, followed by a decrease towards the call’s end.
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Figure 42. Advertisement call of Rhombophryne nilevina, re-
corded in Ranomafana National Park in 2015. Audiospectro-
gram and corresponding oscillogram of one advertisement call
at 1000 ms time scale. Recording band-pass filtered at 110—
6600 Hz.

The second half of the call is characterized by a short
intermittent drop in call energy. Pulses are very narrowly
spaced in the second half of the call and very short in
duration, with each pulse being apparently shorter than
2 ms, but almost impossible to measure exactly. In the
first half of the call, pulses are longer in duration (ca. 9
ms) and repeated less rapidly. It is not possible to count
the number of pulses per note (= call), but pulse repeti-
tion rate can roughly be calculated for each section of
the note. Numerical parameters of 7 analysed calls are
as follows: call duration (= note duration) 538-598 ms
(561 = 21 ms); inter-call intervals rather long and irreg-
ular, varying from 42—-126 s (81 £ 41 s); pulse repetition
rate within first half of the call 100 pulses/second, within
second half of the call approximately 260-270 pulses/
second; dominant frequency 526-534 Hz (530 + 3 Hz);
prevalent bandwidth 250-4500 Hz; numerous parallel
frequency bands recognizable within the second half
of the call, representing a reflection of pulse rate (see
Kohler et al. 2017). Calls from the same recording have
been described by Lambert et al. (2017) using a different
terminological scheme.

Etymology. The Malagasy adjective nilevina meaning
‘buried’, in reference to the habit of this species of calling
from burrows that must be excavated to catch the frogs.
Used as an invariable noun in apposition.

Distribution. Records from northern Madagascar (Bel-
luardo et al. 2022) dramatically increased the range of
R. nilevina. Currently known from (1) Andemaka in
Ranomafana National Park (type locality), (2) Am-
bolokopatrika, (3) Marojejy, and (4) Antsahamanara on
the Tsaratanana Massif. Elevation: 1000—-1325 m a.s.l.

Natural history. Rhombophryne nilevina is a semi-fos-
sorial or detriticolous species found in low- to mid-ele-
vation humid forest. Lambert et al. (2017) reported that
R. nilevina called during the day from burrows within the

soil, and its calling activity was heightened by inclement
weather. The newly referred specimens from the north
were collected active above the ground in largely undis-
turbed primary rainforest.

Karyotype. The karyotype of a specimen assignable to
this candidate species (FAZC 11063 from Tsaratanana)
was described by Aprea et al. (2007) under the name
‘Plethodontohyla laevipes’. Its karyotype was 2n = 26,
with a subtelocentric fourth chromosome pair. Nucleolar
organiser regions were located in a peritelomeric position
on the long arm of the second chromosome pair. Centro-
meric bands were CMA; and DAPI negative.

Rhombophryne sonaliae sp. nov.

https://zoobank.org/CEEAOA07-BFC2-424F-A4D5-
CI15F95AA8C63

Figures 2, 4-7, 30, 31, 4345

Remarks. This species has been incorrectly assigned
to Plethodontohyla alluaudi since at least 1975 (Blom-
mers-Schlosser 1975, 1976; Blommers-Schldosser and
Blanc 1991), but the identity of that nomen was recently
clarified (Bellati et al. 2018), leaving this relatively well-
known species in need of a new name.

The vast majority of mentions of ‘Mantipus alluaudsi’,
‘Plethodontohyla alluaudi’, and ‘Rhombophryne alluau-
di’ in publications between 1976 and 2018 in fact refer
to this species, especially in all genetic analyses (Blom-
mers-Schldsser 1976; Vences and Glaw 2003; Vences et
al. 2003b, 2006; Vallan et al. 2004; Veith et al. 2004; An-
dreone et al. 2005; van der Meijden et al. 2005; Frost et
al. 2006; Aprea et al. 2007; van der Meijden et al. 2007;
Wollenberg et al. 2008; Vieites et al. 2009; D’Cruze et al.
2010; Glaw et al. 2010b; Raselimanana 2010; Perl et al.
2014; Scherz et al. 2014, 2015a, 2015b, 2016a, 2016b,
2017a, 2017b). The following exceptions are noted:
records from the north of Madagascar, including Am-
bolokopatrika (Andreone et al. 2000), Manongarivo (Ra-
kotomalala 2002), and Bemanevika (Rabearivony et al.
2010) probably refer to other species of Rhombophryne.
Records from southeastern Madagascar likely refer to
the true Plethodontohyla alluaudi (Ramanamanjato et al.
2002; Andrianarimisa et al. 2009; Ramanamanjato and
Soanary 2011). Some records, e.g., that from Andringi-
tra (Raxworthy and Nussbaum 1996) are uncertain, and
are omitted from our treatment here, pending verification
with voucher specimens.

Belluardo et al. (2022) mistakenly figured specimen
MRSN A2610 of R. sp. Cal0 as specimen MRSN A2620
of R. sp. Cal9 in figure 1 of their paper.

Informal names. This species was referred to as ‘Rhom-
bophryne sp.” by Bellati et al. (2018), ‘Rhombophryne sp.
ex-alluaudi’ by Scherz (2020), ‘Rhombophryne sp. Cal9’
by Belluardo et al. (2022), and ‘Rhombophryne sp. 19’
and ‘CCS “Sp. 19" by Carné and Vieites (2024).


https://zoobank.org/CEEA0A07-BFC2-424F-A4D5-C15F95AA8C63
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Justification of the new species. The new species is
placed in a clade containing R. botabota, R. nilevina, and
a further new species, R. anatiala sp. nov. (described
below), which was recovered as its sister species with
high support (Belluardo et al. 2022). Genetic divergences
among these lineages are less significant than those ob-
served in the R. testudo group, but they all consistently
differ among each other by >3.5% uncorrected p distance
in the 16S3’ fragment (3.8% between R. sonaliae sp.
nov. and R. anatiala sp. nov.) and thus at a level typical-
ly indicative of species-level differentiation in Malagasy
frogs (Vieites et al. 2009). Furthermore, the new species
differs from R. botabota by larger body size, from R. ni-
levina by advertisement call differences, and from both
these species by colour pattern (many individuals have a
light brown dorsolateral stripe and large light spots in the
inguinal region and posteroventrally on hindlimbs; see
Diagnosis below). There is no detected haplotype shar-
ing with any other Rhombophryne species in the nuclear
gene RAGI (Fig. 4). These differences are substantial and
together with the molecular divergence strongly support
the hypothesis of R. sonaliae sp. nov. constituting a new
species. See also the Justification section for R. anatiala
sp. nov. below.

Carné and Vieites (2024) recovered two deep conspe-
cific lineages of this species, from [ampirano (misspelled
‘Lampirano’) and Tsararano. Our species delimitation based
on 16S3’ analyses also recovered these as conspecific.

Holotype. ZSM 3/2002 (FGMV 2001.1271) an adult
male, collected on 3 December 2001 in Andasibe (no pre-
cise coordinates), Alaotra-Mangoro Region, North Cen-
tral East Madagascar, by M. Vences (Figs 30, 31, 44).

Paratypes. Seven specimens: ZSM 467/2005 (ZCMV
2221), a juvenile, and ZSM 466/2005 (ZCMV 2209),
an ovigerous adult female, collected in February 2005
in pitfall traps in Andasibe (ca 18.9361°S, 48.4122°E,
939 m a.s.l.), Alaotra-Mangoro Region, North Central
East Madagascar, by R. Dolch and Mitsinjo colleagues;
MRSN A2620 (FN 6426), an adult male (sexed by in-
cision), collected on 10 December 1996 in Tsararano
(ca 14.907°S, 49.687°E, ca 700 m a.s.l.), Sava Region,
northeastern Madagascar, by F. Andreone; MRSN A5034
(RJS 0883), an adult male, collected on 15 January 2005
in lampirano (16.8218°S, 49.1843°E, ca 500 m a.s.l.),
Analanjirofo Region, North Central East Madagascar,
by J.E. Randrianirina; ZFMK 52765, an adult presumed
male, collected on 16 February 1991 in Andasibe (ca
18.9245°S, 48.4149°E, ca 940 m a.s.l.), Alaotra-Man-
goro Region, North Central East Madagascar, by F. Glaw
and M. Vences (Fig. 43A-D); UADBA 20308 (ZCMV
968), an adult male, collected on 21 February 2004 in
Torotorofotsy (ca 18.874°S, 48.373°E, ca 960 m a.s.l.),
Alaotra-Mangoro Region, North Central East Madagas-
car, by M. Vences, E. Edwards, and C. Woodhead; MRSN
A7143 (FAZC 15560), an adult male, collected on 6
March 2017 in Maromizaha (18.9653°S, 48.4652°E, ca
1000 m a.s.l.), Alaotra-Mangoro Region, North Central
East Madagascar, by E. Coppola (Fig. 43H, I).

Referred specimens. BMNH 1986.28, an unsexed adult,
collected on 8 July 1985 by C.J. Raxworthy at ‘Camp
5’ in Zahamena Reserve (ca 17.67°S, ca 48.83°E, ele-
vation unknown), Analanjirofo Region, North central
east Madagascar, by C.J. Raxworthy. UADBA-A 62371
(MSZC 1480), collected on 13 March 2026 by Sandratra
Rakotomanga, Alice Petzold, and Mark D. Scherz near
Torotorofotsy (18.76965°S, 48.43532°E, 953 m a.s.l),
Alaotra-Mangoro Region, North Central East Madagas-
car; this specimen has been partly dissected in order to
sequence and annotate its genome.

Assignment of specimens. The paratype UADBA 20308
(ZCMV 968) is used as the reference specimen for
this species in 16S rRNA barcoding (16S3” and 16S5’
EU341105; Vieites et al. 2009) and COI barcoding (COI
KF611584; Perl et al. 2014). The sequence of the holo-
type is identical to the sequence of this specimen in 1653’
(AY594112), and it differs by two mutations in 16S5’
(99.7% identical; AY594074), and by five mutations in
COI (99.1% identical; EF396063). All paratypes and
referred specimens conform well with the holotype in
morphology. Assignment of specimens ZSM 466/2005,
MRSN A2620, MRSN A5034, and MRSN A7143 is fur-
ther confirmed by molecular taxonomic identification
(Fig. 2). ZSM 3/2002, MRSN A2620, and MRSN A7143
are present in the RAG1 haplotype network (Fig. 4).

Definition. Within the R. laevipes group, this species is
sister to R. anatiala sp. nov. (described below) based
on molecular phylogenetic data (Fig. 2; Belluardo et al.
2022). It is characterised by the possession of the follow-
ing unique suite of characters: (1) medium to large body
size, adult SVL 33.0-44.7 mm; (2) head wider than long
(HW/HL 1.59-1.71); (3) moderately small eyes (ED/
HL 0.28-0.36); (4) relatively long hindlimbs (HIL/SVL
1.44-1.53); (5) small inner metatarsal tubercle (IMTL/
FOL 0.12-0.15); (6) outer metatarsal tubercle absent; (7)
second finger distinctly shorter than fourth; (8) third toe
distinctly longer than fifth, reaching or barely surpassing
the joint of the first and second phalange of the fourth toe;
(9) dorsal skin smooth; (10) absence of chin barbels; (11)
absence of pronounced superciliary spines; (12) presence
of large white or yellowish inguinal spots on a black back-
ground, and a light-brown dorsolateral stripe broadening
from the eye towards the inguinal region; (13) presence
of large white or yellowish spots on a black background
on the posterior thigh and ventral surfaces of the shanks;
(14) unfortified skull without expansion of maxilla or
posterior process of angulosplenial; (15) clavicles pres-
ent, thin, curving; and (16) advertisement call (based on
4 analysed calls by one individual) pulsed, with (17) call
duration 207-228 ms, (18) inter-call interval long (not
measured), and (19) dominant frequency 785-828 Hz.
Rhombophryne sonaliae sp. nov. is furthermore distin-
guished from all other Rhombophryne species analysed by
the following robust diagnostic nucleotide combination
in the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, “T’ at site 392, ‘T’ at site 445, and ‘A’ at site 740;
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in 16S3’, ‘A’ at site 1027, ‘T’ at site 1076, ‘C’ at site 1104,
and ‘T’ at site 1172.

Diagnosis. Within the genus Rhombophryne, R. sonaliae
sp. nov. can usually be distinguished from all species ex-
cept R. anatiala sp. nov. described below by the presence
of a light brown dorsolateral stripe expanding from the

eyes towards the inguinal region. However, as this trait
is not always present (Fig. 43E, F), additional traits are
necessary for a reliable diagnosis.

Rhombophryne sonaliae sp. nov. can easily be distin-
guished from R. testudo, R. coudreaui, R. matavy, and
R. maraorao sp. nov. by smooth skin (vs rough), absence
of chin barbels (vs general presence), longer hindlimbs

Figure 43. Rhombophryne sonaliae sp. nov. in life. A—D adult presumed male paratype ZFMK 52765 from Andasibe, in A dorso-
lateral, B ventral, C oblique posterolateral, and D anterior view. E, F adult male paratype MRSN A7143 (FAZC 15560) from Ma-
romizaha in E anterolateral, and F ventral view. G-I a specimen from Tsararano (could not be identified, but is not MRSN A2620),
in G dorsolateral, H dorsal, and I ventral view. J—L adult male specimen UADBA-A 62371 (MSZC 1480) from near Torotorofotsy,
in J lateral, K ventral, and L dorsal view. Note the distinctive spots on the limbs, and the light stripes along the dorsolateral flank.
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(HIL/SVL 1.44-1.53 vs 1.10-1.41); from R. mangabensis
and R. savaka by larger body size (SVL 33.0-44.7 mm vs
18.7-23.2 mm), presence of multiple large light-coloured
inguinal spots (vs black inguinal ocelli in R. savaka), and
pulsed (vs tonal) advertisement call; from R. mavokely
sp. nov., R. ornata, and members of the R. ellae species
group by the absence of reddish orange colouration on the
posterior thigh and in the inguinal region (vs presence);
from members of the R. minuta species group by short-
er hindlimb length (HIL/SVL 1.44-1.53 vs 1.73—1.84),
and less gracile habitus; from R. proportionalis by much
larger adult body size (SVL 33.0-44.7 mm vs 11.0-12.3
mm); and from all members of the R. serratopalpebrosa
species group by the absence of superciliary spines (vs
presence).

A

Within the R. laevipes species group, R. sonaliae sp.
nov. can be distinguished from R. laevipes by shorter
hindlimbs (HIL/SVL 1.44—-1.53 vs 1.62-1.86), larger in-
ner metatarsal tubercle (IMTL/FOL 0.12-0.15 vs 0.08—
0.11), and advertisement call with a higher dominant fre-
quency (785-828 Hz vs 612—-631 Hz); from R. botabota
by larger body size (SVL 33.0-44.7 mm vs 24.2-32.2
mm), presence of large light-coloured spots in the ingui-
nal region and on the posterior thigh and ventral shank
(vs absence), and pulsed (vs tonal) advertisement call that
is slightly longer (call duration 207-228 ms vs 161-201
ms) and lower in dominant frequency (785-828 Hz vs
1256-1291 Hz); and from R. nilevina by generally short-
er hindlimbs (HIL/SVL 1.44-1.83 vs 1.52-1.69), and
advertisement call that is shorter (call duration 207-228

R

Figure 44. Skeleton of Rhombophryne sonaliae sp. nov. holotype ZSM 3/2002 (FGMYV 2001.1271). A—C Whole skeleton in A dor-
sal, B ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view;
I right hand in ventral view. Abbreviations are given under Materials and Methods.
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ms vs 538-598 ms) and higher in dominant frequency
(785-828 Hz vs 526-534 Hz). For distinction from other
newly described members of this species group, see their
respective descriptions below.

Description of holotype. An adult male specimen in a
moderately good state of preservation (Fig. 30). The ab-
domen is opened with the organs exposed. Tip of right
third finger missing.

Body robust and rotund. Head broader than trunk,
wider than long (HW/HL 1.59). Eyes quite small (ED/HL
0.28), pupils small, round. Snout rounded in dorsal and
slightly truncate in lateral view. Canthus rostralis distinct,
concave. Loreal region concave, oblique. Nostril closer to
tip of snout than to eye, slightly protuberant. Tympanum
indistinct, round, TDH/ED 0.64. Supratympanic fold
distinct, slightly raised, running straight from posterior
corner of eye over tympanum, curving gently ventrally
posterior to the tympanum. Slight colour border between
lateral head and dorsal head, with the lateral head being
lighter in colour. Superciliary spines absent, no white
dots above the eyes. Dorsal skin smooth in preservative.
Tongue broad, attached anteriorly, posteriorly free. Max-
illary and vomerine teeth present, vomerine teeth curved,
with a dent each row marginally closer to midline than to
lateral end, separated at the midline by a small gap. Cho-
anae round and surrounded by pigment, placed laterally
in the roof of the mouth.

Forelimbs relatively short (FARL/SVL 0.386), strong-
ly built. Fingers without webbing, moderately long, rela-
tive lengths 1 <2 <4 <3, second finger distinctly shorter
than fourth (Fig. 31). Finger tips not expanded, rounded.
Finger subarticular tubercles distinct, whitish, flat; inner
metacarpal tubercle broad and rounded, outer metacar-
pal/palmar tubercle indistinct, greyish. Hind limb strong,
tibiotarsal articulation reaching between tympanum and
eye when adpressed anteriorly along the body. TIBL/SVL
0.407. Inner metatarsal tubercle present, oblong, whitish,
distinctly raised. Outer metatarsal tubercle absent. Toes
not webbed; toes unreduced, toe lengths 1 <2 <5 <3
< 4, fifth toe distinctly shorter than third, third toe just
exceeding the base of the second phalange of the fourth
toe; subarticular tubercles indistinct; toe tips slightly en-
larged, rounded (Fig. 31).

After 20 years in preservative, the base colour is a
coffee brown across the dorsum, and a lighter brown
on the limbs. The central dorsum is immaculate, bor-
dered either side by greyish wavy patterns riddled with
tiny white points, giving an overall ‘milky way’ impres-
sion. There is a slight colour border between the dorsal
colour and the lateral head, with the lateral head light-
er in colour than the dorsal surface. The inguinal region
bears several large white spots which also extend onto
the anterior thigh. There are also several white spots on
the posterior thigh, ventral shank, and dorsal foot. The
ventral thigh is light brown flecked with cream. The ven-
tral feet are a light chocolate brown. A light annulus is
present before the terminal phalange of each finger and
toe. The legs lack crossbands dorsally. The arms have a
single crossband on the lower arm. The palmar surface is
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Figure 45. Advertisement call of Rhombophryne sonaliae sp.
nov., recorded at Torotorofotsy in 2004. Audiospectrogram and
corresponding oscillogram of one advertisement call at 1000 ms
time scale. Recording band-pass filtered at 110-8000 Hz.

grey-brown. The chin is light brown, the ventral abdomen
flecked with cream. The cloaca region is unmarked, and
there is no blackish bar above it. The colouration in life
was not recorded.

Variation. Type series SVL 33.0-44.7 mm (n = 5 adults).
For variation in other measurements, see Table S6.
Morphology is highly consistent. Third toe consistently
reaching the second phalangeal articulation of the fourth
toe or barely exceeding it. The most distinctive and con-
stant feature is the diffuse light brown to grey stripe run-
ning from the eye toward the inguinal region flecked with
tiny white specks, and distinct whitish or yellowish spots
on the anterior and posterior thigh, inguinal region, and
ventral shank. Only in MRSN A2620 are these spots not
clearly defined and rather small. In all other specimens
they are extremely strongly defined. Ventral colour like-
wise consistent, but varying over the posterior abdomen
from covered in flecks (ZSM 467/2005) to almost immac-
ulate (MRSN A5034). Chin dark in all available speci-
mens. The referred specimen, BMNH 1986.28, is some-
what smaller than the rest of the type series, and its dorsal
colouration is more mottled.

Call. The advertisement call recorded on 21 February
2004 (15:20 h) at Torotorofotsy (air temperature 19.1 °C)
consists of a single pulsed note of moderate duration re-
peated at long irregular intervals (Fig. 45). Calls (= notes)
exhibit distinct amplitude modulation, with call energy
starting at low level, constantly increasing to about two
thirds of the call’s duration where energy reaches its maxi-
mum, followed by a decrease towards the call’s end. Puls-
es are more narrowly spaced in the last two thirds of the
call’s duration and very short in duration, with each pulse
having around 1 ms duration, but impossible to measure
exactly. In the first third of the call, pulses are longer in du-
ration (5—7 ms) and repeated less rapidly. It is not possible
to count the number of pulses per note (= call), but pulse
repetition rate can roughly be calculated for each section
of the note. Numerical parameters of 4 analysed calls
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from 2 individuals are as follows: call duration (= note
duration) 207-228 ms (219 + 10 ms); inter-call intervals
apparently long and irregular and not measured (probably
poorly motivated calling; see Kdhler et al. 2017); pulse
repetition rate within first half of the call approximate-
ly 130-190 pulses/second, within second half of the call
approximately 370-420 pulses/second; dominant fre-
quency 785-828 Hz (805 + 23 Hz); prevalent bandwidth
350-4000 Hz; numerous parallel frequency bands recog-
nizable within the last two thirds of the call, representing
a reflection of pulse rate (see Kohler et al. 2017). The call
recording analysed herein has been published on the audio
CD by Vences et al. (2000) as ‘Plethodontohyla alluaudi’
(CD 3, track 28). Assignment to this species is tentative,
as the calling individual was not vouchered.

Etymology. We dedicate this species to Sonali Garg, in
recognition of her substantial contributions to knowledge
of taxonomy and biogeography of South and Southeast
Asian frogs, especially microhylids (e.g., Garg et al.
2018, 2019, 2022; Garg and Biju 2019).

Distribution. Evidently widespread in eastern to north-
eastern Madagascar, but seldom encountered. Definitive
records come from (1) Andasibe (type locality), (2) Toro-
torofotsy, (3) lampirano, (4) Tsararano, (5) Maromizaha
(Ratsimbazafy et al. 2008), and (6) Mandraka (Blom-
mers-Schlosser 1975). We have examined a referrable
specimen from (7) Zahamena (BMNH 1986.28). It has
also been recorded in the (8) Ambatovy-Analamay re-
gion (Raselimanana 2010), and (9) An’Ala (Vallan et al.
2004). Elevation: ca 500—-1200 m a.s.I.

Natural history. Rhombophryne sonaliae sp. nov. is a
semi-fossorial or detriticolous species found in mid-el-
evation humid forest. Calling activity occurs mostly
during or shortly after rain, often during the day but
probably also at night. The captured calling male from
Torotorofotsy was calling during the day from a burrow
in the forest floor under the leaf litter. The gut contents
of MRSN A2620 included four large termites (each ca 9
mm long), the remains of a katydid (shanks 10.8 mm),
a whole spider, a staphylinid rove beetle (ca 9 mm), and
three small ants, as well as two parasitic worms. There
was only little detritus other than these arthropods in
the gut. Those of MRSN A5034 contained a beetle ten-
tatively assigned to Elateridae (click beetles), measur-
ing 10.6 mm, a beetle elytrum, pieces of an ant, and a
few large pieces of leaf, as well as two small parasitic
worms. Field notes on ZFMK 52765 indicate that it had
a caterpillar, among other things, in its stomach. Val-
lan et al. (2004) recorded a slight increase in detection
of this species after logging of forest in An’Ala, but
this may have been coincidental. Blommers-Schldsser
(1975) found a female under a fallen tree trunk at 1200
m a.s.l. Referred specimen UADBA-A 62371 (MSZC
1480) was collected calling (including in response to
playbacks) after rain at 10h13 in the morning on 13
March 2026. It was calling from under ca 10 cm of soil
at the base of a tree; whilst excavating it, we encoun-

tered an adult Plethodontohyla notosticta, an adult Par-
adoxophyla cf. palmata, and a putative adult Madascin-
cus cf. nanus.

Karyotype. The karyotype was originally described by
Blommers-Schldsser (1976) based on a female from
Mandraka (as ‘Mantipus alluaudi’). It consists of 10
large and 16 small pairs of chromosomes (2n = 26). Pair
4 subtelocentric, pairs 3, 7, 10, and 13 submetacentric.
Aprea et al. (2007) provided a new description based on
the holotype (ZSM 3/2002, as ‘Plethodontohyla alluau-
di’). They reported both the fourth and the eleventh chro-
mosome pairs to be subtelocentric. Nucleolar organiser
regions were located in a peritelomeric position on the
long arm of the second chromosome pair. Centromeric
bands were DAPI positive.

Rhombophryne anatiala sp. nov.

https://zoobank.org/445D5185-1A76-4AE2-8224-
8E051D08CB82

Figures 2, 4-7, 30, 31, 46, 47

Remark. MRSN A5477, a specimen housed in the same
jar as MRSN A5524, the specimen of R. maraorao sp.
nov. discussed above, likewise allegedly comes from
Tsingy de Bemaraha in western Madagascar, but agrees
morphologically with R. anatiala. We are confident that
this specimen, too, was collected in northeastern Mada-
gascar. However, as for R. maraorao, we do not include
the mislocated specimen in the diagnosis of the species
(also because we lack DNA sequence data on it), in order
to avoid introducing errors, but recognise that it is proba-
bly referrable to R. anatiala sp. nov. nonetheless.

Informal names. This species was listed as ‘Rhombo-
phryne sp. 1’ by Vieites et al. (2009) and ‘Rhombophryne
sp. Ca01” by Scherz et al. (2016b) and Belluardo et al.
(2022), and ‘Rhombophryne sp. 1’ and ‘UCS “Sp. 1 by
Carné and Vieites (2024).

Justification of the new species. The new species was
found to be the sister species of R. sonaliae sp. nov. (de-
scribed above) with high support based on a multigene
phylogeny (Belluardo et al. 2022). The genetic diver-
gences between these two lineages is >3.8% uncorrected
p distance in the 16S3’ fragment, and thus at a level typ-
ically indicative of species-level differentiation in Mal-
agasy frogs (Vieites et al. 2009). We found absence of
haplotype sharing between R. anatiala sp. nov. and R. so-
naliae sp. nov. and between R. anatiala sp. nov. and any
other Rhombophryne species in the analysed fragment
of the nuclear gene RAG1 (Fig. 4). Morphologically, the
two lineages differ in relative toe length (see Diagnosis
below). Taken together, and based on other example of
pairs of species of Malagasy frogs allopatrically distrib-
uted in the North East vs. Northern Central East of Mad-
agascar, we consider the hypothesis of these two lineages
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representing two distinct species as most likely, although
we acknowledge the need for in-depth study of their con-
tact zone. In the highly unlikely case future studies will
find the two nomina to be subjective synonyms, we rec-
ommend as first reviser action to give priority to sonaliae
over anatiala.

Holotype. MRSN A2696 (RJS 0597) an adult female,
collected on 15 February 2002 at ‘Camp 7 Antsiranana
Faritany (15.4177°S, 49.9403°E, ca. 800 m a.s.l.), Am-
parihy, Masoala Peninsula, Analanjirofo Region, north-
eastern Madagascar, by J.E. Randrianirina (Figs 30, 31,
47).

Paratypes. Two specimens: MRSN A4544 (FAZC 103 14;
Fig. 46), and MRSN A4600 (FAZC 10304), two oviger-
ous adult females, collected on 11 and 12 December 1999
(respectively) at ‘Camp 5° Menamalona (15.3812°S,
49.9878°E, ca 800 m a.s.l.), Ilampy Corridor, Masoala
Peninsula, Analanjirofo Region, northeastern Madagas-
car, by F. Andreone and J.E. Randrianirina.

Assignment of specimens. The paratype MRSN A4544
is used as the reference specimen for this species in 16S
rRNA barcoding (16S3” FJ559295; Vieites et al. 2009).
COI is so far not available for this species. The 16S3’
sequence of the holotype is identical to that of this speci-
men (OL780571) and has also been sequenced for 16S5’
(OL780600). Both paratypes conform well with the ho-
lotype in morphology (MRSN A4544 could only be ex-
amined from photographs; Fig. 46). The assignment of
MRSN A4600 is further confirmed by molecular taxo-
nomic identification (Fig. 2). MRSN A2696 and MRSN
A4544 are present in the RAGI1 haplotype network
(Fig. 4).

