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Based on analysis of mitochondrial DNA sequences of over 1900 samples, 331 of
which were newly sequenced for this study, we provide an overview of the ge-
netic variation in Chonomantis and Ochthomantis, two subgenera of the species-rich
mantellid genus Mantidactylus. Our data confirm the existence of numerous
deeply divergent mitochondrial lineages in Chonomantis which largely correspond
to currently recognized species and previously identified candidate species. Based
on concordance of high mitochondrial divergence with uncorrected pairwise dis-
tances of >4 % in the mitochondrial 16S rRNA gene, limited haplotype sharing in
several nuclear-encoded gene fragments, and subtle but consistent morphological
differences between the majority of these lineages, often occurring in close geo-
graphical proximity or even syntopy, we conclude that they represent independent
evolutionary lineages meriting species status. We furthermore used archival DNA
analyses on the type specimens of two Chonomantis species, M. albofrenatus and
M. charlotteae, and conclude that the latter is a junior synonym of the former. Our
integrative taxonomic revision leads to the formal description of eight new species
in the subgenus Chonomantis (M. charlotteianus sp. nov., M. chonodus sp. nov., M. di-
chromus sp. nov., M. kitrinolaimus sp. nov., M. maharira sp. nov., M. malokila sp. nov.,
M. temachikus sp. nov., and M. ventrilineatus sp. nov.) and one new species in the
subgenus Ochthomantis (M. rabibisoai sp. nov.), bringing the total species number to
16 in Chonomantis and 13 in Ochthomantis. Our data also point to the existence of
deeply divergent, probably allopatric genetic lineages in numerous of these species
(e.g., M. charlotteianus sp. nov., M. dichromus sp. nov., M. melanopleura, and M. zip-
peri in Chonomantis; M. danieli, M. femoralis, M. majori, M. mocquardi, and M. tavara-
tra in Ochthomantis), and to populations with possible morphological or bioacoustic
differences (e.g., in M. albofrenatus), suggesting a need for future in-depth revision
of these species, including new field work to obtain bioacoustic data and addi-
tional material for many of them.
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Introduction

The mantellid genus Mantidactylus Boulenger, 1895
is one of the most species-rich and ecomorphologi-
cally diverse groups of Malagasy anurans, with 65
currently recognized species (Frost 2026). Until 2006
(Guibé 1978, Blommers-Schlsser 1979, Blommers-
Schldsser & Blanc 1991, Dubois 1992), Mantidactylus
was defined spanning an even greater diversity
of frogs, containing taxa currently included in the
genera Blommersia Dubois, 1992, Boehmantis Glaw
& Vences, 2006, Gephyromantis Methuen, 1920,
Guibemantis Dubois, 1992, and Spinomantis Dubois,
1992. After these were split off into separate genera
(Glaw & Vences 2006), the genus Mantidactylus now
primarily contains semi-aquatic or terrestrial species
associated with humid forest streams, classified in six
subgenera: Brygoomantis Dubois, 1992, Chonomantis
Glaw & Vences, 1994, Hylobatrachus Laurent, 1943,
Maitsomantis Glaw & Vences, 2006, Mantidactylus
Boulenger, 1895, and Ochthomantis Glaw & Vences,
1994, several of which are characterized by highly
derived larval morphologies (Blommers-Schlésser
1979, Altig & McDiarmid 2006, Grosjean et al. 2011,
Randrianiaina et al. 2011, Schulze et al. 2016). Manti-
dactylus are among the most commonly encountered
frogs in Madagascar’s rainforests (Glaw & Vences
2007, Straufs et al. 2013, Scherz et al. 2022b). Yet,
because their morphology and coloration are typi-
cally inconspicuous, many aspects of their pattern
are highly variable, their advertisement calls are
mostly soft and emitted from concealed positions,
and their entire reproductive behaviour is shy and
rarely observed, their true species diversity has not
been appreciated for a long time.
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Only recently, molecular work has revealed the
existence of numerous candidate species in Manti-
dactylus (Vieites et al. 2009, Perl et al. 2014, Carné &
Vieites 2024), and integrative taxonomic work based
on molecular and morphological data has targeted
the various subgenera. Specifically, Brygoomantis has
been the focus of a large and comprehensive revi-
sion (Scherz et al. 2022a), Hylobatrachus was revised
by Scherz et al. (2019), the subgenus Mantidactylus
was examined by Rancilhac et al. (2020) and Och-
thomantis by Rabibisoa et al. (2023). However, these
considerable efforts have not yet succeeded in fully
clarifying the taxonomy of the various Mantidactylus
subgenera. For instance, the subgenera Chonomantis,
Hylobatrachus, Mantidactylus, and Ochthomantis still
contain candidate species of uncertain status (e.g.,
Vieites et al. 2009, Scherz et al. 2019, Rancilhac et al.
2020, Carné & Vieites 2024), the relationships and
subgeneric allocation of the enigmatic Mantidactylus
majori Boulenger, 1896, currently in Ochthomantis
but perhaps deserving its own, separate subgenus
is unclarified (Wollenberg et al. 2011, Rabibisoa et
al. 2023), and the attribution of candidate species
names in Ochthomantis (e.g., Vieites et al. 2009,
Randrianiaina et al. 2011, Poth et al. 2013, Carné
& Vieites 2024) to recently described new species
(Rabibisoa et al. 2023) remains unassessed. The focus
of the present study is on two of these Mantidactylus
subgenera, Chonomantis and Ochthomantis. These are
two common and widespread groups of mantellines,
typically found on or close to the banks of streams
in rainforests across Madagascar.

The subgenus Chonomantis currently contains
nine species: Mantidactylus albofrenatus (Miiller,
1892), M. aerumnalis (Peracca, 1893), M. brevipal-



matus Ahl, 1929, M. charlotteae Vences & Glaw, 2004,
M. delormei Angel, 1938, M. melanopleura (Mocquard,
1901), M. opiparis (Peracca, 1893), M. paidroa Bora, Ra-
milijaona, Raminosoa & Vences, 2011, and M. zipperi
Vences & Glaw, 2004. All of these are characterized
by a dorsolateral fold separating dorsal and (typically
darker) lateral coloration, and by a specific funnel-
mouthed tadpole morphology (Blommers-Schlosser
1979, Vences & Glaw 2004, Glaw & Vences 2006, 2007,
Bora et al. 2011, Grosjean et al. 2011). Chonomantis
range between 19-45 mm from snout to vent (SVL)
and are rather terrestrial, observed on the ground
and low vegetation near streams but usually not in
the water (Glaw & Vences 2007). Their larval mor-
phology is remarkably uniform (Grosjean et al. 2011)
and therefore not useful for taxonomic conclusions.
Chonomantis taxonomy is almost exclusively based on
distinct and unambiguous bioacoustic and morpho-
logical differences between the recognized species,
several of which can occur in syntopy which clearly
supports their species-level distinctness (Vences &
Glaw 2004, Bora et al. 2011). Species of Chonomantis
differ from each other, among other characters, in
body size, relative tympanum size of males, shape
and extension of frenal stripe, and dorsal as well as
lateral colour.

Ochthomantis, the second focal subgenus of this
study, can be seen as slightly more water-dependent
than Chonomantis (e.g., Glaw & Vences 2007) and cur-
rently contains 12 species: Mantidactylus ambreensis
Mocquard, 1895, M. ambony Scherz, Rasolonjatovo,
Kohler, Rancilhac, Rakotoarison, Raselimanana,
Ohler, Preick, Hofreiter, Glaw & Vences, 2020,
M. catalai Angel, 1935, M. danieli Rabibisoa, Welt
& Raxworthy, 2023, M. femoralis (Boulenger, 1882),
M. macrotympanum Rabibisoa, Welt & Raxworthy,
2023, M. majori Boulenger, 1896, M. mocquardi Angel,
1929, M. olgae Rabibisoa, Welt & Raxworthy, 2023,
M. poissoni Angel, 1937, M. tavaratra Rabibisoa,
Welt & Raxworthy, 2023, and M. zolitschka Glaw &
Vences, 2004. Species of Ochthomantis range between
29-67 mmin SVL, and females are often much larger
than conspecific males (Glaw & Vences 2007, Rabi-
bisoa et al. 2023). Ochthomantis are dorsally smooth
or rugose with irregular and interrupted rows of
tubercles, and many species have a yellow mark
in the inguinal region. Their tadpoles show unique
morphologies, with different degrees of reduction
of keratodonts and presence of enlarged papillae
in the oral disk, as well as specialized internal oral
structures, probably reflecting trophic specialization
(Altig & McDiarmid 2006, Randrianiaina et al. 2011,
dos Santos Dias et al. 2024). Furthermore, several
species of Ochthomantis have also been studied for
the content of volatile chemical substances in their
femoral glands (Poth et al. 2013). After description

of one new species each by Glaw & Vences (2004)
and Scherz et al. (2020), Ochthomantis have been
taxonomically revised by Rabibisoa et al. (2023) who
described four new species, resurrected M. catalai An-
gel, 1935 and M. poissoni Angel, 1937, and proposed
distribution maps of all species based primarily on
morphometric examination of a large quantity of
preserved voucher specimens.

Here, we review the molecular diversity of
Chonomantis and Ochthomantis based on newly
produced DNA barcodes of a great number of sam-
ples. We also provide information on the molecular
identity of several — though not all — historical type
specimens from archival DNA analysis, phyloge-
netic hypotheses for both subgenera based on DNA
sequences of concatenated mitochondrial gene frag-
ments, and information on their variation in up to
four nuclear-encoded DNA fragments. Although far
from providing a comprehensive taxonomic resolu-
tion of the two subgenera, our review allows for the
formal description of nine new species, and for a
clearer identification of our gaps in knowledge and
necessary future research focus to fully comprehend
the systematics of these amphibians.

Materials and methods

This study is based on a large number of tissue samples
and voucher specimens collected during multiple field
expeditions from 1994-2022, combined with DNA se-
quences of other samples retrieved from GenBank. Spec-
imens were collected in the field mostly via opportunistic
day and night searches, sometimes specifically seeking
calling males, with the aid of flashlights at night. Col-
lected specimens were anesthetized by immersion in
aqueous solutions of tricaine methanesulfonate (MS222),
chlorobutanol or lidocaine, and subsequently euthanized
by an overdose of the same substances. Before fixation,
we took tissue samples from the euthanized specimens
and stored them separately in 1.5 ml vials filled with pure
ethanol. Vouchers were then fixed in 95% ethanol or in
4 % formaldehyde solution, preserved in 70 % ethanol, and
deposited in the Zoologisches Forschungsmuseum Alex-
ander Koenig, Bonn (ZFMK); Zoological Museum Am-
sterdam (ZMA); collection now included in Naturalis,
Leiden); Museum fiir Naturkunde Berlin (ZMB); Natural
History Museum Denmark (ZMUC); Zoologische
Staatssammlung Miinchen (ZSM); and the Université
d’Antananarivo, Mention Zoologie et Biodiversité Ani-
male (UADBA). We also discuss historical type specimens
from the Naturhistorisches Museum Basel (NMBA), the
Muséum national d’Histoire Naturelle, Paris (MNHN),
the Museo regionale di Scienze Naturali, Torino (MRSN),
and the Museum fiir Naturkunde Berlin (ZMB). FGZC,
FGMYV and ZCMV refer to field numbers and catalogue
numbers of F. Glaw and M. Vences. APR, JCR, MSZC,
and NSH refer to field numbers of Achille P. Raselima-
nana, Jana C. Riemann, Mark D. Scherz and Serge H.
Ndriantsoa, respectively. For additional field number and
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catalogue number acronyms of sequences taken from
GenBank, see the respective publications as retrievable via
the respective accession numbers. Geographic regions
within Madagascar are named according to Boumans et
al. (2007) and Brown et al. (2016). Candidate species are
named according to the numbering started by Vieites et
al. (2009) and followed (for Ochthomantis) by Randriani-
aina et al. (2011) and Carné & Vieites (2024), adding a “Ca”
before each candidate number as proposed by Padial et
al. (2010) and applied by Perl et al. (2014).

Morphometric measurements of voucher specimens
were taken by MV with a manual caliper at an accuracy
of 0.1 mm, as follows: snout-vent length (SVL); maxi-
mum head width (HW); head length from tip of snout to
posterior edge of mouth opening (HL); horizontal tym-
panum diameter (TD); horizontal eye diameter (ED); dis-
tance between anterior edge of eye and nostril (END); dis-
tance between nostril and tip of snout (NSD); distance
between both nostrils (NND); forelimb length, from limb
insertion to tip of longest finger (FORL); hand length,
from the articulation of the carpus with the radioulna to
the tip of the longest finger (HAL); hindlimb length, from
the cloaca to the tip of the longest toe (HIL); foot length
(FOL); foot length including tarsus (FOTL); and tibia
length (TIBL). Foot webbing formula is reported accord-
ing to Blommers-Schlosser (1979) to ensure comparability
with previous species descriptions of Malagasy frogs.

Vocalizations were recorded in the field using vari-
ous digital recorders and saved in uncompressed wave
format, (re-)sampled at 22.05 kHz and 32-bit resolution
and analyzed using the software Cool Edit Pro 2.0. Tem-
poral parameters were measured in the oscillograms.
Frequency information was obtained through Fast Fou-
rier Transformation (FFT; width 1024 points) at Hanning
window function. Spectrograms were produced at Black-
man window function with 256 bands resolution. For a
clearer graphical presentation, in some cases, careful
band-pass filtering was applied to remove background
sounds, applied only to frequencies outside the prevalent
bandwidths of calls. Temporal measurements are sum-
marized as range with mean + standard deviation in
parentheses. Description, terminology, and methods fol-
low those recommended by Kohler et al. (2017), using the
call-centered termnological scheme. Representative sec-
tions of new call recordings analyzed were archived in
the Zenodo repository at https://doi.org/10.5281/ze-
nodo.15161297.

Genetic divergence between individuals and lineages
was assessed using DNA fragments of mitochondrial and
nuclear-encoded genes, determined using Sanger sequenc-
ing after extracting DNA from tissue samples using a
salt-extraction protocol (Bruford et al. 1992) and PCR
amplifying the respective DNA fragments with primers
and protocols as specified below. PCR products were
purified with Exonuclease I and Shrimp Alkaline Phos-
phatase digestion and sequenced by LGC Genomics
(Berlin) on an automated capillary sequencer. Chromato-
grams were checked for base-calling errors and edited with
CodonCode Aligner v 3.7.1 (Codon Code Corporation,
Dedham, MA, USA) and newly determined sequences
submitted to GenBank (accession numbers PZ059868-
PZ059871, PZ066204-PZ066671). All alignments and a
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spreadsheet with sequence metadata are available from
Zenodo (https:/ /doi.org/10.5281/zenodo.15161297). Var-
ious different datasets were compiled using the following
laboratory and bioinformatic methods:

As a means to assess genetic variation within Chono-
mantis and Ochthomantis, we compiled datasets, sepa-
rately for Chonomantis and Ochthomantis, of DNA se-
quences of the 3’-terminal fragment of the 16S rRNA gene
(16S) which has often been used for DNA barcoding of
Malagasy anurans (e.g., Vieites et al. 2009) and is avail-
able for a large number of comparative sequences from
previous work (e.g., Randrianiaina et al. 2011, Strauf} et
al. 2013, Ndriantsoa et al. 2017, Rabibisoa et al. 2023). PCR
was carried out using primers 165AL (5'-CGCCTGTT-
TATCAAAAACAT-3’) and 165BH-new (5-“CCTGGAT-
TACTCCGGTCTGA-3’), modified from Palumbi et al.
(1991), with cycling protocol 94°C (90s), [94°C (455),
55°C (45s), 72°C (90 )] x 33, 72°C (300 s).

From a few crucial specimens, mostly name-bearing
types, 16S sequences were also assembled from archival
DNA analyses (museomics) and added to the Sanger-se-
quenced 16S dataset, along with all available 16S se-
quences of the two subgenera from GenBank. For several
type specimens of Ochthomantis, archival DNA sequences
were already determined and published by Scherz et al.
(2022a) using methods described therein. Herein, new
sequences were added for the name-bearing types of two
Chonomantis, the holotype of Mantidactylus albofrenatus as
well as the holotype and two paratypes of M. charlotteae.
These specimens (details in the respective Results sections
below) were sampled in 2023 for small pieces of thigh
muscle tissue after making a small incision and reflecting
the ventral skin of the thigh. Sampling was carried out
with sterile scalpels and tweezers, and the sample was
stored in a vial with pure ethanol that had been previ-
ously filled in a laboratory naive to molecular work on
the two focal subgenera of mantellids. Prior to DNA ex-
traction, all samples were weighed and incubated in a
Guanidine Thiocyanate (GuSCN)-based extraction buffer
solution at 37°C overnight (~18 hours). Subsequently, a
total volume of 25 ul genomic DNA per sample was ex-
tracted following the protocol of Rohland et al. (2004),
following several consecutive steps as described in
Straube et al. (2021). The yield in DNA was quantified
based on 1 pul DNA of extract using the Qubit dsDNA HS
Assay Kit 0.2-100 ng/pl (Life Technologies, Carlsbad,
California, US) according to the instructions of the manu-
facturer’s protocol. Single-stranded libraries were pre-
pared following the protocol of Gansauge et al. (2017)
using up to 13 ng/pl input DNA per sample. All lab work
prior to qPCR was conducted in a dedicated DNA facility
at the University of Potsdam, Germany, which meets all
requirements for work with historical samples (see Fulton
& Shapiro 2019) and extraction and library blanks were
run alongside all samples to check for contamination. We
assessed final library concentrations and fragment length
distributions with a 2200 TapeStation (Aligent Technolo-
gies) assay. Sequence data were obtained through shot-
gun-sequencing of approximately five million 75 bp-long
single-end reads on an Illumina Nextseq 500/550 sequenc-
ing platform at the University of Potsdam, as described
in Paijmans et al. (2017). The quality of the obtained reads
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Fig. 1. A-K. Maximum Likelihood tree inferred from a fragment of the mitochondrial 165 rRNA gene (alignment
length 535 bp) from 1147 ingroup sequences of species of the subgenus Chonomantis. Numbers at nodes are sup-
port values in percent from a bootstrap analysis with 500 replicates (not shown if <50 %). Candidate species
numbers according to Vieites et al. (2009) are given for the new species described; for additional candidate
numbers, see Table 7. Bold font indicates sequences from name-bearing types (asterisk highlights paratypes of
M. charlotteae, here considered junior synonym of M. albofrenatus).

was visualized twice using FastQC (https://www .bioin-
formatics.babraham.ac.uk), both before and after trim-
ming of custom Illumina adapter sequences and discard-
ing reads shorter than 30 bp with cutadapt v1.12 (Martin
2011). We used local Blast (BLAST+; Camacho et al. 2009)
as implemented in BlasTax, a new tool of the iTaxoTools
project (Vences et al. 2021, 2026), against a library of 16S
sequences of all main mitochondrial lineages of Chorno-
mantis plus a selection of additional mantellid genera
(Mantidactylus, Spinomantis, Blommersia), and collected the
matching reads in a FASTA file. We then used CodonCode
Aligner v 3.7.1 (CodonCode Corporation) to map the
matching reads to 16S reference sequences of all main
Chonomantis lineages, verified the resulting assemblies
were congruent (thus, no reference bias was introduced),
and used final assemblies against sequences of specimens
from the locality Betampona (which were placed phylo-
genetically closest to the sequences obtained by the ex-
ploratory assemblies), with missing sections in-between
contigs coded by the letter “N”.

For the full 16S datasets (from Sanger sequencing,
archival DNA sequencing, and sequences compiled for
GenBank; separately for the two subgenera) we used the
G-INS-i algorithm in MAFFT (Katoh & Standley 2013) as

implemented in Concatenator (Vences et al. 2022¢) for
alignment, determined the substitution models best fit-
ting the data under the Bayesian Information Criterion in
MEGA 7 (Kumar et al. 2016) (in both cases, GTR+G
models), and inferred Maximum Likelihood (ML) trees
in RAXML (Stamatakis 2014) using raxmlGUI v. 2.0 (Edler
et al. 2020). Node support was tested with 500 full (“thor-
ough”) bootstrap replicates. A sequence of M. betsileaniis
(subgenus Brygoomantis) was used as outgroup in the
Chonomantis phylogeny, and a sequence of Mantidactylus
radaka (subgenus Mantidactylus), was used as outgroup in
the Ochthomantis phylogeny (seehttps:/ /doi.org/10.5281/
zenodo.15161297 for accession numbers).

Trimmed alignments of 16S (separately for Chono-
mantis and Ochthomantis) were prepared for analysis of
primary species hypotheses, genetic distances and diag-
nostic sites, by removing sequences with large numbers
of missing data, and trimming the entire alignment to
equal length of remaining sequences, making sure that
all major lineages were represented. On these alignments,
for an algorithmic inference of primary species hypoth-
eses, we used ASAP (Puillandre et al. 2021) as imple-
mented in iTaxoTools (Vences et al. 2021). Pairwise se-
quence distances between ASAP-inferred lineages were

Table 1. Primers and cycling protocols used for polymerase chain reaction amplification of nuclear markers used
in this study. The nested PCR RAG1 sequence was only used for some Chonomantis samples.

Marker Primers (5'-3") Cycling protocol Source
RAG1 F: Ragl-Manti-F1: CGTGACAGAGTSAAAGGAGT 94°C (120s), [94°C  Vences et al.
R: Ragl-Manti-R1: TCAATGATCTCTGGAACGTG (20s), 54°C (50s), (2018)
72°C (180s)] x 39,
72°C (600s)
RAG1 F1: Ragl-Mart FI1: AGCTGGAGYCARTAYCAYAARATG 94°C (240s), [94°C Rakotoarison
(nested PCR) R1: Rag-1Mart R6: GTGTAGAGCCARTGRTGYTT (45s), 45°C (40s), etal. (2015)
F2: Rag-1AmpF2: ACNGGNMGICARATCTTYCARCC 72°C (120s)] x 45, and references
R2: Ragl-UC-R: TTGGACTGCCTGGCATTCAT 72°C (600s) therein
SACS F1: SACSF2: AAYATHACNAAYGCNTGYTAYAA 94°C (240s), [94°C  Shenetal.
(nested PCR) R1: SACSR2: GCRAARTGNCCRTTNACRTGRAA (45s), 45°C (40s), (2012)
F2: SACSNF2: TGYTAYAAYGAYTGYCCNTGGAT 72°C (120s)] x 45,
R2: SACSNR2: CKGTGRGGYTTYTTRTARTTRTG 72°C (600s)
KIAA1239  F1: KIAA1239-F1: CARCCTTGGGTNTTYCA 94°C (240s), [94°C  Shenetal.
(nested PCR) R1: KIAA1239-R1: CMACAAAYTGGTCRTTR (45s), 45°C (40s), (2012)
F2: KIAA1239-NF1: GAGCCNGAYATHTTYTTYG 72°C (120s)] x 45,
R2: KIAA1239-NR1: TTCACRAANCCMCCNG 72°C (600s)
POMC F: POMC-DRV- F1: ATATGTCATGASCCAYTTYCGCTGGAA 95°C (120s), [(95°C  Vieites et al.

R: POMC-DRV-R1: GGCRTTYTTGAAWAGAGTCATTAGWGG

(45s), 62°C (50s),
72°C (80s)] x 9,
[(95°C (45s), 52°C
(50s), 72°C (80s)] x
30, 72°C (600s)

(2007)
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FGMV 2002.G67 | JX5T0506 Andasibe
FGMV 2002.H32 | JXSTOS0T Andasibe
ZCMV 1415 | JXET0405 | An'Ala

(APR B443

|
FGMV 20011276 | AYB45168 Andasibe

ZCMV 25065 | JSTO408 | An'Ala
| DLIR 0733 Betampona

FGMV 20022013 | GUB0B502 | An'Ala
FGMV 1276 | FJ559230 Andasibe
(APR 100304 | Lakalo

APR 12754

PSG 1096 Ambodiniana
ZCMV 7246 | Befanjana
Bal

DLR 0801| Bal
FAZC 13763 | HM3IB4T02| Batam)

88| zcMv 8815 | Mahasoa

ZCMV 1467 | An'Als

944 | Ambatowy, Analamay
FGMY 2002.1972 | GUB0B49S | An‘Ala
FGMV 2002.1978 | GUB08501 | An'Ala

7926 | Saha

ZCMV 1410 | JX570484 | An'Ala
JCR 1108 | KT240469 | Rlncmufun
ZOMVY 4445 | GL9T5246 | Ranomafa
ZOMVY 4117 | GUETS3ST | Fﬁmmfuw
T 08 0055 | KF610583 | Rancmafana
ZCMV 36 | AYB48200 | Rancmatana
T 0280 | GUS75448 | Ranomafana
ZCMV 10513 | KFB10561 | Ranomafana
ZCMV 10612 | KFG10610 | Ranomalana
T 0337 | GUS7S492 | Ranomafana
ZCMV 4514 | GLI975299 | Ranomafana

zcuwmmwsnamumwmu
T 08 0167 | KFG10550 | Ranomafana

ZEMV 4175 | GUST5220 | Ranomalana
ZCMV 10084 | KFG10576 | Ranomafana
ZCMV 10538 | KF&10606 | Ranomafana
T 0286 | GUSTS452 | Ranomafana
ZCMV 4590 | GUITS421 | Ranomafana

4257 | Ranomafana
ZSM 0297 2007 | GUSTS524 | Ranomatana
T 070 | GUSTS445 | na

ZCMV 4582 | GUITSAT

T 0333 | GUET5488 | Renomafana

[ ZCRK 087 | LOG4058 | locality unknown

FGMV 20023019 | AY848123 Viohidrazana

MRSN AB225 | HM364701] Betampona
FAZC 13608 | HM364699] Betampona
FAZC 13834 | HM384700| Betampona
LR 198 | DQT92497 | probably Andasibe negion
LR 53 | DQ792499 | probably Andasibe region

FGMY 2002,3020 | AYB48197 Vohidrazana

2

ZCMV 4342 | GUSTS238 | Ranomafana
ZCMV 4646 | GLI9TS400 | Ranorafana
T 0318 | GUS75474 | Ranomalana
ZCMV 10378 | KF§10555 | Ranomatana
ZCMV 4244 | GUS75341 | Ranomafana
ZCMV 4926 | GUI75424 | Ranomafana
ZCMV 4688 | GU975313 | Ranomafana
ZCMV 10155 | KFE10623 | Ranomatana
ZCMV 5130 | GU9T5208 | Ranomafana
T 0018 | GUI75283 | Ranomaana
ZCMV 5040 | GUITS284 | Ranomatana
ZEMV 4267 | GLIGTS215 | Ranomatans
ZCMV 4105 | GUIT5216 | Ranomatana
T 0103 | GUAT5442 | Ranomatana
ZCMV 10833 | KFE10812 | Ranomafana
T 08 0274 | KFB10615 | Ranomatana

T 08 0155 | KF610544 | Ranomafana

T 0386 | GUAT5518 | Ranomalana
|ZCMv 10377 | KF610554 | Ranomatana
T 08 0082 | KFB10593 | Ranomafana
ZCMV 4644 | GLIITS398 | Ranornafana
ZCMV 5187 | GU975226 | Ranomatana
ZCMV 4151 | GUETS363 | Ranomafana

JCR 112 | KT240470 | Ranomafana
ZOMV 4047 | GLI9TS2TT | Ranomafana
ZOMV 5188 | GUS75227 | Ranomafana

ZCMV 4630 | GUSTS393 | Ranomafana
ZCMV 5105 | GLI9T5196 | Ranomafana
ZOMV 5038 | GU975383 | Ranomafana
ZCMV 5124 | GUSTS202 | Ranomalana

Ranomafana

g2
s3aits
%'ﬂ

£

ZCMV 1366 | GLISTS315 | Ranomafana

T 0324 | G ana
ZOMV 5127 | GUS75205 | Ranomafana
ZCMV 4224 | GI | Ranomafana

LT
ZCMV 9767 | KFB10596 | Ranomafana

M. melanopleura

Fig. 1. Continued.



ZCMV 4245 | GUST5342 | Ranomafana
Tlmumsmsamamm
D T 0307 | GUET54E5 | Ranomafana

T T 0302 | GUSTS460 | Ranomafana
ZCMV 4320 | GUSTEZ34 | Ranomafana ZCMV 9367 | KFE10581 | Ranomakana

