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We describe a new frog species of the genus Guibemantis, subgenus Pandanusicola, from Marojejy National Park in
northeastern Madagascar. Guibemantis milingilingy, the new species, exhibits high genetic divergence from all other
described species of Guibemantis based on DNA sequences of a fragment of the mitochondrial 16S rRNA gene. This new
species inhabits Pandanus plants like the majority of other members of this subgenus, but is found at much higher
elevations (2026 m a.s.l.). It differs from its closest relative, G. punctatus, by the lack of speckled or spotted dorsal
patterns and by the presence of a distinctly dark tympanum. As a high-elevation species, it is likely to be a species
sensitive to climate change, similar to other montane endemics in Madagascar.

T
HE island of Madagascar is a hotspot for biodiversity,
home to an extremely high number of species, most
of which are endemic (Goodman and Benstead,

2003). The number of frog species described from the island
is rapidly increasing and now totals 347 (AmphibiaWeb,
2018). Nevertheless, this number does not capture the full
diversity of species preliminarily identified via DNA barcod-
ing (Vieites et al., 2009; Perl et al., 2014). Additionally, there
are still regions and taxonomic groups in Madagascar that
remain severely understudied and have a high potential to
yield further undescribed diversity.

One relatively well-studied region with respect to frog
diversity is the Marojejy Massif located in northeastern
Madagascar, yet new species continue to be discovered there
on a regular basis (e.g., Glaw et al., 2011, 2012; Scherz et al.,
2014, 2017; Rakotoarison et al., 2017). Marojejy is part of a
mountain complex stretching from Tsaratanana to the
Masoala Peninsula that is composed of rugged terrain with
a wide range of elevations (Garraeu and Manantasara, 2003).
Low elevation areas are covered with lush rainforest, which
transitions into dwarf forests at higher elevations. The high
peaks in Marojejy rise above the treeline with high-elevation
scrubland habitat. This mosaic of unique habitats gives rise to
high species diversity and a high degree of local endemism.
Much of the massif is protected by Marojejy National Park,
created in 1952 (Goodman, 2000). Several expeditions have
been conducted in Marojejy to study its herpetofauna since
the 1970s (e.g., Guillaumet et al., 1975; Raselimanana et al.,
2000; Rakotomalala and Raselimanana, 2003), from which
numerous new species were later described (e.g., Guibé, 1974,
1975; Vences et al., 1999, 2002; Glaw et al., 2001, 2011). We
recently conducted another expedition to Marojejy, with,
among other goals, the aim of searching for new and poorly
known species. Among the specimens we collected from near
the peak of the massif was a small species of Guibemantis that
was morphologically distinct from other species in this
genus.

Guibemantis is a group of arboreal mantellid frogs within
the subfamily Mantellinae. In comparison to other groups, it

has received less attention in recent taxonomic revisions,
partly because of the high morphological similarity among
species (species of this group seem to have a polymorphic
coloration) and the inconspicuous vocalizations which make
bioacoustic species delimitation difficult. This genus is
divided into two subgenera, Pandanusicola and Guibemantis,
which currently contain ten and five described species,
respectively. Frogs from the subgenus Pandanusicola are small
in size and dwell in leaf axils of phytotelms (typically from
the genus Pandanus) in which most reproduce; some species
exhibit parental care behavior (Blommers-Schlösser, 1979;
Lehtinen, 2002, 2003, 2004, 2009). Despite recent taxonom-
ic revisions (Lehtinen et al., 2011, 2012; Vences et al., 2013),
the taxonomy of Pandanusicola still remains poorly explored.
The ten species making up this subgenus include G.
albolineatus (Blommers-Schlösser and Blanc, 1991); G. annu-
latus Lehtinen, Glaw, and Vences, 2011; G. bicalcaratus
(Boettger, 1913); G. flavobrunneus (Blommers-Schlösser,
1979); G. liber (Peracca, 1893); G. methueni (Angel, 1929); G.
pulcher (Boulenger, 1882); G. punctatus (Blommers-Schlösser,
1979); G. tasifotsy Lehtinen, Glaw, Andreone, Pabijan, and
Vences, 2012; and G. wattersoni Lehtinen, Glaw, and Vences,
2011. A further ca. 20 candidate species belonging to this
subgenus have been identified based on DNA barcoding
(Lehtinen et al., 2007; Vieites et al., 2009; Perl et al., 2014).

