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Abstract

Riama is the most speciose genus of the Neotropical lizard family Gymnophthalmidae. Its more than 30 montane species
occur throughout the northern Andes, the Cordillera de la Costa (CC) in Venezuela, and Trinidad. We present the most compre-
hensive phylogenetic analysis of Riama to date based on a total evidence (TE) approach and direct optimization of molecular
and morphological evidence. Analyses use DNA sequences from four loci and 35 phenotypic characters. The dataset consists of
55 ingroup terminals representing 25 of the 30 currently recognized species of Riama plus five undescribed taxa, including an
endemic species from the Sierra Nevada de Santa Marta (SNSM) in Colombia, and 66 outgroup terminals of 47 species. Analy-
sis results in a well-supported hypothesis in which Riama is polyphyletic, with its species falling into three clades. The Tepuian
Anadia mcdiarmidi nests within one clade of Riama, and the recently resurrected Pantodactylus nests within Cercosaura. Accord-
ingly, we propose a monophyletic taxonomy that reflects historical relationships. Analysis of character evolution indicates that
the presence/absence of prefrontals—a cornerstone of the early genus-level taxonomy of cercosaurines—is optimally explained as
having been plesiomorphically present in the most recent common ancestor of Cercosaurinae and lost in that of the immediately
less inclusive clade. Multiple independent reversals to present and subsequent returns to absent occur within this clade. To evalu-
ate the impact of phenotypic evidence on our results, we compare our TE results with results obtained from analyses using only
molecular data. Although phenotypic evidence comprises only 1.2% of the TE matrix, its inclusion alters both the topology and
support values of the clades that do not differ. Finally, current phylogenetic evidence reveals a SNSM—CC-Trinidad—tepuis bio-
geographical link. We hypothesize that an ancient connection facilitated the exchange of species between the SNSM and the CC.

© The Willi Hennig Society 2017.

Introduction 236 named species divided into 46 genera (Uetz and
Hosek, 2017) and distributed throughout South Amer-

Gymnophthalmidae Fitzinger, 1826 is a species-rich ica (with relatively few representatives in Middle
family of small to medium Neotropical lizards. With America), Gymnophthalmidae is one of the most

important components of the lizard fauna in the
Neotropics. Although multiple molecular-based phylo-
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improvement in gymnophthalmid systematics (e.g. Pel-
legrino et al., 2001; Castoe et al., 2004; Pyron et al.,
2013; Colli et al., 2015; Kok, 2015; Goicoechea et al.,
2016), much of the current genus-level taxonomy still
relies on early phenetic clusterings. This is particularly
true for the Cercosaurinae Gray, 1838', which holds
for over 50% of gymnophthalmid diversity. Despite
considerable progress in unravelling the phylogenetic
relationships of cercosaurines (e.g. Torres-Carvajal
et al., 2016), compelling evidence for the monophyly
of some genera is lacking. Many species were never
included in phylogenetic analyses, and, thus, their
placement in one genus or another is based mainly on
overall similarity. The questionable generic placement
of some species (e.g. based on geographical proximity)
and the lack of rigorous tests of monophyly of genera
exacerbate the problem.

This study focuses on Riama Gray, 1858 (Cer-
cosaurinae). With 30 recognized species, it is by far the
largest genus of gymnophthalmids and additional spe-
cies are awaiting description (S.J.S-P. pers. obs.; pre-
sent study). Although the molecular studies by Castoe
et al. (2004; see also Doan and Castoe, 2005), Aguirre-
Penafiel et al. (2014) and Torres-Carvajal et al. (2016)
advanced understanding of the phylogeny of Riama,
the current delimitation of this genus is suspect. As
recognized by Doan and Castoe (2005), Castoe et al.
(2004) sampled five of the 24 species of Riama only.
Torres-Carvajal et al. (2016) added seven species and
analyses nested one of them within Proctoporus
Tschudi, 1845 s.s. Thus, neither the monophyly of
Riama nor the relationships within the genus have
been tested rigorously. Furthermore, the trees from
Castoe et al. (2004) and subsequent authors differ
from the morphological assessment of Doan (2003a),
which was limited to pholidosis. Finally, all nominal
and undescribed species of Riama have narrow, mon-
tane ranges with strikingly disjunct distributions. Most
species occur along the tropical Andes from 1100 to
3340 m above sea level (a.s.l.) and expansive geograph-
ical barriers (e.g. depressions) separate them from spe-
cies occurring from 650 to 2165 m a.s.l. on the
Cordillera de la Costa in Venezuela, the Sierra Nevada
de Santa Marta (SNSM) in Colombia, and northern
Trinidad. Thus, we test the monophyly of Riama and
explore the phylogenetic relationships among its spe-
cies. Our phylogenetic analysis of cercosaurine lizards
uses nuclear and mitochondrial DNA sequences as
well as morphological data. Furthermore, the high
degree of endemism of Riama species offers an excep-
tional opportunity to test historical biogeographical
hypotheses involving different Neotropical montane

'We follow Torres-Carvajal et al.’s (2016) delimitation of Cer-
cosaurinae, which corresponds to Cercosaurini in the sense of Goi-
coechea et al. (2016).

regions. Accordingly, analyses test hypotheses on the
origin of the montane SNSM endemic vertebrate
fauna. Phylogenetic analyses also explore the evolution
of prefrontal scales in Cercosaurinae—a cornerstone
of the early genus-level taxonomy of this group (see
below)—as well as the relationships of Cercosaura
Wagler, 1830, Pantodactylus Dumeril and Bibron,
1839 and Proctoporus.

Impact of phenotypic evidence on molecular datasets

Technological advances in DNA sequencing and
molecular phylogenetics facilitate analyses based on
genotypic evidence. In contrast, analyses of phenotypic
evidence suffer stagnation due to (i) the ease of obtain-
ing large molecular datasets and (ii) the time-consum-
ing coding of morphological characters requiring
expertise with a group of organisms and yielding far
fewer characters than molecular procedures for analy-
sis (de Sa et al., 2014). Furthermore, given the relative
sizes of the phenotypic and genotypic matrices (tens or
hundreds of characters vs. thousands of sites, respec-
tively), the notoriously disproportional quantity of
molecular data may overwhelm phenotypic data in
total evidence (TE) analyses (Kluge, 1983). To test this
prediction, we explore the impact of a modest mor-
phological dataset on an analysis dominated by a lar-
ger DNA sequence matrix, a phenomenon that has
received recent attention (e.g. de Sa et al., 2014; Mir-
ande, 2016).

Systematics background

External head morphology has played an important
role in the systematics of Cercosaurinae. For example,
some cercosaurine genera were traditionally grouped
by the presence or absence of prefrontal scales. How-
ever, compelling phylogenetic evidence for that group-
ing is lacking, because molecular-based phylogenetic
analyses (e.g. Castoe et al., 2004; Goicoechea et al.,
2012) have shown that these genera do not correspond
to monophyletic groups.

The former Proctoporus s.l. (i.e. Petracola + Proc-
toporus + Riama) and several of its traditionally
assumed relatives (e.g. FEuspondylus and Opipeuter
xestus) exemplify this scenario. The absence of pre-
frontals served to diagnose Proctoporus s.l. (e.g.
Peters and Donosos-Barros, 1970), which represents
the model case of presumably monophyletic groups
in the Cercosaurinae. In contrast, Kizirian and
Coloma (1991) and Kizirian (1995, 1996) questioned
the monophyly of Proctoporus s.l. Doan (2003a)
resolved Proctoporus s.]. as a monophyletic group
based on external morphology, but DNA analysis of
Gymnophthalmidae by Castoe et al. (2004) supported
Kizirian’s view. Their molecular analyses resolved a
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polyphyletic Proctoporus s.l., and depicted scattered
distributions of the absence and presence of pre-
frontals in the Cercosaurinae. Subsequently, Doan
and Castoe (2005) split Proctoporus s.l. into three
genera. First, Proctoporus s.s. held species from the
Andes of southern Peru and Bolivia. It contained
the type species, Proctoporus pachyurus, and its rela-
tives (i.e. the Proctoporus pachyurus group sensu
Uzzell, 1970). Second, Petracola Doan and Castoe,
2005 hosted species from the Andes of central and
northern Peru. It included the Proctoporus ventrimac-
ulatus group (sensu Uzzell, 1970) plus one species.
Finally, Riama was resurrected for the remaining 24
species from the Andes of Peru, Ecuador, Colombia
and Venezuela, the Cordillera de la Costa in Vene-
zuela, and Trinidad. Subsequently, many new species
were referred to Proctoporus s.s. (Doan et al., 2005;
Goicoechea et al., 2013; Mamani et al., 2015), Petra-
cola (Kizirian et al., 2008; Echevarria and Venegas,
2015) and Riama (Rivas et al., 2005; Arredondo and
Sanchez-Pacheco, 2010; Sdnchez-Pacheco, 2010a;
Sanchez-Pacheco et al., 2011, 2012; Aguirre-Penafiel
et al., 2014). In their phylogenetic study of Procto-
porus s.s., Goicoechea et al. (2012) transferred into
Proctoporus two species of FEuspondylus Tschudi,
1845, a genus whose monophyly had also been ques-
tioned (Kohler and Lehr, 2004), and the monotypic
genus Opipeuter Uzzell, 1969, which have prefrontals.
Similarly, in their recent phylogenetic analysis of
Cercosaurinae, Torres-Carvajal et al. (2016) trans-
ferred three additional species of Euspondylus, as
well as R. laudahnae, into Proctoporus.

Kizirian (1996) and Doan and Castoe (2005) pro-
vided a detailed systematic documentation of the
diversity of Riama. Subsequently, most taxonomic
activity on Riama has consisted of species descriptions
(but see Torres-Carvajal et al., 2016).

Materials and methods
Taxon sampling

Taxa were selected based on availability of tissues
(or DNA sequences in GenBank) and specimens for
morphological study. The former criterion was con-
sidered for exclusion and in the absence of the latter,
character states were retrieved from the literature.
When multiple terminals for a given taxon were
available, we chose those for which the greatest num-
ber of gene sequences were available, first, and the
greatest length of gene sequences, second. Based on
published and preliminary analyses, we selected diver-
gent terminals in order to maximize intraspecific vari-
ation. When possible, we used two terminals per
species.

The ingroup included 55 terminals representing 25 of
the 30 (> 80%) currently recognized species of Riama
plus five undescribed taxa from Colombia and Vene-
zuela. Our sampling added 19 species to the 11 species
(R. anatoloros, R. balneator, R. cashcaensis, R. colo-
maromani, R. labionis, R. meleagris, R. orcesi, R. si-
motera, R. stigmatoral, R. unicolor and R. yumborum)
included by Torres-Carvajal et al. (2016) as follows:
R. achlyens, R. afrania, R. aurea, R. columbiana,
R. “Cordillera Central”, R. “Cordillera Occidental”,
R. crypta, R. hyposticta, R. kiziriani, R. laevis, R. “Na-
rino”, R. oculata, R. raneyi, R. shrevei, R. “Sierra
Nevada”, R. striata, R. “Venezuela”, R. vespertina and
R. vieta. Tissues for DNA extraction were not available
for R. inanis, R. luctuosa, R. petrorum, R. rhodogaster
and R. stellae.

In order to test the monophyly of Riama, and due
to the uncertain phylogenetic affinities of most species
of Riama, our outgroup sampling was largely drawn
from the subfamily Cercosaurinae, as delimited by
Torres-Carvajal et al. (2016). The outgroup included
38 species representing 11 of the remaining 13 nominal
cercosaurine genera (Anadia Gray, 1845, Cercosaura,
Echinosaura Boulenger, 1890, Macropholidus Noble,
1921, Neusticurus Duméril and Bibron, 1839, Panto-
dactylus, Petracola, Pholidobolus Peters, 1862; Placo-
soma Tschudi, 1847, Potamites Doan and Castoe,
2005; and Proctoporus). Our analyses did not include
the recently erected Gelanesaurus Torres-Carvajal
et al., 2016; and Euspondylus, for which no tissues
were available. The secondary outgroup included rep-
resentatives of the following taxa: Alopoglossidae Goi-
coechea et al.,, 2016 (Ptychoglossus brevifrontalis),
which forms the sister taxon of Teiidae + Gymnoph-
thalmidae (Goicoechea et al., 2016); Teiidae Gray,
1827 (Ameivula ocellifera and Kentropyx calcarata), the
sister group of Gymnophthalmidae (Goicoechea et al.,
2016). The outgroup also contained the following
gymnophthalmid subfamilies: Bachiinae Colli et al.,
2015 (Bachia flavescens), or Bachiini in the sense of
Goicoechea et al. (2016); Ecpleopodinae Fitzinger,
1843 (Ecpleopus gaudichaudii), or Ecpleopodini in the
sense of Goicoechea et al. (2016); Gymnophthalminae
Fitzinger, 1826 (Gymnophthalmus vanzoi); Rachisauri-
nae Pellegrino et al., 2001 (Rachisaurus brachylepis);
and Riolaminae Kok, 2015 (Riolama leucosticta). In
total, the outgroup included 47 species. Ptychoglossus
brevifrontalis was designated as the root for all analy-
ses. Recent progress in understanding the diversifica-
tion of cercosaurines led to correcting the identities of
two terminals. KU 212687, Proctoporus cf. ventrimacu-
latus of Castoe et al. (2004) was included in the type
series of Petracola waka (Kizirian et al., 2008). Simi-
larly, ROM 22892, referred to as “Neusticurus sp.
Guyana” by Fu (2000), was included as a paratype in
the original description of Echinosaura sulcarostrum
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(Donnelly et al., 2006). As suggested by Castoe et al.
(2004: appendix 2), we swapped the 12S and 16S
sequences of Potamites juruazensis (GenBank accession
numbers AF420758, AF420704, respectively) with
those of Ptychoglossus brevifrontalis (AF420757,
AF420697).

Genotypic evidence

Most published molecular analyses of gymnoph-
thalmid relationships used DNA sequences from four
loci: nuclear DNA (nDNA) oocyte maturation factor
gene (C-mos), mitochondrial DNA (mtDNA) NADH
dehydrogenase subunit IV (ND4), and mitochondrial
rRNA subunits 12S and 16S. Therefore, we sampled
the same fragments obtaining up to 374, 860, 400 and
515 bp, respectively. Primers and their sources are pro-
vided in Table 1. We analysed a total of 2149 bp of
sequences. Novel sequences were deposited in Gen-
Bank. Our own data were augmented with sequences
in GenBank from Fu (2000), Pellegrino et al. (2001),
Castoe et al. (2004), Goicoechea et al. (2012), Kok
et al. (2012), Torres-Carvajal and Mafla-Endara
(2013), Aguirre-Penafiel et al. (2014), Kok (2015) and
Torres-Carvajal et al. (2016). Voucher specimens and
GenBank accession numbers are listed in Table 2.

DNA isolation, sequencing, and editing. Total
genomic DNA was extracted from frozen and

ethanol-preserved liver or muscle tissues using either

Table 1

the DNeasy kit (Qiagen, Valencia, CA, USA), follow-
ing the manufacturer’s guidelines, or a guanidinium
isothiocyanate protocol. Amplification of fragments of
C-mos, ND4, 12S and 16S was performed with 25-pL
final reactions. Negative controls were run on all
amplifications to check for contamination. Primers
and PCR conditions are detailed in Table 1. Double-
stranded PCR-amplified segments were cleaned and
then sequenced in both directions using standard
protocols and conventional Sanger sequencers. Novel
sequences constituted a consensus of both DNA
strands. Sequences were visualized, assembled and
edited using Geneious v.6.1.8 (http://www.geneious.c
om, Kearse et al., 2012).

Morphological evidence

Phenotypic character sampling targeted variation
among cercosaurines. Thirty-five characters were
scored, including 25 derived from external morphology
(scutellation) and 10 from hemipenial anatomy
(Appendix 1). Other sources of variation, such as oste-
ology and myology, have been examined in too few
cercosaurine taxa in general, and in too few Riama
species in particular, to have allowed for their inclu-
sion (e.g. see Montero et al., 2002). Twenty-seven
characters were binary and the remaining eight multi-
state  characters were treated as nonadditive
(Appendix 1). Characters 10, 13, 14, 20, 21, 28, 30, 31
and all hemipenial characters (0-9) have not been

List of PCR and sequencing primers used in this study, and a summary of the PCR conditions

Gene Primer

region  Name Sequence (5-3')

Source PCR protocol

128 12S1L CAAACTGGGATTAGATACCCCACTAT
12S2H AGGGTGACGGGCGGTGTGT

16S 16SF.0  CTGTTTACCAAAAACATMRCCTYTAGC
16SR.0  TAGATAGAAACCGACCTGGATT

16SL CGCCTGTTTAACAAAAACAT

16SH CCGGTCTGAACTCAGATCACGT
ND4 ND4L

Leu CATTACTTTTACTTGGATTTGCACCA

C-mos  GT73 GCGGTAAAGCAGGTGAAGAAA
G74 TGAGCATCCAAAGTCTCCAATC

CACCTATGACTACCAAAAGCTCATGTAGAAGC

Kocher et al. (1989) 1 cycle: 3 min 94 °C

33 cycles: 30 s 92 °C, 30 s 57 °C,
1:50 min 72 °C

1 cycle: 10 min 72 °C

1 cycle: 3 min 96 °C

40 cycles: 30 s 95 °C, 1 min 51 °C,
1 min 72 °C

1 cycle: 10 min 72 °C

1 cycle: 3 min 94 °C

33 cycles: 30 s 92 °C, 30 s 57 °C,
1:50 min 72 °C

1 cycle: 10 min 72 °C

1 cycle: 3 min 96 °C

40 cycles: 30 s 95 °C, 1 min 52 °C,
1 min 72 °C

1 cycle: 10 min 72 °C

1 cycle: 3 min 96 °C

40 cycles: 30 s 95 °C, 1 min 52 °C,
1 min 72 °C

1 cycle: 10 min 72 °C

1 cycle: 3 min 96 °C

35 cycles: 25 s 95 °C, 1 min 52 °C,
2 min 72 °C

1 cycle: 10 min 72 °C

Pellegrino et al. (2001)
Whiting et al. (2003)
Harris et al. (1998)

Arévalo et al. (1994)

Saint et al. (1998)
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Table 2
GenBank accession numbers for loci and terminals sampled in this study. Asterisks indicate new sequences obtained for this study. Species are
listed following the new taxonomy proposed herein. Numbers and letters following species names are identifiers of conspecific terminals. See

