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Liotyphlops Peters, 1881 iz an anomalepidid blindsnake genus that encompasses 12 species, widely distributed in
Central and South America. In this study, we evaluate the taxonomic status of Liotyphilops sousai Santos & Reiz,
2018, a zpecies described bazed on a single specimen from the Atlantic Rainforest of southern Brazil, and after
analyzing evidences based upon molecular systematics, external morphology and osteclogy, we propoze itz
synonymy with Listyphlops bewi (Amaral, 1924), a common and widely diztributed Anomalepidid species. We alzso
describing a new zpeciez bazed on small type series.

1. Introduction

“The amount of variation exfubited by various species of Liotyphlops iz a
formidable determent for the description of a new form based upon one
specimen” (Dixon & Eofron, 1953:259).

Scolecophidia Cope, 1864 1z an infracrder of fascnating miniatur-
ized, microphthalmie, and diverse snakes, widely distributed in all
continents except Antarctica, with 451 specics allocated in the families
Anomalepididas Taylor, 1939, Gerrhopilidae Vidal, Wynn, Donnellan &
Hedges, 2010, Typhlopidae Merrem, 1220, Leptotyphlopidae Stejneger,
1202, and Xenotyvphlopidae Vidal, Vences, Branch & Hedges, 2010
(Miralles et al |, 201 8; Uetz and Hozek, 2020). Anomalepididae currently
encompasses 20 species, distributed in most of Central and South
America (Uetz et al, 2022); it can be diagnosed based on having
maxillary and mandibular teeth, postorbital and ectopteryeoid bones,
M-—shaped hyomandibular apparatus, exposed nasal gland, levator per-
igoideus profundus muescle, and a tracheal lung (Ferrarezzi, 1994; Pale:
et al, 2020)

Within Scolecophids, Anomalepididae were histoneally regarded the
only group charing a loss of pelvic girdle remains, and an abeent or
vestizial 15t supralabial ecale (Ferrarezzi, 1994}, although recent works
have challenged this wview, with the discovery of pelvic remains in a
single species (Palel et al, 2020); recent molecular evidence suggests
being a sister clade to Alethinophidia Mopesa, 1923 (Miralles et al |
201 8], although other authors have recovered different results bazed on
molecular and morphological data (Gauthier et al | 201 2; Singhal et al |
20"1 Strong et al., 2021}

small-zized and fossorial species, distributed from Central Al:l:u:nca to
most of South America at east of the Andes (Ustz and Hozele, 2020). Itz
taxonomy has been deseribed as “chaotic”, with a particularly variable
morphology, with inconsistent and inaccurate deseriptions, such as the
brief descriptions of Helminthophiz terneteil (Boulenger, 1896) and Hel-
muntophiz collenetei (Parker, 1928), which are currently regarded as
synonymous (Dixon and Eofron, 1923). The taxonomy of cisandine
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Fig. 1. Operational Taxonomic Units (OTUs) and
Ecological Niche Models delimited based on Lioty-
phlops from the Atlantic Rainforest biome in South
America. A) 5P01, based on topotypical specimens
and an additional series of Lintyphlops beui from the
Atlantic Forest of southeastern Brazil; B) SP02, based
on specimens of Liotyphlops coissara from lowland
Atlantic Rainforest of coastal southeastern Brazil; C)
EP03, based on the holotype of Liotyphlops souwsai
from the Atlantic Forest of southern Brazil; D) 5P04,
bazed on the holotype and an additional zpecimen of
Liotyphlops termeteii from the Cerrado of Brazil and
Paraguay; E) 3P05, based on the holotype of Linty-
phlops trefouti from the Adantic Rainforest of north-
eastern Brazil; F) P06, bazed on a zpecimen of
Liotyphlops wilderi from montane Atlantic Rainforest
of southeastern Brazil.
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Liotyphlops is unstable; Garman (1883) described Typhlops wilderi based
on individuals from Sao Cyriaco, Brazil [corrected to Sao Cypriao,
Minas Gerais, Brasil by Dixon and Kofron (1983), currently Cipriano,
Minas Gerais, Brazil ]. Boulenger (1893) synonymized Liotyphlops with
Helminthophis. In his catalogue of snakes at the British Museum, Bou-
lenger (1889) described Helminthophis guentheri, based on two specimens
from Porto Real, Province Rio de Janeiro (currently in the state of Rio
de Janeiro, Brazil). Later, Boulenger (1896) presented a brief description
for Helminthophis ternetzii, based on a single specimen from Paraguay. In
a short taxonomic note, Hammar (1908) suggested allocating Typhlops
wilderi in Helminthophis. Amaral (1924) described Helminthophis incertus
based on a specimen reported from Surinam [later determined as In
error by Dixon and Kofron (1983)], and Helminthophis beui based on a
series from Butantan institute, in Sao Paulo municipality, Sao Paulo,
Brazil. Parker (1928) described Helminthophis collenetei based on a single
specimen from Burity (Buriti), Mato Grosso, Brazil.

Dunn (1932) recognized Liotyphlops as distinct from Helminthophis
based on characters of head pholidosis, and proposed its revalidation.
Vanzolini (1948) presented a checklist of squamates from Cachoeira das
Emas, in Pirassununga, Sao Paulo, Brazil, in which he described Lioty-
phlops schubarti. Dixon and Kofron (1983) presented a through revision
of the group, analyzing all available type series, allocating H. guentheri as
a junior synonym of T. wilderi, H. incertus and H. collenetei as junior
synonyms of H. ternetzii, while also shifting these taxa to Liotyphlops.
Later, Freire et al. (2007) described Liotyphlops trefauti from the Atlantic
Rainforest of Northeastern Brazil, based on three specimens, two from
Alagoas and one from Bahia. Centeno et al. (2010) described Liotyphlops
caissara from Ilha Sao Sebastiao, an island off the coast of Ilhabela, Sao
Paulo, southeastern Brazil, based on a single specimen. Santos & Reis
(2018) described two Liotyphlops from Brazil, Liotyphlops taylori with a
single specimen from the Cerrado of Estacao Ecologica Serra das Araras,
Porto Estrela municipality, Mato Grosso state, and Liotyphlops sousai
with a single specimen from the Atlantic Rainforest of Usina Hidreletrica
Passos Maia, Passos Maia municipality, Santa Catarina state, Brazil.

The description of L. sousai is particularly interesting. The species is
distinguished from its congeners for having four scales contacting the
posterior edge of prefrontal (Santos & Reis, 2018:507), as other con-
geners (except for Liotyphlops albirostris) would have three. Dixon and
Kofron (1983) presented an interesting remark on the taxonomy of
Liotyphlops, stating that Occasionally, a scale(s) may contact another scale
that normally does not, or vice versa, and depending upon one s concept of
Liotyphlops, these contacts have been used to describe various species
(Dixon and Kofron, 1983:243). Prompted by this remark, we decided to
investigate the taxonomic status of L. sousai; surprisingly enough, we
discovered several individuals of Liotyphlops beui from the same locality
as the holotype of L. sousai (Usina Hidreletrica Passos Maia, Passos Maia
municipality, Santa Catarina state, Brazil), in the same collection, that
were seemingly overlooked by the authors. This study seeks to reassess
the taxonomic status of L. sousai, delimiting putative Operational
Taxonomic Units (OTUs) from examined Liotyphlops specimens, and
after evaluating integrative data of external and internal morphology,
providing evidence for its synonymy with a common and widespread
species, L. beui.

