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Abstract. We describe a new arboreal and diminutive species of the genus Platypelis from the Réserve Naturelle Intégrale
N. 1 de Betampona, one of the last low-altitude rainforest fragments of eastern Madagascar. P. karenae sp. nov. is a phyto-
telmic species, living among leaves of Pandanus spp. and those of a herbaceous plant of the genus Crinum. Amongst spe-
cies of comparable size, the new species is most similar to P. tetra, with which it shares a similar life history of occupying
leaf axils of phytotelms. Phylogenetically, P. karenae is sister to P. tuberifera yet differentiated by a high level of genetic di-
vergence (>7% p-distance for the analysed fragment of the 16S rRNA gene), its distinctly smaller size, acoustic repertoire,
and colour pattern. The mitochondrial, nuclear, bioacoustic, and morphological data all independently support the valid-

ity of this new species.
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Introduction

Frogs of the highly diverse family Microhylidae are distrib-
uted throughout the tropical forests of the globe, and ex-
hibit a wide variety of habitat adaptations and morpholog-
ical variations. The cophyline genus Platypelis is endemic
to Madagascar, and currently includes 12 described species
and at least other six confirmed candidate species (GLAW &
VENCES 2007, VIEITES et al. 2009, PERL et al. 2014). The spe-
cies of this genus are small to medium-sized frogs (16-40
mm), with the exception of P. grandis, which reaches up to
105 mm in snout-vent length (SVL) and is one of the largest
microhylid frogs worldwide (GLAW & VENCES 2007).

All known Platypelis species are arboreal, with enlarged
finger and toe disks, and breed in phytotelmata or water-
filled bamboo internodes or tree holes. As far as is known,
the male guards the eggs and non-feeding tadpoles until
their metamorphosis (BLOMMERS-SCHLOSSER 1975). In

terms of biogeography, the genus is mainly distributed in
the rainforests of northern and northeastern Madagascar,
where several species have recently been discovered and
from where several confirmed candidate species are cur-
rently known and still need to be formally described (AN-
DREONE et al. 2005, GLAW & VENCES 2007, RAKOTOARISON
etal. 2012, Rosa et al. 2012). No species of Platypelis has yet
been found in the arid western regions and the deciduous
forests of Madagascar, presumably because of their need
for continuously high humidity (MERCURIO et al. 2008,
Bora et al. 2010) and appropriate phytotelmic breeding
sites.

Typically, Platypelis males call perched on leaves or
branches and inflate a single, quite expandable, subgular
vocal sac. Their vocalizations show a rather similar tempo-
ral succession, consisting of single and monotonous notes
repeated in almost endless series, as in most cophylines
(GLAW & VENCES 2007). Notable exceptions to this pattern
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are P. grandis, whose males hide inside tree holes or Rave-
nala palm trees and emit resonating and abrupt, inharmo-
niously modulated call pulses at rather irregular intervals
(BLOMMERS-SCHLOSSER 1975), and P tsaratananaensis,
which emits double-note calls (RAKOTOARISON et al. 2012).

Anurans are notable among vertebrate groups for
the extraordinary diversity of their reproductive modes
(DUELLMAN 1985). Occupation of phytotelmata is a widely
followed strategy among amphibians, and has originated
as an ecological innovation multiple times convergently
(e.g., LEHTINEN 2002, ANDREONE et al. 2010). In Madagas-
car, plants such as Pandanus spp. retain rainwater in their
leaf axils (at least during the rainy season), thus provid-
ing frogs with suitable habitats for breeding, resting and
feeding activities. Most species of the mantelline subge-
nus Pandanusicola (LEHTINEN et al. 2004), the recently de-
scribed Blommersia angolafa (ANDREONE et al. 2010), and
the majority of the Plethodontohyla, Anodonthyla, Cophyla
and Platypelis species rely on phytotelmata, dwelling in
these water-holding plants throughout all or a great part
of their life cycle (ANDREONE et al. 2003, GLAW & VENCES
2007, LEHTINEN 2002). Non-feeding tadpoles develop in-
side these ephemeral small pools, benefiting from parental
care (BLOMMERS-SCHLOSSER 1975, ANDREONE et al. 2005,
GLAW & VENCES 2007). This situation may confer some ad-
vantages, both in terms of safety and reduced competition
(SUMMERS & MCKEON 2004).

In this paper, we describe a new diminutive Platypelis
that breeds in phytotelmata of Pandanus spp. and a herba-
ceous plant of the genus Crinum. We also provide obser-
vations on the life history and assess the molecular phylo-
genetic relationships of the new taxon to other Platypelis
species.

Material and methods
Study periods and site

All individuals of the new Platypelis species were found
during herpetological survey works carried out at the
Réserve Naturelle Intégrale (RNI) de Betampona in 2004,
2006, and 2007. This fragment of lowland rainforest is an
integrated part of the protected area network in Madagas-
car (ANGAP 2003). Located on the northern central east
coast of Madagascar between 17°15-17°5" S and 49°12’-
49°15" E (BRITT et al. 2004), the reserve extends from an
altitude of 275 to 650 m above sea level (RAZOKINY 1985).

The forest has been under government protection since
1927. Around 50% of Betampona is undisturbed primary
rainforest, with an additional ~ 35% being characterized as
recovering primary rainforest and the remainder as sec-
ondary forest (ARMSTRONG et al. 2011).

Field methods

As a standard procedure, frogs were searched for both dur-
ing the day and night with the aid of headlamps and torch-
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lights. Searches took into account all plant species that
could potentially offer phytotelmata. Acoustic encounter
surveys were used to detect calling males. The vocalizations
of each individual were recorded with a Marantz PMD 660
digital recorder, accessorized with a semi-directional mi-
crophone. Live colour patterns were recorded by photogra-
phy at the time of capture. A limited number of individuals
were collected as museum vouchers. Specimens were eu-
thanised (by an overdose of MS222 or chlorobutanol), a toe
clipping was removed for genetic analyses, and specimens
were then fixed in 10% buffered formalin or 90% ethanol
(later transferred to 70% ethanol).

