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Abstract

Alopoglossidae is a family of Neotropical lizards composed of 23 species allocated in two genera (Alopoglossus and Pty-
choglossus). There is a lack of knowledge about the phylogenetic relationships and systematics of this family. Published phyloge-
nies that include alopoglossid species have very low taxon coverage within the family, and are usually based on limited
character sampling. Considering these shortcomings, we infer the phylogenetic relationships of Alopoglossidae—including all but
one species in the family—based on the combined analyses of DNA sequences and morphological characters. We use four loci
(the mitochondrial 728, 16S and ND4; the nuclear C-mos) and a matrix of 143 phenotypic characters from scutellation, tongue
morphology, hemipenis morphology, and osteology. The dataset is analyzed with Maximum Parsimony, with four alternative
weighting schemes: three under Extended Implied Weighting, and one with equal weighting. The respective resulting topologies
are compared in a sensitivity analysis framework. Our analyses support the paraphyly of Ptychoglossus, with Alopoglossus nested
within it. We provide an updated classification for the family, where Ptychoglossus Boulenger, 1890 is considered a junior syn-
onym of Alopoglossus Boulenger, 1885.

© The Willi Hennig Society 2020.

Introduction

Alopoglossid lizards are distributed from Costa Rica
through northern South America, both east and west
of the Andes, and across Amazonia (Harris, 1994;
Kohler et al., 2012; Uetz and Hallerman, 2014). These
are diurnal miniaturized lizards that inhabit the leaf
litter of Neotropical forests and crops, where their
brownish coloration and cryptic behavior help them to
blend in with the environment (Anaya-Rojas et al.,
2010; Bolivar-G and Hernandez-Morales, 2013; Meza-
Joya et al., 2014).
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Alopoglossidae, as currently defined, is composed of
two genera: Alopoglossus Boulenger, 1885 (nine valid
nominal species) and Ptychoglossus Boulenger, 1890 (14
valid nominal species). The family was, for a long time,
recognized as a sub-family of Gymnophthalmidae (Pel-
legrino et al., 2001; Castoe et al., 2004; Pyron et al.,
2013), but recently separated from the latter and ele-
vated to full family status by Goicoechea et al. (2016)—
based on the results of phylogenetic analyses of DNA
sequence data. Goicoechea et al. (2016) performed sev-
eral analyses on their dataset, but based their taxonomic
decision on a preferred phylogenetic hypothesis—i.e.,
derived from a parsimony analysis and the direct opti-
mization (sensu Wheeler, 1996) of nucleotide sequence
characters. Based on that hypothesis, Alopoglossidae
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was recovered as the sister clade of Tei-
idae + Gymnophthalmidae, and thus recognized as a
separate family. Whether Alopoglossidae is the sister
group of Gymnophthalmidae or of Teiidae + Gymnoph-
thalmidae is still somewhat controversial, but the mono-
phyly of Alopoglossidae has been consistently supported
by both morphological (Presch, 1980) and molecular data
(Castoe et al., 2004; Pyron et al., 2013). Nevertheless, to
date, there are no published phylogenetic analyses that
include the majority of the valid species of Alopoglossidae,
and phylogenetic analyses of Gymnophthalmoidea that
incorporate both phenotypic and genomic data simultane-
ously are very limited.

The most comprehensive study on alopoglossid phy-
logeny was an exclusively molecular-based study,
which relied on a single mitochondrial gene (ND4)—
the study was, however, limited to Alopoglossus (Tor-
res-Carvajal and Lobos, 2014). Their dataset included
most recognized species of Alopoglossus (except
A. lehmanni Ayala and Harris, 1984, known only from
the holotype, and the recently named A. embera
Peloso and Hernandez-Morales, 2017, and A. meloi
Ribeiro-Junior, 2018). A single species of Ptychoglos-
sus was included, to root the tree, thereby assuming
the monophyly of Alopoglossus. On the other hand,
for Ptychoglossus, only P. bre-vifrontalis Boulenger,
1912 was ever used in any published genomic analysis
(Pellegrino et al., 2001; Castoe et al., 2004; Colli et al.,
2015; Goicoechea et al.,, 2016). Biogeographically,
Torres-Carvajal and Lobos (2014) reported that the
Andes split Alopogloglossus in two clades, one Cis-
Andean and another Trans-Andean. The geographic
distribution of Ptychoglossus has never been related to
its phylogenetic relationships.

Two phylogenetic studies based strictly on morpholog-
ical characters included alopoglossid species. Presch
(1980) included four alopoglossid species and coded 26
characters (24 osteological and two myological). Hoyos
(1998) performed a phylogenetic analysis of some
Colombian gymnophthalmid species that included
P. stenolepis (Boulenger, 1908) using 15 characters, nine
osteological and six myological. A few additional studies
combined morphological and genotypic data which
included at least two alopoglossids—using up to 77 mor-
phological characters and 2333 base pairs of molecular
data (Rodrigues et al., 2005, 2007, 2009; Peloso et al.,
2011). Although all of these studies included very limited
taxonomic sampling of alopoglossids and help little in
understanding the relationships among these taxa, they
support the sister taxon relationship between the two
genera.

As detailed above, the phylogenetic relationships of
species within both Alopoglossus and Ptychoglossus are
very poorly understood. There are no available studies
specifically designed to test the phylogenetic relation-
ships of Ptychoglossus, and the phylogeny available for

Alopoglossus does not include all of the valid species.
With the aim of testing both the monophyly of Alo-
poglossidae and that of groups within this family, we
carried out a phylogenetic study including most recog-
nized alopoglossid species (except A. meloi Ribeiro-
Junior, 2018) and a comprehensive character sampling
comprising both genomic and phenomic evidence. With
the phylogeny in hand, we are able to describe the mor-
phological synapomorphies that support the different
clades within the tree of Alopoglossidae.

Materials and methods

Our objective to include all known taxa of Alo-
poglossidae in the phylogeny was met with significant
challenges. The most important limitation of our study
is the lack of complete character sampling for several
ingroup taxa. Three alopoglossid species (4. lehmanni,
P. eurylepis Harris and Rueda, 1985, and P. gran-
disquamatus Rueda, 1985) are known from single spec-
imens, and many other species are represented only by
a handful of specimens collected decades ago (Harris,
1994; Peloso and Hernandez-Morales, 2017). This had
significant repercussions for the completeness of the
dataset. For the genomic partition, we were unable to
obtain tissue samples for several species, especially
within Ptychoglossus. The anatomical character parti-
tions were also affected, as several internal morpholog-
ical characters could not be sampled due to our
inability to dissect or scan specimens of species under-
represented in collections. Moreover, we failed to
include A. meloi, a recently named species from the
Amazonia of Brazil. The species was named after we
had completed all of the data collection and analyses.
From the original description, 4. meloi seems to be
most similar to A. angulatus (Linnaeus, 1758)—we
infer a close relationship between the two species.

