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Figure 8. Uroplatus henkeli in life, individuals from the Tsingy de Bemaraha (all photographed in 2006, not unambiguously assignable
to available voucher specimens, although corresponding to the samples included in our molecular analysis): (A, H, J) three different
females; (G, I) specimen of unknown sex; (C, E) probable male specimen. * Photo has been mirrored.
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posteriorly to the neck. Thin brown line running from pos-
terior margin of the eye, reaching region above the ear open-
ing. Dorsal surfaces of thighs brown, those of shanks and feet
brown, marbled with grey. Posterior surfaces of thighs proxi-
mally with a contrasting cream and black marbled pattern.
Pointed tubercles lateral of the cloaca white. Dorsal surfaces
of arms cream, with diffuse brown marbling. Throat, chest,
abdomen and ventral surfaces of forelimbs and hindlimbs
creamy white. Ventral surface of tail cream with greyish
brown marbling, ventral surfaces of feet and knees brown.
Ventral surfaces of proximal parts of fingers grey. Inner
mouth and tongue uniform cream (unpigmented).

In life, general colour pattern was identical to that in
preservative described above, but the specimen had a dark-
er appearance in general (Fig. 10), with the ventral ground
colour having been brown, instead of cream. Most likely,
U. garamaso sp. n., like all species of the U. fimbriatus spe-
cies group, is also capable of a distinct colour and pattern
change when the animals are stressed (GEHRING 2020).
Outer iris golden-yellowish, particularly in posterior re-
gion; inner iris beige, with diffuse fine vertical brown lines.

Variation: Uroplatus garamaso sp. n. shows a high varia-
tion both in genetics (three deep mitochondrial lineages
currently assigned to the species; see above) and morphol-
ogy. Especially in colour pattern, it is highly variable, simi-
lar to other species of the U. fimbriatus group (GEHRING et
al. 2018, 2023). According to colour photos herein, speci-
mens can dorsally have a fine pattern of blackish reticula-
tions on a grey (Ankarana; Fig. 11) or light brown (Fanam-
bana; Fig. 13) base colour, a dark vertebral stripe (holotype,
Fig. 10), large areas of uniformly light grey colour on head
and anterior body, posterior body, and tail (Montagne des
Francais; Fig. 10), or a grey ground colour with irregular
longitudinal dark stripes, dorsolaterally and laterally be-
hind the eye (Forét d'Orangea; Fig. 13). The iris can be grey-
ish or more brownish with irregular, often very fine dark-
er brownish reticulations, but usually the outer iris area is
distinctly yellowish to orange. Morphological variation is
shown in Table 1 and in Figs 4-6. Body size (SVL) is 105-
123 mm in adult males and 98-139 mm in supposedly adult
females (whose maturity is however more difficult to ascer-
tain), in the Ankarana/Montagne dAmbre/Montagne des

Figure 9. Preserved holotype of Uroplatus henkeli (ZFMK 48229; adult male from Nosy Be) in dorsal and ventral views.
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Francais lineage, while specimens from Forét d’Orangea
(males 83 mm, female 97 mm) may be smaller.

Etymology: The species epithet is a Malagasy term contain-
ing the Malagasy word maso (= eye) and is used in Mad-
agascar to refer to someone with bright, shiny eyes. The
name refers to the often characteristic eye colouration of
the new species, and is used as a noun in apposition to the
genus name.

Natural history: We observed numerous individuals of the
new species in the deciduous dry forests of Montagne des
Frangais, Forét d'Orangea, Analamerana and Ankarana, as
well as in the transitional forests of Forét dAmbre and the
lower-elevation rainforests of Montagne dAmbre in the
rainy seasons between 2000 and 2022. Almost all individu-
als were encountered at night on trees whilst active, either
on branches or on tree trunks ca. 1-4 m above the ground.
Individuals were encountered in dense pristine forest, de-

graded forests with more isolated trees and at the edge of
forests in the vicinity of plantations. Two gravid females
were captured on 28 February 2007 (ZSM 2144/2007 and
UADBA [FGZC 1185]), the former of which laid the whit-
ish eggs after capture.

In 2004, individuals of U. garamaso sp. n. were found on
the west side of the Ankarana Special Reserve near the An-
drafiabe campsite, where they were active on solitary larger
trees at night. It was quite common at the Anilotra camp-
site. It is noteworthy that this was not a closed forest area,
but rather a savannah-like landscape in which individual
trees were relatively isolated from each other in a loose
community with sparse undergrowth of different shrubs.