mawm-crmsmmm
T 0358 | GUSTS513 | Ranomatana ZCMY 4457 | GUITS254 | Ranama
T 0348 | GUSTS503 | Ranomafana mmlew?ww
| ZCMV 4589 | GUST5416 | Ranomatana ZOMV 5390 | GL9T5353 | Ranomafana
ZCMV 4156 | GUSTE22S | Ranomatana ZCMV 4482 | G 1
T 0028 | 34 | ZCMV 4332 | GU9T5235 | Ranomafana
JCR 1983 | KT240734 | Ranomalana T 08 0180 | KFE10578 | Ranomafana
JCR 1778 | KT240730 | Ranomatana ZCMY | 5265 | Ranomaana
JCR 721 | KT240731 | Ranomafana ZCMV 10481 | KFE10369 | Ranomafana
829 | T240732 | Ra ZCMV 10323 | KF810604 | Ranomatana
GUST5366 | Ranomalana ZCMV 4030 | GUST5ZT3 | Renomalana
T 0314 | GUETS471 | Ranomafana ZCMV 4259 | GU9T5345 | Ranomafana
2ZCMV 10511 | KFE10559 | ZCMV 4243 | GUOT5340 | Ranomalana
4976 | GUSTSITS | Ranomalana T 0260 | 2|
T 0025 | GUSTS433 | ZCMV 4236 | GU975338 | Ranomafana
ZCMV 5881 | GU975355 | Ranomatana ZSM 0741 2007 | GUSTSS2S | Ranomalana
ZCMV 4133 | GUS75358 | Ranomalana ZCMV 10263 | KFB10625 | Ranomafana
T 08 0263 | KFE10617 | Ranomatana ZCMV 9671 | KF610589 | fana
ZCMV 5126 | GUS7TS204 | Ranomalana ZCMV 9859 | KFB10585 | Ranomafana
ZCMV 10275 | KFE10627 | Ranomafana ZCMV 4602 | GUST5293 | Ranomafana
T 08 0330 | KFE10571 | Ranomafana ZCMV 4413 | GUST5204 | Ranomalana
5347 | ZCMV 9399 | KF610582 | Ranomafana
4975 | GUIT5372 | Ranomafana ZCMV 4430 | GUSTS207 | Ranomalana
ZEMV 4210 | GUS75331 | Ranomatana ZCMV 4444 | GU9T5245 | Ranomafana
ZCMV 5122 | GUST5200 | Ranomafana ZCMV 4346 | GUIT5240 | Ranomatana
ZCMV 4139 | GUS7TS360 | ZCMV 1370 | GUST5317 | Ranomafana
ZCMV 5125 | GUSTS203 | Ranomatana [ZCMV 10044 | KFE10574 | Ranomafana
&7 | 'ZCMV 5181 | GUSTS538 | Ranomafana T 0233 | GUGT5228 | Ranomalana
| mcmmwmilm«nm
ZCMV 4554 | GUSTS302 | Ranomatana ZCMV 4468 | GUET5259 | Ranomafana
ZCMV 9542 | KF610619 | Ranomatana T 0404 | GUSTSS18 | Ranomafana
{ZCMV 10150 | KFE10621 | Ranomafana [ZSM 1211 2007 | GUIT5531 | Ranomafana
ZCMV 4041 | GUSTS275 | Ranomalana rmm 75500 | Ranomafana
ZCMV 4258 | GUS75350 | Ranomatana |GW5M{WM&
ZCMV 98T | KF610630 | Ranomalana msmlﬂmml
ZOMV 4622 | GUST5401 | Ranomalana T 0235 | GUST5230
FGMV 2002.221 | JX570501 | Ranomafana T0328| I na
FGMY 2002.220 | JX570500 | Ranomatana Z5M 1191 2007 | GL9T5530 | Ranomafana
T08 0340 | KF610872 | Ranomafana ZCMV 4450 | GU9TS251 | Ranomafana
ZCMY 9081 | KFE10601 | Ranomalana ZCMV 4334 | GUITS235 | Renomalana
FGMY 2002.218 | JX570499 | Ranomalana ZCMV 10458 | KFB10567 | Ranomafana
ZCMV 4637 | GUS75396 | Ranomafana ZCMV 9029 | KF610602 | Ranomatana
T 10024 | BUGT5432 | Rancmafana T 0320 | GUSTS476 | Ranomafana
T 0308 | GUS75456 | Ranomafana T 0347 | GUSTS502 | Ranomatana
ZCMY 4625 | GU975390 | Ranomatana [ZCMY 5068 | GUSTSS37 | Ranomalana
ZCMV 5470 | Ranomafana JCR 1116 | KT240468 | Ranomatana
ZCMV 4186 | GUSTS224 | Rancmafana 2CMV 4603 | GUET5307 | Ranomalana
ZSM 0287 2007 | GUYT7S523 | Ranomatana ZCMV 4645 | GU9T5399 | Ranomalana
ZCMY 4185 | GUIT5223 | Ranomafana ZCMV 4629 | GU9T5392 | Ranomafana
ZCMV 1377 | GUS75321 | Ranomafana T 0301 | GUSTS456 | Ranomafana
| | T 0317 | GUSTS473 | Ranomatana
FGMV 2002,256 | AYB42195 | Ra T0331 | GUE |
FGMY 2002.166 | AYE48194 | Ranomafana ZCMY 4421 | GU9T5295 | Ranomatana
Zaans 4031 | Buo78364 1 Ranermatons Sy 466 | GUT825% | Ranomatana
1] na
‘roe1s|<umsa?5|am!omm ZCMV 5131 | GU9T5209 | Ranomafana M. me!anopleura
ZCMV 1384 | GLAT532S | Ranomatana 2CMV 5153 | BUSTE210 | Ranamatana
ZCMV 4688 | GLOT5303 | Ranomafana T 0357 | GLIBTSS'
T 0356 | GUSTS511 | Ranomafana T 0283 | GUSTS45
ZeMy 10248 gcpsww | Ranomatana T 0291 | GUSTS455 | Ranomal;
ZCMV 4134 | GLIST5359 | Ranomatana ZCMV 6000 | GLI9T5289 | Ranomalana
ZCMV 5573 | GLIST5354 | Ranomafana [T 08 0088 | KFE10504 | Ranomafana
ZCMV 4572 | GUST5403 | Ranomatana I ZGMV 10264 | KFG10626 | Ranomatana
T 0350 | | m1mg¢r&1mi
ZCMV 4578 | GUST5375 | Ranomatana ZCMV 4890 | | tana
T 0342 | GUOTS4ET | ZCMV 4691 | GLOT5312 | Ranomafana
ZCMV 4183 | GUST528S | Ranomatana ZCMV 10458 | KFB10566 | Ranomal
ZCMV 1390 | GUST5327 | Ranomafana ZCMV 10375 | KF510553 | Ranomatana
T 0287 | GUGTS453 | T 0003 | GUSTS281 ana
T 0310 | GUSTS46T | ZSM 1214 2007 | GUSTS532 | Ranomalana
ZCMV 38 | AYB48202 | Ranomafana ZCMV 4007 | GL9T5261 | Ranomafana
| | T 08 0342 | KFE10573 | Ranomafana
ZCMV 10152 | KFE10622 | Ranomatana ZCMV 4687 | GL9T5310 | Ranomafana
T 08 0273 | KF610618 | Ranomatana ZCMV 10570 | KFB10608 | Ranomatana
m| KFB10514 | Ranomafana ZCMV 4574 | GUST5405 | Ranomalana
Zewv GUST5304 | T 0030 | GUST543E | Ranomafana
zmvmmuorsmlmmmm T 0168 | GUGTS44 |
FGMV 2002.230 | JXSTOS0S | Ranomatana ZCMY 10455 | KF610565 | Ranomatana
ZCMV 5059 | GUSTS534 | Ranomatana | GUS75272 | Ranomatana
ZCMV 4451 | GUSTS252 | Ranomatana sol [[7080157 | KF810548 | Ranomatana
FGMY 2002223 | JX570502 | Ranomalana T 08 0283 | KF610616 | Ranomatana
| D622 | Ranomafana | GUETSE3 | fana
ZCMV 5108 | GUS75199 | Ranomatana T 0336 | GUSTS491
708 0158 | KFE10548 | Ranomatana T 0346 | GUITES01
| | Ranarmatana T 0340 | GUGT5405 | Ranomatana
T 0352 | GUETSSOT | T 0344 | GUST5458 | Rancmafana
T 08 0308 | KFE10540 | Ranomafana ZCMV 4208 | GLIT5329 | Ranomafana
| ZCMV 4563 | GUSTS267 | Ranomatana T 0385 | GUSTSS1T
T08 0152 | KFE10541 | Ranomatana T 0341 | GUGT5456 | Ranomatana
| Ranomatana T 0322 | GUSTS478 | Ranomafana
ZCM 10372 | KFE10852 | Ranomafana T 0017 | GUST5282
ZCMY fan T 08 0081 | KFE10582 | Rancmafana
ZCMV 10459 | KFE105588 | Ranomatana 0238 | GUSTS232 | Ranomafana
ZCMV 9650 | KF810586 | Ranomafana ‘I‘(EQEI
ZCMV 4480 | GUSTE284 | Ranomalana 0022 | GUETSA.
T 0299 | GUBTS4ST | mmumewsm|mm
| KF§10513 | Ranomafana 4434 | GUITS241 | Ranomalana
ZCMV 9704 | KFE1 Ranomafana mammwrsun
ZCMV 10319 | KFE10603 | ZEMV 10387 | KF810557 | Ranomalana
1 | Ranomafana ZCMV 5042 | 5285 | Ranomafana
T 0304 [ ZCMY 9370 | KF§10580 | Ranomafana
| KF§10598 | Ranomafana [ZCMV 5067 | GLIOT5536 | Ranomatana
T 0238 | GUBTS231 | ZCMV 5029 | GU9T5380 | Ranomafana
T 08 0305 | KFE | ZCMV 4690 | GLSTS305 | Ranomafana
ZCMV 4449 | GUSTS250 | Ranomafana T 0407 | GUS |
ZGMY 4281 | GUIT5349 | Ranomatana JCR 1604 | 33|
ZCMV 4435 | GUITE242 | Ranomafana T0033 | GUET5437 | Ranomafana
ZCMV 4486 | GUST5274 | Ranomatana ZCMY 4044 | |
ZCMV 4575 | GUSTS406 | Ranomatana ZCMV 4581 | GUS7S3TE | Ranomafana
T0328 | ZCMY 10652 | KF610613 | Ranomafana
ZCMV 4587 | GLIGTS414 | Ranomafana ZCMV 5996 | 1 na
ZCMV 1373 | 5320 | Rancmafana ZCMy 4448 | GUSTS249 |
T Al Ranomafana . :
1R 284 | KTO4MET | Kangmaiing Fig. 1. Continued.

227



zcw 45!3 I GUETS298 | Runvmam

ZCW W&%K‘Fglm | Ranomafm
|

zcw 4215 | GUATS332 | Ranoma i

MV 4589 | GUETSITT |

ZCMV 4578 | |

[ZCMV 5084 | GUETSS3S | Ranomatana
T 0332 | GUATS4ET | Ranomatana
ZCMV 4483 | GUSTS2TD

ZCMV 4974 | GUSTS3T1
ZCMV 5164 | GLISTS213

Ranomafana
Ranomalana

5427
ZCIN-ISTUIG

zcmvmuGUBM|
T 0351 | GUITSS06 | Ranomalana

ZCMV 1385 | 14 | Ranomalang
T 0330 | GUETS48S |
ZSM 0424 2007 | GUSTS538 | Rancmafana
ZCMV 4621 | GUSTS3ES | Ranomatana
ZCMV 4221 | GUSTS333
| ZCMV 4152 | GUOT5364
ZCMV 4580 | GUETS417
ZCMV 5044 TS
T 0312 | GUST5469 | Ranomafana

[ZCMV 4149 | GUSTS361 | Ranomalana

| Ranomafana
ZOMV 4596 | GLIT5418 | Ranomafana
T GUI75498 | Ranomafana

3
5

% 1
| 750 JCR 3191 | KT240882 | Manombo

—ZCN’\I' 4478 | GUAETS26T | Ranomafana

04 | Ranomafana
588 | GUSTS5415 | Ranomafana
Ranomafana

0343 |

ZCMY 5057 | GUST5533 | Ranomafana

ZCMY 4443 | GUSTS244 | Ranomafana
Midongy

M. melanopleura

| u msmsmzmrmumm
91) | FGZE 0110 | Andohahela

FGZC 184 | AYB4B181 | Andohahela

FGZC 185 | Avadg192

83| FGZC 186 | AY848193

FGZC 120 | AY848189

FGZC 121 | AY848190

Fig. 1. Continued.

then calculated using the program TaxI2 (Vences et al.
2024b). We complemented the same trimmed 16S datasets
with a full-length 16S sequence of Mantella baroni (Kura-
bayashi et al. 2006), to determine molecular diagnostic
sites for the inferred species in the two focal subgenera
using MolD (Fedosov et al. 2022). The trimmed align-
ments as well as a table with molecular diagnoses of all
species are available from the Zenodo repository, htt-
ps:/ /doi.org/10.5281/zenodo.15161297).
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M. delormei

M. brevipalmatus

To more reliably assess the phylogenetic relationships
among species-level lineages within Chonomantis and
Ochthomantis, we expanded the mitochondrial multi-gene
dataset for Ochthomantis of Poth et al. (2013) consisting of
DNA sequences of fragments of the genes for cytochrome
b (COB), cytochrome oxidase subunit I (COI), 12S rRNA
(125), 16S rRNA (16S), and NADH-Dehydrogenase Subu-
nit 1 (ND1), and compiled a similar dataset by sequencing
fragments of COI, 12S, and 165 for Chonomantis, in order


https://doi.org/10.5281/zenodo.15161297
https://doi.org/10.5281/zenodo.15161297

ZCMV 9666 | KFE10809 | Ranomafana

F ZCMV 9221 | KFE10810 | Ranomatana
(ZCMV 4472 | GUBOB460 | Ranomalana

ZCMV 4184 | GUB0B456 |

ZCMV 5383 | GUB0848S | Ranomafana

ZCMV 5374 | GUB084SS |

12

R 1019]

FAZC 1350] F

100 |ZCMV 233 Maharira

ZCMV 10146 | KF610767 | Ranomatana
2CMV 234 |

62 sewm| 1069 | AY341714 | Marolambo region
7 APR 10673 | Ankazomivady
FGZC 2161 | Ambohitantaly
FGZC 4388 | Anjozorobe

Fig. 1. Continued.

to include sequences of these genes for one representative
sample of each species-level lineage. For primers and
cycling conditions, see Vences et al. (2003) and Hutter et
al. (2018). Sequences were aligned with the MAFFT G-INS-
i algorithm (Katoh & Standley 2013), trimmed for posi-
tions present in <75% of taxa, and concatenated in Con-
catenator (Vences et al. 2022¢). From these datasets, ML
trees (separately for each subgenus) were inferred using
by-gene partitioned searches using IQ-Tree v.2.2.2.6
(Nguyen et al. 2015) after determining substitution models
and (for the partitioned analysis) data partitions using
ModelFinder (Kalyaanamoorthy et al. 2017) by assessing

M M. sp. Ca5
.M. maharira sp. nov. (Ca4)

I M. temachikus sp. nov. (Ca3)

bootstrap support with 1000 full non-parametric bootstrap
replicates. Specifically, for the Ochthomantis dataset
(3056 bp) a two-partition scheme with a TIM2+F+1+G4
model for 125+16S and a TPM2+F+ I1+G4 model for
COI+COB+ND1, and for the Chonomantis dataset (2256 bp)
a two-partition scheme with a TIM2+F+R3 model for
125+16S and a GTR+F+I1+G4 model for COI were se-
lected and used for ML inference.

To confront the primary species hypotheses derived
from mitochondrial DNA analysis, we sequenced a series
of fragments of nuclear-encoded, single-copy, protein
coding genes: recombination activation gene 1 (RAG1),
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FGMV

Fig. 1. Continued.

sacsin (SACS), leucine-rich repeat and WD repeat-con-
taining protein (KIAA1239), and pro-opiomelanocortin
(POMOQ), using primers and PCR protocols given in Ta-
ble 1, with long fragments of RAG1, SACS, and KIAA1239
sequenced using a nested PCR approach (see Shen et al.
2012). The alignments of the nuclear-encoded genes were
analyzed independently to understand concordance (or
absence thereof) in the differentiation of these three un-
linked genetic markers. We used a genealogy visualiza-
tion approach to graphically represent the relationship
among alleles (haplotypes). Haplotypes were estimated
with the PHASE algorithm (Stephens et al. 2001), and
haplotype genealogies were reconstructed with the Fitchi
approach (Matschiner 2016) in Hapsolutely (Vences et al.
2024c; part of iTaxoTools) following the methodological
approach of Salzburger et al. (2011).

We follow the general lineage concept (de Queiroz
1998, 2007) in combination with a relaxed biological spe-
cies criterion, i.e., demanding reproductive isolation in-
dicated by restricted gene flow among lineages (e.g.,
Speybroeck et al. 2020, Dufresnes et al. 2021). Because
reproductive barriers generated through time increase
genealogical depth and agreement among unlinked loci
(Avise & Wollenberg 1997), we use genealogical concord-
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481 | AY84

An"Ala
FAZC 13874 | GU3T1303 | Betampona
FGMV 2002.A2 | AW848125 | An'Ala
ZCMY 3520 | JXST0420 | An'Ala

[ JCR 1744 | KT240702 | Ranomalana

4583 | GUB0B4ST
ZBMUEUS?DU?IGMWIW.M
[ZCMY 5980 | GUB0B492 |
muvamimmm

ZCMV 4410 | GUB0E4TS |
PAZG 12160 :mmansmm

1
FAZC 12117 |ﬁ\"8¢-3|14 I A.m
(ZCMY 9999 | JX5T0410 |

M. ventrilineatus sp. nov. (Ca1)

ZCMV 679 | Vevembe
FAZC 12161 | AYB48116 | Antostra

8126 | Ranomafana

Mangevo
| JXSTOM16 | An'Ala
FAZC 13777 | GUAT1302 |
FAZC 13968 | GLI371301 | Betampona
mwuzs: JX5T0418 | AntAla
2002.2008 | GUB0BAS4 | An'Ala

ST0422 | An'Ala

.u:.-m\ajmm
JIXE
0] JX5T414 | An'Ala
JX5T0424 | AN Ala
JX5T0423 | Anv'Ala

T0417 | An'Ala

M. aerumnalis

JHST0418 | An‘Ala

ance (Avise & Ball 1990) between mitochondrial and
nuclear loci, especially in populations occurring in sym-
patry or close geographical proximity, as an indicator for
restricted gene flow. Species status is then assigned to
lineages based on combined evaluation of genetic, mor-
phological and (where available) bioacoustic evidence
(Padial et al. 2010).

Results and discussion

Molecular systematics of the
subgenus Chonomantis

The ML tree inferred from the full Chonomantis 16S
dataset (1147 in-group sequences for a total align-
ment length of 535 bp) revealed a large amount
of genetic variation and an uneven distribution of
sequences to main lineages. Mantidactylus melano-
pleura and M. opiparis were represented by a large
number of sequences, mainly due to numerous
barcodes from the Ranomafana region (see Straufs



ZCMV B84 | Ambohitsara
ZCMY 4940 | GUEDB4TE | Rancmafana
4934 | GUBOB4TE | Ranomafana

| KT240787 Andalangina
ZEM 748 2003 | FJ558248 | Ranomafana)
FGMV 2002.535 | Ambohitsara

ZCMV 5940 | Ambohitsara

ZCMV 4938 | GUBOS4TT |

2002.A54 | AYE48145 Andranclotsy
FGMV 2002 A53 | AYB48144 Andranofotsy

M. chonodus sp. nov. (Ca13)

55

M. kitrinolaimus sp. nov. (Ca11)

ZCMY | Moy

[ ZCMV 15138 | Marcjejy

ZCMV 15138 | Marojejy

ZCMV 15137 |

69} FGZC 2733 | FJ559247 | Marojely
15075 .

ZCMV 1
THT 272
FGZC 422

5072 | Marcieiy
| MZ0 194186 | Marojejy
A

M. chér:fonefanus sp. nov. (Ca12)

MVTIS 13854 Ambate
95 ZFMK 66664 AF215316 Ambalobe
T5,FGZC 3757 Sorata

M. dichromus sp. nov. (Ca10)

JCR 104 | KT240611 | Ranomafana
JCR 1212 | KT240610 | Ranomalana
JCR 06 | KT240607 | Ranomatana
JCR 334 | KT240804 | Ranomafana
JGR 1190 | KT240602 | Ranomafana
05| FGEC 4413 Tarzamville

FGZC 4431 Tarzanville

FGZC 4632

FGMV 2001.1305 | AvB848268 Andasibe
MV 2002.1636 | GUBOE4S3

M. malokila sp. nov. (Ca9)

>

M. albofrenatus

'CMV 7230 | Beda

Fig. 1. Continued.

et al. 2013, Ndriantsoa et al. 2017) where these two
species were found to be very abundant (Grosjean
etal. 2011, Straufs et al. 2013). However, both species
were also found at many other sites and therefore

can be considered to be both widespread and locally
common. In contrast, several other main lineages
were represented by only a few sequences from
single or few localities. The tree shows high genetic
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99 . .
TS ks sese | Fossozat sanmamsra M. CF. Zipperi
PSG 62 Antanamba

34 | COMATSA
DLR 0781 | Batampona
ZCMY 1414 | JX5T0532 | An‘Ala

ZCMV 2420 | JX570531 | An'Ada
ZOMY 1411 | IXSTO533 | AmAla

FGMV 2002.1605 | GUB0SS03 | An'Ala

66| ZCMV 1410 | JX5T0535 | AAla
PSG 423 | Sahafina

PSG 425 | Sahafina

PS5 285 | Sahafina

PSG 426 | Sahafina

APR 9817 | Sahafina

'APR 8816 | Sahafina

FGMV 2001.1182 | AYB4B289 Andasibe

FGMV 2002.G27 | JX570538 Andasibe

FGMV 20021632 | GLIB0AS06 Andtasibe

FGMV 2002.1633 | GUA0AS0T Andasibe

ZCMV 3599 AnAla

98 Faw m azr 11ae|m¢ulhu
Femmuew gtqrhﬁm
FGZC 4551 | East of Tsinjoarivo

=

98

5
i
[

ZCMV 5033 | KF810886 | Ranomafana
T 08 0307 | KFE10632 | Ranomatana
ZCMV 9042 |

Ranomafana
T 0257 | GUB0E473 | Rancmafana
T 0267 | |
[ZCMY 4307 | GUOTSE42 | Rancmafana
ZCMV 5375 | GUSTS865 |
(ZCMY 4961 | GLITSE15 | Ranomafana
(ZCMY 4068 | GUSTS590
[ZCMY 4958 | GLISTSS 14 | Rancmafana

ZCMY 10247 | KFE10636 |
ZCMV 5026 | GLISTS624 | Ranomafana . .
SEM\ 104301 KFO10710 | Aarcommatans M. opiparis
T 0002 | GUST5596 | Ranomafana

ZCMY 8056 | JX5T0513 | Rancmafana
ZCMV 9052 10696 | Ranomafana

44751 | Rancmafana
ZCWV 10427 | KFS10715 | Ranomafana
T 0256 | GUB0B4T2 | Rancmafana
T 0251 | GUSTS602 |
ZCMV 4103 | GUSTRS42

a9 Ranomafana
85 ZCMV 10208 | KFB1 | Ranomatana
ZEMV 1um|m1w1|kmm
FGMV 2002.0087 | Ranomafana
M1m11|mmu|mmm
ZCMV 4187 | | Rancmafana
. ) ZCMY 9014 | KFE10646 | Rancmatana
Flg, 1. Continued. ZCMV 10071 | AX570529 | Ranomafana
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ZCMV 10518 | KFB10642 | Ranomafana
FGMV 2002.1877 | GUB0S50M | K ZCMv 51 | ana
J ZEMV 10042 | JXSTO nomatana ZEMV 10567 | KFE10700 | Ranomatana
9422 | JXST0617 | Ranomatana ZCMV 4987 | GUS75621 | Ranomafana
ZCMV 9413 | JXS70514 | ZCMV 4966 | GUSTS618 | Ranomalana
0288 1 ZCMV 4347 | GU9TSS58 |
- Z5M 1 | GUST5555 | Rancmafana ZEMV 5034 | Ranormafans
ZCMV 5039 | 7! ZCMV 4316 | GUATSE4 | na
ZCMY 10188 | KF510710 | Ranomatana ZCMV 4104 | GUS75543 | Ranomafana
ZCMV 1013I”ﬂ10miﬁumw ZOMV 4481 | GUS0S46 |
ZCMV 10516 | KFB10841 | ZCMV 4951 | GUITSES0 |
Tm;ousrssunmmm ZCMV 4070 | G 1]
ZCMV 10480 | KFE10850 | Ranomafana ZCMV 4025 | BUSTSST2 |
ZCMV 10634 | KF610704 | Ranomatana ZCMV 9038 | KF810887 | Ranomafana
ZCMV 10607 | KF610701 | Ranomatana 9229 | KF610740 |
ZCMV 9048 | KF§10693 | Ranomatana T 08 0056 | KFE10688
64 |zsumzszoo1|sw7wlmna 9228 | KF610739 | Ranomafana
'ZSM 0143 2007 | GU9T5564 | Ranomafana T 0011 |
Z5M 0654 2007 | GUITS610 | Ranomalana ZCMV 8021 | JX570523 | Ranomafana
Z5M 0622 2007 | GUETSE01 | Rancomafana T 0270 | GLIETSB0T | Ranomafana
ZSM 1096 2007 | GUSTS649 | Rancmafana Z5M 1165 2007 | GUS7T5613 | Ranomatana
T OB 0321 | KF810733 | Ranomafana ZEMV 10240 | KFB10635 | Ranomafana
f 7 | JX5T0525 | Ranomatana ZCMV 10415 | KFE10712 | Ranomalana
ZCMV 8411 | JX570624 na ZCMV 10154 | KFB10708 | Ranomafana
ZCMV 8424 | JXST0518 | Ranomatana ZCMV 10204 | KFB10672 | Ranomafana
ZCMV 10078 | JXS70511 | Ranomafana ZCMY 10493 | KFE10638 |
'rmacmut | na zcuwus:guwssaslmm
1 F
ZCMV 10073 | JX570522 | Ranomalana ZCMV 10610 | KF810702 | Ranomafana
8412 | JXST0515 ZCMV 9012 | KF810844 | Ranomafana
ZCMV 4349 | GUITSS61 | Ranomatana ZOMV 4319 | GUSTES56 |
0077 | JX5T0520 | Ranomafana ZCMV 10226 | KFB10675 | Ranomatana
34 | JX570512 | Ranomatana ZCMV 9882 | KFE10683 |
ZCMV 10074 | JXST0530 | Ranomalana ZOMV 8374 0665 |
31 | JXS70518 | Ranomatana ZCMV 9057 | KF810638 | Ranomafana
ZCMV 5173 | GUS7S5660 | Ranomatana ZCMV 10252 | KFE10637 | Ranomafana
ZCMV 10045 | JXS70508 | Ranomatana ZCMV 10430 | KFE10716 | Ranomatana
28M 01 | | Rancmatana ZCMV 4092 | GUSTSE4T | Ranomalana
T 08 0322 | KF610734 | Ranomatana T 0272 | GUS7S608
ZCMV 9227 | KFG10738 | Ranomafana ZCMV 4954 | GUSTS652 | Ranomafana
T 08 0327 | KF610652 | Ranomafana T 0001 | GU975595 | Rancenafana
ZEMV 5041 | GUSTSE31 | Ranomafana ZOMY 4340 | GUIT5557 | Ranomatana
2CMV 10075 | KFE10660 | Ranomatana ZCMV 5378 | GUSTSEES | Ranomafana
ZCMV 4004 75560 | Ranomatana ZSM 0130 2007 | GUSTE5E4 | Ranomatana
T 08 0325 | KF610651 | Ranomafana ZCMV 4180 | GUSTSS4T | Ranomatana
ZCMV 4628 | GUBOB4TS | Ranomafana ZCMV 5996 | GUS75599 | Ranomatana
[ GL fa 4467 | GUSTS568 |

4032 | GUITSSTS |
ZCMV 10514 | KFE10638 | Ranomatans ZOMV 4317 | GUSTS845 |
W%Tm‘ | Rancmatana F 2c mraus?mliﬁumm M . "
'CMV 5066 Ranomatana ZCMV 1061 10703 | Ranomatana
ZCMV 10151 | KF610706 | Ranomatana 'roeommn!‘mmemumm . Oplpa!'fs
ZCMV 10136 | KFE10729 | Ranomatana zcm-usenewrssmaaumm
ZEMV 4614 | 5635 ZCMV 4988 | GUBOSA
ZCMV 4626 | 5637 | zanummlawsenmummf-m
ZCMV 10076 | JX570510 | Ranomafana ZCMV 5386
ZSM 0751 ZCMV 5999 G
T 0269 | GUITSE06 | ZCMV 4477 | GUSTS580 | Ranomafana
GUISTS628 | Ranomatana T 0327 | GL
ZCMV 4456 | GUOTS565 | Ranomatana ZEMV 5376 | G Ranomafana
ZCMV 5170 | GUST | Ranomatana ZCMV 4476 | GUSTSSTS
GLISTSE61 | Ranomatana ZCMV 4474 | GUSTSSTT | Ranomafana
FGMV ZCMV 4179 | GLSTS546 | Ranomafana
ZCMV 9027 | KFB1 | Ranomatana T 0268 | GUS7SE05 | Ranomatana
ZCMV 9230 | KFB10721 | Ranomatana ZOMV 4177 | GLSTS544 | Ranomafana
ZCMV 10075 | KFG10658 | Ranomatana 4618 | GU975634 | Ranomatana
ZCMV 10148 | KF610732 | Ranomatana T 08 0311 | KF610735 | Ranomatana
zcmmalﬂk:smsaqw ZCMV 9032 | KF810885 | Ranomalana
T 0B 0341 | KF610654 T 08 0306 | KFE10631 | Rancmatana
ZCMV 10124 | KF61 |R-nomim ZCMV 9015 | KF610647 | Ranomatana
ZCMV 10145 | KFB10731 | Ranomatana ZCMV 9873 | KF810881 | Ranomafana
ZCMY 8043 | KFE10681 | Ranomatana ZCMV 8375 | KF610666 | Ranomatana
ZCMV 8872 | KFE10680 | Ranomatana ZCMV 9398 | KFE10667 | Ranamafana
ZCMV 9044 | KFE10692 | Ranomafana ZCMV 9415 | KFE10711 | Ranomafana
2€W1m|m1w5?|ﬁnnmlun ZCMVY 9669 1 Ranomafana
ZSM 0238 2007 | GUOTSE41 | Ranematana ZCMV 8217 | KF810737 | Ranomatana
[——ZCMV 4 mlauﬁmlw ZCMV 9703 | KF610670 | Ranomafana
Tmimm“tﬁﬂmm ZCMV 9039 | KFE10888 | Ranamafania
| GLSTSET2 | Ranomafana ZCMV 9054 | KFE10697 | Ranomafana
ME!W GLUYTS541 | Ranomalana 2EMV 9870 0 | Ranomatana
ZCMV 4478 | GUGTS581 | Ranomatana ZCMV 10123 | KFB10727 | Ranomafana
GUETSE2S | Ranomatana T 08 0338 | KFE10653 |
ZCMV 5031 | GUETSE2T | Ranomatana ZCMV 4623 | GUSTSE36 | Ranomafana
ZCMV 10153 | KFE1 | ZCMV 5030 |
1 | KFE10633 | Ranomatana ZCMV 9050 0695 | Ranamatana
ZCMV 4052 | GUITSE51 | Ranomatana ZCMV 4006 | GUSTESTO | Franomalana
ZGMY 4870 | GUE7S619 | Ranomatana ZCMV 10060 | KFB10655 | Ranomafana
ZCMV 9024 | KFE10649 | Ranomalana ZSM 0958 2007 | GUSTSE12 | Ranomatana
ZCMV 10062 | KFE10656 | Ranomatana T 0275 | GUS7S609 | Ranarmatana
ZCMV 4045 | GUGTSSE6 | ZCMV 4965 | GUST5617 | Ranomalana
rlZCMyv ZCMV 4048 | GUSTSSAT | Franomafana
ZCMV 10227 | KFE10676 | Ranomatana ZCMV 9238 | KFE10726 | Ranomatana
ZCMV | GUg | Ranomatana ZCMV 10562 | KFB10699 | Ranomafana
ZCMV 10515 | KFE10640 | Ranomatana 2007 | GU975592 | Ranomali
ZCMV 10210 | KFE10674 | Ranomatana ZCMY 4471 | G
1 |I€Fe1 | Ranomatans ZCMV 4847 | GLSTSE30 | Fanomafana
ZCMV 8234 | KF610723 | Ranomatana ZCMV 4487 | GUSTESE3 | Ranomafana
ZOMV‘MGIWWWIM ZCMV 5159 | GUS75540 | Ranomafana
zcmm; 510954; SU975558 | Ranomafans
0718 | Ranomatana SUST5640
zcwmis? m!um Ranomatans Z5M 0135 2007 | GUSTSSE2 | Ranomatana
ZCMV 4040 | GUIT! T 08 0205 | KFE10643 |
ZCMV 4318 | GUS7SE46 | Ranomatana ZCMV 4008 | GUITS571 | Ranomafana
ZSM 0232 2007 | GUSTSE33 | Ranomatana ZCMV 5379 | GUSTS669 | Ranomafana
ZCMV 9231 | KFB107.22 | Ranomatana ZCMV 4066 | GU9T5550 | Ranomalana
ZEMV 9044 | KFE10684 | Ranomalana ZCMV 5381 | GUSTSET1 | Ranomafana
ZCMV 5373 | GUSTSEB4 | Ranomafans
ZCMV 4466 | GU9TSS6T | Ranomafana
= ZCMV 5371 | GUSTS663 | Ranomafana
ZCMV 5370 | GUSTSE62 | Ranomafana
. . ZCMV 4485 | GUITS582 | Ranomafana
Fig. 1. Continued. ZCMV 4185 | GUSTSES52 | Ranomafana
ZCMV 5380 | GUI7SE70 | Ranomafana
ZCMV 5377 | GUSTSE6T | Ranomafana
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structure, with several deep lineages with strong

bootstrap support, of which, however, several were
themselves further structured into sublineages of
substantial genetic divergence.