Taxon sampling

Most currently valid species of Alopoglossidae were
included in this study, except 4. meloi. Outgroup taxa
were selected following three requirements: (i) the
availability of sequences of the target genes in Gen-
Bank (Benson et al., 2013), (ii) prompt availability of
specimens that allowed for a complete sampling for
the phenotypic characters, (iii) to include a broad rep-
resentation of taxa closely related to Alopoglossidae
(i.e., Gymnophthalmidae and Teiidae). For gymnoph-
thalmids, the following subfamilies were represented in
our dataset: Cercosaurinae (Arthrosaura kockii (van
Lidth de Jeude, 1904); Bachia flavescens (Bonnaterre,
1789); Cercosaura ocellata Wagler, 1830; Loxopholis
guianense (Ruibal, 1952); Potamites ecpleopus (Cope,
1875)) and Gymnophthalminae (Colobosaura modesta
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(Reinhardt and Liutken, 1862); Iphisa elegans Gray,
1851; Tretioscincus agilis (Ruthven, 1916)). For Tei-
idae, two of the three subfamilies were represented:
Teiinae (Ameiva ameiva (Linnaeus, 1758); Cnemidopho-
rus lemniscatus (Linnaeus, 1758); Kentropyx calcarata
Spix, 1825) and Tupinambinae (7Tupinambis teguixin
(Linnaeus, 1758) and Salvator merianae (Duméril and
Bribon, 1839)). The tree was rooted with Lacerta viri-
dis (Laurenti, 1768), based on the fact that Lacertidae
is consistently recovered as the sister taxon of
Gymnophthalmoidea (Conrad, 2008; Gauthier et al.,
2012; Pyron et al., 2013; Reeder et al., 2015). The
complete list of specimens examined is given in
Appendix S1. The complete taxon sampling showing
which species had information for each partition of
data is included in Appendix S2.

Genotypic evidence

Laboratory protocols.  We extracted and isolated
genomic DNA from frozen and ethanol-preserved
tissues (usually liver or muscle) using the Qiagen
DNeasy kit, following the manufacturer’s guidelines.
We targeted for PCR amplification and sequencing the
nuclear DNA (nDNA) gene Oocyte Maturation Factor
Gene (C-mos), and the mitochondrial DNA (mtDNA)
loci NADH Dehydrogenase Subunit IV (ND4), and
mitochondrial rRNA subunits 12S (12S) and 16S (16S).
The primers used for PCR amplification and sequencing
have largely been used in lizard phylogenetic studies
before, including Alopoglossidae (Kocher et al., 1989;
Arevalo et al., 1994; Saint et al., 1998; Pellegrino et al.,
2001)—PCR primers and conditions are listed in
Table 1. PCR products were sequenced in both
directions, using an ABI automated sequencer, and the
sequences were assembled, checked for quality and
edited in Geneious R9 (Kearse et al., 2012).

Genotypic sampling. ~ We had access to tissue samples
from three Alopoglossus and seven Ptychoglossus
species, i.e. 50% of the described diversity within
Alopoglossidae. Our data were complemented with
sequences of 16S and ND4 of A. buckleyi
(O’Shaughnessy, 1881), A. festae (Peracca, 1896), and
A. viridiceps  Torres-Carvajal and Lobos, 2014,
deposited by Torres-Carvajal and Lobos (2014) and
Arteaga et al. (2016) in GenBank (Benson et al.,
2013). Therefore, 13 of 22 ingroup species have
genotypic evidence available. See Appendix S2 for an
overview of the genotypic sampling and GenBank
accession numbers of newly generated sequences.

Morphological evidence

We designed the morphological dataset to accom-
modate the variation within Alopoglossidae, but also

accounted for variation within the whole Gymnoph-
thalmoidea. We used the program Mesquite, version
3.4 (Maddison and Maddison, 2010) to construct the
morphological character sets. We coded a total of 143
morphological characters that can be grouped into
seven different partitions, depending on the sources of
information, as follows: five characters from tongue
morphology, 68 from scutellation, ten from hemipenis,
39 from cranium, five from mandible, eight from post-
cranial osteology, and eight from the hyoid apparatus.
The complete list of characters, including a brief
description and delimitation of putatively homologous
character states, is provided in Appendix 1 (Mor-
phoBank project number 3351).

Tongue characters were largely based on the mor-
phological studies of Boulenger (1885) and Harris
(1985), and we scored these characters in specimens
preserved with the mouth opened—in rare cases. When
permitted, the tongue was extracted and analyzed sep-
arately. For A. viridiceps, P. kugleri (Roux, 1927), and
P. romaleos Harris, 1994, we did not have access to
tongue morphology. The scutellation was coded fol-
lowing the nomenclature proposed by Harris (1994).
Hemipenial characters were coded from the direct
observation of the organ. We used some of the hemi-
penial characters and terminology defined by P. M. S.
Nunes (unpublished data). For some species where
material was not immediately available, we prepared
hemipenes following the protocols of Pesantes (1994)
and Zaher and Prudente (2003).

Two techniques were used to code characters related to
the osteological partition. For some specimens, we used
high-resolution computed tomography scan (CT) scans
whereas for others we used cleared and double-stained
specimens. We obtained CT scans of A. angulatus,
A. buckleyi, A. embera, 2017, A. festae, A. lehmanni,
P. danieli Harris, 1994, P. plicatus (Taylor, 1949), and
P. vallensis (Harris, 1994) using GE Phoenix Vtome Xs
Micro Computed Tomography machines. The scans were
done at the Microscopy and Image Facility (MIF) at the
American Museum of Natural History and the Nanoscale
Research Facility at the University of Florida. Compila-
tion of the individual X-rays and image 3D visualizations
were done in VGStudio MAX version 2.2 (Volume Graph-
ics, Heidelberg, Germany). TIFF images from 3D render-
ing were used herein for descriptions and comparisons.
The osteology of six taxa (4. angulatus; A. atriventris
Duellman, 1973; P. bicolor (Werner, 1916); P. brev-
ifrontalis; P. vallensis; P. stenolepis) was analyzed from
cleared and double-stained specimens. For newly prepared
specimens, we followed the protocol of Maisano (2008).

