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ABSTRACT.—Madagascar faces extensive deforestation and habitat loss that threaten its endemic herpetofauna. However, many
Malagasy reptile and amphibian species lack basic natural history data (e.g., vertical habitat use) and reliable information on their
geographic distribution (i.e., data verified by mitochondrial barcodes), which could inform conservation efforts. These efforts are
especially important in isolated patches of remnant forests, such as the Ivohiboro Protected Area, which may act as a refuge for imper-
iled endemic species. Using both vertical and horizontal sampling methods in Ivohiboro, Madagascar, combined with a molecular
characterization of encountered specimens via sequences of the mitochondrial 16S rRNA gene, we recorded a total of 32 reptile and
22 anuran species, including one newly described species of Boophis, one candidate species of Anodonthyla, and a recently described
Guibemantis species. By surveying from ground to canopy, we found anuran abundance and richness to be strongly weighted toward
the ground, possibly because of dry conditions during sampling periods, whereas reptiles were found consistently across the full
vertical gradient. gPCR-based screening of skin swabs from 362 frog specimens did not reveal evidence for the presence of the fungal
pathogen Batrachochytrium dendrobatidis at Ivohiboro. Our biodiversity inventory contributes to ongoing discoveries at Ivohiboro
and underscores an urgent need for conservation measures to protect this unique ecosystem. Additionally, the discrepancy we observed
between DNA-based identification of species and field identification demonstrates the importance of DNA sampling approaches to

obtain reliable faunal inventories in poorly studied regions that often harbor numerous morphologically cryptic species.

Madagascar is a globally significant biodiversity hotspot
(Myers et al., 2000; Myers, 2003), hosting numerous endemic
taxa because of its approximately 87 million years of evolution-
ary isolation (Storey et al., 1995). Indeed, the island’s natural
geography and geology provide the basis for a wide variety of
ecosystems and climatic environments, ranging from mountain-
ous tropical rainforests to expansive drylands (Antonelli et al.,
2022). Madagascar’s native flora and fauna are under severe
pressure from human-induced land use and climate change
(Antonelli et al., 2022). Long-term deforestation has resulted in
extensive loss of tropical forest area on Madagascar’s east coast,
imperiling numerous endemic species (Harper et al., 2007). At
the same time, Madagascar ranks 177th out of 193 countries on
the Human Development Index (United Nations Development
Programme, 2023), resulting in a scarcity of funds for research
on the biology, ecology, and systematics of its unique biota.
To curb further biodiversity loss and protect native flora and
fauna of Madagascar, it is critical to inventory and catalog eco-
systems across the island as a foundational step to inform effec-
tive conservation actions, guide priority setting, and support
decision-making.

Amphibians and reptiles in particular represent one of the
most threatened yet understudied components of Madagascar’s
biodiversity (Glaw et al., 2022). The island is home to hundreds
of endemic frog, chameleon, and gecko species, among others,
yet most lack basic natural history data, including vertical niche
use. Vertical niche data beyond categorical delineations (e.g.,
arboreal, terrestrial) are globally deficient for herpetofauna,
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with only a small number of studies having investigated fine-
scale vertical distribution of amphibians (e.g., Philippines:
Scheffers et al., 2013; Madagascar: Basham et al., 2019; Panama:
Basham and Scheffers, 2020; Gabon: Basham et al., 2024) and
reptiles (e.g., Philippines: Gonzalez et al., 2020). Indeed, in many
tropical forests, the fraction of amphibian and reptile species
that are arboreal is regularly above 50% (Kays and Allison,
2001); thus, this important range metric is missing for most spe-
cies. In Madagascar, many species of frogs are arboreal but have
only been observed during their breeding activity in and near
water bodies (Glaw and Vences, 2007), and their broader ecol-
ogy, including vertical niche use, remains almost completely
unknown.

Threats to amphibians include habitat loss, climate change,
and pathogens, particularly Batrachochytrium dendrobatidis
(Bd), which causes the disease chytridiomycosis in susceptible
amphibians (Fisher and Garner, 2020). This chytrid fungus, par-
ticularly the Global Panzootic Lineage (Bd-GPL), has spread to
many of the world’s amphibian biodiversity hotspots, causing
mortality events in many regions because of rapid onset and
high transmissibility of chytridiomycosis (Lips, 2016). Whereas
some studies have characterized chytridiomycosis as a globally
catastrophic threat to amphibians (e.g., Scheele et al., 2019), oth-
ers have questioned the extent and generalizability of its impact
across regions and taxa (Lambert et al., 2020). In Madagascar,
this complexity is further reflected in an ongoing debate:
Multiple laboratories have reported Bd-GPL-like positive
samples from wild amphibians, yet no chytridiomycosis symp-
toms or mass mortality events have been observed (Bletz et al.,
2015, 2022; Kolby and Skerratt, 2015). Therefore, efforts must be
directed toward ascertaining and monitoring the presence of Bd
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in Madagascar and its effects on Malagasy amphibians, which
are known to be susceptible to chytridiomycosis through lab
studies (Bletz et al., 2015; Kolby et al., 2015).