The trimmed 16S alignment contained 595 se-
quences for 476 nucleotides (Chonomantis) and its
analysis by ASAP confirmed the existence of a strik-

ing number of genetically divergent mitochondrial

Table 2. Mean, minimum, and maximum uncorrected pairwise distances calculated from DNA sequences of a frag-
ment of the mitochondrial 165 rRNA gene in species of the subgenus Chonomantis in the genus Mantidactylus. Values
are given as mean, with minimum and maximum in parentheses.
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= & Y f % F % Ef iE 5% 3: 1%
S = 5 < S s g S & 8 & Z & = £ S
= = = = = = = =% =& =& =& =&
1 2 3 4 5 6 7 8 9 10 11 12
1 01
(0.0-0.2)
2 97 17
(9.4-107) (0.0-3.9)
3 83 8.7 0.1
(7.9-8.7) (8.1-9.5) (0.0-0.4)
4 94 9.5 2.6 0.7
(9.0-9.8) (85-10.3) (2.0-3.5 (0.0-1.6)
5 98 9.7 7.8 8.2 0.9
(8.9-105) (8.7-11.3) (74-9.2) (7.4-9.6) (0.0-5.0)
6 116 10.9 8.8 9.2 10.0 07
(10.9-12.2) (10.2-12.0) (7.9-9.7) (8.1-103) (7.8-11.1) (0.0-3.5)
7 102 94 6.0 6.9 9.5 8.5 0.1
(10.0-10.5) (8.8-10.1) (5.9-64) (6.4-7.7) (8.5-10.7) (8.1-9.2) (0.0-0.2)
8 107 9.3 9.2 9.2 103 10.8 10.0 4.1
(9.8-114) (7.9-105) (8.8-10.1) (8.1-9.9) (8.1-11.6) (9.8-124) (9.4-11.0) (0.0-7.2)
9 99 9.7 10.0 10.2 10.7 11.3 11.3 10.8 0.8
(8.9-10.5 (9.2-10.9) (9.2-10.5) (8.8-10.8) (9.0-12.0) (10.0-12.2) (10.5-11.8) (9.2-11.6) (0.0-2.4)
10 103 8.2 9.0 9.7 9.7 94 9.0 8.6 9.5 0.4
(10.1-107) (7.7-8.8) (8.8-9.5) (9.0-104) (8.3-10.3) (8.3-10.7) (8.8-9.9) (7.7-9.5) (8.8-10.3) (0.0-1.3)
1 101 6.6 8.5 8.9 9.7 9.7 9.0 8.7 10.7 7.0 2.8
9.6-11.1) (5.9-8.9) (8.1-92) (75-9.9) (7.9-11.1) (85-11.1) (8.5-10.1) (7.9-9.6) (9.6-12.2) (6.1-8.1) (0.0-6.3)
12 97 8.9 5.1 45 7.9 9.5 6.8 8.8 9.9 9.1 8.0 0.0
9.6-9.8) (8.7-9.2) (5.0-5.3) (3.9-5.0) (7.2-8.5) (8.3-10.0) (6.8-7.0) (7.9-9.6) (9.0-10.5) (9.0-9.4) (7.0-9.2) (0.0-0.0)
13 88 9.3 55 6.0 7.9 8.5 7.3 8.6 9.6 7.6 7.8 4.1
(87-9.00 (85-98) (55-57) (55-6.5) (7.0-83) (7.6-92) (72-75) (72-94) (87-10.0) (75-7.9) (72-81) (4.1-41)
14 110 7.1 9.7 9.5 9.2 9.9 9.3 8.1 10.9 7.3 5.9 7.7
(10.9-11.1) (6.8-74) (9.6-9.9) (9.0-9.9) (8.7-10.0) (9.4-10.5) (9.2-9.4) (7.7-8.6) (10.0-114) (72-7.7) (55-6.6) (7.7-7.7)
15 95 8.9 8.0 8.5 6.7 8.8 9.0 7.9 8.9 6.9 7.7 7.0
(94-9.8) (87-94) (7.9-84) (79-92) (63-83) (74-9.6) (9.0-94) (7.6-83) (83-9.6) (6.8-74) (63-85) (7.0-7.2)
16 96 8.8 5.6 6.8 7.7 6.7 6.2 8.5 9.1 7.6 7.6 5.1
(92-100) (83-94) (5.1-59) (6.1-7.5) (6.3-8.1) (4.8-7.9) (55-6.8) (7.7-9.2) (83-9.8) (6.8-83) (63-8.7) (4.6-5.5)
17 93 9.2 7.9 8.6 9.1 8.5 8.9 9.4 10.7 8.6 9.2 7.8
(9.2-9.6) (85-9.8) (7.0-8.6) (7.0-9.6) (7.2-102) (6.5-9.8) (8.3-9.4) (7.4-10.9) (10.5-11.1) (7.9-9.4) (8.1-10.5) (7.0-8.3)
18 104 9.5 7.8 8.1 75 8.2 8.5 9.0 9.9 7.2 8.6 6.6
(9.2-11.1) (8.3-105) (6.1-84) (6.3-8.8) (54-83) (63-9.4) (7.7-9.0) (7.4-105) (9.0-10.7) (6.6-7.9) (7.2-9.6) (6.3-7.2)
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lineages in Chonomantis. The preferred partition
with an ASAP score of 1.5 distinguished as many
as 24 different species-level subsets (see https://
doi.org/10.5281/zenodo0.15161297 for full ASAP
results). Other partitions ranged over 14-44 subsets.
None of these were fully concordant with taxonomic
knowledge (Vences & Glaw 2004) as they either
split species known to be morphologically and bio-

—_ g
~ () —~ X
2 .= 23 F
'3 =2 =<2 =E¢ N -
J s = g S 5
~ =% £& £3 ~ =
Y g g S & S e & IS
= =% =& =& = =
13 14 15 16 17 18
0.0
(0.0-0.0)
7.7 0.0
(7.7-7.7)  (0.0-0.0)
5.7 6.8 0.1
(5.7-5.9) (6.8-7.0) (0.0-0.2)
4.9 8.0 6.1 1.1
(48-50) (7.7-83) (5.7-6.6) (0.0-2.2)
6.6 105 83 57 1.0
(55-7.2) (94-11.1) (74-89) (4.8-6.6) (0.0-2.0)
54 8.5 6.9 5.6 6.4 2.1
(4.6-6.8) (81-88) (6.3-7.6) (52-63) (52-7.4) (0.0-4.6)

acoustically uniform into separate (geographical)
subsets, or merged subsets known to be distinct
bioacoustically and morphologically, and occurring
in syntopy, into the same subsets. We therefore chose
a custom partition containing 18 subsets, taking into
account the various partitions from ASAP and mak-
ing sure that (i) lineages occurring in syntopy and
with different morphologies and/or advertisement
calls were always considered as different subsets,
(ii) geographically separated lineages currently con-
sidered as different species, even if poorly divergent
genetically (e.g., M. brevipalmatus and M. delormei)
were considered as separate subsets (but later sub-
mitted to further scrutiny; see below), (iii) other
lineages (newly recognized or corresponding to
previously defined candidate species: Vieites et al.
2009) were generally considered as distinct subsets
if their uncorrected pairwise 16S distance to other
subsets was >4 %, and (iv) in three cases, we con-
servatively merged geographically separate samples
diverging >4 % into the same subsets when these
were known to be morphologically uniform (in the
case of the extremely widespread M. melanopleura)
or too few morphological or bioacoustic data were
available for an integrative assessment. This ap-
proach is much more conservative than that used
by Carné & Vieites (2024), which is based largely on
genetics alone, and therefore proposed to recognize
more species-level lineages in this and other Mala-
gasy anuran taxa. The resulting species partition is
shown by differently coloured subsets in Fig. 1, and
uncorrected pairwise distances between samples of
all subsets are summarized in Table 2. MolD found
diagnostic nucleotide combinations for each of the
18 species-level lineages (subsets) of our preferred
partition (details in dataset https://doi.org/10.5281/
zenodo.15161297).

The haplotype genealogy of RAG1 sequences of
1291 bp of 30 samples, after phasing, led to a network
representation separating all included mitochondrial
lineages, without any haplotype sharing among them
(Fig. 2). Moreover, the majority of lineages formed
distinct phylogroups, i.e., alleles of each lineage
clustered together and apart from those of other
lineages. In contrast, the genealogy representation
of the entire dataset of shorter RAG1 sequences
(411 bp; 116 samples; not shown but dataset and
network available at https://doi.org/10.5281/ze-
nodo.15161297) was much less structured; although
haplotype sharing was observed only in seven out
of 116 alleles, the alleles in general did not form
lineage-specific phylogroups. Subsets of these shorter
RAGT1 sequences were analyzed separately for spe-
cies delimitation in particular species complexes; see
below. The genealogies of SACS (47 samples; 686 bp)
and KIAA1239 (78 samples; 749 bp) each contained

235


https://doi.org/10.5281/zenodo.15161297
https://doi.org/10.5281/zenodo.15161297
https://doi.org/10.5281/zenodo.15161297
https://doi.org/10.5281/zenodo.15161297
https://doi.org/10.5281/zenodo.15161297
https://doi.org/10.5281/zenodo.15161297

RAG1
¥ &
&
- ]
y
@ M. serumnalis
@ M. ventrilineatus sp. nov. (Ca1)
@ M. brevipaimatus
@ M. melanopleura
@ M. opiparis
0 M. paidroa
@ M. zipperi
| M. sp. cf. zipperi
@ M. albofrenatus
@ M. charlottsianus sp. nov. (Ca12)
@ M. dichromus sp. nov. (Ca10)
@ M. chonodus sp. nov. (Ca13)
) M. temachikus sp. nov. (Ca3)

KIAA1239

Fig. 2. Haplotype genealogies from sequences of three nuclear-encoded gene fragments from species in the sub-
genus Chonomantis: SACS (686 bp, 47 samples), KIAA1239 (749 bp, 78 samples); RAGI (1291 bp, 30 samples). No
data of these gene fragments were available for M. delormei, M. sp. Ca5, or the three new species M. kitrinolaimus
sp. nov., M. maharira sp. nov. and M. malokila sp. nov. All sequences were phased before the analysis. Small dots
represent additional mutational steps or unsampled alleles.

a central allele shared by three and four lineages,
respectively, while in general, alleles of the differ-
ent lineages clustered apart from each other, with
limited haplotype sharing, and sometimes forming
separate lineage-specific phylogroups. Details will be
discussed in the following in the context of particular
species delimitation questions.

The ML tree inferred from partitioned analysis
of the concatenated sequences of the 12S, 16S and
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COI'mitochondrial gene fragments (Fig. 3) confirmed
substantial genetic differentiation (as indicated
by long branches) for all species and candidate
species of Chonomantis included. Phylogenetic re-
lationships were poorly resolved, with most basal
nodes receiving bootstrap support <50%. Among
the well-resolved relationships were the expected
sister group relationships of (1) M. brevipalmatus
and M. delormei (bootstrap support BS=100 %)



M, brevipalmatus |

Ankaratra | FGZC 2046

M.

M. maha

| ZCMV 243
rira sp. nov. (Cad) | Ranomafana | ZCMV 234

M. paidroa | Ranomafana, | ZCMV 7107
M. temachikus sp. nov, (Ca3) | Ambohitantely | FGZC 2161
M. cf. zipperi | Befanjana | ZCMV 11184
M. zipperi | Mahasoa | ZCMV 8804

M. opiparis | Andasibe | FGMY 2001.1182
M. ywleura | R va | ZCMV 3078
95 M. alb | Tarzanville | FGZC 4413
ﬁb M. malokila sp. nov. (Cag) | Ranomafana | FGMV 2002.534
83| 74 M. dichromus sp. nov. (Ca10) | Nosy Mangabe | ZCMV 2115
M. charlotteianus sp. nov. (Ca12) | Marojejy | ZOMV 15136
M. kitrinolaimus sp. nov. (Cai1) | Masoala | FGZC 5437
— 100 M. lis | An'Ala | ZCMV 1422
M. il sp. nov. (Cal) | Ranomafana | ZCMV 2964
M. sp. nov. (Ca13) | Ambohitsara | ZCMV 5940
—

Fig. 3. Maximum Likelihood tree inferred from 2256 b

p of concatenated DNA sequences of the mitochondrial

genes for 125 rRNA, 165 rRNA, and Cytochrome Oxidase Subunit 1, showing evolutionary relationships of species
within the subgenus Chonomantis, Mantidactylus sp. Ca5 not included. Numbers at nodes are support values in
percent from a bootstrap analysis (1000 replicates; not shown if <50 %). Mantidactylus femoralis (subgenus Ochtho-

mantis) was used as the outgroup (graphically removed

and (2) M. aerumnalis and M. sp. Cal (BSS=100%).
Furthermore, (3) a clade grouping M. paidroa and
M. sp. Cad with M. brevipalmatus and M. delormei
received BS=71%, (4) a clade containing M. zipperi
and a deep genetic lineage from Befanjana received
BS=67%, (5) a clade containing M. albofrenatus, its
sister species M. sp. Ca9, as well as M. sp. Ca10,Call
and Cal2 was well supported (BS=74%) and also
featured strong support for several internal nodes.
Finally a clade containing all lineages except for
M. sp. Cal3 was supported by 83 %; although the
rather long branch separating this lineage from the
next basalmost node in the subgenus is surprising,
no artifactual origin of this placement could be iden-
tified examining exploratory single-gene trees, and
M. sp. Cal3 thus might represent the sister clade to
all other Chonomantis; it is herein described as new
species, M. chonodus sp. nov.

Identity of Mantidactylus albofrenatus
and M. charlotteae

Originally described as Rana albofrenata Miiller,
1892, the definition of Mantidactylus albofrenatus has
changed over the years (e. g., Guibé 1978, Blommers-
Schlosser 1979, Blommers-Schldsser & Blanc 1991).
The species is based on the holotype specimen NMBA
792, which by the year 2000 had almost completely
faded colour pattern (see redescription of type speci-
men in Vences & Glaw 2004). The species has no
precise information on collector or collecting local-
ity, besides the general provenance “Madagascar”.

to better illustrate branch lengths within the ingroup).

Based on colour pattern in the original description
(Miiller 1892), i.e., in particular a white stripe that
began at the forelimb insertion, passed underneath
the eye, and extended to the nostril, and the small
size of the (female) holotype (SVL 27.1 mm), Vences
& Glaw (2004) considered the albofrenatus type as
conspecific with a lineage of small Chonomantis col-
lected near Andasibe in the northern Central East
of Madagascar.

Based especially on a very distinct advertise-
ment call recorded by Blommers-Schlésser (1979),
specimens of Chonomantis from the east coast locality
Foulpointe were described by Vences & Glaw (2004)
as a distinct species, M. charlotteae. The collection of
R. Blommers-Schlgsser from Foulpointe consists of
two series of specimens: ZMA 7000 (one male and
one female, field numbers 559-560, collected on 12
February 1972) and ZMA 7001 (field numbers 337,
688-691-694, six males and two females, collected on
13 October 1971). The call published by Blommers-
Schlosser (1979) and re-analyzed by Vences & Glaw
(2004) was recorded from an unspecified male of
series ZMA 7001 in a terrarium. The specimen with
field number 692 from the series ZMA 7001 was cho-
sen as holotype of M. charlotteae by Vences & Glaw
(2004). Mantidactylus charlotteae was considered to
be widespread along mainly low-elevation sites in
the northern Central East and North East of Mada-
gascar (Glaw & Vences 2007). In comparison to the
lineage from Andasibe (also occurring at other sites
such as Anosibe An’Ala; see Fig. 4) considered as
M. albofrenatus, the type specimens of M. charlotteae
differed mainly by a larger body size (SVL 22.7-
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Mantidactylus opiparis

Mantidactylus albofrenatus

Fig. 4. Photos of representative individuals of four species of Mantidactylus (subgenus Chonomantis) in life, in
dorsolateral and ventral views. All photos except those of M. opiparis and M. albofrenatus K-L show specimens
identified by mitochondrial DNA sequences. A-B. Male of M. opiparis from An’Ala (not assignable to a voucher
specimen), C-D. Male of M. opiparis from Andasibe, specimen photographed in 2022 (not collected).
E-F. M. melanopleura from Anosibe An’Ala, specimen ZSM 378/2010 (FGZC 4450). G-H. M. melanopleura, speci-
men from Ranomafana (JCR 112). I-]J. M. albofrenatus from Anosibe An’Ala, specimen ZSM 357/2010
(FGZC 4431). K-L. M. albofrenatus from Andasibe (not assignable to a voucher specimen). M-N. M. paidroa from
Ranomafana, holotype ZSM 1777/2008 (from Bora et al. 2011). O-P. M. paidroa, male from Ranomafana
(JCR 128). Q-R. M. paidroa, female from Ranomafana (JCR 122).

24.8 mm in males, females from the type locality
Foulpointe unknown, vs. 19.3-23.0 mm in males,
25.3 in one female), by a smaller relative tympanum
size in males (TD/ED 0.77-0.91 vs. 1.10-1.38) and
especially, by a different advertisement call (note
duration 91-304 ms vs. 56-80 ms). A specimen from
Betampona genetically agreeing with the Foulpointe
specimens is shown by Rosa et al. (2012) on their
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fig. 5q; it has a frenal stripe becoming somewhat
faded towards the nostril, a reddish colour on the
dorsolateral fold, and rather dark flanks.

Archival DNA sequencing from three para-
topotypes of M. charlotteae, ZMA 7000[559], ZMA
7001[690], and ZMA 7001[693] (accession numbers
PZ059868-PZ059871), yielded congruent 16S se-
quences of all three samples; in the phylogenetic



tree (Fig. 1), these were placed in the same cluster
as sequences from Betampona, and indeed were
fully identical to three of these (accession numbers
HM364682 and HM364684, and the new sequence
DLR 481) in the entire 16S stretch covered. This is
phylogeographically plausible because Betampona
is close to the type locality Foulpointe. Although
we did not obtain sequences from the M. charlotteae
holotype, it is extremely unlikely that this specimen
is not conspecific with the three paratypes, given
the great morphological uniformity of the entire
series, including variables such as body size, rela-
tive tympanum size, relative toe length or relative
hindlimb length (see measurements in Vences &
Glaw 2004 and in dataset https:/ /doi.org/10.5281/
zenodo.15161297). Surprisingly, the archival DNA
sequence assembled from the holotype of M. albofre-
natus showed basically no difference to the M. char-
lotteae types (0.6 % sequence divergence, caused by
seven mutations at positions directly adjacent to
missing data which very likely represent sequence
errors). Although we initially suspected a contami-
nation, we now think that this genetic placement of
the M. albofrenatus is likely correct because (i) the
sequence consists of numerous contiguous reads,
making up altogether 493 bp after exclusion of only
short stretches of missing data, which is untypical
for sample contamination which usually yields
only a few target reads, and (ii) the provenance of
the M. albofrenatus type is also plausible based on
associated collections as discussed in the following.
In the original description of M. albofrenatus, Miiller
(1892) among other species also reported specimens
of Aglyptodactylus madagascariensis, Heterixalus mada-
gascariensis, and Plethodontohyla notosticta which all
occur in Betampona (Rosa et al. 2012), and described
Anodonthyla boulengerii which, according to our
own yet-unpublished archival DNA sequences of
the holotype, also corresponds to the Anodonthyla
lineage from Betampona (M. D. Scherz, A. Petzold,
study in progress). It therefore is likely that the
holotype of M. albofrenatus was collected in the same
geographical area.

To complicate the issue further, the lineage from
Andasibe previously considered as M. albofrenatus
forms a clade with the Foulpointe/Betampona line-
age (thus, with the true M. albofrenatus) and differs
by only up to 3.1% uncorrected pairwise distance
in 16S (Table 2), despite the purportedly highly
distinct advertisement calls of these populations
and the morphological differences e.g. in SVL and
relative tympanum size (Vences & Glaw 2004). To
verify this finding, we used archival DNA analysis to
sequence the call voucher from Andasibe on which
the results of Vences & Glaw (2004) were based
(ZFMK 60120), and found it to conform genetically

to other specimens assigned to M. albofrenatus from
Andasibe (Fig. 1). Blommers-Schldsser (1979) stated
that “sometimes the call starts with a few very
short notes (0.02-0.07 sec.)”, which could perhaps
partly explain the differences between the call data,
although the available data remain mysterious and
difficult to interpret. For the time being, we thus sug-
gest to consider M. charlotteae Vences & Glaw, 2004
as a junior synonym of M. albofrenatus (Miiller, 1892).
We stress the need to obtain and analyze advertise-
ment calls of additional genotyped specimens from
Betampona/Foulpointe and Andasibe to understand
the taxonomy of these Chonomantis populations. This
revised definition also subsumes M. sp. Ca2 from
Sahavontsira as identified by Vieites et al. (2009) and
expanded to include specimens from Betampona by
Carné & Vieites (2024).

New species in
the Mantidactylus albofrenatus complex

After redefining M. albofrenatus and synonymizing
M. charlotteae, several deep mitochondrial lineages
of Chonomantis, most of them previously defined as
candidate species (Vieites et al. 2009, Carné & Vieites
2024), require taxonomic revision. Four of these are
mainly distributed in lowland localities and not
found at >1000 m a.s.l., appear to be morphologi-
cally similar and perhaps phylogenetically related
to M. albofrenatus (according to the multigene tree:
Fig. 3) and are therefore together with that species
here considered as the M. albofrenatus complex:

(i) The candidate species M. sp. Cal0 occurs in
several east coast localities (Ampasimazava, Am-
bodiriana, Befanjana, Nosy Mangabe) as well as in
Betampona where it is sympatric with M. albofrenatus.
A specimen of this lineage was used as the genetic
voucher representing M. charlotteae by Vieites et al.
(2009) and Carné & Vieites (2024), which we have
shown here is incorrect. It does not share alleles
with M. albofrenatus in the long RAGI1 fragment,
KIAA1239 nor SACS, has only limited haplotype
sharing in the short RAG1 fragment, and differs
from that species by a remarkably high uncorrected
pairwise distance in 16S (5.9-8.9%). We therefore
consider it as a distinct species, M. dichromus sp.
nov., described below;

(ii) The candidate species M. sp. Call occurs in
Andranofotsy and Masoala in the North East. Its
distribution abuts that of M. sp. Cal0 which is pre-
sent on Nosy Mangabe, an offshore islet very close
to Andranofotsy, and it does not share RAG1 alleles
with M. sp. Cal0 or M. albofrenatus (Fig. 5; but only
one sample was sequenced), and differs from these
species by a 16S distance of 6.1-8.8 %, and a unique
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@ M. albofrenatus

@ M. maharira sp. nov. (Cad)

@ M. charlotteianus sp. nov. (Ca12)
@ M. kitrinolaimus sp. nov. (Ca11)
@ M. dichromus sp. nov. (Ca10)
@ M. chonodus sp. nov. (Ca13)

Fig. 5. Haplotype genealogies from sequences of a short fragment of the nuclear-encoded RAG1 gene (410 bp,
47 samples) in species in the subgenus Chonomantis related to M. albofrenatus, plus M. chonodus sp. nov. and
M. maharira sp. nov. All sequences were phased before the analysis. Small dots represent additional mutational

steps or unsampled alleles.

ventral colour pattern. We therefore also consider
this lineage as a distinct species, M. kitrinolaimus sp.
nov., described below;

(iii) The candidate species M. sp. Cal2 is found
in Ambatobe, Masoala, Marojejy and Sorata. At
Masoala, it occurs in sympatry with M. sp. Call,
but does not share alleles in KIAA1239, SACS or
the long RAGI fragment with M. albofrenatus, M. sp.
Cal0, M. sp. Call or M. sp. Cal2; in the short RAG1
fragment, only the central allele is shared with M. al-
bofrenatus and M. sp. Cal0. There is little doubt that
this lineage represents a distinct species, M. charlot-
teianus sp. nov., described below;

Finally, (iv) the candidate species M. sp. Ca9,
known from Ranomafana, Ambolo and Ambohitsara
in the southern Central East, is the sister species
of M. albofrenatus. It differs from its sister species
by 6.8-7.4%, and from all other lineages by >5%
uncorrected pairwise distance. This lineage also
differs bioacoustically: Advertisement calls of M. sp.
Ca9 differ from those of M. albofrenatus recorded at
An’Alain 1995 (Vences et al. 2006, CD2, track 79) by
slightly shorter call duration (45-55 vs. 54-73 ms),
lower number of pulses per call (7-8 versus 10-16),
distinctly lower pulse repetition rate (142-167 vs.
214-250 pulses/s), and distinctly lower dominant

Table 3. Comparison of call parameters of one male of Mantidactylus malokila sp. nov. and one male of its sister
species M. albofrenatus. Call repetition rate is calculated within regular call series; pulse repetition rate is calculated

within calls.

M. malokila sp. nov. Ambolo

M. albofrenatus An’Ala

recorded by

recording date

temperature [°C]

call duration (= note duration) [ms]

J. C. Riemann
09.03.2010
not available
45-55 (51.6+3.0)

F. Glaw
12.02.1995
not available
54-73 (64.7 £5.0)

pulses/call 7-8(7.3+0.5) 10-16 (13.5£1.5)
pulses/second 142-167 (155.4+9.9) 214-250 (232.4+12.0)
calls/minute ca. 580 ca. 500

dominant frequency [Hz]

1614-2201 (1813 +224)

3970-4254 (4145+97)
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Fig. 6. Photos of representative individuals of Mantidactylus (Chonomantis) zipperi in life, in dorsolateral and
ventral views. All photos show specimens identified by mitochondrial DNA sequences, and include mitochon-
drial clades previously assigned to the candidate species M. sp. Ca3 (e. g., Vieites et al. 2009, Carné & Vieites 2024)
but here subsumed within M. zipperi in a preliminary way. A-B. Male (FGZC 12223) from Mandraka (Vallombre
Natiora), photographed 2024. C-D. Male from Mahasoa forest, specimen ZSM 1795/2008 (ZCMYV 8804), photo-
graphed 2008. E-F. Specimen from the western slope of the Makira Reserve, ZSM 554/2009 (ZCMV 11256),
photographed 2009. G-H. Specimen from the western slope of the Makira Reserve, ZSM 561/2009 (ZCMV 11216),
photographed 2009. I-J.Specimen ZSM 99/2016 (MSZC 127) from Ampotsidy. K-L.Specimen UADBA-A 62295

(MSZC 125) from Ampotsidy.

frequency (1614-2201 vs. 3970-4254 Hz) (Table 3).
Although nuclear gene data are missing for this
taxon, we here also consider it as a separate species,
M. malokila sp. nov., described below, based on its
strong mitochondrial divergence, distinct bioacoustic
differentiation, as well as faint but consistent morpho-
logical differences described in its diagnosis below.

In addition, two further deep mitochondrial
lineages known only from highland localities may
bear some similarity to M. albofrenatus based on
superficial morphological similarity but are phy-
logenetically distant: M. sp. Ca4 from Ranomafana
and probably M.sp. Ca5 from Antoetra in the
southern Central East. These two candidate species
are highly divergent, with 16S distances between
4.8-10.5% to other Chonomantis, and differ from
each other by 4.1 %. No material was available to us
for M. sp. Ca5 which remains known from only one
16S sequence, and the status of this candidate spe-
cies thus remains pending further study. For M. sp.

Ca4 more data could be gathered herein, and in the
multigene phylogeny this lineage turned out to be
related to the sympatric M. paidroa and the M. bre-
vipalmatus | M. delormei clade. We therefore consider
M. sp. Ca4 as a distinct species, M. maharira sp.nov.,
based on a lack of allele sharing in RAGI from all
other Chonomantis studied, including M. paidroa, and
its otherwise isolated phylogenetic position in the
multigene tree. For more details and images of these
new species, see species accounts below.

Molecular variation and new species
in Mantidactylus zipperi and
two unnamed lineages

Mantidactylus zipperi was described by Vences &
Glaw (2004) based on holotype ZFMK 60090 from
An’Ala, and these authors also included voucher
specimens from Ambohitantely, Ranomafana and
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@ M. temachikus sp. nov. (Ca3)
@ M. zipperi
O M. of. zipperi

Fig. 7. Haplotype genealogies from sequences of a short
fragment of the nuclear-encoded RAG1 gene (410 bp,
25 samples) in Mantidactylus (Chonomantis) zipperi, a
deep mitochondrial lineage here considered as M. cf.
zipperi, and the new species M. temachikus sp. nov. All
sequences were phased before the analysis. Small dots
represent additional mutational steps or unsampled
alleles.

otherlocalities as paratypes. This Chonomantis species
is characterized by a very large tympanum in males
and an indistinct frenal stripe fading anterior to the
eye. In this character it is reminiscent of M. opiparis
but differs from that species by relative toe length
with the third toe being slightly longer than fifth
(vs. fifth longer than third), and by an advertisement
call with notes of very short duration (21-31 ms
vs. 69-126 ms). The multigene tree suggests that
M. zipperi may indeed be related to M. melanopleura
and M. opiparis, but the respective clade received no
bootstrap support. In the following we discuss the
relationships of M. zipperi with two other unnamed
mitochondrial lineages, one of which, however, is
probably not closely related to it.

The 16S phylogeny includes samples here as-
signed to M. zipperi from a large number of sites,
ranging from Sorata in the North East to Tsinjoarivo
in the northern Central East. We also obtained DNA
sequences of the M. zipperi holotype from An’Ala
(ZFMK 60090) which confirmed the assignment of
the nomen to this genetic lineage (Fig. 1). The lineage,
however, is highly phylogeographically structured,
with mitochondrial subclades from numerous locali-
ties having distances of up to 4.6% to each other.
Some of the photographed and genotyped specimens
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of M. zipperi have yellowish colour on the ventral
side as described for the type series (Vences & Glaw
2004) while others do not (Fig. 6). Advertisement calls
from Ampotsidy in northern Madagascar were rather
similar to those from the type locality An’Ala, thus
not immediately hinting at species-level divergence
within the genetically diverse lineage (Appendix 1).

The SACS and KIAA1239 haplotype networks
show most samples of the complex clustering closely
together (and most having the same haplotype), but
in these datasets, the lineage containing M. zipperi
from the type locality is underrepresented (only one
sample from Tsinjoarivo in the SACS network). We
consider all these samples as belonging to M. zip-
peri for the time being but stress that further effort
is needed to gather morphological, bioacoustic and
genomic data of the different populations, and pos-
sibly subdivide M. zipperi into different subspecies
or species.

Vieites et al. (2009) and Perl et al. (2014) defined
an unconfirmed candidate species M. sp. Ca3, based
on a specimen (FGZC 2161) from Ambohitantely,
purportedly sister to M. zipperiin the 16S phylogeny
(but not in the COI phylogeny; Perl et al. 2014) and
differing by a 16S distance of 2.8 %. We here rese-
quenced the same sample (FGZC 2161) and found
the sequence in GenBank (also used by Vieites et al.
2009) was confused with that from another speci-
men from the same locality (FGZC 2125). Based on
the corrected sequences, FGZC 2161 in our tree is
placed in a separate lineage corresponding to the
true M. sp. Ca3 that includes five samples from
Ambohitantely, Anjozorobe, Ankazomivady and
Marolambo, has an isolated position in the mul-
tigene tree (Fig. 3), and differs from M. zipperi by
5.2-6.3 % uncorrected pairwise distance. This sug-
gests that the definition of M. sp. Ca3 as candidate
species (Vieites et al. 2009) was correctly based on
FGZC 2161 from Ambohitantely, but the phyloge-
netic tree, associated genetic distance calculation of
these authors was erroneously based on a M. zipperi
sequence from the same locality (FGZC 2125). In
the framework of this study, we have requested
the correction of the two sequences in GenBank to
avoid future confusion.

In the nuclear gene networks, the alleles of M. sp.
Ca3 are placed apart from those of M. zipperiin SACS,
KIAA1239, and RAGI (Fig. 2; but not with the short
RAGI1 fragment: Fig.7). Because M. sp. Ca3 and
M. zipperi occur in syntopy in Ambohitantely, we
consider M. sp. Ca3 as distinct species M. temachikus
sp. nov., based on high mitochondrial sequence
divergence, lack of haplotype sharing in nuclear
DNA, and differences in morphology as detailed in
the diagnosis below. For more details on, and images
of, the new species, see the species account below.



Three samples from three rather low-elevation
localities in the northern Central East (Sahavontsira,
Befanjana and Antanambe) which previously (Vieites
et al. 2009) had been included as deep conspecific
lineage in M. albofrenatus based on a sample labeled
MVTIS-AC481/FAZC 5635 from Sahavontsira (ac-
cession number FJ559231; given candidate number
M. sp.Ca70 by Carné & Vieites 2024), clustered close
to M. zipperiin our 165 tree, albeit without bootstrap
support. The multigene tree (Fig. 3) confirms that
this lineage is indeed the sister to M. zipperi. Its 165
uncorrected pairwise distance is 5.2-7.4 % to M. zip-
periand 8.5-9.8 % to M. albofrenatus. Nuclear genetic
data are available only for KIAA1239 and RAGI. In
the KIAA1239 network, the allele of the Antanambe
sample differed by four mutations from the most
common M. zipperi haplotype, whereas in the (long)
RAGI fragment, the Befanjana sample clustered
closer to M. albofrenatus but with several muta-
tional differences. Due to the high mitochondrial
divergence to other Chonomantis, and concordant
differentiation in mitochondrial and nuclear genes,
it is likely that this lineage is distinct from its sister
lineage, M. zipperi, at the species level. However,
due to the extreme scarcity of available material and
the phylogenetic position sister to M. zipperi in the
multigene tree, we here refrain from formally naming
this new species and postpone taxonomic decisions
to a future revision that should comprehensively
assess the status of this lineage along with the vari-
ous deep mitochondrial lineages that we identified
within M. zipperi.

Differentiation in the
Mantidactylus aerumnalis complex

The species M. aerumnalis was originally described
as Rana aerumnalis by Peracca (1893) from “An-
drangoloka e dalla vicina valle dell’Umbi” (p. 1).
Because the holotype was not found in the collection
of the Turin museum (see also Gavetti & Andreone
1993), the identity of this species was discussed by
Andreone & Gavetti (1994) based on the original
description, and a neotype designated from a popula-
tion of Chonomantis from An’Ala, distinguished by
a characteristically uniform dark brown colour on
the side of the head and tympanic region, without
frenal stripe. Despite some doubts that this popula-
tion really is conspecific with the lost holotype of
M. aerumnalis, the neotype designation has been
accepted (Vences & Glaw 2004) and this definition
of M. aerumnalis been followed ever since.

Vieites et al. (2009) and Perl et al. (2014) re-
ported a confirmed candidate species M. sp. Cal
from Ranomafana, sister to M. aerumnalis but

@ M. aerumnalis
@ M. ventrilineatus sp. nov. (Ca1)

Fig. 8. Haplotype genealogies from sequences of a short
fragment of the nuclear-encoded RAG1 gene (410 bp,
11 samples) in Mantidactylus (Chonomantis) aerumnalis
and its sister species, M. ventrilineatus sp. nov. All se-
quences were phased before the analysis. Small dots
represent additional mutational steps or unsampled
alleles.

differing by “constant colour differences” (Vieites
et al. 2009). M. sp. Cal (from Antoetra, Befotaka-
Midongy, and Ranomafana), differs from M. ae-
rumnalis (from An’Ala, Betampona, and Sahafina)
by a high 16S divergence of 8.9-10 % uncorrected
pairwise distance. Furthermore, we here confirm
the existence of differences in coloration, and prob-
able differences in body size between the specimens
from An’Ala (provenance of the neotype) and
Ranomafana. Alleles of the two lineages are quite
distant from each other in the SACS network,
while they do cluster in one phylogroup in the
network of the full RAG1 sequences, but without
haplotype sharing. In the KIAA1239 network one
allele of one specimen of M. aerumnalis (APR 9861
from Sahafina) is shared with M. sp. Cal, and in the
network of the short RAG1 sequences, (Fig. 8), one
allele of one specimen of M. sp. Cal (ZCMV 3079
from Ranomafana) is shared with M. aerumnalis
(but this same individual does not share alleles
with M. aerumnalis in the longer RAGI1 dataset).
Given the exceedingly high mitochondrial diver-
gence and very limited nuclear haplotype sharing,
we consider the southern populations (candidate
species M. sp. Cal) as a separate species which
is formally described below (see diagnosis for
more details on morphological differentiation).
For images of M. aerumnalis and the new species
(described herein as M. ventrilineatus sp. nov.), see
the respective species accounts below.
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@ M. brevipalmatus
M. delormei

1 5

Fig. 9. Haplotype genealogies from sequences of a short
fragment of the nuclear-encoded RAG1 gene (410 bp,
7 samples) in Mantidactylus (Chonomantis) brevipalmatus
and its sister taxon, M. (C.) delormei. All sequences were
phased before the analysis. Small dots represent ad-
ditional mutational steps or unsampled alleles.