Materials and Methods for institutional abbreviations

Terminal ID Voucher C-mos 128 16S ND4
Ameivula ocellifera MRT 946089 AF420862 AF420706 AF420759 AF420914
Anadia rhombiferal QCAZ 11061 KU902052 KU902133 KU902214 KU902289
Anadia rhombifera2 QCAZ 11862 KU902053 KU902135 KU902216 KU902291
Andinosaura afranial RH - KY670680* KY681098* -
Andinosaura afrania2 RM - KY670681* KY681099%* -
Andinosaura aureal QCAZ 9649 KY670647* KY670682* KY681100* KY710831*
Andinosaura aurea QCAZ 9650 KY670648* KY670683* KYo681101* KY710832*
Andinosaura cryptal QCAZ 10455 KY670649* KY670684* KY681102* KY710833*
Andinosaura crypta2 QCAZ 6154 KY670650* KY670685* KY681103* KY710834*
Andinosaura hypostictal PSO-CZ 085 - KY670686* KY681104* -
Andinosaura hyposticta2 DHMECN 1360 KY670651* KY670687* KY681105* -
Andinosaura kizirianil QCAZ 9607 KY670652* KY670688* KY681106* KY710835*
Andinosaura kiziriani2 QCAZ 9667 KY670653* KY670689* KY681107* KY710836*
Andinosaura laevis WB 1330 KY670654* KY670690* KY681108* KY799165*
Andinosaura oculatal QCAZ 10410 KY670655* KY670691* KY681109* KY710837*
Andinosaura oculata2 QCAZ 5474 KY670656* KY670692* KY681110%* KY710838%*
Andinosaura vespertinal QCAZ 10286 KY670657* KY670693* KY681111* KY710839*
Andinosaura vespertina2 QCAZ 10306 KY670658* KY670694* KY681112* KY710840*
Andinosaura vietal QCAZ 10456 KY670659* KY670695* KY681113* KY710841*
Andinosaura vieta2 QCAZ 5287 KY670660* KY670696* KY681114* KY710842*
Bachia flavescens LSUMZ H12977 AF420859 AF420705 AF420753 AF420869
Cercosaura argula LSUMZ H12591 AF420838 AF420698 AF420751 AF420896
Cercosaura eigenmanni MRT 976979 AF420828 AF420690 AF420728 AF420895
Cercosaura ocellata MRT 977406 AF420834 AF420677 AF420731 AF420883
Cercosaura oshaughnessyi LSUMZ H13584 AF420852 AF420696 AF420750 AF420893
Cercosaura quadrilineata LG 936 AF420830 AF420672 AF420717 -
Cercosaura schreibersiil LG 1168 AF420856 AF420650 AF420729 AF420882
Cercosaura schreibersii2 LG 927 AF420817 AF420686 AF420749 AF420911
Echinosaura sulcarostrum ROM 22892 - AF206584 AF206584 -
Ecpleopus gaudichaudii LG 1356 AF420855 AF420660 AF420738 AF420901
Gymnophthalmus vanzoi MRT 946639 AF420827 AF420687 AF420743 AF420867
Kentropyx calcarata MRT 978224 AF420864 AF420707 AF420760 AF420913
Macropholidus annectensl QCAZ 11120 - KC894341 K (894355 KC894369
Macropholidus annectens2 QCAZ 11121 - KC894342 KC894356 KC894370
Macropholidus huancabambael CORBIDI 10492 - K(C894343 KC894357 -
Macropholidus huancabambae2 CORBIDI 10493 - K (894344 KC894358 KC894372
Macropholidus ruthveni CORBIDI 4281 - K (894354 KC894368 K (894382
Neusticurus bicarinatus MRT 968462 AF420816 AF420671 AF420708 -
Neusticurus rudis MRT 926008 - AF420689 AF420709 AF420905
Oreosaurus achlyens ENS 11010 - KY670697* KY681115*% KY799160%*
Oreosaurus mediarmidi IRSNB 2674 KP283385 - JQ742263 KP283392
Oreosaurus “Sierra Nevada”l JJS 543 KY670661* KY670698* KY681116* KY799163*
Oreosaurus “Sierra Nevada”2 JJS 548 KY670662* KY670699* KY681117* KY799164*
Oreosaurus shrevei UWIZM 2011.7 KY670663* KY670700* KY681118* -
Oreosaurus “Venezuela” GAR 5962 - KY670701* KY681119* KY799161*
Petracola ventrimaculata KU 219838 AY507910 AY507863 AYS507883 AYS507894
Petracola waka KU 212687 AY507903 AY507864 AY507876 -
Pholidobolus affinis] QCAZ 9641 - K (894348 K (894362 K (894376
Pholidobolus affinis2 QCAZ 9900 - KC894349 KC894363 KC894377
Pholidobolus macbrydeil KU 218406 AY507896 AY507848 AY507867 AY507886
Pholidobolus macbrydei2 QCAZ 9914 - KC894352 KC894366 KC894380
Pholidobolus montium]1 KU 196355 AF420820 AF420701 AF420756 AF420884
Pholidobolus momtium?2 QCAZ 4051 - KC894346 KC894360 KC894374
Pholidobolus prefrontalisl QCAZ 9908 - KC894350 KC894364 KC894378
Pholidobolus prefrontalis2 QCAZ 9951 - K (894351 KC894365 K (894379
Placosoma cordylinum LG 1006 AF420823 AF420673 AF420734 AF420879
Placosoma glabellum LG 940 AF420833 AF420674 AF420742 AF420907
Potamites ecpleopus MRT 0472 AF420829 AF420656 AF420748 AF420890
Potamites juruazensis LSUMZ H13823 AF420857 AF420697 AF420757 AF420878
Potamites strangulatus KU 212677 - AY 507847 AY 507866 AY507885
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Table 2

(Continued)
Terminal 1D Voucher C-mos 12S 16S ND4
Proctoporus bolivianus1 MNCN 8989 JX436040 JX435940 JX435994 JX436071
Proctoporus bolivianus2 MNCN 43679 JX436043 JX435943 JX435997 JX436069
Proctoporus cf. bolivianus Cala UTA R-52945 - AY968825 AY968832 AY968813
Proctoporus cf. bolivianus Calb MHNC 5322 JX436045 JX435945 JX435988 -
Proctoporus cf. bolivianus Ca2 AMNH R-150695 - AY968821 AY968828 AY968812
Proctoporus carabayal MHNC 5428 JX436016 JX435912 JX435979 JX436083
Proctoporus carabaya MHNC 5429 JX436019 JX435915 JX435982 JX436086
Proctoporus chasquil MHNC 6771 JX436003 JX435887 JX435946 JX436051
Proctoporus chasqui2 MNCN 44407 JX436004 JX435888 J1X435947 JX436052
Proctoporus guentheril UTA R-51515 AYS507900 AY507849 AY507872 AY225185
Proctoporus guentheri2 UTA R-51517 AY507901 AY507854 AY507873 AY225169
Proctoporus iridescensl MNCN 44224 JX436021 JX435920 JX435987 JX436078
Proctoporus iridescens2 MHNC 6005 JX436049 JX435927 JX435966 JX436079
Proctoporus kizirianil MNCN 44216 JX436022 JX435900 JX435972 JX436096
Proctoporus kiziriani2 MHNC 5367 JX436011 JX435907 JX435978 JX436091
Proctoporus lacertusl UTA R-51487 AY507897 AYS507850 AYS507868 AY225180
Proctoporus lacertus2 UTA R-51506 AY507898 AY507851 AY507869 AY225175
Proctoporus pachyurusl UTA R-52949 - AY968824 AY968834 AY968816
Proctoporus pachyurus2 MHNC 4599 JX436024 JX435891 JX435952 JX436055
Proctoporus sp Ca MNCN 23305 JX436006 JX435890 JX435949 JX436054
Proctoporus sucullucul UTA R-51478 AY507905 AYS507857 AYS507878 AY225171
Proctoporus sucullucu2 UTA R-51496 AY 507906 AY507858 AY507879 AY225177
Proctoporus unsaacael UTA R-51488 AY507908 AYS507859 AYS507881 AY225186
Proctoporus unsaacae UTA R-51477 AY507909 AY 507860 AY507882 AY225170
Proctoporus xestus1 MNCN 6160 - JX435898 JX436002 JX436101
Proctoporus xestus2 MNCN 2425 JX436007 JX435899 JX436001 JX436100
Ptychoglossus brevifrontalis MHNSM AYS507911 AYS507865 AYS507884 AYS507895
Rhachisaurus brachylepis MRT 887336 AF420853 AF420665 AF420737 AF420877
Riama anatolorosl QCAZ 9169 KY670664* KY670702* KY681120* KY710843*
Riama anatoloros2 QCAZ 9201 KY670665* KY670703* KYo681121* KY710844*
Riama balneator] QCAZ 11101 KY670666* KY670704* KY681122% KY710845*
Riama balneator2 QCAZ 11099 KU902115 KU902196 KU902271 KU902352
Riama cashcaensisl KU 217205 - - AY507870 AY507887
Riama cashcaensis2 QCAZ 10686 KJ948210 KJ948180 KJ948122 KJ948162
Riama colomaromanil KU 217209 AY507899 AYS507853 AYS507871 AY507888
Riama colomaromani2 QCAZ 8753 KY670667* KY670705* KY681123* KY710846*
Riama columbianal ICN 11298 KY670668* KY670706* KYo681124* KY710847*
Riama columbiana2 ICN 11294 KY670669* KY670707* KY681125* KY710848*
Riama “Cordillera Central”1 Al KY670670* KY670708* KYo681126* -
Riama “Cordillera Central”2 A2 KY670671* KY670709* KY681127* -
Riama “Cordillera Occidental” JIM 2251 KY670672* KY670710* KY681128* KY799162*
Riama labionis] QCAZ 10411 KJ948218 KJ948171 KJ948120 KJ948147
Riama labionis2 QCAZ 10412 KJ948207 KJ948172 KJ948121 KJ948148
Riama meleagrisl QCAZ 9840 KJ948214 KJ948182 KJ948129 KJ948164
Riama meleagris2 QCAZ 9846 KJ948212 KJ948183 KJ948133 KJ948168
Riama “Narino”1 SSP 058 KY670673* KY670711* KY681129* KY710849*
Riama “Narino”2 SSP 076 KY670674* KY670712* KY681130* KY710850*
Riama orcesil KU 2212772 - AYS507855 AYS507874 AY507889
Riama orcesi2 QCAZ 9035 KY670675* KY670713* KYo681131* KY710851*
Riama raneyil QCAZ 10090 - KY670714* KY681132%* KY710852*
Riama raneyi2 QCAZ 9034 - KY670715* KY681133* KY710853*
Riama simoteral QCAZ 879 AY 507904 AY507861 AY507877 AY507892
Riama simotera2 QCAZ 4120 KY670676* KY670716* KY681134* KY710854*
Riama stigmatorall QCAZ 7374 KJ948217 KJ948187 KJ948128 KJ948161
Riama stigmatoral2 QCAZ 11412 KJ948209 KJ948189 KJ948124 KJ948158
Riama striatal MAR 333 KY670677* KY670717* KY681135* -
Riama striata2 MAR 933 KY670678* KY670718* KYo681136* KY710855*
Riama unicolorl KU 217211 AY507907 AY507862 AY507880 AY507893
Riama unicolor2 QCAZ 9662 KY670679* KY670719* KY681137* KY710856*
Riama yumboruml QCAZ 10822 KJ948213 KJ948186 KJ948125 KJ948169
Riama yumborum?2 QCAZ 10827 KJ948216 KJ948195 KJ948142 KJ948170
Riolama leucostictal VUB 3767 KP283389 - JQ742254 KP283396
Riolama leucosticta2 VUB 3263 - - JQ742256 -
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included previously in phylogenetic analyses of
gymnophthalmid lizards. In her morphology-based
phylogenetic analyses of Proctoporus s.l. and Cer-
cosaura s.l., Doan (2003a,b) used a set of 62 external
morphological characters. Our characters 16 and 17
correspond to her characters 1 and 2, and our charac-
ters 11, 18, 15, 19, 29, 32, 33, 34 and (22-27) were
modifications of her characters 3, 10, 13, (24-25), 36,
45, (40, 42), 41 and 46, respectively; parenthetic nota-
tion denotes multiple characters being treated as a sin-
gle one. Character 12 was a modification of character
10 of Rodrigues et al. (2005). The remaining 50 mostly
meristic, but also morphometric, characters of Doan
were not included herein because Doan coded
intraspecific polymorphism using the Generalized Fre-
quency Coding method (Smith and Gutberlet., 2001),
following argumentation by Wiens (1995, 1998),
among others, which was shown to yield untenable
results (Murphy and Doyle, 1998). Taxon phylogeny is
to be inferred from hypothesized character-state trans-
formations (Hennig, 1966). Only transformations from
one character state to another (a — a’) constitute evi-
dence for relationships. In general, changes in the dis-
tribution of states among organisms, or in frequency
of states in populations (a — aa’ — a’), do not entail
additional character-state  transformations. Thus,
methods that convert polymorphism into frequencies
conflate population-level similarity with character
transformation events (Grant and Kluge, 2003, 2004).
Furthermore, because frequencies are not heritable
(Murphy, 1993; Wiens, 2000) most of us consider them
irrelevant in phylogenetic inference®. In the case of
meristic, continuous variation (i.e. counts), Doan
kindly provided us with her raw data, which comple-
mented our own observations. However, although we
agree that continuous variation carries phylogenetic
information (Goloboff et al., 2006), a defensible
method of incorporating meristically continuous vari-
ables into phylogenetic inference awaits development
(but see Goloboff et al., 2006)°.

Character states for most species were coded directly
from observations taken using a stereoscope and com-
plemented with published data. For unavailable mate-
rial, data were taken exclusively from the literature.
Polymorphic species had multiple states that were
scored for a character. When it was not possible to
collect all phenotypic data for a particular species,
unknown character states were treated as missing
(“?”). Inapplicable characters were scored as “-—”
Phenotypic characters and their states are described in
detail in Appendix 1 (Analysis and description of phe-
notypic characters). The morphological matrix (Nexus

“This position does not reflect that of all coauthors (see Torres-
Carvajal, 2007, for example), but did not interfere with our final
phenotypic character sampling.

format) is deposited in Morphobank (O’Leary and
Kaufman, 2011, 2012: permalink: http://morphobank.
org/permalink/?P2601). The list of specimens examined
is given in Appendix 2.

Hemipenial morphology.  Hemipenes were prepared
following the procedures described by Manzani and
Abe (1988), as modified by Pesantes (1994) and Zaher
(1999). The retractor muscle was severed manually and
the everted organ was filled with stained petroleum
jelly. Following Uzzell (1973) and Nunes et al. (2012),
calcareous hemipenial structures were stained in an
alcohol solution of alizarin red. Terminology follows
Dowling and Savage (1960), Savage (1997) and Nunes
et al. (2012). Hemipenes examined are listed in
Appendix 3.

Institutional acronyms

Institutional abbreviations for specimen repositories
generally follow Sabaj Pérez (2014). To this, we added
the following collections: CORBIDI (Centro de Orni-
tologia y Biodiversidad, Lima, Peru), DHMECN
(Divisiéon de Herpetologia, Museo Ecuatoriano de
Ciencias Naturales, Quito, Ecuador), EPNH (Escuela
Politécnica Nacional, Coleccion Herpetologia, Quito,
Ecuador), FHGO (Fundacion Herpetolégica Gustavo
Orcés, Quito, Ecuador), MHNCSJ (Museo de Historia
Natural, Colegio San José, Medellin, Colombia),
MHNUC (Museo de Historia Natural, Universidad de
Caldas, Manizales, Colombia), PSO-CZ (Museo de
Historia Natural de la Universidad de Narino, Pasto,
Colombia) and UV-C (Museo de Vertebrados, Univer-
sidad del Valle, Cali, Colombia).

Phylogenetic analyses

We performed a TE analysis of the molecular and
phenotypic data under the maximum parsimony opti-
mality criterion. The rationale for this approach was
advanced by Farris (1983) and discussed, among
others, by Kluge (1989, 2004), Goloboff (2003),
Goloboff and Pol (2005), and Kluge and Grant (20006).
The cladogram that minimizes the transformations
required to explain the observed character variation
maximizes evidential congruence and provides the
greatest explanatory power (Farris, 1983; Kluge and
Grant, 2006). While maintaining that the TE analysis
of all available evidence identifies the optimal explana-
tion (Kluge, 1989, 2004), we also analysed the molecu-
lar data separately using the same parameters to
evaluate the effect of a modest morphological matrix
on an analysis dominated by a larger DNA sequence
dataset (cf. de Sa et al., 2014). Following Padial et al.
(2014), we employed POY 5.1.1 (Vardén et al., 2010)
for tree-alignment (i.e. direct optimization or dynamic
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homology; e.g. Sankoff, 1975; Wheeler, 1996; Vardn
and Wheeler, 2012, 2013). The method tested hypothe-
ses of nucleotide homology dynamically by optimizing
unaligned DNA sequences directly onto alternative
topologies (Kluge and Grant, 2006; Wheeler et al.,
2006; Grant and Kluge, 2009) while simultaneously
optimizing prealigned transformation series as stan-
dard static matrices.

We searched for optimal trees using the Museu de
Zoologia da Universidade de Sao Paulo’s high-perfor-
mance computing cluster (Ace), as described in detail
by Padial et al. (2014) and de S4 et al. (2014). We cal-
culated tree costs using the standard direct optimiza-
tion algorithm for unaligned data (Wheeler et al.,
2006) with all transformations weighted equally. Fol-
lowing Grant et al. (2006: 56-57), we treated each
sequenced individual as a separate terminal and dupli-
cated the phenotypic data coded for the species as a
whole for each conspecific terminal. We used the same
search parameters to analyse both the TE and molecu-
lar-only datasets. Each analysis involved four 4-h
searches on 704 CPUs (giving a total of 11 264
CPU-h). We used the command ‘search,” which imple-
mented a driven search that included random addition
sequence Wagner builds, Subtree Pruning and Regraft-
ing (SPR) and Tree Bisection and Reconnection
(TBR) branch swapping (RAS + swapping; Goloboff,
1996), Parsimony Ratcheting (Nixon, 1999) and Tree
Fusing (Goloboff, 1999). The shortest trees of each
independent run were stored and used to perform a
final round of Tree Fusing on the pooled trees. We
then submitted the resulting trees to a final round of
swapping using the iterative pass algorithm (Wheeler,
2003a). To verify the length reported during the tree-
alignment analyses and search for additional optimal
trees, we calculated the implied alignment (i.e. the
matrix version of the tree-alignment; Wheeler, 2003b)
and performed an additional 1280 random addition
sequence Wagner builds plus TBR searches, saving five
minimum-length trees per build.

We estimated clade support (Grant and Kluge,
2008a) using the Goodman—Bremer measure (GB;
Goodman et al.,, 1982; Bremer, 1988; Grant and
Kluge, 2008b), by determining the length difference
between the optimal trees and all trees visited during a
TBR swap of one of the optimal trees using the corre-
sponding implied alignment. Although it is possible
for shorter suboptimal trees to be found by calculating
the optimal tree-alignment for each visited topology,
the time requirements would be prohibitively costly
unless each search was made extremely superficially.
Furthermore, Padial et al. (2014) found that using the
implied alignment to estimate support overestimates
GB values considerably less than when GB is calcu-
lated using a MAFFT (Katoh et al., 2005) similarity-
alignment.

In order to evaluate the impact of the small mor-
phological dataset on our results, we assessed differ-
ences between the TE and molecular-only analyses by
examining clade-by-clade incongruences and by com-
paring the standardized support values obtained in the
two analyses. For clades shared by both results, we
calculated the ratio of explanatory power (REP) value
(Grant and Kluge, 2007), which scales the observed
support for a given clade relative to its maximum pos-
sible support (Grant and Kluge, 2010). We obtained
the lengths of least-parsimonious trees by conducting
1280 random addition sequence Wagner builds plus
TBR searches with all characters assigned a weight
of —1 and taking the absolute value of the resulting
lengths. To make REP values more manageable, we
multiplied them by 10 000 and reported them to two
significant figures.

Biogeography and character evolution

The novel knowledge that emerges from phylogenetic
analysis has implications beyond the problems of sys-
tematics. By providing a causally relevant framework of
reference, knowledge of phylogeny often leads to unan-
ticipated insights and identifies novel problems for fur-
ther investigation (Grant et al., 2006). In the section
“Biogeographical commentary”, we analyse the implica-
tions of our phylogenetic results for patterns of distri-
bution among major biogeographical units in the
Neotropics. Thus, rather than performing a detailed
biogeographical analysis, we explored the connection
between the biogeographical units, as implied by phylo-
genetic evidence, within a hypothesis-testing frame-
work. Similarly, in the section “Character evolution”,
we analyse the implications of the TE phylogeny for the
evolution of prefrontal scales in the Cercosaurinae.