A striking characteristic of Madagascar’s biota, including
the herpetofauna, is a high proportion of microendemic spe-
cies (Wilmé et al.,, 2006; Brown et al., 2016), defined as range-
restricted species that often also have small areas of occupancy.
(Steigerwald et al., 2024). Because forests have largely disap-
peared in many parts of Madagascar, these microendemic spe-
cies are now in some cases restricted to very small remaining
isolates of their original habitat, surrounded by a matrix of
unsuitable land. These remnant isolated forests, even if occupy-
ing only small areas, are therefore of high conservation value in
Madagascar. The Ivohiboro Protected Area (IPA) is one such for-
est managed by a consortium composed of the Malagasy Institut
pour la Conservation des Ecosystémes Tropicaux (MICET), the
biological station Centre ValBio, the Rainforest Trust, and stake-
holders from surrounding villages (Otero Jimenez et al., 2023).
Although it has been highly fragmented by years of anthro-
pogenic disturbance, the ~850 ha of humid forest within IPA
retains high levels of biodiversity, with numerous species of
amphibians, reptiles, birds, lemurs, invertebrates, and other
taxa (Bartylak et al., 2022; Fahmy et al.,, 2023; Otero Jimenez
etal., 2023). Given its small size and high conservation value, the
IPA’'s humid forest serves as a microreserve at a time when the
number of new amphibian-containing microreserves has been
in decline over the last two decades (Steigerwald et al., 2024). In
the same general area of Madagascar, several other isolated for-
est fragments have yielded remarkable herpetofaunal discover-
ies, including microendemic species (Belluardo et al., 2021).

Here, we report an intensive herpetological inventory of the
IPA forest, including systematic vertical and horizontal sam-
pling that encompassed a range of forest habitats. Identification
of encountered amphibians and reptiles was refined using DNA
barcodes. Furthermore, to aid national monitoring of Bd, we
also surveyed for its presence. Our study provides evidence
for a rich and Bd—free amphibian and reptile community at
IPA, including several newly discovered candidate species and
regional microendemics, which highlights the importance of
this isolated forest for conservation.

MATERIALS AND METHODS

Study Sites—We surveyed the IPA, a 3,782 ha area in south-
eastern Madagascar that encompasses approximately 858 ha
of humid forest located on an isolated range of quartzite hills
(centered on geographical coordinates 22.5996 °S, 46.7187 °E;
WGS84; 650-800 m a.s.], Figs. 1A, B). The area around Ivohiboro
is characterized by a matrix of savanna grasslands, xeric forests,
and isolated hilltop forest fragments (Figs. 1C-E), with a wet-
warm season from November to March and a dry-cool season
from April to October.

Herpetofauna Sampling—TFor our inventory, we combined herpe-
tofauna records from multiple sources that used different meth-
ods. We conducted vertical visual encounter surveys in 2016 and
2023, and we also made incidental sightings and ground-based
surveys between 2016 and 2023. A previous study used inciden-
tal data collected prior to 2020 to provide a preliminary inven-
tory, which we refined and enriched here (Otero Jimenez et al.,
2023). We surveyed across two subsites within the IPA, known as
Ivohibory (north) and Analamary (south) (Fig. 1). We conducted
mitochondrial barcoding on amphibians sampled in 2023.
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We used vertical surveys in two separate sampling periods:
December 2016 and October-November 2023. Although sam-
pling periods were scheduled at the beginning of the wet-warm
season, the sampling took place under unusually dry condi-
tions because the dry season continued longer than expected
in both years. Each vertical survey centered on a single canopy
tree, following previously published methods (Basham and
Scheffers, 2020). At night we surveyed 16 trees in 2016 and 26
trees in 2023, with no repeat surveys of the same tree. At each
tree, one surveyor searched from ground to canopy for reptiles
and amphibians, with a 4-m diameter circle surveyed at ground
level to standardize the search area available during climbing.
In addition, a ground surveyor searched a 10-m radius circle
around the tree over 60 min to supplement data for the overall
inventory. We measured the height above ground and distance
to the survey centroid of each captured individual using a laser
distance meter (Leica Geosystems, Leica Disto D2; http://www.
leica-geosystems.ca).