Differentiation in the Mantidactylus
brevipalmatus/M. delormei complex

Mantidactylus brevipalmatus Ahl, 1929 and M. delormei
Angel, 1938 are closely related lineages of Chono-
mantis that in the past have been considered to be
synonyms (Vences & Glaw 2004). According to Ahl
(1929), the holotype of M. brevipalmatus (ZMB 30530)
originates from “Nord-West Madagascar”, but this is
probably in error, as morphologically, the holotype

agrees well with long-legged Chonomantis specimens
from Madagascar’s highlands, e.g., the Ankaratra
Massif (Vences & Glaw 2004).

Mantidactylus delormei was described based on
the holotype MNHN 1938.240 from “Andringitra:
Antaranomby (Etang de Boeufs)” (Angel 1938). Glaw
& Vences (2006) resurrected M. delormei as distinct
species based on some colour differences (a more
distinct dorsolateral colour border, a dark median
area on the dorsum, and a more yellowish venter),
genetic differences in the 16S gene, and a possible
ecological separation, not occurring in montane
habitats in open area outside of forest as is typical
for M. brevipalmatus. Our extended genetic dataset
includes samples of M. brevipalmatus from Ambohit-
antely, Ankaratra, Antoetra, and Itremo, and samples
of M. delormei from the type locality Andringitra,
as well as Ranomafana and Ivohiboro. The genetic
divergence between these two taxa is quite low
(uncorrected pairwise 16S divergence of 2.0-3.5%)
while the populations assigned to M. delormei differ
by up to 1.6 % from each other. The two species were
not identified as separate species-level subsets in the
ASAP analysis, but on the other hand, we did not
observe haplotype sharing in RAG1 (Fig. 9) and the
two taxa apparently show consistent differences in
coloration (Fig. 10).

The advertisement call of M. brevipalmatus has
been described by Blommers-Schlosser (1979) and
Vences & Glaw (2004), and calls of M. brevipalmatus

Fig. 10. Photos of representative individuals of Mantidactylus (Chonomantis) brevipalmatus and M. (C.) delormei in life,
in dorsolateral and ventral views. A-B. Female of M. brevipalmatus from Ankaratra, photographed 2023 (not col-
lected). C-D.Male specimen ZSM 752/2001 (FGMV 2001.487) of M. brevipalmatus from Itremo, photographed 2001.
E-F. Male specimen of M. brevipalmatus from Antoetra (photos not reliably assignable to a voucher specimen).
G-H. Female specimen ZSM 751 /2001 (FGMYV 2001.576) of M. delormei from Imaitso forest, Andringitra, photographed
2002. I-J. Male specimen of M. delormei from Imaitso forest, Andringitra, photographed 2023 (not collected).
K. Male specimen ZSM 387/2004 (ZCMV 262) of M. delormei from Maharira, Ranomafana, photographed 2004.

Table 4. Comparison of call parameters of two males of Mantidactylus delormei and two males of M. brevipalmatus.
Duration of calls and of inter-call intervals is given as range, with mean =+ standard deviation in parentheses; call

duration = note duration.

M. delormei M. delormei M. brevipalmatus M. brevipalmatus
Mabharira Andringitra Antoetra Manjakatompo
recorded by M. Vences F. Glaw & M. Vences M. Vences R. Blommers-Schldsser
recording date 24.01.2004 16.01.1994 21.01.2003 October 1971
temperature [°C] 18.4 ca. 19.0 18.9 not available

call duration [ms] 25-34 (30.1 £ 2.4)

26-40 (33.0 £ 5.4)

32-40 (35.1 £ 3.2) 32-45 (37.6 = 3.4)

inter-call interval [ms] 118-166 (131.4 = 14.7) 127-164 (140.5 + 13.5) 152-294 (203.5 + 53.2) 168-185 (175.6 + 4.9)

calls/minute ca. 400 ca. 350 ca. 230-290 ca. 280
dominant freq. [Hz] 1304-1431 (1388 + 42) 1340-1431 (1367 + 40) 1436-1497 (1455 + 20) 1329-1452 (1375 + 37)
character tonal tonal pulsatile pulsatile

freq. modulation downward sweep downward sweep no no
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Mantidactylus brevipalmatus

Mantidactylus delormei
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M. brevipalmatus (Antoetra)

M. brevipalmatus (Manjakatompo)
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Fig. 11. Audiospectrograms and corresponding oscillograms of the advertisement calls of Mantidactylus (Chono-
mantis) brevipalmatus and M. (C.) delormei from two localities each, displayed at the same time scale (1000 ms).

and M. delormei were included in the audio CD
of Vences et al. (2006) but not yet comparatively
analyzed. Following the call-centered description
scheme (Kohler et al. 2017), the calls of both spe-
cies consist of series of short one-note calls (series
of notes in the note-centered scheme followed by
Vences & Glaw 2004). However, despite similarly low
recording temperatures, the inter-note intervals are
longer, and call rate thus slower, in M. brevipalmatus
as compared to M. delormei, from two localities each
(Table 4). More importantly, the calls of M. delormei
are of nearly tonal character and exhibit a distinct
downward frequency modulation, while those of
M. brevipalmatus are pulsatile and lack such distinct

Fig. 12. A-I.Maximum Likelihood tree inferred from a fragment of the mitochondrial 16S rRNA gene (alignment »»

frequency modulation, as can also be recognized
in the respective spectrograms and oscillograms
(Fig. 11), thus showing qualitative differences in call
traits (sensu Kohler et al. 2017).

Despite the low genetic divergence, which may
argue for a subspecific classification of delormei
within M. brevipalmatus, for the time being and
despite the limited amount of available data, we
regard both taxa as separate at the species-level
given the limited amount of data on variation, and
the apparent concordant pattern of (weak) genetic,
morphological, bioacoustic, and possible ecological
differentiation.

length 527 bp) from 785 ingroup sequences of species of the subgenus Ochthomantis. Numbers at nodes are sup-
port values in percent from a bootstrap analysis with 500 replicates (not shown if <50 %). The candidate species
numbers according to Randrianiaina et al. (2011) is given for the new species described; for additional candidate
numbers, see Table 7. Bold font indicates sequences from name-bearing types and (marked with asterisks) para-

types of M. charlotteae.
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T3

ZCMV 2494 | HOE10922 | An'Ala
ZSM 154072007 | ZCMV 3511 | HOB10852 | An‘Ala
Z5M 1541/2007 | ZCMV 3513 | HQG1DG64IAHA!B

99877
ZSM 184412007 | ZGMV 3567 | HOG10860 | An'Ala
ZSM 17T1/2007 | ZGMV 3469 | HQE10857 | An'Ala
ZSM 1848/2007 | ZCMV 3570 | HOE10881 | An'Ala
ZSM 44772006 | ZCMV 2494 | An'Ala

ZCMV 5865 | FJ 559209 Ambohitsara

ZCMV LMIJ?M Runumalu hazo
235012001 | 2CMY 5055 | Ambanisara

Z!SMM? ZCMVSBES| Ambohitsana
ZSM 2395/2007 | ZCMV 5918 | Ambohitsara
itsara Taitolaka

KT240531 |
ZCMV 5886 | Hoelws | Amboitsara
JCR 1508 | KT240851 | R
JCR 1882 | KT240853 | R fa
JCR 1507 | KT240852 | R fa

JCR 2167 | KT240855 | Ranomafana, Beremby,
JCR 586 | KT240848 | F fana, Bereemby, Sahal
534 ICR 2153 | KT240772 | Ranomafana, Beremby

T20Mv 8818 | HOB10021 | Mahasoa
ZSM B8G/2008 | ZCMV 8094 | HQE10862 | Mahasoa
ZEM 1765/2008 | ZCMV 8806 | Mahasoa

| MNHN 1929.207 | OP189695 | Madagascar

ZSM 75312009 | ZCMV 11172 | Meihﬂleny,ﬁelunjana
RAXO022 | OR46683T Ambodiral

96 | ZEM 74472000 | ZCMV m?Mm mnjlna

991 En mi2 | AYB48150 | lampy
RAX4670 | OR4BE841 | Ankitsika
RAX3915 | OR4B6842 | Bezavona

THC 415 | MZ019299 | Marojeiy, Tourist camp

Z5M 5074/2005 | ZCMV 2042 | Marcjely. Camp 2 Marcjejla
Z5M 25312006 | FGZC 2797 | Marcjely, Camp 1 Mantella
ZCMV 2042 | HOG10903 | Ma

ZSM 16142007 | FGZC 2928 | HOG10858 | Marojely
ZSM 2532006 | FGZC 2797 | FJ559268 |

Is

Marojejy
Rmamz;omeesmmmm River, close 1o Marojejy National Park
| OR4BE838 | Ambolokopatrika
RAM\ |omue¢n |Am

ZSM 254 2005 FGZC 2708 | Marojely, Canip 1 Mantella
ZSM 49812016 | ZCMV 15268 | Marajefy, Camp 3 Simpona
ZSM 494/2016 | ZCMV 15120 | Marajeiy, Camp 0

ZSM 49012016 | ZCMV 15264 | Marojejy, Camp 3 Simpona
THG 417 | MZ019301 | Marojejy, Tourist camp1

THG 412 | M2019296 | Marojejy, Tourist camp1

£
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Fig. 12. Continued.

B ZSM 5089/2005 | ZCMV 2024 | 559271 | Marojsly

ZSM 5090/2005 | ZCMV 2025 | Marojejy, Gamp 3 Simpona
__| ZSM 49772016 | ZCMV 15265 | Marojsjy, Camp 3 Simpona
ZSM 49572016 | ZCMV 15239 | Marojely, high altitude cuvette

ZSM 1783/2010 | ZCMW 12215 | Analabe forest near Antambato
ZSM 1787/2010 | ZCMY 12230 | Analabe forest near Antambato
ZSM 1776/2010 | ZCMV 12204 | Analabe forest near Antambato

981 Z5M 1786/2010 | ZGMV 12229 | Analabe forest near Antambalo
ZSM 1778/2010 | ZCMY 12206 | Analabe forest near Antambalo
2Z5M 177922010 | ZCMV 12207 | Analabe forest near Antambalo
ZSM 17782010 | ZCMV 12206 | KF426707 | Analabe forest

- ZSM 1785/2010 | ZCMV 12226 | Analabe forest near Antambato

RAN43366 | OR466859 | Befosa River Tearatanana Natural Reserve
ZSM 17882010 ZCMV 12204 | Tsaratanana, near camp 0 Antsahan i Ledy
ZSM 1789/2010 ZCMV 12321 | Tsaratanana, camp 1 Anevialambazaha
Z5M 57472014 DRV 6264 | enviranments of Mangindrano camp 00 Ambinanitelo
Z5M 57212014 DRY 6183 | Tsaratanana, camp 2 Matsaborimaika
sz | Z5M 17922010 ZCMY 12400 Tearntanona, way lo Maromokolro pook

Isolate 114 153 | AY324820 | Tsaratanana, Manarikoba
RAXEE3E | O | Lohar River ridge River
isolate 824 | AY324818 | Manongarivo
23M B54 2003 | FJ559270 | Manongarivo
RAXE028 | OR466856 | Malsaborimena Trois Lacs
RAXE107 | OR4B5857 | Matsaborimena Trois Lacs
I RAX 10323 | OR4EB6852 | Andramanalana Andapa
RAXES01 | OR4B5854 | Lohanandroranga River ridge Ambalotavaratra River
RAN39071 | OR466853 | Bekolosy | Manongarivo Special Reserve
RAXS5TE9 | OR466855 Befosa River
ZSM B54/2003 | FGMV 2002.824 | Manongarivo Camp 1
ZSM 179372010 | ZCMV 12413 | Tsaratanana, way to Maromokotro peak
Z5M 179172000 | ZEMV 12347 | Tsaratanana, camp 1 Antevialambazaha
ZSM 179472010 | ZCMV 12414 | Tsaralanana, way to Maromokolro peak
MSZC 55 | MNB2B9B3 | Ampolsidy
MSZC 85 | MNB2ZBSB4 | Ampotsidy
ZSM 77 2016 | MSZC 0111 | Ampotsidy
ZSM 57112014 | DRV 6166 |
ZSM 9112016 | MSZC 0173 | Ampotsidy
ZSM | MSZC 0096 |
ZSM 578/2014 | DRY 8406 | Bemanevika river
| MNHN 1937.001 | MVTIS 3322
RAX936T | OR466847 | Mandraka

camp 2

68 zsuarmwwszcmn..monayium:.mpzl M. pofssonf

ZSM 38012010 | FGZC 4580 | aast of Tsinjoarivo, camp 2

Strict Natural Reserve

M. tavaratra

Molecular systematics
of the subgenus Ochthomantis

The ML tree inferred from the Ochthomantis 16S
dataset (Fig. 12) contained 785 ingroup sequences
for an alignment length of 527 bp. The tree contained
several deep clades that largely corresponded to
the currently recognized species in the subgenus
(Rabibisoa et al. 2023). Several of these were repre-
sented by large numbers of samples, often reflecting
their widespread and/or common occurrence (e. g.,
M. femoralis, M. tavaratra), or an intensive sampling
effort in particular areas, such as Montagne d’ Ambre
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for M. ambreensis and M. ambony (Rasolonjatovo et
al. 2020, Scherz et al. 2020, 2023) or Ranomafana for
M. catalai, M. femoralis, M. majori, and M. mocquardi
(e.g., Strauf3 et al. 2013, Ndriantsoa et al. 2017).
Several of the species show a deep phylogeographic
structure, in particular M. femoralis, M. mocquardi,
and M. tavaratra. Comparison of 165 sequences
also allowed us to assess the identity of previ-
ously defined candidate species (Vieites et al. 2009,
Randrianiaina et al. 2011, Perl et al. 2014, Carné &
Vieites 2024) with more recently described or res-
urrected species: M. catalai corresponds to M. sp.
Ca47; M. danieli corresponds to M. sp. Ca42 from



c g FAX10589 | OR4B6E2S | Baampingaratsy Pass Anosy Montain
RAX10563 | OR4B6825 | Beampingaratsy Pass Ancsy Montain

ZSM 370/2018 | ZCMV 14847 | Sampanandrana

RAN44481

JCR 1052 | KT240558 | Ranomatana, Ambatovory Ambatovory

mmum‘wnmnmmanmm

T0373 | GUITS711 | Ranomatana,

ZCMV 9478 | KFE10TT4 | Ranomafana, Ammorymoo

ZGMV 10385 | KF610791 | Ranomafana, Kidonavo
WHMIMWISIMM.W

ZSM 441/2006 | ZCMV 2845 | Ranomafana, Ambatolahy

JCR BE | KT240565 | Rancmafana,

JCR 2178 | KT240858 | Rancmafana,

JCR

g2E

Ranomal Wohimanara

ZCMY 1m|m|0‘l’9&|m Sahaforihana H

ZCMV D067 |

zcw1mc|m|ma|mmm|mm
n

L]

JCR 304 | KT2405686 | Rancmafana, Vohimanara

Fig. 12. Continued.

Montagne d’ Ambre and other sites, and according
to Rabibisoa et al. (2023) would also include M. sp.
Ca61 from Marojejy and other sites; and M. tavaratra
corresponds to a mitochondrial lineage only known

M. catalai

JCR 303 | KT240562 | Ranomafana, Vohimanara

ZCMV 5466 | Ranomafana, Ambalolahy
Z5M 440f2006 | ZCMV 2838 | Rancmafana, Ambatclahy
Z5M 4462006 | ZCMV | Sakaroa near

JCR 1997 | KT240865 | Ranomatana, Andrumvummelnu-
JCR 1690 | KT240863 | R
JCR 2141 | KT240862 | Ranomafana, Ambatolahidimy
JCR 2021 | KT240891 | Ranomafana, Andranovoromainty
JGR 1881 | KT240880 | Ranomafana, Vohimanara
JCR 701 | KT240876 | Ranomatana, imalcka

KT240888

JER 1373 | KT240858 ¥
JCR 1765 | KT240875 | Ranomatana, Andrancvoromainty
JCR 1312 | KT240873 | Ranomafana, Ampangadiamesa
T 0132 | GUITS706 | Ranomafana, Sakaroa

62" ZCMVY 10493 | KFE10779 | Ranomafana, Atatatra Il

from its type locality Sorata, but to a more inclusive
lineage encompassing M. sp. Ca62 from Marojejy and
M. sp. Ca63 from Tsaratanana, Manongarivo, and
nearby sites. Furthermore, we here conservatively
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Wz,su 16032012 | FGZC 3705 | Sorata

T I e B M. olgae
IRAXIZ03 | QRAGEE21 |

mmMﬁmwm ] M rabfb;soaf sp_ nov.

ﬁ:glmwlw' mmﬂnﬂ L (0364)

SRTIS 189 } A
SATIS 301 | MNGZAI9T | Montagne o' Ambre
SRTIS 064 | MNEZEITT | Montagne d'Ambee

74| SATIS 120 | MNS28382 | Montagne o Ambee

sz 4oz oo eaaes chmers M. ambony

zsM ;mcwasl
Zmrmwlmwm‘mlﬂmlmnam
100 || 25m 13062018 | MSZC 0500 |
zsmwzo:aluszcommmcm
zsmauzmlmzcwlummcm

| Anipenboka River, M. f Ambie
TAmbne

SRTIS 312 | MNG28404 | Montagne & Ambra
250 |m|mcs1ts|mnmu|mmm

| Mantagne d'Ambee
zsnmmlssmmlmmmlmmndm
TELTSM 220/2004 | FGZC 448 | MNE2B34T | Montagne
dAmibee

SRTIS 275 | MNG28393 | d'Ambee
MSTIS 01454 | MNB2835T | Montagne d'Ambre
| MNGZB407 |
SRTIS 451 | MNG28408 | d'Ambre
Z5M 1B53/2008 | FGZC 3145 | Foret d Ambre
253 220/2004 | FGZC 448 | Montagne dAmbre
RAN3BS01 | OR4EEE4E | Antomboka River | Montagne d'Ambee
RAX23TS | Tearatanana Reserve:

ORAG6845 |
—| * | MNHN 1893.241 | MTSE2173 | Montagne d'Ambre
ZEM 561/2014 | DRV 6401 | Maromiancita naar Ankisany

MNG28363 agne
_ | RAX9559 | OR466844 | Ambohiiols forest M. ambreensis
RAXESEZ |

33
£

Fig. 12. Continued. DRV 5816 | MNE2B340 | Makirs, Sahaovy
m:ms|ummr|umm1mm
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Fig. 12. Continued.

k]

Z5M 128/2018 | MSZC 0467 | Montagne d'Ambre

SRTIS 116 | MNGZEITY | Montagne o Ambre

ZSM 135/2018 | MSZC 0645 | Mondagne d'Ambre

96 | ZSM 77472004 | FGMV 2002.1957 | HO810869 | Montagns dhmbre

&7 |J RAX10204 | OR466830 | Andramanalana
78 I Z5M 158272012 FGEC 3836 | near Andrafainkona, Ambararata
0o~ Z5M 15832012 FGZC 3842 | near Andrafainkona, Ambararata
| Manongasivo

5
B8

68

Torest
ZSM 221/2005 | FGZC 2719 | between Andrakata and Andapa
66 I THC 172 | MZ019154 | Andraka

C 252 | MZ019208 | Ambodivohitra
99" THC 327 | M2019259 | Ambodivohitra

asoala
FAZC10050 | LN998790 | llampy, Masoala
FAZC10061 | LN996791 | llampy, Masoala
ZSM 54772009 | ZCMV 11301 | Makira, near Hevirina
(GABO1 | LNG9BT89
GABSS | LN99BTT
ZSM 17682007 ZCMV 3464 | HOG10866 | ArAda

87

A¥324811 | An'Ala
ZSM 1843/2007 | ZCMY 3585 | HOB10862 | An'Ala
ZSM 174172007 | ZCMV 3436 | HOG10854 | An'Ala

|z5M 18412007 | ZCMv 3563 | HOB 1088 | AniAla

ZSM 17592007 | ZOMY 3455 | HOG10865 | An'Ala
ZSM 75772008 ZCMV 7159 Antsahataloks, Befanjana
ZSM T55/2008 | ZCMV 11155 | Befanjana, Befanjana
MVTIS AC408 5852 | F.J550263 | Sahavontsira
Z5M 75602008 | ZCMV 7176 | Antsahataloka, Befanjana
ZSM 75472008 | ZCMV 11200 | Melivinany, Befanjana
" Z5M 555/2009 | ZCMV 11214 | KFA28705 Makira
ZSM 3742010 | FGZC 4256 | Ambodivoahangy
RAX2TE1 | OR466811 | Ramena River, Tsaralanana Reserve

Ranomafana, Beremby,
JCR 1882 | KT240717 | Ranomatfana, Ambolo, Ambolo |
JCR?QQIWISIRAW Andalangina, Andalangina
JCR 1738 | KT2407189 | R
JCR 1565 | KT240722 | Ranomafana, Baremby,
JCR 1833 | KT240725 | Ranomalana, Beremiy, Beremiby
JCR 1830 | KT240726 Beramby, Sahacdikai
JCR 2327 | KT240727 Beremby,
JCR 1740 | KT240724 | R s
JCR: 850 | KT240721 | Rar

JCR B00 | KT240720 | Ranomatana, Beramby, Sahadikaina
JCR 1568 | KT240723 | Ranomatana, Beremby, Beremby
, Beremiby,

JCR 221 | KT240450 | Ranomatana, A
.ncmsa|m4msa|m. Beremby,

.pcnnse|mmss|mmm Beremby, Sahalavabe
ZCMV 4431 | GUSTS1TS | Ranomatana, lfanadiana Stream
ZCMV 5198 | GUSTS176 | Ranomatana, anafiana Swamp

ZCMV 4424 | GUST5174 | Ranomalana, Hanadiana Stream

+-RAX8696 | OR486320 Kianjavalo Vatovavy

100 ZCMV 464 | HO610916 Manombo
7e Z5M 13852004 | AD 2004 07 | HOG10851 Vevembe
OR4GEE1S arest

ZSM 7412004 | FGZC 125 | AYB4B149 Andohahela
ZSM 14812004 | FGZC 276 | Manantantoly

63 Z25M 21602005 | FGZC 2310 | Manantanitety

FGZC 271 | HOS10913 | Manantantely
Z5M 152/ 2004 | FGZC 283 | Manantantely

92 | 7aM 144/2004 | FGZC 271 | Manantantely

ZSM 140V2004 | FGZC 264 | Manantaniely

M. danieli

M. zolitschka

M. femoralis
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Fig. 12. Continued.
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ZEMV 10317 | KF610529 | Ranomatana, Ranomena

DCW ;omnmwsa: |Rvmm Ranomena
B029 |

m1m.uzu|onm|llmm
ZSM 11082007 | T 0061 | GUOTS182 | Ranomalana, Sakarca
ZCMV 10294 | KFB108626 |

IT:
FAZC 14029 | JFO03915 | ltremo
FGMV 2001.020 | AYS48207 | remo
FAZC 14007 | AFS03912 | lromo
FAZC 14040 | JF0G017 | ltremo

camp 1

Ankadoba
FGZC 2144 | HOG10005 |
FGZC 2145 | HOS 10806 | Ambohitantety
ZSM 36772010 | FGZC 4378 Anjozoroba region
Z5M 25172005 | FGZC 2171 | Ambahitantsly

24202005 | FGZC 2144 | Ambohitantely
zsumamlsazc 2124 | Ambohitantety
| FGZC 2170
FGZC 2124 | HOS10004 |

FGZC 2171 | HOG10908 | Ambohitantely
FGZC 2170 | HQE10808 | Ambohitantety
FIGZC 2160 | HOE1090T | Ambohitansaly

FGZC 2118 | HOB10811 | Ambohitantsly
1| LNS28300

M. femoralis

8049 |
[MI116 | Ivehibora

Ma05S

isolate 577 151 | AY324814 | Andringitra
FAZC11860 | L9601

FAZC11895 | LNGSS802

FGOMV1412 | L9878

KXOBEETA | Isalo, Caryon des Makis
Fﬁwm 1417 [AYBAB1S] lssio
FGMV 2002, 1416 | AYB4E135 Isalko
FGMV 2002.1414 | AYB4B13T Isala
FGMV1417 | LNSSBI0G
FAZC1187S | LNDABSN4
FGMV1414 | LNSSBB0S
FAZC11871 | LNGS6803
Z5M 5012016 | MSZC 0068 | Ampotsidy
Z5M 17952010 | ZCMV 12547 | Bemanewika, camp 2
(Z5M 172010 | ZCMV 12551 |m camp 2
Ampoteidy

Amg
(Z3M 17802010 | 2CMV 12208 | Analabe forest, near Antambato
ZSM 17812010 | ZCMV 12206 | Analabe forest,
zsummm|zcuv1M|Mbmﬁ.mmm

| DRV
momslwwmmm Trois Lacs

Z5M 25712005 26884 | FJS50264 | Marojejy
zsu1wmr=cacms|m1m|mm
ZSM 25712005 | FG2C 2884 | . Camp 3 Simpona
£8 l75M 4912016 | ZOMV 15231 | Mascjely, Camp 3 Simpona
| ZCMV 11260 | Makira,
ZSM 58612008 | ZOMV 11281 | KFAR6T06 Makira
| ZOMV 11262 | Makira i
“mmrmwum | Makira, source of Fotsialanana river

25M 3692010 | PGZC 4447 |
811730 36812010 | FGZE 4433 | Tarzanvile

LNSHE80T
ZCMV B37 | HOB10917 | Tocolorofotsy
ZCMV B929 | HMB31537 | Sshafina
ZSM 65572008 ZCMY 8923 | HME319G6 | Sahafing

M. femoralis



65
UMMZ197906 | Av454388

Z5M 5782014 | DRV 6483 | Maromiandra
zausamzuu.oﬁvmasfmmm
RAN39170

70 | OR4EEH06 | Ambalafary
Rmmzuommnmmm
RAX2715 | OR4BEB08 | Antsahatolo

M. macrotympanum

ZSM 67272000 | ZCMV 8927 | HME31033 Sahafina
1001ZCMv 8924 | HMB31932 | Sahafina

-—-nmmwumiomnm Madagascar
Z8M 93r2007 | ZCMV 4132 | GUS75191 | Ranomafana, Sahamalaotra Bridge
T 0038 | GLI9TE192 | Ranomafana, Sakarca

Z5M 1062/2007 | T 0032 | HQ610872 | Ranomafana

ZCMY 4688 | GUTS18T | Ranomalana, Imaloka

Fig. 12. Continued.

consider M. sp. Ca43 as belonging to M. mocquardi
to which it is sister in the mitochondrial phylogeny.

The trimmed alignment contained 359 16S se-
quences for an alignment length of 510 nucleotides.
ASAP suggested species partitions with 19-52 subsets
where the partition with the best (lowest) ASAP score
of 5.5 corresponded to a 39 subset-partition. This
almost certainly reflects oversplitting due to high
geographically structured genetic variation. The par-
tition with the lowest number of subsets (19) ranked
fourth, with an ASAP score of 8.5. It separated all
currently known species (Rabibisoa et al. 2023) plus
one candidate species (M. sp. Ca64: Randrianiaina et
al. 2011) into distinct subsets, but split several of these
further: M. tavaratra was split into five subsets, and
M. danieli, M. catalai and M. majori into two subsets,
respectively, always corresponding to geographically
separated sublineages and in the case of M. danieli
and M. tavaratra, largely corresponding to candidate
species defined by Randrianiaina et al. (2011). Uncor-

M. majori

na,
ZEM 22972008 | ZCMV 3627 | HOE1087T | Rancmalana
FGMV 2002 263 | AYB48187 | Ranomafana
T 0172 | GUSTS194 | Ranomafana, Sakaroa

ZSM 386/2006 | ZCMV 2971 | Ranomatana

rected pairwise 16S distances between nominal spe-
cies of Ochthomantis ranged from 4.3-14.1 % (Table 5).
The two most divergent species were M. majori and
M. macrotympanum which differed from all other
species by 10.4-13.9 % and from each other by 13.4-
14.1%. Excluding these two species, inter-species
distances in the subgenus ranged from 4.3-11.0 %. The
species split by ASAP into various subsets contained
a substantial amount of genetic variation: up to 7.3 %
in M. tavaratra, 5.3 % in M. danieli, 1.8 % in M. catalai,
and 5.9 % in M. majori. However, other species also
contained highly distinct lineages: M. ambreensis up
to0 2.6 %, M. femoralis up to 6.1 %, M. mocquardi up to
5.7 %, and M. zolitschka up to 2.8 %.

The genealogies reconstructed from the two
nuclear-encoded gene fragments RAG1 (139 samples;
398 bp) and POMC (98 samples; 403 bp) provide a
complex picture (Fig. 13), with multiple instances of
haplotype sharing between species, and some spe-
cies separated into phylogroups in different parts
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of the networks. Both networks contained central
haplotypes shared by 4-5 species: In the RAGI net-
work, one allele with 56 sequences was shared by
M. catalai, M. femoralis, M. mocquardi and M. poissoni;
one allele with 37 sequences by M. danieli, M. femora-
lis, M. mocquardi, and M. zolitschka; one allele with 24
sequences by M. danieli, M. femoralis, M. mocquardi,
and M. favaratra; and one allele with eight sequences
by M. ambreensis, M. femoralis, M. mocquardi, and
M. olgae. In POMC, the central allele with 28 se-
quences was shared by M. femoralis, M. mocquardi,
M. olgae, M. danieli, and M. tavaratra.

The two networks congruently place the alleles
of M. macrotympanum apart from those of all other
species, separated by seven (RAG1) and five (POMC)
mutational steps, thus confirming the high and
unambiguous divergence of that species. Similarly,
in RAGI, the included sequence of M. majori (not

included in the POMC network) differed from all
other sequences by a minimum of five mutations.
As in Rasolojantovo et al. (2020) and Scherz et al.
(2020), the sympeatric sister species M. ambony and
M. ambreensis did not share alleles, confirming their
species-level distinctness. Species whose sequences
show up in quite different areas of the networks,
partly forming distinct phylogroups, include M. ta-
varatra, M. femoralis, and M. catalai.