Morphometric measurements

The following morphological features were measured to
the nearest 0.1 mm with a digital calliper: SVL (snout-
vent length); HL (head length, diagonal straight distance
between the maxillary commissure to the snout tip); HW
(head width); ED (horizontal eye diameter); TD (hori-
zontal tympanum diameter); END (eye-nostril distance);
NSD (nostril-tip of the snout distance); FORL (forelimb
length, from the inside of elbow to the tip of the longest
finger); HAL (hand length, from the carpal-metacarpal ar-
ticulations to the tip of the longest finger); HLL (hind limb
length, from the cloaca to the tip of the longest toe); FOL
(foot length, from the tarsal-metatarsal articulations to the
tip of the longest toe).

Acronyms used are as follows: MRSN — Museo Regio-
nale di Scienze Naturali, Torino, Italy; AMNH - American
Museum of Natural History, New York, USA; ZSM - Zoo-
logische Staatssammlung Miinchen, Germany; FAZC re-
fers to field numbers of F. ANDREONE; ZCMYV those of M.
VENCES; DRV to those of D. R. VieiTEs; ACZC to those of
A. CROTTINI PSG to those of P.-S. GEHRING and FGZC to
those of E. GLAw.

The type specimens were compared to the similarly
sized P. tetra and the sister species P. tuberifera (Tab. 1)
as follows: eight P. tuberifera specimens (MRSN A4729,
A4748, A1888.1, A4728, A4733, A4737, A2946, and A6254);
four specimens (holotype and paratypes) of P. tetra from
Anjanaharibe-Sud (MRSN A2171-2174), two specimens
from Lohanandroranga (AMNH A167267, 167276) and
two specimens from Andramanalana (AMNH A181900,
181901) attributed to P, tetra.

Molecular analyses

Toe clips were collected from a selected number of individ-
uals as tissue samples for molecular analysis. Eight samples
of P. karenae sp. n. from Betampona Natural Reserve; one
sample of P, sp. aff. fetra 1 from Masoala (Farankaraina) and
two from near Makira (Ambodivohangy); one sample of
P sp. aff. tetra 2 from Ambodiriana; one sample of P, tetra
from Lohanandroranga (near Bealanana) and 23 samples
of P tuberifera from Betampona (1 sample), Masoala (6),
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Table 1. Morphometric measurements (in mm) of specimens of Platypelis karenae sp. n., P. tuberifera, and P. tetra. M — male, F - fe-
male, HT - holotype, PT - paratype. For other abbreviations, see the running text.

Museum number Types Provenience Sex SVL HL HW ED TD END NSD FORL HAL HLL FOL
P. karenae sp. n.

MRSN A6847 HT Betampona M 174 62 56 20 1.1 22 16 66 35 200 6.1
MRSN A5686 PT Betampona M 161 65 61 25 12 16 17 53 37 194 56
MRSN A6369 PT Betampona M 167 57 65 21 14 17 20 73 34 191 64
MRSN A6293 PT Betampona M 165 65 61 26 13 15 14 76 42 201 53
AMNH A173882 PT Betampona M 170 56 68 20 10 16 14 70 40 186 5.6
MRSN A6848 PT Betampona F 174 63 56 23 13 15 17 68 40 207 58
MRSN A5689 PT Betampona F 183 72 62 27 12 22 15 70 37 245 56
MRSN A5687 PT Betampona F 167 61 55 20 13 19 19 65 38 211 57
MRSN A6286 PT Betampona F 175 61 66 21 14 18 19 67 36 194 58
P, tuberifera

MRSN A4729 Ambolokopatrika M 306 132 125 41 26 29 30 114 7.7 393 116
MRSN A4733 Ambolokopatrika M 346 119 133 39 23 34 30 149 88 421 135
MRSN A4737 Ambolokopatrika M 291 115 11.8 37 20 23 25 107 7.7 388 107
MRSN A2946 Masoala M 253 105 100 34 12 1.7 25 11.1 64 348 10.1
MRSN A4748 Masoala F 383 137 141 51 27 36 34 142 81 417 135
MRSN A1888.1 Tsararano F 348 127 129 41 27 32 36 161 93 482 145
MRSN A4728 Masoala F 381 148 156 43 31 34 33 160 9.7 50.0 149
MRSN A6254 Betampona F 347 123 125 41 160 35 31 122 7.1 39.5 108
P tetra

MRSN A2174 HT Anjanaharibe-Sud M 175 62 64 20 08 13 16 59 32 175 6.0
MRSN A2172 PT  Anjanaharibe-Sud M 182 63 65 22 12 14 16 65 34 182 54
MRSN A2173 PT Anjanaharibe-Sud F 194 71 68 23 08 15 16 63 38 194 59
MRSN A2171 PT Anjanaharibe-Sud F 189 64 69 23 12 15 19 76 41 189 57
AMNH A181900 Andramanalana F 168 54 63 19 06 14 12 61 33 190 55
AMNH A181901 Andramanalana F 210 59 82 22 12 15 14 78 53 270 70
AMNH A167267 Lohanandroranga F 231 51 86 21 12 14 16 80 60 290 75
AMNH A167276 Lohanandroranga F 240 54 88 22 12 16 16 81 61 310 84

Vevembe (1), Ambalabe (1), Tsararano (1), Ambolokopatri-
ka (10), Antara (1), Ranomafana (1), and Besariaka (1) were
used for molecular analyses (see Tab. 2 for details). To pre-
vent potential contamination, sampling was done using
sterilized equipment (NSW National Parks and Wildlife
Service 2001, SPEARE et al. 2004).