A further specimen, MRSN A2584 (RJS 0348), is re-
covered by molecular taxonomic identification as conspe-
cific, but could not be examined morphologically. Data-
base records indicate that this should be a Spinomantis
specimen, indicating some kind of specimen or metadata
mix-up. To avoid confusion, we have not designated this
specimen as a paratype.

Definition. Within the R. /aevipes group, this species is
sister to R. sonaliae sp. nov. (described above) based
on molecular phylogenetic data (Fig. 2; Belluardo et al.
2022). It is characterised by the possession of the follow-
ing unique suite of characters: (1) medium to large body
size, adult SVL 34.3-37.9 mm; (2) head wider than long
(HW/HL 1.56-1.76); (3) moderately small eyes (ED/
HL 0.31-0.35); (4) relatively long hindlimbs (HIL/SVL
1.51-1.58); (5) small inner metatarsal tubercle (IMTL/
FOL 0.11-0.13); (6) outer metatarsal tubercle absent;
(7) second finger subequal to fourth; (8) third toe dis-
tinctly longer than fifth, reaching the second phalange
of the fourth toe; (9) dorsal skin smooth; (10) absence
of chin barbels; (11) absence of pronounced superciliary
spines; (12) presence of large white inguinal spots on a
black background, and a light-brown dorsolateral stripe
broadening from the eye towards the inguinal region;
(13) presence of large white or yellowish spots on a black
background on the posterior thigh and ventral surfaces
of the shanks; (14) unfortified skull without expansion of
maxilla or posterior process of angulosplenial; and (15)
clavicles present, thin, curving.

Rhombophryne anatiala sp. nov. is furthermore distin-
guished from all other Rhombophryne species analysed by
the following robust diagnostic nucleotide combination
in the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘G’ at site 259, ‘C’ at site 654, and ‘G’ at site 739.
No diagnostic sites were identified for 16S3’.

Diagnosis. Within the genus Rhombophryne, R. anatiala
sp. nov. can usually be distinguished from all species ex-
cept R. sonaliae sp. nov. described above by the presence
of a light brown dorsolateral stripe expanding from the
eyes towards the inguinal region. However, as this trait is
not always present (Fig. 46A), additional traits are neces-
sary for a reliable diagnosis.

Rhombophryne anatiala sp. nov. can easily be distin-
guished from R. testudo, R. coudreaui, R. matavy, and
R. maraorao sp. nov. by smooth skin (vs rough), absence
of chin barbels (vs general presence), longer hindlimbs
(HIL/SVL 1.51-1.58 vs 1.10-1.41); from R. mangaben-

Peninsula). Shown in A dorsolateral and B ventral view.

Figure 46. Rhombophryne anatiala sp. nov. adult female paratype MRSN A4544 (FAZC 10314) in life from Menamalona (Masoala
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sis and R. savaka by larger body size (SVL 34.3-37.9
mm vs 18.7-23.2 mm), and presence of multiple large
light-coloured inguinal spots (vs black inguinal ocelli in
R. savaka); from R. mavokely sp. nov., R. ornata, and
members of the R. ellae species group by the absence of
reddish orange colouration on the posterior thigh and in
the inguinal region (vs presence); from members of the
R. minuta species group by shorter hindlimb length (HIL/
SVL 1.51-1.58 vs 1.73—-1.84), and less gracile habitus;
from R. proportionalis by much larger adult body size
(SVL 34.3-37.9 mm vs 11.0-12.3 mm); and from all
members of the R. serratopalpebrosa species group by
the absence of superciliary spines (vs presence).

Within the R. laevipes species group, R. anatiala sp.
nov. can be distinguished from R. laevipes by shorter

hindlimbs (HIL/SVL 1.51-1.58 vs 1.62—1.86), and larg-
er inner metatarsal tubercle (IMTL/FOL 0.11-0.13 vs
0.08-0.11); from R. botabota by larger body size (SVL
34.3-37.9 mm vs 24.2-32.2 mm), and presence of large
light-coloured spots in the inguinal region and on the
posterior thigh and ventral shank (vs absence); and from
R. nilevina by smaller body size (SVL 34.3-37.9 mm vs
41.2-57.2 mm). As far as is known, Rhombophryne ana-
tiala sp. nov. can only be distinguished morphologically
from R. sonaliae sp. nov. by the longer third toe, reaching
the midpoint of the second phalange of the fourth toe (vs
reaching or barely surpassing the joint of the first and sec-
ond phalange of the fourth toe). For distinction from the
last newly described member of this species group, see its
description below.

Element Y
ulnare

1mm

radioulna

fibulare

Figure 47. Skeleton of Rhombophryne anatiala sp. nov. holotype MRSN A2696 (RJS 0597). A-C Whole skeleton in A dorsal, B
ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I left hand
in ventral view. Gut contents in A—C include dense soil and small stones. Abbreviations are given under Materials and Methods.
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Description of holotype. Specimen in a moderately good
state of preservation, though slightly soft (Fig. 30). An in-
cision made along the left flank to assess the sex, and part
of the tongue taken as a tissue sample. Small ova, ovaries,
and fallopian tubes clearly visible.

Body robust and rotund. Head wider than long (HW/
HL 1.76). Eyes quite small (ED/HL 0.31), slightly de-
pressed, pupils small, oval. Snout rounded in dorsal and
slightly truncate in lateral view. Canthus rostralis distinct,
concave. Loreal region concave, oblique. Nostril equidis-
tant between tip of snout and eye, slightly protuberant.
Tympanum indistinct, round, TDH/ED 0.59. Supratym-
panic fold distinct, slightly raised, dark brown, running
straight from posterior corner of eye over tympanum,
curving gently ventrally posterior to the tympanum to
above the forearm’s insertion. Lateral head similar in co-
lour to dorsal head, except for the supratympanic fold.
Superciliary spines absent, one subtle light dot above
each eye. Dorsal skin smooth in preservative. Tongue
partly taken as tissue sample, originally broad, attached
anteriorly, posteriorly free. Maxillary and vomerine teeth
present, vomerine teeth curved, without pronounced
height variation, separated at the midline by a small gap.
Choanae round and surrounded by pigment, placed later-
ally in the roof of the mouth.

Forelimbs relatively short (FARL/SVL 0.380), strong-
ly built. Fingers without webbing, moderately long, rel-
ative lengths 1 <2 <4 <3 on left hand, 1 <4 <2 <3
on right, in both cases distinctly so (Fig. 31). Finger tips
not expanded, rounded. Finger subarticular tubercles dis-
tinct, whitish, flat; inner metacarpal tubercle broad and
rounded, outer metacarpal/palmar tubercle indistinct,
greyish. Hind limb strong, tibiotarsal articulation reach-
ing between tympanum and eye when adpressed anteri-
orly along the body. TIBL/SVL 0.428. Inner metatarsal
tubercle present, oblong, whitish, distinctly raised. Outer
metatarsal tubercle absent. Toes not webbed; toes unre-
duced, toe lengths 1 <2 <5 <3 <4, fifth toe distinctly
shorter than third, third toe extending to the middle of the
second phalange of the fourth toe; subarticular tubercles
slightly distinct; toe tips slightly enlarged, rounded (Fig.
31).

After 19 years in preservative, the base colour is a
coffee brown across the dorsum, and a darker brown on
the limbs. The dorsum is mottled brown, with a clear
V-shaped marking over the suprascapular region. Behind
the eyes, running towards the inguinal region, are lighter
brown wavy patterns riddled with tiny white points, very
similar to R. sonaliae sp. nov. No distinct colour differ-
ence between the lateral and dorsal head except on the
supratympanic fold, which is dark brown. The inguinal
region bears several large white spots which also extend
onto the anterior thigh, on a dark brown background.
There are also several white spots on the posterior thigh,
ventral shank, and dorsal foot. The ventral thigh is mostly
cream, mottled with light brown. The ventral feet are a
light brown. A light annulus is present before the terminal
phalange of each finger and toe. The legs have distinct
crossbands on the thigh, shank, tarsus, and foot. The arms
have a single crossband on the lower arm. The palmar

surface is grey-brown. The chin is light brown, the ven-
tral abdomen mostly cream, with a few brown flecks. The
cloaca region is unmarked, and there is no blackish bar
above it.

Variation. SVL 34.3-37.9 mm (n = 2). For variation in
other measurements see Table S6. MRSN A4600 has a
distinctly different skin texture in preservative, and is also
much less mottled than the holotype. It lacks the V-shaped
marking of the dorsum and the crossbands on the legs of
the holotype. MRNS A4544 likewise lacks the V-shaped
marking on the dorsum, but does have the crossbands on
its legs.

Call. The call of this species is unknown.

Etymology. The Malagasy adjective anatiala meaning
‘in the forest’, in reference to the habitat of this species
in the rainforests of Masoala. Used as an invariable noun
in apposition.

Distribution. This species is only known from (1) Am-
parihy (type locality) and (2) Menamalona on the Masoa-
la Peninsula. Elevation: 778-800 m a.s.1.

Natural history. Little is known of the ecology of this
species, but we presume that it is similar to its sister spe-
cies, R. sonaliae sp. nov., in its ecology and behaviour;
see the account of that species, above.

Rhombophryne kotrobaratra sp. nov.

https://zoobank.org/058798DB-5703-447F-BBB9-
5F912923531A

Figures 2, 4-7, 30, 31, 48, 49

Informal names. This species was listed as ‘Rhombo-
phryne sp. 10’ by Vieites et al. (2009) and ‘Rhombophryne
sp. Cal0’ by Scherz et al. (2015b), Lambert et al. (2017),
Scherz (2020), and Belluardo et al. (2022), and ‘Rhombo-
phryne sp. 10° and “UCS “Sp. 10”” and ‘UCS “Sp. 20™”
by Carné and Vieites (2024). A specimen of this species
(MRSN A2610) was mistakenly figured as the specimen
MRSN A2620 of ‘R. sp. Cal9’ by Belluardo et al. (2022).

Justification of the new species. The new species
was found to be the sister species of R. sp. Cal5 from
Betampona of which no further data are available (see
account on this candidate species below). Together, the
clade of these two lineages is sister to all other species
of the R. laevipes group based on a multigene phylogeny
(Belluardo et al. 2022) which by itself already excludes
conspecificity with any of the other nominal species. Ge-
netic divergence of R. kotrobaratra sp. nov. to all other
nominal species of Rhombophryne is >7.5% uncorrected
p distance in the 3’-terminal fragment of 16S and thus
much higher than the 3% level typically indicative of spe-
cies-level differentiation in Malagasy frogs (Vieites et al.
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2009). There is no haplotype sharing in the analysed frag-
ment of the nuclear gene RAG1 between R. kotrobaratra
sp. nov. and any other species of the Rhombophryne ge-
nus in the analysed dataset (Fig. 4). Furthermore, it also
differs from other nominal species in the R. laevipes group
by morphological characters (see Diagnosis below), and
its status as distinct species is therefore beyond doubt.
More research is necessary to understand the status of R.
sp. Cal5 (see below).

Holotype. MRSN A2990 (RJS 0581), an adult female,
collected on 17 February 2002 at ‘Camp 7° Antsiranana
Faritany (15.4177°S, 49.9403°E, ca. 778 m a.s.l.), Am-
parihy, Masoala Peninsula, Analanjirofo Region, north-
eastern Madagascar, by J.E. Randrianirina (Figs 30, 31).

Paratypes. Nine specimens: MRSN A2610 (FAZC
10312; Fig. 48A—C), an adult male, and MRSN A2599
(FAZC 10307), an adult female, collected on 11 and 13
December 1999 (respectively) at ‘Camp 5° Menamalona
(15.3812°8S, 49.9878°E, ca 800 m a.s.l.), llampy Corri-
dor, Masoala Peninsula, Analanjirofo Region, northeast-
ern Madagascar, by F. Andreone and J.E. Randrianirina;
MRSN A1845 (FN 6310), an adult female, collected
on 3 December 1996 in Antsarahan’ny Tsararano (ca
14.9067°S, 49.6867°E, ca 700 m a.s.l.), Sava Region,
northeastern Madagascar, by F. Andreone (Fig. 48E, F);
MRSN A2609 (FN 7519; Fig. 49), an adult male, and
MRSN A2601 (FN 7560), an adult female, collected
on 23 and 24 November 1998 (respectively) at ‘Camp
2’ Beanjada (15.2638°S, 49.9583°E, ca 1000 m a.s.l.),
Masoala Peninsula, Analanjirofo Region, northeastern
Madagascar, by F. Andreone and J.E. Randrianirina;
UADBA-A-APR 12594, UADBA-A-APR 12541, and
UADBA-A-APR 12563, a putative male and two small
juveniles (respectively), collected on 16-19 May 2016
at mid-elevation in Marojejy National Park (14.4559°S,
49.7749°E, 765-780 m a.s.l.), Sava Region, northeast-
ern Madagascar, by A.P. Raselimanana, UADBA-A-
APR 12765, an adult female, collected on 1 June 2016
at mid-elevation in southwestern Marojejy National
Park (14.5074°S, 49.6153°E, 835 m a.s.l.), Sava Region,
northeastern Madagascar, by A.P. Raselimanana.

Assignment of specimens. The paratype MRSN A2610
(FAZC 10312) is used as the reference specimen for this
species in 16S rRNA barcoding (16S5° AY594073; An-
dreone et al. 2005; 16S3° AY594111; Vieites et al. 2009).
The holotype is used as the reference specimen for COI
barcoding (COI OL790134; Belluardo et al. 2022). The
16S sequence of the holotype differs from the 16S refer-
ence sequence by eight mutations and three gaps in the
16S3” fragment (98% identical; OL780580). All paratypes
and referred specimens conform well with the holotype in
morphology; no further specimens are sequenced. MRSN
A2990 and MRSN A2610 are present in the RAG1 hap-
lotype network (Fig. 4).

Definition. Within the R. laevipes group, this species
along with R. sp. Cal5 represents the sister clade of all

other group members based on molecular phylogenetic
data (Fig. 2; Belluardo et al. 2022). It is characterised by
the possession of the following unique suite of charac-
ters: (1) medium body size, adult SVL 24.1-33.0 mm;
(2) head wider than long (HW/HL 1.46—1.64); (3) moder-
ately small eyes (ED/HL 0.34-0.44); (4) long hindlimbs
(HIL/SVL 1.81-1.92); (5) small inner metatarsal tuber-
cle IMTL/FOL 0.09-0.11); (6) outer metatarsal tubercle
sometimes present; (7) second finger distinctly shorter
than fourth; (8) third toe distinctly longer than fifth; (9)
dorsal skin granular with scattered warts in life; (10) ab-
sence of chin barbels; (11) absence of pronounced su-
perciliary spines; (12) absence of distinct inguinal spots;
(13) presence of bright orange colouration on the hidden
surfaces of the legs in life; (14) unfortified skull without
expansion of maxilla or posterior process of angulosplen-
ial; and (15) clavicles present, thin, curving.

Rhombophryne kotrobaratra sp. nov. is furthermore
distinguished from all other Rhombophryne species an-
alysed by the following robust diagnostic nucleotide
combination in the mitochondrial 16S rRNA gene (po-
sitions relative to the full 16S sequence of Anilany hele-
nae MZ751042): in 16S5°, ‘C’ at site 288, ‘T’ at site 355,
and ‘T at site 402. No diagnostic sites were identified
for 16S3°.

Diagnosis. Within the genus Rhombophryne, R. kotro-
baratra sp. nov. is highly distinctive, and can be dis-
tinguished from all other species by the combination of
orange colouration on the hidden surfaces of the legs
(otherwise present only in the R. ellae species group and
R. mavokely sp. nov.), absence of inguinal ocelli (present
in R. ellae and R. quentini sp. nov.), and long legs (HIL/
SVL 1.81-1.92 vs 1.50-1.61 in R. mavokely sp. nov.,
1.40-1.80 in the R. ellae species group). It also typical-
ly has a distinctive dark chevron dorsally, which can be
useful to distinguish it from most other species. These
chevrons and in general the presence of a rather tubercu-
lar dorsal skin appear to distinguish the species from all
other nominal species in the R. laevipes group.

Description of holotype. An ovigerous adult female in
an excellent state of preservation (Fig. 30). Right arm re-
moved as a tissue sample, and a slit made along the right
flank to check the sex. The abdomen is full of highly de-
veloped ova.

Body robust. Head wider than long (HW/HL 1.55),
distinctly narrower than abdomen. Eyes moderately small
(ED/HL 0.41), slightly depressed, pupils lenticular. Snout
rounded in dorsal and lateral view. Canthus rostralis in-
distinct, concave. Loreal region weakly concave, oblique.
Nostril closer to tip of snout than to eye, very slightly
protuberant. Tympanum indistinct, round, TDH/ED 0.55.
Supratympanic fold indistinct, weakly raised, curving
slightly from posterior corner of eye to above the fore-
arm’s insertion. Lateral head similar in colour to dorsal
head. Superciliary spines absent. Dorsal skin smooth in
preservative. Tongue partly taken as tissue sample, orig-
inally broad, attached anteriorly, posteriorly free. Maxil-
lary and vomerine teeth present, vomerine teeth curved,
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without height variation, separated at the midline by a
small gap. Choanae oval, placed laterally in the roof of
the mouth.

Forelimbs relatively short (FARL/SVL 0.407) and
narrow. Fingers without webbing, moderately long, rela-
tive lengths 1 <4 <2 <3, second finger distinctly longer
than fourth (Fig. 31). Finger tips not expanded, rounded.
Finger subarticular tubercles distinct, whitish, flat; inner

metacarpal tubercle distinct and rounded, outer meta-
carpal/palmar tubercle distinct and oblong, cream. Hind
limb strong with particularly thick and robust thighs, ti-
biotarsal articulation reaching the snout when adpressed
anteriorly along the body. TIBL/SVL 0.520. Inner meta-
tarsal tubercle present, oblong, whitish, distinctly raised.
Outer metatarsal tubercle present as a faint lightening of
the general area. Toes not webbed; toes unreduced, toe

Figure 48. Rhombophryne kotrobaratra sp. nov. in life. A—C adult male paratype MRSN A2610 (FAZC 1031), from Menamalona,
Masoala Peninsula, in A dorsolateral, B ventral, and C dorsal view with left leg stretched. D An uncollected individual referrable to

R. kotrobaratra sp. nov. in dorsolateral view, photographed by Eric Mathieu near ‘Camp 2’ in Marojejy National Park, ca 600-700

m a.s.l. E, F adult female paratype MRSN A1845 (FN 6310), from Antsarahan’ny Tsararano, in E dorsolateral and F ventral view.

Notice the reddish orange colouration on the legs in life in C and D.
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lengths 1 <2 <5 <3 <4, fifth toe distinctly shorter than
third; subarticular tubercles distinct; toe tips slightly en-
larged, rounded (Fig. 31).

After 21 years in preservative, the base colour is a
mottled light brown across the dorsum and limbs. The
dorsum bears one very distinct dark brown chevron over
the suprascapular region, and a suggestion of a second
one over the hip. There are darker brown blotches with-
in these patterns, giving an overall mottled appearance.
An interocular brown band is present with a tan anterior
edge. Behind it, two small tan spots are present, surround-
ed by dark brown. No distinct colour difference between
the lateral and dorsal head. The supratympanic fold is not
marked by colour. The inguinal region lacks dark or light
spots. The hindlimbs have distinct dark brown crossbands
on thigh, shank, and foot. The posterior and anterior thigh
is light cream mottled with brown; the ventral thigh is

immaculate medially and becomes more mottled distally.
The cloaca region is slightly darker brown than the rest
of the posterior thigh. Mottling continues on the ventral
shank and medial foot. The ventral feet are light brown.
A cream annulus is present before the terminal phalange
of each finger and toe. The arms have a single dark brown
crossband on the lower arm. The palmar surface is light
brown except for the cream tubercles. The chin is cream
in base colour but mottled with light brown, fading pos-
teriorly to immaculate cream over the scapular region go
the abdomen.

Variation. Sexual size dimorphism quite pronounced:
SVL of males 24.1-26.4 mm (n = 2), females 27.0—
33.0 mm (n = 5); for variation in other measurements see
Table S6. No obvious dichromatism; males have only
slightly darker chins than females. The dorsal pattern

radioulna

tsls 2+3 Jmm;
tsl 1

prehallux
1mm

fibulare centrale

tibiale

Figure 49. Skeleton of Rhombophryne kotrobaratra sp. nov. paratype MRSN A2609 (FN 7519). A—C Whole skeleton in A dorsal,
B ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I left
hand in ventral view. Gut contents in A—C include small stones. Abbreviations are given under Materials and Methods.
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consistently includes the dark chevron marking over the
suprascapular region. The posterior chevron varies from
highly distinct (MRSN A2609), to its least distinct in
the holotype (Fig. 30). The legs of APR 12765 and APR
12594 are distinctly narrower than the rest of the type se-
ries. These specimens are also greyer in colour, possibly
as a result of differences in preservation method. The ven-
tral surface of APR 12765 is covered in tiny round dark
markings that are clearly distinct from melanosomes.
These structures are absent from all other specimens.

Call. The call of this species is not known.

Etymology. The Malagasy noun kotrobaratra meaning
‘thunder and lightning’, in reference to the typical con-
ditions under which this frog emerges, during stormy
weather with heavy rain. Used as an invariable noun in
apposition.

Distribution. This species is known from (1) the western
Masoala Peninsula: Amparihy (type locality), Menamalo-
na, and Beanjada, and (2) Antsarahan’ny Tsararano, and
(3) Marojejy (Fig. 48). It occurs at intermediate eleva-
tions (ca 600-1000 m a.s.L.).

Natural history. Rhombophryne kotrobaratra sp. nov. is
a semi-fossorial or detriticolous species found in low- to
mid-elevation humid forest. Specimens collected by APR
were active at night on wet thick leaf litter covering the
forest floor, after a heavy rain late in the afternoon. All
observed individuals were found in almost-closed-cano-
py forest.

Rhombophryne sp. Cal5

Remark. This candidate species was identified by Bel-
luardo et al. (2022) based on the specimen DLR 620 (ex-
traction number ACP3194), which has been sequenced
for the mitochondrial markers 16S3” (OL780581), 16S5°
(OL780604), 12S (OL780590), COB (OL853700),
and COI (OL790135), and the nuclear markers BDNF
(OL853691), POMC (OL780557), RAG1 (PZ377035),
RAG2 (OL780561), SACS-A (OL853704), and
KIAA1239 (OL780539). It has also been referred to
as ‘R. sp. 15” and ‘UCS “Sp. 15 by Carné and Vieites
(2024). Other than its collection locality (Betampona
Strict Nature Reserve, central eastern Madagascar), we
have no further data on this specimen. Based on its phy-
logenetic position, it appears to be the closest relative
of R. kotrobaratra. No specimens were available to us
at this time and it was not possible to assess this spe-
cies taxonomically, but it is distinguished from all other
Rhombophryne species analysed by the following robust
diagnostic nucleotide combination in the mitochondrial
16S rRNA gene (positions relative to the full 16S se-
quence of Anilany helenae MZ751042): in 16S5’, ‘T’ at
site 288, ‘T’ at site 413, and ‘C’ at site 642; in 16S3°,
‘G’ at site 899, ‘A’ at sit 1026, ‘G’ at site 1267, and ‘T’
at site 1276.

Osteology of the Rhombophryne laevipes
species group

Material examined. This description is based on the fol-
lowing specimens: R. laevipes (MNHN 1893.285; Fig.
34), R. botabota (ZSM 358/2005; Fig. 37), R. nilevina
(KU 340897; Fig. 40), R. sonaliae sp. nov. (ZSM 3/2002;
Fig. 44), R. anatiala sp. nov. (MRSN A2696; Fig. 47),
and R. kotrobaratra sp. nov. (MRSN A2609; Fig. 49).
The left arm of MRSN A2609 has been removed at the
mid-humerus, its fourth toe on the right foot has been am-
putated near the middle of the first tarsal, and the right
femur of KU 340897 is broken and healed near its distal
end. V8 and the sacrum are fused in the vertebral col-
umn of ZSM 3/2002, presumably a developmental defect.
Several of its finer bones are poorly ossified. This is true
also of MNHN 1893.285, though to a lesser extent.

The Rhombophryne laevipes species group is osteo-
logically rather homogeneous, showing mostly general-
ist, terrestrial features without obvious adaptations to dig-
ging. Here, we provide a description of the osteology of
the group that highlights particularly diagnostic features
of each species.

The skull is broader than long, and rather consistent
in relative dimensions in all species. The braincase of
R. kotrobaratra sp. nov. appears to extend further for-
ward than all other members of the group (Fig. 49D).

Dorsal investing bones. Nasals closely abutting or con-
tacting the frontoparietals in all species except R. botabo-
ta, in some cases in contact with calcified portions of the
sphenethmoid. The maxillary process of the nasal is ori-
ented posterolaterally and runs towards the neopalatine,
but does not come close to contacting it or the maxilla
in any species. The dorsal surface of the nasal and the
maxillary process have an anterolateral concavity (simi-
lar to R. maraorao sp. nov. and R. coudreaui from the R.
testudo species group), most pronounced in R. nilevina
and R. sonaliae sp. nov. The maxillary process of most
species tapers distally, but in R. kotrobaratra sp. nov. it is
narrower and tapers only at the distal tip.

The frontoparietals are rather conserved in this group.
All species have a distinct dorsal process. The lateral ven-
trally descending flange extends almost the full length of
the frontoparietal, and encloses less than half of the lat-
eral braincase.

Neurocranium. The sphenethmoid varies from fully os-
sified and covering the anterolateral wall of the braincase
(R. anatiala sp. nov., R. kotrobaratra sp. nov.), to weakly
ossified but covering the anterolateral wall of the brain-
case (R. nilevina, R. botabota, R. sonaliae sp. nov.), to
almost totally unossified (R. laevipes).

The exoccipital varies little in shape across this group.
The posteromedial face of the dorsal extension is convex
in R. anatiala sp. nov. but flatter in most other species. The
exoccipitals do not meet medially. The prootic is well ossi-
fied in all species, and varies little in shape among species.

The septomaxilla is rather consistent in shape across
the group. The medial ramus is apparently present in all
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species except R. sonaliae sp. nov. and R. botabota, but
see our previous comments on the septomaxilla and its
ossification, and why it should not be relied upon as a di-
agnostic feature in micro-CT scans (Scherz et al. 2017a).

The columella is rather similar in shape and structure
among species.

Ventral investing and palatal bones. The cultriform
process of the parasphenoid is broad in all species except
R. kotrobaratra sp. nov., where it is much narrower and
longer. The alary processes of R. sonaliae sp. nov. are
proportionally rather short, compared to the other spe-
cies.

The anterior portion of the vomer is triradiate, near-
ly crescentic in some species. It is comparatively larg-
er in R. laevipes and R. sonaliae sp. nov. than the other
species, but this may be an artefact of its degree of os-
sification. The posterior portion of the vomer is curved
(R. kotrobaratra sp. nov., R. laevipes, R. botabota) or
sigmoid (R. anatiala sp. nov., R. nilevina, R. sonaliae sp.
nov.). It bears distinct teeth in all species. There is a dis-
tinct diastema in the vomerine teeth of R. kotrobaratra
sp. nov. The neopalatine, which lies dorsally on top of the
vomer, is a curved flattened rod-like structure, but has a
rounded to spatulate anterior projection near the midline
in all species. The vomers and neopalatines are separated
medially by a small gap.

Macxillary arcade. Maxillary teeth are present in all spe-
cies, but are largest in R. sonaliae sp. nov. The premaxilla
is fairly uniform across species. The maxilla is not espe-
cially deep in any species. Its lateral surface is concave
in R. sonaliae sp. nov. and to some extent in R. laevipes.
The facial process is bluntly raised in R. botabota and
R. kotrobaratra sp. nov., but more triangular in the other
species. It is widely separated from the maxillary process
of the nasal. The contact with the anterior ramus of the
quadratojugal is extensive.

Suspensorium. The anterior ramus of the quadratojugal
is curved in R. kotrobaratra sp. nov., but straight in all
other species. The contact with the squamosal is fairly
brief.