The ML tree inferred from partitioned analy-
sis of the concatenated sequences of the 12S, 16S,
COB, COJ, and ND1 mitochondrial gene fragments
confirmed substantial genetic differentiation (as
indicated by long branches) for all species and can-
didate species of Ochthomantis included (Fig. 14). As
in previous analyses of similar datasets (Poth et al.
2013, Rasolonjatovo et al. 2020), most nodes in the
phylogeny received substantial bootstrap support

Table 5. Mean, minimum and maximum uncorrected pairwise distances calculated from DNA sequences of a frag-
ment of the mitochondrial 16S rRNA gene in species of the subgenus Ochthomantis in the genus Mantidactylus.
Values are given as mean, with minimum and maximum in parentheses.

g
S
3 : - . = 5 - -
S S § S 8 S g g 3
s s s s s s s s s
1 2 3 4 5 6 7 8 9
1 0.1
(0.0-0.4)
2 6.3 1.3
(5.9-6.7) (0.0-2.6)
3 7.7 7.3 0.2
(7.7-7.9) (6.7-8.1) (0.0-1.8)
4 7.6 6.6 6.4 3.1
(6.5-8.9) (5.9-8.1) (5.9-7.5) (0.0-5.3)
5 8.6 7.9 6.7 7.0 24
(7.1-9.9) (7.1-9.1) (5.1-8.3) (5.1-9.3) (0.0-6.1)
6 13.1 11.9 12.2 11.9 11.5 0.0
(13.0-13.2)  (11.8-12.2) (12.0-12.4) (11.6-12.6) (10.8-12.4) (0.0-0.0)
7 12.3 10.9 12.3 11.5 11.5 13.8 3.0
(12.0-12.7)  (10.4-11.6) (11.8-13.0) (104-13.1) (10.4-13.1)  (13.4-14.1) (0.0-5.9)
8 8.0 7.0 5.9 6.4 8.5 12.3 119 22
(6.9-9.1) (6.1-8.5) (5.1-6.7) (5.3-84) (6.7-10.4) (11.0-12.8)  (10.6-13.4) (0.0-5.7)
9 7.6 8.4 6.9 7.7 9.3 13.3 13.1 7.6 0.0
(7.5-7.7) (8.1-9.4) (6.9-7.1) (6.9-8.6) (7.9-11.0) (13.3-13.3)  (12.7-13.5) (6.7-8.4) (0.0-0.0)
10 6.2 5.9 4.1 5.2 5.7 11.0 10.5 5.2 6.1
(5.9-6.3) (5.5-6.7) (4.1-4.3) (4.7-5.9) (4.3-7.1) (11.0-11.0)  (10.2-10.8) (4.9-5.5) (6.1-6.1)
11 7.1 5.5 4.1 5.7 7.3 12.0 115 5.5 6.7
(7.1-7.1) (5.1-6.7) (4.1-4.5) (5.1-6.7) (5.9-8.9) (12.0-12.0)  (11.2-11.8) (5.1-6.3) (6.7-6.7)
12 8.1 8.1 7.1 7.2 7.7 12.6 12.1 6.8 7.8
(7.5-8.5) (7.3-9.4) (5.5-8.1) (5.5-8.5) (5.7-9.8) (11.6-13.9)  (10.4-13.5) (4.9-8.5) (6.7-9.2)
13 7.3 6.7 6.1 5.4 5.2 11.8 114 7.4 7.9
(7.1-7.9) (6.1-7.9) (5.5-7.3) (4.7-7.5) (4.3-7.5) (11.2-12.8)  (10.6-12.8) (6.5-8.3) (7.3-8.6)
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and the relationships among species of Ochthomantis
can therefore be considered as relatively well re-
solved. As in previous studies (e.g., Wollenberg et
al. 2011), M. majori was placed away from all other
Ochthomantis, and this species may not even belong
to the subgenus (Rabibisoa et al. 2023). The recently
described M. macrotympanum also had an isolated
phylogenetic position in the tree inferred from the
concatenated multi-gene dataset, as well as in ex-
ploratory single-gene trees; in the multi-gene tree,
it was even characterized by a conspicuously long
branch (Fig. 14) suggesting that the phylogenetic re-
lationships of this species, plus M. majori and Manti-
dactylus (Maitsomantis) argenteus which was herein
used as outgroup, deserve future study with more
comprehensive, phylogenomic datasets. Among the
intrageneric clades identified we highlight (1) a clade
containing the morphologically similar sister species
M. ambony and M. ambreensis (BS=93 %), (2) a clade
containing M. catalai, M. poissoni and M. sp. Ca64
(BS=98 %), three species rather strongly differing

g
2
g ) £ 2
2 27 g 2
z £ 8 S 3
2 S AS S
= =& = =
10 11 12 13
0.0
(0.0-0.0)
45 0.0
(4.5-4.5) (0.0-0.0)
5.1 7.0 3.8
(4.5-5.9) (6.1-7.7) (0.0-7.3)
4.6 6.8 6.1 1.2
(4.3-5.1) (6.3-7.7) (5.3-7.5) (0.0-2.8)

from each other morphologically, (3)aclade contain-
ing M. femoralis, its sister species M. zolitschka, and
M. danieli (BS=99 %) which all are morphologically
rather similar to each other, and (4) a clade containing
M. mocquardi and M. tavaratra (BS=95%).

Given the high intraspecific mitochondrial varia-
tion, substructuring suggested by ASAP, and differ-
ent phylogroups in the nuclear gene genealogies, it
is likely that several species in Ochthomantis require
future taxonomic scrutiny. Especially, we suspect
that M. tavaratra merits being split into different
species. At present, we lack data to investigate these
splits in further detail, and we do not suggest any
taxonomic changes or splits for the currently accept-
ed species, all of which form monophyletic groups
in the mitochondrial phylogeny. For instance, the
sequences available from GenBank from the study
of Rabibisoa et al. (2023) lack a section correspond-
ing to a central hypervariable region of the gene,
which was probably removed prior to analysis; the
trimmed sequences were erroneously then submitted
to GenBank instead of the full sequences. Although
these incomplete sequences could be unambiguously
assigned to mitochondrial clades, it complicates
the computation of species partitions and genetic
distances (these sequences were excluded from our
ASAP and distance analysis), and the genetic infor-
mation is therefore incomplete for several collecting
locations not sampled by us.

It is also worth mentioning that through earlier
archival DNA analyses (Scherz et al. 2020, 2022a),
DNA data are available for the name-bearing types
of several of these species, specifically M. ambreensis,
M. catalai, M. femoralis, and M. mocquardi. Further-
more, more recent species descriptions (Scherz et
al. 2020, Rabibisoa et al. 2023) have included DNA
sequences of the holotypes of new species, i.e.,
M. ambony, M. danieli, M. macrotympanum, M. olgae,
and of a paratype of M. tavaratra. Therefore, the
nomenclatural identity of only two species is at
present not confirmed by molecular data: a DNA
analysis of the type of M. catalai by Scherz et al.
(2022a) did not yield informative reads, but the
identity of this species is rather reliable due to
morphological analysis (Rabibisoa et al. 2023) and
geographical provenance of the type from the South
East of Madagascar; and M. zolitschka which is a
morphologically easily identifiable species, and of
which several 16S sequences from its type locality
An’Alaare included in our dataset. By summarizing
genetic variation within and between species, and
photographically illustrating morphological appear-
ance and colour variation for a set of genotyped
specimens of all species (Figs 15-22), this study thus
sets the stage for future in-depth revisionary work on
the taxonomic diversity of species of Ochthomantis.
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@ M. ambony POMC
@ M. ambreensis b

@ M. catalai Q

@ M. danieli
O M. femoralis g
O M. macrotympanum
@ M. majori

@ M. mocquardi
@ M. olgae

@ M. poissoni
M. tavaratra
O M. zolitschka

1728

Fig. 13. Haplotype genealogies from sequences of two nuclear-encoded gene fragments from species in the sub-
genus Ochthomantis: RAG1 (139 samples; 398 bp) and POMC (98 samples; 403 bp). Mantidactylus rabibisoai sp.
nov. is not shown. All sequences were phased before the analysis. Small dots represent additional mutational
steps or unsampled alleles.
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M. fernorafis | Makira | ZCMV 11251

M. femoralis | Analabe | ZCMV 12228

M. zolitschka | An'Ala | ZCMV 1452

M. danieli | Andapa | FGZC 2719

M. daniefi | Montagne d'Ambre | FGMY 2002.929
i | Tsinjoarivo | FGZC 4547

M. rabibisoai sp. nov. (Ca64) | Vevembe | ZCMV 644

M. catalai | Ambatolahy | ZCMV 2860

M. guardi | Mahasoa | ZCMV 8818

M. mocquardl | Marojejy | FGZC 2797

M. ta Analabe | ZCMV 12206

M. tavaratra | Marojejy | ZCMV 2024

M. ambreensis | Montagne d'Ambre | FGZC 449

M. ambony | Montagne d'Ambre | FGZC 1039

M. olgae | Sorata | FGZC 3705

79

M. macrotympanum | Maromiandra | DRV 8488
M. majori | Maharira | ZCMV 252

0.04

Fig. 14. Maximum Likelihood tree inferred from 3056 bp of concatenated DNA sequences of the mitochondrial
genes for 12S rRNA, 165 rRNA, Cytochrome b, Cytochrome Oxidase Subunit 1, and NADH Dehydrogenase
Subunit 1, showing evolutionary relationships of species within the subgenus Ochthomantis. Numbers at nodes
are support values in percent from a bootstrap analysis (1000 replicates; not shown if <50 %). M. argenteus (sub-
genus Maitsomantis) was used as the outgroup (graphically removed to better illustrate branch lengths within the
ingroup).

Fig. 15. Photos of representative individuals of two species of Mantidactylus (subgenus Ochthomantis). A. M. ma-
jori from Manombo, specimen ZMUC-H005219 (MSZC 0947) from Manombo, photographed 2024. C-D. M. mac-
rotympanum, male specimen ZSM 580/2014 (DRV 6485) from Maromiandra near Ankaramy, photographed 2010.
These two species are the phylogenetically most divergent lineages in the subgenus, and the assignment of
M. majori to Ochthomantis is in need of revision.
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Mantidactylus ambreensis

J Rl o 5l AR £t
Fig. 16. Photos of representative individuals of three species of Mantidactylus (subgenus Ochthomantis) from
northern Madagascar. A-B. M. ambreensis, male specimen ZSM 229/2004 from Montagne d’ Ambre, photographed
2004. C-D. M. ambony, female holotype ZSM 2078/2007 from Montagne d’Ambre, photographed 2007.
E-F. Mantidactylus olgae, male specimen ZSM 1603/2012 (FGZC 3705) from Sorata, photographed 2012.
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Fig. 17. Photos of representative individuals of Mantidactylus (Ochthomantis) catalai in life, in dorsolateral and
ventral views. All specimens from Ambatolahy near Ranomafana, photographed 2006. A-B. Male specimen
ZSM 442 /2006 (ZCMV 2860). C-D. Male specimen ZSM 443/2006 (ZCMV 2861). E-F. and G-H. Two female
specimens (photos not reliably assignable to a voucher specimen).




Mantidactylus poissoni

Fig. 18. Photos of representative individuals of Mantidactylus (Ochthomantis) poissoni and Mantidactylus (Ochtho-
mantis) zolitschka in life, in dorsolateral and ventral views. A. M. poissoni female ZSM 379/2010 (FGZC 4547) from
Tsinjoarivo, photographed 2010. B-C. Male from Tsinjoarivo, photographed 2010, tentatively assigned to M. pois-
soni (photos not reliably assignable to a voucher specimen). D-E. Specimen of M. zolitschka from An’Ala (photos
not reliably assignable to a voucher specimen).




Fig. 19. Photos of representative individuals of Mantidactylus (Ochthomantis) femoralis from across the species’
range in life, in dorsolateral and ventral views. All photos show specimens identified by mitochondrial DNA
sequences. A.Male specimen ZSM 92/2016 (MSZC 0179) from Ampotsidy. B. Male specimen UADBA-A 62278
(MSZC 0143) from Ampotsidy. C.Malespecimen ZSM 1795/2010 (ZCMV 12547) from Bemanevika, photographed
2010. D-E. Male specimen ZSM 374/2010 (FGZC 4256) from Ambodivoangy, photographed 2010. F-G. Male
specimen ZSM 558/2009 (ZCMYV 11262) from the western slope of Makira Reserve, photographed 2009.
H-1. Male specimen ZSM 366/2010 (FGZC 4365) from Anjozorobe, photographed 2010. J-K. Male specimen
ZSM 370/2010 (FGZC 4533) from Tsinjoarivo, photographed 2010. L-M. Male specimen ZSM 144 /2004 (FGZC 271)
from Manantantely, photographed 2004.
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Fig. 20. Photos of representative individuals of Mantidactylus (Ochthomantis) danieli in life, in dorsolateral and
ventral views. All photos show specimens identified by mitochondrial DNA sequences. A.Specimen ZSM 136/2018
(MSZC 0669) from Montagne d’Ambre. B. Specimen ZSM 129/2018 (MSZC 0467) from Montagne d’Ambre.
C. Specimen UADBA-A 62285 (MSZC 0215) from Bealanana. D.Male specimen ZSM 93/2016 (MSZC 0200) from
Ampotsidy. E-F. Specimen ZSM 493/2016 (ZCMYV 15119) from Marojejy.

Because the genetically divergent subsets in species  identifying their contact zones and ideally, apply
such as M. femoralis, M. catalai, M. danieli, M. majori, ~ phylogenomic analyses of hybrid zones (Dufresnes
and especially M. tavaratra, all appear allopatrically et al. 2021) to understand their taxonomic status.
distributed, such future studies should focus on

262



&

Fig. 21. Photos of representative individuals of Mantidactylus (Ochthomantis) mocquardi in life, in dorsolateral and

ventral views. All photos show specimens identified by mitochondrial DNA sequences. A-B. Male specimen
ZSM 253 /2005 (FGZC 2797) from Marojejy, photographed 2005. C-D. Specimen ZSM 494 /2016 (ZCMV 15120)
from Marojejy, photographed 2016. E-F. Female specimen ZSM 2394 /2007 (ZCMV 5866) from Ambohitsara,
photographed 2007. G. Specimen ZSM 2393 /2007 (ZCMV 5865) from Ambohitsara, photographed 2007.

Delimiting a new species of Ochthomantis
from the southern Central East

Our mitochondrial dataset includes the same main
lineages (= species) also reported by Rabibisoa et al.
(2023), plus one further candidate species from the
northern Central East and North East of Madagascar
that was defined as M. sp. 64 (herein M. sp. Ca64)
by Randrianiaina et al. (2011) based on tadpoles
from the Namorona River in Ranomafana, and one
further sequence from Vevembe. Here, we include
eight additional 165 sequences of this candidate
species, all from Ranomafana, and morphological
data of two adult voucher specimens (see species
account below). Mantidactylus sp. Ca64 was delim-
ited as a separate subset by ASAP and differs by
>4 % 16S uncorrected pairwise distance from all
other Ochthomantis, and specifically, by 4.1-4.5%
from its sister lineage, M. catalai. Unfortunately, no
sequences of the nuclear encoded gene fragments
could be generated for this candidate species.
However, its tadpole morphology reported by
Randrianiaina et al. (2011) allows a clear delimita-
tion from several species occurring syntopically in
Ranomafana. Among other characters its absence
of keratodonts and of a dorsal gap of marginal
papillae is a clear difference from M. femoralis
(and also from M. catalai, reported as M. sp. 47 by

Randrianiaina et al. 2011), and several details of
morphology constitute differences to M. mocquardi
(see Randrianiaina et al. 2011).

Based on high mitochondrial divergences and
tadpole morphology, there are thus two Ochtho-
mantis species restricted to the southern Central
East and South East, which phylogenetically are
sister to each other: One of these was defined
as M. catalai by Rabibisoa et al. (2023) based on
morphological examination of the types, and the
respective genetic lineage includes samples from
the Anosy mountains, close to the catalai type
locality Isaka-Ivondro (see Angel 1935; holotype
MNHN 1935.153). The second one is the candidate
species M. sp. Ca64 defined by Randriainaina et
al. (2011). Based on morphological examination
of the holotype of M. catalai we here confirm the
species definition as given in Rabibisoa et al.
(2023). Both M. catalai and M. sp. Ca64 are rather
large: in the Ambatolahy population of M. catalai,
three female specimens ZCMYV 2838, ZCMV 2845
an ZCMV 2867 measured 61.1-65.2 mm and three
males ZCMV 2860, ZCMV 2861 and ZCMYV 2869
measured 40.3-45.1 mm, while the three available
males of M.sp. Ca64 (Table 6) measure 43.4-
47.3 mm in SVL. However, M. catalai has a highly
tubercular skin and lacks a distinct uninterrupted
frenal stripe, whereas a smooth skin and frenal
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Table 6. Morphological measurements (all in mm) of type specimens of the new species described herein in the
Mantidactylus subgenera Chonomantis and Ochthomantis. Additional abbreviations: HT, holotype; PT, paratype;
M, male; F, female; SVL, snout-vent length; HW, head width; HL, head length; TD, tympanum diameter;
ED, eye diameter; END, eye to nostril distance; NSD, nostril to snout tip distance; NND, nostril to nostril distance;
FORL, forelimb length; HAL, hand length; HIL, hindlimb length; FOL, foot length; FOTL, foot length including

Specimen-voucher Field number Locality Status ~ Sex SVL HW HL
M. charlotteianus sp. nov. (Cal2)
ZSM 225/2005 FGZC 2733 Marojejy PT F 28.5 9.1 10.5
ZSM 226/2005 FGzC 2771 Marojejy PT F 29.6 9.0 11.3
ZSM 5067 /2005 ZCMV 2093 Marojejy PT F 30.7 9.9 11.4
ZSM 365/2010 FGZC 4221 Ambodivoangy PT F 29.1 9.2 10.9
ZSM 487/2016 ZCMV 15136 Marojejy HT F 30.1 9.5 11.8
ZSM 488/2016 ZCMV 15138 Marojejy PT M 21.9 7.2 9.0
M. chonodus sp. nov. (Cal3)
ZSM 2383 /2007 ZCMV 5940 Ambohitsara HT M 21.6 7.5 9.1
ZSM 749/2003 FGMV 2002.535 Ambohitsara PT M 26.7 9.0 10.1
ZMA 20036 ZCMV 84 Ambohitsara PT 20.1 6.8 8.7
M. dichromus sp. nov. (Cal0)
ZSM 5069 /2005 ZCMV 2113 Nosy Mangabe PT F 30.6 9.5 11.7
ZSM 5071/2005 ZCMV 2135 Nosy Mangabe PT F 30.1 9.7 11.8
ZSM 5068 /2005 ZCMV 895 Nosy Mangabe PT M 247 85 10.4
ZSM 5070/2005 ZCMV 2115 Nosy Mangabe HT M 25.5 8.7 10.5
ZSM 729/2009 ZCMV 7221 Befanjana PT M 223 7.1 9.0
M. kitrinolaimus sp. nov. (Call)
ZSM 267/2016 FGZC 5437 Masoala HT M 24.7 8.3 10.3
ZSM 128/2002 FGMV 2001.1426 Andranofotsy PT F 29.5 9.4 11.7
ZSM 127/2002 FGMV 2001.1382 Andranofotsy PT M? 24.7 7.9 10.4
M. maharira sp. nov. (Ca4)
ZMA 20038 ZCMV 234 Mabharira, Ranomafana HT F 28.5 8.6 10.9
ZMA 20039 ZCMV 233 Maharira, Ranomafana PT M 22.1 6.9 8.5
M. malokila sp. nov. (Ca9)
ZMB 81915 JCR 6 Ranomafana HT M 25.8 8.8 10.5
ZSM 748/2003 FGMV 2002.534 Ranomafana PT F 30.1 9.2 11.3
ZMA 20035 ZCMV 82 Ambohitsara PT F 317 104 12.6
ZMA 20037 ZCMV 67 Ambobhitsara PT F 29.5 9.2 114
M. temachikus sp. nov. (Ca3)
ZSM 324/2005 FGZC 2161 Ambohitantely HT M 222 7.3 9.4
ZSM 381/2010 FGZC 4388 Anjozorobe PT M 23.0 8.1 9.3
M. sp. cf. zipperi
ZSM 696/2009 ZCMV 11184 Befanjana, Melivinany HT F 28.2 9.6 114
M. ventrilineatus sp. nov. (Cal)
ZSM 378/2006 ZCMV 3079 Ranomafana PT F 25.9 8.1 11.2
ZSM 411/2006 ZCMV 2964 Ranomafana HT M 23.3 8.3 10.3
ZSM 179/2006 BOR 1025 Midongy du Sud PT M 23.3 8.8 10.1
ZMA 20112 ZCMV 679 Vevembe PT F 31.8 11.1 134
ZMA 20111 ZCMV 647 Vevembe PT F 31.6 11.1 13.3
ZMA 19404 FGMYV 2002.481 Mangevo, Ranomafana PT F 32.0 11.1 13.0
ZMA 19405 FGMV 2002.482 Mangevo, Ranomafana PT M 26.0 9.3 11.0
M. rabibisoai sp. nov. (Ca64)
ZMA 20143 ZCMV 644 Vevembe HT M 47.3 15.6 18.7
ZMA 20222 ZCMV 9 Ranomafana PT M 434 15.6 17.2
ZMB 81952 NSH 1571 Ranomafana PT M? 47.3 15.6 17.5
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tarsus; TIL, tibia length; FGL and FGW, length and width of femoral gland. See Materials and Methods for addi-
tional details on morphometric measurements. For a table with a full set of measurements, including other nominal
species of Chonomantis and additional non-type specimens assigned to the new species, see https:/ /doi.org/10.5281/

zenodo.15161297.

TD ED END NSD NND FORL HAL HIL FOTL FOL TIL FGL FGW
3.1 3.8 2.8 2.2 3.5 17.7 7.9 45.6 20.4 13.4 14.7

3.3 3.8 2.6 2.0 3.6 18.3 8.7 50.5 22.3 14.7 15.5

3.6 4.1 3.0 2.0 3.4 18.9 8.8 49.5 214 14.1 15.9

2.3 42 2.4 2.0 34 19.0 8.2 50.1 219 14.0 15.8

33 4.1 2.9 2.0 3.7 20.2 9.2 49.3 22.5 14.5 15.7

2.7 3.6 2.2 1.7 2.9 14.7 6.9 37.0 16.8 10.8 11.5 3.6 2.0
2.3 3.2 2.2 1.7 2.8 13.3 5.9 36.3 16.4 10.8 11.2 2.8 1.6
2.6 3.9 2.2 1.9 3.0 16.4 7.0 43.5 19.5 12.7 13.6 2.7 1.2
25 2.6 2.0 1.5 2.5 13.2 6.0 36.1 16.2 10.5 10.9 4.0 2.0
3.3 4.1 3.3 2.2 3.6 19.2 9.0 46.3 22.1 14.6 14.5

3.4 45 2.9 2.1 3.9 20.1 8.5 48.7 221 14.6 15.1

4.0 4.0 2.8 2.2 3.4 16.5 7.6 39.9 19.2 12.7 12.2 3.8 2.0
3.8 3.6 3.0 2.1 32 17.2 7.7 435 20.0 13.0 13.0 3.4 2.0
3.1 3.6 2.0 1.3 3.0 15.8 6.0 35.5 15.3 10.1 11.1 33 2.5
3.8 3.8 2.6 2.1 3.5 16.2 7.7 40.6 18.8 12.2 12.8 3.3 1.9
2.9 43 2.6 1.9 3.8 20.0 9.2 49.2 22.7 14.8 154

32 3.7 2.2 2.1 3.0 16.7 7.6 40.1 18.6 12.1 12.5 3.0 1.8
2.8 3.9 24 1.8 2.6 17.9 8.0 48.3 21.7 13.7 14.6

3.0 3.2 2.3 1.3 2.0 14.8 6.3 39.2 17.9 11.6 11.6 3.9 2.6
3.8 42 2.6 2.0 35 17.0 7.3 38.8 18.6 11.8 12.7 3.8 2.6
3.3 4.0 2.9 2.0 3.4 19.3 8.8 46.9 21.3 14.1 14.9

3.5 4.2 2.6 2.0 3.6 21.8 8.9 51.8 23.8 15.6 15.7

3.0 4.0 2.6 1.8 3.0 20.6 8.6 45.7 18.7 11.5 14.7

42 35 2.4 1.8 2.9 15.1 6.7 39.6 17.2 11.3 12.2 32 2.1
3.8 3.4 2.2 1.8 2.7 16.0 7.5 413 18.2 12.3 12.9 32 1.5
2.9 3.9 2.8 2.2 3.7 18.6 8.1 49.1 22.7 14.6 16.1

25 3.6 25 2.0 2.9 16.9 7.0 46.4 21.7 13.9 15.5

3.0 3.4 2.5 2.0 32 15.5 7.3 439 20.2 13.4 14.2 35 2.1
27 34 2.1 1.8 3.1 14.6 6.1 44.0 19.6 12.6 14.1 3.6 2.1
3.0 4.6 2.7 1.9 3.0 18.9 8.9 59.0 26.4 17.5 18.9 1.6 1.0
2.7 5.0 2.8 2.2 32 20.2 9.3 59.7 26.4 17.3 18.7 1.8 1.3
25 4.8 32 1.8 2.9 20.0 8.8 57.3 25.4 16.6 18.5 2.0 1.3
3.2 4.2 2.2 1.7 2.6 154 7.9 46.5 21.2 14.3 15.4 34 25
5.4 6.4 43 2.6 45 31.6 13.7 85.4 40.0 26.5 26.2 53 2.9
5.4 6.3 42 2.5 42 27.8 12.7 79.1 35.4 23.7 24.9 5.1 3.3
5.1 5.9 3.7 2.5 4.6 26.6 12.3 78.2 36.6 24.2 27.6
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Fig. 22. Photos of representative individuals of Mantidactylus (Ochthomantis) tavaratra in life, in dorsolateral and
ventral views. All photos show specimens identified by mitochondrial DNA sequences. A-B. Specimen
ZSM 495/2016 (ZCMV 15239) from Marojejy, photographed 2016. C-D. Specimen ZSM 1775/2010 (ZCMV 12203)
from Analabe, photographed 2010. E-F. Specimen ZSM 1776/2010 (ZCMYV 12204) from Analabe, photographed
2010.
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Fig. 23. Distribution maps of seven species in the subgenus Chonomantis, only showing sites confirmed by DNA
sequencing. The base map shows vegetation across Madagascar from the Madagascar Vegetation Mapping Pro-
ject (Moat & Smith 2007; available at https: //web.archive.org/web/20180419112513/, http://www.vegmad.org/).
Vegetation is coloured as follows: green, humid forest (rainforest); red, western dry deciduous forest; pink,
mangroves; orange, spiny forest-thicket; greenish blue, western subhumid forest; yellow, sclerophyllous wood-
land; grey, water bodies.
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Fig. 24. Distribution maps of ten species and one candidate species in the subgenus Chonomantis, only showing
sites confirmed by DNA sequencing. The base map shows vegetation across Madagascar from the Madagascar
Vegetation Mapping Project (Moat & Smith 2007; available at https://web.archive.org/web/20180419112513/,
http://www.vegmad.org/). Vegetation is coloured as follows: green, humid forest (rainforest); red, western dry
deciduous forest; pink, mangroves; orange, spiny forest-thicket; greenish blue, western subhumid forest; yellow,

sclerophyllous woodland; grey, water bodies.
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Fig. 25. Distribution maps of eleven species in the subgenus Ochthomantis, only showing sites confirmed by DNA
sequencing. The base map shows vegetation across Madagascar from the Madagascar Vegetation Mapping Pro-
ject (Moat & Smith 2007; available at https: //web.archive.org/web/20180419112513/, http: // www.vegmad.org/).
Vegetation is coloured as follows: green, humid forest (rainforest); red, western dry deciduous forest; pink,
mangroves; orange, spiny forest-thicket; greenish blue, western subhumid forest; yellow, sclerophyllous wood-
land; grey, water bodies.
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Fig. 26. Distribution maps of two widespread species in the subgenus Ochthomantis, only showing sites confirmed
by DNA sequencing. The base map shows vegetation across Madagascar from the Madagascar Vegetation Map-
ping Project (Moat & Smith 2007; available at https://web.archive.org/web/20180419112513/, http://www.
vegmad.org/). Vegetation is coloured as follows: green, humid forest (rainforest); red, western dry deciduous
forest; pink, mangroves; orange, spiny forest-thicket; greenish blue, western subhumid forest; yellow, sclero-

phyllous woodland; grey, water bodies.

stripe are typical for M. sp. Ca64. Therefore, in the
following taxonomic accounts we will proceed by
describing M. sp. Ca64 as a new species, M. rabi-
bisoai sp. nov.

Distribution and biogeography of the subgenera
Chonomantis and Ochthomantis

Under the assumption that the mitochondrial data
correctly assigned individuals to evolutionary line-
ages (i.e., nointrogression), our dataset provides mo-
lecular identification of 1147 samples of Chonomantis
and 785 samples of Ochthomantis. Summarizing some
sites (e. g., all specific sites from Ranomafana, Maro-
jejy, or Sorata), the dataset includes approximately
60 unique locations for Chonomantis, and 87 unique
localities for Ochthomantis (at several of these, mul-
tiple species of either subgenus occur) (Figs 23-26).
Previous work (e.g., Blommers-Schlosser & Blanc
1991, Vences & Glaw 2004, Glaw & Vences 2007,
Goodman et al. 2018, Rabibisoa et al. 2023) reported
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numerous additional localities based on the morpho-
logical examination of voucher specimens. However,
given the many morphologically cryptic new spe-
cies described from both subgenera in recent years
(Vences & Glaw 2004, Bora et al. 2011, Scherz et al.
2020, Rabibisoa et al. 2023, and herein), it is obvious
that many of these records are inaccurate and based
on either outdated taxonomy or misidentification.
The distribution maps proposed here therefore are
only based on records confirmed by molecular data.

In both subgenera, there are clear biogeographi-
cal patterns already known from the Malagasy
herpetofauna. Not surprisingly, there is elevational
segregation, with some species occurring mainly
or exclusively at highland sites (e.g., M. brevipal-
matus in Chonomantis), and others specialized to
lowland localities (e. g., M. malokila sp. nov. [=Ca9],
M. dichromus sp. nov. [=Cal0l, M. kitrinolaimus sp.
nov. [=Call], M. charlotteianus sp. nov. [=Cal2]).
Several species appear to be both widespread and
locally common (e.g., M. melanopleura and M. opi-
paris in Chonomantis; M. femoralis and M. mocquardi
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in Ochthomantis), while others appear to be both
restricted to smaller ranges and rather rare (e.g.,
M. temachikus sp. nov. [=Ca3], M. malokila sp. nov.
[=Ca9l, M. chonodus sp. nov. [=Cal3]in Chonomantis;
M. macrotympanum, M. poissoni, and M. rabibisoai sp.
nov. [=Ca64] in Ochthomantis). Among the relevant
range extensions revealed or confirmed by our
molecular dataset is the occurrence of M. zolitschka
(previously only known from the type locality)
from Makira and Masoala based on own data and
sequences from Rakotozafy et al. (2025), and a new
locality of M. poissoni at Tsinjoarivo.

New species descriptions

Altogether, our review revealed eight new species
in the subgenus Chonomantis and one new species
in the subgenus Ochthomantis with sufficient data
for formal description and naming. At least two
candidate species remain in Chonomantis, with in-
sufficient material currently available for a formal
description, and numerous mitochondrial lineages
are here considered as deep intraspecific lineages
and merit future investigation. For a full table with
the species recognized in the two subgenera and
their correspondence with previously used candi-

Table 7. Updated classification at the species level in the subgenera Chonomantis and Ochthomantis (in the genus
Mantidactylus), following the present revision. Two additional deep genetic lineages of Chonomantis (M. sp. Ca5 and
a deep lineage sister to M. zipperi defined as M. sp. Ca70 by Carné & Vieites (2024)) are not listed. Previous candidate
species names refer to Vieites et al. (2009), Randrianiaina et al. (2011) and Carné & Vieites (2024) and may not list
all names applied in various publications, in part due to confusion of sequences. * candidate species included in

species as currently defined.

Species name Species authors Previous candidate Type locality
species name
Subgenus Chonomantis
M. (C.) aerumnalis (Peracca, 1893) An’Ala
M. (C.) albofrenatus (Mtiller, 1892) Ca2* Madagascar
M. (C.) brevipalmatus Ahl, 1929 “Nord-West-Madagascar”
M. (C.) delormei Angel, 1938 Antaranomby, Andringitra
M. (C.) melanopleura (Mocquard, 1901) Tolagnaro
M. (C.) opiparis (Peracca, 1893) Ca58 Andrangoloaka
M. (C.) paidroa Bora et al., 2011 Cab9 Ankerana, Ranomafana
M. (C)) zipperi Vences & Glaw, 2004 (Ca3 as wrongly defined)* An’Ala
M. (C.) charlotteianus new species Cal2 A Marojejy
M. (C.) chonodus new species Cal3 E Ambobhitsara
M. (C.) dichromus new species Cal0 C Nosy Mangabe
M. (C.) kitrinolaimus new species CallB Masoala
M. (C.) maharira new species Ca4 Maharira, Ranomafana
M. (C.) malokila new species Ca9 D Ranomafana
M. (C.) temachikus new species Ca3 F Ambohitantely
M. (C.) ventrilineatus new species Cal Ranomafana
Subgenus Ochthomantis
M. (O.) ambony Scherz et al., 2020 Montagne d’ Ambre
M. (O.) ambreensis Mocquard, 1895 Montagne d’ Ambre
M. (O.) catalai Angel, 1935 Ca47 Isaka-Ivondro
M. (O.) danieli Rabibisoa et al., 2023 Ca42, Cab1 Salafaina Forest
M. (O.) femoralis (Boulenger, 1882) East Betsileo
M. (O.) macrotympanum  Rabibisoa et al., 2023 Antsahatelo, Tsaratanana
M. (O.) majori Boulenger, 1896 Ivohimanita
M. (O.) mocquardi Angel, 1929 Ca43* Rogez, Moramanga District
M. (O.) olgae Rabibisoa et al., 2023 Sorata
M. (O.) poissoni Angel, 1937 Mandraka
M. (O.) tavaratra Rabibisoa et al., 2023 Ca62, Cab3 Sorata
M. (O.) zolitschka Glaw & Vences, 2004 An’Ala
M. (O.) rabibisoai new species Cab64 Vevembe
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date species names, see Table 7. For a summary of
the main diagnostic characters in Chonomantis, see
Table 8. In the following, we proceed with naming
and describing the nine new species revealed by the
present study.

Mantidactylus (Chonomantis)
charlotteianus sp. nov.
Figs 27-28

Remark. Corresponds to M.sp. 12 (Vieites et al.
2009, Carné & Vieites 2024) and M. sp. Cal2 (Perl
et al. 2014).

Holotype: ZSM 487/2016 (field number ZCMV 15136),
adult female, collected on 16 November 2016 at Camp 1
“Mantella”, Marojejy, National Park, North East of Mad-
agascar (geographical coordinates 14.4377°S, 49.7756°E,
456 m a.s.l.), by M. D. Scherz, A. Rakotoarison, M. C.
Bletz, M. Vences, and J. Razafindraibe.