Total genomic DNA was extracted from the tissue
samples using proteinase K digestion (10 mg/ml con-
centration) followed by a standard salt extraction proto-
col (BRUFORD et al. 1992). We amplified one mitochon-
drial and one nuclear fragment: the mitochondrial rrnL
(large ribosomal RNA, or 16S rRNA gene), and the pro-
opiomelanocortin gene (POMC). Standard Polymerase
chain reactions were performed in a final volume of 11 pl
and using 0.3 pl each of 10 pmol primer, 0.25 pl of total
dNTP 10 mM (Promega), 0.08 pl of 5 U/ml GoTaq, and
2.5 Ul 5X Green GoTaq Reaction Buffer (Promega). To se-
quence a fragment of ca 550 bp of the large ribosomal RNA
gene, we used the primers 16SL3 5-AGCAAAGAHY-
WWACCTCGTACCTTTTGCAT-3* and 16SAH 5-AT-
GTTTTTGATAAACAGGCG-3" as described in VENCES

et al. (2003). To sequence the POMC fragment, we used
the primers POMC DRVF1 5°-ATATGTCATGASCCAYT-
TYCGCTGGAA-3 and POMC DRVR1 5-GGCRTTYTT-
GAAWAGAGTCATTAGWGG-3* (VIEITES et al. 2007)
as outlined in VENCEs et al. (2010). For the nuclear gene
fragment, both strands of the successfully amplified PCR
products, treated with ExoSAP-IT (USB) to inactivate re-
maining primers and dNTPs, were directly used for the
cycle sequencing reaction, using dye-labelled terminators
(Applied Biosystems) with the amplification primers. La-
belled fragments were analysed on an ABI 3130 automat-
ed DNA sequencer (Applied Biosystems). Sequences were
compared with GenBank sequences, and chromatographs
were visually checked and edited, when necessary, using
CodonCode Aligner (version 3.7.1, Codon Code Corpora-
tion).

Homologous 16S rRNA gene sequences of P. pollicaris
(EU341098), P. tuberifera from Marojejy (EU352823) and
Andasibe (EU341093), P. barbouri (AYs594057), P. alti-
cola (JX519434), P. tsaratananaensis (JX519457), P. millo-
ti (EU341094), and P. grandis (EU341095) were retrieved
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Table 2. List of tissue samples included in the present study for molecular analyses (ID), species identification, localities, latitude,
longitude, and GenBank accession numbers (where available).

ID Species Locality Campsite GPS coordinates 16S POMC
FGZC 180 P, grandis Andohahela Andohahela Camp 2 24°44’18.007S, 046°50°25.00"E  EU341095 -
MRSN A5686 P. karenae sp. n. Betampona Sahabefoza 17°54’52.70”S, 049°12’30.40°E  KM817790 KM&817818
MRSN A5687 P. karenae sp. n. Betampona Sahabefoza 17°54’52.70”S, 049°12’30.40°E ~ KM817791 KMS817819
MRSN A5689 P, karenae sp. n. Betampona Sahabefoza 17°54’52.70”S, 049°12’30.40°E  KM817792 KM&817820
MRSN A6286 P, karenae sp. n. Betampona Sahabefoza 17°54’52.70”S, 049°12’30.40°E  HM364748 KMS817823
FAZC 13605 P, karenae sp. n. Betampona Sahambendrana 17°53’54.30”S, 049°12’55.30°E  HM364747 KM&817822
MRSN A6369 P. karenae sp. n. Betampona Sahambendrana 17°53’53.40”S, 049°12’57.80’E ~ GU371305 -
MRSN A6847 P. karenae sp. n. Betampona Sahambendrana 17°53°54.50”S, 049°12’55.20”E  HM364746 KM817821
FAZC 13975 P, karenae sp. n. Betampona Vohitsivalana 17°53’17.807S, 049°12’14.70°E  HM364749 KM817825
MRSN A6557 P, tuberifera Ambalabe - 19°08’13.477S, 048°32’15.12”E KM817806 KMS817840
MRSN A4729 P, tuberifera Ambolokopatrika Andemakatsara 14°31’48.00S, 049°26’30.00°E  KM817808 KM817843
MRSN A4730 P. tuberifera Ambolokopatrika Andemakatsara 14°31’48.00S, 049°26’30.00°E  KM817809 KM&817844
MRSN A4731 P. tuberifera Ambolokopatrika Andemakatsara 14°31’48.00S, 049°26’30.00°E ~ KM817807 KMS817842
MRSN A4732 P. tuberifera Ambolokopatrika Andemakatsara 14°31°48.007S, 049°26’30.00°’E  KM817810 KMS817845
MRSN A4736 P. tuberifera Ambolokopatrika Andemakatsara 14°31°48.00”S, 049°26’30.00°E  KM817811 KM817846
MRSN A4737 P tuberifera Ambolokopatrika Andemakatsara 14°31°48.007S, 049°26’30.00"E  KM817812 KMS817847
MRSN A4738 P, tuberifera Ambolokopatrika Andemakatsara 14°31°48.007S, 049°26’30.00°E  KM817813 KMS817848
MRSN A4733 P, tuberifera Ambolokopatrika Andranomadio 14°32724.00”S, 049°26’18.00”E - KM817852
MRSN A4734 P. tuberifera Ambolokopatrika Andranomadio 14°32724.00”S, 049°26’18.00°E KM817814 KM817853
MRSN A4755 P. tuberifera Ambolokopatrika Andranomadio 14°32724.00”S, 049°26’18.00°E KM817815 KMS817849
ZSM 2/2002 P. tuberifera Andasibe - no coordinate available EU341093 -
MRSN A5025 P. tuberifera Antara region Sahavontsira 16°53°14.007S, 049°10°58.00°’E  KM817816 KMS817850
MRSN A4758 P tuberifera Besariaka Ambinaninimiakamidina 14°50’48.00”S, 049°35°42.00"E  KM817802 KM817836
MRSN A6254 P. tuberifera Betampona Sahambendrana 17°54°04.70”S, 049°12’52.40’E  KM817798 KMS817831
ZSM 352/2005 P, tuberifera Marojejy Camp Simpona 14°26’11.947S, 049°44’36.06E ~ EU352823 -
MRSN A2860 P. tuberifera Masoala Amparihy 15°25’03.60”S, 049°56'25.20°E  KM817804 KM&817837
MRSN A4728 P. tuberifera Masoala Andasin’i Governera 15°18’33.00”S, 050°01'24.00°E  KM817799 KM817833
MRSN A4748 P. tuberifera Masoala Antsarahan’Ambarato 15°19°03.517S, 050°04°06.38”E  KM817801 KMS817835
MRSN A4735 P. tuberifera Masoala Beanjada 15°19’13.06”S, 050°06'43.67°E KM817800 KM&817834
MRSN A4725 P, tuberifera Masoala Menamalona 15°22°52.207S, 049°59'16.20°E ~ KM817805 KMS817838
FAZC 15211 P, tuberifera Masoala Tampolo 15°43’59.94”S, 049°57°31.02°E  KM817803 KMS817851
ACZC 1762 P, tuberifera Ranomafana - no coordinate available KM817817 -
MRSN A1888 P. tuberifera Tsararano Antsarahan’ny Tsararano  14°54°40.00”S, 049°41°23.00"E - KM817841
MRSN A6461 P. tuberifera Vevembe Vevembe 22°47°41.177S, 047°11°13.67°E - KM817839
PSG 2202 P. sp. aff. tetra 1 Makira Ambodivohangy 15°17°23.80S, 049°37°13.00°E  KM817794 KM817827
PSG 2362 P sp. aff. tetra 1 Makira Ambodivohangy 15°17°23.80S, 049°37°13.00°E  KM817795 KM&817828
FAZC 14222 P sp. aff. tetra 1 Masoala Farankaraina 15°26°00.00”S, 049°51°00.00°'E  KM817796 KMS817829
ZCMV 8962 P sp. aff. tetra 2 Ambodiriana Ambodiriana forest 16°40°28.407S, 049°42’10.00’E  KM817797 KMS817830
ZSM 348/2005 P, pollicaris Ambohitantely Ambohitantely 18°11’58.02S, 047°16’51.18°E ~ EU341098 -
MRSN A2616 P. barbouri Besariaka Ambinaninimiakamidina 14°49’18.00”S, 049°03’15.00°E ~ AY594057 -
ZSM 817/2003 P. milloti Manongarivo Camp 0 13°58732.00”S, 048°25’36.00”E EU341094 -
AMNH A167267 P tetra Bealanana region Lohanandroranga 14°24°59.007S, 048°08'51.00°’E  KM817793 KM817826
DRV 6113 P, alticola Tsaratanana Antevialambazaha 14°10°26.877S, 048°56’'42.76”E JX519434 -
ZCMV 12610 P. tsaratananaensis Tsaratanana Matsabory Maiky 14°09°09.22”S, 048°57°26.21”E JX519457 -