The ventral ramus of the squamosal is rather straight,
posteriorly flared. The otic and zygomatic rami are of
similar length in all species, and form a gentle continu-
ous curve in all species except R. nilevina, where they
are rather angled relative to one another in dorsal view
(Fig. 40D).

The pterygoid is quite consistent among species, vary-
ing predominantly in the position of the lateral groove.

Mandible. The mentomeckelians of all species are small
and hourglass-shaped. The dentary is thin and laminar.
The angulosplenial is robust. The coronoid process is low
but distinct, largest in R. laevipes. The posterior process
(articular facet) is weakly expanded.

Pectoral girdle. The coracoids are medially strongly
flared, with a long medial contact facet. Clavicles present

and curved. The scapula and cleithra do not differ suffi-
ciently for further comment.

The humeral crests are strongly developed in all spe-
cies. The crista ventralis extends half the length of the
humerus in all species except R. kotrobaratra sp. nov.,
where it is ca one third of the humerus. The crista lateralis
is present but weakly developed. The radioulna does not
show remarkable variation.

Ossification of the hand bones is very low in R. sonali-
ae sp. nov., and quite low in R. laevipes. Carpals 2, 35,
element Y, radiale and ulnare present. The prepollex is
absent or unossified in the specimens of R. laevipes and
R. sonaliae sp. nov. examined. Among the other species,
it is moderately large. The digital formula of all species is
the same (2-2-3-3), and terminal phalanges consistently
end with small knobs.

Vertebral column. Transverse processes of V2 perpen-
dicular to body axis in all species except R. botabota,
where they are angled posteriorly. Transverse processes of
V24 distinctly broader than V5-8. Transverse processes
of V5-8 broader than or roughly as broad as centrum is
wide in R. sonaliae sp. nov., R. nilevina, R. laevipes, and
R. anatiala sp. nov.; substantially shorter than centrum
is wide in R. botabota and R. kotrobaratra sp. nov. The
sacrum is as wide as V4 in all species, its anterior edge
quite straight, angled posteriorly. The diapophyses are
very weakly flared in R. botabota and R. kotrobaratra sp.
nov., and more strongly flared in the other species (most
strongly in R. laevipes). The urostyle has a dorsal ridge
along 60-90% of its length, but the posterior tip is free
in all species.

Pelvic girdle. Iliac shafts with strong dorsal crests in all
species. The oblique groove and dorsal prominence are
present in all species, most distinctly so in R. nilevina and
R. sonaliae sp. nov., and most weakly so in R. kotrobara-
tra sp. nov. The femur lacks a posterior ridge. The tibio-
fibula and tarsus do not bear further comment. The toe
formula is standard (2-2-3-4-3). The prehallux is small,
comprised of two elements. The state in R. sonaliae sp.
nov. and R. laevipes cannot be commented upon because
of the low ossification. Terminal phalanges of all toes
short and knobbed.

Rhombophryne ellae species group

Rhombophryne ellae Scherz, 2020
Figures 2, 4-7, 50-53

Holotype. ZSM 76/2018 (MSZC 0534), an adult or sub-
adult female, collected on 28 December 2017 in ‘Mon-
tagne d’Ambre National Park (12.5066°S, 49.1746°E,
892 m a.s.l.)’, Diana Region, northern Madagascar by
M.D. Scherz, J.H. Razafindraibe, A. Razafimanantsoa, O.
Randriamalala, S.M. Rasolonjavato, R. Tiavina, E.Z. Lat-
tenkamp, and A. Rakotoarison (Figs 50, 51, 52A-D, 53).
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Paratypes. None.

Referred specimens. ZSM 903/2003 (FGMYV 2002.0918),
an unsexed adult, collected on 18 February 2003 in Mon-
tagne d’Ambre National Park (no precise coordinates
available), Diana Region, northern Madagascar by F.
Glaw, R.D. Randrianiaina, and A. Razafimanantsoa (Fig.
52E, F); ZSM 222/2004 (FGZC 432), a juvenile speci-
men, collected on 20 February 2004 in Montagne d’Am-

Rhombophryne minuta
MNHN 1975.15

Rhombophryne ellae
ZSM 76/2016

Rhombophryne kilonjy sp. nov.
MRSN A4627

bre National Park (no precise coordinates available), Di-
ana Region, northern Madagascar, by F. Glaw, M. Puente,
R. Randrianiaina, and A. Razafimanantsoa.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA barcod-
ing (16S3° MT371794; Scherz 2020) and COI barcoding
(COI MT372330; Scherz 2020), and is present in the
RAGT haplotype network (Fig. 4). No other specimens

Rhombophryne longicrus
Z5M 1630/2012

-\

Rhombophryne quentini sp. nov.
MRSN A4616

Rhombophryne proportionalis
ZSM 1826/2010

Figure 50. Name-bearing type specimens of species in the Rhombophryne ellae, R. proportionalis, and R. minuta species groups in

dorsal (left) and ventral (right) views. Scale bars = 10 mm.
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of the species have yet been sequenced. Both of the new-
ly referred specimens conform well with the holotype in
morphology.

Definition. Within the R. ellae group, this species is sister
to a clade consisting of R. quentini sp. nov. and R. kilonjy
sp. nov. (described below) based on molecular phyloge-
netic data. It is characterised by the possession of the fol-
lowing unique suite of characters: (1) medium body size,
adult SVL 24.9 mm; (2) head wider than long (HW/HL
1.47); (3) moderately small eyes (ED/HL 0.38); (4) rel-
atively long hindlimbs (HIL/SVL 1.71); (5) small inner
metatarsal tubercle IMTL/FOL 0.9); (6) outer metatarsal
tubercle weakly pronounced; (7) second finger distinct-
ly shorter than fourth; (8) third toe distinctly longer than
fifth; (9) dorsal skin finely granular; (10) absence of chin
barbels; (11) absence of pronounced superciliary spines;
(12) presence of large black inguinal ocelli bordered with
white; (13) presence of bright orange colouration on the
hidden surfaces of the legs in life; (14) unfortified skull
without expansion of maxilla or posterior process of an-
gulosplenial; and (15) clavicles present, thin, curving.

Rhombophryne ellae is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S3’, ‘G’ at site 1025, and ‘A’ at site 1074 (16S5’ not
available for this species).

Diagnosis. Within the genus Rhombophryne, R. ellae can
be distinguished from all species except R. quentini sp.

R. longicrus

R. quentini sp. nov.

R. proportionalis

nov. described below by the combination of distinctive
white-outlined black inguinal ocelli with reddish orange
colouration on the hidden surfaces of the legs. For dis-
tinction from R. quentini sp. nov. and R. kilonjy sp. nov.,
see the description of those species, below.

Variation. In the original description, Scherz (2020) re-
ported on the single specimen known to him at that time.
ZSM 903/2003 (Fig. 52E, F) and ZSM 222/2004, agree
very well with the original description both in morpholo-
gy and in colouration. The dorsal skin of ZSM 903/2003
is slightly more granular than the type specimen, and the
skin on the underside of the legs is darker grey. ZSM
222/2004 appears faded in colour. Morphometric mea-
surements are provided in Table S7.

Call. The call of this species is unknown.

Etymology. Eponym for Ella Z. Lattenkamp, partner of
MDS.

Distribution. This species is only known from (1) Mon-
tagne d’Ambre National Park (type locality).

Natural history. Rhombophryne ellae is a semi-fossori-
al or detriticolous species found in mid-elevation humid
forest; its ecology is poorly known. Gut contents of the
holotype included ‘three whole ants and one ant head,
seemingly belonging to two different species (one of the
whole ants is diminutive), the head of a jumping spider
(Salticidae), and the elytra and other body parts of a bee-
tle.” (Scherz 2020: 319).

R. minuta

<\

R. longicrus

R ellae

R quentini sp. nov. l :

R. kilonjy sp. nov.

N R. proportionalis

Figure 51. Ventral views of hands and feet, and lateral views of heads of name-bearing type specimens of members of the Rhombo-
phryne ellae, R. proportionalis, and R. minuta species groups. Not to scale. * = mirrored for conformity.
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Figure 52. Rhombophryne ellae in life. Photographed in rainforest in Montagne d’ Ambre National Park. A—D adult female holotype
ZSM 76/2018 (MSZC 0534) from Montagne d’Ambre in A posterior, B dorsal, C ventral, and D dorsolateral view; E, F unsexed
adult ZSM 903/2003 (FGMYV 2002.0918), a specimen referred to R. ellae based on morphology and colour, in E dorsolateral and F
ventral view. Notice the inguinal spot with a thin white outline visible in A and D and the vibrant orange of the posterior thighs in
A that is totally hidden when the legs are folded as in B and D.
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metatarsal

Figure 53. Skeleton of Rhombophryne ellae holotype ZSM 76/2018 (MSZC 0534). A—C Whole skeleton in A dorsal, B ventral, and
C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in ventral
view. Gut contents in A—C include small stones. Abbreviations are given under Materials and Methods.

Rhombophryne quentini sp. nov.

https://zoobank.org/C8BE387D-E861-49B6-85B5-
31805710ESDF

Figures 2, 4-7, 50, 51, 54, 55

Remark. This species was figured as possibly represent-
ing Rhombophryne guentherpetersi by Glaw and Vences
(2007).

Informal names. This species was listed as ‘Rhombo-
phryne sp. 3 Tsaratanana’ by Wollenberg et al. (2008),
‘Rhombophryne sp. 7’ by Vieites et al. (2009), ““Rhombo-
phryne” sp. Ca07 Tsaratanana’ by Scherz et al. (2016b),

‘Rhombophryne sp. Ca07’ by Belluardo et al. (2022),
‘Plethodontohyla sp. 2° by Andreone et al. (2009), and
‘Rhombophryne sp. 7” and ‘UCS “Sp. 7’ by Carné and
Vieites (2024).

Justification of the new species. The new species is sis-
ter to R. kilonjy sp. nov., and these two species are togeth-
er sister to R. ellae, as part of the R. ellae group that is
phylogenetically distinct from other Rhombophryne (Bel-
luardo et al. 2022). From R. ellae, the new species differs
by a high genetic divergence of 6.3% uncorrected p dis-
tance in the 16S3’ fragment and thus distinctly higher
than the 3% level typically indicative of species-level dif-
ferentiation in Malagasy frogs (Vieites et al. 2009). There
is no haplotype sharing between R. quentini sp. nov. and


https://zoobank.org/C8BE387D-E861-49B6-85B5-31805710E5DF
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R. ellae in the analysed fragment of the nuclear gene
RAGTI (Fig. 4). Furthermore, it also consistently differs
from R. ellae by various morphological and osteological
characters, especially its pronounced metatarsal tubercle
(see Diagnosis below), and its status as distinct species is
therefore beyond doubt. See also the Justification section
for R. kilonjy sp. nov. below.

Holotype. MRSN A4616 (FAZC 11134), an adult female,
collected on 9 February 2001 at ‘Camp 1’ Antsahamanara
(ca 14.045°S, 48.784°E, ca 1000 m a.s.l.), Manarikoba,
Réserve Naturelle Intégrale de Tsaratanana, Diana Re-
gion, northern Madagascar, by F. Andreone, F. Mattioli,
J.E. Randrianirina, and M. Vences (Figs 50, 51, 54A, B).

Paratypes. 12 specimens: MRSN A4615 (FAZC 11129;
Fig. 55), MRSN A4617 (FAZC 11133), and MRSN
A3248 (FAZC 11161 = FGMV 2001.G46 tissue sam-
ple), MRSN A4638 (FAZC 11169), four unsexed adults,
MRSN A4628 (FAZC 11060), a juvenile, MRSN A4604
(FAZC 11048), an unsexed individual of uncertain ma-
turity, MRSN A3656 (FAZC 11062; Fig. 54C, D), an
adult female, MRSN A4629 (FAZC 11059; Fig. 54E,
F), a subadult female, MRSN A4595 (FAZC 11151), an
adult probable female (ambiguous genitalia), and MRSN
A4630 (FAZC 11146) and MRSN A4631 (FAZC 11084),
and UADBA-A 28193 (MV 2001.134), three adult males,
all with same collection data as the holotype, but collect-
ed on 4-13 February 2001

Referred specimens. BMNH 1987.2297 (field number
9’), an unsexed adult, collected on 12 February 1988 at
‘Camp B’ in Manongarivo Special Reserve (14.067°S,
48.283°E, 350 m a.s.l.) by C.J. Raxworthy conforms
morphologically with this species, but is not genetically
verified. Due to its lower elevational distribution and geo-
graphical separation from other records, it is here tentative-
ly included in the circumscription of R. quentini sp. nov.

Assignment of specimens. The paratype MRSN A3248
(FAZC 11161 = FGMV 2001.G46) is used as the refer-
ence specimen for this species in 16S rRNA barcoding
(16S3’ and 16S5’ EU341108; Vieites et al. 2009). The ho-
lotype is used as the reference specimen for this species in
COI barcoding (COI OL790133; Belluardo et al. 2022).
The sequence of the holotype is identical to the sequence
of the reference specimen for 16S in 1653’ (OL780577),
and differs by one mutation in 1655’ (99.8% identical;
OL780602). All paratypes and referred specimens con-
form well with the holotype in morphology. Assignment
of specimens MRSN A4615, MRSN A3248, MRSN
A4604 and MRSN A4617 is further confirmed by molec-
ular taxonomic identification (Fig. 2). Unsequenced, mor-
phologically identified specimens MRSN A4638, MRSN
A4628, MRSN A3656, MRSN A4629, MRSN A4595,
MRSN A4630, MRSN A4631, UADBA-A 28193 were
also collected at the type locality, and can be assigned
to the species morphologically. MRSN A4604, MRSN
A4615, and MRSN A3248 are present in the RAGI hap-
lotype network (Fig. 4).

Definition. Within the R. ellae group, this species is sister
to R. kilonjy sp. nov. (described below) based on molec-
ular phylogenetic data (not shown). It is characterised by
the possession of the following unique suite of characters:
(1) small to medium body size, adult SVL 21.4-30.1 mm;
(2) head wider than long (HW/HL 1.31-1.66); (3) mod-
erately small eyes (ED/HL 0.32-0.43); (4) relatively long
hindlimbs (HIL/SVL 1.44-1.80); (5) small inner metatar-
sal tubercle (IMTL/FOL 0.6-0.12); (6) outer metatarsal
tubercle very distinct; (7) second finger subequal, short-
er than, or seldom longer than fourth; (8) third toe dis-
tinctly longer than fifth; (9) dorsal skin finely granular;
(10) absence of chin barbels; (11) absence of pronounced
superciliary spines; (12) presence of large black ingui-
nal ocelli bordered with white; (13) presence of reddish
orange colouration on the hidden surfaces of the legs in
life; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Rhombophryne quentini sp. nov. is furthermore distin-
guished from all other Rhombophryne species analysed by
the following robust diagnostic nucleotide combination
in the mitochondrial 16S rRNA gene (positions relative
to the full 16S sequence of Anilany helenae MZ751042):
in 16S5°, ‘A’ at site 264, ‘C’ at site 301, and ‘T’ at site
369 (but note that its sister species, R. ellae, has not been
analysed for this fragment); in 16S3’, ‘C” at site 1138, ‘T’
at site 1139, and ‘T at site 1216.

Diagnosis. Within the genus Rhombophryne, R. quenti-
ni sp. nov. can be distinguished from all other Rhombo-
phryne except R. ellae by the combination of distinctive
white-outlined black inguinal ocelli with reddish orange
colouration on the hidden surfaces of the legs. From
R. ellae and almost all other Rhombophryne species, it
can be distinguished by the very pronounced outer meta-
tarsal tubercle in adults (vs weakly pronounced). It can
further be distinguished from R. ellae by smaller relative
tympanum size (TDH/ED 0.43-0.61 vs 0.62). The skele-
ton of R. quentini sp. nov. also seems to differ from that
of R. ellae in the following traits: posterior edge of nasal
with a bend in it (vs continuous in R. ellae), less acute
angle between zygomatic and otic rami of squamosal
as seen in dorsal view, anterior ramus of pterygoid ly-
ing abreast of the dorsal edge of the maxilla (vs running
along the lingual edge), coracoids medially only weak-
ly flared (vs strongly), shorter transverse processes on
presacral vertebrae 5-8, and oblique groove and dorsal
prominence weak (vs distinct). For osteological distinc-
tion from R. kilonjy sp. nov., see the description of that
species, below.

Description of holotype. Specimen in a moderately good
state of preservation, though slightly soft (Figs 50). An
incision made along the right flank to assess the sex, and
part of the right foot taken as a tissue sample. Small ova,
ovaries, and fallopian tubes clearly visible.

Body robust and rotund. Head wider than long (HW/
HL 1.43). Eyes fairly small (ED/HL 0.33), pupils small,
round. Snout slightly pointed in dorsal and slightly trun-


http://www.ncbi.nlm.nih.gov/nuccore/EU341108
http://www.ncbi.nlm.nih.gov/nuccore/OL790133
http://www.ncbi.nlm.nih.gov/nuccore/OL780577
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cate in lateral view. Canthus rostralis distinct, concave.
Loreal region concave, oblique. Nostril approximately
equidistant between tip of snout and eye, slightly protu-
berant. Tympanum distinct, round, TDH/ED 0.52. Supra-
tympanic fold indistinct, slightly raised, partly melanised,
running straight from posterior corner of eye over tympa-
num, curving gently ventrally posterior to the tympanum
to anterior to the forearm’s insertion. Lateral head similar
in colour to dorsal head. Superciliary spines absent. Dor-
sal skin smooth in preservative. Tongue broad, attached
anteriorly, posteriorly free. Maxillary and vomerine teeth
present, vomerine teeth with a strong diastema, the me-
dial elements distinct, separated from one another at the

midline by a small gap. Choanae round, placed laterally
in the roof of the mouth.

Forelimbs relatively short (FARL/SVL 0.382), moder-
ately slender. Fingers without webbing, relative lengths
1 <4 <2 <3, second finger distinctly longer than fourth
(Fig. 51). Finger tips not expanded, rounded. Finger sub-
articular tubercles distinct, greyish, flat; inner metacarpal
tubercle slender and rounded, outer metacarpal/palmar
tubercle distinct, greyish, paired. Hind limb strong, tibi-
otarsal articulation reaching eye when adpressed anteri-
orly along the body. TIBL/SVL 0.443. Inner metatarsal
tubercle present, oblong, whitish, distinctly raised. Outer
metatarsal tubercle highly distinct, rounded and raised.

Figure 54. Rhombophryne quentini sp. nov. in life. Specimens photographed at Manarikoba, Tsaratanana Strict Nature Reserve in
life. A, B adult female holotype MRSN A4616 (FAZC 11134) in A dorsolateral and B ventral view; C-D adult female paratype
MRSN A3656 (FAZC 11062) in C dorsolateral and D posterior view; E, F subadult female paratype MRSN A4629 (FAZC 11059)
in E dorsolateral and F ventral view.
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Toes not webbed; toes unreduced, toe lengths 1 <2 <5
< 3 < 4, fifth toe distinctly shorter than third; subartic-
ular tubercles highly distinct, elongated, grey; toe tips
distinctly enlarged, especially of fourth toe, rounded to
subacuminate (Fig. 51).

After 22 years in preservative, the base colour is a dark
greyed brown across the dorsum and flanks, including the
dorsal limbs. The dorsum is marked with darker brown
chevrons, specifically one over the suprascapular region
and a second over the iliac region. Between the chevrons
are additional patches of this darker brown. There are dis-
tinct, oblong inguinal ocelli that are a rich dark brown in
colour with a very thin whitish edge. No distinct colour
difference between the lateral and dorsal head. The supra-
tympanic fold is dark brown from the eye to the tympa-
num, and then the colour stops. The dorsal hindlimbs bear
indistinct crossbands that line up with the leg folded, in
the same colours as the dorsum and chevrons. The ventral

foot surface is almost black but for the tubercles (meta-
tarsal and subarticular), which are light grey. The anterior
and posterior thigh is pale cream in preservative (this was
bright orange in life; Fig. 54A, B), as is the ventral thigh
and shank. A distinct, almost black trapezoid is present
around the cloaca. The dorsal foot is mottled cream and
coffee brown. A light annulus is present before the ter-
minal phalange of each finger and toe. The arms have a
single crossband on the antebrachium. The dorsal hand
is lighter medially than laterally; the ventral hand is light
brown. The chin is mottled light brown with cream flecks,
fading to completely cream over the sternal region into
the immaculate abdomen.

Variation. SVL of adults 22.1-30.1 mm (n = 10); among
sexed adults, males 22.1-25.8 mm (n = 3), females 24.9—
26.5 mm (n = 3); thus, very little sexual size dimorphism.
For variation in other measurements, see Table S7. This

radioulna

Figure 55. Skeleton of Rhombophryne quentini sp. nov. paratype MRSN A4615 (FAZC 11129). A—C Whole skeleton in A dorsal,
B ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right
hand in ventral view. Gut contents in A—C include small stones. Abbreviations are given under Materials and Methods.
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species is based on an exceptionally large series of spec-
imens, which are however mostly phenotypically homo-
geneous. The pronounced outer metatarsal tubercle is
always present, though it is less obvious in the smallest
specimens. All specimens have pale posterior and anteri-
or thighs and ventral shanks in preservative, where they
were orange in life; distinct blackish inguinal ocelli with
narrow whitish outline in most individuals; and a dark
brown trapezoid around the cloaca. Most specimens have
a series of dark chevrons on the dorsum, especially one in
the suprascapular region. Subadult female MRSN A4629
has a highly distinct colouration, with a broad vertebral
stripe from the head to the cloaca (Fig. 54E, F) not seen
in any other individuals, but otherwise matches the other
specimens well. The chins of almost all specimens are
lighter and more flecked with cream than the holotype.
The adult male UADBA-A 28193 has a rich coffee brown
chin. This specimen also has more patterning on its ven-
tral shanks than most others. In most individuals, the sec-
ond finger is shorter than the fourth, unlike the holotype;
this is not a diagnostic character.

Call. The call of this species is unknown.

Etymology. MDS wishes to dedicate this new frog spe-
cies to his son, Quentin Artemis Lattenkamp, in the hope
that it will continue to encourage his love for animals.

Distribution. This species is only known from (1)
Manarikoba on the western side of the Tsaratanana Strict
Nature Reserve (type locality). A putative record from the
southern side of Manongarivo Special Reserve (BMNH
1987.2297) at 350 m a.s.l. should be validated with fur-
ther material from this area. Elevation: ca 1000 m a.s.l.

Natural history. Rhombophryne quentini sp. nov. is
a semi-fossorial or detriticolous species found in mid-
and possibly also low-elevation humid forest. The gut
of MRSN A3656 contained pieces of a blattodean that
must have been relatively large in life, a diminutive ant,
a flatbug (family Aradidae), and several unidentifiable
arthropod pieces. According to Andreone et al. (2009),

Rhombophryne quentini sp. nov. was one of the most fre-
quently encountered species in pitfall traps in Manariko-
ba; they captured 22 individuals in pitfall traps.

Karyotype. The karyotype of MRSN A3656 was de-
scribed by Aprea et al. (2007) under the name ‘Pletho-
dontohyla sp. aff. minuta’, with the incorrect locality
‘Masoala’. It was described to have 2n = 26, with a te-
locentric eighth chromosome pair. Nucleolar organiser
regions were located on the long arms of the sixth chro-
mosome pair. Centromeric bands were CMA; and DAPI
negative.

Rhombophryne kilonjy sp. nov.

https://zoobank.org/2BAD5123-5309-46F7-8ECE-
143AB8FDFF4A

Figures 2, 5-7, 50, 51, 56, 57

Informal names. This species was referred to as ‘Pletho-
dontohyla sp.” by Andreone et al. (2001), ‘Rhombophryne
sp. aff. alluaudi’ by Penny et al. (2016), and ‘Rhombo-
phryne sp. (UCS)’ by Penny et al. (2017). It has not been
sequenced previously.

Justification of the new species. The new species is sis-
ter to R. quentini sp. nov. (described above), and these
two species are together sister to R. ellae, as part of the
R. ellae group that is phylogenetically distinct from
other Rhombophryne (Belluardo et al. 2022). Museom-
ic sequencing yielded 0.4x coverage for 117 bp of the
16S3’° marker, and 0.9x coverage for 272 bp of the 1655’
marker, but even these fragmentary data are sufficient to
assign this species to this group, and identify it as the sis-
ter of R. quentini sp. nov. The genetic distance towards
other members of the species group ranges from 5.13 %
in 1653’ to 12.4% in 16S5’ (which might be exaggerated
based on the fragmented state of the DNA; Table S3) and
all members share a diagnostic ‘G’ at site 338 in the con-
catenated 16S alignment. It is morphologically distinct

3.3
Pt £z

L e K i <

Figure 56. Rhombophryne kilonjy sp. nov. adult female holotype MRSN A4627 (FAZC 10505) from Berara, Sahamalaza Peninsula.

Shown in A dorsolateral and B ventral view.
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from both R. ellae and R. quentini sp. nov. by lacking in-
guinal ocelli (vs presence), and several osteological fea-
tures relating to bones of the skull, and the humerus (see
the diagnosis, below), and also from R. e/lae by a distinct
outer metatarsal tubercle (vs weakly pronounced).

Holotype. MRSN A4627 (FAZC 10505), an adult fe-
male, collected on 12 February 2000 in Berara (ca 14.3°S,
47.92°E, ca 170 m a.s.l.), Sahamalaza Peninsula, Sofia
Region, northwestern Madagascar, by F. Andreone, J.E.
Randrianirina, and M. Vences (Figs 51, 52, 57, 58).

Paratypes. Three specimens: MRSN A4601 (FAZC
10557), MRSN A4610, and MRSN A4611 (FAZC
10558), three juveniles, all with the same collection data
as the holotype but collected on 14—16 February 2000.

Assignment of specimens. The three paratypes were
collected at the type locality, and can be assigned to the
species morphologically. There are no known Rhombo-
phryne from the same locality with which these speci-
mens could be confused, and they also could not be con-
fused with any other cophyline microhylid species known
from this area. The species does not currently have a ref-
erence specimen for DNA barcoding, and has not been
sequenced for the RAGI marker.

Definition. Within the R. ellae group, this species is sister
to R. quentini sp. nov. based on molecular phylogenetic
data. It is characterised by the possession of the follow-
ing unique suite of characters: (1) medium body size, adult
SVL 27.3 mm; (2) head wider than long (HW/HL 1.65);
(3) moderately small eyes (ED/HL 0.42); (4) relatively
long hindlimbs (HIL/SVL 1.40); (5) small inner metatarsal
tubercle (IMTL/FOL 0.11); (6) outer metatarsal tubercle
present but indistinct; (7) second finger shorter than fourth;
(8) third toe distinctly longer than fifth; (9) dorsal skin
finely granular; (10) absence of chin barbels; (11) absence
of pronounced superciliary spines; (12) absence of ingui-
nal ocelli; (13) presence of reddish orange colouration on
the hidden surfaces of the legs in life; (14) unfortified skull
without expansion of maxilla or posterior process of angu-
losplenial; and (15) clavicles present, thin, curving.
Rhombophryne kilonjy sp. nov. is furthermore distin-
guished from all other Rhombophryne species by the fol-
lowing robust diagnostic nucleotide combination in the
mitochondrial 16S rRNA gene (positions relative to the
full 16S sequence of Anilany helenae MZ751042), which
were identified visually, as inclusion in the MolD analy-
sis would have distorted the results due to insufficiently
complete sequences: in 16S5” ‘T’ at site 446, ‘C’ at site
468, ‘C’ at site 580, ‘G’ at site 600, ‘G’ at site 601, and ‘T’
at site 670; in 16S3” ‘T’ at site 964, and ‘T’ at site 1004.