The newly collected specimens of Guibemantis attracted
our attention in the field due to the unusual combination of
a striped pattern with an overall greenish-yellow color, as
well as their high elevational occurrence. Here we provide
evidence that these frogs represent a new species of the
subgenus Pandanusicola and provide its formal taxonomic
description combining morphological, bioacoustic, and
molecular data.

MATERIALS AND METHODS

Five individuals (2 males, 3 females) and one clutch of the
new species were collected on 19 November 2016 in Marojejy
National Park, near the summit (14.447558S, 49.733658E,
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2026 m a.s.l.). Frogs were euthanized by MS-222 overdose,
fixed in 95% ethanol, and preserved in 70% ethanol. For
molecular analysis, tissue samples were taken from thigh
muscle and preserved in pure ethanol. Specimens are
deposited at the Zoologische Staatssammlung München
(ZSM) and the Université d’Antananarivo, Département de
Biologie Animale (UADBA).

The following morphometric measurements were taken:
snout–vent length (SVL); maximum head width (HW); head
length from tip of snout to posterior edge of snout opening
(HL); horizontal tympanum diameter (TD); horizontal eye
diameter (ED); distance between anterior edge of eye and
nostril (END); distance between nostril and tip of snout
(NSD); distance between both nostrils (NND); upper arm
length (UAL); lower arm length (LAL); hand length, to the tip
of the longest finger (HAL); thigh length, from the cloaca to
the knee (THIL); tibia length (TIBL; actually referring to the
length of the shank); tarsus length (TARL); foot length (FOL).
Webbing formula is given according to Blommers-Schlösser
(1979).

Genomic DNA was extracted from muscle tissue samples
using a standard salt extraction protocol (Bruford et al.,
1992). We sequenced a segment of the mitochondrial 16S
rRNA gene using primers and protocols as in Vences et al.
(2013). PCR products were cleaned with enzymatic purifica-
tion: 0.15 units of Shrimp Alkaline Phosphatase (SAP) and 1
unit of Exonuclease I (New England Biolabs, Frankfurt am
Main, Germany), incubated for 15 min at 378C followed by
15 min at 808C. Purified PCR products were sequenced on an
automated DNA sequencer (Applied Biosystems, ABI
3130XL). Sequencing reactions (10 ll) contained 0.2 or 0.3
ll of PCR product, 0.5 ll of BigDye 3.1 (Applied Biosystems,
Darmstadt, Germany), and 0.3 lmol of primer. Sequences
were checked and edited in the software CodonCode Aligner
3.7.1 (CodonCode Corporation, Dedham, MA). For several
samples (see section on Variation below), we sequenced a
shorter, highly variable stretch of the same 16S region by an
Illumina amplicon approach (Vences et al., 2016) to confirm
their identification.

Sequences were aligned with those from all described
species of Guibemantis from previous studies (including G.
albolineatus, G. annulatus, G. bicalcaratus, G. flavobrunneus, G.
liber, G. methueni, G. pulcher, G. punctatus, G. tasifotsy, G.
wattersoni) and using the subgenus Guibemantis as the
outgroup (including G. depressiceps, G. diphonus, G. kathrinae,
G. timidus, G. tornieri) in MEGA version 7 (Kumar et al., 2016),
and the same software was used to calculate uncorrected
pairwise distances (p-distances). Accession numbers of all
sequences used are included in Figure 1. Our analysis did not
include sequences of any of the other undescribed candidate
species in the genus listed by Lehtinen et al. (2007) and
Vieites et al. (2009) because we decided to proceed revising
Guibemantis in a stepwise procedure, carefully revising and
discussing the identity of each of these candidate species in
subsequent studies. We have already identified probable
mistakes in several sequences available from GenBank, both
in the sequences themselves and associated metadata, and
their future analysis will therefore require additional scrutiny
and discussion that is beyond the scope of the present paper.