scribed (e.g., P. olgae, P. cowani) and undescribed species of
Platypelis are not included.

This alignment required the inclusion of gaps to account
for indels in only a few cases. All newly determined se-
quences have been deposited in GenBank (accession num-
bers are provided in Tab. 2).

from GenBank and added to the rrnL gene fragment align-
ment for outgroup rooting in the phylogenetic analyses.
The purpose of the presented phylogenetic analyses is to
show the closest phylogenetic relationship of the new spe-
cies to P. tuberifera rather than to the morphologically
similar P, tetra. For this reason, some distantly related de-
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Uncorrected pairwise distances (p-distance trans-
formed into percentage using the complete deletion op-
tion) amongst individuals of the same species and between
analysed Platypelis species were computed using MEGA,
version 6.06 (TAMURA et al. 2013). We performed maxi-
mum likelihood (ML) and Bayesian inference searches of
the mitochondrial 16S rRNA gene fragment. Four inde-
pendent ML analyses were carried out in Treefinder (JoBs
2011), including the determination of the best substitution
model based on the corrected Akaike Information Crite-
rion (AIC). Support for the resulting ML topologies was
obtained from bootstrap analyses as incorporated in Tree-
finder, with 1,000 replicates, 10 random addition sequenc-
es replicates, and TBR branch swapping. Bayesian analyses
were conducted in MrBayes 3.2.1 (RONQUIST et al. 2012).
The GTR+I+G model was determined by AIC in jModel-
Test2 (DARRIBA et al. 2012) as the best-fitting model of sub-
stitution. We performed two runs of 10 million generations
(started on random trees) and four incrementally heated
Markov chains (using default heating values), sampling the
Markov chains at intervals of 1,000 generations. Stabiliza-
tion and convergence of likelihood values were checked by
visualizing the log likelihoods associated with the poste-
rior distribution of trees in the software Tracer (RAMBAUT
& DRUMMOND 2007), and occurred after about 3.5 million
generations. The first four million generations were con-
servatively discarded, and six million trees were retained
post burn-in and summed to generate the majority rule
consensus tree.

Haplotypes of POMC data were inferred using the
PHASE algorithm (STEPHENS et al. 2001) incorporated
in the DnaSP software (Version 5.10.3, LIBRADO & Ro-
zAS 2009). Haplotype network reconstruction of phased
sequences of the POMC fragment was performed using
the software TCS, version 1.21 (CLEMENT et al. 2000). This
software employs the method of TEMPLETON et al. (1992)
and calculates the number of mutational steps by which
pairwise haplotypes differ, computing the probability of
parsimony for pairwise differences until the probability
exceeds 0.95 (no manual adjustment of the threshold was
necessary).

