Redefinition of Calumma nasutum and descriptions of two new species

Figure 1. Maximum Likelihood phylogenetic tree of the Calumma nasutum group, based on concatenated DNA sequences of the
mitochondrial ND2 and 16S genes (1464 bp). The tree includes sequences of 1-2 specimens per species, plus all available samples of
the target taxa, i.e., C. nasutum, C. hofreiteri sp. n., and the C. gallus complex. Numbers at nodes are support values in percent from
a bootstrap analysis (500 replicates; not shown if <50%). The tree was rooted with C. gastrotaenia (removed a posteriori from graph
to better illustrate branch lengths within the C. nasutum group). Inset photos show lateral views of heads of adult males.
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Figure 2. Distribution map of C. hofreiteri sp. n. and the Calumma gallus complex. A1-A4 and K in the figure legend refer to mito-
chondrial clades as in Fig. 1 and PROTZEL et al. (2020). Only locations confirmed by genetic data, plus the type locality of C. gallus
(Mahanoro; specimens not genotyped), are shown. The base map shows vegetation across Madagascar from the CEPF Madagascar
Vegetation Mapping Project (MOAT & SMITH 2007; https://web.archive.org/web/20170615094352/http://vegmad.org/). Vegetation is
colored as follows: green, humid forest (rainforest); red, western dry deciduous forest; bluish, western subhumid forest; orange, south
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western dry spiny forest-thicket; yellow, tapia forest; pink, mangroves.
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Redefinition of Calumma nasutum and descriptions of two new species

Results
Molecular phylogeny and genetic divergences

The Maximum Likelihood tree inferred from the con-
catenated alignment of 1464 bp of the mitochondrial 16S
and NDz2 fragments (Fig. 1) largely agrees with the tree of
PROTZEL et al. (2020) which was based on NDz2 only but
has slightly stronger bootstrap support (BS) values in sev-
eral of the deeper nodes. Conspecific samples of established
species in the C. nasutum group in all cases clustered to-
gether with >70% bootstrap support. The C. gallus complex
(the target of the present study, as defined by PROTZEL et
al. 2020) received maximum support (BS = 100%) and in-
cluded sequences of the lectotype of Chamaeleon nasutus

(see next section). This complex (corresponding to clade
A of PROTZEL et al. 2020) contained samples from numer-
ous sites in the Northern Central East and Southern Cen-
tral East of Madagascar, confirming that the C. gallus com-
plex has a wide distribution in these geographical regions,
reaching southwards to Manombo (Fig. 2). Within the
complex, several clearly defined mitochondrial clades with
BS >70% were recognizable, here named A1 to A4. In brief,
A1 included male specimens with a non-elongated, later-
ally compressed rostral appendage as well as sequences of
the lectotype of Chamaeleon nasutus, A2 contained males
with an elongated and serrated rostral appendage pointing
downward, here considered to conform with the type ma-
terial of C. gallus, A3 contained samples from a series of lo-

Figure 3. Preserved name-bearing types of species in the Calumma nasutum group targeted in this study in lateral views: (A) male
lectotype of C. nasutum (MNHN-RA-6643C); (B) male holotype of C. gallus NHMUK 1946.8.21.55); (C) male holotype of C. hofreiteri
sp. n. (ZSM 454/2010); (D) male holotype of C. pinocchio sp. n. (ZSM 137/2016).
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calities in central east and south east with only limited mor-
phological information available, and A4 contained males
from the Northern Central East with elongated and non-
serrated rostral appendage pointing upward. A3 contained
a genetically divergent subclade only represented by one in-
dividual from Manombo, and A4 was partitioned in two
subclades, one with samples from Betampona and Anala-
lava and one with samples from the remaining locations.
Using the ND2 alignment for distance calculations (see
Methods), uncorrected pairwise distances between es-
tablished species (as in PROTZEL et al. 2020) ranged from
10.8% (C. emelinae vs. C. uetzi) to 20.9% (C. boettgeri vs.
a sequence of the C. gallus complex from Betampona).
Distances between main clades in the C. gallus complex

ranged from 7.7% (A1 vs. A4) to 14.0% (A3 vs. Ag), thus
overlapping with distance values between established spe-
cies. The inclusion of 16S sequences also allowed for an
assessment of genetic distances in this fragment which
has been routinely used for DNA barcoding of Madagas-
car’s amphibians (e.g., VIEITES et al. 2009) and also has
been widely used for reptiles, thus allowing comparisons
with other taxa. Within the C. nasutum group, established
taxa had 16S distances (uncorrected pairwise distanc-
es) between 4.5% (C. boettgeri vs. C. linotum) and 12.0%
(C. radamanus vs. C. tjiasmantoi). Within the C. gallus
complex, not all subclades were represented by 16S se-
quences but recorded distances ranged from 3.0% (A3 to
A4) to 4.1% (A1to Ag).