We determined the best-fitting substitution model
(SYMþIþG) by the Bayesian information criterion in jMo-
delTest 2.1.4 (Darriba et al., 2012) and computed a phyloge-
netic tree by Bayesian inference with MrBayes 3.2 (Ronquist
et al., 2012). Results of two independent runs of 20 million
generations, each comprising four Markov chains (three

heated and one cold), were sampled every 10,000 genera-
tions. Chain mixing and stationarity was assessed by
examining the standard deviation of split frequencies and
by plotting the –lnL per generation using Tracer 1.5 software
(Rambaut and Drummond, 2007). Results were combined to
obtain a 50%-majority rule consensus tree and the respective
posterior probabilities of nodes, after discarding 25% of the
generations as burn-in (all compatible nodes with probabil-
ities ,0.5 kept).

Vocalizations were recorded in the natural habitat using a
Tascam DR05 digital recorder with built-in microphones.
Calling specimens could not be seen and therefore an effort
was made to hold the recorder as close as possible to the
Pandanus plant from which calls were heard. We analyzed
calls in the software Cooledit 2.0 (Syntrillium Corp.).
Frequency information was obtained through Fast Fourier
Transformation (FFT; width 1024 points). The spectrogram
was obtained using the Hanning window function with 256
bands resolution. Terminology and methodology in call
descriptions follows Köhler et al. (2017), using the note-
centered terminology. Recordings had to be strongly ampli-
fied in the software and were characterized by substantial
background noise; we, therefore, were only able to extract
approximate values for temporal variables.

RESULTS

The molecular analysis of the 16S sequences (Fig. 1) revealed
that this high-elevation population is highly genetically
divergent, with .5% divergence (uncorrected pairwise p-
distance) to all other described species of Guibemantis.
Phylogenetically, it was resolved as the sister lineage of G.
punctatus (Fig. 1), another high-elevation species characterized
by a spotted dorsal pattern and known only from central-
eastern Madagascar (region of Ambohitantely/Ankazobe). A
comparison with other sequences in GenBank (e.g., from
Lehtinen et al., 2007; Vieites et al., 2009) revealed that the
new specimens are also divergent from all other candidate
species so far identified. The concordance of morphological
and genetic divergence from its sister species suggests that this
Marojejy form is an independent evolutionary lineage, which
is formally described as a new species below.

Guibemantis milingilingy, new species
urn:lsid:zoobank.org:act:BEC74201-398E-494C-A047-
F3C564F9EA76
Figures 2, 3; Table 1

Holotype.—ZSM 429/2016 (ZCMV 15237), adult male (Figs.
2A, B, 3), northeastern Madagascar, Sava Region, Marojejy
National Park, near the peak of the Marojejy Massif,
14.447558S, 49.733658E, 2026 m a.s.l., M. C. Bletz, M.
Vences, M. D. Scherz, J. Harinarivo, and A. Razafimanantsoa,
19 November 2016.

Paratypes.—ZSM 430/2016 (ZCMV 15238), female; ZSM 428/
2016 (ZCMV 15228), male; UADBA-A63759 (ZCMV 15230),
female; UADBA-A63760 (ZCMV 15248), female; all with the
same collection data as the holotype.

