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Abstract

Homonota is a gecko distributed in central and southern South America with 12 species
allocated in three groups. In this work, we performed molecular and morphological anal-
yses of samples of Homonota from the central region of northern Paraguay, comparing
the data with those of related species of the group: H. horrida and H. septentrionalis. We
found strong molecular evidence (based on 16S, Cyt-b, and PRLR gene sequences) to
distinguish this lineage as a new species. Morphological statistical analysis showed that
females of the three species are different in metric characters (SVL and TL as the most
contributing variables), whereas males are less differentiated. No robust differences were
found in meristic characters. The most remarkable trait for the diagnosis of the new spe-
cies is the presence of well-developed keeled tubercles on the sides of the neck, and lack
of a white band (crescent-shaped) in the occipital area, which is present in H. horrida and
H. septentrionalis. Nevertheless, in our sample, we found three specimens (one juvenile
and two young adults) that exhibit the white occipital band. Thus, this character seems
only reliable in adults of the new species. The new species is parapatric to H. septentrion-
alis, both inhabiting the Dry Chaco of Paraguay.

Introduction

(1993), which was followed by posterior researchers until
recently when Cacciali et al. (2017) found that the type

Homonota is a gecko, inhabiting mainly xeric and rocky
areas in central and southern South America (Cei 1993,
Avila et al. 2012), with Homonota darwinii reaching
the most austral distribution of the genus at 54° latitude
south (Morando et al. 2014). Most of the species in the
genus are nocturnal, although H. uruguayensis can be ei-
ther diurnal or nocturnal (Carreira et al. 2005). Homono-
ta horrida (Burmeister 1861), distributed in Argentina
and Paraguay, was the second described species of the
genus, after the controversial H. fasciata (Duméril and
Bibron 1836). This latter species was described from
“Martinique”, a Caribbean island located out of the dis-
tribution of the southern cone Neotropical genus. Both
species were considered synonyms by Abdala and Lavilla

specimen of H. fasciata is distinct from the types of H.
horrida, and recognized them as different taxa. Currently,
both species are considered valid, although H. fasciata
remains a species inquirenda because of the lack of infor-
mation on its distribution and uncertainty in its diagnostic
characters (Cacciali et al. 2017). The most recently de-
scribed species of the genus was H. septentrionalis Cac-
ciali, Morando, Medina, Kohler, Motte & Avila, 2017,
which is present in the western part of the Dry Chaco
(western Paraguay and southern Bolivia). Three groups
are currently recognized: whitii group composed of
H. whitii Boulenger, 1885, H. darwinii Boulenger, 1885,
H. andicola Cei, 1978, and H. williamsii Avila, Pérez,
Minoli & Morando, 2012; borelli group with H. borellii
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(Peracca, 1897), H. uruguayensis (Vaz-Ferreira & Sierra
de Soriano, 1961), H. rupicola Cacciali, Avila & Bauer,
2007, and H. taragui Cajade, Etchepare, Falcione, Bar-
rasso & Alvarez, 2013; and the horrida group (indicated
as fasciata group by Morando et al. 2014) which contains
H. horrida (Burmeister, 1861), H. underwoodi Kluge,
1964, and H. septentrionalis Cacciali, Morando, Medina,
Kohler, Motte & Avila, 2017. Cacciali et al. (2017) sug-
gested that more revisions are needed to understand the
true taxonomic status of H. fasciata because currently it
is not possible to know to which group it belongs and it is
considered incertae sedis.

Four species of Homonota are recorded in Paraguay:
H. borellii, H. rupicola, H. horrida, and H. septentrion-
alis. The most commonly known species was Homonota
horrida recorded for the “Chaco” (Kluge 1964, Talbot
1978, 1979). Even after the synonymy of H. horrida with
H. fasciata (Abdala and Lavilla 1993) the name H. hor-
rida was still used in Paraguayan reports (Aquino et al.
1996, Ziegler et al. 2002). Many specimens of H. septen-
trionalis were referred to as H. horrida (those from the
westernmost part of the Paraguayan Chaco) according to
Cacciali et al. (2017). Homonota rupicola is an endemic
species found in a rocky hill, east of the Paraguay Riv-
er; and H. borellii was recorded from a few specimens
from “Defensores del Chaco” and “Médanos del Chaco”
National Parks (Cacciali et al. 2016). Thus, most of the
species of Homonota from Paraguay are present in the
Chaco, which is part of the “Dry Diagonal” formed by
Caatinga, Cerrado, and Chaco, characterized by dry sea-
sonal woodlands (Prado and Gibbs 1993). In Paraguay
the Chaco is divided in two ecoregions: Humid Chaco
and Dry Chaco, and most of the Homonota samples are
located in the latter (Cacciali et al. 2016).

After the description of H. septentrionalis, the same
authors continued to study and analyze the taxonomy
of Paraguayan samples of Homonota from the Chaco,
within the framework of a barcoding initiative of the
herpetofauna from Paraguay. We performed genetic and
morphological analyses among different populations of
Homonota from the central region of northern Paraguay.
Based on genetic and morphological differences, and ap-
plying a species delimitation algorithm, we found enough
differences to consider these new samples as a different
taxonomic unit from those previously recorded for Para-
guay. We present here a detailed analysis along with the
description of this new species.

Methods

We extracted DNA from three samples of Homonota from
the central area of northern Paraguay (Occidental Re-
gion), which were compared with available sequences of
the remaining members of the genus (except H. fasciata)
to assess its taxonomic relationships in the gene tree. We
sequenced fragments of mitochondrial genes rRNA 16S
and Cytochrome b (Cytb) and the nuclear gene prolactine
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receptor (PRLR). Samples used and GenBank accession
numbers are specified in Table 1. Samples of 16S were
available only for the horrida group. To root the tree we
included two outgroups (Garthia gaudichaudii and Phyllo-
pezus przewalskii (Table 1) based on Morando et al. (2014).