Bioacoustic analyses

Calls were analysed with the acoustic software Adobe Au-
dition 3.0 (as described in ROsSA & ANDREONE 2010, Rosa
et al. 2010), and compared to the existing database of frog
vocalizations (VENCEs et al. 2006). Recordings were re-
sampled at 44.1 Hz and 16-bit resolution in the mono pat-
tern and in “Waveform” extension. Frequency informa-
tion was obtained through Fast Fourier Transformation
(FFT. width 1,024 points); the audio spectrogram was ob-
tained in the Hanning window function with a resolu-
tion of 256 bands. Temporal measurements are provided
as range, followed by mean, standard deviation, and the
number of analysed units (n): analysed notes, calls or in-
tervals.

Results

Platypelis karenae sp. n.
Figs 3-5

Remarks: This species has been previously regarded as
a candidate species and referred to as P. sp. aff. tetra [Ca
FJ559288] by Rosa et al. (2011) and Rosa et al. (2012), P, sp.
by ANDREONE & RANDRIAMAHAZO (2008), and P. sp. 2 by
VIEITES et al. (2009).

Holotype: MRSN A6847, adult male (ethanol-fixed and se-
quenced for DNA comparison) collected by G. M. Rosa,
J. NoEL & F. ANDREONE on 6 February 2007 at Sahamben-
drana campsite, 17°53°54.5” S, 049°12’55.2” E, 458 m a.s.l,
Betampona, Region Atsinanana, Commune Rurale de Sa-
hambala, east Madagascar.

Paratypes: All paratypes were collected at Betampona
(same administrative data as for the holotype): AMNH
A173882, adult male (formalin-fixed), collected by N. Ra-
BIBISOA, M. RANDRIAMBAHINIARIME and A. RANJANA-
HARISOA on 20 March 2004 at Sahambendrana campsite,
17°53’54.2” S, 49°12’55.4” E, 450 m a.s.l; MRSN Aj5686,
adult male, and MRSN As5687 and A5689, adult females
(formalin-fixed and sequenced for DNA comparison),
collected by F. ANDREONE on 8 February 2006 at Sa-
habefoza campsite, 17°54’52.7” S, 49°12’30.4” E, 343 m
a.s.l.; MRSN A6286, adult female (ethanol-fixed and se-
quenced for DNA comparison), collected by G. M. Rosa
and J. NokL on 6 March 2007 at Sahabefoza campsite,
17°54’52.7” S, 49°12’30.4” E, 343 m a.s.l; MRSN A6293,
adult male (ethanol-fixed), collected by G. M. Rosa and
J. NoEL on 8 February 2007 at Sahambendrana camp-
site, 17°53’53.8” S, 49°12’57.2” E, 393 m a.s.1.; MRSN A 6369,
adult male (ethanol-fixed and sequenced for DNA com-
parison), collected by G. M. Rosa, J. NokL and E. ANn-
DREONE on 5 November 2007 at Sahambendrana camp-
site, 17°53’53.4” S, 49°12’57.8” E, 351 m a.s.1.; MRSN A6848,
adult female (ethanol-fixed), collected by G. M. Rosa, J.
NokL and F. ANDREONE on 6 February 2007 at Sahamben-
drana campsite, 17°53’54.5” S, 49°12’55.2” E, 458 m a.s.l;
MRSN A6977, three eggs (formalin-fixed) and MRSN
A6978, three eggs (formalin-fixed), collected by J. NoEL
on 11 December 2010, at Sahambendrana campsite; MRSN
A6979 and A6980, six tadpoles (ethanol-fixed), collected
by J. NoEL on 30 November 2010 at Maintimbato camp-
site, 17°53°47.57 S, 49°13’35.5” E, 270 m a.s.L.

Etymology: The species is dedicated to KAREN L. M. FREE-
MAN, former Madagascar Fauna and Flora Group field co-
ordinator and current research coordinator, in recognition
of her dedication to the conservation of the Betampona
rainforest.

Diagnosis: An arboreal and phytotelmic diminutive

Platypelis species characterized by the following combina-
tion of characters: small adult size (SVL 16-18 mm); toe and
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finger pads expanded, almost circular (rather than ovoid)
in shape; hands and feet without webbing; tarso-metatar-
sal articulation reaching the tympanum; dorsal surface
smooth; dorsal colour light yellow-light greenish with a
wide brownish black dorsolateral stripe running from the
eye to behind the axilla. The new species is assigned to the
genus Platypelis based on its enlarged terminal finger discs,
absence of finger-like prepollex, and molecular phyloge-
netic relationships (WOLLENBERG et al. 2008).

Comparison with other species: Within the Platypelis
clade, the new species is close to P. tuberifera, sharing a
very similar morphological appearance, including a wide
dark stripe running from the posterior edge of the eye to
beyond the axilla. However, P. tuberifera differs by its dis-
tinctly larger size (SVL of adult males up to 40 mm vs. up
to 17 mm) and often-spotted pattern on the back vs. a uni-
formly light yellowish pattern on the dorsum, with a few
or no lighter spots. The new species is distinguished from
Platypelis alticola, P. grandis, P. mavomavo, P. milloti, P
pollicaris, and P. tsaratananaensis by its distinctly smaller
size.

Among species of comparable size, P. karenae is most
similar to P, tetra, with which it shares a similar life history
of occupying leaf axils phytotelms (both have been found
in Pandanus plants, but only P karenae in herbaceous
Crinum plants). Platypelis karenae differs from P. tetra by:

(1) its colour pattern: P, tetra presents a much darker body
colour pattern, with brownish markings and speckling;
the legs have irregular tan spots and the dorsal body has
at least four large whitish spots; (2) by the third toe be-
ing slightly shorter than the fifth (vs. third toe longer); and
(3) by a completely smooth dorsum (vs. tuberculated).

Additionally, P. karenae differs from the other described
Platypelis species as follows: from P. barbouri, P. milloti,
P mavomavo, P. olgae, and P. ravus by a uniform whitish
ventral surface (vs. reddish or yellow colour on venter and/
or ventral side of hind limbs); from P. barbouri, P. grandis,
and P. mavomavo by a completely smooth dorsum (vs. tu-
berculated); from P. barbouri by the smoothness of the skin
and presence of a wide dark dorsolateral stripe; from P. mil-
loti by its pale yellow body colouration; and from P. mavo-
mavo, by the third toe being slightly shorter than the fifth
(vs. third toe longer). P. cowani was not taken into consid-
eration due to the still unclear identification of the speci-
mens and call of this species.