Diagnosis.—Allocated to the subgenus Pandanusicola in the
genus Guibemantis based on the structure of femoral glands
in males (of type 2 sensu Glaw et al., 2000), arboreality,
Pandanus-dwelling habits, molecular phylogeny (Fig. 1),
subgular vocal sac of males with lateral white color (probably
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of paired shape when inflated), smooth dorsal skin without
dorsolateral ridges, enlarged terminal discs of fingers and
toes, connection of lateral metatarsalia by tissue, and the
presence of an intercalary element between terminal and
subterminal phalanges (verified by external examination
only). Within Guibemantis, the new species is characterized
by the following suite of characters: (1) adult male SVL 21–22
mm, (2) a dorsal coloration with a poorly defined broad light
area dorsolaterally, sometimes giving the impression of broad
light dorsolateral stripes, and bordering a broad irregular dark
stripe in the vertebral region, (3) very distinct, prominent,
well-delimited femoral glands, and (4) a pale yellowish-green
dorsal base coloration. It furthermore differs from all other
species of Guibemantis by a substantial divergence of 5.3–
9.0% uncorrected pairwise distance in a fragment of the 16S
gene (Fig. 1). The new species is distinguished from the
species of the subgenus Guibemantis (G. depressiceps, G.
diphonus, G. kathrinae, G. timidus, G. tornieri) by much smaller
adult male SVL (21–22 mm versus 34–59 mm). Within the
subgenus Pandanusicola, it is distinguished from G. flavo-
brunneus by smaller adult male SVL (21–22 mm versus 30–33
mm) and by somewhat more greenish coloration in most
specimens (versus yellow coloration); from G. annulatus and
G. punctatus, by a striped dorsal pattern (versus speckled or
spotted); from G. pulcher, by pale yellowish-green color
dorsally (versus bright green color dorsally and ventrally);

from G. liber and G. tasifotsy, by very distinct, prominent,
well-delimited femoral glands (versus indistinct glands), and
by absence of white or yellow patches on flanks and inguinal
region (versus presence); from G. albolineatus, by pale
yellowish-green color dominating the dorsum (versus dom-
inant chocolate brown color on the dorsum, especially on
the limbs); and from G. bicalcaratus, G. methueni, and G.
wattersoni, by the presence of a broad dark vertebral stripe
(versus absence). The new species also appears to differ from
most or all other Pandanusicola by highly reduced webbing
among toes (e.g., terminal phalanx plus two phalanges free
of web on toe 5 vs. typically fewer than two free phalanges);
however, the variability of this character needs to be more
comprehensively assessed to ascertain its diagnostic value.

Among the described species of Pandanusicola, G. punctatus
is the closest relative to G. milingilingy (5.3% uncorrected p-
distance). The new species can be distinguished from G.
punctatus by a striped dorsal pattern (versus speckled or
spotted), absence of white rostral stripe between eye and
nostril (versus frequent presence), by a dark colored tympa-
num (versus light colored tympanum in most specimens),
and by a more continuous coloration on the flank (versus
spotted pattern).

Description of the holotype.—Adult male, in a good state of
preservation, tissue sample taken from right thigh muscle.

Fig. 1. Phylogenetic tree of all described species of the genus Guibemantis, plus G. milingilingy, new species. The tree is a 50%-majority rule
phylogram from a Bayesian analysis of a 512 bp alignment of DNA sequences of the mitochondrial 16S rRNA gene. Numbers at nodes are posterior
probabilities (only shown if .0.9). The inset picture shows a specimen of the new species and one of G. punctatus in life. The tree was rooted with
the clade of the subgenus Guibemantis, which according to comprehensive studies of mantellid phylogeny (Wollenberg et al., 2011) is sister to the
subgenus Pandanusicola. FGMV, FGZC, RML, and ZCMV are field numbers. GenBank accession numbers are provided.
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Head longer than wide and slightly longer than body; snout
slightly pointed in dorsal view, rounded in ventral and lateral
views; canthus rostralis curved, concave; loreal region
oblique, concave; nostrils much nearer to tip of snout than
to eye; tympanum distinct, 55% of horizontal eye diameter;
dark supratympanic fold present from posterior edge of eye
around the tympanum to just above the arm insertion; two
small patches of vomerine odontophores, each situated

posteromedial to the choanae; tongue relatively broad, free
posteriorly and bifid at tip with each lobe being elongated
and distally rounded. Arm thin, hand 44% of forelimb length
(from shoulder to wrist) and 25% of SVL; relative finger
length 1,2�4,3, finger discs moderately enlarged and
squared off at tips in a rounded ‘T’ shape, fingers without
traces of webbing, subarticular tubercles prominent. Hind-
limbs relatively thin, thigh length 90% of shank length, foot