Tissue samples were first washed for 15 h with 50 ml
Phosphate-buffered saline (PBS) (diluted of 1:9 PBS:
H,O). The DNA extraction was carried out with the
DNeasey kit of Qiagen. We used 25 pul of reaction mix for
every sample for the PCR (except for PRLR where we
used 20 pl). Reagents and concentrations for the PCR mix
for the amplification of every gene, are provided in Suppl.
material 1: Appendix S1. Primers (produced by Eurofins
MWG Operon) used for amplification and sequencing,
along with PCR conditions for each gene are detailed in
Suppl. material 1: Appendix S2.

We used SeqTrace 0.9.0 (Stucky 2012) for examination
of chromatograms and to generate the consensus sequenc-
es. We used MAFFT 7 (Katoh and Standley 2013) to au-
tomatically align the sequences through its webserver. For
alignment of sequences of 16S, we included the Q-INS-i
search strategy for corrections with the secondary structure
of that gene (Katoh and Toh 2008). We used MSA View-
er (Yachdav et al. 2016) to visualize the alignments and
export them to fasta format. We estimated the best substi-
tution model for each gene (separately) with PartitionFind-
er2 (Lanfear et al. 2016) using the PhyML 3.0 algorithm
(Guindon et al. 2010). We used the corrected Akaike Infor-
mation Criterion (AICc) (Burnham and Anderson 2002) to
select the best substitution model, but under the premise
that it is not correct to use models that include both +G
and +I (Sullivan et al. 1999, Mayrose et al. 2005). Then we
chose the subsequent model in the best partition schemes
when both were suggested by the AICc.

We performed two phylogenetic analyses, first using a
Maximum Likelihood (ML) approach, and then a Bayes-
ian inference (BI) to compare the trees topologies. These
analyses were made for each gene individually and for
a concatenated dataset of the three genes together. For
the ML analysis we used 1Q-Tree (Nguyen et al. 2015)
through its webserver (Trifinopoulos et al. 2016) using
10,000 non parametric bootstrap replicates plus 10,000
replicates of Shimodaira-Hasegawa approximate like-
lihood ratio (SH-aLRT) (Anisimova et al. 2011) and
10,000 ultrafast bootstrap (UFBoot) approximation rep-
licates (Minh et al. 2013). We converted the alignment
to nexus format in the online server Alter (Glez-Pefia et
al. 2010) available at http://sing.ei.uvigo.es/ALTER/, to
be used in MrBayes v3.2 (Huelsenbeck and Ronquist
2001, Ronquist and Huelsenbeck 2003) for a BI. For this,
we ran the analysis in independent duplicates, each with
1,000,000 generations for MCMC with a sampling fre-
quency of 500 generations. We visualized the trees and
exported them using FigTree v1.4.3 (available at http://
tree.bio.ed.ac.uk/software/figtree/). We considered con-
vergence when the standard deviation of split frequencies
was 0.015 or less and when the Potential Scale Reduc-
tion Factor approached 1.0 (Gelman and Rubin 1992).
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Table 1. Specimens used for genetic analyses and GenBank accession numbers for every gene. Asterisks (*) indicate tissue samples

without voucher. Numbers in bold are samples generated for this work.

Species Voucher 16S Cytb PRLR Norﬁnglea?ure
Homonota andicola LJAMM-CNP 12493 MD KJ484188 KJ484274 genseq-3
LJAMM-CNP 12495 MD KJ484189 KJ484275 genseq-3
LJAMM-CNP 12116 MD KJ484205 KJ484276 genseq-4
Homonota borellii LJAMM-CNP 12119 MD KM677796 MD genseq-4
LJAMM-CNP 12125 MD KJ484206 KJ484277 genseq-4
LJAMM-CNP 9266 MD KJ484191 MD genseq-3
Homonota darwinii LJAMM-CNP 9813 MD MD KJ484278 genseq-3
LJAMM-CNP 11424 MD KJ484190 MD genseq-3
BYU 47941 MF278828 KJ484192 MG950402 genseq-3
LJAMM-CNP 10493 MD KM677795 MD genseq-3
Homonota horrida LJAMM-CNP 10495 MF278829 MD MG950403 genseq-3
LJAMM-CNP 10576 MF278830 MD MG950404 genseq-3
LJAMM-CNP 10577 MD KJ484208 MD genseq-3
Homonota rupicola MNHNP-1# MD KJ484193 KJ484281 genseq-3
MNHNP-2* MD KJ484194 KJ484282 genseq-3
MNHNP 11406 MD MF278843 MF278849 genseq-2
MNHNP 11409 MD MF278844 MF278850 genseq-2
Homonota septentrionalis MNHNP 11873 MF278831 MD MG950405 genseq-3
MNHNP 12238 MF278832 MD MD genseq-1
SMF 101984 MF278833 MD MG950406 genseq-2
. LJAMM-CNP 14419 MD KJ484195 KJ484283 genseq-3
Homonota taragui LJAMM-CNP 14420 MD KJ484196 KJ484284 genseq-3
Homonota underwoodi LJAMM-CNP 10923 MD KJ484197 KJ484286 genseq-4
LJAMM-CNP 10931 MD KJ484198 KJ484297 genseq-4
UFRGS 2139 MD MD KJ484296 genseq-4
Homonota uruguayensis UFRGS 5769 MD KM677689 MD genseq-4
UFRGS 5770 MD KM677690 MD genseq-4
UFRGS 5771 MD KM677691 MD genseq-4
Homonota whitii LJAMM-CNP 14387 MD KJ484199 MD genseq-4
LJAMM-CNP 14388 MD KJ484200 MD genseq-4
Homonota williamsii LJAMM-CNP 4467 MD KJ484201 KJ484287 genseq-3
LJAMM-CNP 6517 MD KJ484202 KJ484288 genseq-2
SMF 101436 MD MG950409 MG950407 genseq-2
Homonota sp. n. SMF 101438 MG947388 MG950410 MG950408 genseq-2
SMF 101439 MD MG950411 MD genseq-2
Outgroups
Garthia gaudichaudii E61214 MD FJ985045 MD