Laboratory Methods.—We photographed, measured, and
weighed all encountered amphibians and reptiles. In addi-
tion, we swabbed all captured frogs after removal of small
debris via a brief rinse with purified water produced from a
Grayl UltraPress®. We conducted frog swabbing with a sterile,
rayon-tipped swab (MW113, Medical Wire & Equipment), which
was streaked back and forth in an anterior-posterior direction
5 times on each ventral thigh and foot as well as 10 times on the
venter and dorsum. We stored swabs in 1.5 ml Eppendorf tubes
with 1 mL of 96% EtOH. We stored samples in a cool shady area
for several days until refrigeration at 4 °C was possible, at which
point we kept samples at approximately 4 °C until processing.
To prevent cross-contamination, we kept each frog in a separate
bag for field processing and we wore a fresh pair of powder-free
nitrile gloves or inverted bags to manipulate each frog (Weldon
et al., 2013). We identified reptiles by morphology using mor-
phological features as summarized in the field guide (Glaw and
Vences, 2007) and subsequent taxonomic revisions, whereas we
first identified amphibians by morphology and then refined
identifications by DNA barcoding. Because of complex permit-
ting constraints associated with the 2023 fieldwork—conducted
as part of a large, multinational, multi-taxa expedition—we
were unfortunately unable to collect specimens, which would
have significantly enhanced the impact of this research (Vonesh
etal., 2009). However, all genetic data collected are available via
the repository detailed below.

We extracted DNA from swabs using the Qiagen DNeasy
Blood and Tissue Pro Kit according to the Animal Tissues pro-
tocol (Qiagen, Germantown, Maryland, USA). We tested DNA
extracts from 362 individuals for presence and prevalence of Bd.
For gPCR, we employed a TagMan assay (Boyle et al., 2004), with
1.2 uM each of primers ITS1-3 Chytr and 5.85 Chytr. These prim-
ers target a 146-bp region of the ITS-1 region of the Bd ribosomal
operon. We used Chytr MGB2 as our minor groove binder probe.
We added BSA to prevent PCR inhibition. We ran qPCRs on a
QuantStudio™ 3 (Applied Biosystems). Cycling conditions were
as follows: one 20 s Taq activation step at 95 °C, 50 cycles of 95 °C
for 1s,and 60 °C for 20 s. For all qPCRs, we used a serial dilution
series of synthetic gBlocks standards of the ITS region from 107~
10' ITS copies. We ran two replicates for each sample and repeated
samples that were positive in one of the two replicates with a fur-
ther two replicates. We considered a replicate positive if it ampli-
fied before 50 cycles with an ITS copy number greater than 0. We
considered at least three positives out of four replicates to indi-
cate a potential positive result for Bd. We included three negative
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F1c. 1. Map of tree survey sites at IPA (A), with an inset of Madagascar showing the site location (B). The orange arrow in (A) represents the
direction of the photographer when taking photograph (E). (C-E) Photos of the habitat at Ivohiboro.