Phylogenetic analyses

Nucleotide homology was established automatically
for each targeted gene wusing multiple sequence
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Table 1

List of primers and summary of PCR conditions used in this study

PCR conditions

Annealing Extension Cycles

Denaturation

Reference

Primer sequence (5'-3")

Primer

Gene

40

- 00)

72 °C (1

: 00)

52°C (1

: 00)

94 °C (1

Modified from

CTG GGA TTA GAT ACC CCA CTA

12Sa

128

Kocher et al. (1989)

Modified from

TGA GGA GGG TGA CGG GCG GT

12Sb

Kocher et al. (1989)
Pellegrino et al. (2001)
Pellegrino et al (2001)
Arevalo et al. (1994)

40

: 00)

72 °C (1

: 00)

53°C (1

1 00)

94 °C (1

CTG TTT ACC AAA AAC ATM RCC TYT AGC

TAG ATA GAA ACC GAC CTG GAT T

16SF
16SR

16S

C. Herndndez Morales et al. | Cladistics 36 (2020) 301-321

40

200)  53°C(1:00) 72°C (1 :00)

94 °C (1

Arevalo et al. (1994)

CAC CTA TGA CTA CCA AAA GCT CAT GTA GAA GC

CAT TAC TTT TAC TTG GAT TTG CAC CA
GCG GTA AAG CAG GTG AAG AAA
TGA GCA TCC AAA GTC TCC AAT C

ND4R

ND4F
G73

ND4

40

: 00)

72°C (1

£ 00)

53 °C (1

£ 00)

94 °C (1

Saint et al. (1998)
Saint et al. (1998)

G74

C-mos

alignment (MSA) in MAFFT using the default param-
eters (Katoh et al., 2005). We performed phylogenetic
inference analyses under the parsimony (PAR) opti-
mality criteria, using Extended Implied Weighting
(Goloboff, 1993, 2014) and the more widely used
equally weighted parsimony—all analyses were per-
formed in TNT (Goloboff et al., 2008). Tree searches
were performed with one thousand replicates, with a
minimum of ten hits under the xmul/t command, which
implements a variety of tree search algorithms—Ran-
dom Addition Sequences (RAS), Tree Bisection and
Reconnection branch swapping (TBR), Parsimony
Ratchet (Nixon, 1999), Tree Fusing (Goloboff, 1999),
Sectorial Searches (Goloboff, 1999), and Tree Drifting
(Goloboft, 1999).

Extended Implied Weighting analysis weights char-
acters, during tree search, according to their level of
homoplasy, assigning greater weights to the hierarchic
characters and down-weighting homoplastic charac-
ters. Given that different sources of characters can
have different levels of homoplasy, the data set was
divided in four partitions to better accommodate such
variation—into a morphological set, an rRNA set
where the 12S and 16S markers were concatenated in
SequenceMatrix (Vaidaya et al., 2011), and two sepa-
rate sets for the protein coding loci, ND4 and C-mos,
respectively. To assess the effect of the weighting
scheme on the topologies, we tested four alternative
schemes: (i) Independent Character Weighting—
weighting each single character separately; (ii) Collec-
tively Weighted—in the morphological partition each
character weighted independently, each ribosomal mar-
ker as well as the respective Ist, 2nd, and 3rd positions
of each protein coding gene weighted collectively; (iii)
Non-Extrapolating  Collectively ~ Weighted—same
weighting scheme as ii, but without extrapolating the
average homoplasy to the missing entries; and (iv)
Equally Weighted—unweighted Parsimony.

The Extended Implied Weighting needs a reference
constant value (k), whereby the lower the &, the stron-
ger the down-weighting on the homoplastic characters
will be. Finding the optimal k value remains one the
most critical steps in Extended Implied Weighting
analyses, given that different k& values can generate dif-
ferent topologies. We follow Mirande’s (2009) strategy
—thus, we implemented & values that have an average
character fit of 50, 54, 58, 62, 66, 70, 74, 78, 82, 86,
and 90% of the fit of a perfectly hierarchic one (see
also Reemer and Stahls, 2013) for each weighting
scheme. Table 2 shows the k values calculated for each
average character fit percentage, the same values are
applied to all the weighting schemes. With this strategy
we can avoid the artificially biased impression of sta-
bility generated towards higher values when regularly
distributed & values are used. This also permits avoid-
ance of overweighting because the stronger k value
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Table 2

k values calculated for each average character fit percentage
Average character fit (%) k value
50 1.30
54 1.53
58 1.80
62 2.13
66 2.53
70 3.05
74 3.72
78 4.63
82 5.95
86 8.03
90 11.76
95 24.84

implemented is that in which the “average” character
has 50% of the weight of a perfectly hierarchical one.
In the case that more than one tree was found for a &
value, a strict consensus was calculated.

Given that each k value may result in different tree
topologies—except for the equally weighted scheme
where the k values are not applied—it is necessary to
perform a two-step procedure to choose one tree per
weighting scheme and then find an optimal tree (=opti-
mal &k value) among those trees plus the equally
weighted tree. The criteria for choosing among the
trees generated with different k values for each weight-
ing scheme was nodal stability. Nodal stability was
calculated using the SPR distance (Goloboff, 2008),
considering as the most stable trees those that have
the lowest average differences in relation to the
remaining trees. If more than one tree has the same
SPR distance, we use the nodal support as a secondary
parameter, choosing the tree with the greater value.
Nodal support was measured with bootstrapping, with
1000 replicates for each k value, with the best-sup-
ported tree being that with the greater average boot-
strap support. Once the optimal tree had been found
for each scheme, the same procedure based on stability
and support was implemented to choose among these
and the equally weighted tree. The validity of sensitiv-
ity analyses using nodal stability and nodal support as
a criterion of selection remains controversial (Wheeler,
1995; Giribet et al., 2002; Grant and Kluge, 2005;
Giribet and Wheeler, 2007). Nonetheless, we agree
with the point of view that this type of analysis pro-
vides an objective framework to test for robustness of
phylogenetic data (see also Giribet et al., 2002; Giribet
and Wheeler, 2007).

In addition to the bootstrap support, relative Good-
man-Bremer support (Goodman et al., 1982; Bremer,
1988; Goloboff et al., 2003; Grant and Kluge, 2008)
values were calculated for the optimal trees of each
weighting scheme from 10 000 suboptimal trees up to

100 steps longer than the optimal trees. These relative
Goodman-Bremer values were not considered for the
selection of the optimal trees of each weighting
scheme. The optimal trees of each weighting scheme
were compared using the software YBYRA (Machado,
2015), which allows for a visual congruence analysis
(illustrated through colored square plots) among all
trees generated for the study. YBYRA generates color-
coded boxes to indicate whether synapomorphies are
unambiguous (non-homoplastic), or also occur in
other clades (homoplastic) and if they are shared by
all terminals in a given clade (unique) or are subse-
quently transformed into one or more different states
within that clade (non-unique).

Results
Phylogenetic analyses

In the Independent Character Weighting scheme, the
three k& values belonging to the interval of 58-78% of
average character fit (Table 2) share the greatest SPR
distance (0.95758), but the k = 3.72 was chosen as the
optimal for having the greater average nodal support
equal to 56.3 (Table 3). In the case of the Collectively
Weighted scheme, the three trees generated by the
average character fit interval of 74-82% (Table 2) have
the highest average SPR distance value (0.95758). The
optimal k& value for this scheme was 5.96 with an
average nodal support of 53.0. Last, in the Non-
Extrapolating Collectively Weighted scheme the
optimal k& value was 4.64 with an average nodal sup-
port of 52.4. In the Non-Extrapolating Collectively
Weighted scheme, the three trees with highest average
SPR distance value belong to the 70-78% interval of
average character fit. See Table 3 for a summary of
these parameters and Appendix S3 for an overview of
the average SPR distance values and nodal supports of
all trees generated for each weighting scheme.