IBE_G1(1) MD MD KJ484289

Phyllopezus przewalskii LG1093 JN935567 JQ826890 JQ825640

LJAMM-CNP 12089 MD KJ484203 MF278849

When frequencies did not converge we continued adding
500,000 generations until convergence was achieved.
We assessed the degree of intraspecific divergence
within the alignment (removing the outgroups) with the
species delimitation test ABGD (Puillandre et al. 2012)
through its webserver (http://wwwabi.snv.jussieu.fr/pub-
lic/abgd/abgdweb.html), using 10 steps of prior minimum
and maximum simple genetic distance from 0.001 to 0.1
(default), and 0.5 of relative gap width, since higher (de-
fault) values tend to exceedingly split clades (Kekkonen
et al. 2015, Yang et al. 2016). For this analysis we used

only Cytb which was the mitochondrial gene better rep-
resented in our samples, and available for all the species
within the genus. The last step using genetic data was the
assessment of a species tree based on the clustering pro-
posed by the species delimitation test. To do this we used
*BEAST (Drummond et al. 2012) in BEAST 2.4.7 (Ogil-
vie et al. 2017) under 1,000,000 generations for the memc
model, visualizing the posterior probability in DensiTree
2.2.6 (Bouckaert et al. 2014).

Additionally, we generated morphological data for 13
specimens (7 males and 6 females) of the new species and
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http://www.ncbi.nlm.nih.gov/nuccore/KJ484281
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http://www.ncbi.nlm.nih.gov/nuccore/MF278831
http://www.ncbi.nlm.nih.gov/nuccore/MG950405
http://www.ncbi.nlm.nih.gov/nuccore/MF278832
http://www.ncbi.nlm.nih.gov/nuccore/MF278833
http://www.ncbi.nlm.nih.gov/nuccore/MG950406
http://www.ncbi.nlm.nih.gov/nuccore/KJ484195
http://www.ncbi.nlm.nih.gov/nuccore/KJ484283
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http://www.ncbi.nlm.nih.gov/nuccore/KJ484199
http://www.ncbi.nlm.nih.gov/nuccore/KJ484200
http://www.ncbi.nlm.nih.gov/nuccore/KJ484201
http://www.ncbi.nlm.nih.gov/nuccore/KJ484287
http://www.ncbi.nlm.nih.gov/nuccore/KJ484202
http://www.ncbi.nlm.nih.gov/nuccore/KJ484288
http://www.ncbi.nlm.nih.gov/nuccore/MG950409
http://www.ncbi.nlm.nih.gov/nuccore/MG950407
http://www.ncbi.nlm.nih.gov/nuccore/MG947388
http://www.ncbi.nlm.nih.gov/nuccore/MG950410
http://www.ncbi.nlm.nih.gov/nuccore/MG950408
http://www.ncbi.nlm.nih.gov/nuccore/MG950411
http://www.ncbi.nlm.nih.gov/nuccore/FJ985045
http://www.ncbi.nlm.nih.gov/nuccore/KJ484289
http://www.ncbi.nlm.nih.gov/nuccore/JN935567
http://www.ncbi.nlm.nih.gov/nuccore/JQ826890
http://www.ncbi.nlm.nih.gov/nuccore/JQ825640
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taxa with similar pattern (related taxa of the horrida group)
looking for potential diagnostic characters. Thus, we used
for comparison H. horrida (7 males and 5 females) and H.
septentrionalis (10 males and 12 females), using standard
variables (continuous data expressed in mm) already used
by Avila et al. (2012) and Cacciali et al. (2017):

SVL
TrL

snout—vent length, from tip of snout to vent.

trunk length, distance from axilla to groin from
posterior edge of forelimb insertion to anterior
edge of hind limb insertion.

FL  foot length, from the tip of the claw of the 4"

straightened toe to the back of the heel.

TL  tibial length, measured between the level of the knee
and the level of the heel, as shown by Kohler (2014).

AL  arm length, from tip of claws of the 3™ finger to
elbow.

HL  head length, distance between anterior edge of au-
ditory meatus and snout tip.

HW  head width, taken at the level of the temporal re-
gion, corresponding to the widest part of the head.

HH  head height, maximum height of head, at level of
parietal area.

END eye—nostril distance, from the anterior edge of the
eye to the posterior edge of the nostril.

ESD eye—snout distance, from the anterior edge of the
eye to the tip of the snout.

EMD eye—meatus distance, from the posterior edge of

the eye to the anterior border of the ear opening.
ID interorbital distance, shortest distance between
orbits.

IND internostril distance, shortest distance between nares.

DT  number of keeled dorsal tubercles from occipital
area to cloaca level.

TVS number of transversal rows of ventral scales,
counted longitudinally at midline from the chest
(shoulder level) to inguinal level.

LVS number of longitudinal rows of ventral scales,

counted transversally at midbody.
SL  number of supralabial scales.
IL number of infralabial scales.
4TL number of lamellae under the fourth toe.
3FL number of lamellae under the third finger.

Measurements were taken with digital calipers (preci-
sion 0.01), but only the first decimal considered to limit
discrepancies. For the morphological analyses only spec-
imens of ~40 mm or larger were included. When paired
structures exist, data are presented in left/right orientation,
and only the left side was used for statistical analyses. In
the color descriptions, the capitalized colors and the color
codes (in parentheses) are those of Smithe (1981) for live
animals and Kdohler (2012) for preserved specimens.