2. Materials and methods
2.1. Morphological analyses

We examined a total of 102 specimens of Liotyphlops. A list of
examined material is provided in Appendix 1. Sex determination was
done with a ventral incision in the base of the tail, probing following the
technique of Marais (1984), or visual inspection of hemipenes. Speci-
mens of Liotyphlops were arbitrarily considered as juveniles if their
snout-vent length attained under 219 mm for females and 178 mm for
males, according to the maturity range defined by Parpinelli & Marques
(2015). An emended diagnosis for L. beui is modified from the
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cumulative morphological character key used by Entiauspe-Neto et al.
(2022). Terminology for scale counts follows Dixon and Kofron (1983).
Head and tail measurements were taken with a dial caliper to the nearest
0.01 mm; for others, a flexible ruler was used. Scales were measured on
the right side of the head. Species concepts follow the Unified Species
Concept of de Queiroz (2007), in which existence is treated as a sepa-
rately evolving metapopulation lineage as the only necessary property of
species and the former secondary species criteria as different lines of
evidence (operational criteria) relevant to assessing lineage separation.
We approved or rejected species hypotheses based on congruence of the
evaluated lines of evidence (e.g. external morphology, DNA, osteology).

2.2. Statistical analyses

We generated a dataset of quantitative and qualitative diagnostic
morphological characters to be evaluated in a series of examined spec-
imens, which underwent sex determination and were considered to be
putatively adults (n  36): (1) snout-vent length (SVL), measured from
tip of rostral to cloacal opening; (2) total length, measured from tip of
rostral to tail tip; (3) tail length, from cloacal opening to tail tip; (4) head
length, from rostral tip to corner of mouth, ventrally; (5) first row of
dorsal scales; (6) last row of dorsal scales; (7) post-frontal scales in
contact with prefrontal; (8) scales in contact with nasal; (9) supralabial
scales; (10) infralabial scales; (11) dorsal scales in vertebral row (mid-
dorsal scales); (12) mid-ventral scales; (13) subcaudal scales; (14) ratio
of mid-ventral to subcaudal scales; (15) head coloration, ranging from
fully white [1] to fully black [2]. This dataset is available at [Supple-
mentary Table 1]. We evaluated the following putative Operational
Taxonomic Units (OTUs, Fig. 1): SPO1 (Gold, n  26), based on top-
otypical specimens and an additional series of L. beui from the Atlantic
Forest of southeastern Brazil; SP02 (Orange, n  3), based on specimens
of L. caissara from lowland Atlantic Rainforest of coastal southeastern
Brazil; SPO3 (Dark Purple,n 1), based on the holotype of L. sousai from
the Atlantic Forest of southern Brazil; SPO4 (Pink, n  2), based on the
holotype and an additional specimen of Liotyphlops ternetzii from the
Cerrado of Brazil and Paraguay; SPO5 (Red, n 1), based on the holo-
type of L. trefauti from the Atlantic Rainforest of northeastern Brazil;
SP06 (Green, n 1), based on a specimen of Liotyphlops wilderi from
montane Atlantic Rainforest of southeastern Brazil. Considering that
Santos & Reis (2018) identified a specimen of L. beui from the type lo-
cality of L. sousai (UFRGS 6275; Passos Maia, Santa Catarina state), we
restricted OTU SP03 to the holotype of L. sousai, in order to avoid
including possible intergrades or misidentified individuals to the series.
Potential geographic range distribution of OTUs were evaluated with a
species distribution model, based on examined vouchered specimens
and literature records, implemented in MaxEnt 3.4.4k (Phillips et al.,
2006), using standard bioclimatic variables summarizing patterns of
precipitation and temperature, at a 2.5 arcminute resolution (Bio 4 -
Temperature Seasonality, 10 - Mean Temperature of Warmest Quarter,
11 - Mean Temperature of Coldest Quarter, 12 - Annual Precipitation, 14
- Precipitation of Driest Month, 15 - Precipitation Seasonality, 16 -
Precipitation of Wettest Quarter) (Hijmans et al., 2005). The resulting
output was then set to 10 percentile training presence threshold, for a
binary presence or absence prediction map.

Considering this dataset combines categoric, discrete and continuous
variables in our multivariate analyses, we mainly used distribution-free
statistical methods to analyze morphological data, following Barbo et al.
(2022). To further ensure our data adhered to model assumptions, we
identified outliers, collinearity, zero-variance in characters, and possible
problems in our dataset through the inspection of Quantile Quantile
plots, correlograms, histograms, and box plot graphs. We used a Prin-
cipal Component Analysis (PCA), as a dimensionality reduction tech-
nique in order to find the underlying structure of a dataset by identifying
patterns in the data and expressing the data in a new, lower-dimensional
space, as an exploratory approach to visually test for morphological
differences among groups. However, due to a small sample constraint,
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the PCA should be seen as a strictly preliminary step, constituting an
approach to dimensionality reduction of variables, in order to provide a
visualization of spatial congruence among the characters from our pu-
tative operational taxonomic units. We evaluated intraspecific presence
of sexual dimorphism with a Mann Whitney U test (U) for meristic
(discrete) characters, and a Student t-test (t) for morphometric
(continuous) characters, both with P-value  0.05, after evaluating the
assumptions of univariate normality by using a Shapiro Wilk test, and
homoscedasticity through Levene s test (Zar, 1999). Furthermore,
pairwise correlation between sexually dimorphic characters was verified
with a Pearson correlation test (Zar, 1999). For species that could not be
distinguished with the multivariate analyses, interspecific comparisons
were made with an analysis of variance (ANOVA), over characters that
fulfilled assumptions of non-collinearity (  0.1), univariate normality,
and homoscedasticity, which was pairwise applied to OTU series of the
same sex, with P-value 0.05. Sample sizes of each group in statistical
tests are indicated as subscripts, and ranges are reported followed in
parentheses by mean 1 standard deviation and sample size. All ana-
lyses were conducted in the R (v. 4.1.0) environment (R Core Team,
2013). Custom scripts used for statistical analyses are available at https
://github.com/omarentiauspe/Liotyphlops.

Information of the cranial morphology of L. beui is based on high-
resolution micro-CT scans of the paratypes (BMNH 1946.1.11.12,
MCZ-R 17842, 16702). The CT scan of BMNH 1946.1.11.12 was per-
formed with a Nikon Metrology XTH 225 ST (Nikon Metrology, Leuven,
Belgium) at the Imaging Analysis Centre of the Natural History Museum
(NHMUK; London, United Kingdom), with the following settings: an X-
ray tube fitted with a tungsten transmission target and set to a voltage of
83 kV and a current of 41 A; no filter; 2238 projections of 500 ms
exposure time each with a frame averaging of 1 recorded over a 360
continuous rotation. The magnification, resulting from the source object
distance of 26.11 mm and the object-detector distance of 907.32 mm,
generated data with an isotropic voxel size of 8.39 m. A filtered back
projection algorithm was used for the tomographic reconstruction, using
the CT-agent software (Nikon Metrology GmbH, Alzenau, Germany),
producing a 16-bit uncompressed raw volume. The scan data of the
specimens MCZ-R 17842 and MCZ-R 16702 were downloaded from the
MorphoSource  platform  (https://www.morphosource.org/media/
000104543; https://www.morphosource.org/media/000104546).
These scans were performed with a Zeiss Xradia microXCT-400 at the
University of Texas High-Resolution X-ray Computed Tomography Fa-
cility (UTCT, United States), at a voltage of 80 kV and a current of 10 W,
with 1081 projections, resulting in an isotropic voxel size of 4.02 m.
Finally, the datasets were rendered in three dimensions with Amira
software (Thermo Fisher Scientific, Hillsboro, USA). Amira was also
used for segmentation to separate and colorize the bones of one spec-
imen (MCZ-R 17842) for better visualization.