Paratypes: Five specimens: ZSM 488/2016 (ZCMV
15138), male, with same collection data as holotype.
ZSM 225/2005 (FGZC 2733) and ZSM 226/2005 (FGZC
2771), two females, collected on 14 February 2005 at
the type locality by F. Glaw, M. Vences, and R. D.
Randrianiaina. ZSM 5067/2005 (ZCMV 2093), female,
collected on 19 February 2005 to the type locality in
Marojejy National Park (between Camp 1 “Mantella”

and National Park entrance; precise geographical coor-
dinates not recorded), by F. Glaw, M. Vences, and R. D.
Randrianiaina. ZSM 365/2010 (FGZC 4221), female, col-
lected on 31 March 2010 at Ambodivoangy, adjacent to
Makira Reserve, North East of Madagascar (15.2899°S,
49.6203°E, ca. 100 m a.s.l), by F. Glaw, J. Kohler, P.-S.
Gehring, M. Pabijan, and F. M. Ratsoavina.

Additional material. One specimen from Sorata is
assigned to this species but not included in the type
series due to a substantial genetic differentiation: ZSM
1596/2012 (FGZC 3748), collected on 30 November 2012
at Sorata, in a bamboo forest above the campsite (near
geographical coordinates 13.6752°S, ca. 49.4410°E, ca.
1485 m a.s.l.), by F. Glaw, O. Hawlitschek, T. Rajoafiari-
son, A. Rakotoarison, F. M. Ratsoavina, and A. Razafi-
manantsoa. Several additional specimens probably
belong to this species (measurements in supplementary
data) but are not included in the paratype series because
no molecular data are available: ZFMK 59918-59920 and
ZFMK 59921 (from the type locality), ZFMK 59922 (from
Camp 3 in Marojejy National Park), MNHN 1975.378
and MNHN 1975.387 (from the Marojejy Massif at
300 m elevation), and MNHN 1975.372 and MNHN
1975.384 (from the Marojejy Massif at 600 m elevation).
See Vences & Glaw (2004) for detailed collection data
of these specimens.

Diagnosis. Assigned to the subgenus Chonomantis
in the genus Mantidactylus based on (a) presence
of an intercalary element between terminal and

Table 8. Selected diagnostic characters among species of the subgenus Chonomantis. Morphometric values and ratios
are based on measurements of specimens herein considered to be reliably identified (typically by DNA sequences,
type status, or collected from type localities) as presented in Table 6 and https://doi.org/10.5281/zenodo0.15161297.
Morphometric ranges for some established species thus differ from those previously reported (Vences & Glaw 2004)
as only a selection of reliably identified specimens was considered here. Character states of colour characters are
simplified and exceptions may occur in some specimens. For M. albofrenatus, morphometric values are placed in
parentheses as they reflect the high morphological variation among populations assigned to this species by mito-

chondrial DNA (see Results).

Species Toe length V vs. III Frenal stripe reach Throat colour

M. brevipalmatus larger distinct until nostril light

M. delormei larger fades between eye and nostril marbled with dark pigment

M. aerummnalis about equal absent uniformly dark brown

M. ventrilineatus sp. nov. about equal absent uniformly dark brown

M. melanopleura larger distinct until nostril uniformly dark brown

M. opiparis larger fades anterior to eye uniformly dark brown

M. albofrenatus smaller distinct until nostril dark brown with larger light spots
M. malokila sp. nov. smaller distinct until nostril dark brown with larger light spots
M. charlotteianus sp. nov. smaller fades between eye and nostril dark brown with larger light spots
M. dichromus sp. nov. smaller fades between eye and nostril dark brown with larger light spots
M. kitrinolaimus sp. nov. smaller fades between eye and nostril marbled with dark pigment
M. paidroa smaller distinct until nostril dark brown with larger light spots
M. zipperi smaller fades anterior to eye dark brown with small light spots
M. chonodus sp. nov. smaller absent dark brown with larger light spots
M. maharira sp. nov. about equal distinct until nostril dark brown with larger light spots
M. temachikus sp. nov. smaller fades between eye and nostril irregular light marbling on brown
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subterminal phalanges of fingers and toes (verified
by external observation), (b) presence of a central
depression in male femoral glands and of a rudi-
mentary femoral gland in the female (see Glaw et al.
2000, Vences et al 2007), (c) sharp dorsolateral colour
border between dorsal and lateral coloration along
continuous dorsolateral folds, (d) smooth dorsal skin,
(e) presence of a frenal stripe, (f) relatively small
size (adult SVL 21.9-30.7 mm), and (g) molecular
phylogenetic relationships.

Within Chonomantis, the species can be distin-
guished, besides other characters (see Table 8), from
M. brevipalmatus and M. delormei by toe V <III (vs.
V>III) and presence of distinct dorsolateral colour
border (vs. absence); from M. aerumnalis by presence
of distinct frenal stripe (vs. absence), largely uniform
dorsum (vs. presence of dorsolateral light bands),
toe V<III (vs. V=III) and throat centrally with an
irregular series of light spots (vs. continuous line);
from M. melanopleura and M. opiparis by toe V <III
(vs. V>III), shorter limbs (ratio HIL/SVL in males
1.51-1.70 vs. 1.73-1.89), and throat centrally with an
irregular series of light spots (vs. continuous line);
from M. paidroa by throat centrally with an irregular
series of light spots (vs. usually continuous line),
frenal stripe running until a point between eye and
nostril (vs. running to nostril), and smaller tympa-
num (TD eyeratio <1.2 vs.>1.4); from M. zipperi by
presence of a distinct frenal stripe running until a
point between eye and nostril (vs. faded anterior to
eye), and throat centrally with an irregular series of
light spots (vs. continuous line); phylogenetically, in
a clade with M. albofrenatus which according to the
definition herein is morphologically quite variable,
it can be distinguished from highland populations

of that species, and perhaps also coastal populations,
by frenal stripe not reaching the nostril (vs. reaching
nostril). The species can also be distinguished from
all other Chonomantis by diagnostic nucleotide posi-
tions: MolD identified a robust diagnostic nucleotide
combination of “T” at site 1105, “A” at site 1107, “T”
at site 1108, and “A” at site 1115 (positions relative
to the full 165 rRNA gene of Mantella baroni).

Description of the holotype

Adult female in a very good state of preservation
(Fig. 27). Part of muscle tissue and skin from right
thigh removed as tissue sample for molecular analy-
sis. Measurements are given in Table 6. Body slender.
Head longer than wide, as wide as body. Snout long
and subacuminate in dorsal and lateral view. Nostrils
directed laterally, protuberant, much nearer to the tip
of the snout than to the eye. Canthus rostralis distinct,
slightly concave, loreal region concave. Tympanum
distinct, smaller than eye, oval, horizontal diameter
of tympanum 81 % of horizontal eye diameter. Su-
pratympanic fold weakly expressed, dorsal to the
tympanum replaced by distinct dorsolateral fold
running to the eye, then indistinct, bending towards
forelimb insertion and running directly adjacent to
tympanum. Tongue ovoid, posteriorly bifid. Maxil-
lary teeth present. Vomerine teeth form two distinct
rounded aggregations, positioned posterolateral to
choanae. Choanae small, rounded. Subarticular tu-
bercles single. Outer and inner metacarpal tubercle
indistinct but recognizable. Fingers without webbing.
Relative length of fingers: I<II=1V <III, fourth finger
of same length as second. Terminal discs of fingers
and toes slightly enlarged. Nuptial pads absent. Foot
slightly shorter than tibia (92 %). Lateral metatarsalia

Throat line Male femoral glands ~ Male SVL (mm) Male TD/ED  Male HIL/SVL

indistinct, sometimes broad line
indistinct, sometimes broad line

large, very prominent 27.6-35.3 1.05-1.38 1.82-2.10
large, very prominent NA NA NA

continuous line large, very prominent 24.5-26.9 0.68-0.87 1.80-1.96
continuous line large, very prominent 22.8-26.0 0.67-0.88 1.78-1.89
continuous line small, indistinct 29.9-32.3 1.00-1.47 1.74-1.89
continuous line small, indistinct 25.0-25.2 1.21-1.24 1.73-1.78
line of large spots large (19.3-26.0) (0.70-1.38) (1.52-1.98)
line of large spots large 25.8 0.90 1.50
irregular line of spots large 23.7-25.5 1.06-1.15 1.51-1.70
line of large spots large 22.3-26.2 0.86-1.06 1.58-1.71
marbling forming indistinct broad line medium-sized 24.7 0.86-1.00 1.62-1.64
continuous line large 22.0-22.3 1.43-1.50 1.57-1.64
continuous line medium-sized 23.0-23.6 1.33-1.38 1.58-1.61
continuous line large 20.1-26.7 0.67-0.96 1.63-1.80
continuous line large 221 0.94 1.77
marbling forming indistinct broad line large 22.2-23.0 1.12-1.20 1.78-1.80
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M. chonedus sp. nov, (Ca13) e, M. temachikus sp. nov. (Ca3)
Z5M mmg 'ézacmv 5940) g ZSM 324/2005 (FGZC 2161)
Ambahitsara Ambohitantely

M. malokila
sp. nov. (Cag)
ZMB 81915/ JCR6
Ranomafana

M. kitrinofaimus sp. nov. (Cal1)
25M zsmms (FGZC 5437)
Masocala

M. charfolfeianus sp. now. (Cal2) veniriineatus sp. nov. (Ca1)
ZSM 48772016 {ZCMV 15136) ZSM 411/2006 (ZCMVY 2964)
Ranomafana

M. d‘fe;:omnmslptzmgmgg
ZSM 5070/2005 11

M. maharira sp. nov. (Cad) angal
ZMA 20038 (ZCMV 234) Nosy M be

Ranomafana (Maharira)
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<« Fig. 27. Photographs of the preserved holotypes of the eight new species of the subgenus Chonomantis described
herein, in dorsal and ventral views.

Fig. 28. Photos of representative individuals of Mantidactylus (Chonomantis) charlotteianus sp. nov. (Cal2) in life,
in dorsolateral and ventral views. All photos except D, E, G and H show specimens identified by mitochondrial
DNA sequences. A-B. Female paratype ZSM 365/2010 (FGZC 4221) from Ambodivoangy, photographed 2010.
C. Paratype ZSM 225/2005 (FGZC 2733) from Marojejy, photographed 2005. D-E. Male specimen from Maro-
jejy, photographed in 1995. F. Paratype specimen ZCMV 15075 from Marojejy, photographed 2016. G-H. Speci-
men from Marojejy, photographed 2016 (photos not reliably assignable to a voucher specimen).
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largely separated by webbing. Inner and (small) outer
metatarsal tubercle distinct. Foot webbing formula:
1(1),2i(2),2e(1),3i(2.5),3e(1.75),4i(3), 4e (3),5(1.25).
Relative length of toes: I<II<V <III<IV, third toe
longer than fifth. Skin on the upper surface smooth,
with distinct dorsolateral folds. Ventral side smooth.
Rudimentary femoral glands present.

Colour after eight years in preservative dorsally
uniformly light brown. Dorsolateral folds consti-
tute a very marked colour border to the uniformly
dark brown lateral colour that encompasses flanks,
tympanic region and sides of the head ventral to
the canthus rostralis. A distinctly marked frenal
stripe runs from forelimb insertion to the anterior
part of the eye where it bends upwards and finishes
slightly anteriorly to the eye. Forelimbs light brown
with thin dark crossbands, hindlimbs dorsally and
posterodorsally almost uniformly dark so that no
crossband pattern can be recognized, with only some
light markings or spots. Ventrally dark brown on
throat, chest and anterior belly, with a central line
of ca. 10 small white spots forming an interrupted
longitudinal line on throat; a few more small white
spots laterally on throat. Larger and denser white
spots on chest and anterior belly; posterior belly and
hindlimbs light with brown spots and speckles.

Variation. For measurements of the type series,
see Table 6; all measurements of specimens as-
signed to this species are available from https://
doi.org/10.5281/zenodo.15161297. The paratypes
from the type locality all agree with the holotype in
general morphology and coloration, e.g., by having
a dark throat with a central line of light spots and a
relatively uniform light brown dorsum without sym-
metrical darker pattern as is typical for e. g. M. mela-
nopleura, M. opiparis or M. zipperi. In the paratype
ZSM 365/2010 from Ambodivoangy, the light spots
on the throat are sparse and a continuous central line
of spots is barely discernible. Males are smaller than
females and have a relatively larger tympanum; in
reliably sexed specimens, SVL is 23.7-25.5 mm in
males and 28.5-30.7 mm in females and TD/ED
ratio is 1.06-1.15 in males and 0.55-0.88 in females.

Etymology. The species epithet is a patronym honoring
Charlotte Richter-Peill in recognition of her support to
biodiversity research and nature conservation through
the BIOPAT initiative.

Natural history. Poorly known. Specimens were
collected along streams in rainforest. They were
found on the forest floor, on wet leaf litter or on
herbaceous plants, very active at night after a rain
late in the afternoon. Advertisement call and tadpole
not recorded.
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Distribution. According to the collection data of
the type series and additional samples included in
the genetic analysis (Fig. 1), the species is currently
known from six localities in the North East and the
boundary between that region and the northern Cen-
tral East of Madagascar at relatively low elevations
(Fig. 24): (1) the type locality, Marojejy, (2) a nearby
site in the Tsaratanana-Marojejy Corridor Protected
Area (COMATSA), (3) Ambatobe, (4) Masoala, (5)
Ambodivoangy, and (6) Sorata, this latter popula-
tion being the genetically most divergent one. The
reliably known elevational range is 100-456 ma.s.1.;
the genetically divergent Sorata population was
found at 1485 m a.s.1.

Mantidactylus (Chonomantis) chonodus sp. nov.
Figs 27,29

Remark. Corresponds to M. sp. 13 (Vieites et al.
2009, Grosjean et al. 2011, Carné & Vieites 2024) and
M. sp. Cal3 (Perl et al. 2014).

Holotype: ZSM 2383/2007 (field number ZCMV 5940),
adult male, collected on 3 March 2007 at Ambohitsara
(geographical coordinates 21.3572°S, 47.8157°E, 294 m
a.s.l), southern Central East of Madagascar, by M.
Vences, K. C. Wollenberg, and E. Rajeriarison.

Paratypes: Two specimens: ZSM 749/2003 (FGMV
2002.535), male, collected on 24 January 2003 at the type
locality, by F. Glaw, M. Puente, L. Raharivololoniaina,
M. Thomas, and D. R. Vieites. ZMA 20036 (ZCMV 84),
male, collected on 21 January 2004 at the type locality
by D. R. Vieites and I. de la Riva.

Diagnosis. Assigned to the subgenus Chonomantis
in the genus Mantidactylus based on (a) presence of an
intercalary element between terminal and subtermi-
nal phalanges of fingers and toes (verified by external
observation), (b) presence of a central depression in
male femoral glands and of a rudimentary femoral
gland in the female, (c) sharp dorsolateral colour
border between dorsal and lateral coloration along
continuous dorsolateral folds, (d) smooth dorsal skin,
(e) relatively small size (adult SVL 20.1-26.7 mm), (f)
specialized funnel-mouth tadpole, and (g) molecular
phylogenetic relationships.

Within Chonomantis, the species can be dis-
tinguished, besides other characters (see Table 8),
from M. brevipalmatus and M. delormei by toe V <III
(vs. V>III), presence of distinct dorsolateral colour
border (vs. absence); from M. aerumnalis by largely
uniform dorsum (vs. presence of dorsolateral light
bands), toe V <III (vs. V=III); from M. melanopleura
and M. opiparis by toe V<III (vs. V>III), and tym-
panum in males smaller than eye (vs. larger); from
M. paidroa by absence of a distinct frenal stripe (vs.
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Mantidactylus maharira sp. nov.
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Fig. 29. Photos of representative individuals of three newly described species of Mantidactylus (subgenus Chono-
mantis) in life, in dorsolateral and ventral views. All photos show specimens identified by mitochondrial DNA
sequences. A-B. M. maharira sp. nov. (Ca4), female holotype ZMA 20038 (ZCMYV 234) from Maharira, Ranomafa-
na, photographed 2004. C-D. M. chonodus sp. nov. (Ca9), ZSM 749 /2003 (FGMYV 2002.535), male paratype from
Ambohitsara, photographed 2003. E. M. temachikus sp. nov. (Ca3), male holotype ZSM 324/2005 (FGZC 2161)
from Ambohitantely, photographed 2005. F-G. M. dichromus sp. nov. (Cal0), male paratype ZSM 5068/2005
(ZCMV 895) from Nosy Mangabe, photographed 2005.
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presence, running until nostril), and tympanum in
males smaller than eye (vs. larger); from M. zipperi
by tympanum in males smaller than eye (vs. larger);
from M. albofrenatus and M. charlotteianus by absence
of a distinct frenal stripe (vs. presence, running until
nostril or to a point between eye and nostril), and
continuous light stripe on throat (vs. series of light
spots). The species can also be distinguished from
all other Chonomantis by diagnostic nucleotide posi-
tions: MolD identified a robust diagnostic nucleotide
combination of “T” at site 1086, “C” at site 1096, and
“C” at site 1309 (positions relative to the full 165
rRNA gene of Mantella baroni).

Description of the holotype

Adult male in a good state of preservation (Fig. 27).
Some muscle tissue removed from right thigh for
molecular analysis. Measurements are given in Ta-
ble 6. Body slender. Head longer than wide, wider
than body. Snout long and subacuminate in dorsal
and lateral view. Nostrils directed laterally, protu-
berant, much nearer to the tip of the snout than to
the eye. Canthus rostralis distinct, slightly concave,
loreal region concave. Tympanum distinct, smaller
than eye, oval, horizontal diameter of tympanum
72 % of horizontal eye diameter. Supratympanic fold
basically absent or very weakly expressed, dorsal
to the tympanum replaced by distinct dorsolateral
fold running to the eye. Tongue ovoid, posteriorly
bifid. Maxillary teeth present. Vomerine teeth form
two rounded aggregations, positioned posterolateral
to choanae. Choanae small, rounded. Subarticular
tubercles single. Outer and inner metacarpal tu-
bercle indistinct, not clearly visible. Fingers without
webbing. Relative length of fingers: I<II<IV <III,
fourth finger slightly longer than second. Terminal
discs of fingers and toes slightly enlarged. Nuptial
pads absent. Foot slightly shorter than tibia (96 %).
Lateral metatarsalia largely separated by webbing.
Inner and outer metatarsal tubercle distinct. Foot
webbing formula: 1(1), 2i(2), 2e(1), 3i(2), 3e(1.25),
4i(2.75), 4e(2.75), 5(1). Relative length of toes:
I<II<V<III<IV, third toe slightly longer than fifth.
Skin on the upper surface smooth, with distinct dor-
solateral folds. Ventral side smooth. Femoral glands
prominent, with clearly visible central depression.
Colour after 17 years in preservative dorsally
uniformly light brown with a very weakly con-
trasted darker symmetrical marking on the anterior
dorsum. Dorsolateral folds constitute a very marked
colour border to the dark brown lateral colour that
encompasses flanks, tympanic region and sides of
the head ventral to the canthus rostralis. A weakly
marked frenal stripe runs from forelimb insertion
to central part of the eye. Limbs dorsally brownish
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with sharply delimited dark brown crossbands; ap-
proximately five such crossbands visible on thigh.
Posterodorsal surface of thighs dark brown with
light spots and markings. Throat, chest, and anterior
belly dark brown with a distinct central longitudinal
light stripe and some light spots. Posterior belly
uniformly cream, limbs ventrally cream with fine
brown spotting.

Variation. Morphometric measurements of the full
type series are given in Table 6 and a detailed descrip-
tion of the male paratype ZMA 20036 (ZCMV 84)
is available from https://doi.org/10.5281/zeno-
do.15161297. Holotype and the two paratypes, all of
them males collected from the type locality, span a
relatively large size range (SVL 21.6-26.7) but share a
relatively small tympanum (TD/ED ratio 0.67-0.96),
a dark throat with continuous light central line, and
lack of distinct frenal stripe anterior to eye.

Etymology. The species epithet is a Latinized adjective
derived from the Ancient Greek xwvn (choné) mean-
ing “funnel-shaped vessel” and the -dn¢ (-6dés) suffix
meaning “resembling”, referring to the typical funnel-
shaped tadpole mouthparts of this and othef species in
the subgenus Chonomantis.

Natural history. Poorly known. Specimens were
collected along streams in rainforests. Advertise-
ment call not recorded. The tadpole, with the
funnel-shaped morphology of the oral disc typical
for Chonomantis, was described by Grosjean et al.
(2011) under the name M. sp. 13.

Distribution. According to the collection data of
the type series and additional samples included in
the genetic analysis (Fig. 1), the species is currently
known from three localities in the southern Central
East of Madagascar (Fig. 24): (1) the type locality,
Ambohitsara, (2) Ranomafana National Park (at
Tsitolaka), and (3) Andalangina near Ifanadiana.
The reliably known elevational range is 294 ma.s. 1.
at Ambobhitsara to ca. 500 m a.s.l. at Andalangina.

Mantidactylus (Chonomantis) dichromus sp. nov.
Figs 27,29

Remark. Corresponds to M. sp. 10 (Vieites et al.
2009, Carné & Vieites 2024); the species was not
included in Perl et al. (2014).

Holotype: ZSM 5070/2005 (ZCMV 2115), adult male,
collected on 22 February 2005 on Nosy Mangabe islet off
Maroantsetra, North East of Madagascar (geographical
coordinates 15.4959°S, 49.7693°E, ca. 50-100 m a.s.l.),
by F. Glaw, M. Vences, and R. D. Randrianiaina.
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Paratypes: Four specimens: ZSM 5068/2005 (ZCMV
895), ZSM 5069/2005 (ZCMV 2113), ZSM 5071/2005
(ZCMV 2135), one male and two females, with same
collection data as the holotype. ZSM 729/2009, (ZCMV
7221), male collected on 19 May 2009 at Ambatoroma “S
1I”, Befanjana Forest (Manompana), precise geographi-
cal coordinates not recorded but in the vicinity of ca.
16.66°S, 49.59°E, by ]. E. Randrianirina.

Additional material: Four specimens from the ZFMK
collection (ZFMK 47210-47212 and ZFMK 52694), all
originating from the type locality Nosy Mangabe, are
here considered as belonging to this species, but are
not included in the paratype series due to the lack of
molecular confirmation. See Vences & Glaw (2004) for
detailed collection data of these specimens.

Diagnosis. Assigned to the subgenus Chonomantis in
the genus Mantidactylus based on (a) presence of an
intercalary element between terminal and subtermi-
nal phalanges of fingers and toes (verified by external
observation), (b) presence of a central depression in
male femoral glands and of a rudimentary femoral
gland in the female, (c) sharp dorsolateral colour
border between dorsal and lateral coloration marked
by continuous dorsolateral folds, (d) smooth dorsal
skin, (e) presence of a frenal stripe, (f) relatively small
size (adult SVL 22.3-32.2 mm), and (g) molecular
phylogenetic relationships.

Within Chonomantis, the species can be distin-
guished, besides other characters (see Table 8), from
M. brevipalmatus and M. delormei by toe V <III (vs.
V>III) and presence of distinct dorsolateral colour
border (vs. absence); from M. aerumnalis by presence
of distinct frenal stripe (vs. absence), largely uniform
dorsum (vs. presence of dorsolateral light bands), toe
V <III (vs. V=III) and throat centrally with a series
of light spots (vs. continuous line); from M. mela-
nopleura and M. opiparis by toe V<III (vs. V>III),
shorter limbs (ratio HIL/SVL in males 1.58-1.71
vs. 1.73-1.89), and throat centrally with a series of
light spots (vs. continuous line); from M. paidroa by
throat centrally with a series of light spots (vs. usu-
ally continuous line), frenal stripe fading between
eye and nostril (vs. running to nostril), and smaller
tympanum (male TD/ED ratio <1.1 vs. >1.4); from
M. zipperi by presence of a distinct frenal stripe run-
ning until a point between eye and nostril (vs. faded
anterior to eye), throat centrally with a series of light
spots (vs. continuous line), and smaller tympanum
(male TD/EDratio <1.1 vs.>1.3); from M. chonodus
by throat centrally with a series of light spots (vs.
continuous line) and presence of a distinct frenal
stripe running until a point between eye and nostril
(vs. absent or faded anterior to eye). Phylogeneti-
cally, the species is in a clade with M. albofrenatus
and M. charlotteianus. From M. albofrenatus, which
according to the definition herein is morphologi-

cally quite variable, it can be distinguished at least
from highland populations, and perhaps also coastal
populations, by frenal stripe not reaching the nos-
tril (vs. reaching nostril); from M. charlotteianus by
throat with a line of regular and relatively large
spots (vs. smaller, irregular spots), and slightly
smaller tympanum (male TD/ED ratio 0.86-1.06
vs. 1.06-1.15). The species can also be distinguished
from all other Chonomantis by diagnostic nucleotide
positions: MolD identified a robust diagnostic nu-
cleotide combination of “T” at site 1091, “A” at site
1144, and “C” at site 1361 (positions relative to the
full 165 rRNA gene of Mantella baroni).

Description of the holotype

Adult male in a good state of preservation (Fig. 27).
Tissue and skin removed ventrally from right
thigh for collection of tissue for molecular analysis.
Measurements are given in Table 6. Body slender.
Head longer than wide, slightly wider than body.
Snout rather long, rounded in lateral view and
slightly pointed in dorsal view. Nostrils directed
laterally, protuberant, much nearer to the tip of the
snout than to the eye. Canthus rostralis distinct,
slightly concave, loreal region concave. Tympanum
distinct, slightly larger than eye, oval, horizontal
diameter of tympanum 110% of horizontal eye
diameter. Supratympanic fold weakly expressed,
not clearly recognizable. Tongue ovoid, posteriorly
bifid. Maxillary teeth present. Vomerine teeth form
two small but distinct rounded aggregations, po-
sitioned posterolateral to choanae. Choanae small,
rounded. Subarticular tubercles single. Outer and
inner metacarpal tubercle distinct. Fingers without
webbing. Relative length of fingers: I<II=1V <III,
fourth finger of same length as second. Terminal discs
of fingers and toes slightly enlarged. Nuptial pads
absent. Foot of same length as tibia (100 %). Lateral
metatarsalia largely but not completely separated
by webbing. Inner metatarsal tubercle distinct, outer
metatarsal tubercle not recognizable. Feet with very
little, almost rudimentary webbing. Foot webbing
formula: 1(1),2i(2),2e(1),31(2.5),3e(2),4i(3),4e(3),
5(2). Relative length of toes: I<II<V <III <1V, third
toe longer than fifth. Skin on the upper surface
smooth, with distinct dorsolateral folds. Ventral side
smooth. Femoral glands distinct.

Colour after 20 years in preservative dorsally
uniformly brown with a somewhat darker tint cen-
trally. Dorsolateral folds constitute a very marked
colour border to the dark brown lateral colour that
encompasses flanks, tympanic region and sides of
the head ventral to the canthus rostralis up to the
nostril. A distinctly marked frenal stripe runs from
forelimb insertion to the area underneath the eye,
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then becoming less distinct towards the nostril,
clearly bending upwards and leaving a light brown
area on the upper lip underneath. Hindlimbs dorsally
brownish with distinct crossbands: four on thigh,
four on shank, and three to four on tarsus and foot;
forelimbs light brown without distinct crossbands.
Posterodorsal surface of thighs dark brown with ir-
regular light spots. Throat, chest, and anterior belly
dark brown; throat with a central longitudinal series
of light spots, flanked by several more light spots
on the throat and chest. Anterior belly with larger
light dots and posterior belly cream with irregular
dark spots and marbling. Limbs ventrally cream,
with dense vermiculated dark brown pattern on
hindlimbs.

Variation. Morphometric measurements of the full
type series are given in Table 6, and a table with
measurements of all specimens assigned to this
species is available from https://doi.org/10.5281/
zenodo.15161297. All specimens share a rather
similar dorsal and ventral colour pattern; ventrally,
the dark brown colour with light dots on the throat
also extends onto chest and anterior belly, in ZSM
5068/2005 also onto posterior belly. Rosa et al. (2012)
show a specimen from Betampona on their fig. 5r in
dorsolateral view which agrees well with specimens
from Nosy Mangabe (Fig. 29) in its frenal stripe fad-
ing between eye and nostril.

Males are smaller than females and have a rela-
tively larger tympanum; in reliably sexed specimens,
SVL is 22.3-26.2 mm in males and 30.1-32.2 mm in
females and TD/ED ratio is 0.86-1.06 in males and
0.72-0.84 in females.

Etymology. The species epithet is a Latinized adjective
derived from Ancient Greek dixowpog (dikhromos)
meaning “two-coloured”. It refers to the typical colour
border between light dorsal and dark lateral colour
characterizing this and many other species in the sub-
genus Chonomantis.

Natural history. Poorly known. Specimens were
collected along streams in low-elevation rainforest.
Advertisement call and tadpole not recorded.

Distribution. According to the collection data of
the type series and additional samples included in
the genetic analysis (Fig. 1), the species is currently
known from four lowland localities at relatively low
elevations in the northern Central East of Madagas-
car (Fig. 24): (1) the type locality Nosy Mangabe, (2)
Ambodiriana, (3) Befanjana, (4) Ampasimazava,
and (5) Betampona. The reliably known elevations
are ca. 50-100 m a.s.l. (Nosy Mangabe) and 53 m
a.s.l. at Ambodiriana (Gehring et al. 2010), but the
species certainly also occurs at higher elevations at
Befanjana (elevation not recorded) and Betampona.
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Mantidactylus (Chonomantis)
kitrinolaimus sp. nov.
Figs 27,30

Remark. Corresponds to M. sp. 11 (Vieites et al.
2009, Carné & Vieites 2024); not included in Perl
et al. (2014).

Holotype: ZSM 267/2016 (field number FGZC 5437),
adult male, collected on 12 August 2016 near the hotel
“Eco Lodge chez Arol”, Masoala Peninsula, North East
of Madagascar (geographical coordinates 15.712°S,
49.9640°E, ca. 21 m a.s.l), by F. Glaw, D. Protzel, J.
Forster, K. Glaw, and T. Glaw.

Paratypes: Two paratypes: ZSM 127/2002 (FGMV
2001.1382) and ZSM 128/2002 (FGMV 2001.1426), male
and female, collected on 17 December 2001 in a forest
fragment near Andranofotsy, North East of Madagascar
(geographical coordinates 15.4353°S, 49.8439°E, 85 m
a.s.l.), by M. Vences and A. Sarovy.

Diagnosis. Assigned to the subgenus Chonomantis
in the genus Mantidactylus based on (a) presence
of an intercalary element between terminal and
subterminal phalanges of fingers and toes (verified
by external observation), (b) presence of a central
depression in male femoral glands, (c) sharp dor-
solateral colour border between dorsal and lat-
eral coloration along continuous dorsolateral folds,
(d) smooth dorsal skin, (e) presence of a frenal stripe,
(f) relatively small size (adult SVL 24.7-29.5 mm),
and (g) molecular phylogenetic relationships.
Within Chonomantis, the species can be distin-
guished, besides other characters (see Table 8), from
M. brevipalmatus and M. delormei by toe V <III (vs.
V>III) and presence of distinct dorsolateral colour
border (vs. absence); from M. aerumnalis by presence
of distinct frenal stripe (vs. absence), largely uniform
dorsum (vs. presence of dorsolateral light bands),
toe V<III (vs. V=III) and throat relatively light
with indistinct broad line (vs. distinct narrow line);
from M. melanopleura and M. opiparis by toe V <III
(vs. V>III), shorter hindlimbs (ratio HIL/SVL in
males 1.62-1.64 vs. 1.73-1.89), and throat relatively
light with indistinct broad line (vs. distinct narrow
line); from M. paidroa by throat relatively light with
indistinct broad line (vs. dark with distinct line),
frenal stripe fading between eye and nostril (vs.
running to nostril), and smaller tympanum (male
TD/EDratio<1.0vs.>1.4); from M. zipperi by pres-
ence of a distinct frenal stripe running until a point
between eye and nostril (vs. faded anterior to eye),
throat relatively light with indistinct broad line (vs.
distinct narrow line), and smaller tympanum (male
TD/ED ratio <1.0 vs. >1.3); from M. chonodus by
throat relatively light with indistinct broad line (vs.
distinct line), and presence of a distinct frenal stripe
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Fig. 30. Photos of representative individuals of Mantidactylus (Chonomantis) kitrinolaimus sp. nov. (Call) in life,
in dorsolateral and ventral views. All photos show specimens identified by mitochondrial DNA sequences.
A-B. Male holotype ZSM 267/2016 (FGZC 5437), photographed 2016. C-D. Female specimen from Andrano-
fotsy (photos not reliably assignable to a voucher specimen, but belonging to same series collected with paratypes

from this site).

running until a point between eye and nostril (vs.
absent or faded anterior to eye). Phylogenetically, the
species is in a clade with M. albofrenatus, M. charlotte-
ianus and M. dichromus but differs from these species
by throat relatively light with indistinct broad line
(vs. dark with series of light spots) and yellowish
colour on ventral side (vs. absence). The species can
also be distinguished from all other Chonomantis by
diagnostic nucleotide positions: MolD identified a
robust diagnostic nucleotide combination of “G” at
site 1104, and “C” at site 1406 (positions relative to
the full 165 rRNA gene of Mantella baroni).