controls to check for possible contamination during all qPCRs in
which no template DNA was added. We retested samples con-
sidered positive using dPCR, where each reaction comprised
a 10 uL volume, consisting of 2 pL. of AbsoluteQ dPCR Master
Mix (5X) (Applied Biosystems, Inc.), 0.5 uL of Chytr MGB2 Assay
(see Boyle et al., 2004) at a 20X concentration (equal volumes of
18 uM of ITS-1 Chytr3 primer, 18 uM 5.8S Chytr primer, and 5 uM
of Chytr MGB2 probe), 6.4 uL. of nuclease-free water, and 1.1 uL
of template DNA. We pre-loaded 9 uL of the reaction mix into
different wells on a MAP16 Plate (A52865, Applied Biosystems,
Inc) and then overlaid each reaction with 15 pL of QuantStudio
AbsoluteQ Isolation Buffer (Applied Biosystems, Inc.). We set the
cycling parameters as follows: initial denaturation at 96 °C for
10 min, followed by 50 cycles of 96 °C for 5 s and 60 °C for 15 s. We
ran positive controls (22 and 220 zoospore genomic equivalents;
strain JEL423) and negative control reactions. We conducted all
genotyping reactions using the QuantStudio Absolute Q Digital
PCR System (Applied Biosystems, Inc.) and performed subse-
quent data analysis using the QuantStudio AbsoluteQ Digital
PCR Software on a Windows PC.
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To identify individual frogs to species, we processed DNA
extracts of swabs from 201 individuals through PCR amplifica-
tion of a ~550-bp segment of the 16S ribosomal gene. We used
the 16SA-L (5-CGCCTGTTTATCAAAAACAT-3) and 16SBH-
NEW (5-CCTGGATTACTCCGGTCTGA-3) forward and reverse
primers, respectively (Palumbi et al., 1991). We performed
amplifications in a reaction volume of 12.5 uL with the follow-
ing conditions: 94 °C for 90 s, followed by 33 cycles: 94 °C for
45s, 55 °C for 45 s, and 72 °C for 90 s. We sent PCR products
for purification and Sanger sequencing at Eton Bio (San Diego,
California 92121). We manually edited sequences recovered for
quality in CodonCode Aligner (CodonCode Corp.). For molecu-
lar identification of samples to species, we followed a two-step
protocol. First, we compared sequences against a curated ref-
erence library of all available sequenced amphibian species of
Madagascar. For this purpose, we aligned IPA sequences and
reference sequences using the FFT-NS-1 approach in MAFFT
(Katoh and Standley, 2013) as implemented in Concatenator
(Vences et al., 2022), reconstructed a maximum likelihood tree,
and calculated uncorrected pairwise distances in MEGA v7
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(Kumar et al.,, 2016). We considered sequences unambiguously
clustering with reference sequences and separated by short
branch lengths (<3% uncorrected pairwise distances) to be reli-
ably identified to species. We compared other sequences to the
full set of reference sequences available in GenBank via BLAST
searches. All newly determined sequences from IPA were sub-
mitted to GenBank (accession numbers PV386798-PV386957). A
spreadsheet containing metadata of recorded specimens, links
to relevant photos, and DNA sequences is available from the
Zenodo repository (https://doi.org/10.5281/zenodo.17235865).

We used the DNA barcode-based identifications to refine
and modify identification of records from nonbarcoded speci-
mens such as those reported by Otero Jimenez et al. (2023) and
from any other available photographs from previous expedi-
tions (Table 1). For example, where we found morphological
field identification to consistently differ from the more reli-
able molecular identification for the sequenced specimens, we
renamed the sequenced as well as other individuals in the prior
data sets accordingly. We, therefore, consider our records to be
of three broad confidence levels: (1) fully reliable—16S DNA
barcoded and the molecular identification cross-checked with
morphology, (2) highly reliable—not DNA barcoded but reli-
ably identified from photographs, and (3) moderately reliable—
a sighting (i.e,, listed in Otero Jimenez et al. 2023), confirmed
by MV as plausible, but with no photos or habitat information
available.

Statistical Analysis—We conducted all analyses using R
Statistical Software (R Core Team, 2025). Using only data col-
lected from vertical surveys, we used the “geom_density” func-
tion (kernel=gaussian; bandwidth=2) within the “ggplot2”
package (Wickham, 2016) to visualize relative density of capture
heights for reptiles and amphibians. To test whether reptiles
and amphibians differed significantly in their mean vertical
distribution, we conducted a one-way analysis of variance
(ANOVA) comparing mean capture height between the two
taxonomic groups. We assessed community richness and com-
position across vertical height using a site (1-m height intervals)
by species matrix, which included species found during both
vertical and ground surveys. The first height category was for
individuals captured at 0 m (i.e,, site 1), then >0 and <1 m (site
2), >1 and <2 m (site 3), and so on to 30 m (site 31). We removed
singletons (to reduce the impact of rare species whose vertical
range was not fully sampled), transformed the data to presence/
absence (to isolate composition without abundance), and filled
gaps between the lowest and highest records for each species
(representing the range where the species would be expected to
occur). We also tested whether vertical height influenced detec-
tion (i.e., distance of detected individuals from the survey cen-
troid) using a linear regression (distance~height).