Fig. 2. Guibemantis milingilingy, new species, in life from the type locality. (A, B) Dorsal and ventral views of the male holotype, ZSM 429/2016
(ZCMV 15237); (C, D) female paratype ZSM 430/2016 (ZCMV 15238); (E, F), female paratype UADBA-A63759 (ZCMV 15230) or 63760 (ZCMV
15248).
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length 82% of shank length; lateral metatarsalia connected;

inner metatarsal tubercle oblong; outer metatarsal tubercle

round and prominent; webbing between toes only rudimen-

tary, webbing formula 1(1), 2i(2), 2e(1), 3i(2.5), 3e(3), 4i(3),

4e(3), 5(2); relative length of toes 1,2,5,3,4; toe discs

slightly desiccated, moderately enlarged. Femoral glands

distinct, oblong (4.2 mm length, 1.7 mm width). Cloaca

not clearly recognizable. Skin smooth dorsally and ventrally.

For morphometric measurements, see Table 1.

Coloration of holotype in life.—(Fig. 2A, B) Dorsal background

color pale yellowish-green, forming broad patternless light

stripes dorsolaterally that border to an irregular vertebral

(central) dark brown stripe that ends between the eyes; top of

head pale sulfur yellow, side of head pale yellowish-green

with dark brown stripe extending from the nostril to the eye;

dark brown color continues through the tympanum and

dorsally on the flank, flank ventrally somewhat translucent,

chin pale buff, with white color laterally on throat, probably

marking a paired or bilobate subgular vocal sac (not observed

in inflated state), abdomen translucent, peritoneum white;

dorsal forelimbs striped with amber on a pale yellowish-green

background, ventral forelimbs finely speckled, translucent;

dorsal hindlimbs mint mottled with amber, ventral hind-

limbs translucent with some very fine and light speckles near

the knee, femoral glands yellowish, 46 granules on left thigh,

42 on right; toe tips dark brown; dark spot on left side of hip,

just anterior to the cloaca (Fig. 2).

Coloration of holotype in preservative.—(Fig. 3) Coloration and

patterning as in life, but faded to become buff on the dorsum,

beige on top of the head, buff on the lateral head, dark brown

Fig. 3. Preserved holotype of Guibemantis milingilingy, new species (ZSM 429/2016¼ ZCMV 15237). Scale bar ¼ 5 mm.

Table 1. Morphometric data (in mm) of holotype and two paratypes of
Guibemantis milingilingy. F ¼ female, M ¼ male. For further abbrevia-
tions, see Materials and Methods. Asterisk indicates holotype. Femoral
gland granules were not counted in ZSM 428/2016 to avoid damage to
the specimen.

Voucher
ZSM

428/2016
ZSM

429/2016*
ZSM

430/2016

Sex M M F
SVL 20.9 22.3 23.7
HW 6.5 6.8 7.8
HL 7.4 7.7 8.9
TD 1.4 1.6 1.4
ED 2.8 2.9 3.6
END 2.1 1.9 2.5
NSD 1.3 1.5 1.6
NND 1.6 2.2 2.1
UAL 4.0 4.5 4.5
LAL 4.7 4.6 4.2
HAL 5.9 5.7 6.4
THIL 9.3 9.4 9.8
TIBL 9.6 10.4 11.2
TARL 5.7 5.8 7.3
FOL 8.0 8.6 8.6
FORL 12.2 13.1 13.0
HIL 29.2 31.4 13.4
FOTL 13.0 34.2 14.0
FGL 4.9 4.2 —
FGW 1.9 1.7 —
Granules — 46(L)/42(R) —
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on the ventral flank, pale buff on the chin, somewhat

translucent over the abdomen.