Description of the holotype

Adult male in a very good state of preservation
(Fig. 27). Tongue removed as tissue sample for mo-

lecular analysis. Measurements are given in Table 6.
Body slender. Head longer than wide, slightly wider
than body. Snout long and truncate in dorsal and
lateral view. Nostrils directed laterally, protuberant,
much nearer to the tip of the snout than to the eye.
Canthus rostralis distinct, slightly concave, loreal
region concave. Tympanum distinct, of same size as
eye, oval, horizontal diameter of tympanum 100 %
of horizontal eye diameter. Supratympanic fold
weakly expressed, dorsal to the tympanum replaced
by distinct dorsolateral fold running to the eye, then
bending towards forelimb insertion and running
directly adjacent to tympanum. Tongue missing.
Maxillary teeth present. Vomerine teeth form two
rounded aggregations, positioned posterolateral
to choanae. Choanae small, rounded. Subarticular
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tubercles single. Outer and inner metacarpal tu-
bercle indistinct, not clearly visible. Fingers without
webbing. Relative length of fingers: I <II<IV<III,
fourth finger longer than second. Terminal discs
of fingers and toes slightly enlarged. Nuptial pads
absent. Foot slightly shorter than tibia (95 %). Lateral
metatarsalia partly connected by tissue (only partly
separated by webbing). Inner and outer metatarsal
tubercle distinct. Foot webbing formula: 1(1), 2i(2),
2e(1), 3i(2.5), 3e(2), 4i(3), 4e(3), 5(1.75). Relative
length of toes: I<II<V <III<IV, third toe distinctly
longer than fifth. Skin on the upper surface smooth,
with distinct dorsolateral folds. Ventral side smooth.
Femoral glands large and prominent, with clearly
visible central depression.

Colour after eight years in preservative dorsally
light brown with a quite contrasted dark brown
symmetrical marking on the anterior dorsum, some-
what hourglass-shaped, and some dark speckles on
posterior dorsum. Dorsolateral folds constitute a
very marked colour border to the dark brown lateral
colour that encompasses flanks, tympanic region and
sides of the head ventral to the canthus rostralis but
is washed with lighter marbling on the flanks, par-
ticularly in their posterior half towards the inguinal
region. A distinctly marked frenal stripe runs from
forelimb insertion to the anterior part of the eye
where it bends upwards and is recognizable up to a
point underneath the nostrils. The upper lip, under-
neath the frenal stripe, is light with dark speckles.
Limbs dorsally and posterodorsally dark brown with
light markings or spots which only faintly aggregate
to form crossbands. Ventrally light, with silvery
white tint on throat, chest and anterior belly, with
a more yellowish-beige tint on posterior belly and
limbs. Indistinct and weakly expressed symmetrical
dark marbling on the throat, some brown spots on
belly, dense brown speckles on hindlimbs.

Variation. Morphometric data of the entire type
series are given in Table 6. All three specimens share
the typical ventral colour pattern, but in the two
paratypes of Andranofotsy the dark marbling on the
throat is of a higher density and the abdomen has a
silvery appearance. The two males are smaller than
the female (SVL 24.7 mm vs. 29.5 mm) and have a
larger tympanum (TD/ED 0.86-1.00 vs. 0.67).

Etymology. The species epithet is a Latinized adjective
formed from the Ancient Greek terms xitowvog (kitri-
nos) meaning “yellowish” and Aaiuog (laimés) meaning
“throat”, and refers to the yellowish colour on the throat
(and venter) typical for several specimens of this species.

Natural history. Poorly known. Specimens were col-
lected along streams in disturbed low-altitude rain-
forest. Advertisement call and tadpole not recorded.
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Distribution. According to the collection data of
the type series and additional samples included in
the genetic analysis (Fig. 1), the species is currently
known from two lowland localities at the border
between the northern Central East and North East
regions of Madagascar (Fig. 24): (1) the type locality
on the Masoala Peninsula, and (2) Andranofotsy. The
known elevational range is 21-85m a.s.L.

Mantidactylus (Chonomantis) maharira sp. nov.
Figs 27,29

Remark. Corresponds to M. sp. 4 (Vieites et al. 2009,
Carné & Vieites 2024) and M. sp. Ca4 (Perl et al. 2014).

Holotype: ZMA 20038 (ZCMV 234), adult female,
collected on 24 January 2004 at the base camp of Ma-
harira Mountain, Ranomafana National Park, southern
Central East of Madagascar (geographical coordinates
21.3258°S, 47.4025°E, approximately 1248 m a.s.l.), by
M. Vences, 1. de la Riva, E. Rajeriarison, and T. Rajoa-
fiarison.

Paratype: ZMA 20039 (ZCMV 233), adult male, with the
same collection data as holotype.

Diagnosis. Assigned to the subgenus Chonomantis in
the genus Mantidactylus based on (a) presence of an
intercalary element between terminal and subtermi-
nal phalanges of fingers and toes (verified by external
observation), (b) presence of a central depression in
male femoral glands and of a rudimentary femoral
gland in the female, (c) sharp dorsolateral colour
border between dorsal and lateral coloration marked
by continuous dorsolateral folds, (d) smooth dorsal
skin, (e) presence of a frenal stripe, (f) relatively
small size (adult SVL 22.1-28.5 mm), and (g) mo-
lecular phylogenetic relationships.

Within Chonomantis, the species can be distin-
guished, besides other characters (see Table 8), from
M. brevipalmatus and M. delormei by toe V=III (vs.
V>III) and presence of distinct dorsolateral colour
border (vs. absence); from M. aerumnalis by presence
of distinct frenal stripe (vs. absence), and largely
uniform dorsum (vs. presence of dorsolateral light
bands); from M. melanopleura and M. opiparis by toe
V=III(vs. V>III), and smaller tympanum (male TD/
SVL<1 vs. 21.0); from M. paidroa by toe V=III (vs.
V<IID), and smaller tympanum (male TD/SVL<1
vs. 21.4); from M. zipperi by presence of a distinct
frenal stripe running to nostril (vs. faded anterior to
eye), toe V=III (vs. V<III), and smaller tympanum
(male TD/ED ratio <1.0 vs. >1.3); from M. chono-
dus by frenal stripe running to nostril (vs. absent or
faded anterior to eye) and by toe V=III (vs. V <III);
from M. kitrinolaimus by toe V=III (vs. V<III) and
throat dark brown with spots and distinct dark line



(vs. relatively light with indistinct broad line); from
M. albofrenatus, M. charlotteianus, and M. dichromus by
toe V=III (vs. V<III), and throat dark brown with
continuous light line (vs. series of spots). The species
can also be distinguished from all other Chonomantis
by diagnostic nucleotide positions: MolD identified
arobust diagnostic nucleotide combination of “G” at
site 1044, and “T” at site 1186 (positions relative to
the full 165 rRNA gene of Mantella baroni).

Description of the holotype

Adult female in a good state of preservation (Fig. 27).
Part of muscle tissue and skin from right thigh
removed as tissue sample for molecular analysis.
Measurements are given in Table 6. Body slender.
Head longer than wide, as wide as body. Snout
moderately long and subacuminate in dorsal and
lateral view. Nostrils directed laterally, protuberant,
much nearer to the tip of the snout than to the eye.
Canthus rostralis distinct, very slightly concave,
loreal region concave. Tympanum distinct, smaller
than eye, oval, horizontal diameter of tympanum
72 % of horizontal eye diameter. Supratympanic fold
weakly expressed, dorsal to the tympanum replaced
by distinct dorsolateral fold running to the eye, then
indistinct, bending towards forelimb insertion and
running directly adjacent to tympanum. Tongue
ovoid, posteriorly bifid. Maxillary teeth present.
Vomerine teeth form two weakly developed oval
aggregations, positioned directly posterolateral to
choanae. Choanae small, rounded. Subarticular tu-
bercles single. Outer and inner metacarpal tubercle
indistinct but recognizable. Fingers without webbing.
Relative length of fingers: I<II=1V <III, fourth finger
of same length as second. Terminal discs of fingers
and toes slightly enlarged. Nuptial pads absent. Foot
slightly shorter than tibia (94 %). Lateral metatarsalia
largely separated by webbing. Inner and (small) outer
metatarsal tubercle distinct. Webbing between toes
weakly expressed; foot webbing formula: 1(-), 2i(-),
2e(1),3i(2.5),3e(2),4i(3),4e(3),5(2). Relative length
of toes: I<II<V =III<1V, third toe of same length as
fifth. Skin on the upper surface smooth, with distinct
dorsolateral folds. Ventral side smooth. Rudimentary
femoral glands present.

Colour after 21 years in preservative dorsally
uniformly brown with a symmetrical diamond-
shaped dark marking centrally on dorsum which
connects to a dark band between eyes. Dorsolateral
folds constitute a very marked colour border to the
dark brown lateral colour that encompasses flanks,
and especially, tympanic region and sides of the
head ventral to the canthus rostralis up to the nostril.
Along the flanks the darker brown colour is inter-
rupted by irregular and poorly delimited lighter

marbling. A distinct white frenal stripe runs from
forelimb insertion to lower edge of eye, and from
there to nostril. Hindlimbs with distinct dark brown
crossbands: three on thigh, two or three on shank,
and four on tarsus and foot. Forelimbs with a few
dark patches but no regular crossbands. Ventrally,
throat and chest dark brown interrupted by a median
light band and several light dots arranged in a rather
symmetrical pattern. Abdomen mostly cream with
brown vermiculation; limbs ventrally cream with
brown spots and markings.

Variation. Morphometric data of holotype and para-
typeare givenin Table 6,and a detailed description of
the male paratype is provided in Appendix 2 (https://
doi.org/10.5281/zenodo.15161297). The male is
smaller than the female (SVL 22.1 mm vs. 28.5 mm)
and has a larger tympanum (TD/ED 0.94 vs. 0.72).

Etymology. The species epithet is a noun in apposi-
tion referring to Maharira, a mountain in Ranomafana
National Park, where this species has been collected.

Natural history. Poorly known. Specimens were
collected along streams in rainforest. Advertisement
call and tadpole not recorded.

Distribution. This species is so far only known from
its type locality, the forests surrounding Maharira
Mountain in Ranomafana National Park, at 1248 m
a.s.l. (Fig. 24).

Mantidactylus (Chonomantis) malokila sp. nov.
Figs 27,31

Remark. Corresponds to M. sp.9 (Vieites et al. 2009,
Carné & Vieites 2024) and M. sp. Ca9 (Perl etal. 2014).

Holotype: ZMB 81915 (JCR 6), adult male, collected on 9
March 2010 at Ambolo, east of Ranomafana (geographi-
cal coordinates 21.2636°S, 47.5092°E, ca. 600 m a.s.l.),
Madagascar, by J. C. Riemann and S. H. Ndriantsoa.

Paratypes: Three specimens: ZSM 748/2003 (FGMV
2002.534), adult female, collected on 24 January 2001
at Mangevo, Ranomafana National Park (21.3872°S,
47.4550°E, ca. 590 m a.s.l.), by F. Rabemananjara, P.
Bora, and E. Rajeriarison. ZMA 20035 (ZCMYV 82) and
ZMA 20037 (ZCMV 67), two females, collected on 21
January 2004 at Ambobhitsara (geographical coordinates
21.3572°S, 47.8157°E, 294 m a.s.l.), southern Central
East of Madagascar, by D. R. Vieites and I. de la Riva.

Diagnosis. Assigned to the subgenus Chonomantis in
the genus Mantidactylus based on (a) presence of an
intercalary element between terminal and subtermi-
nal phalanges of fingers and toes (verified by external
observation), (b) presence of a central depression in
male femoral glands and of a rudimentary femoral
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gland in the female, (c) sharp dorsolateral colour
border between dorsal and lateral coloration along
continuous dorsolateral folds, (d) smooth dorsal skin,
(e) presence of a frenal stripe, (f) relatively small
size (adult SVL 25.8-31.7 mm), and (g) molecular
phylogenetic relationships.

Within Chonomantis, the species can be distin-
guished, besides other characters (see Table 8), from
M. brevipalmatus and M. delormei by toe V <III (vs.
V>III) and presence of distinct dorsolateral colour
border (vs. absence); from M. aerumnalis by pres-
ence of distinct frenal stripe (vs. absence), largely
uniform dorsum (vs. presence of dorsolateral light
bands), toe V<III (vs. V=III) and throat centrally
with a series of light spots (vs. continuous line); from
M. melanopleura and M. opiparis by toe V<III (vs.
V>1II), shorter hindlimbs (ratio HIL/SVL in males
1.50vs. 1.73-1.89), smaller tympanum (male TD/ED
ratio 0.90 vs. >1.0), and throat centrally with a series
of light spots (vs. continuous line); from M. paidroa
by throat centrally with a series of light spots (vs.
usually continuous line), and smaller tympanum
(male TD/ED ratio 0.90 vs. >1.4); from M. zipperi
by presence of a distinct frenal stripe running to
nostril (vs. faded anterior to eye), throat centrally
with a series of light spots (vs. continuous line), and
smaller tympanum (male TD/ED ratio 0.90 vs. >1.3);
from M. chonodus by throat centrally with a series of
light spots (vs. continuous line) and presence of a
distinct frenal stripe running to nostril (vs. absent
or faded anterior to eye); from M. maharira by throat
centrally with a series of light spots (vs. continuous
line) and toe V <III (vs. V=III).

Phylogenetically, the species is in a clade with
M. albofrenatus, M. charlotteianus, M. dichromus, and
M. kitrinolaimus. It differs from M. kitrinolaimus by
dark throat centrally with a series of light spots (vs.
throat relatively light with indistinct broad line);
from M. charlotteianus, M. dichromus, and M. kitrino-
laimus by frenal stripe running to nostril (vs. fading
between eye and nostril). No reliable morphological
or chromatic differences are known to its direct sister
species M. albofrenatus, which, according to the defi-
nition herein, is morphologically quite variable; it can
however be distinguished from the mid-elevational
populations of M. albofrenatus (i.e., Andasibe and
nearby sites) by a smaller tympanum (TD/ED ratio
0.90 vs. 21.0), fewer and smaller white spots on
throat and chest, and from all measured specimens
of M. albofrenatus by shorter hindlimbs (male ratio
HIL/SVL=1.50 vs. 1.52-1.98). The species can also

be distinguished from all other Chonomantis by diag-
nostic nucleotide positions: MolD identified a robust
diagnostic nucleotide combination of “C” at site 957,
“A” at site 1145, and “G” at site 1311 (positions rela-
tive to the full 165 rRNA gene of Mantella baroni).

Description of the holotype

Adult male in a good state of preservation (Fig. 27).
There is a small incision on the left side of the venter
through which a part of liver has been removed for
molecular analysis. Measurements are given in Ta-
ble 6. Body slender. Head longer than wide, slightly
wider than body. Snout rather long, and subacumi-
nate in lateral view and round in dorsal view. Nostrils
directed laterally, protuberant, much nearer to the tip
of the snout than to the eye. Canthus rostralis distinct,
slightly concave, loreal region concave. Tympanum
distinct, slightly smaller than eye, oval, horizontal
diameter of tympanum 91 % of horizontal eye diam-
eter. Supratympanic fold weakly expressed, dorsal to
the tympanum replaced by distinct dorsolateral fold
running to the eye, then indistinct, bending towards
forelimb insertion and running directly adjacent to
tympanum. Tongue ovoid, posteriorly bifid. Maxil-
lary teeth present. Vomerine teeth form two distinct
rounded aggregations, positioned posterolateral
to choanae. Choanae small, rounded. Subarticular
tubercles single. Outer and inner metacarpal tu-
bercle indistinct but recognizable. Fingers without
webbing. Relative length of fingers: I<II=IV <IIJ,
fourth finger of same length as second. Terminal
discs of fingers and toes slightly enlarged. Nuptial
pads absent. Foot slightly shorter than tibia (93 %).
Lateral metatarsalia largely separated by webbing.
Inner and (small) outer metatarsal tubercle distinct.
Feet with very little, almost rudimentary webbing.
Foot webbing formula: 1(1), 2i(2.5), 2e(1.25), 3i(2),
3e(2), 4i(3), 4e(3), 5(2). Relative length of toes:
I<II<V<III<1V, third toe longer than fifth. Skin on
the upper surface smooth, with distinct dorsolateral
folds. Ventral side smooth. Femoral glands distinct,
with clearly visible central depression.

Colour after 12 years in preservative dorsally
uniformly brown with some weakly contrasted
irregular darker and lighter colour. Dorsolateral
folds constitute a very marked colour border to the
dark brown lateral colour that encompasses flanks,
tympanic region and sides of the head ventral to
the canthus rostralis up to the nostril. A distinctly
marked frenal stripe runs from forelimb insertion
to the nostril, clearly bending upwards and leaving

Fig. 31. Photos of Mantidactylus (Chonomantis) malokila sp. nov. from Ambolo in life, in dorsolateral and ventral
views. A-B. Male holotype ZMB 81915 (JCR 6). C-D. Additional male specimen (not collected, probably cor-
responding to JCR 8). E-F. Female specimen (not collected; JCR 7).
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Fig. 32. Audiospectrograms and corresponding oscillograms of the advertisement calls of Mantidactylus (Chono-
mantis) malokila sp. nov. recorded from the holotype ZMB 81915 on 9 March 2010, and M. (C.) albofrenatus from a
recording made on 12 February 1995, 13:30 h, at An’Ala (Vences et al. 2006), displayed at the same time scale

(1000 ms).

a light brown area on the upper lip underneath.
Hindlimbs dorsally brownish with weakly defined
crossbands; forelimbs light brown with about five
dark crossbands on lower arm. Posterodorsal surface
of thighs dark brown with irregular light speckles
and dots. Throat, chest and belly dark brown with
a central longitudinal series of four light spots, and
more irregular spots on throat, chest and belly which
become more vermiculated on the posterior belly.
Limbs ventrally cream, with loose vermiculated dark
brown pattern on hindlimbs.

Variation. Morphometric data of the entire type
series are given in Table 6. Two additional specimens
(JCR 7and JCR 8), one male and one female, observed
and photographed along with the holotype at Am-
bolo, very closely matched the holotype in dorsal and
ventral colour and pattern. The three female paratypes
ZMA 20035, ZMA 20037 and ZSM 748/2003 agree
with the female JCR 7 in having very faint light dots
on the throat which even appear to be absent or faded
in the preserved ZMA 20037 and ZSM 748/2003.
The male holotype is smaller than the three female
paratypes (SVL 25.8 mm vs. 29.5-31.7 mm) and has
a larger tympanum size (TD/ED 0.90 vs. 0.75-0.83).

Etymology. The species epithet is a noun in apposition
derived from the Malagasy words maloka (dark) and ila
or ilany (side, flank), The name refers to the dark lateral
colour, separated by a sharp dorsolateral colour border
from the lighter dorsal colour, which characterizes this
and many other species in the subgenus Chonomantis.
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Natural history. Poorly known. Specimens were
collected along streams in rainforest. ZMB 81915
was found on rocky surface on the stream bank.
Tadpole not known.

Advertisement call. The advertisement call of
M. malokila (Fig. 32) recorded from the holotype
on 9 March 2010 at Ambolo (air temperature not
recorded) consists of a short, distinctly pulsed note
emitted at regular intervals in call series consisting
of 3-20 calls (n=6), with the longest series lasting for
2043 ms. Each call, apart from the distinctly separated
pulses, shows some clear amplitude modulation with
call energy being lowest the first pulse of each call.
The terminal pulse of each call is of slightly longer
duration (ca. 7 ms) compared to preceding pulses
(ca. 3-4ms). Call energy is distributed within a
relatively broad frequency band. Numerical call
parameters of 32 analyzed calls are as follows:
call duration (= note duration) 45-55 ms(51.6 +
3.0 ms); pulses/call 7-8(7.3+0.5); pulses/second
within calls 142-167 (155.4+9.9); call repetition rate
within call series ca. 580 calls/minute; dominant
frequency 1614-2201 Hz (1813 +224 Hz), prevalent
bandwidth 1300-4200 Hz.

Distribution. According to the collection data of
the type series and additional samples included in
the genetic analysis (Fig. 1), the species is currently
known from three localities (Fig.24), (1) the type
locality Ambolo near Ranomafana, (2) Mangevo in
Ranomafana National Park, and (3) Ambohitsara.
The known elevational range is 294-600 m a.s.1.



Mantidactylus (Chonomantis)
temachikus sp. nov.
Figs 27,29

Remark. Corresponds to M.sp. 3 (Vieites et al.
2009, in tables but not in tree) and M. sp. Ca3
(Perl et al. 2014), but not M. sp. 3 used by Carné &
Vieites (2024), which used the confused sequence of
M. zipperi discussed above as the reference for that
candidate species.

Holotype: ZSM 324/2005 (field number FGZC 2161),
adult male, collected on 18 January 2005 at Ambohit-
antely Special Reserve, Jardin Botanique (geographical
coordinates ca. 18.1725°S, 47.2767°E, ca. 1580 m a.s.l.),
Madagascar, by M. Vences, L. du Preez, P. Bora, L. Ra-
harivololoniaina, R. D. Randrianiaina, T. Razafindraibe,
and E. Randriamitso.

Paratype: One specimen: ZSM 381/2010 (FGZC 4388),
adult male, collected on 9 April 2010 at Anjozorobe
(18.4214°S, 47.9383°E, 1315 m a.s.l), by F. Glaw, J.
Kohler, P.-S. Gehring, M. Pabijan, K. Mebert, E. Rajeri-
arison, F. Randrianasolo, and S. Rasamison.

Diagnosis. Assigned to the subgenus Chonomantis
in the genus Mantidactylus based on (a) presence
of an intercalary element between terminal and
subterminal phalanges of fingers and toes (verified
by external observation), (b) presence of a central
depression in male femoral glands, (c) sharp dor-
solateral colour border between dorsal and lat-
eral coloration along continuous dorsolateral folds,
(d) smooth dorsal skin, (e) presence of a frenal stripe,
(f) relatively small size (adult SVL 22.2-23.0 mm),
and (h) molecular phylogenetic relationships.
Within Chonomantis, the species can be distin-
guished, besides other characters (see Table 8), from
M. brevipalmatus and M. delormei by toe V <III (vs.
V> 1II) and presence of distinct dorsolateral colour
border (vs. absence); from M. aerumnalis by presence
of distinct frenal stripe (vs. absence), largely uniform
dorsum (vs. presence of dorsolateral light bands),
toe V< III (vs. V =III) and throat irregularly marbled
light with only poorly marked central line (vs. con-
tinuous line); from M. melanopleura and M. opiparis
by toe V< III (vs. V>III), throat irregularly marbled
light with only poorly marked central line (vs. con-
tinuous line); from M. paidroa by throat irregularly
marbled light with only poorly marked central line
(vs. usually continuous line), frenal stripe fading
between eye and nostril (vs. running to nostril),
and smaller tympanum (male TD/ED ratio <1.2 vs.
>1.4); from M. zipperi by presence of a distinct frenal
stripe running to a point between eye and nostril
(vs. faded anterior to eye), throat irregularly mar-
bled light with only poorly marked central line (vs.
continuous line), and smaller tympanum (male TD/

ED ratio <1.2 vs. >1.3); from M. chonodus by throat
irregularly marbled light with only poorly marked
central line (vs. continuous line) and presence of a
distinct frenal stripe running to nostril (vs. absent or
faded anterior to eye); from M. maharira by throat
irregularly marbled light with only poorly marked
central line (vs. continuous line) and toe V <III (vs.
V=IID); from M. albofrenatus, M. malokila, M. charlot-
teianus, M. dichromus, and M. kitrinolaimus by throat
irregularly marbled light with only poorly marked
central line (vs. dark with a central series of white
spots, or relatively light with indistinct broad line in
M. kitrinolaimus); from M. malokila, M. charlotteianus,
M. dichromus, and M. kitrinolaimus by longer limbs
(male ratio HIL/SVL 1.78-1.80 vs. <1.71); and from
M. albofrenatus and M. malokila by frenal stripe fading
at a point between eye and nostril (vs. running to
nostril). The species can also be distinguished from
all other Chonomantis by diagnostic nucleotide posi-
tions: MolD identified a robust diagnostic nucleotide
combination of “A” atsite 1119, “A” at site 1121, and
“C” at site 1193 (positions relative to the full 165
rRNA gene of Mantella baroni).

Description of the holotype

Adult male in a good state of preservation (Fig. 27).
Some muscle tissue removed from right thigh for
molecular analysis. Measurements are given in Ta-
ble 6. Body slender. Head longer than wide, as wide
as body. Snout long and rounded to very weakly
subacuminate in dorsal and lateral view. Nostrils
directed laterally, protuberant, much nearer to the tip
of the snout than to the eye. Canthus rostralis distinct,
largely straight, loreal region concave. Tympanum
distinct, larger than eye, oval, horizontal diameter
of tympanum 120% of horizontal eye diameter.
Supratympanic fold basically absent or very weakly
expressed, dorsal to the tympanum replaced by
distinct dorsolateral fold running to the eye. Tongue
ovoid, posteriorly bifid. Maxillary teeth present.
Vomerine teeth form two small, rounded aggrega-
tions, positioned posterolateral to choanae. Choanae
small, rounded. Subarticular tubercles single. Outer
and inner metacarpal tubercle indistinct, not clearly
visible. Fingers without webbing. Relative length of
fingers: I<II<IV <1II, fourth finger slightly longer
than second. Terminal discs of fingers and toes
slightly enlarged. Nuptial pads absent. Foot slightly
shorter than tibia (93 %). Lateral metatarsalia largely
separated by webbing. Inner and outer metatarsal
tubercle distinct. Foot webbing formula: 1(1), 2i(2),
2e(1), 3i(2.5), 3e(2), 41(3.25), 4e(3.25), 5(2). Relative
length of toes: I<II<V<III<IV, third toe slightly
longer than fifth. Skin on the upper surface smooth,
with distinct dorsolateral folds. Ventral side smooth.
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Mantidactylus aerumnalis

Fig. 33. Photos of representative individuals of Mantidactylus (Chonomantis) aerumnalis and M. (C.) ventrilineatus
sp. nov. (Cal) in life, in dorsolateral and ventral views. All photos of M. ventrilineatus sp. nov. show specimens
identified by mitochondrial DNA sequences. A-B. Male of M. aerumnalis from An’Ala (photos not reliably as-
signable to a voucher specimen). C-D. Male holotype ZSM 411/2006 (ZCMV 2964) of M. ventrilineatus sp. nov.
from Ranomafana, photographed 2006. E-F. Specimen of M. ventrilineatus sp. nov. from Mangevo, Ranomafana,
probably corresponding to UADBA-FGMV 2002.651, photographed 2003. G-H. Female paratype ZMA 20111
(ZCMV 647) of M. ventrilineatus sp. nov. from Vevembe, photographed 2004.

Femoral glands large and prominent, with clearly  pattern of darker markings, including a dark band
visible central depression. between eyes. Dorsolateral folds constitute a marked

Colour after 19 years in preservative dorsally  colour border to the dark brown lateral colour that
uniformly brown with a very weakly contrasted encompasses flanks, tympanic region and sides of
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the head ventral to the canthus rostralis. Especially
on the posterior flanks the dark brown colour is
washed with a poorly contrasted lighter marbling.
A distinctly marked white frenal stripe runs from
forelimb insertion to anterior part of the eye where
it bends upwards and gets more diffuse. Here and
in the supralabial area, some light colour with fine
brown spotting is present. Limbs dorsally brown-
ish with sharply delimited dark brown crossbands;
approximately three such crossbands visible on
thigh. Posterodorsal surface of thighs dark brown
with light spots and markings. Ventral side with a
whitish-cream ground colour, with a more yellow-
ish tint on the limbs, and brown spots and speckles
in different intensity: quite dense on throat, where
the central area is only weakly spared, forming an
interrupted and indistinct central white stripe; dark
speckles become less intense towards the posterior
belly; fine dark spotting on limbs.

Variation. Morphometric data of holotype and para-
type, both males, are given in Table 6. Both specimens
agree in the relevant morphological characters (e. g.,
body size, relative tympanum size), and share the
typical throat coloration where relatively dense dark
marbling leaves out a poorly defined, broad central
light stripe, reminiscent of the pattern observed in
M. kitrinolaimus. Females are unknown.

Etymology. The species epithet is a Latinized adjec-
tive derived from the ancient Greek word tepdxtov
(teméachion =*“piece”) meaning “fragmentary”. It refers
to the occurrence of the species in highly fragmented
forest remnants (e.g., in Ambohitantely) but also to the
fragmentary knowledge we currently have on this frog.

Natural history. Poorly known, especially because
specimens have in the past (Vences & Glaw 2004)
been confused with the sympatric M. zipperi and the
DNA sequence accession number was confused in
Vieites et al. (2009). Specimens were collected along
streams in rainforests. Advertisement call and tad-
pole unknown.

Distribution. According to the collection data of
the type series and additional samples included in
the genetic analysis (Fig. 1), the species is currently
known from four highland localities in the northern
Central East and southern Central East of Madagas-
car (Fig.24): (1) the type locality, Ambohitantely,
(2) Anjozorobe, (3) an unspecified site in the
Marolambo region, and (4) Ankazomivady. The re-
liably known elevational range is 1315-1580 ma.s.1.

Mantidactylus (Chonomantis)
ventrilineatus sp. nov.
Figs 27,33

Remark. Corresponds to M.sp. 1 (Vieites et al.
2009, Carné & Vieites 2024) and M. sp. Cal (Perl et
al. 2014) and was subsumed under M. aerumnalis in
previous publications (e.g., Glaw & Vences 2007).

Holotype: ZSM 411/2006 (field number ZCMV 2964),
adult male, collected on 24 February 2006 at Imaloka,
Ranomafana National Park, southern Central East
of Madagascar (geographical coordinates 21.2421°S,
47.4652°E, 1020 m a.s.l.), by local collectors.

Paratypes: Six specimens: ZSM 378/2006 (ZCMV
3079), female, collected February 2006 at Ranomena,
Ranomafana National Park (21.2123°S, 47.4350°E, ca.
1000 m a.s.l.) by M. Vences and collaborators. ZSM
179/2006 (BOR 1025), male, collected between 7-13
October 2005 at Kilimagnarivo, Befotaka-Midongy du
Sud National Park (23.7975°S, 47.0096°E, 690-890 m
a.s.l, by P. Bora. ZMA 20111 (ZCMV 647) and ZMA
20112 (ZCMV 679), two females, collected on 10 Febru-
ary 2004 at Vevembe (22.7948°S, 47.1871°E, 581 m a.s.1.)
by M. Vences and E. Rajeriarison. ZMA 19404 (FGMV
2002.481) and ZMA 19405 (FGMYV 2002.482), one female
and one male, collected on 24 January 2003 at Mangevo,
Ranomafana National Park (21.3872°S, 47.4550°E, ca.
590 m a.s.l), by F. Rabemananjara, P. Bora, and E. Ra-
jeriarison.

Additional material: Several additional specimens
probably belong to this species (measurements in Ze-
nodo repository) but are not included in the paratype
series because no molecular data are available: MNHN
1930.415 (Vondrozo), MNHN 1975.382 (Ranomafana),
MNHN 1975.373 (Ranomafana), ZFMK 47254 (Tolon-
goina). See Vences & Glaw (2004) for detailed collec-
tion data.

Diagnosis. Assigned to the subgenus Chonomantis
in the genus Mantidactylus based on (a) presence
of an intercalary element between terminal and
subterminal phalanges of fingers and toes (verified
by external observation), (b) presence of a central
depression in male femoral glands and of a rudi-
mentary femoral gland in the female, (c) sharp
dorsolateral colour border between dorsal and
lateral coloration, less strongly expressed than in
other Chonomantis but still distinct, and along con-
tinuous dorsolateral folds, (d) smooth dorsal skin,
(e) relatively small size (adult SVL 22.8-32.0 mm),
(g) specialized funnel-mouth tadpole, and (h) mo-
lecular phylogenetic relationships.

Within Chonomantis, the species differs from all
species except M. aerumnalis and M. chonodus by the
absence of a frenal stripe and rather uniform lateral
head between tympanum and snout tip (vs. presence
of atleast an incomplete light frenal stripe in all other
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species), from all species except M. aerumnalis and
M. maharira by toelength V=1II (vs. V< Ill or V> III),
and from all species except M. aerumnalis by light
dorsolateral bands running next to the dorsolateral
fold and separating the fold from the darker central
area of the dorsum (vs. absence of such bands). For
additional morphological differences to other Chono-
mantis, see Table 8. From its sister species M. aerum-
nalis, the new species differs by a generally smaller
size of males (SVL 22.8-23.4 in four individuals; one
specimen exceptionally 26.0 mm vs. 24.5-26.9 mm)
and somewhat smaller femoral glands (FGL 3.4-3.6
vs. 4.2-4.4 mm). The species can also be distinguished
from all other Chonomantis by diagnostic nucleotide
positions: MolD identified a robust diagnostic nu-
cleotide combination of “A” at site 966, “A” at site
1009, and “A” at site 1055 (positions relative to the
full 16S rRNA gene of Mantella baroni).