REsuLTSs

Richness and Abundance—Combined with data from Otero
Jimenez et al. (2023), the total number of amphibian species
at the three levels of confidence cumulatively was 20, 21,
and 22 species, and for reptiles, 0, 25, and 32 species (Table
1; Figs. 2, 3, 4). For amphibians, both richness and abun-
dance were greater nearer to the ground (Figs. 5A, C), with
very few amphibians found above the understory stratum. In
contrast, reptiles were found throughout the vertical profile
of the forest, particularly Uroplatus geckos and Calumma cha-
meleons (Figs. 5B, C). Reptiles occurred significantly higher
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in the canopy (mean=7.84 m+0.61 SE, n=84) than amphib-
ians (mean=0.64 m+0.21 SE, n=45; ANOVA: F,,,=70.95,
P <0.001), with most amphibians (51%) found at ground level
(0 m) compared to a median height of 6.5 m for reptiles. There
was no effect of vertical height on horizontal detection distance
(slope=0.0029, P=0.91, R2<0.001), suggesting that detection
probability did not vary systematically with height under our
standardized search protocol. However, we cannot rule out
the possibility that variation in structural complexity across
heights may have influenced detection probability.

Sequencing revealed limitations in identification when relying
on the pictorial field guide (Glaw and Vences, 2007), because of
intraspecific variability, lack of available morphological descrip-
tions and natural history data for many Malagasy herpetofauna,
and numerous taxonomic changes that were published post-
2007. For example, Boophis goudoti and B. periegetes appeared to
both be present in the IPA based on field identification alone, but
when sequenced, all specimens were revealed to be B. obscurus,
a species with a variable color pattern that is known to be com-
mon in the general geographical area. Similarly, Mantidactylus
biporus, M. mocquardi, M. curtus, and M. alutus were revealed to
be a single polymorphic species, M. bourgati.

Bd.—A single sample tested partially positive for Bd, with
three of four qPCR replicates returning weak positive ampli-
fication. However, subsequent analysis using the more sensi-
tive dPCR assay returned a negative result. While we cannot
exclude the possibility that extremely low-level infections may
have fallen below the detection threshold of dPCR, the com-
bined evidence, together with the historically low prevalence
of Bd in the region (Kolby et al., 2015), suggests that this signal
most likely represents a false positive.

New Candidate Species Discoveries and Range Expansions.—
Mitochondrial DNA barcoding identified three lineages of tax-
onomic interest within the genera Anodonthyla (Fig. 3), Boophis
(Fig. 4), and Guibemantis (Fig. 2). Two of these correspond to
confirmed or recently described species. The Boophis lineage
is now described as Boophis samuelsabini from the type locality
of Ivohiboro (Basham et al., 2026). In our data set, this species
was most closely related to B. roseipalmatus (4.7% uncorrected
pairwise mtDNA divergence) and B. madagascariensis (5.5%
divergence), consistent with its placement within the B. mada-
gascariensis species group. We recorded 21 specimens of B. sami-
elsabini, including 13 individuals identified by DNA barcoding
and 8 identified based on diagnostic morphological characters.
The Anodonthyla lineage corresponds to a confirmed candidate
species following the terminology of Vieites et al. (2009), here
referred to as Anodonthyla sp. Ca7. This lineage was most closely
related to A. rouxae (9.0% uncorrected pairwise divergence). We
recorded approximately 13 specimens, including 3 individuals
identified by DNA barcoding and an additional 9-10 individu-
als assigned based on concordant morphology. The Guibemantis
lineage corresponds to Guibemantis sioka, a species recently
described by Hutter et al. (2025) and previously known from a
single individual collected in Andohahela National Park. Our
records, therefore, substantially extend the known distribution
and sample size of this species.

Several other herpetofaunal records from IPA are of potential
taxonomic and biogeographic interest. The finding of the snake
Sanzinia volontany (if confirmed by genetic data in the future)
might be one of the easternmost records of this predominantly
western species. The available photos indicate that the unde-
termined Liophidium may correspond to one of the rarer spe-
cies occurring in Madagascar’s southwest, such as Liophidium
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TaBLE 1. Summary of amphibian and reptile species recorded from the IPA. Numbers under confidence levels represent the number of individual
records assigned to each species. Totals represent the cumulative number of records across all confidence level categories. Confidence level
1=individuals identified using 165 DNA barcoding and cross-checked with morphology (fully reliable); confidence level 2=individuals identified
from photographs or morphology without DNA barcoding (highly reliable); confidence level 3 =plausible sighting records from previous surveys
lacking photographs or genetic confirmation (moderately reliable). *=species for which previous surveys reported presence only, without
abundance information.