Diagnosis. Within the genus Rhombophryne, R. kilonjy
sp. nov. can be distinguished from all other Rhombo-
phryne except R. ellae, R. quentini sp. nov., R. kotro-
baratra sp. nov., R. mavokely sp. nov., and R. ornata by
the presence of reddish orange colouration on the hidden
surfaces of the legs. From R. ellae and almost all oth-

er Rhombophryne species, it can be distinguished by the
pronounced outer metatarsal tubercle in adults (vs weakly
pronounced), except R. quentini sp. nov. It can be dis-
tinguished from R. quentini sp. nov. and R. ellae by the
absence of inguinal ocelli. Superficially it is rather similar
to R. mavokely sp. nov., but it differs from that species
by absence of a black spot on the supratympanic fold (vs
presence), larger body size (SVL 27.3 mm vs 21.2-21.3
mm), and presence of a distinct outer metatarsal tuber-
cle (vs indistinct). Based on the specimens examined, the
skeleton of R. kilonjy sp. nov. also differs from those of
R. ellae and R. quentini sp. nov. in the following traits:
broader prootic, columella with a dorsal extension to the
pars interna plectri (vs without a dorsal extension), paras-
phenoid cultriform process narrowing anteriorly (vs not
narrowing anteriorly), higher coronoid process of the an-
gulosplenial (vs lower), humeral crista lateralis distinct
(vs weakly developed).

Description of holotype. Specimen in an excellent state
of preservation (Fig. 50). An incision made along the left
flank to assess the sex, and part of the left thigh muscle
taken as a tissue sample. Developing ova are clearly visi-
ble in the body cavity.

Body rotund. Head wider than long (HW/HL 1.65).
Eyes moderately small (ED/HL 0.43), pupils small, oval.
Snout somewhat boxy in dorsal and rounded in lateral
view, with a small protrusion at the snout tip. Canthus ros-
tralis indistinct, concave. Loreal region weakly concave,
slightly oblique. Nostril closer to eye than to tip of snout,
slightly protuberant. Tympanum indistinct, oval, TDH/
ED 0.47. Supratympanic fold indistinct in preservative,
visible only as melanised curve, but in life highly distinct,
arcing strongly from posterior corner of eye over tympa-
num (Fig. 56). Lateral head similar in colour to dorsal
head. Superciliary spines absent. Dorsal skin smooth in
preservative, but finely granular in life (Fig. 56). Tongue
broad, attached anteriorly, posteriorly free. Maxillary and
vomerine teeth present, vomerine teeth with a lateral di-
astema, the medial elements distinct, separated from one
another at the midline by a small gap. Choanae oblong,
placed laterally in the roof of the mouth.

Forelimbs relatively short (FARL/SVL 0.366), moder-
ately slender. Fingers without webbing, relative lengths 1
<2 <4 <3, second finger distinctly shorter than fourth
(Fig. 51). Finger tips not expanded, rounded. Finger sub-
articular tubercles distinct, cream, flat; inner metacarpal
tubercle slender, outer metacarpal/palmar tubercle indis-
tinct, cream, single. Hind limb strong, tibiotarsal artic-
ulation reaching approximately to the tympanum when
adpressed anteriorly along the body. TIBL/SVL 0.367.
Inner metatarsal tubercle present, oblong, whitish, dis-
tinctly raised. Outer metatarsal tubercle distinct, rounded
and raised. Toes not webbed; toes unreduced, toe lengths
1 <2 <5 <3 <4, fifth toe distinctly shorter than third;
subarticular tubercles weak, single; toe tips slightly en-
larged, especially of fourth toe, rounded to subacuminate
(Fig. 51).

After 24 years in preservative, the base colour was a
grey-brown with darker brown speckles throughout, and
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a darker brown area over the mid-dorsum in a broad strip.
The dorsum is marked with two poorly defined darker
brown chevrons, specifically one over the suprascapular
region and a second over the iliac region. In each chevron
are a small number of symmetrical white spots surround-
ed by dark brown. The inguinal region lacks any trace of
ocelli. No distinct colour difference between the lateral
and dorsal head. The supratympanic fold is dark brown
from the eye to the tympanum, fading posteriorly. The
dorsal hindlimbs bear indistinct crossbands that line up
with the leg folded, in the same colours as the dorsum
and chevrons. The ventral foot surface is dark brown. The
anterior and posterior thigh is pale cream in preservative
(this was reddish orange in life; Fig. 56), as is the ventral
thigh and shank. A distinct, dark brown trapezoid is pres-
ent around the cloaca. The dorsal foot is mottled cream

and light brown. A light annulus is present before the ter-
minal phalange of each finger and toe. The arms have a
single crossband on the antebrachium. The dorsal hand is
lighter medially than laterally; the ventral hand is cream.
The chin is mottled light brown with cream flecks, fading
to completely cream over the sternal region into the im-
maculate abdomen.

Variation. The holotype is the only known adult, and
measures 27.3 mm in SVL; measured juveniles (n = 3)
ranged from 12.3—15.7 mm. For variation in other mea-
surements, see Table S7. Juveniles are morphologically
consistent with the holotype. The outer metatarsal tuber-
cle is consistently distinct. The development of vomerine
teeth is variable among the examined juveniles, with one
specimen (MRSN A4611) lacking vomerine teeth (but the

Figure 57. Skeleton of Rhombophryne kilonjy sp. nov. holotype MRSN A4627 (FAZC 10505). A—C Whole skeleton in A dorsal,
B ventral, and C lateral view; D-G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right
hand in ventral view. Abbreviations are given under Materials and Methods.
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postchoanal portion of the vomer is clearly visible in the
palate), whereas the other specimens have distinct and
rather large vomerine teeth. All specimens lack inguinal
spots. All specimens have at least a faint dark chevron on
the dorsum.

Call. The call of this species is not known.

Etymology. The Malagasy noun kilonjy meaning ‘peb-
ble’, in reference to the small, rotund shape of this spe-
cies, reminiscent of a smooth pebble. Used as an invari-
able noun in apposition.

Distribution. This species is only known from (1) Berara
on the Sahamalaza Peninsula (type locality). Elevation:
170-210 m a.s.l. (Andreone et al. 2001).

Natural history. Rhombophryne kilonjy sp. nov. is a
semi-fossorial or detriticolous species known only from
low-elevation western dry forest, drier than the localities
of all other known Rhombophryne. One specimen was
collected in a pitfall trap. No further specific details are
known of its ecology.

Osteology of the Rhombophryne ellae
species group

This description is based on the following specimens:
R. ellae (ZSM 76/2018; Fig. 53), R. quentini sp. nov.
(MRSN A4615; Fig. 55), R. kilonjy sp. nov. (MRSN
A4627; Fig. 57). The fourth toe of the left foot of MRSN
A4615 has been amputated in the middle of the first tar-
sal. The right humerus, crista ventralis of the left humer-
us, and the left ilium of MRSN A4627 are fractured. The
specimens are well-ossified.

The Rhombophryne ellae species group is osteologi-
cally homogeneous, showing generalist, terrestrial fea-
tures without obvious adaptations to digging. Here, we
provide a description of the osteology of the group that
highlights particularly diagnostic features of the three
species. An osteological description of R. ellae was also
given by Scherz (2020).

The skull is broader than long, slightly more round-
ed in R. quentini sp. nov. than R. ellae, and shorter and
broader in R. kilonjy sp. nov.

Dorsal investing bones. Nasals closely abutting or con-
tacting the frontoparietals. The maxillary process of the
nasal is thin, oriented posterolaterally, and runs towards
the neopalatine, but does not come close to contacting it
or the maxilla. The posterior edge of the nasal plate is con-
tinuous with the posterior edge of the maxillary process
in R. ellae and R. kilonjy sp. nov., but not in R. quentini
Sp. nov.

The frontoparietals bear a transverse ridge with a
raised dorsal process (different from the R. laevipes spe-
cies group, where the dorsal process arises without a
ridge). The lateral ventrally descending flange is shallow,
enclosing only the upper-most edge of the braincase.

Neurocranium. The sphenethmoid is fully ossified, and
covers around half of the anterolateral wall of the brain-
case. It does not differ appreciably among the three spe-
cies. The exoccipital is likewise conserved, with only sub-
tle differences in the surface of the posterior surface of the
dorsal extension. The exoccipitals do not meet medially.
The prootic is well-ossified, and is broader in R. kilonjy
sp. nov. than the other species, but otherwise does not
differ substantially in shape. The septomaxilla has a con-
sistent shape, with a distinct medial ramus present. The
columella in R. kilonjy sp. nov. has a dorsal extension to
the pars interna plectri, giving it a somewhat tear-drop
shape, compared to the lenticular shape of R. ellae and R.
quentini sp. nOV.

Ventral investing and palatal bones. The cultriform pro-
cess of the parasphenoid is slightly broader in R. quentini
sp. nov. than R. ellae and R. kilonjy; it narrows anteri-
orly in R. kilonjy. It has a distinct ‘waist’ in R. ellae and
R. quentini sp. nov., but not in R. kilonjy sp. nov. The
alae are distally poorly ossified and only weakly pointed,
compared to the R. laevipes species group.

The anterior portion of the vomer is triradiate. It is
poorly defined in our scan of R. quentini sp. nov. The
posterior portion of the vomer is curved and bears two
distinct sets of teeth separated by a sizeable diastema. The
neopalatine, which lies dorsally on top of the postchoanal
vomer, is a curved flattened rod-like structure, but has a
rounded to spatulate anterior projection near the midline
in all three species. The vomers and neopalatines are sep-
arated medially by a small gap.

Macxillary arcade. Maxillary teeth are present in all three
species. The premaxilla is uniform in the group, with a
substantially longer lingual process than palatine process.
The maxilla is not especially deep, with a blunt and broad
facial process that is widely separated from the maxillary
process of the nasal. The contact with the anterior ramus
of the quadratojugal is comparatively brief.

Suspensorium. The anterior ramus of the quadratojugal
is weakly curved, almost straight. The contact with the
squamosal is fairly brief.

The ventral ramus of the squamosal is rather straight
and narrow, with a fine posterior crest. The otic ramus is
longer than the zygomatic ramus, and the two rami form
an acute angle in dorsal view (narrower in R. ellae than
R. quentini sp. nov. and R. kilonjy sp. nov.). The otic ra-
mus is nearly perpendicular to the longitudinal axis of the
skull.

The pterygoid is consistent in structure. The anterior
ramus of the pterygoid runs along the lingual edge of the
maxilla in R. ellae and R. kilonjy sp. nov., but appears to
lie abreast the dorsal edge of the maxilla in R. quentini
Sp. nov.

Mandible. The mentomeckelians are small and hour-
glass-shaped. The dentary is thin and laminar. The angu-
losplenial is robust. The coronoid process is low but dis-
tinct, being lowest in R. quentini sp. nov. and highest in
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R. kilonjy sp. nov. The posterior process (articular facet)
is weakly expanded.

Pectoral girdle. The coracoids are medially more strong-
ly flared in R. kilonjy sp. nov. than in R. ellae, which in
turn is more strongly flared than in R. quentini sp. nov.
Clavicles present and curved. The scapula and cleithra do
not differ sufficiently for further comment.

The humeral crests are moderately developed. The
crista ventralis extends half the length of the humerus.
The crista lateralis is present but weakly developed in
R. ellae and R. quentini sp. nov., and distinct in R. kilonjy
sp. nov. The radioulna does not show remarkable varia-
tion.

Carpals 2, 3-5, element Y, radiale and ulnare present.
The prepollex is small, much shorter than the first meta-
carpal. The digital formula of both species is the same
(2-2-3-3), and terminal phalanges consistently have small
knobs.
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Figure 58. Rhombophryne proportionalis adult male holotype ZSM 1826/2010 (ZCMV 12404) from Bepia, Tsaratanana Massif, in

Vertebral column. Transverse processes of V2 are per-
pendicular to body axis. Transverse processes of V2—4
are distinctly broader than V5-8. Transverse processes
of V5-8 broader than or roughly as broad as centrum
is wide; relatively longer in R. ellae and R. kilonjy sp.
nov. than in R. quentini sp. nov. The sacrum is as wide
as V4, its anterior edge slightly concave, oriented lateral-
ly. The diapophyses are flared. The urostyle has a dorsal
ridge along ~70% of its length in R. ellae sp. nov. and
R. quentini sp. nov., nearly the full length in R. kilonjy
Sp. nov.

Pelvic girdle. Iliac shafts with weak dorsal crests. The
oblique groove and dorsal prominence are weakly present
in R. quentini sp. nov. and R. kilonjy sp. nov., but distinct
in R. ellae. The femur lacks a posterior ridge. The tibio-
fibula and tarsus do not bear further comment. The toe
formula is standard (2-2-3-4-3). The prehallux is small,
comprised of one or two elements (not clear from scans).
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Rhombophryne proportionalis species
group

Rhombophryne proportionalis Scherz et al.,
2019

Figures 2, 4-7, 50, 51, 58-60

Remark. This species is only known from the type series.
Informal names. This species was listed as ‘Stumpf-
fia sp. Ca34’ by Perl et al. (2014), Scherz et al. (2016b,
2017b), and Peloso et al. (2017).

Holotype. ZSM 1826/2010 (ZCMV 12404), an adult
male (seen calling, not recorded), collected on 16 June

2010 at ‘Camp 3’ Bepia (14.1182°S, 48.9782°E, 2294 m
a.s.l.), Tsaratanana Massif, Diana Region, northern Mad-
agascar by M. Vences, D.R. Vieites, R.D. Randrianiaina,
S. Rasamison, and E. Rajeriarison (Figs 50, 51, 58, 59).

Paratypes. Two specimens: ZSM 1840/2010 (ZCMV
12405), an adult male specimen with the same collection
data as the holotype; and ZSM 636/2014 (DRV 6224), an
adult presumed male, collected on 16 June 2010 at ‘Camp
4’ Andranomadio, (14.0801°S, 48.9854°E, 2503 m a.s.L.),
Tsaratanana Massif, Diana Region, northern Madagas-
car by M. Vences, D.R. Vieites, R.D. Randrianiaina, S.
Rasamison, and E. Rajeriarison.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA bar-
coding (16S5° KC351480; Klages et al. 2013; 16S3’

repollex
Element Y

radiale

radioulna
1 mm

Figure 59. Skeleton of Rhombophryne proportionalis holotype ZSM 1826/2010 (ZCMV 12404). A—C Whole skeleton in A dorsal,
B ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right
hand in ventral view. Abbreviations are given under Materials and Methods.
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KU937808; Scherz et al. 2016b) and COI barcoding
(COI KF611640; Perl et al. 2014). Both paratypes agree
morphologically with the holotype and are topotypical.
Assignment of specimen ZSM 1840/2010 is further con-
firmed by molecular taxonomic identification (Fig. 2).
ZSM 1826/2010 and ZSM 1840/2010 are present in the
RAGT1 haplotype network (Fig. 4).

Definition. This species is the sole member of the R. pro-
portionalis group and phylogenetically distinct from all
other Rhombophryne based on molecular phylogenetic
data (Fig. 2; Belluardo et al. 2022). It is characterised by
the possession of the following unique suite of characters:
(1) diminutive body size, adult SVL 11.0-12.3 mm; (2)
head wider than long (HW/HL 1.56-1.66); (3) compara-
tively large eyes (ED/HL 0.40-0.48); (4) relatively short
hindlimbs (HIL/SVL 1.21-1.33); (5) small inner metatar-
sal tubercle (IMTL/FOL 0.07-0.14); (6) outer metatar-
sal tubercle variably present or absent; (7) second finger
equal in length to fourth; (8) third toe distinctly longer
than fifth, first toe highly reduced; (9) dorsal skin smooth;
(10) absence of chin barbels; (11) absence of pronounced
superciliary spines; (12) presence of black inguinal spots
or lines; (13) absence of distinctive markings along the
posterior thigh; (14) paecdomorphic skull without expan-
sion of maxilla or posterior process of angulosplenial;
(15) clavicles absent; and (16) advertisement call (based
on 63 analysed calls by one individual) tonal, emitted in
rapid, regular series, with (17) call duration 27-60 ms,
(18) inter-call interval within series 45—88 ms (9—17 calls
per series), and (19) dominant frequency 5162-5738 Hz.

Rhombophryne proportionalis is furthermore distin-
guished from all other Rhombophryne species analysed by
the following robust diagnostic nucleotide combination
in the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘A’ at site 496, ‘C’ at site 511, and ‘G’ at site 547;
in 16S3°, ‘T’ at site 966, ‘C’ at site 967, ‘A’ at site 1013
and ‘T’ at site 1165.

Diagnosis. Within the genus Rhombophryne, R. propor-
tionalis can easily be distinguished from all other species
by its much smaller body size (SVL 11.0-12.3 mm vs
>16 mm). It also exhibits a host of miniaturised skele-
tal features, described in detail by Scherz et al. (2019b),
that also set it apart from all congeners. Additionally, the
advertisement call of R. proportionalis is unique for the
genus in consisting of regular series of calls emitted in
rapid succession (all other species with known calls emit
single calls at much longer intervals).

Variation. As reported by Scherz et al. (2019b), adult
SVL ranges from 11.0-12.3 mm; for other morphometric
measurements, see Table S8. The type series is rather ho-
mogeneous, with a little variation in the shape of the head
and supratympanic fold. Colouration is also rather con-
sistent, though dorsolateral lines can be present or absent.

Call. The advertisement call recorded on 15 June 2010
(11:40 h) at Camp Bepia, Tsaratanana (air temperature
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Figure 60. Advertisement calls of Rhombophryne proportiona-
lis, recorded on the Tsaratanana Massif'in 2010. Top: audiospec-
trogram and corresponding oscillogram of nine advertisement
calls from a regular call series at 1000 ms time scale. Bottom:
oscillogram at 4000 ms time scale depicting an entire call se-
ries containing seventeen calls. Recording band-pass filtered at
4000-7000 Hz.

unknown) from several individuals, consists of a high-
pitched tonal note of short duration emitted in regular
call series at regular and fast succession (Fig. 60). Each
call exhibits slight amplitude modulation, with highest
energy present at approximately the middle of the call’s
duration, with few calls at the end of call series exhibit-
ing two separated energy peaks. Slight upward frequency
modulation is evident in each call. Numerical parameters
of 63 analysed calls are as follows: call duration (= note
duration) 27-60 ms (45 £ 8 ms); inter-call intervals with-
in regular call series 45-88 ms (63 = 9 ms); number of
calls per call series 9—17 (13 + 3); duration of regular call
series 893—1765 ms (1323 + 291 ms); dominant frequen-
cy 51625738 Hz (5461 + 123 Hz); prevalent bandwidth
50006300 Hz. Calls from the same recording have been
described by Scherz et al. (2019b) using the note-centred
terminological scheme.

Etymology. Latin feminine nominative singular adjective
meaning ‘proportional’, in reference to the proportional
dwarfism of the species.

Distribution. This species is only known from (1) Bep-
ia on the Tsaratanana Massif (type locality), and (2) the
nearby locality Andranomadio. Elevation: 2294-2503 m
a.s.l. A record from Marojejy at 1300 m a.s.l. (Rakotoari-
malala and Raselimanana 2023) requires verification.

Natural history. Rhombophryne proportionalis is a ter-
restrial or detriticolous species found in high-elevation
humid forest. Males emit advertisement calls during the
day. Nothing else is known of its natural history.


http://www.ncbi.nlm.nih.gov/nuccore/KU937808
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Osteology. The osteology of Rhombophryne propor-
tionalis (Fig. 59) was described in detail by Scherz et
al. (2019b). It is highly divergent from all other Rhom-
bophryne species, as a result of its strongly miniaturised
morphology.

Rhombophryne minuta species group

Rhombophryne minuta (Guibé, 1975)
Figures 2, 4-7, 50, 51, 61-64

Mantipus minutus Guibé, 1975
Plethodontohyla minuta — Blommers-Schlgsser and Blanc (1991)
Rhombophryne minuta — Glaw and Vences (2007)

Remark. Several references to R. minuta actually refer
to other species of Rhombophryne, including those from
Manongarivo (Rakotomalala 2002) and Ambolokopatri-
ka (Andreone et al. 2000).

The identity of this species was clarified by Glaw and
Vences (2007) and Glaw et al. (2010b), and it was dis-
cussed further by Scherz et al. (2015a).

Holotype. MNHN 1975.15, an adult female, collected
in November 1972 on the ‘Marojejy Massif, at altitude’,

Sava Region, northeastern Madagascar, by C.P. Blanc
(Figs 50, 51, 63).

Paratypes. Eight specimens: MNHN 1975.16-23, all with
the same collection data as the holotype (Guibé 1975).

Referred specimens. ZSM 476/2005 (ZCMV 2003;
Fig. 61A, B), ZSM 477/2005 (ZCMV 2004; Fig. 61C),
two unsexed adults, and ZSM 359/2005 (FGZC 2897),
ZSM 360/2005 (FGZC 2899), and UADBA-A-FGZC
2898, three unsexed presumed subadults, all collected on
17 February 2005 above ‘Camp Simpona’ (14.4408°S,
49.7399°E, ca 1700-1800 m a.s.l.), Marojejy National
Park, Sava Region, northeastern Madagascar, by F. Glaw,
M. Vences, and R.D. Randrianiaina.

Assignment of specimens. The specimen ZSM 360/2005
is used as the reference specimen for this species in 16S
rRNA barcoding (16S3” and 16S5° EU341106; Vieites
et al. 2009) and COI barcoding (COI KF611591; Perl et
al. 2014). Assignment of specimens ZSM 359/2005 and
UADBA-A-FGZC 2898 is further confirmed by molecu-
lar taxonomic identification (Fig. 2), based on museom-

Figure 61. Rhombophryne minuta specimens in life. Photographed at ‘Camp Simpona’ in Marojejy National Park, in life. A, B
unsexed adult ZSM 476/2005 (ZCMV 2003) in A dorsolateral and B ventral view; C unsexed adult ZSM 477/2005 (ZCMV 2004)
in dorsolateral view; D an unidentified UADBA specimen in dorsolateral view. Not to scale.


http://www.ncbi.nlm.nih.gov/nuccore/EU341106
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ic sequences for 1653’ produced from the holotype (see
Museomics section, above). The assignment of these
specimens to this name, as well as ZSM 476/2005, ZSM
477/2005, is also supported by morphological compari-
son with the holotype. All of the referred specimens have
been collected at the type locality. UADBA-A-FGZC
2898 is present in the RAG1 haplotype network (Fig. 4).

Definition. This species is sister to R. longicrus, the only
other species of the R. minuta group, based on molecu-
lar phylogenetic data (Fig. 2; Belluardo et al. 2022). It is
characterised by the possession of the following unique
suite of characters: (1) small body size, adult SVL 16.9—
21.8 mm; (2) head wider than long (HW/HL 1.36—1.43);
(3) moderately small eyes (ED/HL 0.42-0.45); (4) rel-
atively long hindlimbs (HIL/SVL 1.73-1.82); (5) small

inner metatarsal tubercle (IMTL/FOL 0.08-0.09); (6)
outer metatarsal tubercle absent or indistinct; (7) second
finger distinctly shorter than fourth; (8) third toe distinct-
ly longer than fifth; (9) dorsal skin smooth; (10) absence
of chin barbels; (11) absence of pronounced superciliary
spines; (12) presence or absence of faint dark oblong
markings in the inguinal region; (13) absence of distinc-
tive markings along the posterior thigh; (14) unfortified
skull without expansion of maxilla or posterior process of
angulosplenial; (15) clavicles present, thin, curving; and
(16) advertisement call (based on 10 analysed calls by one
individual) containing two pulses, with (17) call duration
114-162 ms, (18) inter-call interval 4660-8050 ms, and
(19) dominant frequency 4030-4230 Hz.

Rhombophryne minuta is furthermore distinguished
from all other Rhombophryne species analysed by the

metatarsal

Figure 62. Skeleton of Rhombophryne minuta specimen ZSM 476/2005 (ZCMV 2003). A-C Whole skeleton in A dorsal, B ventral,
and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in
ventral view. Abbreviations are given under Materials and Methods.
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following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042):
in 16S5°, ‘G’ at site 355, ‘T’ at site 566, and ‘C’ at site
592. No diagnostic sites were identified for 16S3’.

Diagnosis. Within the genus Rhombophryne, R. minu-
ta can easily be distinguished from R. festudo, R. cou-
dreaui, R. matavy, and R. maraorao sp. nov. by its gen-
erally smaller size (SVL 16.9-21.8 mm vs 21.5-50),
smooth skin (vs rough), absence of chin barbels (vs gen-
eral presence), and much longer hindlimbs (HIL/SVL
1.73-1.82 vs 1.10-1.41); from R. mangabensis and R.
savaka by its much longer hindlimbs (HIL/SVL 1.73—
1.82 vs 1.37-1.60), and pulsed (vs tonal) advertisement
call; from R. mavokely sp. nov. and members of the R.
ellae species group by the absence of orange coloura-

tion on the posterior thigh and in the inguinal region (vs
presence); from all members of the R. laevipes species
group by smaller adult body size SVL 16.9-21.8 mm
vs 24.1-57.2 mm), and absence of white spots in the
inguinal region and on the posterior thigh (vs presence
in most species); from R. proportionalis by larger adult
body size (SVL 16.9-21.8 mm vs 11.0-12.3 mm); and
from all members of the R. serratopalpebrosa species
group by the absence of superciliary spines (vs pres-
ence).

Rhombophryne minuta is most similar to its sister
species, R. longicrus. It can be distinguished from that
species by its smaller size (SVL 16.9-21.8 mm vs 23.8—
28.0 mm), slightly smaller hand (HAL/SVL 0.28-0.28
vs 0.29-0.30), generally shorter tibia (TIBL/SVL 0.46—
0.49 vs 0.49-0.52), and lack of dark colouration on the
supratympanic region (vs presence).

metacarpal

cpls 3-5

ulnare

radiale
X 1 mm
radioulna

Figure 63. Skeleton of Rhombophryne minuta holotype MNHN 1975.15. A—C Whole skeleton in A dorsal, B ventral, and C lateral
view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H left foot in ventral view; I left hand in ventral view. Abb-
reviations are given under Materials and Methods.
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Figure 64. Advertisement calls of Rhombophryne minuta, re-
corded in Marojejy National Park in 2005. Top: audiospectro-
gram and corresponding oscillogram of one advertisement call
at 1000 ms time scale. Bottom: oscillogram at 20,000 ms time
scale showing pattern of call repetition (three calls). Recording
high-pass filtered at 2000 Hz.

Redescription of holotype. A specimen in a good state
of preservation (Fig. 50). Throat and pectoral girdle skin
reflected to reveal pectoral girdle. A small incision along
the right flank made to assess sex. Ovigerous female with
ova at various stages of development. Part of the liver
was taken through this incision for genetic analysis in
2021.

Body gracile. Head wider than long (HW/HL 1.36).
Eyes fairly large (ED/HL 0.43), pupils small, round.
Snout rounded in dorsal view, obtuse in lateral view.
Canthus rostralis distinct, concave. Loreal region con-
cave, oblique. Nostril closer to tip of snout than to eye,
slightly protuberant. Tympanum indistinct, small, round,
TDH/ED 0.36. Supratympanic fold distinct, raised, de-
marcated by a dark line, running from posterior corner of
eye over tympanum and curving posteriorly to end above
the insertion of the arm. Superciliary spines absent. A
low sagittal fold runs from the tip of the snout to the
middle of the body. Tongue relatively narrow, attached
anteriorly, posteriorly free, rounded distally. Maxillary
and vomerine teeth present, vomerine teeth forming two
straight rows separated at the midline by a small gap.
Choanae round, placed laterally in the roof of the mouth.

Forelimbs relatively long (FARL/SVL 0.50) and slen-
der. Fingers without webbing, all long, relative lengths
1 <2 <4 <3, second finger distinctly shorter than fourth
(Fig. 51). Finger tips not expanded, rounded. Finger sub-
articular tubercles indistinct, whitish; inner metacarpal
tubercle small, slightly rounded, outer metacarpal/pal-
mar tubercle indistinct. Hind limb gracile, tibiotarsal
articulation reaching the eye when adpressed anteriorly
along the body. TIBL/SVL 0.46. Inner metatarsal tuber-
cle present, distinctly raised, oblong, light brown. Outer

metatarsal tubercle absent. Toes not webbed; toes unre-
duced, toe lengths 1 <2 <5 <3 <4, fifth toe distinct-
ly shorter than third; subarticular tubercles indistinct,
greyish, flat, rather oblong; toe tips simple and round
(Fig. 51).