Results
General total evidence results

Analysis of the TE dataset completed 35 533 repli-
cates of random addition sequence Wagner builds plus
TBR branch swapping, 189 895 rounds of Tree Fusing
and 17 405 iterations of Ratcheting. The analyses
identified two optimal trees of 9702 steps. A final
round of swapping under the iterative pass algorithm
and additional searches using the implied alignment
resulted in two equally parsimonious trees of 9680
steps (not shown). Only one ingroup node collapsed in
the strict consensus tree (Fig. 1), which involved termi-
nals of R. crypta and resulted in the polytomy of a
clade also composed of R. hyposticta and R. oculata
(tree-alignment matrix and consensus tree deposited in
MorphoBank; permalink: http://morphobank.org/pe


http://morphobank.org/permalink/?P2601

268 Santiago J. Sdnchez-Pacheco et al. | Cladistics 34 (2018) 260-291

Fig. 1. Strict consensus of two most-parsimonious trees (9680 steps)
from the total evidence analysis. Values above branches are Good-
man-Bremer support and below branches are ratio of explanatory
power (REP) support. Yellow = Riama s.s. (i.e. R. unicolor, type spe-
cies of Riama, is included in this clade), including 14 nominal and
three undescribed species; blue = a clade composed of nine nominal
species currently referred to Riama; red = a clade comprising two
nominal and two undescribed species referred to Riama plus Anadia
mecdiarmidi. The nonmonophyletic Pantodactylus, which is embedded
within Cercosaura, is highlighted in green. The new taxonomy pro-
posed herein (Appendix 4) is represented. [Colour figure can be
viewed at wileyonlinelibrary.com]

rmalink/?P2601). Analyses resulted in a least-parsimo-
Riama nious tree of 22 325 steps, which we used for calculat-
ing REP values.

Riama polyphyly and general ingroup relationships

Analyses recovered a monophyletic Cercosaurinae
(sensu Torres-Carvajal et al., 2016; Cercosaurini sensu
Goicoechea et al., 2016) (Fig. 1). As defined currently,
Riama was polyphyletic. Representatives fell into three
clades, with no pair of clades as sister taxa (Fig. 1: yel-
low, blue and red). In sequence, (i) an Andean clade
(yellow), Riama s.s., included the type species R. uni-
color along with R. balneator, R. orcesi, R. striata,
R. “Cordillera Occidental”, R. “Cordillera Central”,
R. columbiana, R. anatoloros, R. raneyi, R. “Narino”,
R. colomaromani, R. simotera, R. cashcaensis, R. stig-
matoral, R. meleagris, R. yumborum and R. labionis.
(i) A second Andean clade (blue) was composed of
R. vieta, R. laevis, R. afrania, R. hyposticta, R. crypta,
R. oculata, R. kiziriani, R. aurea and R. vespertina.
Finally, (iii) a third clade (red) comprised R. “Sierra
Nevada” (from the Sierra Nevada de Santa Marta,
Colombia), the Tepuian Anadia mcdiarmidi, R. ach-
lyens (from the Cordillera de la Costa, Venezuela,
CC), the Trinidadian R. shrevei, and R. “Venezuela”
(also from CC). The density of taxon sampling allowed
Cercosaura the coherent delimitation of these three clades, whose

monophyly was well supported (GB =42, 29 and 11,
respectively). This permitted development of a phylo-
genetic taxonomy (Appendix 4).

Following the new taxonomy, Riama s.s. contained
two major clades (GB =24 and 15) and was the
sister group of (Andinosaura (Oreosaurus (Anadia
(Macropholidus+Pholidobolus))) (Echinosaura+Petracola
(Cercosaura) (Potamites+Proctoporus))). Andinosaura
also had two major clades (GB = 29 and 2) (Fig. 1).

Andinosaura

Oreosaurus

Relevant outgroup relationships

Outgroup sampling included representatives of Proc-
toporus s.s. and Petracola, both of which, plus Riama
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s.l., formed the former Proctoporus s.l. Our analysis
recovered both Proctoporus s.s. and Petracola as
monophyletic (GB = 15 and 10, respectively), but they
were not closely related to each other, nor to any of
the three clades of Riama s.I. Further, the Tepuian
Anadia mcdiarmidi nested within clade three of Riama
s.l. (i.e. Oreosaurus), and the recently resurrected Pan-
todactylus (Goicoechea et al., 2016) nested within Cer-
cosaura (Fig. 1).

Molecular-only results and comparison with the total
evidence analysis

Analysis of the molecular-only dataset resulted in
five most-parsimonious trees of 9464 steps (not
shown). Three outgroup nodes collapsed in the strict
consensus tree (Fig. 2), involving terminals of Pholi-
dobolus prefrontalis, Cercosaura schreibersii and Proc-
toporus  pachyurus  (tree-alignment matrix and
consensus tree deposited in MorphoBank; permalink:
http://morphobank.org/permalink/?P2601).  Analyses
resulted in a least-parsimonious tree of 21 720 steps,
which we used for calculating REP values.

Although the ingroup clades Riama, Andinosaura
and Oreosaurus (following the new taxonomy) were
monophyletic in both analyses, and the relationships
within them identical, topologies from the TE and
molecular-only analyses present important differences.
Our molecular-only analysis placed Andinosaura as the
sister group of Riama and Oreosaurus as sister to a
clade composed of Potamites, Petracola, Cercosaura
and Proctoporus (Fig. 2). In contrast, our TE analysis
recovered Riama as the sister group of the remaining
cercosaurines except for Placosoma + Neusticurus, fol-
lowed by Andinosaura and Oreosaurus as sister to a
clade composed of Anadia, Macropholidus and Pholi-
dobolus (Fig. 1). Among outgroup taxa, incongruence
between both analyses includes the placement of Echi-
nosaura sulcarostrum and Potamites and relationships
within Proctoporus (Figs 1 and 2).

In addition to topological differences, comparison of
REP values for the ingroup clades between the two
analyses shows that support for the three clades
Riama, Andinosaura and Oreosaurus increased with the
inclusion of morphological evidence. REP support for
Riama was 3 in the molecular-only analysis and 3.3 in
the TE analysis. Similarly, REP supports for Andi-
nosaura and Oreosaurus were 1.7 and 0.3 in the

Fig. 2. Strict consensus of five most-parsimonious trees (9464 steps)
from the molecular-only analysis. Values above branches are Good-
man-Bremer support and below branches are ratio of explanatory
power (REP) support. Taxonomic changes proposed herein are
adopted (Fig. 1 and Appendix 4). [Colour figure can be viewed at
wileyonlinelibrary.com]
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molecular-only analysis, and increased to 2.2 and 0.8,
respectively, in the TE analysis (Figs 1 and 2). Among
outgroup taxa, REP values increased for four clades
(Neusticurus, Pholidobolus, Potamites and Cercosaura),
remained the same for one clade (Macropholidus), and
decreased for four clades (Placosoma, Anadia, Petra-
cola and Proctoporus; Figs 1 and 2).

Discussion
Ingroup relationships

When Doan and Castoe (2005: 408) resurrected
Riama, they cautioned that “[w]e much prefer to take
the chance of creating a paraphyletic Riama [than to
create a paraphyletic Proctoporus], because there is
much greater likelihood that the northern Proctoporus
s.l. species belong there”. However, the present analy-
sis, which is the first to combine both the molecular
and phenotypic evidence of cercosaurine lizards,
resolves Riama sensu Doan and Castoe (2005) as a
polyphyletic genus (Fig. 1). Torres-Carvajal et al.
(2016) recently reported nonmonophyly for Riama
sensu Doan and Castoe (2005) because “R”. laudahnae
nested deeply within (and was transferred to) Procto-
porus. Previous molecular-only phylogenetic analyses
dealing with Cercosaurinae diversification only
included representatives (usually five species) of Riama
s.s. Our analyses resolve Riama s.s. as the sister group
of the remaining cercosaurines except for Placosoma +
Neusticurus. This finding agrees with the results of
Castoe et al. (2004)* (following the current taxonomy),
Goicoechea et al. (2012, 2016) and Colli et al. (2015),
but disagrees with those of Pyron et al. (2013), Kok
(2015) and Torres-Carvajal et al. (2015). The latter
three studies resolved Riama s.s. as the sister group of
all other cercosaurines. Using denser taxon sampling
of cercosaurines, Torres-Carvajal et al. (2016) recently
found Riama s.s. to be the sister of the remainder cer-
cosaurines except for Placosoma + Neusticurus and
Echinosaura (excluding E. sulcarostrum).

Based on morphological similarity, Uzzell (1958) rec-
ognized the Proctoporus luctuosus group, as currently
consisting of Riama achlyens, R. laevis, R. luctuosa (not
included herein), R. oculata and R. shrevei. Our results
differ because R. laevis and R. oculata nest within the
second clade of Riama (i.e. Andinosaura), but R. ach-
lyens and R. shrevei nest within the third clade (i.e.

*Castoe et al.’s (2004) Bayesian analysis of the concatenated
nuclear and mitochondrial data recovered Riama s.s. as the sister
group of all cercosaurines except Placosoma + Neusticurus s.s. (Doan
and Castoe, 2005), whereas their strict consensus of two most parsi-
monious trees embedded Riama s.s. within Cercosaurinae (sensu Tor-
res-Carvajal et al., 2016) in an unresolved position.

Oreosaurus). The nonmonophyly of the luctuosus group
is congruent with Doan (2003a) in her morphological
analysis of Proctoporus s.l. Uzzell (1958: 12) also
suggested that R. achlyens and R. shrevei were sister
species, and Doan recovered them as sister taxa. When
describing  R. rhodogaster (not included herein),
Rivas et al. (2005) mapped seven morphological
traits onto Doan’s phylogeny. They hypothesized the
clade (R. achlyens (R. rhodogaster + R. shrevei)). Our
analyses  resolve  R. achlyens,  R. shrevei  and
R. “Venezuela” as being closely related, and they nest
together along with R. “Sierra Nevada” and Anadia
mecdiarmidi. This placement of A. mcdiarmidi is surpris-
ing for two reasons: first, Kok and Rivas (2011) and
Montero et al. (2002), among others, associated Anadia
with other cercosaurine genera, such as Euspondylus,
based on morphology; and second, Kok et al. (2012)
and Kok (2015) included for the first time a species of
Anadia (A. mediarmidi) in analyses of DNA sequence
data (16S and NDI; and 16S, ND4 and C-mos, respec-
tively). Kok et al. (2012: Suppl. info., fig. 2) recovered
A. mediarmidi as part of a cercosaurine clade that con-
tained two species of Potamites, Cercosaura ocellata,
and Echinosaura sulcarostrum. Because the position of
the latter species was unresolved, a sister-species rela-
tionship for 4. mcdiarmidi also was unresolved. Later,
Kok (2015: fig. 8) recovered a cercosaurine clade of sim-
ilar content; it included Proctoporus and Petracola,
which were not sampled in Kok et al.’s (2012) study.
His analyses resolved Anadia (mcdiarmidi) as the sister
taxon of Echinosaura (sulcarostrum). This relationship
was also found by Goicoechea et al. (2016: fig. 12),
although they also recovered A. mcdiarmidi as the sister
taxon of Potamites (their figs 4 and 8). Because these
studies lacked rigorous taxon sampling of cercosaurines,
the phylogenetic relationships of A4. mcdiarmidi were
inconclusive. The denser taxon sampling of Torres-Car-
vajal et al. (2016), which included for the first time addi-
tional members of Anadia (the Andean A. petersi and
A. rhombifera), resulted in a nonmonophyletic Anadia.
Anadia mcdiarmidi formed the sister taxon of a clade
composed of 4. petersi + A. rhombifera, their unnamed
clade 1, and Macropholidus + Pholidobolus. Our results
corroborate the nonmonophyly of Anadia. Anadia mcdi-
armidi does not form a monophyletic group with
A. rhombifera (Fig. 1). Thus, although the placement of
A. mediarmidi within our third clade of Riama (i.e. Ore-
osaurus) is surprising, no data challenge this result.

The dearth of taxon sampling of Riama s.s. in most
previous molecular-based analyses precludes meaningful
comparisons with our results. Aguirre-Penafiel et al.
(2014) and Torres-Carvajal et al. (2016) added four and
six species (seven including “R”. laudahanae, now in
Proctoporus), respectively, to the five taxa of Castoe
et al. (2004). The study by Aguirre-Penafiel et al. lacked
rigorous outgroup sampling, but their main objective
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was to infer the phylogenetic position of R. yumborum
rather than to resolve the phylogeny of Riama. Never-
theless, they resolved R. umicolor as the sister taxon of
(R. cashcaensis (R. meleagris+R. stigmatoral (R. yum-
borum+R. labionis))). Our results (Fig. 1), and those of
Torres-Carvajal et al. (2016), corroborate this clade.
Previously, Kizirian and Coloma (1991) suggested that
R. cashcaensis was probably most closely related to
R. unicolor, and Doan (2003a) found R. stigmatoral,
R. labionis, R. meleagris and R. unicolor to be closely
related. Torres-Carvajal et al.’s (2016) analysis placed
R. orcesi and R. balneator as sister species. Our results
corroborate this hypothesis.

Doan’s (2003a) densely sampled phylogenetic analysis
of Proctoporus s.l. yielded a poorly resolved strict con-
sensus tree of two reconstructions that used different
weighting schemes. However, her tree included several
hypotheses of sister-species relationships supported by
evidence. Furthermore, several authors have proposed
additional sister-species relationships on the basis of
morphological similarity and/or geographical proxim-
ity. Doan (2003a) found Riama colomaromani and R. si-
motera to be sister species. However, she used
specimens of an undescribed species to score morpho-
logical characters for R. simotera (Sanchez-Pacheco
et al., 2010; herein referred to as R. “Narino”). There-
fore, Doan actually found R. colomaromani
and R. “Narino” to be sister species. Our analysis
recovers R. “Narino” as the sister taxon of R. colo-
maromani + R. simotera (Fig. 1). Although Doan found
R. striata and R. vieta to be sister species, our results
assign R. striata to Riama s.s., and R. vieta within the
second clade of Riama (i.e. Andinosaura). Our results
place R. vieta as the sister taxon of R. laevis + R. afra-
nia. Arredondo and Sanchez-Pacheco (2010) previously
hypothesized that R. laevis and R. afrania were sister
species based on morphological similarity and relative
geographical proximity. Similarly, Sanchez-Pacheco
et al. (2011) interpreted the shared occurrence of single,
distal filiform appendages on the hemipenial lobes of
R. crypta and R. hyposticta as a putative synapomor-
phy uniting these two species. Our analysis nests
R. crypta within a clade also composed of R. hyposticta
and R. oculata, but forming a polytomy (Fig. 1). The
placement of R. oculata in this clade provides a predic-
tion that filiform appendages may also occur on the
hemipenial lobes of R. oculata. Finally, Sanchez-
Pacheco et al. (2012), based on morphological similar-
ity, suggested that R. vespertina, R. aurea and R. kiziri-
ani (and R. petrorum, not included in this study) were
closely related, which our results also support (Fig. 1).

Outgroup relationships

Our study is designed to test, as severely as possi-
ble—in terms of taxon and character sampling—

monophyly of Riama s.l., and to explore the
relationships among its species. Because our outgroup
sampling is largely drawn from Cercosaurinae, our
topology (Fig. 1) deserves some discussion. We com-
ment on Cercosaura (including Pantodactylus) and
Proctoporus.

Cercosaura and Pantodactylus.  Pellegrino et al.’s
(2001) molecular phylogenetic analyses of Gymno-
phthalmidae, based on mtDNA 16S, 12S and ND4, and
nuDNA C-mos and 18S, included representatives of
Cercosaura (one species), Pantodactylus (two species),
and Prionodactylus O’Shaughnessy, 1881 (three species).
Pellegrino et al. sampled the type species of Cercosaura
(C. ocellata  Wagler, 1830) and  Pantodactylus
(P. d’orbignyi Dumeril and Bibron, 1939 = P. sch-
reibersii).  The species of  Pantodactylus and
Prionodactylus formed a clade with C. ocellata. Based
on 61 morphological characters for all 11 species of
Cercosaura, Pantodactylus and Prionodactylus, Doan
(2003b) found Prionodactylus to be paraphyletic with
respect to C. ocellata and species of Pantodactylus.
Consequently, she relegated Pantodactylus and
Prionodactylus junior synonyms of Cercosaura.

Castoe et al. (2004) included five species of Cer-
cosaura in their molecular phylogenetic analysis of
Gymnophthalmidae. Cercosaura was monophyletic in
their preferred Bayesian inference tree (Castoe et al.,
2004; fig. 6), but it was polyphyletic in the strict con-
sensus of their two most-parsimonious solutions (their
fig. 1) because C. quadrilineata was sister to a clade
composed of Potamites, Pholidobolus, Petracola, Cer-
cosaura s.s. and Proctoporus (following the current tax-
onomy). Pyron et al. (2013) included six species of
Cercosaura. They recovered a monophyletic Cer-
cosaura. Torres-Carvajal et al. (2015; see also Torres-
Carvajal et al., 2016) performed the largest molecular
phylogenetic analysis of Cercosaura to date. They sam-
pled 11 species, including the type species of Prion-
odactylus  (P. manicatus ~ O’Shaughnessy, 1881 =
C. manicata). Their analysis found Cercosaura, as
defined by Doan (2003b), to be nonmonophyletic
because C. dicra and C. vertebralis nested deeply
within Pholidobolus. They transferred both of these
species to Pholidobolus and in doing so redefined Cer-
cosaura.

Goicoechea et al. (2016) included six species of Cer-
cosaura. They resolved a monophyletic Cercosaura
(Goicoechea et al., 2016: SA + PA and SA + ML anal-
yses) and a nonmonophyletic Cercosaura (their TA +
PA analysis), because C. quadrilineata was sister to a
clade composed of Anadia mcdiarmidi, Potamites, Cer-
cosaura s.s. and Proctoporus. Ultimately, Goicoechea
et al. (2016) resurrected Pantodactylus from the syn-
onymy of Cercosaura for C. quadrilineata and
C. schreibersii, arguing that (p. 34):
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It is possible that the name Prionodactylus O’Shaughnessy
(1881) is available but the type species of that genus, Cer-
cosaura manicata O’Shaughnessy, 1881, was not included in
our analysis. We suspect that “Cercosaura” quadrilineata will
ultimately be placed in its own genus, but at present we can-
not exclude the possibility that Prionodactylus is the appropri-
ate assignment for this species and Cercosaura manicata.
Until more data are available, we tentatively resurrect Panto-
dactylus to allocate C. quadrilineata and C. schreibersi [sic].

However, Goicoechea et al. (2016) found that the
type species of Pantodactylus (C. schreibersii) nested
consistently within a monophyletic group containing
the type species of Cercosaura (C. ocellata) in all of
their analyses. Multiple phylogenetic studies, including
the present one (Fig. 1), have also imbedded
C. schreibersii within Cercosaura s.s. (e.g. Pellegrino
et al., 2001; Castoe et al., 2004; Torres-Carvajal et al.,
2015, 2016). Furthermore, in none of their trees did
Goicoechea et al. (2016) recover a sister-species rela-
tionship between C. schreibersii and C. quadrilineata
(which they proposed as members of Pantodactylus).
Our study corroborates the nonmonophyly of Panto-
dactylus sensu Goicoechea et al. (2016) (Fig. 1). There-
fore, the placement of C. schreibersii within Cercosaura
and the nonmonophyly of Pantodactylus render the res-
urrection of Pantodactylus by Goicoechea et al. (2016)
an arbitrary change because they overlooked existing
evidence regarding the phylogenetic relationships of
C. schreibersii. In addition, the denser taxon sampling
of Torres-Carvajal et al. (2016), in terms of Cercosaura
(including C. manicata) and Cercosaurinae species
diversity, resulted in a monophyletic Cercosaura, as
defined by Torres-Carvajal et al. (2015).