Taxonomy Records by confidence level

Main clade Family Genus Species 1 2 3 Totals
Squamata Chamaeleonidae Calumma andringitraense 3 9 12
Squamata Chamaeleonidae Calumma crypticum 3 23 26
Squamata Chamaeleonidae Calumma nasutum/fallax complex 6 58 64
Squamata Chamaeleonidae Calumma oshaughnessyi 1 10 11
Squamata Chamaeleonidae Furcifer lateralis 1 1
Squamata Chamaeleonidae Furcifer oustaleti *

Squamata Chamaeleonidae Palleon nasus 4 4
Squamata Gekkonidae Hemidactylus mercatorius 1 1
Squamata Gekkonidae Lygodactylus sp. undetermined 1 19 20
Squamata Gekkonidae Paroedura bastardi complex 4 4
Squamata Gekkonidae Phelsuma lineata *

Squamata Gekkonidae Phelsuma quadriocellata 6 2 8
Squamata Gekkonidae Uroplatus malahelo 2 23 25
Squamata Gekkonidae Uroplatus phantasticus or malama 2 2
Squamata Gekkonidae Uroplatus sikorae 2 1 3
Squamata Opluridae Oplurus quadrimaculatus 1 1
Squamata Gerrhosauridae Zonosaurus sp. undetermined *

Squamata Scincidae Flexiseps cf. ornaticeps 1 1
Squamata Scincidae Madascincus ankodabensis 1 1 2
Squamata Scincidae Madascincus pyrurus 1
Squamata Scincidae Trachylepis elegans 1 1
Squamata Scincidae Trachylepis gravenhorstii 1 1
Squamata Scincidae Trachylepis vato 1 1
Squamata Boidae Acrantophis dumerili *

Squamata Lamprophiidae Compsophis infralineatus 3 4 7
Squamata Lamprophiidae Madagascarophis meridionalis or colubrinus *

Squamata Lamprophiidae Liophidium sp. undetermined 1 1
Squamata Typhlopidae Madatyphlops arenarius 1 1
Squamata Lamprophiidae Mimophis mahfalensis *

Squamata Boidae Sanzinia volontany 1 1
Squamata Pseudoxyrhophiidae Dromicodryas bernieri 1
Squamata Pseudoxyrhophiidae Thamnosophis lateralis 1 1
Amphibia Mantellidae Aglyptodactylus madagascariensis 6 6
Amphibia Microhylidae Anodonthyla sp. nov. (Ca?) 3 10 2 15
Amphibia Mantellidae Boophis albilabris *

Amphibia Mantellidae Boophis andohahela 2 2 4
Amphibia Mantellidae Boophis boppa 6 2 4 12
Amphibia Mantellidae Boophis doulioti 3 3
Amphibia Mantellidae Boophis obscurus 16 37 7 60
Amphibia Mantellidae Boophis samuelsabini 13 8 9 30
Amphibia Mantellidae Gephyromantis blanci 4 4
Amphibia Mantellidae Gephyromantis cornucopia 32 32
Amphibia Mantellidae Gephyromantis spinifer 5 12 17
Amphibia Mantellidae Guibemantis sioka 1 1
Amphibia Mantellidae Laliostoma labrosum 1 1
Amphibia Mantellidae Mantella betsileo 2 2
Amphibia Mantellidae Mantidactylus betsileanus 5 5
Amphibia Mantellidae Mantidactylus bourgati 34 66 3 103
Amphibia Mantellidae Mantidactylus delormei 3 3
Amphibia Mantellidae Mantidactylus femoralis 15 44 28 87
Amphibia Mantellidae Mantidactylus katae 5 5
Amphibia Mantellidae Mantidactylus sp. Ca48 7 8 1 16
Amphibia Microhylidae Plethodontohyla inguinalis 2 2
Amphibia Ptychadenidae Ptychadena mascareniensis 1 1 2

apperti, L. trilineatum, or L. vaillanti, which can only be verified
once a voucher specimen or a genetic sample becomes available.
The record of the frog Boophis boppa is a southward extension of
the range of this poorly known species, which previously had
only been recorded from Antoetra and Ranomafana (Hutter

Downloaded From: https://bioone.org/journals/Journal-of-Herpetology on 07 Jul 2026
Terms of Use: https://bioone.org/terms-of-use

et al.,, 2018). Co-occurrence of the two frogs Gephyromantis
blanci and G. cornucopia has previously been reported from Pic
d’Ivohibe (Miralles et al., 2023) but observing the same pattern
at Ivohiboro further confirms the species status of these mor-
phologically similar species.
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(VIID)

F1G. 2. A subset of amphibians and reptiles observed at Ivohiboro: (I), Anodonthyla sp. nov., (Ca7), (II), Boophis samuelsabini, (I1I), Boophis andohahela,
(IV), Boophis boppa, (V), Boophis doulioti, (VI), Boophis obscurus, (VII), Gephyromantis blanci, (VIII), Gephyromantis cornucopia, (LX), Gephyromantis spinifer,
(X), Guibemantis sioka (Cal9), (XI), Laliostoma labrosum, (XII), Mantidactylus sp. Ca48. Photos © E. B.