P karenae is also distinct from all other species of
Platypelis by its call, and further distinguished by molecu-
lar relationships and genetic divergence (see below). The
similarly small-sized species P. tetra is placed with high
support into a different clade (Figs 1-2).

Platypelis karenae also differs from other superficially
similar microhylids in Madagascar by the following fea-
tures: from Anodonthyla males (similar SVL) by the ab-
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Figure 1. Bayesian inference tree of Platypelis species based on 586 bp of the mitochondrial 16S rRNA gene. Values at nodes are boot-
strap values in percent from ML analyses; values below 70% are not shown. Asterisks denote Bayesian posterior probabilities values:
* = 90-98%; * — 99%; ** — 100%. The distribution of the sampling localities across Madagascar is also indicated. The star points out
Betampona, the type locality of Platypelis karenae sp. n.
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sence of a distinct prepollex in males; and from Cophyla
phyllodactlya, C. occultans, and C. berara by colouration
(light yellowish vs. brownish) and call characteristics.

Description of the holotype: Adult male in a good state of
preservation; snout-vent length 17.4 mm; for other meas-
urements see Tab. 1. Body moderately stout; head wider
than long, not wider than body; snout rounded in dor-
sal and lateral views; nostrils directed laterally, not pro-
tuberant, nearer to tip of snout than to eye; canthus ros-
tralis indistinct; loreal region plain; tympanum rather
indistinct, supratympanic fold distinct, straight; tongue
ovoid, broad, free posteriorly and notched very slightly;
maxillary teeth present; vomerine teeth not recognizable;
choanae rounded. The single vocal sac is moderately ex-
pandable. Forelimb slender; subarticular tubercles single,
indistinct; outer metacarpal tubercle large but low (not
prominent); inner metacarpal tubercle moderately large,

forming a protuberance at base of first finger; hand with-
out webbings; fingers distinctly flattened and relatively
broad throughout their lengths; relative lengths of fingers
1<2=4<3, fourth finger of similar length as second; finger
disks distinctly enlarged, rounded; nuptial pads absent.
Hind limbs slender; tibiotarsal articulation reaching tym-
panum when hind limb is adpressed along body; lateral
metatarsals strongly connected; inner metatarsal tubercle
small; outer metatarsal tubercle absent; no webbings be-
tween toes; toes flattened and relatively broad throughout
their lengths; relative lengths of toes 1<2<3<5<4; third toe
slightly shorter than the fifth; toe disks distinctly enlarged,
rounded. Dorsal skin smooth without dorsolateral folds.
Ventral skin slightly granular on throat, and moderately
granular on chest and belly.

In life, the holotype was uniformly light yellow with
a few lighter spots on the dorsum, while a wide blackish
brownish stripe extended from the posterior edge of the

. P. karenae sp. nov.

. P. tuberifera Ambalabe

. P. tuberifera Ambolokopatrika
- P. tuberifera Antara

. P. tuberifera Betampona

= P. tuberifera Masoala

. P. tuberifera Tsararano

. P. tuberifera Vevembe

|:| P. sp. aff. tetra 1 Makira

P. sp. aff. tetra 1 Masoala

. P. sp. aff. tetra 2 Ambodiriana

. P. tetra

Figure 2. Haplotype network reconstruction of the nuclear POMC gene fragment in P. karenae sp. n., P. tetra, P. tuberifera, P. sp. aff.

tetra 1, and P, sp. aff. tetra 2.
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eye to a point around 0.5 mm behind the insertion point of
the forearm, where it disintegrated into isolated dark spots.
The iris was light brown - with darker scattered dots. The
belly was off-white, and the vocal sac, during the emission
of calls, translucent and bluish. After seven years in pre-
servative, the holotype has become greyish, but the dorso-
lateral stripes are still evident.

Variation: The adult paratypes are similar to the holotype
in general morphology and colour pattern; for measure-
ments see Tab. 1. Females lack a vocal sac. Juveniles differ
from adults by presenting more greenish body colouration
with a larger number of scattered light spots on the dor-
sum, flanks, and limbs, and by having a reddish-brownish
snout tip and iris (Fig. 3E). The dark wide lateral stripe is

Figure 3. Platypelis karenae sp. n. in life: A) male holotype (MRSN A6847) in dorsolateral view; B) calling male paratype (MRSN
A6369) in frontal view inflating its vocal sac; C) male paratype in lateral view (MRSN A6286); D) gravid female in ventral view with
eggs in evidence (not collected); E) juvenile in frontodorsal view (not collected); (F) developing egg clutch in Crinum leaf axils. Photos
A-C by G. M. Rosa; D-F by J. No&EL.
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quite variable in length in the paratypes, ranging from 2
(MRSN A5886) to about 6 mm (MRSN A6848).

Bioacoustics: Calls of P. karenae were recorded at Betam-
pona (Sahambendrana campsite) on 5 November 2007,
at 22:30 h, at an air temperature of 21°C; paratype MRSN
A6369 (Rosa et al. 2011, track #45).