Detailed descriptions and illustrations on the skull morphology of the
congener L. albirostris are already available (Dunn & Tihen, 1944; Haas,
1964; List, 1966; Rieppel et al., 2009; Linares-Vargas et al., 2021).
Therefore, we will not give a complete skull description of L. beui in the
results section, but will concentrate on showing the differences or de-
viations from the skull of L. albirostris. The skull of the paratype (BMNH
1946.1.11.12) of L. beui shows some damage, especially in the snout
region, where several bones are missing (premaxilla, right maxilla, right
septomaxilla, both vomers, both palatines, both dentals, right splenial),
broken (nasal, right pterygoid, left ectopterygoid, left septomaxilla,
right coronoid, left splenial, anterior part of right compound bone) or
dislocated. Therefore, for this specimen, only the undamaged parts of
the skull were used in the comparisons to the skull of L. sousai (UFRGS
6274) presented in Santos & Reis (2018). Osteological terminology
follows Cundall & Irish (2008) and Linares-Vargas et al. (2021).

2.3. Taxon sampling, DNA sequencing, and phylogenetic analysis

We generated DNA sequences for two specimens: 1) UFRGS 6274,
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holotype of L. sousai, from Passos Maia, Santa Catarina, southern Brazil;
2) UFRGS 6494, specimen of L. beui, from Erechim, Rio Grande do Sul,
southern Brazil. We extracted total genomic deoxyribonucleic acid from
liver or muscle tissues using a modified CTAB (hexadecyl-
trimethylammonium bromide) protocol (Doyle & Doyle, 1987). We used
primers for the small subunit ribosomal rRNA (16S rRNA) gene
described by Palumbi (1996) [5 -GCCTGTTTATCAA AAACAT-3 (16Sar)
and 5 -CCGGTCTGAACTCAGAT- CACGT-3 (16Sbr)] to obtain partial
mitochondrial DNA (mtDNA) sequences. Amplifications were performed
in a solution with a total volume of 20 L with 13.5 L of ultra-pure
water, 2.0 L of 10x PCR buffer, 1.0 L of MgCl2, 0.2 L each 10 mM
primer, 0.2 L of Invitrogen Platinum Taq DNA Polymerase, and 1.0 L
of DNA template (10 50 ng). The PCR reactions to 16S was performed
with an initial denaturation at 95 C for 5 min, followed by 35 cycles
(95 Cfor30s,48 Cfor30s,72 Cfor 60 s) and a final elongation at
72 C for 8 min. We employed the software Geneious (v.6.1; Kearse
et al., 2012) to visualize and align sequences as well as a platform to
export different formats. We also sampled the Scolecophidia infraorder
by including other 22 additional GenBank sequences for the diversity of
blindsnakes, including a topotype of L. beui (KR815891) from Instituto
Butantan, Sao Paulo, Brazil, and two additional Caenophidia outgroups.
We also included L. beui (SRA:SRS7160001) and L. ternetzii (SRA:
SRS7160004) model organism samples used for target capture of UCE,
AHE, and other genes from genomic DNA, for which we mapped a 16S
rRNA fragment sequence (KR815891) as reference genome, and aligned
sequencing reads of raw FASTQ files to the 16S rRNA reference
sequence, with Geneious (v.6.1; Kearse et al., 2012) and BowTie (v.2;
Langmead & Salzberg, 2012). The sequences were aligned with the
MUSCLE (MUItiple Sequence Comparison by Log-Expectation) plug-in
on Geneious (v.1.3; Edgar, 2004), with standard definitions and anchor
optimization (maximum iterations 8, gap opening 1, anchor
spacing  32). Final alignment is available at Supplementary File 1.
GenBank accession codes will be provided upon acceptance of the
manuscript.

The phylogenetic inferences were conducted in a maximum likeli-
hood and bayesian inference frameworks. We estimated the best sub-
stitution model and partition schemes based on the Bayesian
Information Criterion (BIC, for bayesian inference) and Akaike infor-
mation criterion with correction (AICc, for the maximum likelihood
inference) using PartitionFinderl.1.1 (Lanfear et al., 2012), with a
linked branch lengths model and a ‘greedy search, which recovered the
Tamura-Nei (TrN, variable base frequencies, equal transversion rates,
variable transition rates) for the BIC and the general time reversible
(GTR, variable base frequencies, symmetrical substitution matrix) for
the AICc scores, both with a single-codon partition (DNA, p1 1 546\3,
2 546\3, 3 546\3). The maximum likelihood framework employs the
Randomized Axelerated Maximum Likelihood (RAXML v.8; Stamatakis,
2014) software, searching the best-scoring tree 100 times and con-
ducting 1000 nonparametric bootstrap replicates (algorithm "- fa"). The
run was performed with a General Time-Reversible model (Tavare,
1986), which accounts for six substitution rate parameters and four
equilibrium, and a GAMMA (GTR ) distribution for incorporating rate
variation across sites. The bayesian framework employs the Bayesian
Evolutionary Analysis by Sampling Trees (BEAST v. 10.1.4; Bouckaert
et al., 2014) software, estimating a calibrated, partitioned gene tree
using the best substitution models, a birth-death tree model, and a
lognormal uncorrelated relaxed clock as priors. We calibrated our tree
with a monophyletic outgroup constraint for Elapidae, and a fixed mean
substitution rate of 1.07 10 2 0.002 sites per million years for the
16S rRNA, as estimated for synonymous substitution rates within the
mitochondrial loci, and accounting for the evolutionary rates variation
among rRNA structural elements (Mindell and Honeycutt, 1990; Och-
man et al., 1999; Smit et al., 2007; Eo and Woody, 2010; Hassler et al.,
2022), with a normal prior distribution of divergence times. We
implemented three independent runs, with 10,000,000 Markov chain
Monte Carlo (MCMC) lengths. We discarded each run s initial 10%
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Fig. 2. Principal Component Analysis (PCA) for females (left) and males (right) of the six OTUs analyzed in this work.

generations as burn-in and combined the results with a maximum clade

credibility tree in TreeAnnotator (v. 2; Bouckaert et al., 2014), and

assessed for convergence of runs using on effective sample sizes (ESS
200) in Tracer (v. 2; Bouckaert et al., 2014).

Uncorrected genetic distances (p-distances) were calculated using
MEGA 11 (Tamura et al., 2013), using a d" parameter (Transitions
Transversions), while assuming uniform rates among sites and homo-
geneous pattern among lineages. The p-distance calculation was made
based on the proportional (p) differences among nucleotide sites in
which two compared sequences differ, as inferred through the division
of nucleotide differences by the total number of nucleotides (Tamura
et al., 2013). Analyses of species delimitation was performed on the
alignment using Bayesian Poisson Tree Process (bPTP) and Poisson Tree
Processes (PTP) models (Zhang et al., 2013), which models speciations
or branching events as analogous to number of mutations, Assemble
Species by Automatic Partitioning (ASAP) model (Puillandre et al.,
2021), which is an implementation of a hierarchical clustering algo-
rithm that only uses pairwise genetic distances, avoiding the computa-
tional burden of phylogenetic reconstruction, and the Generalized
Mixed Yule Coalescent (GMYC) model (Fujisawa and Barraclough,
2013), which is a likelihood method for delimiting species by fitting
within and between species branching models to reconstructed gene
trees.

3. Results
3.1. Statistical analyses

Our exploratory multivariate analysis (PCA) recovered females of the
OTUs SP02 (Orange, L. caissara), SP04 (Pink, L. ternetzii), SPO5 (Red,
L. trefauti), and SP06 (Green, L. wilderi) as distinct spatial entities, and a
total overlap between the cluster of individuals from the OTUs SPO1
(Gold, L. beui) and SP03 (Dark Purple, L. sousai) (Fig. 2). As for males,
the OTUs SP01, SP02, and SP04 are recovered as separate entities. The
univariate analyses of several variables also corroborate the overlap of
both SP01 and SPO03 for most of the putatively diagnostic categoric,
discrete, and continuous characters, which suggest that these might
represent a unique and cohesive evolutionary unit (Supplementary
Fig. 1). Considering SPO1 and SP03 could not be separated by the
multivariate analyses, we conducted analyses of variance (ANOVA)
between non-collinear characters of these two groups, which encoun-
tered statistical differences between females of OTUs SPO1 and SP03 for
total length (Fy,10 15.049, P 0.05,n 11), but not for tail length
(F1,10 0.000139,P 0.9,n 11), mid-ventral scales (F; 1o 0.384, P

0.5,n 11), or subcaudal scales (F1,19 0.026,P 0.8,n 11).The
differences in SVL can be possibly attributed to our assumption of
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specimen maturity, which restricted the sample size to adult individuals;
it is likely that these differences are attributed to SPO3 being a juvenile
individual, which is also supported by the foramen between parietal
bones, as depicted in Santos & Reis (2018), and to the minimum
threshold for mature females individual being 219 mm of snout-vent
length, which is higher than the values shown by the specimen of
SPO3 (Parpinelli & Marques, 2015).