After approximately 50 years in preservative, the co-
louration of the specimen is brown above and light tan
below. Marbled brown and cream patterns of the venter
that were illustrated by Guibé (1975) are still faintly visi-
ble. The dorsum does not have any distinctive patterning
to it, but there are hints of dark patches in the inguinal
region, and a dark spot on the left flank. One dark brown
crossband is present on the lower arm. No crossbands on
the hindlimbs.

Variation. SVL of adults 16.9-21.8 mm (n = 3), sub-
adults 15.4-15.6 (n = 2). Insufficient sexed specimens
exist to assess sexual size dimorphism. For variation in
other measurements, see Table S9. Available specimens
are largely phenotypically homogeneous. Colouration in
life is somewhat variable (Fig. 61). Unlike the holotype,
there are no inguinal markings in the other material we
have examined.

Call. The advertisement call recorded on 17 February
2005 (21:00 h) near Camp Simpona, Marojejy National
Park (air temperature < 20 °C), consists of a tonal note
of moderate duration emitted at long and somewhat ir-
regular intervals, not arranged in regular call series (Fig.
64). Each call (= note) exhibits distinct amplitude mod-
ulation, with two clearly separated pulses being evident,
the second being slightly longer in duration and exhib-
iting higher call energy. Very slight overall upward fre-
quency modulation is recognizable within each call, with
a slight medium frequency drop between the two pulses.
Numerical parameters of 10 analysed calls are as fol-
lows: call duration (= note duration) 114—162 ms (138 +
17 ms); inter-call intervals 4660—8050 ms (6520 + 1416
ms); dominant frequency 4030-4230 Hz (4143 + 59 Hz);
prevalent bandwidth 3500-6400 Hz; weak frequency
band recognizable at approximately 6200 Hz. Calls from
the same recording (Vences et al. 2006 CD 3, track 30)
have been described by Glaw et al. (2010b) using a slight-
ly different terminological scheme.

Etymology. Latin feminine nominative singular adjec-
tive meaning ‘very small’, presumably in reference to the
comparatively small size of this species relative to other
relatives.

Distribution. This species is only known from (1) high
elevation on the Marojejy Massif (type locality). Eleva-
tion: 1700-1800 m a.s.1.

Natural history. Rhombophryne minuta is a scansorial
species found in high-elevation humid forest. A scanso-
rial species living in and on ericoid and lichenous veg-
etation near the tree line. Males call in the rainy season
at night on low vegetation, up to 1 m above the ground
(Glaw and Vences 2007).
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Rhombophryne longicrus Scherz et al., 2015
Figures 2, 4-7, 50, 51, 65, 66

Holotype. ZSM 1630/2012 (FGZC 3653), an adult fe-
male with immature oocytes, collected on 28 Novem-
ber 2012 in the montane forest of the Sorata Massif (ca
13.675°S, 49.439°E, ca 1580 m), Sava Region, northern
Madagascar, by A. Rakotoarison, A. Razafimanantsoa, T.
Rajoafiarison, F.M. Ratsoavina, O. Hawlitschek, and F.
Glaw (Figs 65A, B, 67).

Paratypes. One specimen: UADBA-A 60271 (FGZC
3651; Fig. 65C, D), an adult male, with the same collec-
tion data as the holotype.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA bar-
coding (16S3° KR025898; Scherz et al. 2015a; 16S5’
KY748101; Scherz et al. 2017a). Paratype UADBA-A
60271 is used as the reference specimen for this spe-
cies in COI barcoding (COI OL790127; Belluardo et al.
2022). The paratype conforms well with the holotype in
morphology, and is further confirmed by molecular taxo-
nomic identification (Fig. 2). ZSM 1630/2012 is present
in the RAGI haplotype network (Fig. 4).

Definition. This species is sister to R. minuta, the only
other species of the R. minuta group, based on molec-
ular phylogenetic data (Fig. 2; Belluardo et al. 2022).
It is characterised by the possession of the following
unique suite of characters: (1) small to medium body
size, adult SVL 23.8-28.0 mm; (2) head wider than long
(HW/HL 1.22-1.39); (3) moderately small eyes (ED/
HL 0.40-0.41); (4) relatively long hindlimbs (HIL/SVL
1.81-1.83); (5) small inner metatarsal tubercle (IMTL/
FOL 0.08-0.09); (6) outer metatarsal tubercle absent; (7)
second finger distinctly shorter than fourth; (8) third toe
distinctly longer than fifth; (9) dorsal skin smooth; (10)
absence of chin barbels; (11) absence of pronounced su-
perciliary spines; (12) absence of inguinal ocelli or spots;
(13) absence of distinctive markings along the posterior
thigh; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Rhombophryne longicrus is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘T at site 451, and ‘T’ at site 547; in 16S3’°, ‘C’
at site 1096, ‘G’ at site 1126, ‘T’ at site 1163 and ‘A’ at
site 1315.

o

Figure 65. Rhombophryne longicrus specimens from Sorata, in life. A, B adult female holotype ZSM 1630/2012 (FGZC 3653) in

A dorsolateral and B ventral view. C, D adult male paratype UADBA-A 60271 (FGZC 3651) in C dorsolateral and D ventral view.
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http://www.ncbi.nlm.nih.gov/nuccore/KY748101
http://www.ncbi.nlm.nih.gov/nuccore/OL790127
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Diagnosis. Within the genus Rhombophryne, R. longicrus
can easily be distinguished from R. testudo, R. coudreaui,
R. matavy, and R. maraorao sp. nov. by its smooth skin
(vs rough), absence of chin barbels (vs general presence),
and much longer hindlimbs (HIL/SVL 1.81-1.83 vs 1.10-
1.41); from R. mangabensis and R. savaka by its much
longer hindlimbs (HIL/SVL 1.81-1.83 vs 1.37-1.60);
from R. mavokely sp. nov., R. kotrobaratra sp. nov., and
members of the R. ellae species group by the absence of
orange colouration on the posterior thigh and in the ingui-
nal region (vs presence); from R. kotrobaratra sp. nov.
further by absence of a dark chevron dorsally (vs pres-
ence); from R. laevipes, R. nilevina, R. sonaliae sp. nov.,
and R. anatiala sp. nov. by smaller adult body size SVL
23.8-28.0 mm vs 33.0-57.2 mm), and absence of white
spots in the inguinal region and on the posterior thigh (vs
presence in most specimens); from R. botabota by more

gracile body (vs rotund) and longer hindlimbs (HIL/SVL
1.81-1.83 vs 1.41-1.75); from R. proportionalis by larger
adult body size (SVL 23.8-28.0 mm vs 11.0-12.3 mm);
and from all members of the R. serratopalpebrosa species
group by the absence of superciliary spines (vs presence).
For distinction from its sister species, R. minuta, see the
account of that species, above. A detailed description of
the species is given in Scherz et al. (2015a).

Variation. Both known specimens are highly similar to
one another, but differ in size (SVL of male paratype 23.8
mm, female holotype 28.0 mm) and colouration, with the
male being much yellower and having melanised flecks
across its venter. For variation in morphometric measure-
ments, see Table S9.

Call. The call of this species is not known.

metatarsal

Figure 66. Skeleton of Rhombophryne longicrus holotype ZSM 1630/2012 (FGZC 3653). A-C Whole skeleton in A dorsal, B ven-
tral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand
in ventral view. Abbreviations are given under Materials and Methods.
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Etymology. Invariable Latin noun derived from the
words longus, meaning ‘long’, and crus meaning ‘leg’,
referring to the unusually long legs of this species.

Distribution. This species is only known from (1) high
elevation on the Sorata Massif (type locality). Elevation:
ca 1580 m a.s.L.

Natural history. Rhombophryne longicrus is a scansorial
species found in high-elevation humid forest. Scherz et al.
(2015a) documented the presence of small insects (most-
ly beetles) and a spider (probably Salticidae), along with
moss, in the guts of the type specimens. The holotype con-
tained >20 immature oocytes, the largest ranging from 1.3
to 1.6 mm in size. The authors speculated that this species
may have a more saltatorial locomotion and lifestyle than
its congeners. One of the type specimens was collected by
A. Rakotoarison in a tree, sitting at the corner of a branch;
this detail was forgotten from the original description, but
could also suggest climbing behaviour, which has not pre-
viously been documented in this genus.

Osteology of the Rhombophryne minuta
species group

Material examined. This description is based on the fol-
lowing specimens: R. minuta (ZSM 476/2005; Fig. 62;
holotype MNHN 1975.15; Fig. 63), R. longicrus (ZSM
1630/2012; Fig. 66). All specimens are fully intact and
well-ossified.

The Rhombophryne minuta species group is osteolog-
ically homogeneous, showing derived traits in the form
of its elongated limbs and digits compared to other spe-
cies groups. Here, we provide a description of the oste-
ology of the group that highlights particularly diagnostic
features of both species. An osteological description of
R. longicrus was also given by Scherz et al. (2015a).

The skull is broader than long, but only marginally so
in R. minuta.

Dorsal investing bones. Nasals closely approach but not
contacting the frontoparietals. The maxillary process of
the nasal is thin, oriented posterolaterally, and runs to-
wards the neopalatine, but does not come close to con-
tacting it or the maxilla. The posterior edge of the nasal
plate is continuous with the posterior edge of the maxil-
lary process in R. longicrus, but not in R. minuta.

The frontoparietals bear a low dorsal process, slightly
more pronounced in R. longicrus than R. minuta, without
aridge. The lateral ventrally descending flange is moder-
ately shallow, enclosing the upper edge of the braincase.

Neurocranium. The sphenethmoid is fully ossified, and
covers just less than half of the anterolateral wall of the
braincase. The exoccipital does not differ appreciably be-
tween the species. The exoccipitals do not meet medially.
The prootic is well-ossified, but does not differ substan-
tially in shape. The septomaxilla has a consistent shape,
with a distinct medial ramus present. The pars interna

plectra of the columella is much more distinct from the
pars media plectra in R. minuta than in R. longicrus.

Ventral investing and palatal bones. The parasphenoid
is consistent among the species, having a very long cul-
triform process. The parasphenoid alae are slightly more
anteriorly oriented in R. minuta than R. longicrus, and are
only weakly pointed, compared to the R. laevipes species
group.

The anterior portion of the vomer is triradiate. In one
specimen of R. minuta (ZSM 476/2005), it is asymmetri-
cal, being almost crescentic on the right and subtriangu-
lar on the left; we therefore avoid further comment on it.
The posterior portion of the vomer is straight or weakly
curved and bears a continuous row of teeth without trace
of a diastema. The neopalatine, which lies dorsally on top
of the vomer, is a straight, flattened rod-like structure that
expands medially, quite substantially in R. minuta. It lacks
an anterior process near the midline in R. minuta, and has
one on the left but not the right in R. longicrus. The vomers
and neopalatines are separated medially by a small gap.

Macxillary arcade. Maxillary teeth are present in both
species. The premaxilla is uniform in both species, with
a much thinner lingual process than palatine process. The
maxilla is not especially deep, with a very distinct and
posteriorly pointed facial process that is widely separated
from the maxillary process of the nasal. The contact with
the anterior ramus of the quadratojugal is quite far poste-
rior on the arcade, and is brief.

Suspensorium. The anterior ramus of the quadratojugal
is weakly curved (R. minuta) or straight (R. longicrus).
The contact with the squamosal is narrow.

The ventral ramus of the squamosal is rather straight
and narrow, with a fine posterior crest. The otic ramus is
longer than the zygomatic ramus, and the two rami are
at a right-angle to one another in lateral view, as well as
dorsal view. The otic ramus is nearly perpendicular to the
longitudinal axis of the skull in R. longicrus, but angled
somewhat posteriorly in R. minuta. The pterygoid is con-
sistent in structure, with a comparatively narrow posterior
ramus.

Mandible. The mentomeckelians are small and hour-
glass-shaped. The dentary is thin and laminar. The an-
gulosplenial is shallow. The coronoid process is low but
distinct. The posterior process (articular facet) is weakly
expanded.

Pectoral girdle. The coracoids are slightly less robust
in R. minuta than in R. longicrus. Clavicles present and
curved. The scapula and cleithra do not differ sufficiently
for further comment.

The humeral crests are weakly developed. The crista
ventralis is exceptionally short, extending over less than
a third of the length of the humerus—a state that is quite
distinct from all other Rhombophryne. The crista lateralis
is almost absent. The radioulna is comparatively long, but
shows little variation between the species.
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Carpals 2, 3-5, element Y, radiale and ulnare present.
The prepollex is moderately small, about half the length
of the first metacarpal. The digital formula of both species
is the same (2-2-3-3). The terminal phalanges are long,
ending in small knobs.

Vertebral column. The centra of R. minuta appear com-
paratively wider and shorter than in R. longicrus. Trans-
verse processes of oriented anterolaterally. Transverse
processes of V2—4 are distinctly broader than V5-8.
Transverse processes of V5-8 much less narrow than
centrum is wide. The sacrum is as wide as V4, its ante-
rior edge practically straight, oriented laterally, the pos-
terior edge sweeping back strongly. The diapophyses are
flared. The urostyle has a dorsal ridge along ~50% of its
length.

Pelvic girdle. Iliac shafts with weak dorsal crests. The
oblique groove and dorsal prominence are distinct. The
femur lacks a posterior ridge. The tibiofibula and tarsus
are long, but do not bear further comment. The toe formu-
la is standard (2-2-3-4-3). The prehallux is small, com-
prised of two elements.

Rhombophryne serratopalpebrosa
species group

Note. The Rhombophryne serratopalpebrosa species
group has received the greatest amount of attention of the
genus in recent years (Scherz et al. 2014, 2015b, 2017a).
To avoid unnecessary repetition, accounts of this species
group are limited to type specimens, diagnoses, and any
new data that have become available since 2017.

Rhombophryne serratopalpebrosa
(Guibé, 1975)

Figures 2, 4-7, 67-70

Mantipus serratopalpebrosus Guibé, 1975

Plethodontohyla serratopalpebrosa — Blommers-Schlosser and Blanc
(1991)

Rhombophryne serratopalpebrosa — Glaw and Vences (2007)

Remarks. All references to Rhombophryne serratopal-
pebrosa between 2005 and 2017 that did not refer specifi-
cally to the holotype of the species, were in fact referring
to R. regalis (Scherz et al. 2017a). Previous references
to R. serratopalpebrosa referred to any of a number of
different members of the R. serratopalpebrosa species
group; all of these references should therefore be careful-
ly checked against the distribution and morphology of the
other species mentioned here.

Until now, this species has only been known from the
holotype, which is stained green and is in generally poor
condition; it was redescribed by Scherz et al. (2014). A
specimen collected by APR at high elevation on the Ma-
rojejy Massif is the first individual discovered that mor-

phologically matches the holotype. We obtained small
fragments of the 5° fragment of 16S rRNA through mu-
seomics methods, which confirm identity with the holo-
type (Fig. 2). We therefore provide a detailed description
of this specimen here.

Holotype. MNHN 1975.24, an adult female, collected on
29 November 1972 in the ‘thickets at the summit of Ma-
rojejy’, Sava Region, northeastern Madagascar, by C.P.
Blanc (Guibé 1975: 1088).

Paratypes. None.

Referred specimen. UADBA 18258 (APR 04222), an
adult female, collected at 11:00 am on 27 October 1996
at high elevation on the Marojejy Massif (14.4339°S,
49.7347°E, 1550 m a.s.l.), Sava Region, northeastern
Madagascar, by A.P. Raselimanana. As stated above, the
assignment of this specimen to this species is confirmed
by molecular taxonomic identification (Fig. 2), in addi-
tion to be topotypical and conforming well morphologi-
cally with the holotype. RAG1 sequence of this species is
so far not available.

Definition. The precise phylogenetic relationships of this
species are poorly resolved, but it is possibly closely re-
lated to R. regalis and R. vaventy based on the existing
but fragmentary DNA sequence data (Fig. 2). It is charac-
terised by the possession of the following unique suite of
characters: (1) medium body size, adult SVL 28.5-30.8
mm; (2) head wider than long (HW/HL 1.41-1.51); (3)
moderately large eyes (ED/HL 0.38-0.38); (4) rela-
tively long hindlimbs (HIL/SVL 1.87-1.88); (5) small
inner metatarsal tubercle (IMTL/FOL 0.08-0.09); (6)
outer metatarsal tubercle absent; (7) second finger dis-
tinctly shorter than fourth; (8) third toe distinctly longer
than fifth; (9) dorsal skin granular; (10) absence of chin
barbels; (11) presence of four pronounced superciliary
spines; (12) absence of inguinal ocelli or spots; (13) ab-
sence of distinctive markings along the posterior thigh;
(14) unfortified skull without expansion of maxilla or
posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Diagnosis. Within the genus Rhombophryne, R. serrato-
palpebrosa can easily be distinguished from all species
except other members of the R. serratopalpebrosa spe-
cies group by the presence of distinct superciliary spines.
Within the R. serratopalpebrosa species group, it can be
distinguished from all species except R. regalis by the
presence of an S-shaped dermal postnasal fold. It can be
distinguished from R. regalis by its substantially larger
size (SVL 28.5-30.8 mm vs 20.2-26.5 mm), strong su-
pratympanic fold (vs weak), four superciliary spines (vs
three), typically larger relative tympanum size (TDH/ED
0.72-0.75 vs 0.47-0.75), longer relative forearm length
(FARL/SVL 0.55-0.60 vs 0.42-0.51), parasphenoid
cultriform process not broadening anteriorly (vs broad-
ening), absence of contact between exoccipitals ventro-
medially (vs presence), and narrow (vs broad) contact be-
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Rhombophryne serratopalpebrosa Rhombophryne guentherpetersi
MNHN 1975.24 MNHN 1953.165

Rhombophryne coronata

ZFMK 57459 Rhombophryne vaventy
2SM 357/2005

28

Rhombophryne ornata
ZSM 1816/2010

Rhombophryne tany

ZSM 1814/2010

Rhombophryne regalis
MRSN A4602

Rhombophryne diadema
ZSM 1629/2012

Figure 67. Name-bearing type specimens of species in the Rhombophryne serratopalpebrosa species group in dorsal (left) and
ventral (right) views. Scale bars = 10 mm.
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tween squamosal and quadratojugal. Based on the newly
studied specimen, we can rule out the ossification of the
pubis and stepping of the anterior edge of the ventral ra-
mus of the squamosal as diagnostic traits to distinguish
these two species, suggested by Scherz et al. (2017a).
For distinction from new species described herein, see
accounts below.

Description of UADBA 18258. An adult female in an ex-
cellent state of preservation (Fig. 69A). Slightly soft on
the abdomen. Tissue sample taken from the right thigh,
and a slit made in the right flank to assess the sex. Large
yellowish ova present.

Overall extremely closely resembling MNHN 1975.24
as it looked before it was stained green. Body rhomboid.
Head very wide, much wider than long (HW/HL 1.41).
Eyes large and protuberant (ED/HL 0.37), pupils small,
round. Snout rounded in dorsal and lateral view. Can-
thus rostralis distinct, concave. Loreal region concave,
oblique, a distinct S-shaped postnasal fold. Nostril nearer
to tip of snout than to eye, slightly protuberant. Tympa-
num distinct, large, oval, TDH/ED 0.75. Supratympanic

-\ »‘;

L 2
R guentherpetersi

R. serratopalpebrosa

R. sp. ‘Ivohibe’

R diadema

fold distinct, raised, not melanised, running in a slight-
ly S-shaped curve, straight over the tympanum, curving
ventrally behind it, and then posteriorly again toward the
dorsal insertion of the forelimb. Lateral head similar in
colour to dorsal head. Five superciliary spines of vary-
ing hight and distinction present above each eye. Dorsal
skin slightly shagreened, distinctly different in texture
from flank and ventral skin. Ventral skin smooth. Tongue
broad, attached anteriorly, posteriorly free, with a distinct
raised, perpendicular ridge-like structure on its antero-
dorsal surface. Maxillary and vomerine teeth present,
vomerine teeth straight, not varying in height, separated
from one another at the midline by a small gap. Choanae
round, placed laterally in the roof of the mouth.
Forelimbs long (FARL/SVL 0.552), slender. Fingers
without webbing, long, relative lengths 1 <2 <4 <3,
second finger much shorter than fourth. Finger tips not
expanded, elongated. Finger subarticular tubercles in-
distinct, cream, flat; inner metacarpal tubercle small and
rounded, outer metacarpal/palmar tubercle indistinct,
cream, single. Hind limb slender and long, tibiotarsal ar-
ticulation reaching snout when adpressed anteriorly along

R. guentherpetersi

\ B

R. vaventy

R. diadema * .

e X
* —
By - *
! R. sp. ‘Ivohibe’ :

Figure 68. Ventral views of hands and feet, and lateral views of heads of name-bearing type specimens of members of the Rhom-
bophryne serratopalpebrosa species group, plus the head, hand, and foot of a specimen of R. sp. ‘Ivohibe’, UADBA 17420. Not to
scale. * = mirrored for conformity.
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the body. TIBL/SVL 0.493. Inner metatarsal tubercle
present, oblong, cream, weakly raised. Outer metatarsal
tubercle absent. Toes not webbed; toes unreduced, long,
toe lengths 1 <2 <5 <3 <4, fifth toe distinctly shorter
than third; subarticular tubercles indistinct; toe tips elon-
gated, not expanded.

After 29 years in preservative, the base colour is cof-
fee brown, mottled across the whole body with a mixture
of lighter and darker brown. The limbs are slightly light-
er than the trunk in dorsal colouration. Flanks with small
cream spots, but otherwise largely lacking noteworthy pat-
terning: there are no inguinal spots or other markings; the
hindlimbs are largely homogeneous, being more pigment-
ed above than below, and forelimbs the same. No distinct

colour difference between the lateral and dorsal head. The
upper lip has a thin white line running from below the eye
to the nostril, and an oblique light marking from the poste-
rior corner of the eye to the rictus anterior to the tympanum.
There is a light patch lacking pigment on the left inguinal
area, but this may be due to how tags were tied before they
were attached at the right knee. Ventrally, the chin is light
brown, and this colour fades gently to grey-brown over the
abdomen. The ventral legs have a few small cream spots.
The ventral hands and feet are cream-brown. There is no
distinctive colouration around the cloaca.

Variation. SVL 28.5-30.8 mm (n = 2). For variation in
other measurements, see Table S10. The newly examined

Figure 69. Currently described species in the Rhombophryne serratopalpebrosa species group. A R. serratopalpebrosa from high
elevation in Marojejy National Park (UADBA 18258, adult female; no photos in life available; B R. guentherpetersi from Andra-
nomadio (camp 4) on Tsaratanana Massif (ZSM 607/2014, adult male); C R. coronata from Ankeniheny (holotype ZFMK 57459,
adult male); D R. vaventy from Camp Simpona in Marojejy National Park (holotype ZSM 357/2005, adult male); E R. ornata from
Matsabory Maiky (Camp 2), on Tsaratanana Massif (holotype ZSM 1816/2010, adult male); F R. tany from Matsabory Maiky
(Camp 2), on Tsaratanana Massif (holotype ZSM 1814/2010, presumed male; G R. diadema from Sorata (paratype ZSM 1628/2012,
presumed male); H R. regalis from Antsinjorano in the Ambolokopatrika-Betaolana Forest (voucher number and sex unknown).

Not to scale.
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metatarsal

Element Y
radiale

fibulare

Figure 70. Skeleton of Rhombophryne serratopalpebrosa UADBA 18258 (APR 04222). A—C Whole skeleton in A dorsal, B vent-
ral, and C lateral view; D-G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in
ventral view. Abbreviations are given under Materials and Methods.

specimen UADBA 18258 agrees in almost all particulars
with the holotype.

Call. The call of this species is unknown.

Etymology. Latin feminine nominative singular compound
adjective, derived from serratus meaning ‘serrated’, and pal-
pebra meaning ‘eyelid’, and the ending -osa, meaning ‘full
of”, in reference to the superciliary spines of this species.

Distribution. This species is only known from (1) high
elevation on the Marojejy Massif (type locality). Eleva-
tion: ca 1550 m a.s.l.

Natural history. Rhombophryne serratopalpebrosa is a
presumably scansorial species found in high-elevation
humid forest, but its ecology is largely unknown. The

newly collected specimen UADBA 18258 was collected
jumping on the forest floor during a morning rain.

Rhombophryne guentherpetersi
(Guibé, 1974)

Figures 2, 4-7, 67-69

Mantipus guentherpetersi Guibé, 1974

Plethodontohyla guentherpetersi — Blommers-Schlosser and Blanc
(1991)

Rhombophryne guentherpetersi — Glaw and Vences (2007)

Plethodontohyla guntherpetersi — Raxworthy et al. (2008), misspelling

Remark. A detailed redescription of the species was giv-
en by Scherz et al. (2017a).
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Holotype. MNHN 1953.165, an adult female, collected
on an unknown date on the ‘Tsaratanana Massif” (no pre-
cise coordinates, at ‘2600 m’ a.s.l.), northern Madagascar
(Guibé 1973: 1181). Scherz et al. (2017a) stated that the
collectors of this specimen were unknown, but the MNHN
catalogue records J. Millot and J. Guib¢ as the collectors.

Paratypes. Four specimens: MNHN 1953.165A, a
subadult female, MNHN 1953.165B, an adult female,
with the same collection data as the holotype. MNHN
1973.592, a subadult female, and MNHN 1973.593, a
juvenile, collected on 1 November 1966 on Mission OR-
STOM by C.P. Blanc from the same locality as the ho-
lotype (Guibé 1973: 1181). Note: the MNHN catalogue
records R. Paulian as the collector.

Referred specimens. ZSM 606/2014 (DRV 6220), an
adult female, ZSM 607/2014 (DRV 6223; Fig. 69B), an
adult male, UADBA-A 60775 (DRV 6210) and UAD-
BA-A 60776 (ZCMV 12401), two unsexed adults, and
UADBA-A 60782 (ZCMV 12435), a subadult, all col-
lected on 16 June 2010 at ‘Camp 4’ Andranomadio
(14.0801°S, 48.9854°E, 2503 m a.s.l.), Tsaratanana Mas-
sif, Diana Region, northern Madagascar by D. Vieites, M.
Vences, R.D. Randrianiaina, F.M. Ratsoavina, S. Rasami-
son, A. Rakotoarison, E. Rajeriarison, F. Randrianasolo,
F. Randrianasolo, and T. Rajoafiarison; ZSM 608/2014
(DRV 6231), an adult female, collected on 18 June 2010
at 14.0665°S, 48.9832°E, 2732 m a.s.l., Tsaratanana
Massif, Diana Region, northern Madagascar, by D. Vie-
ites, M. Vences, R.D. Randrianiaina, F.M. Ratsoavina, S.
Rasamison, A. Rakotoarison, E. Rajeriarison, F. Randri-
anasolo, F. Randrianasolo, and T. Rajoafiarison.

Assignment of specimens. The specimen ZSM 606/2014
is used as the reference specimen for this species in 16S
rRNA barcoding (16S3” KU724178; Scherz et al. 2016b;
16S5” KY748098; Scherz et al. 2017a) and COI barcod-
ing (COI OL790126; Belluardo et al. 2022). All paratypes
and referred specimens conform well with the holotype in
morphology. Assignment of specimen UADBA-A 60776
is further confirmed by molecular taxonomic identifica-
tion (Fig. 2). UADBA-A 60776 is present in the RAGI
haplotype network (Fig. 4).

Definition. Within the R. serratopalpebrosa group, this
species is placed in a clade containing R. diadema, R. or-
nata, and R. tany based on molecular phylogenetic data,
but the exact relationships within that clade are poorly re-
solved (Fig. 2; Belluardo et al. 2022). It is characterised by
the possession of the following unique suite of characters:
(1) medium to large body size, adult SVL 27.3-35.7 mm;
(2) head wider than long (HW/HL 1.35-1.42); (3) mod-
erately large eyes (ED/HL 0.35-0.41); (4) relatively short
hindlimbs (HIL/SVL 1.33-1.45); (5) small inner metatar-
sal tubercle (IMTL/FOL 0.10-0.13); (6) outer metatarsal
tubercle absent; (7) second finger distinctly shorter than
fourth; (8) third toe distinctly longer than fifth; (9) dorsal
skin slightly granular, with pronounced glandular swell-
ings in the dorsolateral area of the trunk and on the tibia;

(10) absence of chin barbels; (11) presence of two small
superciliary spines; (12) absence of inguinal ocelli or
spots; (13) absence of distinctive markings along the pos-
terior thigh; (14) unfortified skull without expansion of
maxilla or posterior process of angulosplenial; and (15)
clavicles present, thin, curving.