Our TE parsimony analysis includes a denser sam-
pling of cercosaurines than the molecular analyses of
Goicoechea et al. (2016), as well as the same terminals
of Cercosaura. Our results (Fig. 1) resemble those of
Pellegrino et al. (2001), Castoe et al. (2004: Bayesian
analysis), Pyron et al. (2013), and Torres-Carvajal
et al. (2015, 2016—excluding Pholidobolus dicrus and
P. vertebralis) regarding the monophyly of Cercosaura.
This contrasts with the TA + PA analysis of
Goicoechea et al. (2016) and the parsimony analysis of
Castoe et al. (2004). Similar to these analyses, our
near-optimal trees (not shown) resolve a nonmono-
phyletic Cercosaura due to the placement of C. quadri-
lineata. Therefore, we return Pantodactylus to the
synonymy of Cercosaura (Appendix 4).

Proctoporus.  Our analysis resolves monophyly for
Proctoporus (Fig. 1), as delimited by Goicoechea et al.
(2012). This finding agrees with the results of Torres-
Carvajal et al. (2015) and Goicoechea et al. (2016:
TA + PA and SA + PA analyses). Using denser
sampling of cercosaurines, analysis by Torres-Carvajal
et al. (2016) nested Euspondylus rahmi, E. spinalis,

E. oreades and Riama laudahnae within Proctoporus
s.s. Therefore, Torres-Carvajal et al. (2016) transferred
them to this genus. Further, Proctoporus sensu
Goicoechea et al. (2012) was polyphyletic. The
polyphyly of Proctoporus remains to be tested, and,
insofar as Torres-Carvajal et al. (2016) did not
propose taxonomic changes, we recognize the content
of Proctoporus as defined by Goicoechea et al. (2012,
2013), and as complemented by Torres-Carvajal et al.
(2016).

The relationships within Proctoporus are uncertain
owing to conflicting topologies (Goicoechea et al.,
2012, 2016; Torres-Carvajal et al., 2016; our work).
These include two critical considerations. First, our
analysis (Fig. 1) corroborates the hypothesis of Tor-
res-Carvajal et al. (2016) that P. pachyurus, as delim-
ited by Goicoechea et al. (2012, 2013), is a composite
of at least two species from Junin and Cusco, Peru.
Torres-Carvajal et al. (2016) included one sample of
P. pachyurus from Cusco used by Goicoechea et al.
(2012); it clustered with P. rahmi. Although the phy-
logeny of Goicoechea et al. (2012) was consistent with
the recognition of a single species, levels of genetic
divergences, the findings of Torres-Carvajal et al.
(2016), and our results suggest the occurrence of two
species. Second, different hypotheses of relationships
within Proctoporus (Goicoechea et al., 2016; Torres-
Carvajal et al., 2016; this work) challenge the biogeo-
graphical scenario of Goicoechea et al. (2012).

Impact of phenotypic evidence on molecular datasets

Epistemologically, the increased explanatory power
that results from including additional evidence vali-
dates TE analysis (Grant and Kluge, 2003; Kluge,
2004). However, to evaluate the effect of phenotypic
evidence on an analysis dominated by a larger DNA
sequence dataset, we repeated the analyses using only
the molecular evidence. Assuming that truly optimal
trees were obtained in both heuristic searches (i.e. TE
and molecular-only analyses), differences between the
results of the two analyses must be due to the inclu-
sion of the morphological evidence.

Topologies from the two analyses present important
differences (Results and Figs 1 and 2). Topological
incongruence between the two analyses is surprising
given that the TE analysis is dominated by molecular
evidence. Morphological evidence comprises only
1.2% of the TE matrix (2719 aligned nucleotides, 35
morphological characters). This finding is similar to
those of de Sa et al. (2014), who found that the inclu-
sion of phenotypic data resulted in 15 topological dif-
ferences. In addition to topological incongruence,
comparison of REP values for clades that do not differ
between the two analyses demonstrates that support
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varies with the inclusion of morphological evidence.
More importantly, support for the ingroup clades
increases. de Sd et al. (2014) also found differences in
REP values between both analyses.

In conclusion, relative to the size of the entire data-
set phenotypic evidence had a disproportionately large
impact on our TE results, showing that the inclusion
of a comparatively small amount of morphology can
alter both the topology and support values in analyses
dominated by DNA sequence data.

Character evolution

Our results identify the optimal phylogenetic expla-
nation of the species diversity of Riama s.l. and have
implications for the evolutionary origins, losses and
reversals of a number of morphological characters,
particularly those related to scutellation and hemipe-
nial anatomy. Below we focus on the evolution of pre-
frontal scales in the Cercosaurinac. However, the
future inclusion of key taxa (e.g. FEuspondylus and
Gelanesaurus) might overturn our hypotheses and
favour alternative evolutionary explanations.

Prefrontal scales.  The occurrence of prefrontals
(Character 11; Appendix 1) has played a pivotal role in
cercosaurine systematics, having been used both to
diagnose genera and species in Cercosaurinae, and to
infer phylogenetic relationships. For example, the
absence of prefrontal scales was used to diagnose the
former, polyphyletic Proctoporus s.l. (e.g. Peters and
Donosos-Barros, 1970) and as a synapomorphy of this
group (Doan, 2003a). The ancestral state for
Cercosaurinae optimizes unambiguously as plesiomor-
phically present in our analysis. Prefrontals were then
lost in the most recent common ancestor of the
immediately less inclusive clade (i.e. Cercosaurinae
excluding Placosoma + Neusticurus), with no fewer than
five independent reversals to present (Oreosaurus
mcdiarmidi, Anadia, Pholidobolus prefrontalis and
P. affinis, and the most recent common ancestor of the
clade composed of Echinosaura sulcarostrum, Petracola,
Cercosaura, Potamites and Proctoporus). Furthermore,
two subsequent returns to absent occur in Petracola and
Proctoporus (excluding Proctoporus xestus), with one
gain in Proctoporus chasqui + Proctoporus sp.

Biogeographical commentary

Our results also have implications for patterns of dis-
tribution among major biogeographical units, and
especially the connection between the Sierra Nevada de
Santa Marta in Colombia (SNSM), the Cordillera de la
Costa in Venezuela (CC), the island of Trinidad, and
the tepuis (Venezuelan Guyana and Guyana Shield)
(Fig. 3). Our inclusion of the undescribed SNSM

endemic Oreosaurus “Sierra Nevada”, two endemic
species from the CC (O. achlyens and O. “Venezuela™),
the Trinidadian endemic O. shrevei (Aripo Northern
Range), and the tepui endemic O. mcdiarmidi allows us
to test previous biogeographical hypotheses. Although
each of these highland complexes has a unique geologi-
cal history, cumulative phylogenetic evidence suggests
an ancient connection between them. Species form
monophyletic groups despite the considerable geo-
graphical distances that separate them. For example,
our analysis recovers O. “Sierra Nevada” as the sister
of the remaining species of Oreosaurus, followed by
O. mcdiarmidi. Oreosaurus achlyens is the sister of
0. shrevei + O. “Venezuela” (Figs 1 and 3). The distri-
bution of Oreosaurus (SNSM, CC, Trinidadian high-
lands and tepuis) constitutes a biogeographical pattern
(as a whole) not repeated in other vertebrates. This dis-
tribution strongly implies an ancient biogeographical
connection between the SNSM and the CC as part of
the explanation for the origin of the montane SNSM
endemic vertebrate fauna.

Cordillera de la Costa (CC)—island  of
Trinidad. ~ The Venezuelan CC extends eastwards
along the Caribbean coast from the Andean Cordillera
de Mérida and it has two main sections. First, the
Barquisimeto Depression separates the CC Central
(locality of Oreosaurus achlyens and O. luctuosus) from
the Cordillera de Mérida. Second, the CC Oriental
extends farther east along the coast toward the island
of Trinidad, which lies 12 km off the northeastern
coast of Venezuela (Doan and Schargel, 2003; Rivas
et al., 2005) (Fig. 3). In turn, the CC Oriental consists
of two separate mountain chains situated in extreme
northeastern Venezuela: the Peninsula de Paria, the
type locality of O. rhodogaster, and the massif of
Turimiquire, locality of O. “Venezuela” (Rivas et al.,
2005). The CC originally extended from the Mérida
Andes onto the island of Trinidad (Liddle, 1946).
Thus, the northern range of Trinidad, the type locality
of O. shrevei, was stratigraphically contiguous with the
coastal range of Venezuela during the Pliocene and
Pleistocene. This connection facilitated the exchange of
species through land connections. A  Miocene
downwarping event severed the land connection
(Liddle, 1946; Doan, 2003a; Rivas and de Freitas,
2015). Accordingly, the CC Oriental shares many
species with Trinidad (Rivas and de Freitas, 2015).
Steyermark (1979, 1982) and Kaiser et al. (2015)
suggested that some species endemic to the massif of
Turimiquire and the Peninsula de Paria (CC Oriental)
may be closely related to those of the CC Central and
the island of Trinidad. Brown and Lomolino (1998)
suggested that the ancestor of O. shrevei may have
arrived in Trinidad using an ephemeral Pleistocene
landbridge.
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Fig. 3. Map of northern South America and summary of the phylogeny and geographical distribution of Oreosaurus. SNSM, Sierra Nevada de
Santa Marta, Colombia; TCM, tepuis from the Chimantd massif, Venezuela; CCC, Cordillera de la Costa Central, Venezuela; IT, island of Tri-
nidad; CCO, Cordillera de la Costa Oriental, Venezuela. [Colour figure can be viewed at wileyonlinelibrary.com]

The relationship between Trinidadian and CC taxa
is, therefore, not surprising. For example, Manzanilla
et al.’s (2009) analysis of Mannophryne (Anura: Aro-
mobatidae) placed the Trinidadian endemic M. trini-
tatis and the CC endemic M. venezuelensis as sister
species. As for Oreosaurus, Doan (2003a) reported a
sister relationship for O. shrevei and O. achlyens.
Rivas et al. (2005) hypothesized O. achlyens as sister
of  O. shrevei + O. rhodogaster (not included
herein). Our analyses resolve O. achlyens as sister of
0. shrevei + O. “Venezuela”.

Cordillera de la Costa (CC) + island of Trinidad—
tepuis.  The Venezuelan Guayana contains remnants
of the ancient Guyana Shield, which supports an
endemic biota, especially in the tepuis (Doan and
Schargel, 2003; and citations therein). Tepuis are
geographically isolated mountains derived from the
Precambrian sandstone of the Roraima Group
(southern Venezuela, western Guyana, and northern
Brazil), and surrounded by savannas and tropical

forests (Bonaccorso and Guayasamin, 2013; and
citations therein). The origin of the tepuis’ biodiversity
remains uncertain (Rull, 2009; Kok and Rivas, 2011;
Bonaccorso and Guayasamin, 2013). The closest
relatives of some taxa, including endemic fauna, (may)
occur in the surrounding lowlands, the Peninsula de
Paria and the massif of Turimiquire (CC Oriental),
and the Andes (Chapman, 1931; Steyermark, 1974,
1979, 1982; Gorzula, 1987; Pérez-Eman, 2005; Rivas
et al., 2005; Schargel et al., 2005; Mauck and Burns,
2009; Bonaccorso et al., 2011; Salerno et al., 2012;
Bonaccorso and Guayasamin, 2013; Kok et al., 2013;
Rivas and de Freitas, 2015). Our results support the
hypothesis of a biogeographical association between
the CC and the tepuis. Oreosaurus mcdiarmidi, which
is endemic to the summit of Abakapa-tepui, and
0. “Venezuela”, which occurs endemically on the
Turimiquire massif (CC Oriental), are placed as sister
species (Figs 1 and 3). Similarly, Pérez-Eman (2005)
found Myioborus pariae (Aves: Parulidae), which is
endemic to the Peninsula de Paria (CC Oriental), to be
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the sister taxon of a clade composed of three species
of Myioborus that are endemic to the tepuis. Three
hypotheses exist for the origin of the tepuis’ biota that
have close affinities to other montane regions. First,
tepuis taxa come from widely distributed species in the
Neotropical montane regions and vicariance drove
their speciation. Second, multiple dispersal events from
the Andes and other montane regions account for
these taxa. Third, an ‘ancient tepui’ biota has
contributed elements to younger montane regions,
including the Andes (Bonaccorso and Guayasamin,
2013; and citations therein).

Sierra Nevada de Santa Marta (SNSM): origin of its
montane, endemic vertebrate fauna. Lower eclevation
dry forests, xeric shrublands and wide alluvial plains
isolate the SNSM (c. 5800 m maximum elevation)
from other Andean wet forests. It does not have a
physical association with the other Andean ranges,
and seems to be older than the Andes (Tschanz et al.,
1974; Simpson, 1975; Lynch and Ruiz-Carranza, 1985;
Guayasamin et al., 2009). Consequently, the SNSM is
a centre of endemism for multiple plant and animal
groups, especially in the highland cloud forests and
paramos (Ruthven, 1922; Cadena et al., 2016 and
citations therein). Several hypotheses have been
proposed to explain the origin and associations of the
endemic vertebrates of the SNSM. Ruthven (1922) and
Carriker (in Ruthven, 1922) attributed the fauna to
the lowland forest of the Magdalena basin. Carriker®,
Walker and Test (1955), Rivero (1961), and Lynch (in
Duellman, 1979) tied it to the Cordillera de la Costa
(CC). Lynch (1976) suggested affinities with the West
Indies (Antilles). Lynch and Ruiz-Carranza (1985)
pointed to the (northern) Andes and/or other Santa
Martan species. The inclusion of montane, endemic
terrestrial vertebrates from the SNSM in modern
phylogenetic studies using DNA sequences (including
the present analysis) allow testing of these historical
biogeographic scenarios.

In their phylogenetic analysis of the (current) genus
Arremon (Aves: Emberizidae), Cadena et al. (2007; see
also Cadena and Cuervo, 2010) included the SNSM
endemic A. basilicus (300-1200 m a.s.l.). Their com-
bined analysis of mitochondrial and nuclear genes
recovered A. basilicus and A. phygas, which is endemic
to the CC Oriental (Serrania de Turimiquire and
Peninsula de Paria), as sister species. The phylogeo-
graphic analysis of Henicorhina leucophrys (Aves:

‘Carriker (in Ruthven, 1922) stated that “we have in the moun-
tain mass an absolutely isolated area containing its own distinctive
habitats and faunal characteristics, into which enter but two outside
influences, that of the Magdalena basin on the southwest and that of
the central plateau of Venezuela through the Goajira Peninsula on
the east” [sic]. We interpret the latter as the CC Central.

Troglodytidae) by Caro et al. (2013; see also Cadena
et al., 2016) found H. anachoreta (1800-3600 m a.s.l.)
and H. [. bangsi (600-2100 m a.s.l.), two congeneric
(and until recently conspecific) taxa that are endemic
to the SNSM, to be more closely related to different
populations of H. leucophrys on the northern Andes
than to each other. Notwithstanding, the high capacity
of birds to disperse might have played an important
role in initially colonizing the SNSM from geographi-
cally proximate areas (e.g. Serrania de Perijd). This
scenario leaves uncertain the phylogenetic relationships
of SNSM endemic non-avian terrestrial vertebrates.
Guayasamin et al. (2009) included the SNSM endemic
Ikakogi tayrona (980—1790 m a.s.l.) in their molecular-
based phylogenetic analyses of glassfrogs (Amphibia:
Centrolenidae). Their combined analysis of mitochon-
drial and nuclear genes found /. tayrona to be the sis-
ter taxon of all other Centrolenidae (150 species
distributed throughout Tropical Central America,
Tropical Andes, CC, Tobago, Guiana Shield, Amazon
Basin and Atlantic Forest of Brazil). Thus, this study
does not shed light on specific biogeographical pat-
terns. In contrast, Castroviejo-Fisher et al. (2015)
included the SNSM endemic Cryptobatrachus boulen-
geri (360-1790 m a.s.l.) in their molecular phylogenetic
analysis of egg-brooding frogs (Anura: Hemiphracti-
dae). This species nested within a monophyletic Cryp-
tobatrachus, a genus also composed of five montane
species from the northern Andes of Colombia and
Venezuela (e.g. Serrania de Perija).

Our study is the first to include a SNSM endemic
non-avian reptile in a phylogenctic analysis using
DNA sequences. Again, Oreosaurus “Sierra Nevada”
(2156 m a.s.l.) is the sister of its congeners, which
occur in the CC, on the island of Trinidad, and the
tepuis (Figs 1 and 3). Thus, O. “Sierra Nevada” does
not have a close relationship with Andean radiations
of cercosaurines (e.g. Riama). This leads to two scenar-
ios for relationships of montane SNSM endemic verte-
brates. First, Caro et al. (2013) suggested allopatric
speciation for two SNSM endemic birds (Henicorhina
anachoreta and H. l. bangsi) after independent colo-
nization events from geographically proximate Andean
ranges (e.g. Serrania de Perija). The phylogenetic rela-
tionships of one SNSM endemic frog (Cryptobatrachus
boulengeri; Castroviejo-Fisher et al., 2015) support the
hypothesis of a biogeographical association between
the SNSM and the northern Andes (Lynch and Ruiz-
Carranza, 1985). Geologically, the SNSM and the Ser-
rania de San Lucas (northern Cordillera Central of
Colombia) are both “composed of Palacozoic and Pre-
cambrian continental rocks intruded by Mesozoic and
Cenozoic plutons”, with the SNSM being displaced by
the Santa Marta—Bucaramanga fault (Taboada et al.,
2000: 797). Second, for the case of one bird (Arremon
basilicus) and one lizard (O. “Sierra Nevada”), we
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hypothesize that an ancient biogeographical connec-
tion facilitated the exchange of species between the
SNSM and the CC, but geological events subsequently
severed the connection. Isolation drove genetic differ-
entiation and speciation. The phylogenetic evidence
provided by Cadena et al. (2007) and our analyses
cannot reject this hypothesis. Previously, Carriker (in
Ruthven, 1922), Walker and Test (1955), Rivero
(1961) and Lynch (in Duellman, 1979) suggested affini-
ties between the biota of the SNSM and CC. The Ser-
rania de Macuira may be a remnant of this
connection. This mountain range (maximum height of
c. 864 m a.s.l.) stands in the middle of the La Guajira
desert (Guajira Peninsula, Colombia). It is isolated
from the SNSM and the Andean Cordillera Oriental
of Colombia, and located approximately halfway
(northward) between the SNSM and the westernmost
portion of the CC. Its vegetation is composed mainly
of wet dwarf and cloud forests. Geological data from
the Sevilla Complex of the SNSM include the occur-
rence of rocks such as Palacozoic orthogneisses and
schists, which were intruded by Permian—Late Triassic
syntectonic granitoids. These rocks are similar to those
observed in the Macuira Formation (Cardona Molina
et al., 2006). Future phylogenetic analysis can test our
hypothesis by using Macuira endemic species, such as
the aromobatid frog Allobates wayuu.

Relevant to the proposed biogeographical scenario,
Oreosaurus rhodogaster and O. luctuosus from the CC
were not included herein. Both species were hypothe-
sized to be closely related to O. achlyens, also from
CC, and O. shrevei from Trinidad, which were
included. Further, Riama inanis from the Venezuelan
Mérida Andes was not included in our analyses but
was referred herein to Andean Riama (Appendix 4).
Although ultimately these actions may be found to be
false, only the embedding of R. inanis within Ore-
osaurus might overturn our hypothesis and favor alter-
native biogeographical explanations.