DiscussioNn

The discoveries of Boophis samuelsabini and a candidate spe-
cies of Anodonthyla, together with the second-ever record of the
enigmatic Guibemantis sioka exemplify Madagascar’s excep-
tional biodiversity that remains to be explored. Indeed, as of
2009 it was estimated using a comprehensive barcode sam-
pling effort that ~209 undescribed frog species were present
in Madagascar, for a total of ~465 species which is ~5% of all
anuran species globally (Vieites et al., 2009). Convergent evolu-
tion of color patterns and morphological variability of many
species have made identification difficult. Indeed, without
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genetic methods, individuals of some of the most common spe-
cies (e.g., M. bourgati and B. obscurus) found in this study would
have been misidentified if relying on the current pictorial guide
and local community experts. However, it should be noted that
there are limitations to the short 16S rRNA mitochondrial gene
barcoding we employed in this study. Despite being widely
used for amphibian systematics and species delimitation, short
fragments (~500 bp) of 16S have been shown to result in inac-
curate phylogenetic reconstructions, with lower and more vari-
able branch support compared to those produced by full-length
sequences (Chan et al.,, 2022). Furthermore, the use of only a
single mitochondrial genetic marker cannot detect phenomena
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F1G. 3. A subset of amphibians and reptiles observed at Ivohiboro: (I), Mantidactylus bourgati, (II), Mantidactylus delormei, (11I), Mantidactylus
femoralis, (IV), Mantidactylus katae, (V), Plethodontohyla inguinalis, (VI), Calumma andringitraense, (VII), Calumma crypticum, (VIII), Calumma fallax/
nasutum, (IX), Calumma oshaughnessyi, (X), Compsophis infralineatus, (XI), Flexiseps cf. ornaticeps, (XII), Furcifer lateralis. Photos © E. B. apart from (IX)

by Alex Wiebe.

such as hybridization and mitochondrial introgression, which
may blur the taxonomic signal. Thus, although we found consis-
tently strong support for species delimitations, the full descrip-
tion of the new species—those already described and those
subjected to ongoing study—additionally rely on morphology,
bioacoustics, and nuclear-encoded genetic markers.
Biogeographically, the herpetofaunal assemblage of Ivohiboro
combines species distributed mainly in arid Madagascar, such
as the snakes Madatyphlops arenarius, Sanzinia volontany, and
Acrantophis dumerili and the frogs Laliostoma labrosum and Mantella
betsileo, with species typically restricted to highland forests of the
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Southern Central East, such as the frogs M. bourgati, M. delormei,
G.blanci, and G. cornucopia, as well as other more common spe-
cies from Madagascar’s eastern rainforests such as the chameleon
C. crypticum, the snake Compsophis infralineatus, and the frogs
Aglyptodactylus madagascariensis, Mantidactylus betsileanus, M. katae,
M. femoralis, and Plethodontohyla inguinalis (see Glaw and Vences,
2007 and subsequent taxonomic revisions for distribution ranges
of these species). These patterns highlight the importance of her-
petofauna inventories in remaining fragments of Madagascar’s
highlands (e.g., Belluardo et al., 2021) to better understand the
ecotones between Madagascar’s main biomes (Brown et al., 2016).
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FiG. 4. A subset of amphibians and reptiles observed at Ivohiboro: (I), Madascincus ankodabensis, (II), Madatyphlops arenarius, (III), Oplurus
quadrimaculatus, (IV), Palleon nasus, (V), Paroedura bastardi complex, (VI), Phelsuma quadriocellata, (VII), Thamnosophis lateralis, (VIIL), Trachylepis elegans,
(IX), Trachylepis gravenhorstii, (X), Trachylepis vato, (XI), Uroplatus phantasticus/malama, (XII), Uroplatus sikorae. Photos © E. B. apart from (V, XI, and

XII) by Alex Wiebe.