In December 2017, specimens of U. garamaso sp. n. on
Montagne dAmbre were encountered primarily in the dry
deciduous forest on the west slope of the mountain, sym-
patrically with U. ebenaui, U. giganteus, U. sikorae, and
U. alluaudi, and at lower elevation than U. finiavana. In-
dividuals were all encountered actively hunting at night on

Figure 10. Uroplatus garamaso sp. . in life: (A, B) adult male holotype ZSM 35/2018 from Montagne dAmbre National Park, western
slope; (C-H) specimens from Montagne des Frangais; (G) corresponding to specimen ZSM 2111/2007.
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trees, in horizontal or in vertical positions. Numerous in-
dividuals probably assignable to this species were also en-
countered in the Antsolipa forest and nearby fragments,
near Tsarakibany (south of Montagne d’Ambre) in Au-
gust 2009 by MDS (see also the reports by LABANOWSKI &
LowIN 2011 and DURKIN et al. 2011). All but one of the in-

dividuals were found active at night, and all in dry decidu-
ous forest. Two specimens were found on the ground, one
actively crawling on tree stumps at night and one found on
the ground in the middle of the research camp during the
day. No other Uroplatus species was encountered in this
area.

Figure 11. Uroplatus garamaso sp. n. in life, individuals from Ankarana National Park: (A) female specimen ZSM 2145/2007; (B, C)
specimens of unknown sex, not unambiguously assignable to available voucher specimens; (D, H), female specimen not unambigu-
ously assignable to a voucher specimen;; (E, E G) female specimen ZSM 2144/2007.
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Figure 12. Individuals probably assignable to Uroplatus garamaso sp. n. from Antsolipa forest fragment near Tsarakibany (located
between Montagne dAmbre and Ankarana) in life (vouchers not collected and no genetic data available from this locality).
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Regarding the captive breeding of U. garamaso sp. n., lit-
tle information has been published so far. SVATEK & VAN
DuIN (2002), most likely referring to this species, report
that females deposit up to eight clutches per season at in-
tervals of approximately four weeks, each consisting of one
or two spherical eggs (diameter 14-16 mm). At varying in-
cubation temperatures of 22-27°C juveniles hatched after
91-103 days, whereas at a constant temperature of 26°C they
already hatched 70-75 days after egg deposition (SVATEK
& VAN DUIN 2002). According to MARUSHCHAK (pers.
comm. to PSG) the incubation conditions hardly differ
from U. henkeli: The eggs are deposited under leaves or be-
neath logs on the ground and are usually rolled in substrate.
At incubation temperature of 26°C, hatchlings will emerge
after 107-133 days. At cooler temperatures (20-24°C), incu-
bation can be prolonged to up to 174 days (MARUSHCHAK et
al. 2022). It is unknown if the different incubation periods
at 26°C (70-75 versus 107-133 days) refer to non-constant
incubation temperatures in the longer period (e.g., with
lower night temperatures) or have other causes.

Distribution: The new species is reliably known, based on
genotyped samples, from the following localities: (1) the
type locality, on the western slope of Montagne dAmbre;
(2) Ankarana National Park, (3) Montagne des Frangais,
and (4) Forét dAmbre, corresponding to the low elevation
forest on the northeastern slopes of Montagne dAmbre
National Park. Additional observations probably corre-

sponding to this species are from (5) Antsolipa, near Tsa-
rakibany (located at -12.76883°, 049.15633°). Specimens
probably referring to this species, although belonging to
divergent mitochondrial lineages have been collected at
(6) Forét d'Orangea (including Oronjia protected area),
(7) Ampombofofo, (8) Fanambana forest, and (9) Anala-
fiana. Additional records from (10) Analamerana, (11) An-
drafiamena-Andavakoera and (12) Loky-Manambato need
further studies to confirm their identity.

Discussion

By providing evidence for distinctness at the species lev-
el, and formal scientific naming of Uroplatus garamaso,
this study adds to the species diversity of one of the most
fascinating genera of Malagasy squamates, and further af-
firms the high degree of regional endemism in northern
Madagascar. Taking into account the most recent descrip-
tions (see UETZ et al. 2022) and the new species described
herein, there are currently 22 Uroplatus species, whereas
only six species were recognized in the revision of BAUER
& RUSSELL (1989). From the genetic lineages already iden-
tified, there are still at least two that require taxonomic
scrutiny and that have a high probability to represent dis-
tinct species, interestingly both from Zahamena National
Park in the Central East of Madagascar. Here, one geneti-
cally highly divergent lineage of the U. ebenaui group oc-