Lynch (1978) and Duellman (1979) said the SNSM
fauna was Andean, but later Lynch and Ruiz-Carranza
(1985) pointed out that these conclusions were based on
shared, widely distributed species. Based on morphol-
ogy, Lynch and Ruiz-Carranza (1985) suggested that
SNSM frogs of the (current) genus Pristimantis (includ-
ing eight endemic species) were not closely related to
taxa in the Antilles (Lynch, 1976) and the CC, but
instead to either species found in the northern Andes of
Colombia or to other SNSM species. These hypotheses
remain to be tested. Similarly, the influence of the sur-
rounding lowlands (e.g. Magdalena basin; Ruthven,
1922) on the origin of the montane SNSM endemic ver-
tebrates awaits clarification. Finally, future phyloge-
netic analyses should try to include multiple SNSM
endemic congeneric species (e.g. frogs of the genus Pris-
timantis and lizards of the genus Anolis).
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Appendix 1

Analysis and description of phenotypic characters

The following analysis of character variation and transformation
series individuation follows the current taxonomy of cercosaurines.

Hemipenial anatomy (characters 0-9)

The hemipenial anatomy of cercosaurines has been documented
traditionally in the context of alpha taxonomy (e.g. Uzzell, 1970;
Kizirian, 1996; Sanchez-Pacheco et al., 2011) and interpreted phylo-
genetically by several authors (e.g. Myers et al., 2009; Nunes et al.,
2014). Although hemipenial morphology of cercosaurines is unques-
tionably a useful source of evidence of phylogenetic relationships,
variation has not been coded as transformation series and incorpo-
rated into phylogenetic analyses. Consequently, we delimited a num-
ber of novel hemipenial characters and character states based mainly

Char. 8(1)

Fig. 4. Lateral view and asulcate face of the hemipenis of Riama
orcesi (KU 142919). Character 0, shape of hemipenial body; state 0,
cylindrical. Char. 2(2): Character 2, flounce orientation on asulcate
face of hemipenial body; state 2, horizontal (with no vertex). Char. 3
(1): Character 3, asulcate central nude area; state 1, narrow,
restricted to a sagittal stripe. Char. 4(0): Character 4, orientation of
lateral body flounces; state 0, chevron-shaped. Char. 5(1): Character
S, lateral body flounce ornamentation; state 1, present. Char. 6(1):
Character 6, position of lateral body flounce ornamentation; state 1,
distributed over entire flounce. Char. 7(0): Character 7, shape of lat-
eral body flounce ornamentation; state 0, comb-like series of spi-
cules. Char. 8(1): Character 8, isolated transversal flounces on
proximal-central region of asulcate face; state 1, present. [Colour fig-
ure can be viewed at wileyonlinelibrary.com]
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Char. 3(2)

Char. 4(1)

Fig. 5. Lateral view and asulcate face of the hemipenis of Riama
balneator (DHMECN 4111). Character 0, shape of hemipenial body;
state 1, elongated. Char. 3(2): Character 3, asulcate central nude
area; state 2, broad, occupying approximately 50% of the asulcate
face. Char. 4(1): Character 4, orientation of lateral body flounces;
state 1, extended diagonally from anterior (asulcate) to posterior
(sulcate) face. Char. 6(0): Character 6, position of lateral body
flounce ornamentation; state 0, distal, restricted to flounce extremi-
ties. Char. 7(1): Character 7, shape of lateral body flounce ornamen-
tation; state 1, isolated hook-shaped spines. [Colour figure can be
viewed at wileyonlinelibrary.com)]

Char. 9(1) Char. 1(0)

Fig. 6. Sulcate and asulcate faces of the hemipenis of Riama crypta
(KU 135104). Character 0, shape of hemipenial body; state 2, coni-
cal, with proximal region distinctly thinner than distal and lobes.
Char. 1(0): Character 1, lobes; state 0, large, distinct from hemipe-
nial body. Char. 9(1): Character 9, distal filiform appendages on the
hemipenial lobes, state 1, present. [Colour figure can be viewed at
wileyonlinelibrary.com]

on the study of gymnophthalmid hemipenial morphology by Nunes
(2011). Some characters required attention because they were highly
prone to artifacts of preparation and/or preservation of the organs
(e.g. characters 0 and 9). Thus, we coded the following characters on

Char. 1(1)
Char 9(0)

Char. 2(0)
Char. 3(0)

Char. 8(0)

Fig. 7. Asulcate face of the hemipenis of Riama simotera (ICN-R
9836). Character 0, shape of hemipenial body; state 3, globose. Char.
1(1): Character 1, lobes; state 1, narrow, uniform with the hemipe-
nial body. Char. 2(0): Character 2, flounce orientation on asulcate
face of hemipenial body; state 0, lateral (with a central vertex direc-
ted distally). Char. 3(0): Character 3, asulcate central nude area;
state 0, absent, flounces extended across entire asulcate face. Char. 8
(0): Character 8, isolated transversal flounces on proximal-central
region of asulcate face; state 0, absent. Char. 9(0): Character 9, distal
filiform appendages on the hemipenial lobes; state 0, absent. [Colour
figure can be viewed at wileyonlinelibrary.com]

the basis of distinct character-states as observed only in fully everted
and sufficiently filled hemipenes.

Character 0. Shape of hemipenial body (SHB; Figs 4-7): cylindrical
= 0; elongated = 1; conical, with proximal region distinctly thinner
than distal and lobes = 2; globose = 3. Nonadditive.

SHB was coded as cylindrical when its lateral borders approxi-
mately paralleled each other in sulcate and asulcate views, and with-
out evidence of curvatures or expansions (Fig. 4; e.g. Riama orcesi,
state 0). It was coded as elongated when its lateral borders paralleled
each other and its length (height) was more than twice the largest
width (Fig. 5; e.g. R. balneator; state 1). Likewise, we considered
SHB to be conical when its proximal region was distinctly thinner
than its distal region and lobes (Fig. 6; e.g. R. crypta; state 2). Glo-
bose hemipenes had lateral borders that were curved uniformly, thus
providing the body with a roughly rounded condition (Fig. 7; e.g.
R. simotera; state 3). The absence of intermediacy among states sug-
gested nonadditivity, and, therefore, we scored this transformation
series as being nonadditive.

Character 1. Lobes (Figs 6 and 7): large, distinct from hemipenial
body = 0; narrow, indistinct from hemipenial body = 1.

Hemipenial lobes were prominent and distinct from the rest of the
organ by projecting considerably from the distal limits of the hemi-
penial body (Fig. 6; e.g. Riama crypta; state 0). Alternatively, hemi-
penial lobes were small and indistinct from the rest of the organ by
projecting only slightly from the hemipenial body, often making it
difficult to delimit lobes from body (Fig. 7; e.g. R. simotera; state 1).

Character 2. Flounce orientation on asulcate face (Figs 4, 7, 8): lat-
eral (central vertex directed distally, in contact on the center of asul-
cate face) = 0; medial (central vertex directed proximally, in contact
on the center of asulcate face) = 1; horizontal (with no vertex) = 2.
Nonadditive.
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Char. 2(1)

Fig. 8. Asulcate face of the hemipenis of Riama cashcaensis (KU
217206). Char. 2(1): Character 2, flounce orientation on asulcate face
of hemipenial body; state 1, medial (with a central vertex directed
proximally). [Colour figure can be viewed at wileyonlinelibrary.com]

All ingroup taxa had flounces on both lateral regions of the hemi-
penial body, which expand from opposite lateral regions and invade
the asulcate face, either reaching the center of it, or not. Species in
which the flounces reach the center of the asulcate area were
assigned to one of three patterns: flounces continuous forming chev-
ron-shaped lines with the vertex directed either distally (“A”; Fig. 7;
e.g. Riama anatoloros, R. colomaromani, R. columbiana, R. laevis,
R. “Narino”, R. simotera and R. stigmatoral; state 0) or proximally
(“V”; Fig. 8; e.g. R. cashcaensis and R. yumborum; state 1); and
flounces forming discontinuous (but nearly complete) horizontal
lines, with no vertex (“— —”; Fig. 4; e.g. R. orcesi, R. raneyi and
R. striata; state 2). Species in which the flounces did not reach the
center of the asulcate face were coded as inapplicable. No intermedi-
ate state(s) in flounce orientation on asulcate face of the hemipenial
body existed. Thus, we evaluated this transformation series as being
nonadditive.

Character 3. Asulcate central nude area (Figs 4, 5, 7): absent,
flounces extended across entire asulcate face = 0; narrow, restricted
to a sagittal stripe = I; broad, occupying approximately 50% of the
asulcate face = 2. Nonadditive.

Flounces expanding from opposite lateral regions of the hemipe-
nial body and occupying the asulcate face formed continuous or dis-
continuous lines on this face. A vertical “nude” area of the asulcate
face was formed where the flounces were discontinuous, (nearly) hor-
izontal and equal-length lines (e.g. Fig. 4). Depending on the prox-
imity between flounces from opposite lateral regions, nude areas
varied in width. Nude areas were coded narrow when they were
restricted to a sagittal stripe (Fig. 4; e.g. Riama orcesi, R. raneyi,
R. stigmatoral and R. striata; state 1) and broad if they occupied at
least 50% of the asulcate face (Fig. 5; e.g. R. balneator; state 2).
When the flounces formed continuous lines that extended across the
entire asulcate face, we considered the nude area to be absent
(Fig. 7, e.g.  R. anatoloros, R. cashcaensis, R. colomaromani,
R. columbiana, R. laevis, R. maxima, R. meleagris, R. simotera,
R. unicolor and R. yumborum; state 0). The increasing (or

Char. 4(2)

Fig. 9. Lateral view of the hemipenis of Riama striata (KU 217206).
Char. 4(2): Character 4, orientation of lateral body flounces; state 2,
horizontal. [Colour figure can be viewed at wileyonlinelibrary.com]

decreasing) degree of proximity between flounces from opposite lat-
eral regions was indicative of additivity. However, we did not treat
this character as additive because no ontogenetic evidence suggested
that transformations between states 0 and 2 passed through state 1.

Characters 2 and 3 were transformationally independent and, as
such, were coded separately. No evidence indicated a relationship
between flounce (dis)continuity and orientation on the center of the
asulcate face. Therefore, we did not consider horizontal flounce orien-
tation (character 2, state 2; “— —") and a narrow, vertical nude area
(character 3, state 1; “= ="), as well as continuous, chevron-shaped
flounces (character 2, e.g. state 1; “V”) and the absence of vertical
nude areas (character 3, state 0; “~*7), as identical character states.

Character 4. Orientation of lateral body flounces (Figs 4, 5, 9):
chevron-shaped = 0; extended diagonally from anterior (asulcate) to
posterior (sulcate) face = 1; horizontal = 2. Nonadditive.

All ingroup taxa had flounces on both lateral regions of the hemi-
penial body. In most species, these lateral flounces formed chevron-
shaped lines with the vertex directed proximally (“V”; Fig. 4; e.g.
Riama orcesi; state 0). In other species, the lateral flounces either
extended diagonally from the asulcate (anterior) to the sulcate (pos-
terior) face (“/”; Fig. 5; e.g. R. balneator; state 1) or were directed
horizontally (“—7; Fig. 9; e.g. R. striata; state 2). The absence of
intermediacy among states suggested nonadditivity.

Character 5. Lateral body flounce ornamentation (Figs 4 and 10):
absent = 0; present = 1.

Most gymnophthalmids have calcified structures ornamenting the
lateral body flounces. Estes et al. (1988) suggested that this character
state was a putative synapomorphy of Gymnophthalmidae. In con-
trast, based on the topology presented by Pellegrino et al. (2001),
Nunes et al. (2014) interpreted the presence of such structures as
either a synapomorphy of a less inclusive group within the family
(Gymnophthalmidae except Alopoglossinae—now Alopoglossidae
according to Goicoechea et al., 2016) with subsequent independent
reversals, or as independently evolved at least twice within
Gymnophthalmidae. Alternatively, based on the topology presented
by Castoe et al. (2004), Nunes et al. (2014) interpreted this condition
as the result of three independent origins within the family.
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Char. 5(0)

Fig. 10. Lateral view of the hemipenis of Bachia flavescens (AMNH
140925). Char. 5(0): Character 5, lateral body flounce ornamenta-
tion; state 0, absent. [Colour figure can be viewed at wileyonlineli-
brary.com]

Our assessment of the hemipenes revealed the presence of calcified
ornamentation on the lateral body flounces (Fig. 4; state 1) in all
species of Riama and most cercosaurines. These structures are absent
(Fig. 10; state 0) in two cercosaurines (Neusticurus bicarinatus and
N. rudis), Bachia flavescens, Ecpleopus gaudichaudii, Rachisaurus bra-
chylepis, and the non-gymnophthalmid taxa (Kentropyx calcarata,
Ameivula ocellifera and Ptychoglossus brevifrontalis).

Character 6. Position of lateral body flounce ornamentation (Figs 4
and 5): distal, restricted to flounce extremities = 0; distributed over
entire flounce = 1.

Among the sampled species with ornamented lateral flounces, the
calcified structures may be distributed over the entire flounce without
interruption (Fig. 4; e.g. Riama orcesi; state 1), or restricted to the
extremities of the flounce, with the rest of the flounce being “nude”
(Fig. 5; Echinosaura sulcarostrum, R. anatoloros, R. balneator and
Riolama leucosticta; state 0).

Character 7. Shape of lateral body flounce ornamentation (Figs 4
and 5): comb-like series of spicules = 0; isolated hook-shaped spines
= 1; calcified lamina = 2. Nonadditive.

The calcified ornamentation on the lateral body flounces varied in
shape and disposition. Most cercosaurines and a few gymnoph-
thalmines possess small calcified spicules organized in series along
each flounce (Fig. 4; e.g. Riama orcesi; state 0), which have been
generally referred to as “comb-like” series of spicules (e.g. Myers
and Donnelly, 2001; Rodrigues et al., 2005, 2007; Nunes et al.,
2014). Sometimes calcified spines on less conspicuous lateral flounces

were enlarged and elongated, isolated and hook-shaped (Fig. 5; Echi-
nosaura sulcarostrum, R. balneator and Riolama leucosticta; state 1).
Some species of Gymnophthalmus Merrem, 1820 had expanded calci-
fied lamina, as represented by G. vanzoi (state 2). We analysed this
transformation series as nonadditive because of the absence of inter-
mediate states.

Character 8. Isolated horizontal flounces on proximal-central region
of asulcate face (Figs 4 and 7): absent = 0; present = 1.

Many cercosaurines, including approximately half of the species
of Riama included herein, possess isolated, nearly horizontal flounces
on the proximal-central region of the asulcate face (Fig. 4; e.g.
R. orcesi; state 1). The other species did not have it (Fig. 7; e.g.
R. simotera; state 0). Ornamentation occurs on these flounces, but
interspecific variation in shape and disposition was much more com-
plicated than that observed in lateral body flounces. Because we were
unable to delimit transformation series objectively, we did not code
ornamentation of proximal flounces of the asulcate face.

Character 9. Distal filiform appendages on the hemipenial lobes
(Figs 6 and 7): absent = 0; present = 1.

Sdnchez-Pacheco et al. (2011) documented the occurrence of single,
distal filiform appendages on the hemipenial lobes of Riama crypta
and R. hyposticta (Fig. 6), which they interpreted as a putative
synapomorphy uniting these two species. They cautioned that the
detection of such structures required the hemipenial lobes to be fully
everted, which may not have been the case for the described hemi-
penes of other putatively related species (e.g. R. afrania; Arredondo
and Sanchez-Pacheco, 2010). These appendages were distinctly thinner
than the rest of the lobe (Fig. 6). Among other gymnophthalmids,
similar appendages have been documented for Cercosaura manicata
and an unnamed species of Iphisa Gray, 1851 (Nunes, 2011; Nunes
et al., 2012). However, these differed in length, especially those of
Iphisa sp. Kohler and Lehr (2004: 510, Fig. 7) described and illus-
trated the hemipenis of Proctoporus laudahnae, and reported the “apex
[of the organ] with two large protrusions separated by the distal end
of the sulcus spermaticus”. These protuberances seemed to be more
integrated with other lobular folds (i.e. less distinct from the rest of
the lobe) than those of R. crypta and R. hyposticta, and the hemipenes
of four more cercosaurines (R. “Cordillera Occidental”, Proctoporus
bolivianus, P. guentheri and P. pachyurus) examined herein had simi-
lar structures. Apical soft-tissue papillae also occurred atop each lobe
in the cercosaurines Anadia ocellata and A. blakei (Myers et al., 2009).
However, these structures were paired and distinctly robust. Cer-
cosaura manicata, Iphisa sp., P. laudahnae, A. ocellata and A. blakei
were not included in the current study.

Variation in length and degree of integration with the rest of the
lobe suggested that the single distal filiform appendages on the hemi-
penial lobes of Riama crypta and R. hyposticta may not be homolo-
gous with those of R. “Cordillera Occidental”, Proctoporus
bolivianus, P. guentheri and P. pachyurus. It was also possible that
two transformation series have been conflated under “present”; thus,
one involving occurrence of the appendages, the other variation in
their length. For the purpose of the present phylogenetic analysis,
we recognized only two character-states: single, distal filiform appen-
dages on the hemipenial lobes absent (Fig. 7; e.g. R. simotera; state
0) and single, distal filiform appendages on the hemipenial lobes pre-
sent (Fig. 6; e.g. R. crypta; state 1).

External morphology (scutellation, characters 10-34)

Traditionally, variation in scutellation has been used descriptively
and comparatively in taxonomic studies of cercosaurines. Because of
this, we reviewed its usage in the context of cercosaurine phyloge-
netic systematics. We defined a number of novel characters and
states (characters 10, 13, 14, 20, 21, 28, 30, 31), modified a series of
characters that have been used in previous phylogenetic analyses (11,
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12, 15, 18, 19, 22-27, 29, 32-34), and perpetuated the use of two
characters (16 and 17).

Character 10. Minute tubercles on dorsal head scales: absent = 0;
present = 1.

In state 0, all dorsal head scales were smooth and glossy because
they lacked minute tubercles or granules (e.g. Petracola spp., Procto-
porus spp., Riama spp.). State 1 consisted of dense rounded, minute
tubercles or granules on the dorsal head scales and was confined to
some species in the outgroup (Neusticurus spp., Potamites spp.,
Ameivula ocellifera and Kentropyx calcarata).

Character 11. Prefrontal scales occurrence: absent = 0; present = 1.

Because the occurrence of prefrontals has been used to diagnose
genera and species, and to hypothesize phylogenetic relationships, it
has played a pivotal role in cercosaurine systematics. The absence of
prefrontals has been used to diagnose the former Proctoporus s.l.
(e.g. Peters and Donosos-Barros, 1970), and interpreted as a synapo-
morphy of this group (Doan, 2003a). Although prefrontals vary in
size and degree of medial contact, which was the basis of Doan’s
(2003b; character 3) coding of this character, prefrontal scales were
absent in all ingroup species and some relevant outgroup taxa (e.g.
Petracola spp., most of Proctoporus spp.) (but see below). Therefore,
we scored only the absence (state 0) and presence (state 1) of pre-
frontals, despite the occurrence of conflated transformation series
under “present”.

Intraspecific variation in the occurrence of prefrontal scales was
found to occur rarely in cercosaurines. An undescribed species
referred to herein as Riama “Cordillera Occidental”, as well as
Macropholidus huancabambae, Pholidobolus macbrydei and Procto-
porus sucullucu exhibited polymorphism, though the presence of pre-
frontal scales is rare in R. “Cordillera Occidental” and P. sucullucu.
Therefore, we coded these species as polymorphic (absent/present).