In the second step of our analysis, exploring the sta-
bility of the selected weighted and the unweighted
trees, we found that the most stable tree was the one
generated by the Collectively Weighted scheme that
has an average SPR distance of 0.9495 in relation to
the other two weighted trees and the unweighted one
(Table 4). Although the Independent Character
Weighting scheme tree has the greater average nodal
support (Table 3), its average SPR distance is the low-
est (0.8788). We gave greater importance to stability;
hence, the Collectively Weighted tree was preferred
over all other alternative topologies.

A visual congruence analysis of the topologies by
means of colored square plots, using as a reference the
Collectively Weighted tree, is presented in Fig. 1,
whereas individual trees from all alternative weighting
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Table 3

Résumé of the parameters belonging to the more stable and supported trees among the different & values for each weighting scheme—the first
step of our analysis—in the phylogenetic analyses of Alopoglossidae. The parameters of the rejected trees for each weighting scheme are shown

in Appendix S3

Interval of the Optimal Average Average
Scheme more stable trees (%) k value Fit SPR distance nodal support Total steps
Single character separated 58-78 3.72 376.24065 0.95758 56.3 5458
Weighted collectively 74-82 5.96 382.51760 0.95758 53.0 5454
Non-extrapolating homoplasy 70-78 4.64 471.36637 0.96061 52.4 5454
Table 4
Résumé of the parameters used to choose between the selected trees of each weighting scheme including Equally Weighted-second step of our
analysis
Scheme Average SPR distance Average nodal support Total steps
Single character separated 0.8788 56.3 5458
Weighted collectively 0.9495 53.0 5454
Non-extrapolating homoplasy 0.9091 52.4 5454
Equally weighted 0.9394 51.1 5464

schemes are shown separately in Fig. 2. The congru-
ence analysis shows that the Collectively Weighted and
the Non-Extrapolating Collectively Weighted schemes
generated the same topology, but incongruences
appear when these are compared with those produced
through the Independent Character Weighting
(Fig. 2¢) and Equally Weighted (Fig. 2d) schemes. The
topology of the Equally Weighted tree is very similar
to the preferred scheme. Within the ingroup the two
incongruent nodes of the Equally Weighted scheme are
not because the members of that node change, but due
to the nodes being collapsed (Fig. 2d). In the out-
group, the Equally Weighted and Collectively
Weighted  trees  exhibit  incongruences  within
Gymnophthalmidae. In the Equally Weighted tree,
Gymnophthalminae (C. modesta, I. elegans and T. ag-
ilis) is the sister group of B. flavescens, C. ocellata and
P. ecpleopus, whereas in the case of the Collectively
Weighted scheme, it is the sister of A. kockii and
L. guianense. In both cases, Gymnophthalmidae is
monophyletic, but both are incongruent with the
recently reported relationships of Gymnophthalmidae
(Goicoechea et al., 2016). Our outgroup sampling is
not inclusive enough for us to propose an update on
the widely accepted inner relationships of Gymnoph-
thalmidae—our comments on this topic are only to
show the topological variants among the different
implemented schemes.

Phylogenetic relationships of Alopoglossidae

In our preferred tree (Fig. 1), generated by the Col-
lectively Weighted scheme, Alopoglossus is recovered
as monophyletic (albeit nested in a paraphyletic Pry-
choglossus).  Alopoglossus  buckleyi is sister of

A. atriventris plus (A. copii Boulenger, 1885 and A.
angulatus), forming the sister clade of A. embera plus
(A. festae and A. viridiceps). Alopoglossus lehmanni is
the sister taxon of all other Alopoglossus (Fig. 1). Sur-
prisingly, Ptychoglossus is recovered as paraphyletic.
Ptychoglossus bilineatus (Boulenger, 1890) is the sister
taxon of all Alopoglossus samples, whereas P. vallensis
is the sister taxon of Alopoglossus plus P. bilineatus.
The majority of Ptychoglossus (P. bicolor, P. brev-
ifrontalis, P. eurylepis, P. festae (Peracca, 1896),
P. gorgonae Harris, 1994, P. grandisquamatus, P. ro-
maleos, and P. stenolepis) form the sister group of this
clade including Alopoglossus. Ptychoglossus myersi
Harris, 1994 and P. plicatus are grouped in another
clade that is sister to the former two. Finally,
P. danieli and P. kugleri form the sister group of all
other alopoglossids.

As mentioned above, the Independent Character
Weighting scheme was the most divergent (Fig. 2c)
from the remaining schemes. In this scheme, P. kugleri
is recovered as the sister group of Gymnophthalmi-
dae + Alopoglossidaec. Moreover, P. vallensis and
P. bilineatus are not closely related to Alopoglossus,
but cluster with the remaining Ptychoglossus. In all
schemes, Teiidae is recovered as non-monophyletic.

Discussion

Teiidae were recovered as paraphyletic in all of the
analyses, with both Teiinae (4. ameiva, C. lemniscatus,
and K. calcarata) and Tupinambinae (7. teguixin and
S. merianae) recovered as monophyletic with high sup-
port, respectively. These results differ from previous
studies that recovered this family as monophyletic
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Fig. 1. The phylogenetic relationships within Alopoglossidae, based on molecular and morphological data, shown as the preferred topology
(Collectively Weighted scheme). Colored square (black and white) plots indicate incongruence with respect to the alternative weighting schemes:
Collectively Weighted—CW, (b) Non-Extrapolating Collectively Weighted—NEC, (c) Independent Character Weighted—IC, and (d) Equally
Weighted—EQ. Selected nodes are labeled with derived states (synapomorphies) that support the clade. Character numbers are given below
squares, whereas character state numbers are given inside squares. White squares = ambiguous synapomorphies (homoplastic); red
squares = non-ambiguous, unique, synapomorphies; blue squares = non-ambiguous, non-unique synapomorphies. Numbers at nodes = rela-
tive Goodman-Bremer/bootstrap proportions. This figure is available in color in the online version of the paper. [Colour figure can be viewed at

wileyonlinelibrary.com]

(Goicoechea et al., 2016). Our sampling is smaller than
that of previous studies and our study was not
designed to test the monophyly of Teiidae. We, there-
fore, refrain from commenting further on the taxon-
omy of these outgroups beyond a brief note that if
these two subfamilies were to be formally recognized
as separate families, the names Teiidae Gray, 1827 and
Tupinambidae Gray, 1825 are applicable.