Variation.—The studied paratypes strongly resemble the

holotype. The single examined female is considerably larger

than the two males (23.7 mm versus 20.9–22.3 mm) and

lacks femoral glands. In ZSM 428/2016 and 430/2016, toe 3

. toe 5 (see Table 1 for additional measurements). Color

pattern is highly similar among individuals, with variation in

the extent of dark mottling on the head, the ‘‘softness’’ of

dark dorsal and lateral markings, the extent of yellowish to

light greenish color on the dorsum, and the extent of

mottling on the limbs (Fig. 2). Genetically, two sequenced

specimens (ZSM 428/2016 and UADBA-A63759) were iden-

tical for 512 bp of the 16S gene. For the holotype, all other

paratypes, and a clutch of eggs, we confirmed the genetic

identity by sequencing a short hypervariable fragment of 16S

with an Illumina-based approach; for this DNA stretch, all

these specimens were identical to the two specimens

sequenced using conventional methods, and highly diver-

gent from all other nominal species of Pandanusicola.

Distribution.—This species is only known from a single

locality at high elevation near the peak of Marojejy (Fig. 4).

All collected individuals were found in the frond axils of

Pandanus in a small patch of dwarfed forest (Fig. 5). The

surrounding habitat was quite rocky and comprised of

scrubland vegetation. Habitat of this kind is scattered over

the peak region above 2000 m and is probably also inhabited

by this species; however, it is likely restricted to high

elevation.

Natural history.—Only known from the frond axils of

Pandanus plants in high elevation dwarfed forest/scrubland
(Fig. 5). Eggs resemble those of other species of Pandanusicola,

in that they are laid in a thick gelatinous fluid between water-
filled fronds of Pandanus. One clutch (ZSM 427/2016 ¼
ZCMV 15232) that was collected consisted of approximately

ten beige eggs. It was laid in ascending fronds of the plant
(Fig. 5C), such that tadpoles would likely have slid down the

frond and into the phytotelm at its base upon hatching.
Identity of the clutch was ascertained by molecular taxon-

omy (details provided above). Low intensity calling was
heard from within Pandanus plants both in the morning and

in the evening.

Call description.—Sounds regularly heard from the Pandanus

plants at the type locality are here tentatively interpreted as
advertisement calls of G. milingilingy because (1) no other

frog species was seen in these Pandanus plants, (2) the calls
were similar to those known from other species of Guibe-
mantis in the subgenus Pandanusicola, and (3) in general,

amphibian diversity at high elevations of Marojejy is rather
low, making a confusion with another syntopic species

unlikely. The calls were recorded from several meters distance
and no calling specimens could be seen. Due to their overall

low intensity, the call recordings are of poor quality, and only
a very general call description is given here. Calls were

irregularly repeated and five analyzed calls consisted of 2–3
short notes of which typically the first note was more

intense. Note duration was about 20–30 ms; inter-note-
interval duration was ca. 115–135 ms. Dominant frequency
was 3014 Hz (Fig. 6).

Etymology.—The specific epithet is a Malagasy word meaning

‘‘being in an uncomfortable position,’’ in reference to the
precariousness of capturing specimens of this species, due to
the uneven and steep substrate on which their Pandanus

plants grow, which caused one of the authors to fall into such
a plant with great gusto. The name is used as an invariable

noun in apposition to the genus name.

Available names.—No junior synonyms are available as

potentially available names for any other Pandanus-dwelling
species of Guibemantis.

DISCUSSION

Our description of Guibemantis milingilingy adds a new species
to the subgenus Pandanusicola. Guibemantis milingilingy differs

from other members of its subgenus in size, coloration,
femoral gland morphology, and high elevational distribution.

With its type locality (and currently only known population)
above 2000 m a.s.l., it is the highest-dwelling of all described
species of Guibemantis. The collected specimens were found in

a single patch of dwarf forest just below the peak of Marojejy.
The possible restriction of this species to high elevation

dwarfed forest parallels other micro-endemic species appar-
ently restricted to this high elevation peak, such as the

chameleons Calumma jejy (Raxworthy and Nussbaum, 2006)
and C. peyrierasi (Brygoo et al., 1974). These species are

commonly regarded as being at great risk of extinction by
climate change, as warming temperatures would push their

physiological niches ‘‘up and off’’ the top of the mountain
(Raxworthy et al., 2008). Given this situation, we recommend
monitoring activities to track distributional patterns over

Fig. 4. Map of northern Madagascar showing the distribution of
Guibemantis milingilingy, new species, and its closest relative, G.
punctatus.
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time and further field expeditions to discover potential

additional high elevation micro-endemics.