The advertisement call is composed of a short melodi-
ous note that is repeated in long series of several minutes
(Fig. 5). This harmonious and whistling note has a dura-
tion of 131-145 ms (140.8 * 2.7, n = 52). The repetition rate
is 0.43/s (25.8/m). Duration of inter-note intervals is 1425—
4800 ms (2284 + 636, n = 51). The frequency is wide, rang-
ing from 2 to 11 kHz. Four bands can be recognised: the

Figure 4. Platypelis karenae sp. n. natural history traits and habitats: A) live “vahona” plants (Crinum sp.), whose leaf axils constitute the
breeding habitats of P. karenae; B) close-up of a leaf axil of “vahona” forming a phytotelm; C) Pandanus sp. (another water-retaining
plant utilised by P. karenae); D) adult individual of P. karenae sheltering between two leaves of Pandanus sp.; E) juvenile P. karenae in
a leaf axil of a Crinum; F, G) parental male guarding egg clutch in a water-filled Crinum. Photos A-B by G. M. Rosa; C-G by J. NoEL.
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Figure 5. Comparison of habitus and advertisement call of Platypelis species, showing picture in life at the left and a ten seconds
oscillogram section of the advertisement call at the right (plus spectrogram in P. karenae sp. n.): A) P. karenae sp. n., call recorded at
Betampona (5 November 2007, 22:30, 21°C; calling male MRSN A6369); B) P. tuberifera, call recorded at Andasibe (12 January 1992);
C) P. ravus, call recorded at Marojejy (15 February 2005); D) P. barbouri, call recorded at Andasibe (10 January 1992); E) P. fetra,
call recorded at Anjanaharibe-Sud Special Reserve (5 February 1996). Oscillograms B-E obtained from VENCES et al. (2006) tracks.
Photos A-B by G. M. Rosa; C-D by F. GLaw & M. VENCEs; E by F. ANDREONE.
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Table 3. Within- (bold) and among-species genetic divergence of the analysed 16S rRNA mitochondrial gene fragment, based on
uncorrected pairwise p-distances for the analysed species of the genus Platypelis.

P P Psp.aff. P sp.aff. P P P P P tsaratana- P P
karenae  tetra  tetral  tetra2 tuberifera pollicaris barbouri alticola  naensis  milloti grandis
P. karenae 0.1%
P tetra 12.1% n/c
P. sp. aff. tetra 1 125% 13.0%  0.3%
P. sp. aff. tetra 2 124% 12.4%  3.6% n/c
P. tuberifera 75% 112% 12.1%  11.7% 2.0%
P. pollicaris 12.8% 13.8% 10.4% 10.0% 12.3% n/c
P. barbouri 11.2% 13.8% 12.0% 11.8% 12.2% 10.6% n/c
P, alticola 11.9% 12.8% 12.8%  13.2% 11.8% 12.6% 13.2% n/c
P tsaratananaensis  12.7% 11.2% 13.6%  13.2% 12.8% 13.6% 13.0% 9.0% n/c
P. milloti 14.6% 15.0% 15.3% 15.8% 15.4% 15.8% 13.6% 16.4% 16.6% n/c
P. grandis 13.4% 12.0% 13.3% 13.4% 13.4% 12.8% 12.4% 11.6% 12.0% 16.8% n/c

fundamental frequency between 2.2 and 2.8 kHz followed
by a dominant band at 4.6-5.2 kHz; a third one between 7.0
and 7.8 kHz, and a higher one at 9.4-10.2 kHz. The inten-
sity increases from the first to the second note in the begin-
ning of the series, but remains constant at the end.

Calls of P. karenae are similar to those of P. barbouri,
although this species shows a relatively lower fundamen-
tal frequency at about 4 kHz (Fig. 5D; VENCES et al. 2006).
The call of the sister species (P, tuberifera) presents a much
lower note repetition rate and formant band at 23.0°C
(around 2.7 kHz; VENCES et al. 2006) (Fig. 5B). Calls of
Platypelis ravus present a much longer note duration that
varies between 2,504 and 3,200 ms (Fig. 5C; VENCEs et al.
2006), and calls of P. tetra differ by their substantially high-
er note repetition rate of 3/sec at 18.0-18.5°C, and a fun-
damental frequency of 3.5-4.0 kHz (Fig. 5E; VENCES et al.
2006).

Natural history: The new species was always observed
within plants not more than 10 m distant from streams.
We found the frogs only in association with two plants: a
rather small Pandanus sp. and a plant locally named “va-
hona” (Fig. 4). In general, the name “vahona” refers to
plants of the genus Aloe, which is typical of arid areas, but
at Betampona, local people use it for plants of the genus
Crinum (Amaryllidaceae). According to C. BIRKINSHAW
(pers. comm.), the species is C. firmifolium. The frogs live
at the bases (axils) of the leaves of Pandanus and Crinum
(Fig. 4), and will move to the leaf’s periphery for vocaliza-
tion. In general, males moved up and down the leaves after
the sunset, with major activity being noted during rainfalls.
Emissions of vocalizations were accompanied by inflating
the single subgular vocal sac (Fig. 3B). When alarmed, the
males would move back and hide in the leaf axil (Fig. 4D).
Eggs and tadpoles were found by J. NOEL on 11 December
2010, at the campsite known as Sahambendrana, at an al-
titude of around 390 m. The eggs had been hidden within
the leaf axils of a Crinum plant along a stream (Figs 3F, 4G),
around 50 cm above the ground. Egg masses of P. karenae

are rather small, containing a limited number of eggs (2-3,
counted in a series of two gravid females; see Fig. 3D) of
19-24 mm in diameter. The external jelly capsule is trans-
parent, and eggs are white (see Fig. 3F).

Distribution: This species is so far only known from the
small rainforest fragment of Betampona Reserve within a
narrow vertical range of 250-550 m a.s.l. on the central east
coast (Fig. 1).

Molecular analyses: The mean uncorrected p-distance (for
the 16S rRNA gene fragment) of P. karenae with P. tetra,
P sp. aft. tetra 1. P. sp. aff. tetra 2, and P. tuberifera is 12.1,
12.5, 12.4, and 7.5%, respectively (for intraspecific com-
parisons and comparisons with other Platypelis species
see Tab. 3). The haplotype network reconstruction of the
nuclear POMC gene (Fig. 2) shows no haplotype sharing
between the analysed species of Platypelis, including the
sympatric populations of P. karenae and P. tuberifera from
Betampona.