We compared the morphological variation among
species through a discriminant function analysis (DFA),
testing the normality of the variables with a Shapiro-Wilk
(W) test (Shapiro et al. 1968, Zar 1999), and for the DFA
we only used variables that were normally distributed. We
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used PAST 3.14 (Hammer et al. 2001) to perform these
tests. Meristic (discrete) and metric (continuous) data
were analyzed separately. Examined specimens are de-
tailed in Appendix 1. We present a table of localities of the
specimens examined in Suppl. material 1: Appendix S3.

Results

The final alignments of 16S, Cytb, and PRLR consisted
of 539, 793, and 457 bp, respectively. Alignments
and trees are available at TreeBASE (ID: 22305).
The best substitution model for 16S was GTR+G, for
Cytb  TVM+I(18pos)| TIM+G(2™pos)|SYM+G(3"pos),
and for PRLRKS8I1(1*pos)|GTR+G(2"+3"pos). The
complete table with scores is provided in Suppl. material
1: Appendix S4. The topology of the ML (Suppl.
material 1: Fig. S1) and BI (Suppl. material 1: Fig. S2)
trees using 16S coincide in recognizing three clusters, but
the ML tree shows the new species as a sister clade to H.
septentrionalis, whereas Bl shows a trichotomy including
H. horrida, H. septentrionalis, and the new species. Trees
of ML and BI based on Cytb have the same topology
(Suppl. material 1: Figs S3-S4), with strong support
values. In these trees H. andicola and H. whitii are sister
clades, as are H. darwinii and H. williamsii, and they are
sister to the remaining Homonota species. The borellii
group shows H. uruguayensis as sister to H. borellii + H.
rupicola + H. taragui. Finally, within the horrida group,
H. underwoodi appears as the sister to the remaining
Homonota with banded coloration pattern. In this part
of the tree H. horrida is rendered as sister to the clade
H. septentrionalis plus the new taxon. The topologies
of the ML and BI trees using PRLR are also the same
(Suppl. material 1: Figs S5-S6). Species in the whitii
group are clustered together, and the borellii group also
shows monophyly but with a unresolved polytomy. In the
horrida group H. underwoodi is also suggested as sister
to the remaining species, with the new species and H.
septentrionalis showing the most recent divergence. The
trees using the concatenated dataset (with both ML and
BI) show similar branch arrangement previously observed
in trees of individual genes (Suppl. material 1: Figs S7—
S8). Only two samples (UFRGS 2139 of H. uruguayensis
and LIAMM-CNP 9813 of H. darwinii) are not allocated
within their respective taxa, probably because some genes
are lacking for some species.

The analysis of intraspecific genetic divergence with
ABGD results in 12 groups (Suppl. material 1: Appen-
dix S5), which represent nearly all described species (ex-
cept H. fasciata) and the new species, providing evidence
for its recognition as a distinct taxon. This is highly con-
gruent with the clusters shown by the gene trees. The
species tree shows consensus in the clusters of the three
groups of the genus Homonota, with slight differences
in the branch arrangements. The lower value (density of
green lines in Figure 1) shows a trichotomy where the
three groups are nested together, and with similar proba-
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Figure 1. Species tree (left) and density of trees (right) for the species of the genus Homonota, based on the genes 16S, Cytb, and
PRLR. The intensity in the color of the species tree is proportional to the probability.

Table 2. Normality Shapiro-Wilk () values for metric (above) and meristic (below) characters showing the p value. Values shaded
in gray did not reach normality. See Methods section for reference to the acronyms.

Continuous
SVL TrL FL TL AL HL HW HH END ESD EMD ID IND
w 0.978 | 0.979 | 0.957 | 0.987 | 0.982 | 0.979 | 0.976 | 0.983 | 0.979 | 0.967 | 0.969 | 0.975 | 0.952
p 0.503 | 0.506 | 0.087 | 0.849 | 0.696 | 0.575 | 0.401 | 0.758 | 0.555 | 0.199 | 0.284 | 0.400 | 0.050
Discrete
DT TVS LVS SL IL 4TL 3FL
w 0.962 0.971 0.965 0.779 0.788 0.913 0.948
p 0.109 0.291 0.164 30BIE7 4.65E7 0.008 0.023

bilities a species tree that clusters the whitii group as sis-
ter to the borellii group (density of red lines) and another
where the whitii group is sister to the borellii group +
horrida group (density of blue lines). Same as observed
in the gene trees, H. underwoodi is presented as the sis-
ter clade to the remaining members of the group, and H.
horrida sister to the new species of Homonota and H.
septentrionalis with a rather deep divergence between
these two taxa.

All continuous morphological variables had normal
distributions (Table 2). The DFA for metric data showed
that females of the three species are more differentiated
than males (Fig. 2). The most contributing variables were
SVL and TL for Axis 1, and SVL and TrL for Axis 2 and 3
(Table 3). Given the high eigenvalue of axes 1 and 2 (3.79
and 2.34 respectively, Fig. 2) suggests that the groups are
significantly differentiated. For the meristic data, only
DT, TVS, and LVS reached normality (Table 2), and DFA
with these variables showed a high degree of overlap-
ping without group discrimination and low eigenvalues
(Fig. 3), and weak discrimination values (Table 3). Raw
metric and meristic data are presented in Suppl. material
1: Tables S1 and S2.

Table 3. Most contributing continuous (Cont.) and discrete
(Disc.) variables (highlighted in bold) for Axis 1-3 of the DFA.