3.2. Identity of Liotyphlops sousai

In the description of L. sousai, no information is given regarding the
sex of the type specimen (Santos & Reis, 2018:507). We were unable to
visually verify the presence of an hemipenis in the holotype of L. sousai.
Examination of its scale counts (particularly, the number of subcaudals
and ventrals to subcaudals ratio) and manual probing also corroborate
that the holotype of L. sousai is actually a female specimen. According to
the diagnosis of Santos & Reis (2018), L. sousai is distinguished from all
other Liotyphlops, except Liotyphlops anops, Liotyphlops argaleus, and L.
trefauti, by having four scales contacting the posterior edge of the prefrontal
(vs. three scales contacting posterior edge of prefrontal) (Santos & Reis,
2018:507). According to the authors, the contact of four scales to the
posterior edge of the prefrontal appears to be the sole diagnostic char-
acter of L. sousai against L. beui. As mentioned before, individual contact
states among head scales in Liotyphlops are considered as highly vari-
able, and other authors suggest not describing new species using small
series due to this (Dixon and Kofron, 1983). The four scales contacting
the posterior edge of prefrontal are defined by Dixon and Kofron (1983) as
being postfrontals, and regarded as variable to their size and number in
all species of Liotyphlops.

Closer examination of the holotype (UFRGS 6274) reveals that the
contact of four postfrontal scales to the posterior edge of prefrontal is
actually absent, with a seemingly aberrant ocular scale, that produces a
proximal ridge, which was misinterpreted as a projection of a postfrontal
scale (Supplementary Fig. 2); the left side of the head on the holotype
also has three postfrontal scales contacting the prefrontal. Therefore, the
diagnostic of four postfrontal scales in contact with the prefrontal scale
is considered herein as unreliable and erroneous.

Of the holotype of L. sousai, there are CT scan images of the skull in
Santos & Reis (2018). No description or raw data were made available
on request to the authors. Therefore, we can only compare the skulls
from the three paratypes of L. beui with the images from the holotype of
L. sousai presented in Santos & Reis (2018), drawing limited conclusions
regarding similarities and differences. One of the most striking differ-
ences in the skull of the holotype of L. sousai compared to that of L. beui,
is the fact that there is still a rather large fontanelle between the parietal
bones of L. sousai and there are also rather large distances between most
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Flg. 3. Phylogenetic inferences and uncormected p-distances for Scolecophidia terminalz, bazed on the small subunit ribozomal BNA (165 rRNA) gene fragment. A)
Maximum likelihood (RAxML) phylogenetic tree inference and geographic distribution of evaluated zamples (white cireles = L. beui literature recornds; black and

white circles =

of the other cranial bones. Although possible to constitute an artifact of
the CT scan method, these are typical features for a juvenile blind snake
in which the ossification of the skull iz not yet completed due to onto-
genetie variation of dermal bones (Cundall & [msh, 2008). Sinee the
paratypes of L. bewd are adult specimens, we cannot compare aspects
related to bone distances and sizes of foramina between these epecimens
and the holotype of L. sousai. As a further difference, in L sousa the
anterior surface of the nazal is not mgose thickened, as the anterior end
of the nasal does not appear pointed in the dorsal view. Instead, 1t ex-
hibits foramina on both sides of the midline. Az eimilarities of L. sousal
and L bewn and shared differences to L albirostriz can be noted the
absence of a supraoceipital bone, az well az a more pronounced and
longer projection of the lateral flange of the nasal

The only noteworthy difference in L zousai iz the presence of a
supratemporal bone, which iz absent in the analyzed paratypes of L. beui
and present in the holotype of L. ternetzii. According to Santos (2018,
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L. beui examined records); B) Pairwize uncomected p-distances for Scolecophidia terminals.

thiz would represent an intraspecifically variable character, considering
that of four specimens of L. beut examined by thie auther (MCP 10853,
MCP 16362, MCZ-R 16702, MCZ-R 17842), the two paratypes also
lacked the supratemporal bone, whereas the other two specimens had it
Therefore, together with our additionally examined paratype (BMNH
1946.1.11.12), thiz bone was absent in three specimens and present in
two. Rage (19284 deseribes the supratemporal as a thin and minute,
rudimentary bone in Anomalepididae and Leptotyphlopidaes, lacking itz
functional articulation with the skull. In Leptotyphlopidae, Fley (2006)
reports a non-ossified ligament that 1z displaced between the lateral
surface of the exoeripital and dorsomedial aspect of the prosamal
quadrate head, in accordance with the interpretation of Rage (1984,
homelogous to the supratemporal bone. Eley (2006) raises the posei-
bility of the transformation of dermal bones into higamentous tissues for
the supratemporal, which could be prone to ontogenetic and intraspe-
cific variation, and also would not be vizible in the osteclogical analyzes,



O.M. Entiauspe-Neto et al

L. albirostris 1

L. ternetzll CHUNBSTT 31 Brasila DF BRA

L. bewl GRCOLLIZIT42 BRA

L. beui Sao Panla 5P BRA

L beuwi UFRGS6434 Erechim RS BRA

L sousal UFRGSEIT4 Passos Maia SC BRA

10 7.5 5 25 0

s 35

Zoologischer Anzeiger 303 (2023) 10-25

Fig. 4. Maximum clade credibility Bayesian tree,
bazed on the zmall subunit ribosomal RMA (165
rRMA) gene fragment, highlighting the divergence
time of terminalz. Bars represent the 95% Highest
Posterior Density (HPD) interval for divergence
dates. Scale indicatez million years ago (Myr). Fuoll
topology and posterior probability support of nodes
are provided as supplementary material Analyzes of
cezz (bPTP); Poizzon Tree Process (PTPY, Aszemble
Species by Automatic Partiioning (ASAP); General-
ized Mixed Yule Coalescent (GMYC). Inset photo-
graph: Listyphlops aff wilderi from Minaz Geraiz,
Brazil. Photograph credits: Henrique C. Costa

Fig. 5. Head scalation of Listyphlops beui (A, MCZ-R 17842, paratype) from Instituto Butantan, 530 Paulo, 530 Paulo state, southeastern Brazil, and Liotyphlops sousai

(B, UFRGS 6274, holotype), from Passos Maia, Santa Catarina state, southem Brazil

Ricppel et al (2009) reports different degrees in ossification for the

supratemporal of Typhlophiz squamosus (Schlegel, 1839) to absent in
Anomalepiz aspinosus Taylor, 1939. Palci (2014) also reports a variable

supratemporal in anomalepidids, ranging from the much reduced presence of supratemporal bones in the genus Anomalepis, that was

16
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Fig. 6. Specimens of Liotyphlop:s from Passos Maia, Santa Catarina state,
zouthem Brazil. A) Dorzal and ventral views of UFRGE 6274, juvenile female
holotype of Liotyphlops zousai; B) Dorzal amd ventral views of UFRGS 6275,
juwenile male identified as Liotyphlops bewi by Santos and Reiz (2018). Seale bar
=5 mm

previously reported as lacking a supratemporal bone (McDowell and
Bogert, 1954; Haas, 1968; Rieppel et al | 2009). Bieppel (1979) suggeste
that neoteny, pasdomorphosiz in ontogenetic ossification, can be
attributable for the dizappearance of the lateral wing of the basi-
gphenoid in Scolecophidia. Therefore, we find it likely that the visuali-
zation of the supratemporal bone in ecolecophids, possibly related to
different degrees in ossification, demineralization due to exposure to
formalin, or even visualization technique artifacts, iz prone to intra-
specific variation.