Description of the holotype

Adult male in a good state of preservation (Fig. 27).
Some muscle tissue removed from left thigh and
shank for molecular analysis. Measurements are
given in Table 6. Body slender. Head longer than
wide, wider than body. Snout long and subacumi-
nate to rounded in dorsal and lateral view. Nostrils
directed laterally, slightly protuberant, much nearer
to the tip of the snout than to the eye. Canthus
rostralis distinct, straight, loreal region concave.
Tympanum distinct, slightly smaller than eye, oval,
horizontal diameter of tympanum 88 % of horizontal
eye diameter. Supratympanic fold distinct, running
straight from eye to posterior tympanum and then
bending towards forelimb insertion. Tongue ovoid,
posteriorly bifid. Maxillary teeth present. Vomerine
teeth form two rounded aggregations, positioned
posterolateral to choanae. Choanae small, rounded.
Subarticular tubercles single. Outer and inner meta-
carpal tubercle present. Fingers without webbing.
Relative length of fingers: I <II<IV < III, fourth finger
slightly longer than second. Terminal discs of fingers
and toes slightly enlarged. Nuptial pads absent. Foot
slightly shorter than tibia (94 %). Lateral metatarsa-
lia largely separated by webbing. Inner and outer
metatarsal tubercle distinct. Foot webbing formula:
1(1),2i(1.5),2e(1),3i(2),3e(1.5),4i(2.5),4e(2.5),5(1).
Relative length of toes: I<II<III <V <1V, third toe
slightly shorter than fifth. Skin on the upper surface
smooth, with distinct dorsolateral folds. Ventral side
smooth. Femoral glands large and prominent, with
clearly visible central depression.

Colour after 18 years in preservative dorsally
light brown with a weakly contrasted thin light
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vertebral line bordered by very weakly contrasted
darker longitudinal pattern. Dorsolateral folds dark
brown and constituting a sharp dorsolateral colour
border between the light dorsal and darker lateral
colour. Supratympanic fold and canthus rostralis also
lined with dark brown, and tympanic region and
sides of the head underneath these folds uniformly
brown, without frenal stripe. Limbs dorsally brown-
ish with sharply delimited dark brown crossbands
visible especially on thighs where three crossbands
are visible. Posterodorsal surface of thighs with a
pattern of contrasted dark brown and lighter ele-
ments. Throat and chest dark brown with a distinct
central longitudinal light stripe. Abdomen beige with
brown marbling in its anterior part. Ventral surface
of limbs beige with brown spotting.

Variation. For measurements of the type series,
see Table 6; all measurements of specimens as-
signed to this species are available from https://
doi.org/10.5281/zenodo.15161297. All specimens
examined agree closely in colour and pattern with
the holotype. Four males (holotype, one paratype
and two additional specimens) are homogeneous
in body size (22.8-23.4 mm) whereas one paratype
(ZMA 19405) is larger (26.0 mm). Overall, males are
smaller than females (SVL 22.8-26.0 mm vs. 25.9-
32.0 mm) and have a slightly larger tympanum, with
overlapping values (TD/ED 0.67-0.88 vs. 0.52-0.74).

Etymology. The species epithet is a Latin adjective
derived from “venter” and “lineatus”, meaning striped
venter, and referring to the typical continuous ventral
stripe, often extending onto the belly, characteristic of
this species.

Natural history. Poorly known. Specimens were
collected along streams in rainforests. Advertise-
ment call not recorded. The tadpole, with the
funnel-shaped morphology of the oral disc typical
for Chonomantis, was described by Grosjean et al.
(2011) under the name M. aerumnalis (Ranomafana).

Distribution. According to the collection data of
the type series and additional samples included
in the genetic analysis (Fig. 1), the species is cur-
rently known from four localities in the southern
Central East and South East of Madagascar (Fig. 23):
(1) the type locality, Ranomafana, (2) Antoetra,
(3) Vevembe, and (4) Befotaka-Midongy. In addition,
voucher specimens assigned to this species originate
from (5) Vondrozo (a village close to Vevembe), and
(6) Tolongoina (not far from Ranomafana) (locali-
ties not included in the map). The reliably known
elevational range is 590-1020 m a.s.1.
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Fig. 34. Photos of representative individuals of Mantidactylus (Ochthomantis) rabibisoai sp. nov. (Ca64) in life, in
dorsolateral and ventral views. A-B. Male holotype ZMA 20143 (ZCMYV 644) from Vevembe, photographed
2004. C-D. Male paratype ZMA 20222 (ZCMV 9) from Ranomafana, photographed 2004.

Mantidactylus (Ochthomantis)
rabibisoai sp. nov.
Figs 34-35

Remark. Corresponds to M. sp. 64 of Randrianiaina
et al. (2011), Poth et al. (2013), and Carné & Vieites
(2024); not included in the accounts of Vieites et al.
(2009) and Perl et al. (2014).

Holotype: ZMA 20143 (field number ZCMV 644), adult
male, collected on 10 February 2004 at Vevembe (geograph-
ical coordinates 22.7948°S,47.1871°E, 581 m a.s.1.), South
East of Madagascar, by M. Vences and E. Rajeriarison.

Paratype: Two specimens: ZMB 81952 (NSH 1571),
female, collected on 21 February 2011 at Beremby,
Ranomafana National Park (21.2404°S, 47.5260°E, 628 m
a.s.l) by J. C. Riemann and S. H. Ndriantsoa. ZMA

20222 (ZCMV 9), male (call voucher), collected on 19
January 2004 in Ranomafana village next to Manja hotel
(21.2617°S, 47.4595°E, 619 m a.s.1.) by M. Vences.

Diagnosis. Assigned to the subgenus Ochthomantis
in the genus Mantidactylus based on (a) presence
of an intercalary element between terminal and
subterminal phalanges of fingers and toes (verified
by external observation), (b) presence of a central
depression in male femoral glands, (c) specialized
tadpole with reduced keratodonts on oral disc, and
(d) molecular phylogenetic relationships.

Within Ochthomantis, the species differs
from all species by combination of (a) pres-
ence of yellowish colour in the inguinal region,
(b) yellowish colour on venter, (c) absent or
poorly expressed dark pattern on ventral side,
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Mantidactylus rabibisoai sp. nov. (Ca64)
ZMA 20143 (ZCMV 644), Vevembe

5mm

Fig. 35. Photographs of the preserved holotype Mantidactylus (Ochthomantis) rabibisoai sp. nov. in dorsal and

ventral views.

(d) relatively uniform dorsal colour without dis-
tinct pattern, (e) distinctly expressed frenal stripe,
(f) sharp and continuous colour border on the flanks
between yellowish ventral and brownish dorsal
colour, (g) weakly granular to smooth dorsal skin,
(h) male SVL 43.4-47.3 mm, (i) relative tympanum
diameter (ratio TD/ED) in males 0.84-0.86 mm.
Besides other characters, the new species can be
distinguished from M. ambony, M. ambreensis and
M. majori by presence of yellow patch in the ingui-
nal region (vs. absence) and by a more irregularly
shaped border between ventral and dorsal colour;
from M. femoralis by often larger body size (SVL
43.4-47.3 mm vs. 28.9-37.5 mm in four genetically
identified males measured by us: ZSM 366/2010,
ZSM 370/2010, ZSM 1781/2010; the smallest be-
ing call voucher ZSM 1795/2010), much longer
duration of advertisement calls (see Fig. 36), and
by a smoother dorsal skin (vs. usually strongly
granular); from M. danieli, M. olgae, and M. tavaratra
by continuous colour border between yellowish
ventral and brown dorsal colour on the flanks (vs.
absence), and probably from M. danieli and M. olgae
by aless granular dorsal skin texture (vs. moderately
to strongly granular); from M. macrotympanum by
presence of yellow patch in the inguinal region
and a continuous colour border between yellowish
ventral and brown dorsal colour on the flanks (vs.
absence) and a smaller tympanum (ratio TD/ED in
males 0.84-0.86 vs. 0.94 according to Rabibisoa et
al. 2023); and from M. mocquardi by presence of a
continuous colour border between yellowish ventral
and brown dorsal colour on the flanks (vs. absence
in most individuals) and rather uniform whitish or
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yellowish ventral side (vs. silvery white, often with
distinct black pattern), and a rather rounded snout
(vs. pointed). Phylogenetically (Fig. 14) the species
forms a clade with M. catalai and M. poissoni. How-
ever, it differs from both species by a continuous
colour border between yellowish ventral and brown
dorsal colour on the flanks (vs. absence), a rather
smooth skin (vs. granular), and from M. catalai by
presence of a continuous frenal stripe (vs. frenal
stripe absent or interrupted by dark markings). The
species also differs from all other Ochthomantis by
diagnostic DNA positions: MolD identified a robust
diagnostic nucleotide combination of “T” at site 1114,
and “A” at site 1175 (positions relative to the full 165
rRNA gene of Mantella baroni).

Description of holotype

Adult male in a good state of preservation (Fig. 35).
Some tissue on left thigh removed as tissue sample
for molecular analysis. Measurements are given in
Table 6. Body moderately slender. Head longer than
wide, wider than body. Snout rather short, pointed in
lateral and dorsal views. Nostrils directed laterally,
protuberant, much nearer to the tip of the snout than
to the eye. Canthus rostralis distinct, straight, loreal
region concave. Tympanum distinct, smaller than
eye, oval, wider than its height, horizontal diam-
eter of tympanum 84 % of horizontal eye diameter.
Supratympanic fold rather distinct, straight above
tympanum, behind tympanum bending towards
forelimb insertion. Tongue ovoid, posteriorly bifid.
Maxillary teeth present. Vomerine teeth form two
large, rounded aggregations, positioned postero-
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Fig. 36. Audiospectrograms and corresponding oscillograms of advertisement calls of Mantidactylus (Ochthoman-
tis) femoralis from Bemanevika (recorded on 28 June 2010 from specimen ZSM 1795/2010) and from Ampotsidy
(recorded on 9 January 2016 at from specimen ZSM 92/2016); and of M. rabibisoai sp. nov. from the type locality
Vevembe (from the holotype ZMA 20143, recorded on 10 February 2004) and from Ranomafana (from paratype
from paratype ZMA 20222, recorded on 19 January 2004), all displayed at the same time scale (2000 ms).

lateral to choanae. Choanae small, rounded. Subar-
ticular tubercles single. Outer and inner metacarpal
tubercle not clearly recognizable due to state of
fixation but probably present. Fingers without web-
bing. Relative length of fingers: [<II<IV < I, fourth
finger distinctly longer than second. Terminal discs
of fingers and toes slightly enlarged. Nuptial pads
absent. Foot and tibia almost of same length. Lateral
metatarsalia fully separated by webbing. Inner meta-
tarsal tubercle distinct, outer metatarsal tubercle not
recognizable. Foot webbing formula: 1(1), 2i(1.5),
2e(0.75), 3i(1.75), 3e(1), 4i(2.25), 4e(2.25), 5(0.75).
Relative length of toes: I<II<IIl <V <1V, third toe
slightly shorter than fifth. Skin on the upper surface
smooth. Ventral side smooth. Femoral glands dis-
tinct, with distinct cetntral depression.

After 21 years in preservative, dorsally rather
uniformly brownish. The forelimbs are dorsally of
a lighter brown with few small dark brown spots;

hindlimbs also have some lighter brown areas but
several indistinct darker crossbands (about three
to four crossbands recognizable on thigh). Flanks
of same light brown colour as dorsum, but rather
sharply delimited at mid-flanks from the whitish
ventral colour; the two colours are separated by
an irregular but sharply delimited dark stripe. This
stripe continues from the forelimb insertion under-
neath the tympanum and eye to the nostril. The area
below this dark stripe, up to the snout tip, is made
up of light colour forming an extensive frenal stripe.
Ventrally, whitish on throat, chest, and abdomen,
indistinctly washed with some brown pigment. On
the posterior throat and chest there are two thin sym-
metrical dark lines. Limbs ventrally cream, largely
without darker pattern.
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Variation. The two paratypes agree with the holo-
type in morphometric variables (Table 6). Paratype
ZMA 20222 also agrees strikingly with the holotype
in colour pattern (Fig. 31) with a more expressed
broad dark band running dorsally from eye to eye;
paratype ZMB 81952 has this band expanded to a
larger dark brown triangular patch pointing pos-
teriorly, and also has poorly expressed irregular
dark spots on chest and anterior belly. A descrip-
tion of ZMB 81952 with photos of the preserved
specimen is available from https://doi.org/10.5281/
zenodo.15161297.

Etymology. The species epithet is a patronym for Nirhy
H. C. Rabibisoa, Malagasy herpetologist and specialist
for the taxonomy of Ochthomantis frogs.

Natural history. Rather poorly known. Specimens
were collected along streams in rainforest. Paratype
ZMA 20222 was calling at night from the ground,
near the bank of Namorona River. Tadpole morphol-
ogy described by Randrianiaina et al. (2011).

Advertisement call. Advertisement calls of M. rabi-
bisoai recorded from the holotype on 10 February
2004 at Vevembe (Fig. 36, Table 9) consist of a long,
pulsed note, repeated in series of two consecutive
calls, with the first call being longer in duration
and exhibiting a greater number of pulses emitted
at a higher rate. In addition to distinctly separated
pulses, amplitude modulation is evident within calls,
with maximum call energy present at the beginning
of each call, constantly decreasing towards its end.
Numerical call parameters of 6 analyzed calls are as
follows: call duration (= note duration) 527-696 ms
(610.0+71.9 ms); inter-call interval within regular
call series 206-231 ms (218.0+12.5 ms); pulses/call
58-114(83.3+22.3); pulses/second within calls 86~
294(170.0+88.4); dominant frequency 1108-1345 Hz
(1172+80 Hz); prevalent bandwidth 700-3200 Hz.

Advertisement calls recorded from paratype
ZMA 20222 on 19 January 2004 at Ranomafana gen-
erally agree in character with those from Vevembe.
However, call series can be composed of more than
two calls (2-4). In these cases (n=2), initial notes
of a series are distinctly shorter in duration (128-
130 ms) and exhibit a distinctly higher pulse rate
(545-583 pulses/second), overall resulting in greater
variation of numerical call parameters. Numerical
call parameters of 9 analyzed calls are as follows:
call duration (=note duration) 128-487 ms (326.8 +
150.8 ms); inter-call interval within regular call series
121-246 ms (165.3+43.8 ms); pulses/call 48-113
(65.2+£21.8); pulses/second within calls 153-583
(290.4+169.2); dominant frequency 1128-1318 Hz
(1199 £67 Hz); prevalent bandwidth 700-5000 Hz.

Distribution. According to the collection data of the
type series, the species is currently known from three
sites in the southern Central East and South East of
Madagascar (Fig. 25): (1) the type locality Vevembe,
(2) Beremby in Ranomafana National Park, and
(3) Ranomafana village. The reliably known eleva-
tional range is 581-628 m a.s.1.

Future direction in Chonomantis
and Ochthomantis systematics

The current study, combining previously published
and new DNA sequences, revealed a great number of
previously unnamed genetic lineages in Chonomantis
and Ochthomantis, leading to the description of nine
new species. Some of these new species are delimited
with high reliability, for instance M. rabibisoai within
Ochthomantis which is characterized by high mito-
chondrial divergence and morphological characters
of adults and tadpoles, as well as bioacoustics. Also
in Chonomantis, species like M. ventrilineatus and

Table 9. Comparative numerical parameters of advertisement calls of Mantidactylus femoralis and M. rabibisoai sp.
nov. Inter-call intervals measured within call series; pulse rate calculated within calls.

M. femoralis M. femoralis M. rabibisoai sp. nov. M. rabibisoai sp. nov.
Bemanevika Ampotsidy Vevembe Ranomafana
call duration (= note duration) [ms] 70-170 74-125 527-696 128-487
(106.4+23.4) (99.9+17.9) (610.0+71.9) (326.8+150.8)
inter-call interval [ms] 101-168 74-146 206-231 121-246
(136.9+18.8) (100.2+19.3) (218.0+12.5) (165.3+43.8)
pulses/call 4-20 7-23 58-114 48-113
(12.1+4.4) (12.7+5.4) (83.3+22.3) (65.2+21.8)
pulses/second 84-236 88-214 86-294 153-583
(138.0£51.0)  (156.8+49.8) (170.0+88.4) (290.4+169.2)
dominant frequency [Hz] 1330-1927 1285-1446 1108-1345 1128-1318
(1526 +235) (1367 £57) (1172 +80) (1199 £ 67)
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to a lesser degree, M. flaviventris are differentiated
genetically and can be recognized by morphology.
In several other cases of new Chonomantis species,
however, we only had a limited amount of voucher
specimens for examination, which only differed by
subtle morphological differences from their closest
relatives. The justification for recognizing these spe-
cies relies on the combination of evidence from high
genetic divergences at levels not known to occur
intraspecifically in amphibians, subtle morphologi-
cal differences to sister taxa, isolated phylogenetic
position, as well as absence of obvious admixture in
nuclear genes with related species occurring in sym-
patry. One reason to formally name all these species,
even in cases where voucher specimens are scarce,
was the need to include them in conservation as-
sessments. We are convinced that our approach was
conservative, i.e., that all taxa described here in are
well-differentiated species but that several genetic
lineages currently lumped under the same species
name may be split as additional separate species in
the future. After all, it is important to keep in mind
that species are hypotheses (Pante et al. 2015) that
may be challenged when new data become avail-
able; however, the classification herein certainly
provides a more realistic picture of Chonomantis and
Ochthomantis diversity than the previous taxonomy.

One challenge in species delimitation of Chono-
mantis and Ochthomantis in the current study was the
limited resolution provided by analysis of nuclear-
encoded DNA. Fragments of nuclear-encoded, sin-
gle-copy, protein-coding genes have been extensively
used to understand patterns of species divergence in
Malagasy anurans. In particular, fragments of RAG1,
but also POMC, SACS, and KIAA1239 have proven
to be highly informative of lineage divergence in
mantellid groups such as Boophis, Gephyromantis, and
Spinomantis (Sabino-Pinto et al. 2019, Vences et al.
2012,2022a), as well as microhylids such as Anilany,
Cophyla, or Stumpffia (Rakotoarison et al. 2015, 2017,
Petzold et al. 2025), and in many of these examples,
closely related sibling species could be concordantly
delimited by mitochondrial phylogenies and a lack
of allele sharing in these nuclear markers. The same
is true for several groups of reptiles, perhaps most
strikingly in dwarf geckos (Vences et al. 2022b,
2024a) and miniaturized chameleons (Glaw et al.
2012, Rakotoarison et al. 2024), where numerous
morphologically cryptic and partly co-occurring
species have completely separated phylogroups
recognizable even by networks and trees of short
nuclear-encoded gene fragments. In contrast, Manti-
dactylus has proven a much more difficult group of
frogs for assessing nuclear genetic variation based
on single, short markers. In basically all subgenera
studied to date, haplotype sharing has been detected

between at least some well-established species, and
some species had a large diversity of nuclear alleles
that did not form discrete haplogroups (subgenus
Mantidactylus: Rancilhac et al. 2020, Brygoomantis:
Scherz et al. 2022a, Hylobatrachus: Scherz et al. 2019,
Chonomantis and Ochthomantis: data herein, see
Figs 2,13). Still, some of the species reported by these
studies to share nuclear alleles are unequivocally sep-
arated at species level, with different morphologies
and advertisement calls, and sometimes occurring in
syntopy. The processes behind these differences in
nuclear DNA differentiation among larger groups of
tropical frogs are unstudied. While the encountered
high proportion of allele sharing may be exaggerated
due to the short length of some of the used frag-
ments, e. g. for RAG1 (compare haplotype networks
for short and long RAG1 fragments in Chonomantis:
Fig. 2vs.4 and 6), this does not explain why in other
groups such as cophylines, distinct inter-species phy-
logroups are observed for equally short fragments of
the same genes. Comparative population genomics,
ideally involving the sequencing of long stretches of
DNA, e.g. via target enrichment approaches such as
FrogCap (e.g. Hutter et al. 2022) will help to shed
light on the genome-wide patterns of inter-species
differentiation in these different groups of frogs,
and ultimately help decipher possible underlying
processes of genome evolution, demography, and/
or hybridization and introgression.

While short nuclear DNA fragments have proven
to carry less taxonomic signal in Mantidactylus than
in other groups of amphibians, and in the absence
of sufficiently comprehensive bioacoustic datasets,
the integration of morphology with genetics have al-
lowed to characterize many of the new species in the
subgenera Chonomantis and Ochthomantis (Rabibisoa
et al. 2023 and data herein). In anurans, rich sets of
morphological characters can be extracted from both
the larval and postmetamorphic stages (e.g., Haas
2003, Roelants et al. 2011, Sherratt et al. 2017, Wol-
lenberg Valero et al. 2017), with relatively different
patterns of interspecific variation encountered in
the two subgenera analyzed here. In Ochthomantis,
tadpole morphology especially in the specialized
mouthparts is highly variable between species
(Randrianiaina et al. 2011, dos Santos Dias et al.
2024), and substantial differences are also obvious
among the adults of several species (Rabibisoa et al.
2023). Based on our phylogenetic results, in some
cases, the taxonomic signal in the adult and larval
morphologies are decoupled: for instance, adults of
the newly described M. rabibisoai are morphologi-
cally rather similar to M. femoralis, but its tadpoles
are reminiscent of M. mocquardi (Randrianiaina
et al. 2011). In Chonomantis, some species such as
M. brevipalmatus and M. delormei, or M. aerumnalis
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and M. ventrilineatus, are morphologically distinct
from other species in the subgenus, but on average,
species of Chonomantis are perhaps morphologically
more similar to each other and easier to confuse with
each other than species of Ochthomantis. This trend
is, however, extreme in tadpole morphology which
turned out to be extremely uniform among the 10
species of Chonomantis studied by Grosjean et al.
(2011). Accordingly, in the character tracing analysis
of Wollenberg Valero et al. (2017), distinctly more
evolutionary change was detected in Ochthomantis
vs. Chonomantis tadpoles, whereas some evolution-
ary change in adult morphology was observed in
both subgenera. The interplay of natural selection
acting upon larval vs. adult morphologies in frogs
(Sherratt et al. 2017, Wollenberg Valero et al. 2017)
remains a rewarding topic fur future research, and
will benefit from an improved understanding of
species diversity in Mantidactylus frogs, to which
we have contributed herein.

Most, if not all, of the frog specimens of the
subgenera Chonomantis and Ochthomantis included
in this study were opportunistically collected in
the field and catalogued with only a preliminary
field identification, i.e., the new species described
herein were not identified as such upon collection.
Without doubt and similar to the situation in other
Mantidactylus subgenera (Scherz et al. 2019, 2022,
Rancilhac et al. 2020) this was caused by a sometimes
puzzling, high amount of morphological variation
within species, especially in Ochthomantis, in combi-
nation with a high morphological similarity between
species. Furthermore, and different from the equally
hyperdiverse subgenus Brygoomantis (see Scherz et
al. 2022a), calling specimens of Chonomantis and,
especially, Ochthomantis are not always easy to find,
and the advertisement calls of many species remain
unknown and thus cannot be used as a character
for taxonomy (Kohler et al. 2017) or field identifica-
tion (Vences et al. 2008). Consequently, given the
absence of targeted sampling, the representation
of species in the collections available to us can be
seen as representative of their rarity and/or find-
ability in the wild, and these data can be compared
with the transect-based information on rarity of
their tadpoles (Strauf3 et al. 2013). In this context,
it is striking that, especially in Chonomantis, some
intriguingly different patterns are apparent. Some
species, such as M. melanopleura among Chonomantis
and M. femoralis among Ochthomantis, are widely
represented in both, the sampling of adult specimens
and tadpoles, and widespread across Madagascar
(Strauf3 et al. 2013 and Fig. 1 herein). Other species,
such as M. opiparis appear to be at least locally very
common (e.g., in streams of Ranomafana National
Park according to tadpole sampling: Straufi et al. 2013
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and Fig. 1 herein), but much less represented in the
available adult collections, perhaps also because the
adults usually escape by fast and long jumps when
approached (Fig. 1; the vast majority of samples
included therein are from tadpoles). Furthermore,
several populations from northern Madagascar
originally assigned to M. opiparis turned out to be
M. zipperi instead. Other species are rare in both
tadpole and adult collections; in the Ranomafana
area, the source of the largest and most system-
atic tadpole collections, this applies to M. rabibisoai
among Ochthomantis and M. chonodus, M. maharira,
and M. malokila among Chonomantis, all of which
are known from few samples only. As with other
amphibians in Madagascar, future studies should
systematically assess whether they may be locally
restricted to certain habitats, genuinely rare (i.e.,
occurring in low densities), or more seasonal or secre-
tive in their habits and therefore rarely encountered.
The example of M. opiparis, which in Ranomafana is
very common in tadpole transects but far less rep-
resented in adult collections, indicates that indeed
some species of these Mantidactylus subgenera may
simply be more secretive than others.

Such information will also add to the reliability of
conservation assessments, which, for most Malagasy
frogs at present, can only be grounded on the spe-
cies’ distribution pattern (e.g., Andreone et al. 2005,
2008). Providing a full, detailed threat assessment of
all species of Chonomantis and Ochthomantis is beyond
the scope of the present paper, but we here provide
some preliminary suggestions.

For Ochthomantis, the work of Rabibisoa et
al. (2023) has led to a substantial improvement
of our knowledge on taxonomy and distribution.
Currently (IUCN 2024), M. ambreensis, M. femora-
lis, M. mocquardi and M. majori are categorized as
Least Concern (LC), and M. zolitschka as Critically
Endangered. Furthermore, Scherz et al. (2020) sug-
gested a status of Near Threatened for M. ambony.
The new taxonomic and distributional data from
Rabibisoa et al. (2023) and herein do not require a
modification of the assessments for the LC species,
but the much expanded range of M. zolitschka sug-
gests a less dramatic threat status for this species
which may be best classified as Near Threatened or
even Least Concern. The remaining Ochthomantis
species are still unassessed. Two of these, M. danieli
and M. tavaratra, are rather widespread in northern
Madagascar, including several protected areas, and
a status of Least Concern will probably turn out to
be most appropriate for them. The same is probably
true for M. catalai, which occurs at multiple sites
and over a wide range in the southern Central East
and South East, including at least one protected
area (Ranomafana National Park). The four other



species, M. macrotympanum and M. olgae in northern
Madagascar, M. poissoni in the northern Central East
and M. rabibisoai in the southern Central East and
South East, appear to be less widely distributed
and based on the frequency of collection, perhaps
relatively rare. Given the widespread deforestation
affecting their distribution ranges, it is likely that
they all qualify into one of the threatened catego-
ries, probably Vulnerable or Endangered; a specific
assessment would require the review of all locality
records in Rabibisoa et al. (2023), not only the geneti-
cally confirmed ones herein.

In Chonomantis, the Red List JUCN 2024) current-
ly lists six species as Least Concern: M. aerumnalis,
M. brevipalmatus, M. charlotteae, M. melanopleura,
M. opiparis, M. zipperi; and three other species as
Endangered: M. albofrenatus, M. delormei, M. paidroa.
The data presented herein suggests that M. opiparis
may be less widespread than previously thought
because most of the northern populations previously
attributed to this species (Vences & Glaw 2004, Glaw
& Vences 2007) may in fact be M. zipperi. However,
this is unlikely to change the conservation assess-
ment for M. opiparis which still occurs in a rather
wide area of the northern Central East and southern
Central East, including multiple protected areas. We
furthermore have synonymized M. charlotteae with
M. albofrenatus, and identified numerous popula-
tions previously considered as M. charlotteae as new
species; still, our taxonomic rearrangement leads to
a much expanded range for M. albofrenatus, which
therefore should be reclassified as Least Concern.
In contrast, most of the species of Chonomantis
newly described here occupy only limited ranges,
and often are only known from low-elevation sites
(e.g., M. chonodus, M. dichromus, M. kitrinolaimus) or
from the central highlands (M. temachikus) where
the remaining forests are heavily fragmented and
under particularly high anthropogenic pressure (e.g.,
Vallan 2000, Gehring et al. 2010). Most of them will
therefore turn out to fall in one of the threatened
categories. As discussed by Scherz et al. (2019), the
increased exploration of natural habitats in Mada-
gascar on one hand leads to the the realization that
some species are more widely distributed — and
thus less threatened with extinction — than previ-
ously thought. At the same time, it has also led to
the discovery of new, often range-restricted species,
which overall increases the number and proportion
of threatened species in Madagascar’s batrachofauna.
Finally, it is important to highlight that several of the
widespread Least Concern species of Mantidactylus
in the subgenera Chonomantis and Ochthomantis, in
particular M. albofrenatus, M. danieli, M. femoralis,
M. majori, M. mocquardi, M. tavaratra, and M. zipperi
as currently defined, each contain several deep mi-

tochondrial lineages of uncertain taxonomic status,
several of which may in the future be recognized
as distinct species with rather restricted ranges and
thus higher threat level.
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Nomenjanahary, M. Pabijan, D. Parker, C. Patton, J. L.
Patton, L. du Preez, D. Protzel, F. Rabemananjara, N. H.
C. Rabibisoa, J. M. Rafanoharana, L. Raharivololoniaina,
H. Raherinjatovo, E. Rajeriarison, T. Rajoafiarison, M.
Rakotondratsima, R. D. Randriniaina, J. E. Randri-
anirina, S. Rasamison, F. M. Ratsoavina, A. Razafi-
manantsoa, E. Razafimandimby, J. Razafindraibe, A. Sa-
rovy, T. Starnes, M. Teschke (née Thomas), D. Vallan,
D. R. Vieites, and C. Weldon. M. Hofreiter (Potsdam)
facilitated archival DNA analysis in his laboratory.
W. Bohme (Bonn), D. Marques and U. Wiiest (Basel),
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cal type material kept under their care. Research was
carried out in the framework of cooperation accords
among the Département de Biologie Animale, Univer-
sité d’Antananarivo, Madagascar National Parks, the
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gische Staatssammlung Miinchen. Permits for collection
and export of specimens were kindly issued by the
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Appendix 1. Call descriptions of species of the subgenera Chonomantis and Ochthomantis

Mantidactylus (Chonomantis) zipperi

The advertisement call of M. zipperi recorded on 2 Janu-
ary 2016 at Ampotsidy from specimen ZSM 99/2016
(MSZC 0127) consists of a short pulsatile note emitted in
call series consisting of 23-28 calls (n=3) and lasting for
8303-9083 ms. Numerical call parameters are as follows:
call duration (= note duration) 36-56 ms (50.6 £5.2 ms); in-
ter-call interval within regular call series 157-391 ms
(224.0+68.4 ms); and dominant frequency 1626-1665 Hz
(1645+14 Hz).

Thus, the call from Ampotsidy in northern Madagascar
is in general agreement with those reported from An’Ala,
the M. zipperi type locality, by Vences & Glaw (2004) but it
has slightly longer call duration. The An’Ala calls (newly
analyzed herein) have the following call parameters: call
duration (=note duration) 28-45 ms (32.8+5.8 ms); in-
ter-call interval within regular call series 185-275 ms
(214.0 £39.3 ms); and dominant frequency 1477-1913 Hz
(1725+225 Hz).

Mantidactylus (Ochthomantis) femoralis

Advertisement calls of M. femoralis recorded on 28 June
2010 at Bemanevika from specimen ZSM 1795/2010
(ZCMV 12547) consist of a distinctly pulsed note repeated in

302

series containing 2-14 calls. Remarkably, duration, number
of pulses per call, and pulse rate is highly variable among
calls, with initial calls of a series usually containing more
pulses emitted at a higher rate compared to following calls
that usually exhibit decreasing pulse rates towards the end
of a call series. Frequency is distributed within a broad band,
with only a barely evident energy peak. Numerical call pa-
rameters of 23 analyzed calls of 3 males are as follows: call
duration (= note duration) 70-170 ms (106.4 +23.4 ms); in-
ter-call interval within regular call series 101-168 ms
(136.9+ 18.8 ms); pulses/call 4-20 (12.1+4.4); pulses/
second within calls 84-236 (138.0+51.0); dominant fre-
quency 1330-1927 Hz (1526 235 Hz); prevalentbandwidth
800-6000 Hz.

Advertisement calls of M. femoralis recorded on 9
January 2016 at Ampotsidy from specimen ZSM 92/2016
(MSCZ 0179) generally agree in character with those
described from Bemanevika. Calls were emitted in series
containing 2-7 calls. Numerical call parameters of 15
analyzed calls are as follows: call duration (= note dura-
tion) 74-125 ms (99.9+17.9 ms); inter-call interval within
regular call series 74-146 ms (100.2+19.3 ms); pulses/
call 7-23 (12.7+5.4); pulses/second within calls 88-
214 (156.8+49.8); dominant frequency 1285-1446 Hz
(1367 +57 Hz); prevalent bandwidth 900-6000 Hz.