Characters 12—14. Nuchal scale relief

Dorsal scale relief has been used descriptively and comparatively in
alpha taxonomic studies of cercosaurines, and of Riama in particular
(e.g. Kizirian, 1996). Studies have rarely distinguished posterior and
nuchal scales probably because of the usually uniform relief of dorsal
scales, such as when both nuchal and posterior scales were keeled.
However, the texture of posterior dorsal scales and nuchal scales
sometimes differed. For example, Sanchez-Pacheco (2010a) noted that
the nuchals of R. striata and two undescribed species were rugose but
the posterior scales were striated. Species of Riama had smooth
nuchals but keeled or striated posterior dorsals (Sanchez-Pacheco
et al., 2011, 2012; Aguirre-Penafiel et al., 2014). Thus, the textures of
nuchal and posterior dorsal scales have independent transformations,
which further examination of additional ingroup and outgroup taxa
reinforced. Therefore, we coded nuchal (characters 12-14) and poste-
rior dorsal scale relief (characters 22-28) separately.

The texture of nuchal scales has been noted sporadically in diag-
noses and descriptions. Uzzell (1958) first reported that the nuchal
scales of R. achlyens and R. luctuosa (not included herein) were
keeled. Sdnchez-Pacheco (2010a) reported the nuchals of
R. “Cordillera Occidental” (R. “sp. 2” in that study), R. “Cordillera
Central” (R. “sp. 1), R. striata, R. vieta and R. stellae as being
rugose. Sdnchez-Pacheco (2010b), Sanchez-Pacheco et al. (2011,
2012) and Aguirre-Penafiel et al. (2014) described the nuchal scales
of R. aurea, R. columbiana, R. crypta, R. hyposticta, R. kiziriani and
R. yumborum as smooth. In general, character states related to scale
relief, including the smooth condition, have been combined into a
single character under the assumption that they represented a unique
transformation series (e.g. Doan, 2003a; : character 46; Rodrigues
et al., 2005; : characters 10 and 11). However, this oversimplification
of coding involved independent transformations. For example, the
absence of keels or rugosities (or striations in the case of posterior
dorsal scales), does not necessarily imply smoothness. In contrast,
the absence of all these different conditions determines smoothness.
In addition, minute tubercles and keels may occur together on

nuchal scales (e.g. Neusticurus spp., Placosoma cordylinum), or may
not (e.g. Potamites spp., only tubercles; R. achlyens and R. shrevei,
only keels). Therefore, we coded the different conditions as indepen-
dent characters. Kizirian (1996), Sanchez-Pacheco (2010a) and
Sanchez-Pacheco et al. (2012) discussed variation in dorsal scale
relief among species of Riama. They proposed explicit character-
states, which we employed in delimitating characters related to
nuchal scale relief, specifically characters 12 and 13.
Character 12. Keels on nuchal scales: absent = 0; present = 1.

Following Sanchez-Pacheco et al. (2012), state 1 involved a (gen-
erally weak) keel in the middle of the nuchal scale, not flanked by
striations (e.g. Riama achlyens). Species lacking such keels were
scored as state 0. No intraspecific variation in this character was
detected.

Character 13. Rugosities on nuchal scales: absent = 0; present = 1.

Kizirian (1996) and Sanchez-Pacheco (2010a) referred the rugose
condition to scales with multiple, minute, nearly longitudinally posi-
tioned ridges (state 1; e.g. Riama striata). Species without rugosities
were scored as state 0. Intraspecific variation occurred in Pholidobo-
lus macbrydei, which was coded as absent/present.

Character 14. Minute tubercles on nuchal scales: absent = 0; pre-
sent = 1.

Species with rounded, minute tubercles or granules distributed
densely over the nuchal scales were scored as state 1. Scale texture
appeared granular under high magnification. This character-state
only occurred in the outgroup species Neusticurus spp., Potamites
spp., Placosoma spp., and Kentropyx calcarata. Species lacking these
tubercles were scored as 0. No intraspecific variation was detected.

Character 15. Palpebral disc of lower eyelid: undivided = 0; divided
=1.

The palpebral disc of the lower eyelid has long been used in
gymnophthalmid systematics (e.g. Boulenger, 1885). Uzzell (1958,
1970) used this structure to diagnose species groups in the former
Proctoporus s.1. Most gymnophthalmids possess fully movable eye-
lids. The palpebral disc of their lower eyelid is either undivided (e.g.
most Proctoporus s.s. spp., Macropholidus spp.; state 0) or divided
into several scales (e.g. Riama spp., Petracola spp.; state 1). Pota-
mites juruazensis exhibited intraspecific variation and we coded this
species as polymorphic (single/divided). Doan (2003a: character 13)
noted interspecific variation in the number of scales in the palpebral
disc of the lower eyelid. We scored only the condition of the palpe-
bral disc—undivided or divided—because, when divided, variation
was continuous (i.e. meristic), which must be accounted for when
individuating characters (see Materials and Methods: Phenotypic evi-
dence). Some gymnophthalmids lack eyelids (tribe Gymnophthalmini
Fitzinger, 1826, except Tretioscincus Cope, 1862), including
Gymnophthalmus  vanzoi, the only eyelidless gymnophthalmid
included herein. This species was coded as missing (“—7).

Character 16. Frontonasal scale: undivided = 0; divided = 1.

All species of Riama possess an undivided frontonasal scale (state
0), and it is both undivided and divided (state 1) in our outgroup
species. Differences occur in frontonasal division. Vertical divisions
into two scales occurs in some taxa (e.g. Cercosaura argula and
C. oshaughnessyi), and into three scales in others (e.g. Echinosaura
sulcarostrum). Only several outgroup taxa exhibit variation. There-
fore, we treated the division of frontonasal scale as a single character
state. This character corresponded to character 1 of Doan (2003b).

Character 17. Relative frontonasal length: shorter than frontal = 0;
same length as frontal = 1; longer than frontal = 2. Nonadditive.

Given the consistency of frontal length, this reference point was
used to compare interspecific variation in the size of frontonasals.
Following Kizirian (1996) and character 2 of Doan (2003a.b), coding
of the frontonasal length was based on it being shorter (state 0),
equal to (state 1), or longer than the frontal (state 2). The consider-
able intraspecific variation that occurred within Riama was
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accounted for by polymorphic coding (e.g. 0/1/2). Although state 1
was intermediate in the degree of frontonasal “expansion”, no onto-
genetic evidence suggested that transformations between states 0 and
2 passed through state 1. Furthermore, the frontonasal was either
shorter or longer than the frontal in some species (e.g. R. laevis).
Therefore, we evaluated this character as being nonadditive.

Character 18. Nasoloreal suture: absent = 0; incomplete = 1; com-
plete (i.e. loreal scale present) = 2. Nonadditive.

Occurrence of the loreal scale usually has been reported as absent
or present. However, Kizirian (1996: 89) pointed out that in Riama
“[t]he nasoloreal suture can be absent (= loreal absent), complete (=
loreal present), or incomplete. In some cases, where the suture is
incomplete, the scale is referred to as a nasoloreal scale [= loreal
absent]”. Doan (2003a: 373) modified the terminology by coding this
character as “nasal condition: undivided 0 (i.e. nasal and loreal
fused), incompletely divided 1, divided into separate nasal and loreal
scales 2”. Although Doan’s intention was the same as Kizirian’s, her
character delimitation described the observed variation somewhat
less precisely. For this reason, our coding followed Kizirian.

In state 0, specimens lacked a nasoloreal suture. When present, the
nasoloreal suture extended from the supralabial or frenocular scales
part-way to the frontonasal scale (state 1), or all the way to the fron-
tonasal (state 2), forming the loreal scale. For illustrations of these
three states, see Kizirian (1996). State 1 was intermediate in the
degree of suture development, yet no ontogenetic evidence suggested
it was the transformational state between states 0 and 2. In some spe-
cies the nasoloreal suture is either absent or complete (e.g. Riama
meleagris). Therefore, the character was evaluated as nonadditive.

Unlike most cercosaurine and gymnophthalmid genera, the degree
of development of the nasoloreal suture varied considerably among
conspecifics of Riama. For example, whereas intraspecific variation
has been reported for only three of the outgroup taxa included herein,
it has been detected in 16 of the sampled ingroup species. Thus, we
coded these terminals as polymorphic (0/1, 0/2, 1/2, 0/1/2). Interspeci-
fic variation was common in Riama, but less so in the outgroup gen-
era. Incomplete nasoloreal sutures occurred in some Riama spp.,
several specimens of Proctoporus bolivianus (Uzzell, 1970; Goicoechea
et al., 2013) and the holotype of Riolama leucosticta (Uzzell, 1973).

Character 19. Scale organs on labials: absent = 0; present = 1.

Sensory scale organs occurred on the labial scales in all species of
Riama. Among the sampled outgroup taxa, scale organs on labials
were both present (e.g. Proctoporus spp., Petracola spp.; state 1) and
absent (e.g. Neusticurus spp., Placosoma spp., Rhachisaurus brachyle-
pis; state 0). No intraspecific variation was detected. Doan (2003a,b)
treated the variation in number of scale organs on the first supral-
abial and the first infralabial as characters 24 and 25, respectively.
We did not follow Doan’s coding for several reasons. First, if pre-
sent, minute scale organs occur in most, if not all labials, and we do
not consider exclusion of the remaining labials to be precise. Like-
wise, delimitation of the number of scale organs between the first
infralabial and the first supralabial is arbitrary, and we do not con-
sider a distinction between both scales to constitute different trans-
formations series. Second, variation is continuous (i.e. meristic),
which must be accounted for when individuating transformations
series (see Materials and Methods: Phenotypic evidence). Third, as
coded by Doan, the character excludes absence of scale organs on
labials, which was precise in that study given the taxon sampling
(only species with scale organs), but it does not consider our
observed variation.

Character 20. Association of supralabial and subocular: separated =
0; fused = 1.

Kizirian (1996) diagnosed Riama labionis based on the
“supralabial-subocular fusion”, and summarized observed variation
(both intra- and interspecific) in Ecuadorian species as absent or pre-
sent. Subsequent alpha taxonomic studies of some cercosaurine genera
(e.g. Petracola, Riama) have reported the supralabial-subocular

association. Although Kizirian described the holotype of R. labionis as
having the “subocular fused to fourth supralabial”, he did not explic-
itly mention which subocular was fused, making it difficult to recog-
nize homologous fusions in other species. However, figure 12 of
Kizirian (1996) showed the third subocular and fourth supralabial
fused. Kizirian noted that some specimens of R. cashcaensis, R. raneyi
and R. simotera exhibited the supralabial-subocular fusion. Close
examination of specimens of these species (Appendix 3) revealed that,
when fusion occurs, variation encompasses only the supralabial being
fused with the subocular (fourth supralabial in R. simotera and
R. caschaensis, fifth supralabial in R. raneyi). In all cases, the third
subocular fused with the fourth or fifth supralabial.

Among the included outgroup taxa, this unusual fusion has been
detected in Anadia mediarmidi (Kok and Rivas, 2011), and Riolama
leucosticta (Molina and Senaris, 2003: 16; fig. 3). In both cases, the
fifth supralabial fused with the third subocular, as in specimens of
Riama raneyi. Terminology has varied in the literature. Molina and
Senaris (2003: 15, translated freely from the Spanish) termed the
fusion as “the supralabial series interrupted by a subocular scale”.
Kok and Rivas (2011: 5) stated “one [subocular] scale slightly pro-
truding downward between 4th and 5th supralabial [sic]”.

Variation involving the supralabials being fused with the third
subocular suggested nonhomology. However, we treated the variants
as homologous and considered all fusions as a single character-state.
When present, the second and third supralabials fused in an elon-
gated “second” supralabial in Riama labionis (Kizirian, 1996: 115;
fig. 12), R. cashcaensis and R. simotera. Hence, the supralabial scale
that fused with the third subocular was the same as in the other spe-
cies. Herein, we delimited this character as an association of the
third subocular and the fourth or fifth supralabials as follows: sepa-
rated (state 0), and fused (state 1). Intraspecific variation has been
detected in seven species of Riama (Kizirian, 1996; Sdnchez-Pacheco
et al., 2012; this study); these were scored as polymorphic (sepa-
rated/fused).

Character 21. Association of anterior supraocular and anterior
superciliary: separated = 0; fused = 1.

In most cercosaurines, a suture separates the anterior supraocular
and anterior superciliary medially (state 0). When an enlarged scale
occupied the area shared by both scales (e.g. Petracola spp., some
Proctoporus spp.), we, like some other authors (Uzzell, 1973; Kizir-
ian, 1996; Kohler and Lehr, 2004; Kizirian et al., 2008), interpreted
this as evidence of fusion (state 1). This state has also been referred
to as the first superciliary expanding onto the dorsal surface of the
head (e.g. Uzzell, 1970; Goicoechea et al., 2013). Intraspecific varia-
tion (0/1) has been observed in Proctoporus lacertus (Goicoechea
et al., 2013), Riolama leucosticta (Uzzell, 1973), and Riama “Cordil-
lera Central” (this study), the only species of Riama in which
supraocular—superciliary fusion was detected.

Characters 22-28. Dorsal scale relief.

In addition to the keels, rugosities and minute tubercles described
in characters of nuchal scale relief (12-14), there is interspecific vari-
ation in posterior dorsal scale relief involving striations and longitu-
dinal rows of tubercles, as well as the morphology of keels and
striations. Therefore, we individuated additional transformation ser-
ies encompassing the observed variation. Kizirian (1996), Sanchez-
Pacheco (2010a) and Sanchez-Pacheco et al. (2012) discussed varia-
tion in dorsal scale relief among species of Riama. They proposed
explicit character states that we employed in the delimitation of the
following characters (specifically characters 23-27).

Character 22. Minute tubercles on posterior dorsal scales: absent =
0; present = 1.

Species with rounded, minute tubercles or granules distributed
densely over the posterior dorsal scales, making scale texture appear
granular under high magnification, were scored as state 1. This char-
acter state only occurred in the outgroup (Neusticurus spp., Pota-
mites spp., Placosoma spp. and Kentropyx calcarata). Species that
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lacked minute tubercles on posterior dorsals were scored as 0. No
intraspecific variation in this character was detected.

Character 23. Keels on posterior dorsal scales: absent = 0;
present = 1.

Following Sanchez-Pacheco et al. (2012), presence of a keel in the
middle of the dorsal scale, not flanked by striations, was scored as
state 1. Species that lacked these keels were scored as state 0.
Intraspecific variation was detected in some species of Pholidobolus,
Proctoporus and Riama. We coded these occurrences as polymor-
phisms (absent/present).

Character 24. Morphology of keels on posterior dorsal scales: weak
(low, rounded keel) = 0; strong (prominent keel) = 1.

When present, keels on posterior dorsals were weak (i.e. low and
rounded; state 0) or strong (i.e. prominent). When present, keels in
species of Riama were usually weak but several species had strong
keels (e.g. R. achlyens, R. shrevei and R. “Venezuela”). Intraspecific
variation was not detected. Species without keels on posterior dorsal
scales were coded as inapplicable.

Character 25. Striations on posterior dorsal scales: absent = 0; pre-
sent = 1.

Following Kizirian (1996) and Sénchez-Pacheco et al. (2012), the
striated condition referred to two centrally positioned, longitudinal
and parallel furrows (state 1). Species without these striations were
scored as state 0. Intraspecific variation occurred in some species of
Pholidobolus, Proctoporus and Riama. These species were coded as
polymorphic (absent/present).

Character 26. Morphology of striations on posterior dorsal scales:
weak (shallow furrows) = 0; strong (deep furrows) = 1.

When present, striations on posterior dorsals were either weak
(shallow furrows; state 0) or strong (deep furrows; state 1). When
present, the striations were usually weak in species of Riama. How-
ever, several species exhibited strong striations (e.g. R. striata and
undescribed R. “Cordillera Occidental” and R. “Cordillera Cen-
tral”). Intraspecific variation was not detected. Species without the
striations were coded as inapplicable.

Character 27. Rugosities on posterior dorsal scales: absent = 0; pre-
sent = 1.

Kizirian (1996) and Sanchez-Pacheco (2010a) considered the
rugose condition to indicate scales with multiple, minute, nearly lon-
gitudinally positioned ridges (state 1). This condition occurred in the
posterior dorsals of Riama vieta and R. stellae only (one of the five
species of Riama not included in this study). The remaining ingroup
and outgroup species were scored as state 0 (absent). Intraspecific
variation was not observed.

Character 28. Longitudinal rows of tubercles on dorsum: absent =
0; present = 1.

Longitudinal rows of tubercles on the dorsum (state 1) were con-
fined to the outgroup species Neusticurus spp. and Potamites spp.
The remaining outgroup and ingroup species were scored as state 0
(absent). Intraspecific variation was not detected.

Characters 29-30. Anterior row of cloacal plate.

Kizirian (1996) reviewed the occurrence of, and variation in, the
anterior cloacal plate row of Ecuadorian Riama. The different condi-
tions have been reported consistently for both ingroup taxa (e.g.
Sanchez-Pacheco, 2010b; Aguirre-Penafiel et al., 2014) and outgroup
species (e.g. Goicoechea et al., 2013; Proctoporus spp.). Doan
(2003a,b): character 36) coded variation in cloacal plate rows as
“number of cloacal plate rows (1 or 2)”, where “1” referred to the
absence of the anterior row. We did not follow this coding because
it lacked explicit delimitation of character-states, and two transfor-
mations series were combined under her character state “2” (i.e.
anterior row present; see below).

Character 29. Anterior cloacal plate row: absent = 0; present = 1.

The anterior cloacal plate row was either absent (e.g. Bachia fla-
vescens and Ecpleopus gaudichaudii; state 0) or present (e.g. Riama

columbiana; state 1). Rivas et al. (2005: 463, fig. 2; absence (top),
presence (bottom)) and Aguirre-Penafiel et al. (2014: 252, fig. 3;
absence (left), presence (right)) illustrated examples. Some species of
Riama exhibited intraspecific variation, which was coded as a poly-
morphism (0/1).

Character 30. Condition of anterior cloacal plate row: one scale =
0; paired scales = 1.

When present, the anterior cloacal plate row was composed of
either a small scale (e.g. Riama meleagris and R. shrevei; state 0) or
two large scales (e.g. R. crypta; state 1). Species without the ante-
rior plate row were coded as inapplicable. Kizirian (1996: 102,
fig. 5; a single small scale (bottom), two large scales (top)) illus-
trated examples. Intraspecific variation in Ptychoglossus brev-
ifrontalis  and several species of Riama was coded as a
polymorphism (0/1).

Character 31. Rugosities on ventral scales: absent = 0; present = 1.

Rugose ventral scales are extremely rare in Gymnophthalmidae.
Herein, only Riama vieta and undescribed R. “Cordillera Occidental”
possessed rugosities (as defined in characters 13 and 27; state 1) on
their ventrals. Not included herein, R. stellae had rugose ventrals.
All remaining ingroup and outgroup taxa were scored as state 0.
Intraspecific variation was not detected.

Character 32. Dorsal scale shape: approximately quadrangular =
0; rectangular = 1; hexagonal or sub-hexagonal = 2; irregular = 3.
Nonadditive.