The need for an updated taxonomy of Alopoglossidae

Our results corroborate the monophyly of Alopoglos-
sidae, which is supported by at least 10 unambiguous
phenotypic synapomorphies (Fig. 1). The analyses also
strongly indicate the paraphyly of Ptychoglossus. The
species currently allocated to this genus are distributed
among four different clades, with a monophyletic 4/o-
poglossus nested within a clade containing P. vallensis
and P. bilineatus (Fig. 1)—there is, therefore, a necessity
of a reappraisal of the taxonomic arrangement in Alo-
poglossidae. Given the position of Alopoglossus with

respect to Ptychoglossus, few options are available—
most of which would result in a complete overhaul of the
taxonomy and the creation of several small new genera.
We do not favor such drastic changes and, therefore,
opted for a simpler solution to the problem. We consider
Ptychoglossus Boulenger, 1890 as a junior synonym of
Alopoglossus Boulenger, 1885, and transfer all nominal
Ptychoglossus species to Alopoglossus. We prefer this
conservative arrangement instead of, for example, the
alternative option of splitting Ptychoglossus in multiple
genera and transferring P. bilineatus and P. vallensis to
Alopoglossus. 1If we decided to split Ptychoglossus, it
would be necessary to create at least three new genera
inasmuch as the type species of the genus Ptychoglossus
(P. bilineatus) is part of the Alopoglossus clade. Hence,
the other three clades that contain Ptychoglossus species
will need new generic names. This option is inconvenient
for a series of reasons. Collectively, Alopoglossus + Pty-
choglossus are easily diagnosable, whereas splitting this
clade into multiple genera would result in smaller but
undiagnosable groups.
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Fig. 2. Selected trees generated by the four weighting schemes: (a) Collectively Weighted—CW, (b) Non-Extrapolating Collectively Weighted—
NEC, (c) Independent Character Weighted—IC, and (d) Equally Weighted—EQ. Numbers at nodes = relative Goodman-Bremer/bootstrap pro-

portions.

Our proposed arrangement, however, produces a
secondary homonymy between P. festae (Peracca,
1896) (senior homonym) and A. festae Peracca, 1904
(junior homonym). To solve this, a new name must be
given to the junior synonym, and we propose the name
A. harrisi nom. nov. Etymology—the name is given in
honor of Dennis Harris, for his outstanding contribu-
tions to the taxonomy of Alopoglossidae. Harris com-
pleted the only available review of the genus
Ptychoglossus, and figures as an author in the descrip-
tions of almost one third of the currently known alo-
poglossid species (seven out of 23; Ayala and Harris,
1984; Harris and Rueda, 1985; Harris, 1994). In the
light of the generic arrangement for the family as pro-
posed herein, below we provide an updated diagnosis

for Alopoglossus, and thus also for the now mono-
generic Alopoglossidae. A summary of the new spe-
cies-level taxonomy is given in Table 5.

Alopoglossus Boulenger, 1885

Type species: Alopoglossus angulatus (Linnaeus,
1758).

Diagnosis

Members of Alopoglossus (=Alopoglossidae) can be
distinguished from other gymnophthalmoids by: (i)
having the tongue entirely covered by oblique plicaec
(only partially covered by oblique plicae or covered
with scale-like papillae in other gymnophthalmoids);
(i1) cristae cranii of the frontal forming a tubular struc-
ture (flanged in Gymmnophthalmus and Heterodactylus);
(ii1) the presence of postorbitofrontal (also present in
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Table 5
Taxonomic updates resulting from the new generic arrangement of
Alopoglossidae. A. meloi not included in our analyses

Alopoglosus angulatus (Linnaeus, 1758)

Alopoglossus atriventris Duellman, 1973

Alopoglossus bicolor (Werner, 1916), new comb.
Alopoglossus bilineatus (Boulenger, 1890), new comb.
Alopoglossus brevifrontalis (Boulenger, 1912), new comb.
Alopoglossus buckleyi (O’Shaughnessy, 1881)
Alopoglossus copii Boulenger, 1885

Alopoglossus danieli (Harris, 1994), new comb.
Alopoglossus embera Peloso and Hernandez-Morales, 2017
Alopoglossus eurylepis (Harris and Rueda, 1985), new comb.
Alopoglossus festae (Peracca, 1896)

Alopoglossus gorgonae (Harris, 1994), new comb.
Alopoglossus grandisquamatus (Rueda, 1985), new comb.
Alopoglossus kugleri (Roux, 1927), new comb.
Alopoglossus lehmanni Ayala and Harris, 1984
Alopoglossus meloi Ribeiro-Junior, 2018

Alopoglossus myersi (Harris, 1994), new comb.
Alopoglossus harrisi, new name.

Alopoglossus plicatus (Taylor, 1949), new comb.
Alopoglossus romaleos (Harris, 1994), new comb.
Alopoglossus stenolepis (Boulenger, 1908), new comb.
Alopoglossus vallensis (Harris, 1994), new comb.
Alopoglossus viridiceps Torres-Carvajal and Lobos, 2014

Calyptommatus,  Dryadosaura,  Anotosaura,  Colo-
bosauroides, Ameiva, Cnemidophorus, Dicrodon, Dra-
caena, Kentropyx and Teius); (iv) the borders of the
palatine process curved divergently and its distal tip
truncated (in other Gymnophthalmoidea, this process
has convergent or parallel borders according to
Herndndez-Morales et al., 2019); and (v) hemipenis
without mineralized structures (Teiidae shows the same
condition but most gymnophthalmids have mineralized
structures in their hemipenis).

Comment on biogeography

Very little is known about the biogeography of Alo-
poglossidae, and we provide comments on the most strik-
ing biogeographic patterns that can be inferred from our
analyses, and currently known distribution patterns of
the species in the group. The vast majority of the known
species in Alopoglossidae are found west of the Andes
(Trans-Andean), with a few noteworthy exceptions. 4/o-
poglossus brevifrontalis is exclusively Cis-Andean, found
across most of the Amazon Basin (Peloso and Avila-
Pires, 2010). Alopoglossus bicolor is restricted to the
upper Rio Magdalena valley. Alopoglossus harrisi is
found both on the western and eastern slopes of the
Andes—Harris (1994) did mention some minor morpho-
logical differences between these two populations, but
nonetheless considered them to be conspecific.

Torres-Carvajal and Lobos (2014) suggested a phy-
logenetic split between Cis-Andean and Trans-Andean
taxa—their work considered only species then assigned
to Alopoglossus, and did not include the Trans-Andean

A. lehmanni. Peloso and Hernandez-Morales (2017)
named A. embera from the western slopes of the
Andes but did not test its phylogenetic position. The
authors, however, speculated about a close relationship
between A. embera, A. harrisi (as A. festae), and
A. viridiceps (Peloso and Hernandez-Morales, 2017)—
our phylogenetic analyses support this relationship.
Also, our analyses support a split between Cis-Andean
and Trans-Andean, if only the species formerly belong-
ing to Alopoglossus are included. The Trans-Andean
clade including A. embera, A. harrisi, and A. viridiceps
is sister of the Cis-Andean clade including A. angulatus,
and sister of the Cis-Andean clade including 4. angula-
tus, A. atriventris, A. buckleyi, and A. copii. Collectively,
both clades are sister of 4. lehmanni (Trans-Andean).