Although P. karenae seems morphologically more simi-
lar to P, tetra, P. sp. aff. tetra 1 from Masoala and Makira,
and P. sp. aff. tetra 2 from Ambodiriana, molecular data
clearly suggest a more close relationship to P. tuberifera.
Four substitutions separate the haplotypes of P. karenae
and P, tuberifera at the POMC gene, and at least ten and
14 substitutions separate the haplotypes of P. karenae and
P sp. aff. tetra 1 and 2 (see Fig. 2 for details).

The four ML runs resulted in identical trees (not shown)
with only small variation in bootstrap supports and were
overall congruent with the results obtained through Baye-
sian analyses (Fig. 1). Our molecular analysis showed that
P. karenae forms a robust monophyletic group (posterior
probability values 1.00; ML bootstrap values = 100), and
recovered a highly supported sister relationship (posteri-
or probability values 1.00) for P. karenae and P. tuberifera.
Similarly, our data clearly indicate that there is no sup-
port for the sister relationships of P. karenae with the other
miniaturized Platypelis species (P. tetra and P. sp. aft. tetra
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1 from Masoala and Makira, and P. sp. aff. tetra 2 from
Ambodiriana). At the same time, they suggest a strong
molecular differentiation between P. tetra, P. sp. aft. tetra 1
and P, sp. aff. tetra 2, whose phylogenetic relationships still
remains unclear (see Tab. 3 for raw data of genetic differen-
tiation and Figs 1-2). Mitochondrial data (genetic differen-
tiation >3.5%; posterior probability values 1.00; ML boot-
strap values = 100), and the absence of haplotype sharing at
the nuclear POMC gene suggests that P. sp. aff. tetra 1 from
Masoala and Makira, and P. sp. aff. tetra 2 from Ambodiri-
ana may represent two undescribed species.

Conservation: Platypelis karenae appears restricted to
Betampona, where it has been found at six sites (Saham-
bendrana, Sahabefoza, Maintimbato, Sahaindrana, Vohit-
sivalana, and Tolongoina). The high level of training of
Betampona guides (currently 6 permanent conservation
agents and 8 temporary patrolling/research assistants) fa-
cilitate an impressive continued presence in the reserve,
making it one of the best-managed protected areas in
Madagascar. A potentially important conservation issue for
Betampona is the conspicuous invasion by the introduced
guava (Psidium guajava), which is abundant and invasive
by nature, especially in the peripheral parts of the reserve
and secondary growth patches of forest (Madagascar Fau-
na Group 2011, Rosa et al. 2012). The uncontrolled growth
of the guava has the potential of replacing the typical plants
of the genera Pandanus and Crinum, on which P. karenae
lives. If this happens, the preferred habitat types and phyto-
telms will become rarer, together with the phytotelmic spe-
cies living in them, including P. karenae. We therefore sug-
gest assigning it to the category of Near Threatened (NT),
because the species nearly qualifies for being listed as Vul-
nerable (VU) under D2: the species is confined to a sin-
gle site, Betampona (2,228 ha), with a plausible threat that
could impact on the species in the near future. If the threat
became real, the species would be eligible for listing as En-
dangered, since its extent of occurrence is well within the
5,000 km? threshold under the B criterion and it would oc-
cur only in a single location (where the threat is habitat loss
from agricultural activities and charcoal production) and
there would be a continuing decline in the quality and area
of habitat, qualifying the species for the criteria Biabiii).

Discussion

The description of a new small Platypelis from Betampona
rainforest indicates that the taxonomic discovery curve of
Malagasy frogs is still far from reaching saturation point,
even in regions that are relatively easy to access. PERL et
al. (2014) have predicted that the final number of frog spe-
cies will be in excess of 500 species for Madagascar, and
the current trend of new species description appears to
confirm this notion (e.g., ANDREONE et al. 2010, GLAW et
al. 2010, VENCEs et al. 2010, CROTTINI et al. 2011, KOHLER
et al. 2011, RAKOTOARISON et al. 2012, KLAGES et al. 2013,
PENNY et al. 2014). Amongst the wealth of Malagasy frogs,
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cophyline microhylids still represent one of the most en-
igmatic groups, and many cryptic species, possibly micro-
endemic, are still awaiting description. However, it is sur-
prising to note that recent survey work at Betampona has
revealed about 21 amphibian taxa, corresponding to 1/3 of
the species found there, that have not yet been described
formally (Rosa et al. 2012). This high number of candidate
species (among which are five undescribed species of the
genus Platypelis) is possibly unique in eastern Madagascar
and likely due to Betampona representing the last major
fragment of low-altitude rainforest along the east coast of
Madagascar.

Due to the problem of morphological identification of
cryptic species we believe that other species of small phyto-
telmic Platypelis may be in need of further investigation,
too. In fact, we found similar individuals at Makira and in
the Maroantsetra area (here named P. sp. aff. fetra 1) and
P sp. aff. tetra 2 at Ambodiriana. All these small Platypelis
species (P. karenae, P. tetra, P. sp. aff. tetra 1 and 2) and the
larger P. tuberifera share the common ecological trait of de-
pending on Pandanus phytotelms. Several of these smaller
Platypelis live in the more northern region of Madagascar
that also appears to constitute a centre of differentiation
of their genus, with 11 species (of the 14 species treated
by GLAW & VENCES 2007) being known only from there
(WOLLENBERG et al. 2008).

We foresee that other forest blocks along the eastern
and northeastern coast of the island will host further unde-
scribed Platypelis species. For these reasons, conservation
action is needed to protect representative lowland forest
at as many sites as possible, and an in-depth phylogenetic
analysis aiming at resolving the still-unclear phylogenetic
relationships within this genus is required. The discovery
of many new species in Betampona and the evident biodi-
versity richness in residual fragments of rainforests dem-
onstrate how species conservation, especially for amphib-
ians, is often closely related to the conservation of even
modestly sized relict forests.
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