Rhombophryne guentherpetersi is furthermore distin-
guished from all other Rhombophryne species analysed
by the following robust diagnostic nucleotide combi-
nation in the mitochondrial 16S rRNA gene (positions
relative to the full 16S sequence of Anilany helenae
MZ751042): in 16S5°, ‘C’ at site 369, ‘G’ at site 714,
and ‘C’ at site 735; in 16S3°. No diagnostic sites were
identified for 16S3’.

Diagnosis. Within the genus Rhombophryne, R. guenth-
erpetersi can easily be distinguished from all other spe-
cies (including all species newly described herein) by the
presence of large, swollen tibial glands.

Call. The call of this species is unknown.

Etymology. Eponym for Giinther Peters, German herpe-
tologist.

Distribution. This species is only known from (1) high
elevation on the Tsaratanana Massif (type locality). El-
evation: 2503-2732 m a.s.l. Raxworthy et al. (2008)
reported the species from 1450-2700 m a.s.l., but their
identifications have not been verified by us, and the lower
elevation records may refer to other species.

Natural history. Rhombophryne guentherpetersi is a
semi-fossorial or detriticolous species found in montane
forest and ericoid thicket. No further information on its
natural history is available.

Rhombophryne coronata (Vences & Glaw,
2003)

Figures 2, 4-7, 67-69, 71, 72, 74

Plethodontohyla coronata Vences & Glaw, 2003
Rhombophryne coronata — Glaw and Vences (2007)

Remark. Belluardo et al. (2022) reported the candidate
species Rhombophryne sp. Cal3, based on specimen KU
340732 (CRH 457; Fig. 71A), an adult female (contain-
ing 12 eggs), collected on 5 January in 2015 in Vohidra-
zana Private Reserve (18.9761°S, 48.4993°E, ca. 1150 m
a.s.l.), Alaotra-Mangoro Region, central eastern Mada-
gascar, by C.R. Hutter and S. Lambert. We here refrain
from treating the taxonomy of that candidate species, be-
cause (1) it is very closely related to R. coronata, (2) we
have not been able to identify any morphological features
that distinguish these lineages (they are extremely similar
both externally and osteologically; compare Figs 72 and
73), and (3) we lack bioacoustic data from R. sp. Cal3.
Based on molecular phylogenetic data Rhombophryne
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Figure 71. Comparison of Rhombophryne coronata and R. sp. Cal3. A R. coronata paratype ZSM 694/2001 (FGMV 2001.199)
from Mandraka; B R. sp. Cal3 specimen KU 340732 (CRH 457) from Vohidrazana Private Reserve. Not to scale.

2mm

Figure 72. Skeleton of Rhombophryne coronata holotype ZFMK 57459. A—C Whole skeleton in A dorsal, B ventral, and C lateral
view; D-G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in ventral view.
Abbreviations are given under Materials and Methods.
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coronata and R. sp. Cal3 form a highly supported clade
(Fig. 2). Our ASAP species delimitation retained R. sp.
Cal3 as a distinct species. However, data from the nucle-
ar gene RAG] reveal haplotype sharing between Rhom-
bophryne coronata and R. sp. Cal3 (Fig. 4). Altogether,
this is weak evidence for species-level distinction, and we
need additional material from more sites in this area in
order to clarify the taxonomy of these frogs.

Holotype. ZFMK 57459, an adult male, collected on 19
February 1994 at Ankeniheny (19.167°S, 48.033°E, 900
m a.s.l.), Alaotra-Mangoro Region, North Central East
Madagascar, by F. Glaw, N. Rabibisoa, and O. Ramilison.

Paratypes. Two specimens: ZSM 694/2001 (FGMV
2001.199), and UADBA-A-FGMYV 2001.200, two adult

males, collected on 16 February 2001 at Mandraka
(18.917°8S,47.933°E, 1220 m a.s.l.), Analamanga Region,
North Central East Madagascar, by M. Vences and D.R.
Vieites.

Referred specimens. ZSM 473/2005 (ZCMV 2222)
and ZSM 474/2005 (ZCMV 2223), two unsexed adults,
collected in February 2005 in a pitfall trap in Andasibe
(18.9362°S, 48.4122°E, 939 m a.s.l.), Alaotra-Mangoro
Region, North Central East Madagascar, by R. Dolch and
collaborators.

Assignment of specimens. The paratype ZSM 694/2001
(FGMYV 2001.199) is used as the reference specimen for
this species in 16S rRNA barcoding (16S3” and 16S5’
EU341103; Vieites et al. 2009). A tissue sample with

metatarsal

fibulare

Figure 73. Skeleton of Rhombophryne sp. Cal3 specimen KU 340732 (CRH 457). A-C Whole skeleton in A dorsal, B ventral, and
C lateral view; D-G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right hand in ventral

view. Abbreviations are given under Materials and Methods.
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specimen number MV2001.A1 (corresponding to either
ZSM 694/2001 or UADBA-A-FGMV 2001.200) is used
as the reference for this species in COI barcoding (COI
KF611586; Perl et al. 2014). All paratypes and referred
specimens conform well with the holotype in morpholo-
gy. Assignment of specimens ZSM 473/2005, and ZSM
474/2005 is further confirmed by molecular taxonomic
identification (Fig. 2). MV2001.A1, ZSM 473/2005, and
ZSM 474/2005 are present in the RAG1 haplotype net-
work (Fig. 4).

Definition. Within the R. serratopalpebrosa group, this
species is sister to the unconfirmed candidate species
R. sp. Cal3 in a clade sister to all other nominal species
based on molecular phylogenetic data (Fig. 2; Belluar-
do et al. 2022). It is characterised by the possession of
the following unique suite of characters: (1) small body
size, adult SVL 19.4-23.2 mm; (2) head wider than long
(HW/HL 1.51-1.55); (3) moderately large eyes (ED/
HL 0.41-0.46); (4) relatively short hindlimbs (HIL/SVL
1.28-1.47); (5) small inner metatarsal tubercle (IMTL/
FOL 0.08-0.13); (6) outer metatarsal tubercle absent; (7)
second finger subequal to fourth; (8) third toe distinctly
longer than fifth, first toe reduced to a nub in some speci-
mens; (9) dorsal skin finely granular; (10) absence of chin
barbels; (11) presence of three small, equal-sized super-
ciliary spines; (12) absence of inguinal ocelli or spots;
(13) absence of distinctive markings along the posterior
thigh; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Rhombophryne coronata is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘T’ at site 275, A’ at site 288, and A’ at site 381; in
16S3’, ‘A’ at site 967, ‘T’ at site 1182, and ‘A’ at site 1322.

Diagnosis. Within the genus Rhombophryne, R. coronata
can easily be distinguished from all species except other
members of the R. serratopalpebrosa species group by the
presence of distinct superciliary spines. Within the R. ser-
ratopalpebrosa species group, it is unique in possession
of a reduced first toe. For further distinction from R. ser-
ratopalpebrosa and R. guentherpetersi, see the diagnosis
of those species, above. It can further be distinguished
from R. vaventy by much smaller adult body size (SVL
19.4-23.2 mm vs > 50 mm), and finely granular dorsal
skin (vs rugose); from R. ornata by much smaller adult
body size (SVL 19.4-23.2 mm vs up to 33.0 mm), three
superciliary spines (vs two), and absence of reddish co-
louration on the thighs and inguinal region; from R. tany
by slightly smaller adult body size (SVL 19.4-23.2 mm
vs 24.6 mm), indistinct supratympanic fold (vs distinct),
and shorter hindlimb (HIL/SVL 1.28-1.43 vs 1.56);
from R. regalis by absence of S-shaped dermal postnasal
fold, superciliary spines being of roughly equal size (vs
three spines differing in size: 1 large, 2" medium, 3
diminutive), and shorter relative tibia length (TIBL/SVL
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Figure 74. Advertisement calls of Rhombophryne coronata
(presumably holotype ZFMK 57459), recorded at Ankeniheny
in 1994. Top: audiospectrogram and corresponding oscillogram
of three advertisement calls from a regular call series at 1000 ms
time scale. Bottom: oscillogram at 4000 ms time scale depicting
a regular call series containing nine calls. Recording high-pass
filtered at 500 Hz.

0.35-0.39 vs 0.47-0.56); from R. diadema by supercili-
ary spines being of roughly equal size (vs posterior-most
spine being diminutive compared to the other two),
smaller relative tympanum size (TDH/ED 0.37-0.59 vs
0.59-0.64), and shorter relative tibia length (TIBL/SVL
0.35-0.39 vs 0.44-0.46). For distinction from new spe-
cies described herein, see accounts below.

A detailed description of the species is given in Vences
and Glaw (2003) but we here add more data on the varia-
tion and distribution of the species, as well as a redescrip-
tion of the call.

Variation. SVL 19.4-23.2 mm (n = 4). For variation
in other measurements, see Table S10. Specimens are
very consistent in anatomy, except one specimen (ZSM
474/2005, ZCMV 2223), which differs as follows: the
fourth finger is longer than the second, but only slightly;
in this specimen, the first finger is also visibly reduced,
to a greater extent than in other specimens examined,
whereas the first toe is not reduced, unlike other speci-
mens examined.

Our measurements of the holotype of R. coronata dif-
fer in some points quite substantially from the original
measurements of Vences and Glaw (2003), especially
HL (5.7 mm vs 7.3 mm), NSD (1.3 vs 1.6 mm), TDH
(1.4 vs 1.7 mm), HAL (4.7 vs 5.0 mm), FORL (13.2 vs
12.6 mm), FOTL (14.7 vs 14.4 mm), HIL (33.0 vs 30.6
mm), and IMCL (0.9 vs 1.1 mm). These differences are
undoubtedly due to differences in measurement style;
hence, we emphasise that all measurements reported in
this paper were taken by the same measurer (MDS) based
on the measurement scheme shown in Fig. 1.
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Rhombophryne sp. Cal3 is extremely similar to R. cor-
onata morphologically (Fig. 71). The one ovigerous adult
female specimen we examined (KU 340732, CRH 457)
differed from specimens of R. coronata by a longer fore-
limb (FORL/SVL 0.71 vs 0.32-0.59; FARL/SVL 0.48 vs
0.37-0.43), and hindlimb (TIBL/SVL 0.45 vs 0.35-0.39;
HIL/SVL 1.63 vs 1.28-1.47); tibiotarsal articulation
reaching the eye (vs the tympanum) when adpressed for-
ward along the body. The skin texture and colour pattern,
as well as the size distribution of superciliary spines, is,
however, practically identical.

Call. The advertisement call recorded on 19 February
1994 (18:30-19:00 h) at Ankeniheny (air temperature
23.5 °C) consists of a short tonal note emitted in regu-
lar call series of variable duration (Fig. 74). Most calls (=
notes) are composed of two recognizable pulses. These
two-pulse calls exhibit a remarkable and complex pattern
of frequency modulation, with a distinct upward sweep
corresponding to the initial pulse, followed by a downward
sweep corresponding to the second pulse. In addition, an
upward shift in dominant frequency is recognizable in the
second pulse (Fig. 74). Numerical parameters of 15 ana-
lysed calls are as follows: call duration (= note duration)
68-95 ms (83 £+ 7 ms); inter-call intervals within regular
call series 284-331 ms (308 + 13 ms); number of calls
per call series 5—12 (9 + 3); duration of regular call series
1641-4468 ms (3162 = 1119 ms); dominant frequency
3488-3660 Hz (3588 + 81 Hz), with a second prominent
peak present at 7200-7400 Hz; prevalent bandwidth
1800-9500 Hz; harmonic frequency bands recognizable
with approximately 3500 Hz spacing up to 19,000 Hz.
Calls from the same recording (Vences et al. 2006 CD 3,
track 29) have been described by Vences and Glaw (2003)
using a slightly different terminological scheme.

Etymology. Latin feminine nominative singular adjective
meaning ‘crowned’, referring to the superciliary spines.

Distribution. This species is known from (1) Ankeni-
heny (type locality), (2) Mandraka, (3) Andasibe, (4)
Berano (18.8371°S, 48.3185°E, 1126 m a.s.l.) (Rako-

A

toarisoa 2012) and (5) various sites locations in the Am-
batovy-Analamay area (Raselimanana 2010). Records
of the species from Zahamena (IUCN SSC Amphibian
Specialist Group 2016¢; Goodman et al. 2018) and other
locality records given in Goodman et al. (2018) are in
need of confirmation, since we have not seen any voucher
specimens and there are no DNA sequences available. If
R. sp. Cal3 is considered conspecific, Vohidrazana will
be added to the localities known for this species. Eleva-
tion: 900-1220 m a.s.1.

Natural history. Rhombophryne coronata is a semi-fos-
sorial or detriticolous species found in mid-elevation hu-
mid forest. Adult males were found calling from the leaf
litter (not inside burrows) at night in rainforest.

Rhombophryne vaventy Scherz,
Ruthensteiner, Vences & Glaw, 2014

Figures 2, 4-7, 67-69, 75

Remark. The 3’ fragment of the 16S gene sequences of
specimen AMNH A167315 (referred to as ‘R. cf. vaven-
ty’ in Belluardo et al. 2022 and ‘R. sp. cf. vaventy’ and
‘DCL “Sorata™ by Carné and Vieites 2024) from Sorata
is poorly differentiated from the homologous sequence of
paratype UADBA-A-FGZC 2842, and our species delim-
itation results confirm that these are conspecific.

Holotype. ZSM 357/2005 (FGZC 2876), an adult male,
collected on 17 February 2005 at ‘Camp Simpona’
(14.4367°S, 49.7434°E, 1326 m a.s.l.), Marojejy Nation-
al Park, Sava Region, northeastern Madagascar, by F.
Glaw, M. Vences, R.D. Randrianiaina.

Paratypes. One specimen: UADBA-A-FGZC 2842, an
unsexed probable adult, with same collection data as the
holotype but collected on 16 February 2005.

Referred specimens. ZSM 522/2016 (ZCMV 15278),
an adult female, collected on 20 November 2016 near

Figure 75. Rhombophryne vaventy in life. Photographed at ‘Camp Simpona’ in Marojejy National Park. A—C adult female: ZSM
522/2016 (ZCMV 15278) in A lateral, B dorsal and C ventral view.
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‘Camp Simpona’ (14.4366°S, 49.7434°E, 1325 m a.s.l.),
Marojejy National Park, Sava Region, northeastern Mad-
agascar, by M.D. Scherz, A. Rakotoarison, M. Bletz, M.
Vences, and J. Razafindraibe (Fig. 75).

Based on our species delimitation analysis, AMNH
A167315, a specimen of unknown sex and age, collect-
ed at Camp 1, Vohemar, Sorata Mountain (13.6858°S,
49.4419°E, ca 1300 m a.s.l.), Sava Region, northeastern
Madagascar, is also attributable to this species. However,
that specimen has not been examined, and this assign-
ment remains tentative at present.

Assignment of specimens. The paratype UAD-
BA-A-FGZC 2842 is used as the reference specimen for
this species in 16S rRNA barcoding (16S3” and 16S5’
EU341107; Vieites et al. 2009) and COI barcoding (COI
KF611595; Perl et al. 2014). The holotype is identical to
this specimen in 16S3’ (GenBank: PZ418427) and differs
by three gaps in a repetitive string of cytosines in 16S5’
(GenBank: PZ405243; Fig. 2). The paratype and ZSM
522/2016 conform well with the holotype in morphology,
and are topotypical. ZSM 357/2005 and UABA-A-FGZC
2842 are present in the RAG1 haplotype network (Fig. 1).

Definition. Within the R. serratopalpebrosa group,
this species is possibly closest related to R. regalis and
R. serratopalpebrosa based on molecular phylogenet-
ic data (Fig. 2). It is characterised by the possession of
the following unique suite of characters: (1) large body
size, adult SVL 51.9-58.6 mm; (2) head wider than long
(HW/HL 1.56-1.70); (3) moderately large eyes (ED/
HL 0.43-0.45); (4) relatively long hindlimbs (HIL/SVL
1.88-1.95); (5) small inner metatarsal tubercle (IMTL/
FOL 0.11-0.14); (6) outer metatarsal tubercle absent; (7)
second finger distinctly shorter than fourth; (8) third toe
distinctly longer than fifth; (9) dorsal skin rugose; (10)
absence of chin barbels; (11) presence of four pronounced
superciliary spines; (12) absence of inguinal ocelli or
spots; (13) absence of distinctive markings along the pos-
terior thigh; (14) unfortified skull without expansion of
maxilla or posterior process of angulosplenial; and (15)
clavicles present, thin, curving.

Rhombophryne vaventy is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, “C’ at site 309, ‘C’ at site 385, ‘G’ at site 642; in
16S3°, “C’ at site 920, ‘A’ at site 1177, and ‘A’ at site 1217.

Diagnosis. Within the genus Rhombophryne, R. vaventy
can easily be distinguished from all species except oth-
er members of the R. serratopalpebrosa species group
by the presence of distinct superciliary spines. Within
the R. serratopalpebrosa species group, it can be dis-
tinguished from all species by its much larger body size
(SVL 51.9-58.6 mm vs < 36 mm), and its rugose dorsal
skin texture (vs smooth to granular).

A detailed description of the species is given in Scherz
et al. (2014), but see also notes in Scherz et al. (2017a).

Variation. Adult SVL 51.9-58.6 mm; for variation in
other measurements see Table S10. The newly collected
female specimen is 6.7 mm larger than the male holotype;
there may be some degree of sexual size dimorphism. In
all other respects, it agrees closely with the types.

Call. The call of this species is unknown.

Etymology. The Malagasy adjective vaventy meaning
‘large’, in reference to the exceptionally large size of this
species. Used as an invariable noun in apposition.

Distribution. Originally known only from (1) the Maro-
jejy Massif (Rakotoarimalala and Raselimanana 2023 re-
ported it from 1300+£200 m a.s.l. and 1875+200 m a.s.1.),
but here expanded to encompass (2) Sorata as well by
the assignment of AMNH A167315. Elevation: ca 1300—
1875 m a.s.1. (the upper elevation being rather uncertain).

Natural history. Rhombophryne vaventy is a semi-fos-
sorial or detriticolous species found in mid- to high-el-
evation humid forest. The newly collected adult female
specimen ZSM 522/2016 was found active on the ground
during the day by local guides.

Rhombophryne ornata Scherz et al., 2015
Figures 2, 4-7, 67-69

Holotype. ZSM 1816/2010 (ZCMV 12384), an adult
male, collected on 13 June 2010 at ‘Camp 2’ Matsab-
ory Maiky (14.1526°S, 48.9573°E, 2021 m a.s.l),
Tsaratanana Massif, Diana Regions, northern Madagas-
car, by M. Vences, D.R. Vieites, R.D. Randrianiaina, F.
Ratsoavina, S. Rasamison, A. Rakotoarison, E. Rajeriari-
son, and T. Rajoafiarison.

Paratypes. Five specimens: ZSM 1815/2010 (ZCMV
12382), UADBA-A 60834 (ZCMV 12381), UADBA-A
60835 (ZCMV 12383), UADBA-A 60734 (ZCMV
12455), and ZSM 2859/2010 (DRV 06156), five juvenile
or subadult specimens, with same collecting data as the
holotype except UADBA-A 60734, which was collected
15-20 June 2010.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA bar-
coding (16S3” KP895584; Scherz et al. 2015b; 16S5°
KY748102; Scherz et al. 2017a) and COI barcoding (COI
KF611583; Perl et al. 2014). All paratypes are topotypi-
cal and conform well with the holotype in morphology.
Assignment of ZSM 1815/2010 and ZSM 2859/2010 is
further confirmed by molecular taxonomic identification
(Fig. 2). ZSM 1816/2010 is present in the RAG1 haplo-
type network (Fig. 4).

Definition. Within the R. serratopalpebrosa group, this
species is placed in a clade containing R. diadema, R.
guentherpetersi, and R. tany based on molecular phylo-
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genetic data, but the exact relationships within that clade
are poorly resolved (Fig. 2; Belluardo et al. 2022). It is
characterised by the possession of the following unique
suite of characters (based on a set of four subadults and
one adult): (1) medium body size, adult SVL up to 33
mm; (2) head wider than long (HW/HL 1.39-1.51); (3)
moderately large eyes (ED/HL 0.40-0.45); (4) moderate-
ly long hindlimbs (HIL/SVL 1.46—-1.64); (5) small inner
metatarsal tubercle (IMTL/FOL 0.09-0.10); (6) outer
metatarsal tubercle absent; (7) second finger subequal to
fourth; (8) third toe distinctly longer than fifth; (9) dorsal
skin somewhat rugose; (10) absence of chin barbels; (11)
presence of two distinct superciliary spines; (12) presence
of reddish colouration in inguinal region; (13) presence of
reddish colouration on anterior and posterior surface of
thigh; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Rhombophryne ornata is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042):
in 16S5°, ‘T’ at site 315, ‘G’ at site 345, ‘T at site 682,
and ‘C’ at site 721. No diagnostic sites were identified
for 16S3°.

Diagnosis. Within the genus Rhombophryne, R. ornata
can easily be distinguished from all species except oth-
er members of the R. serratopalpebrosa species group
by the presence of distinct superciliary spines. Within
the R. serratopalpebrosa species group, it can be distin-
guished from all species by the presence of reddish or-
ange colouration in the inguinal region and on the thigh
(vs absent).

A detailed description of the species is given in Scherz
et al. (2015b).

Call. The call of this species is not known.

Etymology. Latin feminine nominative singular adjec-
tive meaning ‘ornate’, in reference to the colourful ap-
pearance of this species, especially in contrast to other
Rhombophryne.

Distribution. This species is only known from (1)
Matsabory Maiky on the Tsaratanana Massif (type locali-
ty). Elevation: 2021 m a.s.L.

Natural history. Rhombophryne ornata is a semi-fosso-
rial or detriticolous species found in high-elevation hu-
mid forest. Specimens were collected hiding under logs
and stones in forest; one specimen contained a frog in its
stomach, as well as insect and plant remains (Scherz et
al. 2015b).

Rhombophryne tany Scherz et al., 2015

Figures 2, 4-7, 67-69

Remark. This species is only known from the holotype.

Holotype. ZSM 1814/2010 (ZCMV 12359), an adult
male, collected on 13 June 2010 at ‘Camp 2’ Matsabory
Maiky (14.15256°S, 48.95728°E, 2021 m a.s.l.), Tsarata-
nana Massif, Diana Region, northern Madagascar, by M.
Vences, D. Vieites, R.D. Randrianiaina, F. Ratsoavina, S.
Rasamison, A. Rakotoarison, E. Rajeriarison, and T. Ra-
joafiarison.

Paratypes. None.

Assignment of specimens. The holotype and sole known
specimen of the species is used as the reference speci-
men for this species in 16S rRNA barcoding (16S3’
KP895585; Scherz etal. 2015b; 16S5° KY748104; Scherz
et al. 2017a) and COI barcoding (COI KF611582; Perl et
al. 2014). It is present in the RAGI haplotype network
(Fig. 4).

Definition. Within the R. serratopalpebrosa group, this
species is placed in a clade containing R. diadema, R. or-
nata, and R. guentherpetersi based on molecular phylo-
genetic data, but the exact relationships within that clade
are poorly resolved (Fig. 2; Belluardo et al. 2022). It is
characterised by the possession of the following unique
suite of characters: (1) medium body size, adult SVL 24.6
mm; (2) head wider than long (HW/HL 1.53); (3) moder-
ately large eyes (ED/HL 0.36); (4) relatively short hind-
limbs (HIL/SVL 1.56); (5) small inner metatarsal tubercle
(IMTL/FOL 0.07); (6) outer metatarsal tubercle absent;
(7) second finger equal to fourth; (8) third toe distinct-
ly longer than fifth; (9) dorsal skin finely granular; (10)
absence of chin barbels; (11) presence of two distinct su-
perciliary spines; (12) absence of inguinal ocelli or spots;
(13) absence of distinctive markings along the posterior
thigh; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Rhombophryne tany is furthermore distinguished from
all other Rhombophryne species analysed by the follow-
ing robust diagnostic nucleotide combination in the mi-
tochondrial 16S rRNA gene (positions relative to the full
16S sequence of Anilany helenae MZ751042): in 16S5’,
‘A’ at site 504, ‘T at site 557, ‘T’ at site 578, and ‘G’ at
site 721. No diagnostic sites were identified for 16S3’.

Diagnosis. Within the genus Rhombophryne, R. tany
can easily be distinguished from all species except oth-
er members of the R. serratopalpebrosa species group
by the presence of distinct superciliary spines. For dis-
tinction from R. serratopalpebrosa, R. guentherpetersi,
R. coronata, R. vaventy, and R. ornata, see the diagno-
sis of those species, above. It can be distinguished from
R. regalis by the absence of an S-shaped dermal postnasal
fold, two (vs three) superciliary spines, and stronger su-
pratympanic fold; and from R. diadema by two (vs three)
superciliary spines, stronger supratympanic fold, slightly
shorter relative tibia length (TIBL/SVL 0.43 vs 0.44—
0.46), prootics not in contact with parasphenoid alae (vs


http://www.ncbi.nlm.nih.gov/nuccore/MZ751042
http://www.ncbi.nlm.nih.gov/nuccore/KP895585
http://www.ncbi.nlm.nih.gov/nuccore/KY748104
http://www.ncbi.nlm.nih.gov/nuccore/KF611582
http://www.ncbi.nlm.nih.gov/nuccore/MZ751042
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in contact), parasphenoid cultriform process with parallel
edges (vs broadening anteriorly), nasals anterolaterally
displaced (vs not displaced), quadratojugal-squamosal
contact narrow (vs broad), anterior edge of ventral ramus
of squamosal weakly (vs distinctly) stepped, dorsal prom-
inence of iliac shafts strong (vs weak), and possibly un-
ossified pubis (vs partially ossified). For distinction from
new species described herein, see accounts below.

A detailed description of the species is given in (Scherz
et al. 2015b).

Call. The call of this species is unknown.

Etymology. The Malagasy adjective fany meaning
‘brown’, in reference to the overall brown colour of this
species. Used as an invariable noun in apposition.

Distribution. This species is only known from (1)
Matsabory Maiky on the Tsaratanana Massif (type locali-
ty). Elevation: 2021 m a.s.l.

Natural history. Rhombophryne tany is a semi-fossorial
or detriticolous species so far known only from high-ele-
vation bamboo forest (Scherz et al. 2015b).

Rhombophryne regalis Scherz et al., 2017
Figures 2, 5-7, 67-69

Holotype. MRSN A4602 (FN 7292), an adult male, col-
lected on 13 December 1997 at ‘Camp 3’ Antsinjorano
(14.5433°S, 49.4300°E, ca 980 m a.s.l.), Amboloko-
patrika-Betaolana Forest, Sava Region, northeastern
Madagascar, by F. Andreone, J.E. Randrianirina, and G.
Aprea.

Paratypes. Five specimens: MRSN A4603 (FN 7146),
an adult female, same collection data as the holotype;
MRSN A4619, a subadult, and MRSN A4620, an adult
female, collected on 6 December 1997 at ‘Camp 2’ An-
dranomadio (14.5400°S, 49.4383°E, ca 860 m a.s.l.),
Ambolokopatrika-Betaolana Forest, Sava Region,
northeastern Madagascar, by F. Andreone, J.E. Randri-
anirina, and G. Aprea; MRSN A4618, an adult female,
collected on 26 June 1996 at Ambinanin’antsahama-
loto (14.8283°S, 49.5958°E, ca 800 m a.s.l.), Besaria-
ka Forest, Sava Region, northeastern Madagascar, by
F. Andreone and J.E. Randrianirina; MRSN A6058, an
adult female, collected in January 1996 at ‘Camp W1’
west slope of Anjanaharibe-Sud (Analabe; 14.7783°S,
49.4634°E, ca 1050 m a.s.l.), Sava Region, northeastern
Madagascar, by F. Andreone, J.E. Randrianirina, and H.
Randriamahazo.