Concluding remarks

This study is the first phylogenetic study to include
all species of the Alopoglossidac. However, we also
detected important gaps that will need to be addressed
in the future. The position of the Alopoglossidae
within Gymnophthalmoidea remains contentious—and
so does the monophyly of Teiidae as currently defined.
Moreover, future studies should improve on the sam-
pling used here. It will be important to collect tissue
samples for the species for which we do not have
genomic data available, and further complete the mor-
phological partition. Our morphological matrix of 143
characters was initially constructed based on previ-
ously published data, but a large number of new char-
acters and character reappraisal were explored and
incorporated. This matrix has the potential to be a
baseline for future phylogenetic studies that incorpo-
rate morphological data not only on Alopoglossidae,
but for the entire Gymnophthalmoidea.
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Appendix 1

Morphological characters

Tongue (n = 5)

1. Cover of the dorsal surface of the tongue: (0)
entirely covered by oblique plicae; (1) covered
by oblique plicae proximally and by scale-like
papillae distally; (2) entirely covered by scale-
like papillac (Boulenger, 1885; Fig. 3).

2. Tongue papillae arrangement: (0) juxtaposed;
(1) imbricated.

3. Sublingual plicae: (0) absent; (1) present (Har-
ris, 1985).

4. Longitudinal sulcus on the middle part of the

tongue: (0) absent; (1) present.
5. Pigmentation of the tongue: (0) entirely light;

(1) entirely dark; (2) light proximally and dark
distally.

Fig. 3. Dorsal view of the tongue of (a) Alopoglossus angulatus
(MPEG 15151) and (b) Cercosaura ocellata (MPEG 29372). [Colour
figure can be viewed at wileyonlinelibrary.com]

Scutellation (n = 68)

6. Eyelid: (0) absent; (1) present.

7. Proportion of the frontonasal: (0) wider than
long; (1) longer than wide or approximately equal
sides.

8. Prefrontal scales: (0) absent; (1) present.

9. Contact between prefrontals: (0) absent; (1) pre-

sent.

10. Nasal divided: (0) entire; (1) divided.

11. Nasal scales division: (0) two scales; (1) three
scales.

12. Nasal scale configuration: (0) in contact; (1) sep-
arated from each other by the rostral and fron-
tonasal scales.

13. Nostril position: (0) lateral; (1) lateroposterior
(Kohler et al., 2012).

14. Frontoparietal scales: (0) absent; (1) present.

15. Supraocular count: (0) three; (1) four; (2) two.

16. Size of second supraocular: (0) similar in size to

third supraocular; (1) twice the size of third

supraocular.

17. Posterior border of the parietal and interparietal
scales: (0) form a nearly straight suture across
the back of the head; (1) form an irregular
suture across the back of the head; (2) form a
rounded suture across the back of the head.

18. Interparietal: (0) absent; (1) present.

19. Interparietal divided: (0) entire; (1) divided.

20. Size of interparietal: (0) similar in size to the

parietals; (1) smaller than parietals; (2) larger
than parietals (Fig. 4).
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Fig. 4. Dorsal view of the head and neck region in (a) Alopoglossus
festae (AMNH 110610) and (b) Ptychoglossus festae (KU 76176).
[Colour figure can be viewed at wileyonlinelibrary.com]

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.
32.

33.

34.

Exceptionally broad scales forming occipital
scale rows: (0) absent; (1) present (Harris, 1994;
Fig. 4).

Two enlarged longitudinal rows of scales on the
nape: (0) absent; (1) present.

Ornamentation of the parietal scales: (0) absent;
(1) present (Fig. 4).

Type of ornamentation of the parietals: (0)
ridged; (1) irregular surface.

Ornamentation of the frontoparietal scales: (0)
absent; (1) present.

Type of ornamentation of the frontoparietals:
(0) ridged; (1) irregular surface.

Ornamentation on the frontal scale: (0) absent;
(1) present.

Type of ornamentation of the frontal: (0) ridged;
(1) irregular surface.

Tympanic recess: (0) absent; (1) present.
Ornamentation of temporal scales: (0) smooth;
(1) keeled.

Loreals: (0) unique; (1) divided, more than one.
Frenocular in contact with the nasal anteriorly:
(0) absent; (1) present.

Pairs of enlarged chin shields: (0) three; (1) two;
(2) one; (3) six (4) five; (5) four.

Number of infralabials in contact with chin-
shields (per side): (0) 4; (1) 5; (2) 6; (3) 3.

35.

36.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Third chinshields separated from infralabials: (0)

absent; (1) present.
Third chinshields separated from infralabials by:

(0) one sublabial; (1) two sublabials; (2) granular
scales.

. Third pair of chinshields in contact medially: (0)

absent; (1) present (Fig. 5).

. Second pair of chinshields in contact medially:

(0) absent; (1) present (Fig. 5).
Gular crease: (0) absent; (1) present.

. Guttural fold: (0) absent; (1) present.
. Pregulars differentiated from the gulars: (0)

absent; (1) present.

. Pregular scale shape: (0) plate-like; (1) granular;

(2) granular medially and plate-like laterally; (3)
with a pair of enlarged scales medially (Fig. 5).
Pregular scale arrangement: (0) juxtaposed; (1)
imbricated.

Widened paramedian plates: (0) absent; (1) pre-
sent (Fig. 5).

Lateral neck scales: (0) totally plate-like; (1)
totally granular; (2) granular anteriorly and
plate-like posteriorly; (3) longitudinal rows of
granular scales between rows of enlarged scales.
When plate-like, lateral neck scales: (0) round;

(1) quadrangular; (2) lanceolate; (3) cycloid.
Ornamentation of the lateral neck scales: (0)

smooth; (1) keeled; (2) only keeled on the poste-

rior part of the neck.
Dorsal scale rows: (0) more evidently disposed

in transversal rows; (1) disposed in transversal

and oblique rows.
Arrangement of dorsal scales with respect to the

anteriorly and posteriorly adjacent scales: (0)
juxtaposed; (1) imbricated; (2) longitudinal rows
of juxtaposed scales between rows of imbricated
scales.

Arrangement of dorsal scales with respect to the
laterally adjacent scales: (0) juxtaposed; (1)
imbricated.

Dorsal scale shape: (0) rectangular; (1) squared;
(2) mucronate; (3) granular; (4) pentagonal; (5)
cycloid; (6) rows of mucronate and rows of
granular scales.