Variables Axis 1 Axis 2 Axis 3

SVL 0,417 1,202 -3,447

TrL 0,187 0,690 -1,798

FL 0,132 0,401 ~0,479

TL 0,228 0,193 0,417

AL 0,201 0,213 0,553

g HL ~0,017 0,357 0,605
g HW -0,128 0,218 ~0,525
© HH 20,199 0,187 20,258
END 20,021 0,099 20,193

ESD -0,052 0,111 -0,392

EMD 0,144 0,134 0,221

D ~0,028 ~0,013 0,302

IND 0,002 0,127 ~0,050

_ DT 1.424 _1.232 -1.338
g VS 2.166 1.825 0.921
Vs <0.001 1.482 -1.255

There is a strong molecular congruence in the

recognition of 12 taxa within the genus Homonota (three
of them with a banded coloration pattern), which added
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Homonota horrida
Homonota septentrionalis
Homonota sp. nov.

> e+
> e + m

Axis 1: Eigval 3.798 (Percent 51.73)
Axis 2: Eigval 2.343 (Percent 31.92)
Axis 3: Eigval 0.905 (Percent 12.34)

Axis 1

Figure 2. Discriminant Function Analysis scatter plot of individual scores for the three most informative axes for continuous vari-
ables of Homonota horrida, H. septentrionalis, and Homonota sp. n. Eigval: Eigenvalues. M: males. F: females.

M F Axis 1: Eigval 0.788 (Percent 80.35)
Homonota horrida + + Axis 2: Eigval 0.159 (Percent 16.31)
Homonota septentrionalis e e 254 Axis 3: Eigval 0.033 (Percent 3.34)
Homonota sp. hov. A A
201

Axis 2

-30

Axis 1

Figure 3. Discriminant Function Analysis scatter plot of individual scores for the three most informative axes for discrete variables
of Homonota horrida, H. septentrionalis, and Homonota sp. n. Eigval: Eigenvalues. M: males. F: females.
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to the significant differences among the three species
with banded pattern based on the DFA, and the additional
morphological distinctions discussed below are used to
identify the new taxon described here.

Homonota marthae sp. n.

http://zoobank.org/FAB96653-46FF-4291-A23B-0FDB390AC54D

Holotype. SMF 101441 (field number GK-3783) (Fig. 4),
adult female, collected on February 17" 2012 by Gunther
Kohler in Dry Chaco, near the main house of Estancia
Amistad (22.406°S, 60.728°W, elevation ca. 190 masl),
Boqueron Department, Paraguay (Fig. 5).

Paratypes. Paraguay: Boqueron Department: Comu-
nidad Ayoreo Jesudi (MNHNP 10744); Comunidad
Ayoreo Tunucojai (MNHNP 10534); Estancia Amistad

(SMF 101437); Estancia Jabali (MNHNP 7832); Filadel-
fia (MNHNP 2795, 2798, 2810, 11790, 11791, 11793,
SMF 101436, 101438-40, 101442); 31.5 km S Filadelfia
(MNHNP 9726).

Diagnosis. A species of Homonota assigned to the hor-
rida group given its relationship (based on molecular
evidence) with H. horrida, and by the color pattern com-
posed of a vertebral and five to seven transversal clear
lines appearing as a banded Homonota smilar to H. hor-
rida and H. septentrionalis. Homonota marthae has a ro-
bust body, and prominently keeled tubercles disposed in
four to eight longitudinal rows on the dorsum.
Homonota marthae can be differentiated from all
species in the genus, except H. fasciata, H. horrida, H.
darwinii, and H. septentrionalis by the color pattern of
transversal bands on the dorsum (reticulated pattern in the
remaining species). Homonota marthae is further differ-

Homonota marthae sp. nov.
SMF 101441

mmmm 10 mMm

Figure 4. Dorsal (A) and ventral (B) views of the holotype of Homonota marthae.
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Figure 5. Occidental Region of Paraguay, indicating the political division, showing the known records for Homonota septentrion-
alis (white circles) and the analyzed records of Homonota marthae (black circles), and its type locality (star). Circle with a white
cross, indicates origin of the genetic samples. High resolution elevation base map (30 seconds resolution) taken from Consortium
for Spatial Information (CGIAR-CSI) available on http://www.diva-gis.org/gdata (Jarvis et al. 2008).
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entiated from H. andicola, H. whitii, H. darwinii, and H.
underwoodi by the keeled scales along the whole dorsum
(vs. smooth dorsal scales in H. andicola, H. whitii, and H.
underwoodi, and keeled scales restricted to the posterior
part of the dorsum in H. darwinii). It differs from H. fasci-
ata by having a serrated edge of the auditory meatus (vs.
smooth anterior margin in H. fasciata); presence of one or
two enlarged tubercles on the upper edge of the auditory
meatus (vs. no enlarged tubercles in H. fasciata); and a
smaller size of the postmental scales (vs. postmentals of
the size of the first infralabials in H. fasciata). Homono-

SVL=45 mm

SMF 101438

ta marthae differs from H. horrida by the higher position
of the ear opening in relation to the level of the mouth
(vs. lower positioned in H. horrida); from H. septentri-
onalis by more developed keeled tubercles on the sides
of the neck (Fig. 6) (vs. less developed tubercles in H.
septentrionalis). Finally, adults of H. marthae differ from
these both species by the lack of a white band (usually
crescent-shaped) on the occipital area (vs. white occipital
crescent-shaped band present in H. horrida and H. septen-
trionalis) (Fig. 7). An artificial key for identification of the
species of the genus is presented at the end of the work.