Onr final alignment totalized 490 base pairs of the 165 rRNA partial
gene fragment, for 24 Scolecophidia terminals and two outgroups
(Supplementary File 1). Our maximum likelihood phylogenetic infer-
ence recovers a final tree topology with a score Inli = —2336.628103,
supporting the monophyly of the genera Liotyphlops, Typhlops, and Epi-
ciia, with a strongly supported clade (bootstrap support >90) containing
L. sousai (UFRGS 6274) from Santa Catarina and L. bewd (KRS15891.1,

Table 1
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UFRGS 6494) from S3c Paulo and Rio Grande do Sul (Fiz. 3A). The
obeerved uncorrected p-distances also provide no support for genetic
divergence among these taxa, ranging from 0 to 1% (Fiz. 3B). Similarly,
intraspecific genetic vanation for Typhlops biminiensiz (Richmond, 1955)
are aleo recovered as ranging from O to 1%, in Epicha tenella Klauber,
1939 as 0%, and in L. albirestriz (Peters, 1858) as ranging from 0 to 2%.
Our ASAP, GMYC, PTF, and bPTF epecies delimitation analyses also
support a single evolutionary entity between L. sousar and L. bewr. Our
Bayesian inference also recovers a single clade with L. sousai and L. beuw,
with terminals likely diverging during the early Pleistocene, an inter-
specific divergence similar to what iz obeerved in L. albirestriz (Fig. 4).
These results consistently support a conspecific relationship between
L zousai and L. bewui.

Another izsue iz raised by the sympatry of L zouzat and L bewi
Although there iz no explicit mention to this in the work of Santoz & Reis
(201 &), another specimen of Liotyphlops was also found in the same lo-
cality as the type of L. szowrai, the Uszina Hidreletrica Passos Maia, at
Paszos Mala municipality, Santa Catarina, Brazil, az indicated by the
appendix of examined material. The single mentioned specimen (UFRGS
6275), also from Usina Hidrelétrica Passoe Maia, was wdentified by
Santos & Beiz (2018) as L. bewi. Purther exammmation in the same
collection revealed additional specimens from the same locality, and
that these would represent a senies (UFRGS 6272, 6273, 6274 [holotype
of L. souszai], 62735) collected on the same day.

Direct examination of the series of Liotyphlops specimens from Usina
Hidrelétrica Passos Maia (UFRGS 6272, 6273, 6274 [holotype of
L. sousai], 6275) reveals no consistent character for ite interspecific
diagnosiz. A comparizon of size and coloration between the holotype of
L zouzai (UFRGS 6274) and a sympatrie L. beui (UFRGS 6275) (Figs. 5-6)
reveals identical phenotypes. Purthermore, a comparizon between
morphological diagnostic characters reveals a complete overlap n
pholidoziz between L. sousai and L. bewt (Table 1). Therefore, we propose
to allocate L. sousai as a junior synonym of L beui. We also provide a
redezeription for a topotypical epecimen of L. bewn below.

2.2, Redeseription of L. beui

L bewi (Amaral, 1924}
(Fige. 1, 4-6, 9-12)

3.3.1. S¥ynonymy

Helmintophiz beut Amaral, 1 924:25. Holotype: IBSF 1806 (lost), from
Instituto Butantan (761 m above sea level), 830 Paulo municipality, S0
Paulo state, Brazil. Paratypes: IBSP 281 (lost), 282 (Lost), 652 (lost),
1041 (lost), MCZ 16702, 17842, BMNH 1946.1.11.12, also from Insti-
tuto Butantan, Sao Paulo municipality, Sao Paulo state, Brazil

L. zousai Santos & Feiz, 201 5:507. Holotype: UFRGS 6274 (juvenile
female), from Uzina Hidreletrica Paszos Maia (800 m above gea level),
Paszos Maila municipality, Santa Catarina state, Brazil [New
synonymy].

3.3.2. Heterochresonymy
L. ternetwii [non Helmintophis terneteli Boulenzer, 1896:584]: Amaral,

Selected diagnostic characters for Liotyphlops species from the Atlantic Rainforest, sampled in this sudy (n = nomber of specimens with scale counts, * = junior
synonym of Liotyphiops beul, ** = species with marginal records in Atlantic Rainforest). For raw values, refer to Supplementary Table 1.

prefrontal rows rows row rows
L bewi (n= 30) 3 4 3 2224 20 395446 375434 10-20
L ocaizsara (= I) 3 4 3 2223 20 463-510 274308 10-14
L sousai * (r= 1] 3 4 3 24 20 439 427 13
L termerii ** (n= 3 4 3 2225 a2 433473 455-485 1015
6)
L trefout (n = 2) 4 34 34 22 a2 520-548 409 532 89
L wilderi (n= 3] 3 34 4 2224 a2 304358 264-333 12-19
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Fig. 7. Morphological variation of Liotyphlops beui. A-B) Adult female topotype (IBSP 90395) from Instituto Butantan, S3o Paulo, 530 Paulo state, Brazil; C-IY) Adule
female (IBSP 78648) from 530 Paulo, 53o Paulo state, Brazil; E-F) Adult male (IBSP 79486) from Carapicuiba, 530 Paulo state, Brazil. Collection tag = 50 mm.

Photograph creditz: Bruno Rocha.
1924; Santos & Reiz, 2018 (In error).

3.3.3. Diagnosis

This species can be diagnosed based on the following combination of
characters: (1) anterior dorsal seale rows 22-24, usually 22; (2) mudbody
doreal scale rows 20-22 usually 20; (3) posterior dorsal seale rows 20;
(4) dorsal seales in vertebral row 395446 (in males 395420, in females
410-446); (5) mid-ventral scales 375434 (in males 375402, in females
395-434); (6) subcaudal scale rows 10-20 (in males 16-20, in females
10-15); (7) supralabials four; (8) infralabials three; (@) postfrontal seales
contacting prefrontal three; (10} two ecales in contact with posterior
edge of nasal seale; (11) dorsal coloration uniformly dark brown or
black, head and up to three first dorsal seale rows pinkish; (12) ventral
coloration uniformly dark brown or black, head, gular region, and
infralabials white or pink, cloacal region and ventral surface of tail
white; (13) SVL 173204 mm (in males 173275 mm, in females
191-294 mmy}; (14) Tail length 4.2-12.5 mm (in males 6.7-12.5 mm, in

females 4.2-6.6 mm).

3.3.4. Comparisons

Characters for other species are contained within parentheses, and
our data haz been supplemented with those provided by Dixon and
Eofron (1983). L bewi iz hikely to be confused with another similar
congener, L terneteii, that also haz a black doreal coloration and 1=
widely distributed from Uruguay and Argentina to northern Brazl
There appears to be no difference among these speciez in skull
morphology (O.M. Entiauspe-Neto, pers. obe.). While it has been sug-
gested that both species could be distingumished based on head eolora-
tion, which should be pink or white in L. bewt and black in L. ternetzii, an
analyziz of both types (BMNH 1946.1.11.77 - holotype of Helminthophiz
ternetwi; BMNH 1946.1.11.12 - paratype of H. beut) reveals that both
specimens present a similar, white head coloration in preservative, with
a distinctly colored light brown body. Until an integrative revision
incorporating molecular data 1z made, the taxonomaie status of these two
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Fig. 8. Boxplots, scatterplots, histograms, density plotz, and pairwize comparizon of sexually dimorphic characters of external morphology in males (M, purple) and
females (F, orange) of Liotyphlops beui. Outliers are indicated as black circlez. Pearson correlation (Corr) values: * = 0.05; ** = 0.01; *** = 0.001.

species 1s only weakly supported through external morphology. In light
of this, L bewi can be distinguizhed from L. termetzn by having posterior
doreal rows 20 (22 in L ternetwii) and dorsal seales in vertebral row
395446 (463-510 mn L tenetei) (Dixon and Hofron, ]1983; Centeno
et al | 201 0). Howewer, it chould also be noted that different values for
these counts in literature can be attributed to possible misidentifications
(e.g. reports of posterior doresal rows 22 mn L beui by Santos & Reis,

2018).