Referred specimens. UADBA-A 14174 (APR 00650),
UADBA-A 14205 (APR 00477), UADBA-A 14172
(APR 00476), an adult female, an unsexed adult, and a ju-
venile, respectively, collected between 23 and 29 October
2001 in Marojejy National Park (14.4183°S, 49.6014°E,

810 m a.s.l.), Sava Region, northeastern Madagascar, by
A.P. Raselimanana.

Assignment of specimens. The holotype is used as the
reference specimen for this species in 16S rRNA bar-
coding (under the incorrect name R. serratopalpebrosa)
(16S3” EU341111; Vieites et al. 2009). It has not been
sequenced for COI. All paratypes conform well with the
holotype in morphology. RAG1 sequence of this species
is so far not available.

Definition. Within the R. serratopalpebrosa group, the
precise phylogenetic relationships of this species are
poorly resolved, but it is possibly closely related to R. ser-
ratopalpebrosa and R. vaventy based on the existing but
fragmentary DNA sequence data (Fig. 2). It is charac-
terised by the possession of the following unique suite
of characters: (1) small to medium body size, adult SVL
20.2-26.5 mm; (2) head wider than long (HW/HL 1.21-
1.46); (3) moderately large eyes (ED/HL 0.35-0.40); (4)
moderately long hindlimbs (HIL/SVL 1.64-1.84); (5)
small inner metatarsal tubercle (IMTL/FOL 0.06-0.12);
(6) outer metatarsal tubercle absent; (7) second finger
slightly to distinctly shorter than fourth; (8) third toe dis-
tinctly longer than fifth; (9) dorsal skin shagreened; (10)
absence of chin barbels; (11) presence of three or four
pronounced superciliary spines, the longest being ante-
rior to the eye; (12) absence of inguinal ocelli or spots;
(13) absence of distinctive markings along the posterior
thigh; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Rhombophryne regalis is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘G’ at site 302, ‘A’ at site 334, ‘G’ at site 598,
‘T’ at site 601, ‘C’ at site 603, ‘A’ at site 607, and ‘C’ at
site 615 (noteworthy that the sequence was retrieved from
museomics and some sites may result from low quality
sequence data); in 16S3’°, ‘A’ at site 964, ‘T’ at site 982,
‘G’ at site 1199.

Diagnosis. Within the genus Rhombophryne, R. regalis
can easily be distinguished from all species except oth-
er members of the R. serratopalpebrosa species group
by the presence of distinct superciliary spines. Within
the R. serratopalpebrosa species group, it can be distin-
guished from all species except R. serratopalpebrosa by
the presence of an S-shaped dermal postnasal fold. For
distinction from R. serratopalpebrosa, see the diagnosis
of that species, above. For distinction from new species
described herein, see accounts below.

Variation. The newly examined material from Marojejy
(referred specimens, above) are clearly assignable to this
species based on the presence of S-shaped postnasal fold,
most enlarged first superciliary spine, dorsal skin texture.
Measurements are given in Table S10.


http://www.ncbi.nlm.nih.gov/nuccore/EU341111
http://www.ncbi.nlm.nih.gov/nuccore/MZ751042
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Call. The call of this species is unknown.

Etymology. Latin feminine nominative singular adjective
meaning ‘regal’, in reference to the superciliary spines.

Distribution. Rhombophryne regalis was originally de-
scribed from (1) Anjanaharibe-Sud, (2) Ambolokopat-
rika-Betaolana forest (type locality), and (3) Besariaka
(Scherz et al. 2017a). The newly referred material ex-
pands the range of the species to (4) Marojejy, support-
ing the findings of Rakotoarimalala and Raselimanana
(2023), who reported it from ca 1300 m a.s.l. Elevation:
ca 800—1300 m a.s.l. (the upper elevation being rather un-
certain).

Natural history. Rhombophryne regalis is a semi-fosso-
rial or detriticolous species found in mid-elevation humid
forest. Specimens were found active on the ground during
rainy weather at night (Scherz et al. 2017a).

Rhombophryne diadema Scherz et al., 2017
Figures 2, 4-7, 67-69

Remark. This species is only known from the type se-
ries.

Holotype. ZSM 1629/2012 (FGZC 3604), an adult fe-
male, collected between 26 and 30 November 2012
on the Sorata Massif (13.6817°S, 49.4411°E, 1339 m
a.s.l.), Sava Region, northern Madagascar, by F. Glaw,
O. Hawlitschek, T. Rajoafiarison, A. Rakotoarison, F.M.
Ratsoavina, and A. Razafimanantsoa.

Paratypes. Two specimens: ZSM 1628/2012 (FGZC
3731), an adult male, and UADBA-A 60289 (FGZC
3611), an ovigerous adult female, collected between 26
and 30 November 2012 at a creek above the campsite on
the Sorata Massif (13.6780°S, 49.4404°E), Sava Region,
northern Madagascar, by F. Glaw, O. Hawlitschek, T.
Rajoafiarison, A. Rakotoarison, F.M. Ratsoavina, and A.
Razafimanantsoa.

Referred specimens. ZSM 341/2016 (AEA 041), an
unsexed adult, collected on 25 May 2016 in Andravory
(13.7483°S, 49.5307°E, 1168 m a.s.l.), Sava Region,
northeastern Madagascar, by S. Megson and co-workers.
This specimen is referred on morphological grounds and
has not been genetically verified.

Assignment of specimens. The paratype ZSM 1628/2012
(FGZC 3731) is used as the reference specimen for this
species in 16S rRNA barcoding (16S3° KU724171;
Scherz et al. 2016a; 16S5° KY748097; Scherz et al.
2017a). Paratype UADBA-A 60289 (FGZC 3611) is used
as the reference specimen for this species in COI barcod-
ing (COI OL790125; Belluardo et al. 2022). The holotype
is identical to the 16S3’ reference sequence, except one
insertion and an undetermined stretch (1653’ PZ418419)

and differs by one mutation in the 16S5’ fragment (16S5’
PZ405231). All paratypes and referred specimens con-
form well with the holotype in morphology. Assignment
of the paratypes is further confirmed by molecular taxo-
nomic identification (Fig. 2). ZSM 1629/2012 is present
in the RAGI haplotype network (Fig. 4).

Definition. Within the R. serratopalpebrosa group, this
species is placed in a clade containing R. guentherpetersi,
R. ornata, and R. tany based on molecular phylogenetic
data, but the exact relationships within that clade are poor-
ly resolved (Fig. 2; Belluardo et al. 2022). It is character-
ised by the possession of the following unique suite of
characters: (1) small body size, adult SVL 21.5-23.4 mm;
(2) head wider than long (HW/HL 1.40-1.59); (3) mod-
erately large eyes (ED/HL 0.38-0.44); (4) relatively long
hindlimbs (HIL/SVL 1.66-1.89); (5) small inner metatar-
sal tubercle (IMTL/FOL 0.07-0.11); (6) outer metatarsal
tubercle absent; (7) second finger distinctly shorter than
fourth; (8) third toe distinctly longer than fifth; (9) dorsal
skin granular to rugose; (10) absence of chin barbels; (11)
presence of three superciliary spines, the posterior-most
being diminutive; (12) absence of inguinal ocelli or spots;
(13) absence of distinctive markings along the posterior
thigh; (14) unfortified skull without expansion of maxilla
or posterior process of angulosplenial; and (15) clavicles
present, thin, curving.

Rhombophryne diadema is furthermore distinguished
from all other Rhombophryne species analysed by the
following robust diagnostic nucleotide combination in
the mitochondrial 16S rRNA gene (positions relative to
the full 16S sequence of Anilany helenae MZ751042): in
16S5°, ‘T’ at site 266, ‘A’ at site 640, and ‘T’ at site 740;
in 16S3 ‘A’ at site 965, ‘T’ at site 1083, ‘T’ at site 1086,
and ‘T’ at site 1329. No diagnostic sites were identified
for 16S3°.

Diagnosis. Within the genus Rhombophryne, R. diadema
can easily be distinguished from all species except other
members of the R. serratopalpebrosa species group by
the presence of distinct superciliary spines. For distinc-
tion from R. serratopalpebrosa, R. guentherpetersi, R.
coronata, R. vaventy, R. ornata, R. tany, and R. regalis,
see diagnoses of those species above. For distinction from
the new species described herein, see accounts below.

Call. The call of this species is unknown.

Etymology. Latin feminine noun in apposition meaning
‘diadem’, in reference to the superciliary spines.

Distribution. This species is only known from (1) Sorata
Massif (type locality). Elevation: 1339-1407 m a.s.l.

Natural history. Rhombophryne diadema is a semi-fos-
sorial or detriticolous species found in mid-elevation hu-
mid forest. Individuals were found during the day in the
leaf litter. The holotype contained at least 13 well-devel-
oped, yellow eggs (diameter 2.45 + 0.25 mm) (Scherz et
al. 2017a).


http://www.ncbi.nlm.nih.gov/nuccore/KU724171
http://www.ncbi.nlm.nih.gov/nuccore/KY748097
http://www.ncbi.nlm.nih.gov/nuccore/OL790125
http://www.ncbi.nlm.nih.gov/nuccore/PZ418419
http://www.ncbi.nlm.nih.gov/nuccore/PZ405231
http://www.ncbi.nlm.nih.gov/nuccore/MZ751042
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Rhombophryne sp. ‘Ivohibe’
Figures 2, 4-7, 67-69, 76

Remark. This population has been reported as ‘Pletho-
dontohyla serratopalpebrosa’ by Raxworthy and Nuss-
baum (1996) and Raselimanana (1999). No genetic or
bioacoustic data are available from it, and despite some
morphological differences to all known species in the ge-
nus, we here refrain from describing it as a new species
until new material is collected and its genetic affinities
have been clarified.

Available material. UADBA 17419 (APR 01644),
UADBA 17420 (APR 1660), two adult females, and
UADBA 17421 (APR 01663), UADBA 17422 (APR

01677), UADBA 17423 (APR 01770), UADBA 17424
(APR 01771), UADBA 17430 (APR 01784), five un-
sexed adults, all collected between 14 October and 2
November 1997 in the Reserve Spécial Pic d’Ivohibe
(22.4833°8S, 46.9694°E, ca 1200 m a.s.l.), Thorombe Re-
gion, South Central Eastern Madagascar, by A.P. Raseli-
manana; UADBA 17425 (APR 01853), an unsexed adult,
collected at 16:00 h on 2 November 1997 in the corri-
dor between Andringitra and Pic d’Ivohibe (22.4175°S,
46.8858°E, ca 1200 m a.s.l.), Ihorombe Region, central
eastern Madagascar, by A.P. Raselimanana.

Circumscription. Morphologically, this species shows
the following suite of characters: (1) small to medium
body size, adult SVL 21.6-25.8 mm; (2) head wider than
long (HW/HL 1.34-1.59); (3) moderately large eyes (ED/

Figure 76. Skeleton of Rhombophryne sp. ‘Ivohibe’ specimen UADBA 17419 (APR 01644). A—C Whole skeleton in A dorsal, B
ventral, and C lateral view; D—G skull in D dorsal, E ventral, F anterior, and G lateral view; H right foot in ventral view; I right

hand in ventral view. Abbreviations are given under Materials and Methods.
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HL 0.33-0.43); (4) relatively long hindlimbs (HIL/SVL
1.66—1.89); (5) small inner metatarsal tubercle (IMTL/
FOL 0.08-0.10); (6) outer metatarsal tubercle absent; (7)
second finger distinctly shorter than fourth; (8) third toe
distinctly longer than fifth; (9) dorsal skin shagreened;
(10) absence of chin barbels; (11) presence of three to
four pronounced superciliary spines, the longest being
centrally over the eye; (12) absence of inguinal ocelli or
spots; (13) absence of distinctive markings along the pos-
terior thigh; (14) unfortified skull without expansion of
maxilla or posterior process of angulosplenial; and (15)
clavicles present, thin, curving.

Thus, this species can easily be distinguished from all
species except other Rhombophryne except members of
the R. serratopalpebrosa species group by the presence
of distinct superciliary spines. It differs from R. serrato-
palpebrosa and R. regalis by the absence of an S-shaped
dermal postnasal fold; from R. regalis by the longest su-
perciliary spine being over the centre of the eye (vs the
anterior-most spine in R. regalis); from R. guentherpe-
tersi by the absence of large, swollen tibial glands (vs
presence); from R. coronata by longer hindlimb (HIL/
SVL 1.66-1.89 vs 1.28-1.43), first toe unreduced (vs
usually reduced), superciliary spines varying in length
(vs small and equally sized), and shagreened dorsal skin
(vs finely granular), and sphenethmoid not appreciably
extending anterior to the postchoanal vomer (vs extend-
ing anteriorly); from R. vaventy by much smaller adult
body size (SVL 21.6-25.8 mm vs > 50 mm); from R.
ornata by smaller adult body size (SVL 21.6-25.8 mm
vs up to 33 mm), three to four superciliary spines (vs
two), and probable absence of reddish orange coloura-
tion in the inguinal region and on the thigh (vs presence);
from R. tany by longer hindlimb (HIL/SVL 1.66—-1.89 vs
1.56), and three to four superciliary spines (vs two); and
from R. diadema possibly by more shagreened dorsal
skin and more distinct supratympanic fold, by the longest
superciliary spine being over the centre of the eye (vs
anterior two spines equal in length and posterior-most
diminutive).

Generalised morphological description. SVL 21.6—
25.8 mm (n = 8); for variation in other measurements, see
Table S10. Body rhomboid, head rather triangular. Head
wider than long, eyes fairly large, pupils small, round.
Snout slightly pointed in dorsal and truncate in lateral
view. Canthus rostralis distinct, concave. Loreal region
concave, oblique, with no trace of an S-shaped curve pos-
terior to the nostril. Nostril nearer to tip of snout than to
eye, slightly protuberant. Tympanum indistinct, round.
Supratympanic fold distinct, strongly raised, partly mel-
anised, curving gently from posterior corner of eye over
tympanum toward anterior insertion of the forearm. Lat-
eral head similar in colour to dorsal head. Three to four
distinct superciliary spines above each eye, the longest
over the centre of the eye. Dorsal skin shagreened in most
specimens. Ventral skin smooth. Tongue quite narrow,
broadening posteriorly, attached anteriorly, posteriorly
free, not lobed. Maxillary and vomerine teeth present,
vomerine teeth rather straight, without any variation in

height, separated from one another at the midline by a
small gap. Choanae oval, placed laterally in the roof of
the mouth, slightly melanised.

Forelimbs rather long, slender. Fingers without web-
bing, relative lengths 1 <2 <4 <3, second finger distinct-
ly shorter than fourth. Finger tips not expanded, rounded.
Finger subarticular tubercles indistinct; inner metacarpal
tubercle small, weakly developed, greyish, outer meta-
carpal/palmar tubercle indistinct, greyish, single. Hind
limb slender. Inner metatarsal tubercle present, oblong,
greyish, weakly raised. Outer metatarsal tubercle absent.
Toes not webbed; toes unreduced, toe lengths 1 <2 <5
<3 <4, fifth toe distinctly shorter than third; subarticular
tubercles indistinct, grey; toe tips not enlarged, slightly
pointed, especially fourth toe.

The base colour is a dark brown across the dorsum and
flanks, including the dorsal limbs. The dorsum has sever-
al nearly black markings on it in all individuals, but vary
in intensity; some individuals have lines that run slightly
discontinuously from the suprascapular region toward the
inguinal region roughly parallel to one another. No dis-
tinct inguinal spots present, no traces of cream-bordered
markings present. No distinct colour difference between
the lateral and dorsal head. The supratympanic fold is
blackish above the tympanum, but otherwise dark brown.
The hindlimbs lack distinct crossbands, but a concentra-
tion of these blackish markings on the mid-shank gives
the impression of a crossband. The posterior thigh is not
distinctly coloured. The foot is laterally dark brown, but
medially creamy brown. A cream annulus is present be-
fore the terminal phalange of each finger and toe. The
ventral foot is dark brown, fading to grey along the toes.
No distinct colouration around the cloaca. The arms have
several blacking markings, including a moderately large
marking in the middle of the antebrachium. The dorsal
hand is lighter medially than laterally; the ventral hand
is light brown. The chin is mottled light brown with tan
flecks, fading to completely tan over the sternal region
into the immaculate abdomen.

Distribution. Specimens referred to this putative candi-
date species are from (1) the Pic d’Ivohibe Special Re-
serve (type locality), and (2) the corridor between Ivo-
hibe and Andringitra. Raxworthy and Nussbaum (1996)
recorded specimens probably referrable to this species at
1625 m a.s.l. in Andringitra National Park, but also gave
it a range from 1240 to 1300 m a.s.l. in the same table;
it is not clear which range is correct, but the latter bet-
ter matches the specimens discussed here. Elevation: ca
1200-1275 m a.s.l.

Natural history. This is a semi-fossorial or detriticolous
species found in mid-elevation humid forest. Specimens
of this species were caught in pitfall traps and on sur-
veys by Raselimanana (1999). During the day they hide
under thick leaf litter or under rotten logs. An individual
(UADBA 17422, APR 01677) was found under a rotten
log with tadpoles at 16:00 h in primary rain forest on a
ridge. Regrettably, both the tadpoles and data pertaining
to them have been lost.
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Osteology of the Rhombophryne
serratopalpebrosa species group

Note. The osteology of the Rhombophryne serratopa-
Ipebrosa species group was treated in detail by Scherz
et al. (2017a). Here, we relate only the osteology of R.
sp. ‘Ivohibe’ (based on specimen UADBA 17419; Fig.
76) to that description, rather than recounting the full os-
teology of the species group. The skeleton of UADBA
17419 has small defects in the frontoparietals and the
right postchoanal vomer, which may be either fractures
or developmental anomalies. The left maxilla is fractured
at its anterior end, and the right quadratojugal close to its
posterior end.

As noted by Scherz et al. (2017a), the degree of ossifi-
cation in this species group is substantial. Rhombophryne
sp. ‘Ivohibe’ is comparatively well ossified, with the ex-
tremities of all of its long limb bones, as well as its car-
pals and tarsals, ossified.

Dorsal investing bones. The nasals of R. sp. ‘Ivohibe’
are broadly separated from one another, and from the
frontoparietals, as is typical for the group (except pos-
sibly R. coronata). Its frontoparietal does not contact
the sphenethmoids anteriorly, and is distinctly separated
from the prootics. It lacks a dorsal process, like most spe-
cies in this group.

Neurocranium. A mineral deposit is present between
the sphenethmoids of R. sp. ‘Ivohibe’, as in several other
species in this group. Its sphenethmoid has only a short
anterior extension, typical for this group (unlike R. cor-
onata). Its exoccipitals are well separated above and be-
low.

Ventral investing and palatal bones. The cultriform
process of the parasphenoid of R. sp. ‘Ivohibe’ broadens
anteriorly, like in R. coronata, R. guentherpetersi, R. re-
galis, and R. diadema. The prechoanal portion of the vom-
er lacks rami (i.e., as the state in R. guentherpetersi, R. di-
adema, R. regalis, and R. tany). Vomerine teeth in R. sp.
‘Ivohibe’ are confined to a narrow patch either side of the
midline, giving it perhaps the smallest set of vomerine
teeth in the group. Its postchoanal vomer lacks obvious
anterior projections, similar to R. diadema, R. coronata,
R. guentherpetersi, R. regalis, and R. tany).

Macxillary arcade. The maxillary arcade of R. sp. ‘Ivohi-
be’ conforms perfectly with other members of the group.

Suspensorium. The articulation between the quadratoju-
gal and the squamosal is narrow in R. sp. ‘Ivohibe’, like
R. ornata, R. serratopalpebrosa, R. tany, and R. vaven-
ty. The anterior edge of the squamosal is smoothly, but
weakly, sigmoidal, as in R. vaventy, R. tany, and R. re-
galis.

Mandible. The dentary of R. sp. ‘Ivohibe’ is poorly ossi-
fied. The coronoid process of its angulosplenial is strong-
ly raised, as is typical for the group.

Pectoral girdle. The pectoral girdle of R. sp. ‘Ivohibe’
conforms with the rest of the group except for R. guen-
therpetersi. The crista ventralis of the humerus is rather
short in R. sp. ‘Ivohibe’, like in R. diadema, R. coronata,
and R. regalis. The manus of R. sp. ‘Ivohibe’ appears to
lack an ossified prepollex.

Vertebral column. The vertebrae of R. sp. ‘Ivohibe’
conform with the typical pattern for this species group
except for R. guentherpetersi. The sacral diapophyses
have straight edges perpendicular to the longitudinal axis
of the body, as in most species in this group. The dorsal
ridge of the urostyle in R. sp. ‘Ivohibe’ extends over half
its length, i.e., like R. diadema, R. ornata, R. coronata,
R. tany, and R. vaventy.

Pelvic girdle. The dorsal prominence of R. sp. ‘Ivohibe’
is pronounced, i.e., like R. guentherpetersi, R. regalis,
R. serratopalpebrosa, and R. tany. The pubis of R. sp.
‘Ivohibe’ is unossified. It seems to lack a prehallux.

Specimens of uncertain affinity

MRSN A2600 (FN 7559). An adult male, collected on
24 November 1998 at Beanjada ‘Camp 2’ (15.267°S,
49.983°E, ca 1000 m a.s.l.), Masoala Peninsula, Ana-
lanjirofo Region, northeastern Madagascar, by F. An-
dreone and J.E. Randrianirina. For morphometric mea-
surements, see Table S11. This specimen was originally
identified as a member of R. kotrobaratra, but it does
not conform morphologically with that species, being
stockier, having a burnt-umber chin, very dark dorsal
colouration without dorsal chevrons, reticulation on
the posterior thigh, and a faint outer metatarsal tuber-
cle. Morphologically it seems to resemble R. quentini
sp. nov. most closely, but its outer metatarsal tubercle is
less distinct, and it lacks inguinal spots. Its identity will
require clarification with more specimens from the area
and genetic data.

UADBA-A 61731 (ZCMYV 11320). An unsexed spec-
imen without collection data. For morphometric mea-
surements, see Table S11. This specimen is assignable to
the R. mangabensis species complex (R. festudo species
group) based on its small size, colouration, and morphol-
ogy. The lack of collection locality means that it cannot
be further assessed at present.

UADBA 18260 (APR 04377), and UADBA 18261
(APR 04417). Specimens collected at high elevation in
Marojejy National Park (14.4344°S, 49.7347°E, 1550 m
a.s.l.) by A.P. Raselimanana; and also UADBA 08186
(NR 383) with unclear precise locality. For morphomet-
ric measurements, see Table S11. These specimens are
possibly referrable to Rhombophryne vaventy, but we
here refrain from formally doing so because they have
fewer superciliary spines and smoother dorsal skin. Ge-
netic data are needed from these specimens to confirm
their identity.
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UADBA 14173 (APR 00599). A small specimen
(17.4 mm) collected at intermediate elevation in Maro-
jejy National Park (14.4183°S, 49.6014°E, 810 m a.s.l.),
by A.P. Raselimanana, may be a juvenile of R. vaventy
based on its numerous superciliary spines, absence of
S-shaped postnasal fold, rugose dorsum, and hand and

foot morphology. For morphometric measurements, see
Table S11.

THC 305. An unsexed specimen, collected near Marojejy
by T.R. Fulgence. This specimen has been sequenced for
16S3’ (GenBank: MZ019244), but could not be included
in our molecular phylogenetic analyses and species de-
limitation. It was identified as an unconfirmed candidate
species by Carné and Vieites (2024), ‘R. sp. alluaudi’ and
‘UCS “Marojejy”’). It differs from the closely related
R. sonaliae sp. nov. and other members of the R. /aevi-
pes group by a deletion of nine bases, AAGCGAGGA,
as well as several single nucleotide mutations, and thus
may well constitute a distinct species. We have not been

Key to the genus Rhombophryne

able to examine the specimen morphologically to assess
its distinctness.

Rhombophryne sp. ‘Ambohitantely’. An uncollected
individual observed in February 2023 by L. de Beer in
Ambohitantely National Park (ca 18.173°S, 47.278°E),
Analamanga Region, central Madagascar (Fig. 77).
Morphologically, this specimen conforms well with the
R. laevipes species group, but its assignment to a species
is not clear: it lacks the dorsolateral stripes of R. anatiala
sp. nov. and R. sonaliae sp. nov.; the chevrons and rough
skin of R. kotrobaratra; and has white spots on the hidden
portions of the hindlimb (Fig. 77C) unlike R. botabota.
It is thus most similar to R. laevipes and R. nilevina. Of
these, it is biogeographically closest to the range of R. ni-
levina, but it also appears to differ from that species in
lacking a dark colour border between the eyes and the
light area anterior to this (compare Fig. 39), and the ven-
ter is much lighter. Voucher specimens from this popula-
tion are needed to verify its taxonomic status.

Here we present a key to adult individuals of the genus Rhombophryne that should be useable under field conditions. It
focuses on morphological and colour-pattern features, proportions, and, in a few instances, advertisement-call features.
It will not be possible in all cases to identify species of Rhombophryne based on in-situ photos alone. Notably, import-
ant diagnostic features on the thighs and inguinal region are often hidden in frogs that are sitting normally. For proper
identification, photos would be needed that show the inguinal region and posterior thigh clearly.

12 AdUlt SVL > 13 MM ettt ettt b ettt sttt ettt bt bt ebe et e sbe e 2
1D Adult SVL < I3 MM cotitiitiiiii ettt ettt ettt R. proportionalis
22 SUPETCIIArY SPINES ADSENL.....cueiuiiuiiiiiiiitietiite ittt ettt et b ettt sttt st ettt eaeebe bt ebe e bt eaeebe b e 3
2b  SUPETCIIArY SPINES PIESEIL ......cueuieuiiiiiiietirterti ettt sttt ettt ettt ettt bt ettt sae et et be st ettt ettt entebeeaeebeeaeebeeaes 20
3a  Orange or yellow colouration on ventral, anterior, and/or posterior thighs present...........coccoeeveeverveiiiininicnenenn 4
3b  Orange or yellow colouration on ventral, anterior, and/or posterior thighs absent ............ccccoecveviieiiininininenn. 8
4a  Blackish inguinal eye-spots often bordered with White PresSent ...........cccervrierieiienieiecieeeeee e 5
4b  Blackish inguinal €Ye-SPOtS @DSENL ... ..ccueiieitirieiiieiertiee ettt ettt et et e ste e ee st e seeste e e st eneeete et e st eneeene e teenneeseeneas 6
S5a  Outer metatarsal tubercle diStINCt .........coeririiiiriiiiieiiietereeese e R. quentini sp. nov.
5b  Outer metatarsal tubercle absent or INAISTINCE.......c..ccueiiiririiirineree et R. ellae
6a  Long hindlimbs (HIL/SVL > 1.70) ..c..cccciiniriiiiiiieiiiiteeeneseeseneeeeeeeeee e R. kotrobaratra sp. nov.
6b  Short hindlimbs (HIL/SVL < 1.70)..c.ccuirieiirieiirieiirieiirtee sttt ettt ettt ettt sb et b et s et st senaes e senes 7

7a  Black spot present on supratympanic fold, SVL <25 mm, outer metatarsal tubercle indistinct...........ccoccocerenennene

............................................................ R. mavokely sp. nov.

7b  Black spot absent on supratympanic fold, SVL >25 mm, outer metatarsal tubercle distinct.....R. kilonjy sp. nov.

8a  Light-brown dorsolateral bands from eyes towards inguinal 1egion PreSent..........coveeveeeerieeiereeieneeiereeeeseeenes 9
8b  Light-brown dorsolateral bands from eyes towards inguinal region absent.............ccocveveeriereiieneniene e 10
9a  Third toe much longer than joint between first and second metatarsal of fourth toe................ R. anatiala sp. nov.
9b Third toe hardly exceeds joint between first and second metatarsal of fourth toe................... R. sonaliae sp. nov.
10a Skin rough, head extremely broad, body round and robUST ...........ccccueviiiiriiiinininncecee e 11
10b  SKin SMOOth OF GIANUIAT. .....ccueiiiiiiiiiiiict ettt sttt et ettt et eae e ebe e 14
112 SVL > 30 MMttt ettt ettt et ea bbbt ekt b e et e b e b s et ettt ettt ebe bt bt 12
TID  SVL 30 MMttt ettt b et b e bbbt st s et e st be s b et e b et e bt e b et e s nne st nnene 13
122 Chin barbels PIESENL......co.iiuiiiiriiititiieietce ettt ettt ettt eb ettt st b e seenen R. testudo
12b  Chin barbels @DSENL. ......co.iiiiiiriiriitiieietce ettt ettt eb ettt st st R. matavy
13a Several chin barbels present, ED/HL 0.25-0.27, second finger at least slightly longer than the fourth ..................