SVL=48 mm MNHNP 11872

Figure 6. Plate showing the difference in scalation among individuals of similar sizes and same gender, of Homonota marthae (A,
C, E) and H. septentrionalis (B, D, F). Note the more developed keeled tubercles on the sides of the neck in the former species.
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MNHNP 7832

MNHNP 2795

Figure 7. Variation in color patterns of Homonota marthae (A—H). The lack of the white occipital crescent-shaped line (present in

MNHNP 11744

MNHNP 11850

MNHNP 11406

o AP
i

MNHNP 11854

H. septentrionalis, I-L) is evident in most of the specimens. Scale bars: 5 mm.

Description of the holotype. Adult female, SVL 56 mm
(4.1 times the HL), TrL 26 mm, tail length 70 mm, FL
11.0 mm, TL 9.6 mm, AL 13.3 mm, HL 13.6 mm, HW
10.8 mm, HH 8.3 mm, END 4.2 mm, ESD 5.9 mm, EMD
4.7 mm, ID 4.6 mm, IND 2.0 mm; rostral wider (2.7 mm)
than high (1.5 mm) with a median groove covering the
upper two thirds of the scale; nares surrounded by rostral,
supranasal, and postnasal; SL 8/8; one elongated tubercu-
lar scale on the mouth commissure; muzzle slightly con-
vex, covered by large homogeneous juxtaposed scales;
head covered with big homogeneous juxtaposed scales
on the dorsal area, intermixed with small granules; super-

zse.pensoft.net

ciliary scales imbricated, associated to spiny-like scales
on the posterior half of the orbit; scales on lateral sur-
face of the head heterogeneously covered with strongly
conical tubercles intermixed with small granules; audito-
ry meatus oblique and with serrated edge, and one large
elongated scale on the upper border; IL 6/6, the last less
than half the size of the others; mental bell-shaped; two
postmentals less than twice the size of the following pos-
terior scales, contacting the mental, the first IL, and four
posterior scales; scales under the head gradually reduc-
ing in size posteriorly; dorsal and lateral parts of the neck
with granular juxtaposed scales mixed with tubercles;
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ventral side of the head covered by imbricate cycloid
scales; body dorsally covered with 14—16 rows of strong-
ly keeled scales, separated by one to two small granules
in the pleural areas, and three to four granules in the ver-
tebral area; ventral scales cycloid and imbricate arranged
in 16 longitudinal rows at midbody; suprascapular, ax-
illary, inguinal regions, and cloacal opening surrounded
by small imbricate granules; anterior and dorsal surfac-
es of limbs covered by large imbricate scales, keeled on
the dorsal surface; posterior region of limbs covered by
small juxtaposed granules; ventral surface of forelimbs
with juxtaposed granules, and ventral surface of hind
limbs with large imbricate scales; subdigital lamellae of
hands starting from pollex were recorded as follows: 8/8
—10/12 — 15/13 — 16/16 — 11/11; subdigital lamellae of
feet starting from hallux were recorded as follow: 15/13
—19/17 — 15/16 — 12/12 — 9/9; tail with large imbricated
and mucronate scales, 10—12 per caudal whorl.

Coloration of the holotype (in preservative). After five
years in preservative, the coloration was recorded as fol-
lows: Head Mikado Brown (42) with Warm Sepia (40)
speckling on the dorsal surface; Warm Sepia (40) on the
sides, with a Light Buff (2) line from nares to orbit, and
continuing behind the orbit above the temporal region;
supralabials and infralabials Medium Neutral Gray (298)
with suffusions of Smoky White (261); and Fawn Col-
or (258) ventrally. Dorsal background color of the body
Beige (254) with Vandyke Brown (282) splotches, and
poorly defined Chamois (84) transversal lines; Drab (19)
laterally, with Dusky Brown (285) and Pale Buff (1)
splotches; and Ground Cinnamon (270) ventrally, with
Smoky White (261) suffusions. Tail with Grayish Horn
Color (268), Sepia (286), and Cream White (52) transver-
sal bands dorsally; Drab (19) laterally; and Smoky White
(261) ventrally. Limbs dorsally covered with a reticula-
tion of Drab (19), Chamois (84), and Dusky Brown (285),
ventrally grading to Fawn Color (258) in forelimbs, and
Ground Cinnamon (270) with suffusions of Smoky White
(261) in hind limbs.

Coloration in life. Coloration in life of a young male
(SMF 101438) was recorded as follows: Dorsum Mars
Brown (223 A) with a Tawny Olive (223D) vertebral stripe
and transverse lines; dorsum of head Tawny Olive (223D)
with a Verona Brown (223B) nuchal band that contains a
central Tawny Olive (223D) line; iris Clay Color (123B)
with a suffusion of Verona Brown (223B) centrally; dor-
sal surface of limbs Beige (219D) with Sepia (219) spots;
ventral surfaces of head, body and limbs dirty white; dor-
sal surface of (regenerated) tail light Drab (119C) with
scattered Sepia (119) spots; ventral surface of tail Light
Drab (119C) with a suffusion of Sepia (119) medially.
Coloration in life of a juvenile female (SMF 101436)
was recorded as follows: Dorsal ground color Raw Um-
ber (123) with Raw Umber (223) transverse lines, edged
with Pale Horn Color (92) posteriorly. Postocular stripe
Ground Cinnamon (239); iris Yellow Ocher (123C) with

a suffusion of Dark Drab (119B); dorsal surface of tail
Cinnamon Drab (219C) with Sepia (119) bands, borders
posteriorly by Chamois (123C); ventral surface of head,
body and limbs dirty white, palmar and plantar surfaces
Light Drab (119C); anterior portion of ventral tail Beige
(219D), with Sepia (119) band on distal portion.

Color variation. One juvenile (SMF 101439, 36 mm
SVL) and two young adults (MNHNP 11793, 45 mm
SVL; SMF 101438, 45 mm SVL) out of the 17 examined
specimens of Homonota marthae have a trace of white
crescent-shaped band on the occipital area (more visible
in the SMF 101439, Fig. 7G), typical of H. horrida and
H. septentrionalis. Nevertheless, many juveniles (such as
SMF 101436) show the same coloration as adults (Fig.
7). The specimen MNHNP 7832 has a narrow occipital
white band, joined to the postocular lines (Fig. 7C). Some
specimens have a darkish coloration (MNHNP 2810,
10744, 11791, 11793) dorsally, and ventrally most of the
specimens have a clearer color than the holotype, except
for MNHNP 2798, 2810, and 10744. In some specimens
(MNHNP 2795, 2798, 2810, 10744) the dorsal color is
diffused and the transversal bands are little visible.