Figure 13. Individuals of genetically divergent mitochondrial phylogroups, tentatively assigned to Uroplatus garamaso sp. n., in life:
(A) individual from Forét d'Orangea (ZSM 2134/2007); (B, C) individual from Fanambana forest (not unambiguously assignable to
a voucher specimen).
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curs (RATSOAVINA et al. 2013, 2020), along with a further
such lineage of the U. fimbriatus group, possibly related
to U. sameiti (GEHRING et al. 2023). It is certainly possible
that additional species of leaf-tailed geckos will be discov-
ered in previously unsurveyed forest fragments in Mada-
gascar, or that some of the other mitochondrial lineages
within widespread species such as U. ebenaui, U. giganteus,
U. phantasticus, or U. sikorae (RATSOAVINA et al. 2012, 2013,
GEHRING et al. 2018, 2023) will turn out to be differentiated
at the species level, once thorough population genomic and
hybrid zone analyses are carried out. For the time being,
we can conclude that most of the cryptic diversity of leaf-
tailed geckos discovered by the initial genetic screenings of
GREENBAUM et al. (2007), RAXWORTHY et al. (2008) and
RATsoAvVINA et al. (2013) has now been taxonomically as-
sessed and classified.

The recognition of U. garamaso at species level further
increases the number and proportion of species of squa-
mates — especially geckos — microendemic to, or with a
small distribution range in, northern Madagascar. The oc-
currence of the same mitochondrial subclade of U. gara-
maso both in Montagne des Francais and in Ankarana is
remarkable. These sites are karstic massifs with dry/tran-
sitional forest, but many northern Malagasy endemics are
known to occur in only one or the other of them. Among
geckos, this applies for instance to Blaesodactylus micro-
tuberculatus, Geckolepis megalepis, Lygodactylus expecta-

o

A

tus, L. rarus, Paroedura homalorhina, Phelsuma roesleri,
and Uroplatus fetsy that have only been found in Ankara-
na, whereas Paroedura hordiesi and P. lohatsara appear to
be microendemic to Montagne des Francais (GLAW et al.
2010, 2014, 2018, JONO et al. 2015, SCHERZ et al. 2017, VEN-
CEs et al. 2022a). It is likely that U. garamaso is primarily
an inhabitant of dry and transitional forest, and much less
specialized to the karstic limestone than many of the other
species, especially the Paroedura species and Lygodactylus
expectatus. Therefore, U. garamaso may have been able to
disperse, and maintain gene flow, via forest corridors on
other substrate types, as might have been the case in the
other more widespread species.

Oral mucosa colour is a very valuable taxonomic char-
acter in the small-sized species of the U. ebenaui group,
where some species have an unpigmented mucosa while
others have variable but species-specific degrees of black
or red pigment (RATSOAVINA et al. 20193, 2019b, 2020). In a
recent revision of the Uroplatus sikorae complex (GEHRING
et al. 2023), extreme morphological similarity between lin-
eages, despite their rather substantial genetic divergences,
was reported. The only distinguishing character partly con-
sistent with lineage assignment was the colour of the oral
mucosa, with distinctly black pigmentation in the north-
ern lineages of U. sikorae, but unpigmented oral mucosa
in both U. sameiti and southern U. sikorae lineages. Here,
we add another example of species-specific differences in

Figure 14. Preserved male holotype (ZSM 35/2018) of Uroplatus garamaso sp. n. in dorsal and ventral views.
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internal oral pigmentation by reporting on the apparently
species-specific black tip of the tongue in U. henkeli, which
is missing in U. garamaso. The biological function of inter-
nal oral pigmentation in these animals remains unknown;
as mentioned by RaTsoaviNa et al. (2015), the pattern
becomes visible when threatened specimens open their
mouth in aggressive behaviour, but it is unknown wheth-
er these geckos also display such behaviour in interactions
with conspecifics. The many examples now available for
species-specific tongue or mucosa pigmentation support
the hypothesis of a function in intraspecific communica-
tion, clearly warranting behavioural research on this topic.