Ornamentation of dorsal scales: (0) smooth; (1)
keeled; (2) rows of smooth and rows of keeled scales.
Well-defined paravertebral scale rows: (0)
absent; (1) present.

Posterior border of the ventral scales: (0) trun-
cated; (1) mucronate; (2) angulated; (3) rounded
(Fig. 6).

Posterior border of infracaudals: (0) truncated;
(1) angulated; (2) rounded; (3) mucronate.
Arrangement of ventral scales with respect to
the laterally adjacent scales: (0) juxtaposed; (1)
imbricate.

Ornamentation of ventral scales: (0) smooth; (1)
keeled (Fig. 6).

Lateral fold: (0) absent; (1) present.
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Fig. 5. Ventral view of the head in (a) Alopoglossus festae (AMNH
110610), (b) Ptychoglossus festae (KU 76176), and (c) Ptychoglossus
gorgonae (UMMZ 171669). [Colour figure can be viewed at wileyonline
library.com]

59.

60.
6l.
62.

63.
64.
65.

66.

67.

68.

69.

Transversal rows of scales on lateral fold: (0)
absent; (1) present.

Precloacal pores in males: (0) absent; (1) present.
Precloacal pores in females: (0) absent; (1) present.
When precloacal pore series present: (0) at the
same level where they come together; (1) stag-
gered behind the femoral pore series.

Femoral pores in males: (0) absent; (1) present.
Femoral pores in females: (0) absent; (1) present.
Scales bearing femoral pores: (0) entire; (1)
divided.

Scales bearing precloacal pores: (0) entire; (1)
divided.

Thenar scale size: (0) small; (1) enlarged (Harris,
1994).

Ornamentation of dorsal scales of the arm: (0)
smooth; (1) keeled.

Ornamentation of the scales on anterior surface
of thigh: (0) smooth; (1) keeled.

Fig. 6. Ventral view of abdominal region in (a) Ptychoglossus kugleri
(MCZ 48912), (b) Alopoglossus festae (AMNH 110610), and (c) Alo-
poglossus copii (KU 222169). [Colour figure can be viewed at wileyon
linelibrary.com]

70.

71.

72.

73.

Ornamentation of the scales on posterior surface

of the thigh: (0) smooth; (1) keeled.
Ornamentation of the anterior part of the bob-
bin: (0) smooth; (1) keeled.

Ornamentation of subcaudal scales: (0) smooth;
(1) keeled.
Ornamentation of
smooth; (1) keeled.

supracaudal scales: (0)

Hemipenis (n = 10)

74.

Hemipenis with mineralized spines: (0) absent;
(1) present.
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75.

76.

71.

78.
79.

80.

81.
82.
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Hemipenis with comb-like spicules: (0) absent;
(1) present.

Hemipenis shape: (0) cylindrical; (1) the proximal
part narrow, turning wider gradually in distal direc-
tion (P. M. S. Nunes, unpublished data).

Hemipenis distally forked: (0) absent; (1) present.
Hemipenial capitulum: (0) absent; (1) present.
Hemipenis with odd projections on the distal
tip of the capitulum: (0) absent; (1) present.
Ornamentation of the distal region of the hemi-
penis: (0) symmetrical; (1) asymmetrical (Harris,
1994; P. M. S. Nunes, unpublished data).
Flounces of the hemipenis: (0) absent; (1) present.
Direction of the hemipenial flounces on the asulcated

face: (0) perpendicular in relation to the longitudinal
axis of the hemipenis; (1) oblique in relation to the
longitudinal axis of the hemipenis.

83.

Spermatic sulcus obliterated distally: (0) absent;
(1) present (P. M. S. Nunes, unpublished data).

Cranium (n = 39)

84.

85.

86.
87.

Relation among neurocranium and dermatocra-
nium: (0) dermatocranium and neurocranium
located at different levels, with a larger post-temporal
fenestrae; (1) dermatocranium and neurocranium
located at the same level, obliterating the post-temp-
oral fenestrae (Rieppel, 1985; Fig. 7).

Maximum number of dental cuspids in maxillary
teeth: (0) 1; (1) 2; (2) 3.

Like molar teeth: (0) absent; (1) present.
Pterygoid teeth: (0) absent; (1) present (Harris,
1994; Fig. 8).

Fig. 7. Posterior view of the skull in (a) Ptychoglossus vallensis (AMNH 119239), and (b) Salvator merianae (CEPB 10888). [Colour figure can
be viewed at wileyonlinelibrary.com]

Fig. 8. Ventral view of the skull in (a) Ptychoglossus vallensis (AMNH

119239), and (b) Alopoglossus buckleyi (AMNH 113762).
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88.

89.

90.

91.

92.
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Breadth of the dorsal process of the premaxilla:
(0) smaller than premaxillary teeth row; (1) simi-
lar to premaxillary teeth row (Fig. 9).

Basal part of the dorsal process of the premax-
illa: (0) with basal constriction, that constriction
is strong and abrupt; (1) without basal constric-
tion (Fig. 10).

Contact between the nasals: (0) absent; (1) pre-
sent (Fig. 11).

The contact between the dorsal surface of the
posterior process of the maxilla and the subor-
bital process of the jugal visible laterally: (0)
absent, covered by the posterior part of the
facial process of the maxilla; (1) present
(Fig. 12).

The relation between the palatal shelf and the
vomer: (0) palaeochoanate condition; (1) incom-
plete neochoanate condition; (2) neochoanate
condition; (3) duplicipalatine (Rieppel et al.,
2008).

93.

94.

95.

96.

97.

In the maxilla, width of the palatal shelf: (0) rel-
atively the same through all of the palatal shelf;
(1) abrupt reduction of the palatal shelf at its
mid-point; (2) palatal shelf disappears after the
midpoint of the dental row.

Interorbital constriction of the frontal: (0) half
as wide as the posterior part of the frontal; (1) a
third as wide as the posterior part of the frontal;
(2) only slightly more narrow than the posterior
part of the frontal.

Frontoparietal tabs: (0) with the same or less
length of the parictal processes of the frontal,
(1) taller than the parietal processes of the fron-
tal; (2) without frontoparietal tabs (MacLean,
1974; Presch, 1980; Fig. 13).

Cristae cranii: (0) forming lateral descending
ridges; (1) forming a tubular structure

(MacLean, 1974; Presch, 1980; Fig. 14).
Parietal proportions, this considering the length

from the posterior part of the posteromedial slit

Fig. 9. Frontal view of skull (snout) in (a) Salvator merianae (CEPB 10888), and (b) Ptychoglossus vallensis (AMNH 119239). [Colour figure can
be viewed at wileyonlinelibrary.com]

Fig. 10. Frontal view of skull in (a) Loxopholis guianense (HERR 15357), and (b) Ptychoglossus vallensis (AMNH 119239).
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Fig. 12. Lateral view of the anterior portion of the skull in (a) Loxopholis guianense (HERR 15357), and (b) Ptychoglossus vallensis (AMNH
119239).