Furthermore, L. bewt can be distinguished from L schubarti Vanzoling,
1942 by having the naeal scale in contact with the second supralabial
(nasal separated from second supralabial by an accessory scale in
L schubarti). It aleo differs from L. albirestris (Peters, 12858) and L. wilder:
(Garman, 1 823) by hawing a emngle ecale contacting the postenior edge of
nasal, between second supralabial and prefrontal (two scales contacting

12

Flg. 9. Geographic dismibution of Opera-
bazed on Liotyphlops from the Atlantic
Rainforest biome (purplel, in South Amer-
ica. SPO1: Liotyphlops beui from the Atlantic
Forest of southeastern Brazil; SPO2: Lioty-
phlops caiszara from lowland Atlantic Rain-
forest of coastal southeastern Brazil; 5P03:
Liotyphlops sousm from the Atlantic Forest of
southern Brazil, considered herein a symo-
mym of L beui; S5P04: Liotyphlops termetsii
from the Cerrado of Brazil and Paraguay;
Rainforest of northeastern Brazil; SPOG: Lio-
typhlops wilderi from montane Atlantic
Rainforest of southeastern Brazil. Filled
symbols represent type localities and dotz
and follow Dixon and Kofronm (1983),
Mogueira et al. (2019).
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posterior edge of nasal, between second supralabial and prefrontal in
L. albrostriz and L wilderi). It furthermore differs from L wilderi by
having doreal scales in vertebral row 395446 (doresal scales in vertebral
row 304-358 mn L wilderi). From other two epecies, L anops (Cope,
1864) and L argalews Dixon and Eofron, 1983, L beui can be distin-
guished by having dorsal scales in vertebral row 395446 and usually
three postfrontal scales contacting prefrontal (four postfrontal scales
contacting prefrontal, posterior doreal scale rows 22-24 in L. anops and
L. argaleus). Other congener which bears great resemblance to L bewd 1=
L. eagizzara Centeno, Sawaya, & Germano, 2010, from which it can be
separated by having a black venter and two scales in contact with the
posterior edge of nasal between second supralabial and prefrontal
(white venter, one scale in contact with the posternior edge of nasal be-
tween second supralabial and prefrontal in L eaizsara). It can be
distinguiched from another congener which occurs in the northernmaost
range of the Atlantic Forest, L. trefouti Freire, Caramaschi, & Argolo,
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Fig. 10. Dorzal (A), lateral (B), and wentral (C)
views of the skull of Liotyphlops beui (MCE 17842,
paratype) bazed on pCT imagery. Different skull el-
ements are digitally colored and the mandible iz
removed for better visualization. Abbreviationz: BO
= basioccipital; ECP = ectopterygoid; F = frontal;
MY = maxilla; NA = nasal; OT = otico—oceipital
complex; P = parietal; PAL = palatine; PBS = para-
basizphencid; PFR = prefrontal; PMX = premanxilla;
PO = postorbital; PT = pterygoid; Q = quadrate;
SMX = zeptomaxilla; V = vomer. Scale bar = 1 mm.

2007, by having dorsal scales in vertebral row 395446, a uniformly
black dorsal and ventral coloration, and usually three postfrontal scales
contacting prefrontal (four postfrontal scales contacting prefrontal,
dorzal scales in vertebral row 520-543, uniformly brown dorsal and
ventral coloration, four postfrontal scales contacting prefrontal in
L. mrefautt). Lastly, it differs from L. taylori Santos & Reiz, 201 8, by having
three infralabiale (two infralabiale in L mylort).

3.2.5. Redescription

Redeseription 1z bazed on a topotypical specimen (IBSP 90395,
Fiz. 7A-B), an adult female, from Instituto Butantan, Sac Paulo mu-
nicipality, Sac Paulo state, Brazil Snout-went length 258 mm, head
length 5.5 mm (2.13% of 5VL), tail length 8 mm (3.10% of SVL). Rostral
large, longer than wider, contacting nasals anterclaterally, prefrontals
laterally, and frontal posteriorly; prefrontals paired, triangular, con-
tacting rostral anterolaterally, mnasal wventrally, and frontal
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Fig. 11. Anterior (A) and postedor (B) views of the skull and lower jaw of
Lietyphlops beui (MCZ 17342, paratype) based on pCT imagery. Different skull
elements are digitally colored to improve wvisualization. Abbreviations: BO =
basioccipital; CB = compound bone; CO = coronoid; D = dentary; F = frontal;
MY = manxilla; NA = nazal; OT = otico—occipital complex; P = parietal; PBS =
parabasisphenoid; PFR = prefrontal; PMX = premaxilla; PO = postorbital; PT =
pterygoid; () = quadrate; SMX = septomaxilla; 5P = splenial Scale bar= 1 mm_

dorsoposteriorly; posterior edge of both prefrontals not contacting
posterior edge of rostral; nasal plate divided, contacting rostral antern-
ordy, prefrontal dorsally, and supralabials 1-2 venirally; eyespot
inconspicuous, not clearly wisible; supralabials 3/3; postfrontals five,
three contacting prefrontal; infralabiale 4/4; dorsal seale rows 2420/
20, smooth, cycloid; vertebral scales 394; midventral scales 353; sub-
caudal scales 14.

3.3.6. Coloration

In life, specimens have a uniformly dark brown or black dorsal
coloration, with a pinkizh or beige head coloration, that extends up to
the first five dorzal scale rows. Ventral coloration umiformly dark brown,
except for eloacal region, subcandals, gular region, and infralabiale that
are white or pink. Body scales have a light brown outline on bottom and
dark brown or black coloration on apex. In preservative, pink coloration
becomes white, and black becomes light brown.

3.2.7. External morphology variation

We detected sexual dimorphism, in which females of L. bewn attamm
higher total length [E]?,l]_ =2.7122, P < 0.05, n = 28), smaller tail length
(f17,11 = 6.2525, P < 0.0001, n = 28), lower dorzal seales in vertebral
oW I:Ul';r_]_] =3, Z=—4.2 P < 0.0000], n = 28), lower mid-ventral
geales (Uhpyy = 1, £ = —4.3, P < 0.00001, n = 28), and lower sub-
caudal seales (Uyg1) = 0, £ = 4.3, P < 0.00001, n = 28). All zexually