The shape of the dorsal scales has been used in gymnoph-
thalmid systematics for decades (e.g. Boulenger, 1885). Consider-
able variation occurred within Cercosaurinae. Our species
possessed roughly quadrangular (e.g. Placosoma spp.; state 0), rect-
angular (e.g. Proctoporus spp.; state 1), hexagonal or sub-hexago-
nal (e.g. Pholidobolus spp.; state 2), or irregular (e.g. Potamites
spp.; state 3) dorsals. Most species of Riama exhibited state 1,
whereas a few taxa from Venezuela and Trinidad had state 2.
Intraspecific variation was detected only in Kentropyx calcarata,
which was coded accordingly (2/3). This character corresponded to
character 45 of Doan (2003a,b), except for the inclusion of irregu-
larly shaped scales and the exclusion of the states “rhomboid” and
“pyramidal”, presumably due to differences in taxon sampling and
observed variation. The absence of intermediate states suggested
nonadditive analyses.

Characters 33-34. Occurrence of femoral pores.

The occurrence and number of femoral pores are two of the
most useful characters for discriminating species of Riama. These
two characters are sexually dimorphic, with males usually possess-
ing more femoral pores than females. In some species, females
lacked them (Kizirian, 1996). Therefore, we coded males and
females as separate semaphoronts. Distinction between preanal and
femoral pores has been commonly used in cercosaurine systematics.
As such, Doan (2003a,b): characters 40-42) coded preanal and
femoral pores separately. However, explicit discrimination of pre-
anal and femoral pores has been generally lacking. Kizirian (1996:
92) stated “[p]reanal pores are femoral pores that occur medially,
inside a line congruent with the outside edge of the tail. The pres-
ence of femoral pores that are preanal in position is actually diffi-
cult to determine”. Consequently, the distinction between preanal
and femoral pores has been arbitrary. As pointed out by Grant
et al. (2006: 66) “[a]lthough such arbitrariness is relatively harmless
in descriptive taxonomic studies, the cumulative effect of arbitrary
delimitations can be disastrous in phylogenetic analyses.” Therefore,
we considered the complete pore series to be femoral pores. In
addition, femoral pores varied in number, and Doan (2003a,b)
coded this variation accordingly. However, frequencies do not
entail additional character-state transformations and mistakenly
equate population-level similarity with transformation events (see
Materials and Methods: Phenotypic evidence). Therefore, we scored
only the absence and presence of femoral pores, despite the fact
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that we have conflated additional transformation series under “pre-
sent”.

Character 33. Femoral pores in males: absent = 0; present = 1.

Males usually had femoral pores (e.g. Riama spp.; state 1). Never-
theless, several male cercosaurines lacked femoral pores (e.g. Macro-
pholidus  huancabambae, Pholidobolus montium and P. prefrontalis,
state 0). Intraspecific variation in M. annectens, P. affinis and
P. macbrydei was coded as a polymorphism (absent/present).

Character 34. Femoral pores in females: absent = 0; present = 1.

Females lacked femoral pores (e.g. Riama cashcaensis and
R. orcesi; state 0) or had them (e.g. R. achlyens and R. oculata; state
1). Intraspecific variation was more common than in males (e.g.
eight species of Riama). Therefore, we coded these cases as polymor-
phisms (absent/present).

Appendix 2
Specimens examined

The following list of specimens examined includes material used
to individuate the transformation series and score the character
states, as well as for species identification and generic allocation.
Ingroup species are listed following the new taxonomy proposed
below. See Materials and Methods for institutional abbreviations.

Ingroup taxa
Andinosaura

A. afrania: COLOMBIA: Antioquia: municipio de Urrao, 13 km
NE on Urrao—Caicedo road, Valle Real, 2350 m (a.s.l.) (MHNCSJ
1048 (holotype), MHNCSJ 801-03, 1044, 1051-52, IAvH-R 3957,
3959-60 (paratypes)), vereda El Chuscal, quebrada Las Juntas,
2430-2490 m (ICN 9513 (paratype)). A. aurea: ECUADOR: El Oro:
Guanazdn, 2789 m (QCAZ 07886 (holotype)); El Panecillo, 2775 m
(QCAZ 09649-50 (paratypes)); Guishaguina, Zaruma (EPNH 06196
(paratype)); El Chiral (AMNH 18310). A. crypta: ECUADOR:
Cotopaxi: Pilald, 2700 m (KU 121153-54 (paratypes)); 2500 m (KU
13510002 (paratypes), 135103 (holotype), 135104—15 (paratypes));
2400 m (KU 179455-65 (paratypes)); 2320 m (KU 196386-89 (para-
types)); 3 km W Pilald on Quevedo—Latacunga road (USNM
229638-39 (paratypes)). 4. hyposticta: COLOMBIA: Narino: munici-
pio de Barbacoas, corregimiento Altaquer, vereda El Barro, Reserva
Natural Rio Namb{ (PSO-CZ 085). 4. kiziriani: ECUADOR: Azuay:
San Antonio, 1900 m (QCAZ 9667 (holotype)); El Chorro de Girén,
Girén, 2546 m (QCAZ 9607 (paratype)). A. laevis: COLOMBIA:
Valle del Cauca: municipio Cumbre, 2000 m (IAvH 4916), vereda
Chicoral (UV-C 11266); 15 km al oeste del Cairo, base cerro del
Ingles, ¢. 2000 m (UV-C 10103). Risaralda: rio San Rafael, Munici-
pio de Tatama, 2250 m (IAvH 5197-98); quebrada Risaralda, vereda
Planos de San Rafael, Parque Municipal San Rafael, municipio de
Santuario (IAvH 5199, 5200); quebrada San Rafael, municipio de
Santuario, 2820 m (IAvH [formerly IND-R] 3967). A. oculata:
ECUADOR: Pichincha: Nanegal (USNM 229640), 3 km E of Nane-
gal Chico (USNM 229642). Cotopaxi: San Francisco de las Pampas
(UMMZ 188630). A. petrorum: ECUADOR: Morona-Santiago: trail
between Sevilla de Oro and Mendez on E slopes of the mountains
between Cerro Negro and Pailas (tambos) (USNM 196266 (para-
type)); San Vicente, slightly S of W of Limon and 35 km E Gualeceo
by road (USNM 196268). A4. stellae: COLOMBIA: Narino: munici-
pio de Barbacoas, corregimiento de Ricaurte, reserva La Planada
(PSO-CZ 102 (holotype), PSO-CZ 103 and 109, ICN 12068 [formerly

PSO-CZ 108] (paratypes)). A. vespertina. ECUADOR: Loja:
[Pampa] Chitoque, between San Bartolo and Pinas (AMNH 22130
(holotype)); reserva bioldgica Utuana, 48.3 km SE to the type local-
ity, 2600 m (DHMECN 4113-14); Guachaurco, 2824-2958 m
(QCAZ 10283, 10286, 10288, 10306-13). A. vieta: ECUADOR:
Guayas: km 85 on Duran-Tambo road (USNM 142601).

Oreosaurus

O. achlyens: VENEZUELA: Aragua: Rancho Grande (AMNH
137260, 137267-69, 137271-76, 137278-82, 137297). O. “Venezuela™:
VENEZUELA: Anzoategui: Cerro El Guamal, Macizo del Turim-
iquire, municipio Freites, 2150 m (a.s.l.) (GAR 5962). O. luctuosus:
VENEZUELA: Aragua: Rancho Grande (AMNH 137270, 137277,
MCZ 100410, USNM 196336), Parque Nacional Henri Pittier, Ran-
cho Grande (USNM 259170). O. “Sierra Nevada”: COLOMBIA:
Magdalena: Santa Marta, corregimiento Minca, finca Vista Her-
mosa, cabecera rio Guachacos, 2156 m (seven specimens awaiting
assignment of permanent collection number). O. rhodogaster: VENE-
ZUELA: Sucre: between Las Melenas and Cerro Humo, Peninsula
de Paria, ¢. 650 m (MHNLS 16645 (holotype), 15730-31 (para-
types)). O. shrevei: TRINIDAD & TOBAGO: Horne Tucuche
(MCZ 62506-07); El Teluche [in error, probably Tucuche] (MCZ
100466-68); Mt. Tucuche (MCZ 160065-66).

Riama

R. anatoloros: ECUADOR: Napo: La Bonita (USNM 229706—
45); Napo-Pastaza [= Napo]: Abitagua (AMNH 38821-22). Zamora—
Chinchipe: cuenca del rio Jamboe, Romerillos, Parque Nacional
Podocarpus, 1700 m (a.s.l.) (FHGO 2405). R. balneator: ECUA-
DOR: Tungurahua: San Antonio mountains, eastern slope of the
Tungurahua volcano, 10.5 km N of the type locality (DHMECN
04111-12). R. cashcaensis: ECUADOR: Bolivar: Guaranda, 2640 m
(KU 135019-21 (paratypes)); 4.0 km E Guanujo, 2870 m (QCAZ
877 (paratype)). R. colomaromani: ECUADOR: Pichincha: 19.8 km
W Chillogallo, ¢. Quito—Chiriboga rd (KU 221737 (paratype)).
Carchi: 26.9-27.3 km from Maldonado on road to Tulcan (KU
217209); 58 km E tulcan, 2900 m (QCAZ 4250, 4252).
R. columbiana: COLOMBIA: probably Antioquia: Municipio de
Sonsén (NRM 1631 (lectotype), NRM 1633, 1634, 6168 (paralecto-
types)). Caldas: municipio de Villa Maria, vereda Montano, 2450 m
(MHNUC 0088), predio La Mesa, bosques de la CHEC, 2640 m
(ICN 11295-98), 2600 m (ICN 11299-301); municipio de Neira, ver-
eda La Cristalina, finca La Cristalina, 2300 m (ICN 11302). Quindio:
between the haciendas El Brillante and San Julian, vereda San
Julian, municipio de Calarca, 2100 m (ICN 6479). Risaralda: San-
tudrio de Fauna y Flora Otin Quimbaya (IAvH-R 4941); parque
municipal Campo Alegre, municipio de Santa Rosa de Cabal (IAvH-
R 5194). R. “Cordillera Central”: COLOMBIA: Antioquia: 7 km N
(by road) Santa Rosa de Osos on road to Yarumal (MVZ 190563);
municipio de Yarumal, 3.5 km N por La carretera a Llanos de
Cuivd, 2700 m (ICN 6471-78); municipio de Yarumal, 5 km N por
La carretera a Llanos de Cuiva, 2650 m (ICN 6480-89); municipio
de Yarumal, Llanos de Cuivd, 1-2 km hacia San José de las Mon-
tanas (ICN 11262); San Antonio de Prado, Medellin, 2000 m (MLS
1223); municipio de Santa Rosa de Osos, vereda Vallecitos, El Venti-
adero (MHUA 10573); municipio de Caldas, Alto de San Miguel,
vereda La Clara (MHUA 10009); Medellin (AMNH 32706-07,
89833); Santa Rosa (AMNH 19960-68, 32708-13). Tolima: 15 km
W Cajamarca, 2350 m (KU 169940-42); Quindio mts [Quindio—
Tolima border?] (MCZ 15942-47, 15949-52); No other data
(UMMZ 56443 [five specimens]). Not located (AMNH 32764-65).
R. “Cordillera Occidental”: COLOMBIA: Caquetd: municipio de
Florencia, vereda Gabinete, 0.7-1.1 km abajo del Alto Gabinete,
2300-2310 m (ICN 9780-81). Cauca: Puracé, 2700 m (ICN 2171-
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73); km 41 carretera Belalcazar—Tacuello, 2600-2800 m (ICN 2992),
km 34.5 carretera Belalcazar—Tacuello, 2400 m (ICN 2993); entre
Paletara y quebrada Bujios, 2960 m (ICN 4463-69 and 4540); 27 km
por carretera E de Coconuco, quebrada Ullucos, 2930 m (ICN
4471-74); municipio de Inza, vereda Rio Sucio, km 66-67 carretera
Popayan-Inza (ICN 6029-32). Huila: 39 km NW arriba de San José
de Isnos, 2880 m (ICN 4470); No other data (UMMZ 121034). Valle
del Cauca: Cali, Parque Nacional Natural Los Farallones, campa-
mento Corea, 2600 m (ICN 2930-31), 2700 m (UV-C 7821).
R. inanis:  VENEZUELA: Portuguesa: Carreterra Chabasquén-
Cérdova, Sierra de Portuguesa, 1450 m (MCNG 827 (holotype),
825-26 and 828 (paratypes)). Barinas: Los Alcaravanes, Calderas,
1100 m (MBLUZ 952). R. labionis: ECUADOR: Cotopaxi: Naran-
jito, Reserva de Bosque Integral Otonga, 1985 m (QCAZ 10411-12).
R. meleagris: ECUADOR: [Tungurahua]: Banos (FMNH 2803742,
28049 [six specimens]). In error: El Oro: Machala (USNM 196264—
65). R. “Narino”: COLOMBIA: Narino: municipio de San Juan de
Pasto, corregimiento de Genoy (PSO-CZ 28, 29, 242-46); cor-
regimiento de Obonuco, predios Corpoica (UV-C 14982-83); munici-
pio de Buesaco, km 17 carretera Pasto-Buesaco, Paramo de Daza,
2850 m (ICN 9816); Municipio de Tangua, Quebrada Chavez
(UMMZ 171659-61, formerly UV-C 2778-79 and 2781 respectively);
3 km al norte de Tangua, quebrada Chavez (UMMZ 171662); 8 km
NE Pasto, 3020 m (KU 169943, 169945). R. orcesi: ECUADOR:
Napo: 12 km W (via road) Baeza (AMNH 124044 (paratype));
31 km N Jondachi, 2190 m (QCAZ 2829, 2835); vertiente del volcan
Sumaco, 2200 m (QCAZ 931-40). R. raneyi: ECUADOR: Napo:
3.3 km ESE Cuyuja, 2350 m (KU 142903 (paratype)). Sucumbios:
near Santa Barbara (MCZ 175160-62); Napo [= sucumbios]: inmedi-
ate environs of Santa Barbara (USNM 229750); 2 km E of Santa
Barbara (USNM 229749); 3 km SW Santa Barbara at bridge (cov-
ered) over river (USNM 229748). Sucumbios: 32 km E Julio
Andrade on road to Santa Barbara, 2610 m (QCAZ 2827). Carchi:
Santa Barbara, Santa Barbara—Guanderal, 2980 m (QCAZ 1379).
R. simotera: ECUADOR: Carchi: 14.6 km NW El Carmelo, 3130 m
(KU 179478); km 13 carretera a El Carmelo, 3300 m (ICN 9823—
34); km 16 Tulcan-Tufino, 3130-3160 m (ICN 9835-36); 15.3 km W
Tulcdn on road to Tufino, 3080 m (QCAZ 915, 918); km 13 desvio
carretera Panamericana, el Angel (ICN 9837). COLOMBIA: Narino:
municipio de Pupiales (IAVH [formerly IND-R] 1553); municipio de
Tuquerres, km 10 carretera Tuquerres-Guachucal, hacienda Alsacia,
3140 m (ICN 9817); municipio de Cumbal, km 4 Cumbal-volcan
Cumbal, 3260 m (ICN 9818-22). R. stigmatoral: ECUADOR:
Azuay: Sevilla de Oro (USNM 229644 (paratype)); San Vicente,
camino a las antenas (QCAZ 11414). Morona-Santiago: Pailas, a
tambo on trail between Sevilla de Oro and Mendez, on E- or NE-
facing slope (USNM 22964748 (paratypes)); between tambos called
Cerro Negro and Pailas on trail Sevilla de Oro and Mendez (USNM
229643 (paratype)); between Pailas and Mirador, on trail between
Sevilla de Oro and Mendez (USNM 229645 (paratype)); San Juan
Bosco, a posada on trail between Limon (General Plaza) and Guale-
ceo, slightly S of W of Limon (USNM 229649); El Cruzado, a
posada on trail between Limon (General Plaza) and Gualeceo,
slightly S of W of Limon (c. 0.5 h up trail from San Juan Bosco)
(USNM 229650). No other data (AMNH 32778); San Jose (AMNH
38820). Canar: Mazar, reserva Mazar (QCAZ 7374, 7884, 6657);
Biblian, iglesia de Biblian (QCAZ 9946). R. striata: COLOMBIA:
Boyacd: municipio de Villa de Leyva, sector rural vereda El Roble
(IAVH 4895); Pesca (IAVH [formerly IND-R] 0665-66); municipio de
Turmequé, vereda Joyagua (MUJ 816); Toquilla, Vadohondo, km 71
carretera Sogamoso—Pajarito (ICN 2800). Cundinamarca: Bogotd
(CAS-SUR 8280, MCZ 14166-67, 16979-80, 16982-83, 17129,
110415-16, USNM 75969, 153974-82, 194744, ICN 2181); Bogota,
salon de clases de la Pontificia Universidad Javeriana (MUJ 229);
Bogotd, instalaciones del laboratorio de fauna “Venado de Oro”,
vivero Inderena (IAvH [formerly IND-R] 1100-01, 1499, 1602,
3006); Bogota, laboratorio de fauna Unifem Inderena (IAVH

[formerly IND-R] 3130-31, 3934, 4163, 4262); Bogota, ladera del
cerro Guadalupe (IAVH [formerly IND-R] 3503, ICN 2436, 2535,
2537, 2541, 2543-44, 2546); mt. Guadalupe (FMNH 177075-81,
177243-47); Salto del Tequendama (IAvH [formerly IND-R] 3985);
municipio de San Francisco, vereda Sabaneta (ICN 5991), cerro
Cueva Grande, 2590 m (ICN 5737), finca La Quebrada, quebrada El
Vino, 2540-2560 m (ICN 9759-65); paramo Cruz Verde, 3100 m
(ICN 675-76); municipio de Fémeque (ICN 2232); between Alban
and Sasaima, 50 km NW Bogotd, D.C. (MVZ 191880); 6 km S
Alban on road to Bogotd D.C. (MVZ 191878); represa del Hato, S
of Usme, ¢. 2800 m (FMNH 165800-03, ICN 2371, 2373, 2375);
municipio de Suesca, vereda el Hatillo, microcuenca Santa Helena,
2950 m (MUJ 644-48), 3 km al sur de la laguna Suesca, 2860 m
(ICN 7276); no other data (UMMZ 56448, 56760 [11 specimens],
89417 [seven specimens], 123315, 203767-70, ICN 2362); PNN Chin-
gaza, 3300 m (IAvH [formerly IND-R] 4241-42), sitio Montere-
dondo, 3030 m (MUJ 906-09), sector de Chuza (IAvH [formerly
IND-R] 3891-94), embalse cerca del casino (MUJ 228). Santander:
SFF Guanentd, alto rio Fonce, 2650 m (MUJ 910); municipio de
Virolin, Canaverales km 72 carretera a Charald, rio Canaverales,
1830 m (ICN 9783). Not located: tanques de Vitelma (IAvH [for-
merly IND-R] 0649). R. unicolor: ECUADOR: Carchi: Montufar
Atal-Vinculo, 2700 m (UMMZ 105895-97). Imbabura: lago de Cuic-
ocha (MCZ 154515-16, 154628). Pichincha: Quito (MCZ 22154,
164616, 164662, 164665-68, 164670); Pasochoa Volcano Forest,
40 km SE Quito, 2800-2880 m (MCZ 175052-53); Machachi (QCAZ
758). Not located: Chillo (MCZ 21070). Not located (QCAZ 6122).
R. yumborum: ECUADOR: Pichincha: Nanegal, Santa Lucia Cloud
Forest Reserve, 1580-1591 m (QCAZ 10827 (holotype), 10822,
11077, 11079-81 (paratypes).