98.

99.

to the contact border with the frontal, and the
width between the dorsal edges of the supratem-
poral fenestrae: (0) wider than long; (1) longer

than wide.
Lateral borders of the body of parietal: (0)

straight; (1) slightly curved medially; (2) strongly
curved medially.
Lateral shelf of the parietal: (0) absent; (1) pre-

sent.

100. Sagittal crest on the parietal: (0) absent; (1) pre-

sent.

101. Parietal flat: (0) absent, dorsally convex; (1) pre-

sent.

102.

103.

104.

105.

The descending ventral process of the pari-
etal: (0) small, occupying only the superior
part of the infratemporal fenestra; (1)
hypertrophied (Roscito and Rodrigues, 2010;
Fig. 15).

The posterolateral processes of the parietal
proportions: (0) the length is similar to the
lateral edge of the parietal body; (1) longer
than the lateral edges of the parietal body;

(2) reduced.
Posterolateral process of the parietal shape: (0)

laterally flat; (1) vertically flat.
Foramen pineale: (0) absent; (1) present.
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(b)

Fig. 13. Dorsal view of the skull in (a) Ptychoglossus vallensis (AMNH 119239), (b) Bachia flavescens (MPEG 27586), and (c) Salvator merianae
(CEPB 10888). [Colour figure can be viewed at wileyonlinelibrary.com]

Fig. 14. The coronal plane cut of the skull of (a) Loxopholis guianense (HERR 15357), and (b) Ptychoglossus vallensis (AMNH 119239) showing
the structure of the cristae cranii.

106. The prefrontal articulated with the palatine: (0) 108. Postorbitofrontal: (0) absent; (1) present
absent; (1) present. (MacLean, 1974; Presch, 1980; Fig. 16).
107. Lacrimal bone in the adult forms: (0) absent; 109. Postfrontal shape: (0) triradiated; (1) tetraradi-

(1) present. ated.
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(b)

Fig. 15. Ventrolateral view of the skull in (a) Ptychoglossus vallensis (AMNH 119239), (b) Bachia flavescens (MPEG 27586). [Colour figure can
be viewed at wileyonlinelibrary.com]

110.

I11.

112.

113.
114.

Jugal proportions: (0) dorsal process and sub-
orbital process of the jugal with similar length;
(1) suborbital process of the jugal conspicu-

ously reduced.
Contact between the jugal and the postorbital or

postorbitofrontal: (0) the tip of the dorsal process of
the jugal articulates with the ventral tip of the ven-
tral process of the postorbital (or postorbitofrontal);
(1) the medial surface of the dorsal process of the
jugal contacts the lateral surface of the ventral pro-
cess of the postorbital (or postorbitofrontal); (2) the
anterior border of the dorsal process of the jugal
contacts the posterior border of the ventral process

of the postorbital.

Proportion of dorsal and ventral rami of the
pterygoid facet of the ectopterigoid: (0) dorsal
and ventral rami with similar length; (1) with-
out ventral rami.

Quadrate reduced: (0) absent; (1) present.
Dorsoanterior part of the tympanic crest of the

quadrate: (0) convex, forming a continuous
curved outline with the rest of the tympanic
crest; (1) from flatter to slightly concave gener-
ating a discontinuity with the curved middle
part of the tympanic crest.

115.

116.

117.

118.

119.

120.

121.
122.

123.

Posterolateral process of the vomer: (0) absent;

(1) present.
Contact between the palatine and the cristae

cranii of the frontal: (0) absent; (1) present.
Palatines contact each another: (0) absent; (1)
present.

Lateral border of the palatine with a shelf that
projects medially: (0) absent; (1) present
(Fig. 17).

Posteromedial process of the pterygoid (Her-
nandez-Morales et al., 2019): (0) present; (1)
absent (Fig. 17).

Small conic tubercle protruding from the ante-
rior border of the palatine process of the ptery-
goid: (0) absent; (1) present.

Pterygoid flange bifurcated: (0) absent; (1) present.
Basipterygoid process size: (0) small; (1) con-
sciously projected (Fig. 17).

Basipterygoid process direction: (0) directed
lateroventrally; (1) directed anteriorly.

Mandible (n = 5)

124.

Meckel’s groove: (0) open only anteriorly; (1)
open from the middle to the anterior part of
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Fig. 16.

125.

126.

127.

128.
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Dorsolateral view of the skull in (a) Cercosaura ocellata (HERR 16695), and (b) Ptychoglossus vallensis (AMNH 119239).

the dentary; (2) encased in a tubular section of
the dentary (MacLean, 1974; Presch, 1980).
Posterodorsal process of the dentary: (0)

absent; (1) present.
Length of the anterior part of the splenial: (0)

strongly projected anteriorly; (1) non or only

slightly projected anteriorly.
Posterior process of the splenial: (0) truncated;

(1) projected posteriorly.
Angular process of the mandible orientation:

(0) ventromedially projected; (1) ventrally pro-
jected.

Hyoid apparatus (n = 5)

129.

130.

131.

Hyoid cornu shape: (0) slender with parallel

borders; (1) wide with rounded shape.
Lateral border of the hyoid cornu: (0) medially

curved; (1) laterally curved.
Medial process of the hyoid cornu: (0) absent;

(1) present.

132.

133.

Second ceratobranchial size: (0) goes posteriorly
beyond the first ceratobranchial; (1) does not
go beyond the first ceratobranchial; (2) absent.
First epibranchial with proximal expansion: (0)
absent; (1) present.

Post-cranium (n = 10)

134.

135.
136.
137.

138.

139.

Processus lingualis with posterior expansion: (0)
absent; (1) present.

Free epibranchial: (0) absent; (1) present.
Scapular fenestra: (0) absent; (1) present.
Interclavicle shape: (0) rod-shaped without lat-

eral processes; (1) rhomboidally shaped with
small lateral processes that go up the first cora-
coid fenestra; (2) cross-shaped with large lateral
processes that can go beyond the second cora-
coid fenestra (Presch, 1980).

Phalanges of the first finger of the hand: (0) 2;
(1) 1; (2) 0 (Roscito et al., 2014).

Size of fourth finger in relation to the third fin-
ger: (0) fourth finger longer than third finger;
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Fig. 17. Ventral view of the skull in (a) Loxopholis guianense (HERR 15357), and (b) Alopoglossus buckleyi (AMNH 113762).

(1) fourth finger shorter than or similar in 142. Dorsal distal phalangeal sesamoid: (0) absent;
length to third finger. (1) present.
140. Ventral metacarpophalangeal sesamoids: (0) 143. Position of the first caudal vertebrae with auto-
absent; (1) present. tomy axis: (0) fifth vertebrae; (1) fourth verte-
141. Ventral distal phalangeal sesamoid: (0) absent; brae; (2) sixth vertebrae.

(1) present.