The populations here assigned in a preliminary way to
U. garamaso belong to three divergent mitochondrial lin-
eages differing by as much as 7.2% pairwise distances in a
fragment of the 16S gene that has been frequently used for
DNA barcoding Madagascar’s herpetofauna. For instance,
VIEITES et al. (2009) for Malagasy amphibians applied a
3% 16S distance threshold to define candidate species, but
emphasized that additional evidence is needed to ascertain
these really represent independent evolutionary units that
should be formally recognized as species (see also discus-
sion in VENCES et al. 2022a). It is striking that the deep mi-
tochondrial lineages within U. garamaso show widespread
haplotype sharing in the nuclear-encoded genes studied
herein, a pattern that could be due to incomplete lineage
sorting or gene flow over recent evolutionary time. As in-
complete lineage sorting is favoured by large effective pop-
ulation sizes without population bottlenecks, which is un-
likely for large-sized forest geckos in the mosaic landscape
of northern Madagascar, we hypothesize that cessation of
gene flow among these lineages may not yet have occurred
and a certain amount of genetic admixture among them
may still be taking place. In this context, it is important to
emphasize that many geckos apparently are characterized
by higher mitochondrial distances than other squamates
(NAGY et al. 2012, VENCES et al. 2022a), a phenomenon that
merits further investigation. In the case of U. garamaso,
for the time being, we suggest that the mitochondrial di-
vergence alone — in the absence of nuclear gene or mor-
phological differentiation - is insufficient for an additional
taxonomic split, and the genetic variation is best addressed
as representing deep conspecific lineages. More exten-
sive phylogenomic data, preferably on the lineages’ hybrid
zones, are needed for their in-depth taxonomic assessment.

Despite its occurrence in several protected areas, popu-
lations of U. garamaso are heavily threatened. All known
sites are at relatively low elevations and several of them
have been and continue being under strong human pres-
sure, with cattle grazing and slash-and-burn agriculture
taking place even within the protected areas (GEZON 2000,
D’CRUZE et al. 2007, 2008, CARDIFF & BEFOURROUACK
2008, MEGSON et al. 2009, SABEL et al. 2009, GOODMAN et
al. 2018). Although U. henkeli has been observed in shade-
grown coffee plantations (BLUMGART et al. 2017, EvaNs
2019), the former authors suggested that it may be unlikely
to persist in large coffee plantations without interspersed
areas of forest. We observed leaf-tailed geckos possibly as-

signable to U. garamaso being quite common in disturbed
forest at Analamerana Special Reserve (APR, pers. obs.).
However, in general, species of the U. fimbriatus group do
not appear to tolerate extensive forest degradation. Hence,
the high genetic variation found in these geckos at small
spatial scales calls for increased efforts to preserve intact
primary forests throughout their distribution range. Fur-
thermore, our new taxonomy will also allow for the collec-
tion and export of U. garamaso for the pet trade to be mon-
itored more closely. This species has been in the pet trade
since at least 2001 (paratype ZFMK 75754; see also SVATEK
& VAN DUIN 2002), and possibly considerably longer, un-
der various names, including ‘Henkeli “Diego”, ‘Diego Su-
arez Henkeli, and ‘Uroplatus aff. henkeli. L. WIEDEMANN
established the species in captivity in the USA in 2010
(pers. comm. to MDS), and they also continued to be im-
ported after that date as Uroplatus henkeli, but always in
very low numbers (3-5 per year to the USA, according to
L. WIEDEMANN). It has also been present in low numbers
in the German pet trade.

However, due to the fact that U. garamaso was exported
(albeit in small numbers) for the pet trade without being
recognized and declared as a taxon of its own, it cannot
be ruled out that interbreeding and hybridization between
U. henkeli and U. garamaso occurred during the selection
of breeding groups. CAPEZZONE (1995) reported hybridiza-
tion between the more distantly related U. fimbriatus and U.
henkeli, so it can be assumed that the two sister taxa U. hen-
keli and U. garamaso may also interbreed and produce vi-
able hybrids. To keep the populations of U. garamaso in
captivity as species-pure as possible, breeders should pay
special attention to the exact identification of the species to
avoid crossbreeding. Inspection of the mouth, as has long
been practiced for U. sikorae vs. U. sameiti (though now
known to be problematic, as mentioned above), and mem-
bers of the U. ebenaui group, serve a quick and seemingly
reliable way to achieve that identification.

It is striking that only very little information is availa-
ble, in general, on the ecology of animals as prominent as
the large-sized leaf-tailed geckos of the U. fimbriatus group.
Long-term field population studies are largely missing (for
an exception, see INGADY 2011 on U. giganteus), and much
of the information on their reproduction is based on cap-
tive data from hobbyists (summarized in GEHRING 2020),
as is the case for U. garamaso. With the extended informa-
tion on genetic lineages now at hand for all species of the
U. fimbriatus group (GEHRING et al. 2018, 2023, and this
study), it is now time to initiate a long-term field study pro-
gram on selected populations. At the same time, however, it
is important to keep allowing a small number of individu-
als to be exported under the Malagasy CITES quota system
(RAXWORTHY & VENCES 2010, UNEP-WCMC 2015), giving
hobbyists the opportunity to contribute to the understand-
ing of life history and behaviour of these fascinating geckos.
It is important that hobbyists keep publishing their experi-
ences with keeping and breeding these geckos, including
failures, as such data will be crucial in case conservation
breeding programs need to be established in the future.
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