The new species is sister to G. punctatus but is chromatically

different, and the single known localities of the two species

are separated by ca. 500 km (Fig. 4; Glaw and Vences, 2007). It

resembles far more strongly G. bicalcaratus, to which it is not

closely related. Guibemantis punctatus on the other hand more

closely resembles G. annulatus, to which it is also not closely

related (Fig. 1; Lehtinen et al., 2011). This pattern of physical

appearance belying the underlying genetic relationships

seems especially prevalent in Guibemantis and may indicate

repeated selection pressure toward the development of a

conserved set of chromatic patterns in different biogeograph-

ic regions in Madagascar, or a limited repertoire of evolution-

ary flexibility in chromatic pattern. Because the call

recordings of G. milingilingy are of poor quality, and no

recording at all is so far available for G. punctatus, a

bioacoustic comparison among the two species is currently

not possible. In general, the lack of high-quality vouchered

call recordings of Guibemantis has been a major impediment

to the resolution of their taxonomy and should be a priority

for future studies; obtaining such call recordings will,

however, be a challenge as these frogs often call from deep

within their spiny host plants.

Fig. 5. Habitat of Guibemantis mil-
ingilingy, new species. (A) Dwarfed
Pandanus forest; (B) Pandanus from
collection habitat; (C) eggs within the
leaf axils of a Pandanus plant.

Fig. 6. Spectrogram and oscillogram of a call tentatively assigned to
Guibemantis milingilingy, new species, recorded from Pandanus plants
at the type locality. The frequency-modulated sound at ca. 7 kHz is the
call of syntopic Stumpffia tridactyla.
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The close phylogenetic relationships between G. milingi-
lingy and G. punctatus suggest an intriguing connection
between the northeastern rainforests of the Marojejy Massif
with the relict forests of Ambohitantely/Ankazobe to which
G. punctatus seems to be restricted (Blommers-Schlösser and
Blanc, 1991; Lehtinen et al., 2011). Ambohitantely is located
at the border of the Northern Central East region (Glaw and
Vences, 2007) and has an amphibian fauna largely similar to
other forests in this region (e.g., Vallan, 2000). The Marojejy
Massif is part of a complex of forest blocks in northern
Madagascar that have been dubbed as crossroads of herpeto-
logical diversity (Andreone, 2004) and that are connected to
the main band of eastern rainforest in Madagascar. It is likely
that the clade of G. milingilingy and G. punctatus will turn out
to contain also other species whose distribution will extend to
other areas in northern Madagascar and fill the geographical
gap between Marojejy and Ambohitantely; for instance, the
candidate species Guibemantis sp. Ca12 from Manongarivo
(sequence accession number FJ559209) also phylogenetically
groups with G. punctatus (Vieites et al., 2009) and therefore
needs to be considered a possible relative of G. milingilingy.
Therefore, we suggest to adjourn further biogeographic
discussions of these frogs until the taxonomy and distribution
of more candidate species are well understood; for instance,
the revision of G. sp. Ca12 is currently in progress.

Breeding in phytotelms is a specialized reproductive mode
in frogs, but one that has evolved repeatedly in tropical
clades (Lehtinen et al., 2004), including in the cophyline
microhylids in Madagascar (Rosa et al., 2014). Some of these
plant-breeding specialist groups are highly species-rich
(especially in Dendrobatidae and Hylidae). While the
monograph of Blommers-Schlösser and Blanc (1991) listed
only five phytotelm-breeding species in Guibemantis, with
the description of G. milingilingy this number has now risen
to nine. With numerous other candidate species already
known from this group, Pandanusicola may turn out to be
another highly diverse radiation of plant-breeding specialists.
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Glaw, F., J. Köhler, and M. Vences. 2012. A tiny new species
of Platypelis from the Marojejy National Park in northeast-
ern Madagascar (Amphibia: Microhylidae). European Jour-
nal of Taxonomy 9:1–9.