Morphological variation. SVL 36-59 mm; TrL 16-27
mm (43.8-48.2% of SVL in females, 40.7-46.7% in
males); FL 9-11 mm (x 10+0.36) in females, 7-11 mm
(x 8.7£0.52) in males; TL 8.7-10.1 mm (x 9.5+0.2) in fe-
males, 8-10.2 mm (x 9.1£0.31) in males; AL 9.3-13.7
mm (x 12.840.28) in females, 11.2-14 mm (x 12.4+0.38)
in males; HL 9.3-13.8 mm (¥ 13.24+0.19) in females,
11.1-13.5 mm (x 12.2+0.31) in males; HW 7.1-11.2 mm
(79.4-88% of HL in females, 78.9-85.9% in males); HH
5.5-8.3 mm (52.6-61% of HL in females, 52.6-60.5% in
males); END 2.8-5.1 mm (30.8-35.1% of HL in females,
31.4-38.9% in males); ESD 3.9—6.1 mm (40.3-45% of
HL in females, 40.5-46.5% in males); EMD 3.1-5 mm
(31.3-34.7% of HL in females, 33.8-37% in males); ID
3.8-5.8 mm (33.8-40% of HL in females, 37.1-44.7% in
males); IND 1.4-2.1 mm (12.2-16% of HL in females,
11.8-14% in males); SL 5-8; one or two elongated tuber-
cular scales on the mouth commissure; auditory meatus
with one large scale on the upper border; IL 5-7; 14-20
longitudinal rows of ventral scales at mid-body; 34-49
transversal rows of ventral scales.

Etymology. This species is named in honor of our inde-
fatigable colleague Martha Motte, who is not only dedi-
cated to safekeeping the herpetological collection of the
“Museo Nacional de Historia Natural del Paraguay”, but
also does a great job in providing selfless support to sci-
entists that are striving to improve the knowledge of the
Paraguayan herpetofauna.

Habitat and distribution. Homonota marthae is known
from the central area of the Paraguayan Dry Chaco in the
Department of Boquerdn (Fig. 5). The environment is
a xeric forest with abundance of thorny vegetation and

zse.pensoft.net



158

Cacciali, P, et al..: New species of Homonota from Paraguay

almost absence of a herbaceous stratum. Nevertheless, a
more detailed analysis of museum collections is advisable
for a better knowledge of the distribution of this species.
This species is a dry forest inhabitant, but it is also fre-
quently found in human dwellings. Talbot (1978) record-
ed the use of logs of Drunken tree (Chorisia speciosa:
Malvaceae) as shelter by Homonota in the Dry Chaco,
since the wood of this tree keeps high water levels. Ad-
ditionally, Cacciali et al. (2007a) demonstrated the use
of subterranean caves (usually armadillo burrows) by
Homonota in several areas of the Paraguayan Chaco.

Discussion

The diversity of species groups within the genus Homono-
ta was explored in the last decade, and resulted in the de-
scription of H. williamsii (Avila et al. 2012) of the whitii
group, and H. rupicola (Cacciali et al. 2007b) and H.
taragui (Cajade et al. 2013) of the borellii group. However,
the taxonomy of the horrida group (referred to as fasciata
in Morando et al. 2014) was untouched for many years,
and was comprised of two species (H. horrida and H. un-
derwoodi). Recently, with the description of H. septentri-
onalis by Cacciali et al. (2017), and adding H. marthae de-
scribed herein, the diversity of the horrida group currently
includes four species. Morando et al. (2014) and Cacciali
et al. (2017) presented species trees where the whitii group
is sister to horrida and borellii groups. Our deep cluster
arrangement is not completely resolved probably due to the
use of fewer genes. Nevertheless, there is a strong consen-
sus in the topology of the horrida group, where H. under-
woodi appears as the sister of the remaining taxa (Fig. 1).

No obvious external synapomorphy is known to diag-
nose the horrida group. Three of the four species (H. hor-
rida, H. septentrionalis, and H. marthae) have a pattern
characterized by transversal body bands and the presence
of a vertebral line. This coloration is different from the
remaining species of the genus. The fourth species of the
horrida group, H. underwoodi, has homogeneous body
scalation and a completely different pattern, and therefore
H. horrida and H. underwoodi were considered not to be
in the same group (Kluge 1964).

The most obvious external difference between H. mar-
thae and its presumed closest relative, H. septentrionalis,
is the lack of a white occipital band in the former taxon,
although we found some specimens (mainly juveniles or

hatchlings) of H. marthae that do have the occipital band.
Given that this white occipital band is also present in H.
horrida, it could be a plesiomorphic character, and there-
fore the lack of it could be interpreted as the derived state.

Both species seem to inhabit in parapatry the Dry
Chaco in Paraguay, and although a major revision of
the whole distribution of the group is needed in order to
know their actual ranges, H. septentrionalis is distributed
in the north-westernmost part of the Dry Chaco, whereas
H. marthae occurs in the central and easternmost areas of
the Dry Chaco. Due to the lack of evident geographic bar-
riers between these two species and considering their rel-
atively low morphological variation (especially in males),
they remained recognized as a single taxonomic unit until
now. Parapatric speciation or breaks to gene flow without
evident geographic barriers were observed and discussed
by Irwin (2002), and also documented for other geckos
in South America’s Dry Diagonal, where Werneck et al.
(2012) documented a high diversity in sympatric clades
of Phyllopezus in Caatinga and Cerrado.