i |
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dimorphic characters were found to be correlated (Fiz. 2). Total length
ranges from 167 to 300 mm (245 &+ 35, n = 28], in males ranges from
167 to 272 mm (232 £ 30, n = 17), in females ranges from 186 to 300
mm (265 + 33, n= 11). Snout-vent length ranges from 173 to 294 mm
(249 4+ 32, n= 28), in males ranges from 173 to 275 mm (241 + 31, n=
17), in females ranges from 191 to 294 mm (260 £+ 30, n = 11). Tail
length ranges from 4.2 to 12.5 mm (7.5 + 2.2, n = 28}, In males ranges
from 6.7 to 12.5 mm (8.9 + 1.7, n = 17), in females ranges from 4.2 to
6.6 mm (5.3 + 0.7, n = 11). Head length ranges from 3.4 to 5.6 mm (4.7
+ 0.6, n=28), in males ranges from 3.5 to 5.6 mm (4.8 + 0.6,n=17),in
females ranges from 3.4 to 5.5 mm (4.5 &+ 0.6, n = 11). First row of
dorzal scales range from 22 to 24 (22 + 0.8, n = 28), and the last row of
dorzal scales are 20 (n = 28). Postfrontal scales in contact with the
frontal scale are three (n = 28). Scales in contact with the nasal are two
(mn = 28). Supralabial scales are four (n = 28), infralabial ecales are three
(mn = 28). Dorsal scales in vertebral row range from 395 to 446 (415 +
16, n = 28), in males range from 395 to 420 (404 £+ 6.2, n = 17), in
females range from 410 to 446 (433 £ 10, n = 11). Mid-ventral scales
range from 375 to 434 (399 + 18, n= 28), in males range from 375 to
402 (386 + 6, n = 17}, In females range from 395 to 434 (420+ 11, n=
11). Subcaudal seales range from 10 to 20 (16 £+ 3, n = 28), in males
range from 16 to 20 (184 1, n = 17), in females range from 10 to 15 (12
+ 1, n = 11). Head coloration in all epecimens has white pigmentation
(n = 28), ranging from fully (up to three dorsals) to mostly (up to one
dorzal, or not reaching dorsals) white.

3.3.8. Geographic distribution

L. beuwi has been recorded from Argentina, Brazil and Paraguay
(Fiz. 2], mostly from Atlantic Rainforest, although there have been
extralimital records from the Cerrado, Pantanal, and Chiquitano Dry
Forest, at low to moderate altitudes (up to 1000 m above sea level)
(Dixon and Kofron, 1983; Nogueira et al | 9). Records of L. bewt are
largely concentrated in southeastern and southern Brazil, in the states of
Sao Paulo, Parani, and Rio Grande do Sul. lzolated records from its
northernmost range, in the Cerrado of Mato Grosso and Goias states in
Brazil, should be carefully reviewed regarding their identity and prow-
enance, as these are separated from its core distribution in eoutheastern
Brazil by at least 500 km. Thiz epecies has an estimated Extent of
Oceurrence (EOO) of 1,205,320,935 km”.

In itz core geographic distnbution, L bewd iz sympatric with
L. ternetsii in northwestern Rio Grande do Sul, western Parana, and
weetern 8ac Paulo. The latter species appears to be largely associated
with the Cerrado and Chaco Dry Diagonal open areas, widely distributed
from Para, in northern Brazil, southwards into Uruguay. Other two
congeners which L. bewt might be sympatric with in the Atlantic Raim-
forest are L. caizsara, which occurs in the coastal lowlands and marine
izlands of Sao Paulo, and L. wilderi, which oecurs in coastal lowlands and
montane foreste of Rio de Janeiro and Minas Gerale. Another congener,
L. trefauti, 1= recorded from the northernmost portion of the Atlantic
Rainforest, in northeastern Brazil, where L. bewt has not been recorded.

il

3.2.9. Osteological comparizons

Osteological deseription is based upon adult paratypes of L. ben
(BMNH 1946.1.11.12, MCZ-R 17842, 16702, Fizz. 10-12). Comparisons
are made to the osteological deseniption of L. albirostris (Ricppel ot al |
2009; characters in parenthesiz). In L. bewd, the lateral flange of the nasal
forms a more pronounced and longer projection that owverape the
laterally descending frontal flange (lateral flange of the nasale forms a
lese pronounced, smaller projection, shightly overlapping the laterally
descending frontal flange mn L. albirostriz); the foramina on the external
surface of the nasal tend to be concentrated along the midline of the
dorzal surface, with 1tz anterior surface of nasal without foramina,
rugose thickened (foramina on the extermnal surface of the nasal are
concentrated on both sides of the midline on ite anterior and doreal
surfaces in L. albirostriz); the anterior end of nasal 1= pointed (straight in
L. albirostriz); the anterior end of the vomer remaing separate from the
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Fig. 12. Lateral (A}, medial (B), dorsal (C), and ventral (D) views of the lower jaw of Liotyphlops beui (MCZ 17842, paratype) based on pCT imagery. Different skull
elements are digitally colored to improve visualization. Abbreviations: CB = compound bone; OO0 = coronoid; D) = dentary; BP = reroarticular process of compound

bone; 5P = zplenial. Scale bar = 1 mm.

premaxilla, with vomers unfused along their entire length (fused on
posterior part in L. albirestriz); the paired frontals meet the paired pa-
rietals in a broad V-shaped suture (U-ghaped suture in L. albirestriz); the
postorbital element contacts the lateral surface of the prefrontal shghtly
anterior to the prefrontal-frontal articulation (separated from the pre-
frontal in L abbiostiz); no foramina in the dentigerous procesz of
maxilla (foramina present in denbigerous procese of maxilla in
L. albirostriz); the posterolateral process of palatine contacts anterior
region of pterygoid (separated from pteryeoid in L. albirostriz); an ossi-
fied supratemporal and supraocccipital are both absent (present in
L. albirostriz); trigeminal foramen larger, formed by the parabasi-
sphenoid, parietal and prootic (frigeminal foramen smaller in
L. albirostriz, formed by parietal and prootic); ventral surface of
basioccipital indented at both sides of the anterclateral region (emooth
in L. albirostriz); ventral margin of coronecid not in contact with splenial
(identified as “angular™ by Ricppel =t al. (2002, contacting splemal in
L. albirostriz); splenial wisible in lateral and medial views, posterior
surface not obecured iIn medial view by the compound bone and coro-
noid (posterior surface obecured by compound bone and coronoid in
L. albirostriz).

4. Discussion

The number of Liotyphlops species is reduced here to 11, and the ones
recorded to the Atlantie Raimnforest to five (Fiz. 12). Like L. sowsai, other
congeners were also deseribed based on small type senies, such as
L. schubarti (n = 1), L. trefauti (n = 3), and L. taylori (n = 1), which are
still known from fewer than ten individuals (Vanzolini, 1948; Freire
etal, 2007; Santos & Reis, 2018; Nogueira et al., 201 9). It should aleo be
noted that these descriptions were based exclusively upon characters of
external morphology; although the deseription of L. saylor iz followed
by high-resolution images of its skull, no comparisons among species or
osteological deseriptions are provided. Az mentioned by Dixon and
(129583), emall type series should be avoided for deseription of
new species, as these are particularly prone to deleterious sampling
biases, such as an incomplete assortment of interspecific variation or an
msufficient diagnostic characterization of the putatively new taxon.
Although head scutellation characters have been widely used in the
taxonomy of Liotyphlops, and are certamly useful for identifications
based on external morphology, these should 1deally be coupled with
other lines of evidence, which are here shown to reduce subjectivity in
delimitation of species. We urge authors to refrain from taking taxo-
nomic decisions based on limited samples or without support from
several lines of evidence, which should include data from osteology,

Eofron



DNA sequences, and hemipenial morphology.

Several taxonomic groups of MNeotropical snakes appear to be
impaired by limited sampling or rarity. Similar patterns of rarity and low
representation in scientific collections are also shared by species of the
genera Apostolepiz Cope, 1864, Atractuz Wagler, 1830, Coronelaps
Hofstadler-Deiques, 2010, Tantlla Baord & Girard, 1853, which bear
taxa known exclusively upon small series (Ferrarezzi, 1993; Myers,
2003; Entiauspe-Meto ot al., 2022). It 15 aleo known that, like in Liogy-
phlops, some species of the aforementioned genera chare fossorial
cryptozoic habits, and nocturnal or cathemeral activity, which are likely
to impair itz visualization and collection by humans (Ferrarez=zi, 1993;
Myers, 2003). Myers (2003) mentions three possible causes for
appearance of rarity in Neotropical enakes: (1) lower population density;
(2) secretive habits; (3]} emall prographic ranges or habitat specializa-
tion. While there are no publiched assessments on population density of
Liotyphlops epecies, all epecies appear to have secretive fossorial habits,
and at least L. eaizzara, L. taylori, L. trefaut, L. schubarti, and L. wilderi are
known for small geographic ranges.