Figure 4. Specimens of Calumma nasutum from a bamboo forest site locally called Samalaotra in Ranomafana National Park. (A,
C) male ZSM 622/2009 (ZCMV 8642); (B, D) female ZSM 623/2009 (ZCMV 8643).
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Redefinition of Calumma nasutum and descriptions of two new species

Molecular and morphological identity of
Calumma nasutum

The nomen Chamaeleon nasutus DUMERIL & BIBRON,
1836 was originally based on two adult females, MNHN-
RA-6643 and MNHN-RA-1994.608 (originally 6643A),
and two adult males, MNHN-RA-1994.609 (originally
6643B) and MNHN-RA-1994.610 (originally 6643C), all
collected by ALPHONSE CHARLES BERNIER from the unspe-
cific type locality “Madagascar” (see DUMERIL & BIBRON
1836, KLAVER & BOHME 1997, GEHRING et al. 2011, PROT-
ZEL et al. 2020). Of this type series, PROTZEL et al. (2020)
designated the male MNHN-RA-1994.610 (6643C) (Fig. 3)
as the lectotype, and provided a detailed redescription. In
the current study, we sequenced archival DNA from the
historical lectotype to clarify the identity of this nomen by
checking its phylogenetic placement in a mitochondrial se-
quence-based phylogeny including all currently available
data of ND2 and 168 for this group.

As in previous DNA barcode fishing studies (e.g., RAN-
CILHAC et al. 2020) where mitochondrial protein-coding
and ribosomal RNA genes were targeted, 16S fragments
were overrepresented compared to ND2 reads confirming
previous findings in archival DNA studies (STRAUBE et al.
2021). In the BLAST searches of the C. nasutum lectotype
against sequences of different species of the C. nasutum
group, maximally 23175 matching reads were found for 165,
and 1684 matching reads for ND2. Assemblies resulted in a
contig of 381 bp for 16S (including two stretches of missing
data, one of ca. 76 bp and one of 3 bp), and in a short con-
tig of 77 bp for ND2. Visual inspection of the assemblies
revealed a large homogeneity and concordance of overlap-
ping reads, thus confirming the validity of the contig se-
quences. Exploratory single-gene phylogenetic analyses

(not shown) were concordant and unambiguous in plac-
ing the lectotype of Chamaeleon nasutus into the C. gal-
Ius complex, and more specifically into clade A1 containing
samples from Samalaotra in Ranomafana National Park,
the nearby site Ambohitsara, and Mananjary. This relation-
ship was strongly supported by the analysis of the concat-
enated data (BS = 97%; Fig. 1) which furthermore suggest-
ed that the lectotype probably is genetically closest to the
specimens from Samalaotra and Mananjary (BS = 65%).

Three comparative specimens included in clade A1 in
our molecular tree (Fig. 1) were available for morpholog-
ical examination: ZSM 793/2003 (FGMV 2002.642), an
adult male from Ambobhitsara, collected on 24 January
2003 by E GLaw, M. PUENTE, L. RAHARIVOLOLONIAINA,
M. THoMAS, and D. R. VIEITES; ZSM 622/3009 (ZCMV
8642; adult male) and ZSM 623/2009 (ZCMV 8643; adult
female), both from Samalaotra, collected on 22 February
2009 by M. VENCES, L. RAHARIVOLOLONIAINA, S. NDRI-
ANTSOA, T. RAJOAFIARISON, and E. RAJERIARISON. The two
males are characterized by an only moderately elongated
rostral appendage, which is rounded at its tip in lateral
view (see Fig. 4 for the Samalaotra specimen) that strongly
differs from the pointed and elongated appendage charac-
teristic for specimens usually assigned to C. gallus, but is
fully concordant with the character state in the lectotype
of C. nasutum (Fig. 3). Furthermore, the female specimen
ZSM 623/2009 is characterized by a remarkably short ros-
tral appendage (Fig. 4) that fully agrees with the two female
paralectotypes, both of which have rostral appendages of
about 1 mm only in length (see figure in GEHRING et al.
2011).

This conclusive and concordant morphological and mo-
lecular assignment of the C. nasutum lectotype to clade A1,
leads to two main taxonomic conclusions:

Figure 5. Male holotype of Calumma gallus. (A) Illustration reprinted from GUNTHER (1877: plate XVI), note the tip of the rostral
appendage, which is serrated and terminates in two tips. (B) Photograph of preserved holotype NHMUK 1946.8.21.55 (the terminal
part of the dorsal appendage is bent away). Note the tubercular and serrated structure of the visible portion of the rostral appendage.
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