Outgroup taxa

Bachia flavescens: GUYANA: Essequibo: Tukeit beach (ROM
20515). Cercosaura argula: PERU: Cuzco: La Convencién, Bajo
Puyantimari, 1176 m (a.s.l.) (CORBIDI 9795). Loreto: Datem,
Sector 4, 210 m (CORBIDI 8754). Madre de Dios: Tambopata,
Baltimore, 204 m (CORBIDI 5458). Cercosaura  ocellata:
GUYANA: District 8: Paramakatoi vicinity, 750 m (ROM 28352).
PERU: Cuzco: La Convenciéon, CC NN Poyentimari, 725 m
(CORBIDI 8330). San Martin: Picota, Area de Conservacion
Municipal Chambira, 679 m (CORBIDI 6374). Cercosaura
schreibersii:. BRAZIL: Rio Grande do Sul: Santana do Livra-
mento, Cerros Verdes (UFRGS 5114). Mato Grosso: Itiquira,
fazenda Espigao (UFRGS 6205). Echinosaura sulcarostrum:
GUYANA: District 8: mount Wokomung, vicinity of camp 1 to
camp 2, 698 m (ROM 43805). Northwest: Baramita, vicinity of
camp, 100 m (ROM 22893 (holotype), 22892, 22894 (paratypes)).
Macropholidus huancabambae: PERU: Piura: Huancabamba, Las
Pozas, camino El Tambo-La Mina, 2732 m (CORBIDI 10492-93,
10501-02). Macropholidus ruthveni: PERU: Lambayeque: Lam-
bayeque, El Totoral, quebrada Palacios, distrito de Salas, 837 m
(CORBIDI 4281). Neusticurus rudis: GUYANA: District 7: Mount
Ayanganna, NE plateau, 1490 m (ROM 39497-500). District 8:
mount Wokomung, vicinity of camp 1, 698 m (ROM 42642);
1234 m (ROM 42643-44). Essequibo: Tukeit, banks of Tukei
creek, 500 m from mouth, 100 m (ROM 42228, 20517). Petracola
waka: PERU: Cajamarca: Cajamarca, cataratas de Llacanora,
2705 m (CORBIDI 8639). Petracola ventrimaculata: PERU: Caja-
marca: Cajamarca, Tantahuatay, 3593 m (CORBIDI 3628, 3633);
Michiquillay-Quinuayoc, 3817 m (CORBIDI 9247). Potamites
ecpleopus: PERU: Cuzco: La Convencién, Pongo de Mainique,
670 m (CORBIDI 5519); CC NN Poyentimari, 725 m (CORBIDI
8331); Shokoriari, 602 m (CORBIDI 9753). Loreto: Datem, sector
4, 210 m (CORBIDI 8690); Loreto, Andoas, 187 m (CORBIDI
4746). San Martin: Picota, Chambirillo, puesto de control 16,
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Parque Nacional Cordillera Azul (CORBIDI 8834). Potamites juru-

zensis: PERU: Cuzco: La Convencién, Pagoreni Norte, Malvinas,
428 m (CORBIDI 10004). Potamites strangulatus: PERU: San
Martin: Picota, puesto de control 16 Chambirillo, Cordillera Azul,
1122 m (CORBIDI 9209); Tarapoto, carretera Tarapoto—Yurima-
guas, cerro Escalera, 771 m (CORBIDI 6368). Proctoporus boli-
vianus: PERU: Ayacucho: Yucai, 3126 m (CORBIDI 10757-58).
Proctoporus  chasqui: PERU: Ayacucho: Chiquintirka, 2635 m
(CORBIDI 8413, 8420). Proctoporus pachyurus: PERU: Junin:
Tarma, distrito de Palca, anexo Huandunga, 2429 m (CORBIDI
11808-09). Ptychoglossus brevifrontalis: BRAZIL: Acre: Serra do
Divisor (MTR 28305, 28462).

Appendix 3

Hemipenes examined

Ingroup species are listed following the new taxonomy proposed
below. See Materials and Methods for institutional abbreviations.
See Appendix 2 for locality data, if not included below.

Ingroup taxa

Andinosaura crypta: KU 135104 (paratype). Riama orcesi: ECUA-
DOR: Napo: 3.3 km ESE Cuyujua, 2350 m (KU 142919 (paratype)).
Riama balneator: DHMECN 4111. Riama simotera: ICN 9836.
Riama cashcaensis: ECUADOR: Chimborazo: 35.0 km SW Caja-
bamba on road to Pallatanga, 2860 m (KU 217206). Riama striata:
KU 217206.

Outgroup taxa

Bachia flavescens: AMNH 140925.

Appendix 4

A monophyletic taxonomy

The following classification reflects our TE phylogeny (Fig. 1).
Given that Riama is polyphyletic, we redefine it, describe a new
genus, and resurrect Oreosaurus. A paucity of samples precluded the
inclusion of five species in our analysis: R. inanis, R. luctuosa,
R. petrorum, R. rhodogaster and R. stellae. Regardless, our assess-
ment includes the examination of all species currently allocated to
Riama (Appendix 2). Therefore, following the arguments of Grant
et al. (2006: 149), we tentatively refer them to a genus. In addition,
the recently resurrected Pantodactylus (Goicoechea et al., 2016) nests
within Cercosaura. Therefore, we return it to the synonymy of Cer-
cosaura.

Subfamily: Cercosaurinae Gray, 1838 (tribe Cercosaurini of Goi-
coechea et al., 2016) sensu n.

Content: Anadia Gray, 1845; Andinosaura gen.n.; Cercosaura Wag-
ler, 1830; Echinosaura Boulenger, 1890; Euspondylus Tschudi, 1845;
Gelanesaurus Torres-Carvajal et al., 2016; Macropholidus Noble,
1921; Neusticurus Duméril and Bibron, 1839; Oreosaurus Peters,
1862; Petracola Doan and Castoe, 2005; Pholidobolus Peters, 1862;
Placosoma Tschudi, 1847; Potamites Doan and Castoe, 2005; Procto-
porus Tschudi, 1845; Riama Gray, 1858.

Comments: The analysis of Torres-Carvajal et al. (2016) recovered
both Echinosaura and Proctoporus as nonmonophyletic genera. Their

analysis also identified three unnamed clades composed of unde-
scribed species from Peru and southern Ecuador. To maintain
supraspecific rank equivalency within Cercosaurinae, these three
clades await formal nomenclatural recognition as genera (Torres-
Carvajal et al., 2016).

Genus: Riama Gray, 1858.

Type species: Riama unicolor Gray, 1858, by original designation.

Content (16 species): Riama anatoloros (Kizirian, 1996); R. bal-
neator (Kizirian, 1996); R. cashcaensis (Kizirian and Coloma, 1991);
R. cephalolineata (Garcia-Pérez and Yustiz, 1995) comb.n. (see
below); R. colomaromani (Kizirian, 1996); R. columbiana (Andersson,
1914); R. inanis (Doan and Schargel, 2003); R. labionis (Kizirian,
1996); R. meleagris (Boulenger, 1885); R. orcesi (Kizirian, 1995);
R. raneyi (Kizirian, 1996); R. simotera (O’shaughnessy, 1879);
R. stigmatoral (Kizirian, 1996); R. striata (Peters, 1862); R. unicolor
Gray, 1858; R. yumborum Aguirre-Penafiel et al., 2014.

Characterization and diagnosis: All unambiguously optimized
synapomorphies for this clade are from DNA sequences. Phenotypic
synapomorphies are not known. Other characteristics include: (1)
head scales smooth; (2) frontoparietal and parietal scales paired; (3)
interparietal, frontal and frontonasal scales single; (4) prefrontal
scales usually absent (occasionally present in specimens of
R. “Cordillera Occidental”; present in R. cephalolineata, but see
comments below); (5) lower eyelid divided into several scales; (6) lor-
eal scale absent or present; (7) scale organs on labials present; (8)
anteriormost supraocular and anteriormost superciliary scales
unfused (fused in some specimens of R. “Cordillera Central”); (9)
dorsal surface of the tongue covered in scale-like papillae; (10)
nuchal scales smooth in most species (rugose in R. striata, and unde-
scribed R. “Cordillera Central” and R. “Cordillera Occidental”);
(11) dorsal body scales rectangular; keeled (low, rounded keel) or
striated (shallow or deep furrows), smooth in some specimens of
R. simotera and R. meleagris; (12) ventral body scales smooth (ru-
gose in R. “Cordillera Occidental”); (13) limbs pentadactyl; digits
clawed; (14) femoral pores in males present, in females absent or pre-
sent; (15) hemipenial lobes usually narrow, indistinct from hemipe-
nial body (large, distinct from hemipenial body in R. balneator).

Riama differs from Andinosaura by (usually) having hemipenial
lobes narrow, indistinct from hemipenial body. It differs from Ore-
osaurus by having a narrow band of differentiated granular lateral
scales.

Distribution: northern Andes of South America (Colombia, Ecua-
dor, and Venezuela) above 1500 m a.s.l. Riama is an exclusively
Andean radiation.

Comments: Currently, Riama contains 16 described species. The
descriptions of four additional species from Colombia (including
R. “Cordillera Occidental”, R. “Narino” and R. “Cordillera Cen-
tral” from the present analysis) are currently in manuscript form
(S.J. Sdnchez-Pacheco and D.A. Kizirian, in preparation).

The generic placement of Proctoporus cephalolineatus from the
Venezuelan Mérida Andes has been uncertain. In the original
description, Garcia-Pérez and Yustiz (1995) suggested that it was
closely related to P. achlyens and P. shrevei (both of which were in
Riama, but now in Oreosaurus, see below). However, Doan and
Schargel (2003: 73) argued against its assignment to Proctoporus s.l.
due to the apparent presence of prefrontal scales in the holotype (the
only known specimen of this species), while asserting “it most likely
belongs to Euspondylus or Pholidobolus”. Consequently, relevant
phylogenetic studies and generic classifications (e.g. Doan and Cas-
toe, 2005; Goicoechea et al., 2012) overlooked it. Without comment,
Goicoechea et al. (2016) included this species in Proctoporus s.s.
Doan and Schargel (2003) described Proctoporus inanis (prefrontals
absent) from the Venezuelan Mérida Andes, and Doan and Castoe
(2005) transferred it to Riama. However, Rivas et al. (2012) noted its
resemblance to Proctoporus cephalolineatus, and suggested syn-
onymy. The geographically proximate type localities and similar
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levels of individual variation in presence or absence of prefrontals in
other cercosaurines (e.g. Macropholidus huancabambae, Reeder, 1996;
Proctoporus spinalis, Kohler and Lehr, 2004; Proctoporus sucullucu
Doan and Castoe, 2003; Andinosaura stellae comb.n., Sanchez-
Pacheco, 2010a; and Riama “Cordillera Occidental”, herein) are con-
sistent with the hypothesis of conspecificity. However, we retain
R. inanis as a valid species pending a review. The Andean distribu-
tion and resemblance to other species predicts that R. cephalolineata
comb.n. and R. inanis belong to Riama; this assignment awaits con-
firmation.

Genus: Andinosaura gen.n.”.

Type species: Riama crypta Sanchez-Pacheco et al., 2011.

Content (11 species): Andinosaura afrania (Arredondo and
Sénchez-Pacheco, 2010) comb.n.; A. aurea (Séanchez-Pacheco et al.,
2012) comb.n.; A. crypta (Sanchez-Pacheco et al., 2011) comb.n.;
A. hyposticta (Boulenger, 1902) comb.n.; A. kiziriani (Sanchez-
Pacheco et al., 2012) comb.n.; A. laevis (Boulenger, 1908) comb.n.;
A. oculata (O’Shaughnessy, 1879) comb.n.; A. petrorum (Kizirian,
1996) comb.n.; A. stellae (Sanchez-Pacheco, 2010a) comb.n.; A. ves-
pertina (Kizirian, 1996) comb.n.; 4. vieta (Kizirian, 1996) comb.n.

Characterization and diagnosis: All unambiguously optimized
synapomorphies for this clade are from DNA sequences. Phenotypic
synapomorphies are not known. Other characteristics include: (1)
head scales usually smooth (slightly rugose in A. vieta and A. stel-
lae); (2) frontoparietal and parietal scales paired; (3) interparietal,
frontal and frontonasal scales single; (4) prefrontal scales usually
absent (occasionally present in specimens of A. stellae); (5) lower
eyelid divided into several scales; (6) loreal scale absent or present;
(7) scale organs on labials present; (8) anteriormost supraocular and
anteriormost superciliary scales unfused; (9) dorsal surface of the
tongue covered in scale-like papillae; (10) nuchal scales smooth in
most species (rugose in A. stellae and A. vieta); (11) dorsal body
scales rectangular; smooth, keeled (low, rounded keel), striated (shal-
low furrows) or rugose; (12) ventral body scales smooth (rugose in
A. stellae and A. vieta); (13) limbs pentadactyl; digits clawed; (14)
femoral pores in males present, in females absent or present; and
(15) hemipenial lobes large, distinct from hemipenial body.

Andinosaura differs from Riama by having hemipenial lobes large,
distinct from hemipenial body. It differs from Oreosaurus by having
a narrow band of differentiated granular lateral scales.

Distribution: northern Andes of South America (Colombia and
Ecuador) above 1100 m a.s.l. Andinosaura is an exclusively Andean
radiation.

Etymology: Andinosaura (gender feminine), formed from the
Spanish Andino (from the Andes) and the Latin Sauria (lizard), in
reference to its distribution. The suffix is used commonly for
gymnophthalmid genera.

Comment: Andinosaura contains nearly half of the species previ-
ously referred to the large, polyphyletic genus Riama s.l. We include
A. stellae in this genus on the basis of its distinctive rugose scales
covering almost the entire body, a condition also found in 4. vieta.
Although A. petrorum occurs sympatrically with Riama anatoloros
and R. stigmatoral in southern Ecuador, we include this species in
Andinosaura instead of Riama because Doan (2003a) found it to be
the sister species of A. vespertina, and Sdanchez-Pacheco et al. (2012)
suggested that it might be closely related to A. vespertina, A. aurea
and A. kiziriani.

Genus: Oreosaurus Peters, 1862

Type species: Ecpleopus (Oreosaurus) luctuosus Peters, 1862; by
subsequent designation by Burt and Burt (1931).

Content (five species): Oreosaurus achlyens (Uzzell, 1958) comb.n.;
O. luctuosus (Peters, 1862) comb.n.; O. mcdiarmidi (Kok and Rivas,

"This nomenclatural act has been registered in Zoobank: urn:
Isid:zoobank.org:act:F228513F-0DDB-4F3F-A771-68 AOBSCD902E.

2011) comb.n.; O. rhodogaster (Rivas et al., 2005) comb.n.; O. shrevei
(Parker, 1935) comb.n.

Characterization and diagnosis: All unambiguously optimized
synapomorphies for this clade are from DNA sequences. Phenotypic
synapomorphies are not known. Other characteristics include: (1)
head scales smooth; (2) frontoparietal and parietal scales paired; (3)
interparietal, frontal and frontonasal scales single; (4) prefrontal
scales usually absent (present in O. mcdiarmidi); (5) lower eyelid
divided into several scales; (6) loreal scale usually present (absent in
0. “Venezuela” and O. shrevei); (7) scale organs on labials present;
(8) anteriormost supraocular and anteriormost superciliary scales
unfused; (9) dorsal surface of the tongue covered in scale-like papil-
lae; (10) nuchal scales keeled or smooth; (11) dorsal body scales
hexagonal (or sub-hexagonal) or rectangular; smooth or keeled
(prominent keel); (12) ventral body scales smooth; (13) limbs pen-
tadactyl; digits clawed; (14) femoral pores in both sexes present; (15)
hemipenial lobes large, distinct from hemipenial body (narrow, indis-
tinct from hemipenial body in O. “Sierra Nevada”).

Oreosaurus differs from Riama and Andinosaura by lacking a nar-
row band of differentiated granular lateral scales (oval, nongranular
scales instead).

Distribution: Sierra Nevada de Santa Marta in northern Colom-
bia, coastal mountain ranges (Cordillera de la Costa, CC), massif of
Turimiquire and montane areas of the Peninsula de Paria (Cordillera
Oriental—part of the CC) in northern Venezuela, Aripo Northern
Range in the Caribbean island of Trinidad, and tepuis from the Chi-
mantd Massif in southeastern Venezuela. Elevation: 650-2242 m
a.s.l.

Comments: Peters (1862) erected Oreosaurus as a subgenus of
Ecpleopus for his new species E. (O.) striatus and E. (0.) luctuosus
(in sequence). Boulenger (1885) elevated Oreosaurus to genus rank.
Andersson (1914) synonymized it with Proctoporus, and Doan and
Castoe (2005) implicitly placed it in the synonymy of Riama. Peters
(1862) did not designate a type species. Although O. striatus was first
described, Burt and Burt (1931), without comment (but still a valid
action), designated O. luctuosus as the type species (Uzzell, 1958: 2;
contra Peters and Donoso-Barros, 1970 and Kizirian, 1996: 86). A
dearth of available material precluded our inclusion of the type spe-
cies. However, following the arguments of Grant et al. (2006: 299)
and Frost et al. (2008: 387), we apply the name Oreosaurus to this
clade based on the presumed close relationship of O. luctuosus to
O. achlyens and O. shrevei (Uzzell, 1958; Doan and Schargel, 2003).
Oreosaurus achlyens and O. luctuosus occur in sympatry at Rancho
Grande on the coastal range of Venezuela. In the unlikely event that
O. luctuosus is not part of this clade, there are no other available
generic names (but see below).

We refer O. rhodogaster to this genus based on the assertion of
Rivas et al. (2005) that O. shrevei and O. rhodogaster are likely sister
species. As such, Oreosaurus has five nominal species only, although
O. “Sierra Nevada” and O. “Venezuela” are being described
(Sanchez-Pacheco et al. and Rivas et al., unpublished).

Anadia is a large, broadly distributed and morphologically hetero-
geneous genus (Oftedal, 1974). Despite the inclusion of the tepuian
A. mcdiarmidi (herein referred to Oreosaurus) and two Andean spe-
cies from Ecuador, A. petersi and A. rhombifera (Torres-Carvajal
et al., 2016; this study), the relationships of most species of Anadia
remain enigmatic (Myers et al., 2009; Kok and Rivas, 2011). Our
phylogenetic analysis corroborates the nonmonophyly of Anadia
(Torres-Carvajal et al., 2016), and unexpectedly nests 4. mcdiarmidi
within Oreosaurus (Fig. 1).

It could be construed as more prudent to refrain from resur-
recting Oreosaurus until additional species of Anadia and
Euspondylus (including generic type species; see below), especially
from northern South America (see Kok and Rivas, 2011 and Tor-
res-Carvajal et al., 2016), are included in phylogenetic analyses.
However, this solution renders both Anadia and Riama
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polyphyletic because it overlooks existing evidence of the relation-
ships of these genera (Torres-Carvajal et al., 2016; this study).
This solution also ignores empirical knowledge on the allocations
of the type species of Oreosaurus (O. luctuosus; see above) and
Anadia (A. ocellata). Oftedal (1974), based on morphological simi-
larity, considered A. ocellata to be closely related to A. vittata,
A. rhombifera and A. petersi (i.e. the A. ocellata group). Instead,
we prefer to propose a taxonomic change as both a better repre-
sentation of current knowledge of cercosaurine phylogeny and an
invitation for refutation (for similar arguments see Grant et al.,
2006 and Frost et al., 2008). Thus, we resurrect the available

name Oreosaurus from the synonymy of Riama to accommodate
the species forming this clade plus putatively closely related taxa.
The recognition of Oreosaurus secures a monophyletic Riama and
remedies the polyphyly of Anadia (Torres-Carvajal et al., 2016;
this study). That said, the future discovery that Anadia marmorata
(type species of Argalia Gray, 1846) is imbedded within this clade
would render Oreosaurus a junior subjective synonymy of Argalia.
Because 4. marmorata, O. achlyens and O. luctuosus occur in sym-
patry, and given the number of species currently referred to Ana-
dia and their morphological diversity, this genus will likely
experience additional partitioning.