Species exhibited strong differences in vertical niche use
across the forest profile. Amphibians were generally restricted
to the lower strata, with the greatest abundance and richness at
ground level, which declined rapidly in the first 5 m of vertical
height (Figs. 5A, C). In contrast, we found a rich reptile commu-
nity from understory to canopy, primarily made up of chame-
leons and geckos, as well as skinks at the forest floor and snakes,
which differed in vertical niche use by species (Figs. 5B, C). It
is likely that some species found only in the understory also
occur in the canopy (e.g., Uroplatus sikorae, and U. phantasticus/

Downloaded From: https://bioone.org/journals/Journal-of-Herpetology on 07 Jul 2026
Terms of Use: https://bioone.org/terms-of-use

malama); indeed, Uroplatus species were also found consistently
in the canopy in Ranomafana (E.B., unpubl. data). Importantly,
all surveys were conducted during the extended dry season
in the region. We hypothesized that frogs, during the wet sea-
son, would occur higher in the canopy because they would be
released from lower strata which act as a moist refugia during
the dry season. Indeed, during three wetter days in 2023 (6-8
November), individuals of the undescribed Anodonthyla were
found at 10 m height, the highest records for amphibians across
all surveys. At Ranomafana National Park, Anodonthyla species
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F1G. 5. Vertical stratification of amphibian (A) and reptile (B) richness and composition at Ivohiboro. Vertical density (i.e., relative abundance) of

reptiles and amphibians (C).

were regularly found in the high canopy during the wet season,
usually inhabiting Asplenium fern microhabitats (Basham et al.,
2019). Observed patterns of amphibian stratification also closely
mirror those seen across seasons in Panama (Basham and
Scheffers, 2020), where many species descended to the ground
during the dry season. Importantly, climate change is predicted
to increase the length and intensity of dry seasons across the
next century (Chadwick et al.,, 2016; Feng et al., 2013; IPCC, 2014;
Neelin et al., 2006), likely resulting in a downward shift in com-
munity organization across the vertical gradient and a reduction
in the reproductive period for many amphibians.

Climate change has been linked to an increase and spread
of droughts in southern Madagascar (Rigden et al., 2024).
Combined with forest fragmentation and widespread pasture
burning for cattle, these droughts have intensified risk of wild-
fire and forest degradation (Frappier-Brinton and Lehman,
2022; Desbureaux and Damania, 2018). The IPA itself sits atop
an elevated range of hills and serves as a critical watershed for
downstream communities. Despite this ecological importance,
the greatest threat to the site remains fire, fueled by tradi-
tional fire-use practices in the lowlands. In 2023, the field team
observed a large fire that encroached into the forest and was
halted only by a significant community firefighting effort and
changing weather conditions. Ongoing efforts by Centre ValBio
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and other partners aim to mitigate these risks through main-
tenance of firebreaks and provision of economic incentives for
community-led conservation (Otero Jimenez et al., 2023).
Amphibians are especially vulnerable to fire and drought
because of their physiological sensitivity to climate and depen-
dence on water bodies for reproduction. Arboreal species may
be particularly affected because the canopy dries faster than the
forest floor, reducing available habitat and potentially forcing
individuals to lower strata, where they may face greater compe-
tition or predation (Basham and Scheffers, 2020). In addition to
effects of drying habitats, amphibians may face increasing risk
from emerging pathogens such as Bd. Although we did not detect
conclusive evidence of Bd at our study site, the IPA lies far out-
side the current monitoring sites used in Madagascar’s National
Monitoring Plan for Bd (Weldon et al., 2013). It is also located far
from, and farther south than, any of the sites used to conduct
herd immunity estimations for Bd based on cutaneous bacteria
(Bletz et al.,, 2017). Given the likelihood of undescribed, range-
restricted amphibians in the IPA, proactive monitoring remains
essential to detect and mitigate potential disease impacts.
Whereas reptiles are generally more tolerant of heat and des-
iccation than amphibians, they remain highly vulnerable to
habitat loss and land-use change in Madagascar. For instance,
reptile richness has been shown to decline by over 50% in



10 E. W.BASHAM ET AL.

burned forest areas in northeastern Madagascar (Fulgence et al.,
2022), and more than 40% of Malagasy reptiles are currently
considered to be threatened with extinction (Jenkins et al., 2014).
In addition, Malagasy reptiles are heavily targeted for the inter-
national pet trade, particularly iconic species such as chame-
leons and geckos (Todd, 2011).
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