13b
14a
14b

.......................................................... R. maraorao sp. nov.
Few chin barbels present, ED/HL 0.29-0.31, second finger equal to fourth............cccocoevieirnenne. R. coudreaui
Habitus gracile, FARL/SVL > 0.50........cccccceevreninnnn.
Habitus plump, FARL/SVL <0.50 ......ccccvvvivininennnn
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15a SVL <22 mm, TIBL/SVL < 0.49, dark colouration in supratympanic region absent............ccccccceceeunee. R. minuta
15b SVL > 23 mm, TIBL/SVL > 0.49, dark colouration in supratympanic region present ..........c........... R. longicrus
102 SVL <24 MMttt ettt ettt b et h e bttt b e s bt ettt et et es b e bt et e ebeebeebe et e sbesa et et nnens 17
16D SVL ™ 24 MMttt h ettt e e bt a ettt et et b et b et b et b et b et bt et n et nt et sttt b e 18
17a Weak diastema in vomerine teeth, TIBL/SVL > 0.43, inguinal spots absent, advertisement call duration 180—

237 ms, dominant frequency 33003550 HZ.....c.coooeiiiiiiiiieeee e R. mangabensis
17b Strong diastema in vomerine teeth, TIBL/SVL < 0.43, inguinal spots occasionally present, advertisement call

duration 121-142 ms, dominant frequency 4144—4210 HZ.......ccccoevieiiiiiiiieeeeeeee e R. savaka
18a SVL > 40 mm, white spots in inguinal region present or absent. Advertisement call pulsed, duration >208 ms,

dominant frequEnCy <700 HZ .....oooiuiiieiieeee ettt ettt ettt e et ente et e sne et e sneenneeneas 19
18b SVL <35 mm, white spots in inguinal region absent. Advertisement call tonal, duration 161-201 ms, inter-call

interval 2.5-2.7 s, dominant frequency 1256—1291 HZ........cccoooiiiriiiieiiieeeeeeee e R. botabota
19a Always with white or yellow spots in inguinal region and/or on the anterior, ventral, posterior thigh, and ventral

shank. Advertisement call duration 208-254 ms, inter-call interval 1.5-2.2 s, dominant frequency 612—-631 Hz..

................................................................................................................................................................ R. laevipes
19b Often without white spots in inguinal region and/or on the anterior, ventral, posterior thigh, and ventral shank.

Advertisement call duration 526-534 ms, inter-call interval 42—126 s, dominant frequency 526-534 Hz .............

................................................................................................................................................................ R. nilevina
20a S-curved skin fold poSterior t0 NOSIITL PIESENL.......c.ecuertertiiiieiiieietet ettt ettt 21
20b S-curved skin fold posterior to NOSITl ADSENT ........c.ccviriiriiiiiiiiiiier s 22
21a SVL > 28 mm, FARL/SVL > 0.52, four superciliary Spines ...........ccccceeeeeeeerenenerenenennens R. serratopalpebrosa
21b SVL <28 mm, FARL/SVL < 0.52, three superciliary SPInes..........cocceeveereieieieieeneneneniesresieseeseennenne R. regalis
222 Tibial Gland ADSENL..........couieiiiieiee ettt ettt et e et et en e e te st e teeneeneeneenneens 23
22b  Tibial Gland PreSENL.........cciiiiiiieiiiieieet ettt ettt ne e enes R. guentherpetersi
23a Reddish colour absent on hindlimbs ...........cocciviiiiiiiniiiii et 24
23b Reddish colour present on hindlimbs ..........ccoiieiiiiiiiieece e e R. ornata
242 SVL 4S5 MIMuttitiitiitiititete ettt ettt et et h e a e et b e bt s a et bttt st bttt e b bt bt ettt ae e nnen 25
24D SVL > 45 MM .ottt ettt ettt et et ettt e h e sae e R. vaventy
258 2 SUPCICIIATY SPINES. . .eeueetieuiieeiete ettt ete st e e st e e et e e et et e ese e et e st e st eneeeseeneesseenseeseenseeseenseeneenseensesseensesneennes R. tany
25D 3 SUPCICIIIATY SPIMES...eeeeuiieeiiiieiiete ettt ettt et et e et e b e e et et e e s e e st ese et e ene e st en e e e st enseeseenseeseensesseenseeneenseeneenseeneenseans 26
26a Anterior two superciliary spines much larger than third, TDH/ED > 0.59, TIBL/SVL > 04............... R. diadema
26b All three superciliary spines equal in size, TDH/ED < 0.59, TIBL/SVL < 0.4 ...c.cccovevivviniinvnininnenn R. coronata

Proposed revised conservation
assessment of Rhombophryne

Based on the extensive revision of the taxonomy, natu-
ral history, and distribution knowledge of the specimens
discussed herein, a comprehensive re-assessment of their
conservation status is warranted and presented in Appen-
dix 2. At present, 15 of the now 27 species of Rhombo-
phryne have been assessed (https://www.iucnredlist.org),
with 80% being Threatened (12 threatened: 1 CR, 10 EN,

1 VU; three non-threatened: 1 NT, 2 LC). Our proposed
reassessment of all 27 species would bring this to 88.9%
(24 threatened: 2 CR, 16 EN, 6 VU; 2 non-threatened: 0
NT, 2 LC; 1 DD). No change in status assessment is due
to a genuine decline or improvement; all are based on
new data. It is worth stressing, however, that in most cas-
es we have erred towards conservative assessment pro-
posals; strict interpretation of Criterion B of the IUCN
Guidelines (IUCN 2012) would leave all of the species
that we propose as VU, as EN instead, because they have

Figure 77. Rhombophryne sp. from Ambohitantely Special Reserve in A anterodorsal, B dorsolateral, and C ventral view. This is

the only known record of a Rhombophryne from this forest. This individual was not collected or sampled, and no specimens exist in

collections, to our knowledge. Photographs by Len de Beer. Used with permission.
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extent of occurrence estimates <5000 km? and are found
at five or fewer threat-defined locations.

Discussion

Tallying up the taxonomy of
Rhombophryne

This revision has resulted in recognition of seven new
Rhombophryne species, bringing the current tally to 27.
It is clear from the several candidate species that we have
not described in this work—either because of the ambigu-
ity of their species status (R. sp. Cal3) or because insuf-
ficient numbers of specimens are available (R. sp. Cal5,
R. sp. Cal6)—that the taxonomy of the genus is not yet
fully resolved. Moreover, some unsequenced specimens
are known to us that are not unambiguously assignable
morphologically to any known species, and these, too,
signify that there is still more diversity remaining to be
described, if only enough material can be assembled.
Further fieldwork, especially in key unstudied or under-
studied areas of the North Central East (e.g., Zahamena,
Makira) and North East (e.g., the mountains between
Tsaratanana and Anjanaharibe-Sud), will likely yield ad-
ditional new species.

In the period between 1880 and 2007, new Rhombo-
phryne species were described at a rate of roughly one
species every 18 years to reach a total of seven species.
Since 2007, 20 species have been described, including
those named herein; a rate of roughly one every ten
months (Fig. 3). Several of the most recently described
species are amongst the most distinctive Rhombophryne
species ever found. We can see three major drivers of
the dramatic change in taxonomic progress on the spe-
cies in this genus. Firstly, fieldwork has intensified in
Madagascar since the 1990s, providing access to new
material from areas that had previously been unexplored
herpetologically. Secondly, genetic data, and especially
comprehensive DNA barcoding (Vieites et al. 2009) and,
more recently, the application of museomics approaches
to older voucher specimens, has resulted in an enormous
increase in the rate of description among all frogs in
Madagascar, not just diamond frogs (Glaw et al. 2022).
Thirdly, two additional sets of data have frequently been
included in recent Rhombophryne publications that were
seldom included before 2003: bioacoustic and osteologi-
cal data. Both of these data types have strong diagnostic
potential. Bioacoustic data have been rare but are highly
diagnostic among Rhombophryne species, as is typical
in frogs (Kohler et al. 2017). In this study, we have been
able to add call data for several species; call data are
now available from 12 of the 27 species. Access to os-
teological data thanks to affordable micro-CT scanning
(Scherz et al. 2014, 2017a) has provided a large suite of
morphological data that was not previously accessible
without destroying the precious few specimens that are
available. The integration of these data with DNA bar-

coding on freshly collected specimens from new areas
has been key for identification and description of new
species.

Diamond frogs of many shapes,
colours, and sizes

With the revelations from genetic data (Andreone et al.
2005; Wollenberg et al. 2008), our understanding of the
relationships of Rhombophryne testudo were completely
transformed—no longer was it a monotypic genus, but
it was revealed to have close affinities to a host of oth-
er terrestrial frogs, previously variously placed in Man-
tipus, Mantiphrys, and Plethodontohyla. The division
of Rhombophryne into species groups (Belluardo et al.
2022) highlights this morphological diversity; contrast
the stocky R. ellae species group with the long-legged
terrestrial species of the R. laevipes species groups, the
gracile R. minuta species group, the miniaturised R. pro-
portionalis species group, the gracile to robust R. serra-
topalpebrosa species group, and the rotund R. festudo
species group. In body length, diamond frogs range by a
factor of more than 5, from the smallest adult (R. propor-
tionalis) at 11.0, to the largest (R. vaventy) at 58.6 mm.
The new picture that has emerged reveals a remarkable
morphological diversity within the genus that will be in-
teresting to explore with ancestral-state analyses once a
more robust phylogenetic or phylogenomic tree becomes
available—current instability regarding the deep nodes of
the tree makes key relationships, such as those of R. pro-
portionalis to the rest of the genus, unclear.

These morphological differences are likely also tied to
ecological differences. However, data on Rhombophryne
ecology are scarce, so we cannot yet infer what the dif-
ferences in their morphology signify in terms of how they
live, with the exception of the specialised burrowers.
Although we have previously speculated that long limbs
in the R. minuta species group may be an adaptation for
long-distance leaping or scansorial habits (Scherz et al.
2015a), we currently lack the data to test such hypothe-
ses. This remains a promising avenue for future research,
indeed also at the level of the Cophylinae as a whole.

Another noteworthy feature of Rhombophryne is that,
although they are generally brown frogs, they exhibit a
subtle but substantial diversity in colour. Reddish ‘flash
markings’ occur quite frequently on the hindlimbs of
Malagasy frogs (Glaw et al. 2020). Reddish-orange co-
louration on the limbs occurs in members of four species
groups of Rhombophryne: R. ellae species group (R. el-
lae, R. quentini sp. nov., and R. kilonjy sp. nov., R. lae-
vipes species group (R. kotrobaratra), R. testudo species
group (R. mavokely sp. nov.), and R. serratopalpebrosa
species group (R. ornata). Based on their position in the
phylogeny, the presence of this colouration in each spe-
cies group likely represents an independent origin of the
trait. Studies on its histological/chemical/genomic basis
should be carried out to understand if this is achieved via
a shared evolutionary pathway or differently each time.
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Limb and inguinal spots also show up on Rhombo-
phryne in several different ways: in the R. laevipes spe-
cies group, as large white spots on the inguinal region,
thigh, and ventral shank; in the R. ellae group as inguinal
eye-spots (ocelli), with a black centre surrounded by a
white or cream border; in various other species as simple
brown or black oblongs in the inguinal region. Such spots
are common occurrences in frogs and have a presumed
anti-predatory function as false eyes (Hernandez-Palma
et al. 2023). However, it seems that, in diamond frogs—
and in cophylines as a whole—there is no ‘one-size-fits-
all’ solution, but rather, like for the other traits already
discussed, a diversity of solutions that have been found to
produce these kinds of markings. This is fortunate for the
taxonomist and the field observer, as these have proved
to be important diagnostic features, at least at the spe-
cies-group level.

Future evolutionary work, based on a dated and bet-
ter-resolved phylogeny than any currently available, will
shed more light on these and other interesting facets of
diamond frog evolution.

Biogeography of Rhombophryne —
more like lace than tapestry

The distribution of Rhombophryne species across Mad-
agascar is reminiscent of some other frog genera, such
as Gephyromantis, with a concentration of diversity in
northern and northeastern Madagascar, and representa-
tives spread along the island’s eastern rainforest belt. A
particular hotspot of diversity is Marojejy National Park.
This 558.85 km? protected area has 11 of the 27 Rhom-
bophryne species. Although a few of these species appear
to be micro-endemic to the Marojejy Massif (R. minuta,
R. serratopalpebrosa, and possibly R. savaka), several
are also found in Sorata, Ambolokopatrika-Betaolana,
Anjanaharibe-Sud, and other geographically connect-
ed, rainforest-clad massifs. In contrast, the Tsaratanana
Massif has fewer species, but most are so far only known
from this location. We hypothesise that this apparent pat-
tern is rather due to poor exploration of the surrounding
massifs, than any kind of topographical or biogeographic
isolation, however.

Rhombophryne sp. ‘Ivohibe’ defines the southernmost
extent of the genus, over 100 km farther south than the
next-most-southern species, R. nilevina in Ranomafana
National Park. We consider it possible that further field-
work in poorly sampled areas like Midongy du Sud could
yield further new species or range extensions. But over-
all, the genus is mostly restricted to the east, northeast,
and north of the island, in contrast to, e.g., Stumpffia and
Plethodontohyla, both of which range to the far southeast
of Madagascar.

One surprising result emerging from the improved
taxonomic coverage of this genus is the appearance of
several truly widespread species. Rhombophryne sona-
liae sp. nov. and R. nilevina cover enormous distribu-
tions; the former stretches from Andasibe in the North
Central East to Tsararano in the northeast, and the lat-

ter stretches from Ranomafana in the South Central East
to Tsaratanana in the north. The discovery of disparate
specimens of such species highlights how incomplete
our understanding of the distribution of the herpetofauna
of Madagascar remains; similar revelations have recent-
ly emerged from Anilany (Petzold et al. 2025), Boophis
(Vences et al. 2011), and Wakea (Carné et al. 2025). Pre-
vious conclusions that microendemism is widespread in
Malagasy amphibians (Wollenberg et al. 2011; Brown et
al. 2016)—especially cophyline microhylids (Wollenberg
et al. 2008)—may be due to incompleteness of sampling.
Only further fieldwork, especially in poorly sampled ar-
eas, will bring further clarity to this picture.

Collecting diamond frogs and natural
history data about them

Given that Rhombophryne are not easy to find, it is re-
markable that only two of the 27 species so-far described
are singleton specimens (R. tany and R. kilonjy). All other
species have had at least one further specimen collected,
either as part of their type series, or subsequently—here
we have documented the second known specimens for
R. ellae and R. serratopalpebrosa. Given that the number
of available specimens of all species, is, on the whole,
very small, additional material would be highly valuable.

Targeting fieldwork to collect Rhombophryne speci-
mens requires specific attention to these rather secretive
frogs. Particular attention must be paid to the season, as
most species are most active and calling in the rainy sea-
son. The calls, especially of the larger species, carry over
substantial distances, and in order to find the calling indi-
vidual (key for a match of the call recording to the spec-
imen), a substantial investment of time must be made.
It can frequently be necessary to cross several hundred
metres of dense forest. Most species call from concealed
positions within the leaf litter, and some even in burrows
(Lambert et al. 2017). This means that even once a call-
ing individual has been narrowed down to within an area
of ca 1 m?, it can still take considerable time to find and
catch it. However, in our experience, this is well-invested
time and has yielded very valuable data on several spe-
cies in the present work.

Three further methods have been successfully applied
by us for the collection of Rhombophryne specimens.
Firstly, active searching. Covering ground on foot, espe-
cially during or after rain, increases the chance of finding
and catching Rhombophryne active on the forest floor.
We have observed several species active this way, both
at night and by day. Secondly, leaf-litter quadrats. Specif-
ically, we have had good success finding R. botabota on
the Marojejy Massif along natural rises where leaf-litter
is dense, by simply scooping leaflitter into rice bags, and
sorting it by hand. Often the act of scooping the leaflitter
has already cause the frogs to leap away, at which point
they can be captured. Finally, and perhaps most impor-
tantly, pitfall traps are an effective, if effort-intensive,
method of collecting Rhombophryne. Notably, R. quenti-
ni sp. nov. was one of the most commonly collected
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specimens in pitfall traps in Tsaratanana (Andreone et al.
2009). Unfortunately, this is not always successful, how-
ever; pitfall traps we set in Montagne d’Ambre in 2017
and 2018, as well as in Torotorofotsy in 2026, failed to
capture any Rhombophryne. Nevertheless, this method is
worthwhile for the other taxa that fall into the traps and
should be included in all surveys.

Specimens alone are not the only thing that is need-
ed for Rhombophryne. There are still major gaps in our
knowledge of their ecology. No Rhombophryne egg or
tadpole has ever been described, except a burrow full
of R. testudo froglets (Kohler et al. 1997); the clutch of
tadpoles found in association with a specimen of R. sp.
‘Ivohibe’ has not been located for study and may not have
been collected. It is thus unclear if these are species that
lay eggs in a jelly or foam nest that develop into nidico-
lous, endotrophic tadpoles, like in the rest of Cophylinae
(Scherz et al. 2022b), or have some other reproductive
mode, such as direct development. Courtship other than
advertisement calls is totally unknown, as is whether or
not the species are territorial. In terms of diet, only min-
imal data are available from a handful of specimens that
we have dissected or micro-CT scanned.

Some of these gaps in our knowledge of diamond frog
natural history could be addressed comparatively easily,
for instance by more thorough investigation of existing
museum specimens (dietary data), if permission can be
obtained from museum curators to perform the necessary
dissections; although we have recorded hard-bodied prey
from micro-CT scans, dissections are still necessary to
obtain insights into gut contents. The behavioural data,
however—especially pertaining to reproductive mode—
would best be fulfilled by captive-breeding projects, like
those in place by Association Mitsinjo in eastern Mada-
gascar (Edmonds et al. 2012; Rakotoarisoa et al. 2025).
These have already had success with other Cophylinae,
and we encourage future endeavours to keep and breed
Rhombophryne species in captivity as well. In-situ ob-
servations of any such behaviours would be highly de-
sirable, but such observations cannot easily be planned.

Are diamonds forever? Conservation
outlook for Rhombophryne

Based on our summary of the conservation status of
Rhombophryne species given above, it is evident that the
overall conservation outlook for the genus is poor. 24 out
of 27 species are listed or are proposed to be assessed as
threatened, and one that is not remains Data Deficient,
so may in truth be threatened as well. Only two species,
R. nilevina and R. sonaliae, are suggested to be Least
Concern due to their large distributions. However, as we
have highlighted above, our knowledge of these frogs
is still highly fragmentary. The past decade of work has
yielded numerous range extensions, and consequently it
is likely that ranges will continue to be expanded in the
years to come. This may bring some currently Endan-
gered species into the Vulnerable category, but it is not
likely to bring many out of the threatened categories.

The greatest threat posed to these largely terrestrial
frogs that are restricted to tropical or montane forests is
loss of habitat. Species at low elevation are at the greatest
risk, because they are closest to anthropogenic influence;
R. mavokely sp. nov., at the base of the Marojejy Mas-
sif, is at far greater risk due to logging and fire at the
forest edge than is R. minuta sitting over 1500 m a.s.l.
on the same massif. Fire is of significant concern, espe-
cially where people live near protected-area boundaries,
because ‘fires in Madagascar are overwhelmingly started
by humans’ (Frappier-Brinton and Lehman 2022), espe-
cially for slash-and-burn agriculture (tavy in Malagasy).
Increasing drought in Madagascar (Gouveia et al. 2024)
may favour fires. Rainforests in Madagascar burn excep-
tionally extensively (Joseph et al. 2024) and fire contrib-
utes to forest degradation and is becoming more frequent
(Frappier-Brinton and Lehman 2022; Joseph et al. 2024;
Ralimanana et al 2022). Although landscape-scale fires
(i.e., fires >21 ha in scale) in Madagascar are not thought
to be a driver of forest loss (Phelps et al. 2022), small-
scale fires, especially those made for tavy, are (Ralima-
nana et al. 2022).

Two species of Rhombophryne are proposed to be
Critically Endangered: R. kilonjy sp. nov. and R. matavy.
Rhombophryne kilonjy sp. nov. is known from a hand-
ful of specimens collected on the Sahamalaza Peninsula,
which has highly fragmented forest and hosts a rather high
level of micro-endemism (Andreone et al. 2001; Penny et
al. 2014, 2016, 2017). Rhombophryne matavy is known
only from low-elevation forest in Montagne d’Ambre
National Park. In both cases, elevation is a significant
factor in increasing their risk. On Montagne d’Ambre,
there is ongoing illegal logging in the lower regions of the
park (D’Cruze et al. 2008, 2010; our own pers. obs.). The
resilience of these frogs to such habitat disturbance is un-
known. The ability to manage them more actively, how-
ever, is limited by the total lack of knowledge on their
ecology. Understanding their reproductive reproduction
and natural history would be greatly beneficial for pos-
sible conservation efforts targeting these and other taxa.
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Appendix 1

Comparative morphological features of the species groups within Rhombophryne. + = presence, - = absence, + = some species.

testudo laevipes ellae proportionalis minuta serratopalpebrosa
group group group group group group

SVL (mm) 18.7-45.1 24.1-57.2 22.1-30.1 11.0-12.3 16.9-28.0 19.4-58.6

HIL/SVL 1.10-1.61 1.41-1.92 1.39-1.80 1.21-1.33 1.73-1.84 1.28-1.95

FARL/SVL 0.30-0.43 0.34-0.45 0.32-0.43 0.33-0.35 0.50-0.54 0.37-0.60

Clavicles + + + — + +

Premaxillary teeth + + + + + +

Maxillary teeth + + + + + +

Vomerine teeth + + + + + +

Superciliary spines + — — — — +

Black inguinal

spots, sometimes + + + — — —

with white outline

White inguinal o N o o - o

spots

Red on legs + — + — — +

Dorsal skin Smooth to rugose | Smooth to granular Granular Smooth Smooth Smooth to rugose

Appendix 2

Current and proposed IUCN Red List assessment of Rhombophryne species, following IUCN Guidelines (IUCN 2012). LC = Least
Concern, NT = Near Threatened, VU = Vulnerable, EN = Endangered, CR = Critically Endangered, EOO = Extent of Occurrence,
TDL = Threat-defined location.

Species

Current
Assessment

Proposed
Assessment

Approx. EOO
(km?)

TDLs

Note

R.

testudo

EN Blab(iii)

EN Blab(iii)

457

No significant changes from current assessment.

R.

coudreaui

NT

EN Blab(iii)

22

Taxonomic refinement reduces to just two TDLs. Ongoing
decline in extent and quality of habitat.

matavy

CR Blab(iii)

CR Blab(iii)

48

No significant changes from current assessment.

mangabensis

VU D2

EN Blab(iii)

300

Range extension to several localities on the Masoala Peninsu-
la; no longer qualifies under criterion D2. Use of criterion B
paradoxically increases perceived risk (VU—EN), but reflects
threatened mainland populations, and is more consistent with
other Rhombophryne species. EOO mostly water. Ongoing
decline in extent and quality of habitat on Masoala Peninsula.

savaka

EN Blab(iii)

EN Blab(iii)

780

Refined elevational distribution suggests that it may not

occur as far down as the park border, so its habitat within the
protected areas of northern Madagascar is less threatened than
previously thought. However, its potential distribution area is
limited to a narrower elevational strip, reducing its potential
distribution substantially. Retention of current assessment is
recommended. EOO estimate is based on park boundaries

and is probably wildly inaccurate due to narrow elevational
distriution of the species.

maraorao Sp. nov.

N/A

VU Blab(iii)

3600

Ongoing decline in extent and quality of habitat.

mavokely sp. nov.

N/A

VU Blabiii)

1500

Ongoing decline in extent and quality of habitat.

laevipes

LC

VU Blab(iii)

1000

TUCN record from Bemaraha is erroneous; populations in
northern and eastern Madagascar mostly belong to R. nilevina.
Two TDLs. Ongoing decline in extent and quality of habitat.
Assessment in alignment with Gephyromantis (Asperoman-
tis) ambohitra, which has a similar distribution (IUCN SSC
Amphibian Specialist Group 2016b).

botabota

EN Blabiii)

VU Blab(iii)

4190

No significant changes from current assessment, but status of
EN with such a large EOO and two TDLs is inconsistent with
other assessments.

nilevina

ND

LC

>20,000 4

Taxonomic reassessment (incorporation of specimens formerly
assigned to R. sp. Ca03) renders this the most widespread
Rhombophryne. Ongoing decline in extent and quality of hab-
itat, but sufficiently widespread to not be at great risk.
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Species Current Proposed | Approx. EOO | TDLs | Note
Assessment | Assessment (km?)
R. sonaliae sp. nov. N/A LC 6200 -9 Ongoing decline in extent and quality of habitat, but no imme-

diate threats to this species.

Known from three specimens from two locations on the same
mountain chain of the Masoala Peninsula, but likely to occur
R. anatiala sp. nov. N/A EN Blab(iii) 380 1 more widely. EOO based on continuous forest. Ongoing
decline in extent and quality of habitat. EN status suggested to
remain conservative.

R. kotrobaratra sp. nov. N/A VU Blab(iii) 1600 3 Ongoing decline in extent and quality of habitat.
R. ellae ND EN Blab(iii) <400 1 Ongoing decline in extent and quality of habitat.
R quentini sp. nov. N/A EN Blab(ii) 1236 | EOO estimated to conform with R. ornata, R. tany, and R.

guentherpetersi, which occur under similar circumstances.

Ongoing decline in extent and quality of habitat. Assessment
R. kilonjy sp. nov. N/A CR Blab(iii) <100 1 in line with Boophis ankarafensis from the same locality
(IUCN SSC Amphibian Specialist Group 2016a).

EOO estimated to conform with R. ornata, R. tany, and R.
guentherpetersi, which occur under similar circumstances.

R. proportionalis ND EN Blab(iii) 1236 1

No significant changes from current assessment. EOO estima-
R. minuta EN Blab(iii) | EN Blab(iii) 780 1 te is based on park boundaries and probably wildly inaccurate
due to narrow elevational distribution of the species.

R. longicrus EN Blab(iii) | EN Blab(iii) 672 1 No significant changes from current assessment.

No significant changes from current assessment, except that a
second, more recent specimen is now known. EOO estimate is

R serratopalpebrosa EN Blab(ii) | EN Blab(iii) 780 ! based on park boundaries and probably wildly inaccurate due
to narrow elevational distribution of the species.
R. guentherpetersi EN Blab(iii) | EN Blab(iii) 1236 1 No significant changes from current assessment.

Taxonomic reassessment (ascribing specimens from Andrin-
gitra area as R. sp. ‘Ivohibe’) substantially reduces distribu-
tion. Taxonomic status of Rhombophryne sp. Cal3 also has
R. coronata LC DD Unknown 5? | significant implications for distribution, if distinct. Proposed
to be Data Deficient until Zahamena and other northern
locations are verified and the status of Cal3 is assessed; see
Scherz et al. (2019a).

Addition of specimen from Sorata adds a second TDL, and

R. vaventy EN Blab(iii) | EN Blab(iii) 2000 2 expands EOO, but does not change overall assessment (as
already discussed by Scherz et al. 2017a).

R. ornata EN Blab(iii) | EN Blab(iii) 1236 1 No significant changes from current assessment.

R. tany EN Blab(iii) | EN Blab(iii) 1236 1 No significant changes from current assessment.

R. regalis ND VU Blab(iii) 600 4 Ongoing decline in extent and quality of habitat.

R. diadema ND EN Blab(iii) <50 2 Ongoing decline in extent and quality of habitat.
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