The degree of genetic differentiation between these
two species is evident, and larger than the degree of mor-
phological differences. Small morphological differentia-
tion or even complete crypsis is common for many or-
ganisms, especially when they use the same ecological
niche. Specifically for geckos, a recent study showed that
it is difficult to find morphological diagnostic characters
that match those observed by genetic evidence, as it is
the case of the genera Garthia and Homonota, which are
very similar morphologically (Daza et al. 2017). This is
in agreement with previous studies that found that mo-
lecular genetic tools provided additional evidence for the
interpretation of gecko’s systematics in the Neotropics
(Gamble et al. 2011, Gamble et al. 2012, Morando et al.
2014). The evolutionary processes that led to the molecu-
lar differentiation between H. septentrionalis and H. mar-
thae remain unknown.

Finally, Homonota marthae is a common species that
resists human perturbation and can be found in rural en-
vironments, and although its actual distribution limits are
not yet known, and more revisions are needed to target this
issue, probably the records of “Homonota fasciata” from
Defensores del Chaco National Park referred by Cacciali
et al. (2016) belong to H. marthae, and one of the records
of H. marthae in Comunidad Ayoreo Tunucojai lays at
~70 km W from Yaguareté Pord Natural Reserve. Thus,
we consider that H. marthae is not under extinction risk.

Key for identification of the species of the genus Homonota

Information to generate the key was based on Cacciali et al. (2007b), Avila et al. (2012), and Cajade et al. (2013). Given
that the holotype of H. fasciata is completely bleeched, we consider the information on its coloration from the original

color description (Duméril and Bibron 1836).

1 Coloration based on irregular or reticulated Pattern ... 2
Coloration pattern composed of transversal Dands ..........ccoiiiiiiiiii e 10
Dorsal scales homMOGENEOUSIY SIMOOTN ..evuiiiiii ettt e e 3

- Dorsal scales smooth and granular mixed with series of enlarged keeled scales..........ccccuviiiiiiiiiiiiiiiii e 5
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3 Ventral surface of the body immaculate due to lack of chromatophores........cc.cooveiiiiiiiiiiiii, H. underwoodi
- Ventral surface of the body pigmented with chromatophores ..o 4
4 43-49 scales aroUnd MIADOTY ... ...uuiiee e e e e e H. andicola
- 55-59 scales aroUnd MIADOAY ... .ooeiiieiiieiii et H. whitii
5 Series of keeled scales restricted to the posterior half of the dorsum .......ccoooeiiiiiii e, H. darwinii
- Series of keeled scales uniformly extended along the Whole dorsUM ......ooviiiiiiiiii e 6
6 Dorsal surface of thighs With Keeled SCalES.... oo e 7
- Dorsal surface of thighs With SMOOTh SCAIES ....coeuuiiii e 8
7 Dorsal surface of arms with keeled scales; temporal region with enlarged keeled scales........................ H. uruguayensis
- Dorsal surface of arms with smooth cycloid scales; temporal region homogeneously covered by granular scales ..........

..................................................................................................................................................................... H. taragui
8 146-161 dorsal scales from occipital area to the level of the cloaca; oblique ear opening ...........ccceeviveiennes H. williamsii
- 94-139 dorsal scales from occipital area to the level of the cloaca; round ear OPENING......coovviveiiiiiiiiiiiiiiieeeeeei, 9
9  45-50 scales around midbody; dorsal surface of the tail with a pattern of thin speckling ........cccoooviiiiiiiiiiiiii

..................................................................................................................................................................... H. borellii
- 54-63 scales around midbody; dorsal surface of the tail with a pattern of black blotches...........cccevvvvnnnn. H. rupicola

10 Edge of ear opening smooth, without enlarged tubercular scales around; postmentals about five times larger than the

scales behind it...coovii i

.............................................................................. H. fasciata

- Edge of ear opening serrated, with one or two tubercular scales above; postmentals twice larger than the scales

[0 7= 11 a o

.................................................................................... 11

11 Tubercles on the dorsal and lateral sides of the neck poorly developed; occipital area with a wide whitish cres-

cent-shaped mMark ..o

.................................................................. H. septentrionalis

- Tubercles on the dorsal and lateral sides of the neck well developed; occipital coloration variable .............ccooeevvnnn. 12
12 Ear opening above the mouth level; occipital area with homogeneous coloration or with a faint reticulation in adults ....

................................................................................................................................................................... H. marthae
- Ear opening at the level of the mouth; occipital area with a wide whitish crescent-shaped mark ..................... H. horrida
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Appendix 1

Examined specimens

Homonota horrida

ARGENTINA: La Pampa: Ruta Provincial 1, 23.6

km W from intersection with Ruta Nacional 151
(LJAMM-CNP 10523, 10584); Ruta Provincial 27,

37.7 km S from intersection with Ruta Provincial 14
(LJAMM-CNP 10578-9). Mendoza: 1 km S Punta
de Agua (LJAMM-CNP 10493, 10496, 10576-7).
Neuquén: 41 km NW Punta Carranza (LJAMM-
CNP 8713); 6 km SW Picun Leufu (LJAMM-CNP
13948); Ruta Provinicial 5, 10 km N from Ruta Pro-
vincial 7 (LJAMM-CNP 7804); Mina La Casualidad
(LJAMM-CNP 14551); Villa El Chocén (LJAMM-
CNP 6967-8). Rio Negro: Avellaneda (LJAMM-
CNP 7670, 7674); Villa Regina (LJAMM-CNP 6520,
6530, 6532-3, 6535).

Homonota septentrionalis

PARAGUAY: Boquerén: Cruce San Miguel (MNHNP
11850, 11855, 11860, 11872); Fortin Mayor Infan-
te Rivarola (MNHNP 12238, SMF 101984); Parque
Nacional Teniente Enciso (MNHNP 2821, 9037-8,
9131, 11410, 11421, 11423).

Acronyms

LJAMM-CNP: Coleccion de herpetologia del Centro
Nacional Patagonico.

MNHNP: Museo Nacional de Historia Natural del
Paraguay.

SMF: Senckenberg Forschungsinstitut und Naturmuseum
Frankfurt.
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