A close relationship between L. bewt and L. termetsil is supported by
our molecular analyses, which repeatedly recover these taxa as a sister-
group. It 15 also noteworthy that there are extensive zones in which
L. bewt and L. ternetzn are suggested to be sympatric. Considering that
these species are only weakly distinguished based on external
morphology (posterior dorsal ecale rows, dorzal scales in vertebral row),
it 1z possible that these taxa might be synonymous or have a sister—group
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Flg. 13. Species of Liohphlop: from the Atlantic
Rainforest. A) Liotyphlops beui from Trés Passos, Rio
Grande do Sul, Brazil (IBSP 92768); B) L beui from
same previous locality (unvouchered); C) Liotyphlops
ternetzsil from Itquira, Mato Grosso, Brazil (UFRGS
6458); D) Liotyphlops wilderi from Itapebi, Bahia,
Brazil (MNRJ 15657); E) Liotyphlops caizsara from
Ilha Anchieta, 830 Paulo, Brazil (IBSP 89927); F)
Liptyphlops trefouti from Traipu, Alagoas, Brazil
(MUFAL 9424). Photograph credits: Arthur Abegg
(A, B, E), Marcio Borges-Martins (C), Mareo Antonio
de Freitas (D), Ubiratan Gongalves (F).

relationshap (Dixon and Eofron, 1983). The disgnosis between L. beun
and L. terneteti also appears to diverge among authors, as some authors
are able to distinguizh both epecies based on scale counts (e.g. Dixon and
Eofron, 1983; Giraudeo, 1994; Centeno et al, 201 0), and others could not
(=g Santos & Reis, 2018). Some possible explanations, added to the
ones aforementioned, also include possible misidentified individuals, or
even intergradant specimens, which may occur within the contact zones
evaluated with an evaluation of the taxonomic identity of L. bewi and
L. ternetzil in their whole range, added to approaches of population ge-
netics, in order to test for hybridization and gene flux among epecimens
atiributed to both taxons.
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8. Appendix I

Material examined. Coordinates are given in WGS 84, World Geodetic
System (EPSG:4326) datum. Specimens marked with an asterisk (*) could
not be found in their respective collections during the time of writing (08
June 2022), and are likely to be either missing or were destroyed during the
Butantan Institute Fire in 2010.

L. beui (Amaral, 1924) (n 75): BRAZIL: PARANA: Uniao da Vitoria,

26.22261763902104 S, 51.086770741810916 W (MCP 16360);
RIO GRANDE DO SUL: Erechim, 27.638363223869092 S,
52.26716932850961 W (UFRGS 6494), Tres Passos, 27.4560
49050320402 S,  53.930360360350232 W (IBSP 92768, UFRGS
7096, 7097); SANTA CATARINA: Usina Hidreletrica Passos Maia, Passos
Maia, 26.780814996967333 S, 52.06075943604652 W (UFRGS
6272, 6273, 6274 - holotype of L. sousai, 6275); SAO PAULO: Unknown
locality ~ (IBSP  83938), Carapicuiba, 23.5447828651887 S,
46.83819612391236 W (IBSP 79486, 81227, 88396), Cotia,
23.602598317980657 S, 46.91751639890515 W (IBSP 78274,
87449), Guararema, 23.414011254269383 S, 46.0354
036649803 W (IBSP 81283), Ibitina, 23.66063583826207 S,
47.21189326084941 W (IBSP 80644, 84488, 87930), Jacaret,
23.30406153793857 S,  45.96400718555779 W (IBSP 79321),
Osasco, 23.54042363264598 S, 46.79370348425242 W  (IBSP
78672, 83634, 84494, 84576, 91867), Santa Isabel,
23.322737297876927 S,  46.22422290745215 W (IBSP 80680),
Santo Andre,  23.775387835516508 S,  46.39159152886798 W
(IBSP 79327), Sao Paulo, 23.548067038910187 S,
46.6217251404256 W (IBSP 62810, 78258, 78318, 78318, 78543,
78570, 78645, 78648, 79719, 79720, 79844, 81333 (Bairro Vila Jagu-
ara), 81509, 81650, 81717, 81899, 83520, 84693, 84694, 84748,
84961, 85472, 85493, 85494, 87323, 87533, 88329, 88907, 89347,
89532, 91834, 92321, 92448, 92465, 92466, 78318), Instituto Butantan
in Sao Paulo, 23.567026259684827 S, 46.71888409994317 W
(IBSP 88907, 84694, 78648, 90395, 92448, topotype, MCZR-16702,
17842, 17843, BMNH 1946.1.11.12 - paratypes of H. beui), Sao Roque
23.5309028178708 S, 47.13687966384641 W  (IBSP 81149,
87414).

L. caissara Centeno, Sawaya, & Germano, 2010 (n  3): BRAZIL:

24
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SAO PAULO: Ubatuba, Parque Estadual da Ilha Anchieta,
23.550082799793074 S, 45.066694759063566 W (IBSP 89927),
Ilha Sao Sebastiao, 23.833729197885763 S, 45.36068313480343 W
(IBSP 76774), Location withheld at request of collector (IBSP 81283).
L. ternetzii Boulenger, 1896 (n  15): PARAGUAY: Unknown locality
(BMNH 1946.1.11.77 - holotype of Helminthophis ternetzii); SAN PEDRO:

Primavera, 23.149219648433366 S, 57.38634608052616 W
(BMNH 1955.1.5.93, 1956.1.16.34, 1960.1.2.72, 1956.1.3.34,
1956.1.3.33); BRAZIL: DISTRITO FEDERAL: Brasilia,

15.773891586031407 S, 47.93388530889805 W (IBSP 81161,
MCP 18381, 18058); MATO GROSSO: Burity (Buritl, Alto Araguaia),
17.978286105793774 S, 53.54978208652379 W (BMNH
1946.1.10.73 - holotype of Helminthophis collenetei); MINAS GERAIS:
Unknown locality (UFMG 0055, 2654, 1682), Prudente de Moraes,
19.462258859998517 S, 44.11304113612916 W (IBSP 83613);
MATO GROSSO: [Itiquira, 17.22347213649225 S,  54.1407081
18935095 W (UFRGS 6458); SAO PAULO: Sagres,
21.885229362316583 S, 50.959008501068325 W (IBSP 84175).

L. schubarti Vanzolini, 1948 (n  1): BRAZIL: SAO PAULO: Piras-
sununga, 21.99849468592157 S, 47.426920380987184 W (IBSP
78314).

L. trefauti Freire, Caramaschi, & Argolo, 2007 (n
ALAGOAS: Teotonio Vilela, 9.906042662565511 S, 36.360745470
67437 W (CHP-UFRPE, unvouchered); BAHIA: Ilheus, 14.7943608
02672307 S, 39.046523003559216 W (MZUESC 4095, 5800); PER-
NAMBUCO: Tamandare, 8.758004068840062 S, 35.1073467
0501041 W (CHP-UFRPE 0653).

L. wilderi (Garman, 1883) (n  4). BRAZIL: MINAS GERALIS: Itabira,

19.642353194160638 S, 43.227548881506536 W (UFMG 1807),
Alvorada de Minas, 18.731735663885786 S, 43.3642959
86211665 W (MCZ R-5126, FMNH 73387, syntypes of Typhlops wilderi);
RIO DE JANEIRO: Porto Real, 22.437846431356043, 44.323
01273906716 (BMNH 1946.1.11.3, holotype of Helmintophis guentheri).

4). BRAZIL:
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