Glaw, F., and M. Vences. 2007. A Field Guide to the
Amphibians and Reptiles of Madagascar. Third edition.
Vences & Glaw Verlag, Cologne.

Glaw, F., M. Vences, F. Andreone, and D. Vallan. 2001.
Revision of the Boophis majori group (Amphibia: Mantelli-
dae) from Madagascar, with descriptions of five new
species. Zoological Journal of the Linnean Society 133:
495–529.

Glaw, F., M. Vences, and V. Gossmann. 2000. A new species
of Mantidactylus from Madagascar, with a comparative
survey of internal femoral gland structure in the genus
(Amphibia: Ranidae: Mantellinae). Journal of Natural
History 34:1135–1154.

Goodman, S. M. 2000. A floral and faunal inventory of the
Parc National de Marojejy, Madagascar: with reference to
elevational variation. Fieldiana Zoology, new series 97,
Field Museum of Natural History, Chicago and London.

Goodman, S. M., and J. P. Benstead. 2003. The Natural
History of Madagascar. The University of Chicago Press,
Chicago.
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écosystèmes montagnards dans la région malgache. III. Le
Marojezy. IV. L’Itremo et l’Ibity. Géomorphologie, clima-
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Rödel, and M. Vences. 2017. The use of bioacoustics in

262 Copeia 106, No. 2, 2018



anuran taxonomy: theory, terminology, methods and
recommendations for best practice. Zootaxa 4251:1–124.

Kumar, S., G. Stecher, and K. Tamura. 2016. MEGA7:
molecular evolutionary genetics analysis version 7.0 for
bigger datasets. Molecular Biology and Evolution 33:1870–
1874.

Lehtinen, R. M. 2002. The use of screw pines (Pandanus spp.)
by amphibians and reptiles in Madagascar. Herpetological
Bulletin 82:20–25.

Lehtinen, R. M. 2003. Parental care and reproduction in two
species of Mantidactylus (Anura: Mantellidae). Journal of
Herpetology 37:766–768.

Lehtinen, R. M. 2004. Tests for competition, cannibalism
and priority effects in two phytotelm-dwelling tadpoles
from Madagascar. Herpetologica 60:1–13.

Lehtinen, R. M. 2009. The natural history of two plant-
breeding frogs from Madagascar, Guibemantis bicalcaratus
and G. punctatus (Anura: Mantellidae). Salamandra 45:39–
49.

Lehtinen, R. M., F. Glaw, F. Andreone, M. Pabijan, and M.
Vences. 2012. A new species of putatively pond breeding
frog of the genus Guibemantis from Madagascar. Copeia
2012:648–662.

Lehtinen, R. M., F. Glaw, and M. Vences. 2011. Two new
plant-breeding frog species (Anura: Mantellidae, Guibeman-
tis) from southeastern Madagascar. Herpetological Journal
21:95–112.

Lehtinen, R. M., M. J. Lannoo, and R. J. Wassersug. 2004.
Phytotelm breeding anurans: past, present and future
research, p. 1–9. In: Ecology and Evolution of Phytotelm-
Breeding Anurans. R. M. Lehtinen (ed.). Miscellaneous
Publications, University of Michigan, Museum of Zoology.

Lehtinen, R. M., R. A. Nussbaum, C. M. Richards, D. C.
Cannatella, and M. Vences. 2007. Mitochondrial genes
reveal cryptic diversity in plant-breeding frogs from
Madagascar (Anura, Mantellidae, Guibemantis). Molecular
Phylogenetics and Evolution 44:1121–1129.

Perl, R. G. B., Z. T. Nagy, G. Sonet, F. Glaw, K. C.
Wollenberg, and M. Vences. 2014. DNA barcoding
Madagascar’s amphibian fauna. Amphibia–Reptilia 35:
197–206.

Rakotoarison, A., M. D. Scherz, F. Glaw, J. Köhler, F.
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