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Abstract

Liolaemus audituvelatus (Núñez & Yáñez 1983) and L. manueli (Núñez, Navarro, Garín, Pincheira-Donoso & Meriggio 

2003) are endemic species of the Atacama Desert of northern Chile that belong to the montanus group. Both species are 

considered cryptic from each other and can only be distinguished by their distribution ranges and karyotypes. Originally, 

there was a wide separation zone between their known distribution ranges, but later collections reduced the gap from 430 

km to only 150 km. In this study, we review the geographic information about both species and report new localities within 

the distribution gap, where species identification becomes difficult. We performed a molecular phylogenetic analysis and 

applied several species delimitation methods to reassess the taxonomic status of both nominal species and new interme-

diate populations. Our analyses support the placement of L. manueli in the synonymy of L. audituvelatus. We discuss the 

biogeographic and conservation implications of this new synonymy.
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Introduction 

Liolaemus is a lizard genus widely distributed throughout South America, ranging from central Peru and 
southeastern Brazil to Tierra del Fuego in Argentina and Chile (Pincheira-Donoso et al. 2008). The more than 250 
species of the genus (Abdala & Quinteros 2014; Uetz & Hošek 2016) occupy the most diverse environments with 
altitudes ranging from sea level to approximately 5000 m in the Andean highlands (Donoso-Barros 1966; Cei 
1993; Pincheira-Donoso et al. 2008; Aparicio & Ocampo 2010).

Two major clades have been recognized within Liolaemus: The Chilean group proposed as the subgenus 
Liolaemus, and the Argentinian group, proposed as the subgenus Eulaemus (Laurent 1983; 1985; Etheridge 1995; 
Schulte et al. 2000). A subset of species belonging to the Argentinian group have been identified as the montanus

group (Etheridge 1995), where the knowledge about many species is still poor and where there have been some 
taxonomic problems (Núñez & Jaksic 1992; Pincheira-Donoso & Núñez 2002; Valladares et al. 2002; Pincheira-
Donoso & Núñez 2005; Troncoso-Palacios 2014; Ruiz de Gamboa & Ortiz 2016; Aguilar et al. 2016). This is 
probably because these species inhabit the desert or highlands where is difficult to study them.

Within this group, two species of similar morphology were described in northern Chile: Liolaemus 

audituvelatus (Núñez & Yáñez 1983) and L. manueli (Núñez, Navarro, Garín, Pincheira-Donoso & Meriggio 
2003). Originally, L. audituvelatus was known only in the type locality Llano de Vilama, 10 km east of San Pedro 
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de Atacama (Núñez & Yáñez 1983). Years later, Núñez et al. (2003) mentioned that the distribution of L. 

audituvelatus was restricted to the Salar de Atacama (50 km south of San Pedro de Atacama) in Antofagasta 
Region. Liolaemus manueli was known only from its type locality: Diego de Almagro in the Antofagasta Region 
(Núñez et al. 2003). Between their type localities, there existed a wide separation zone (430 km in straight line), 
where it was assumed that there were no populations connecting both species. Differentiated morphologically from 
each other only by imprecise subtleties, they were considered cryptic species, distinguishable only by their 
distribution and karyotypes (Núñez et al. 2003). 

Later, Núñez et al. (2012) reported new localities for both species: L. manueli was recorded 124 km southwest 
of its type locality and L. audituvelatus was recorded 280 km southwest of its type locality. This last record reduced 
the gap separating the known localities of the two species, from 430 km to only 150 km. Due to the lack of 
diagnostic morphological characters between these species, the correct assignment of individuals to species is 
complicated in intermediate records. In this study, we update the geographic data of both species and evaluate 
whether L. audituvelatus and L. manueli correspond to different phylogenetic taxa by applying a series of species 
delimitation methods.

Materials and methods

For this study, we compiled all the geographic records of the literature and the database of the Museo Nacional de 
Historia Natural de Chile (MNHN) herpetological collection (GBIF, 2016), to which we added new undescribed 
localities (Figure 1, Appendix S1) assigned to Liolaemus audituvelatus (Figure 2a) or L. manueli by geographic 
criteria. We also collected specimens near the type locality of L. audituvelatus (near Caspana), and other 
intermediate localities between the known distributions of L. manueli (Figures 2d, e and f) and L. audituvelatus

(Figure 1) (Figure 2b and c). Additionally, a total of 16 individuals belonging to seven species of the montanus

group were included in the phylogenetic and species delimitation analyses (Appendix S2).
The collected individuals were sacrificed by injection of sodium thiopental, applied in the pericardial cavity. 

For the molecular study, we cut a small piece of the tail or liver, which were immediately stored in absolute ethanol 
(>99.5%).

Genetic data and analyses. Genomic DNA was extracted from the tail or liver using a Promega Wizard SV 
Genomic DNA Purification System Kit, following the manufacturer’s protocol. A fragment of the mitochondrial 
gene cytochrome b (Kocher et al. 1989) was amplified using the PCR protocol of Vidal et al. (2012) and sequenced 
with an Applied Biosystems 3730XL sequencer (Macrogen, Korea). Sequences were edited with CodonCode 
Aligner software (CodonCode Corporation, Dedham, MA.) and translated to amino acids to identify open reading 
frames.

As an ingroup, we used specimens that could be assigned to L. audituvelatus by distribution range, including 
one found near the type locality (Figure 3), one specimen from the type locality of L. manueli and another one from 
a known locality, specimens of intermediate populations between the type localities of these two species, and 
representatives of other species of the Liolaemus (Eulaemus) montanus group (Schulte et al. 2000) from Chile and 
another for which cytb sequences are available in GenBank (Appendix S2). As an outgroup, we used L. ornatus 

Koslowsky, belonging to the Liolaemus(Eulaemus) darwinii group (Aguilar et al. 2016). All new sequences were 
deposited in GenBank (Appendix S2).

Sequences were aligned with MUSCLE (Edgar 2004). We evaluated whether the sequences were saturated and 
thus useful for the phylogenetic analysis, using the Xia test (Xia et al. 2003; Xia & Lemey 2009) implemented in 
DAMBE v6.4.29 (Xia 2013). This is an entropy-based index that estimates a substitution saturation index (Iss) and 
compares it to a critical substitution saturation index (Iss.c) via a randomization process with 95% confidence 
intervals (Xia 2000; Xia & Lemey 2009). Phylogenetic relationships were inferred using a Markov Chain Monte 
Carlo (MCMC) method within a Bayesian framework (BMCMC) to estimate the posterior probability of 
phylogenetic trees in BayesPhylogenies v1.1 software (http://www.evolution.rdg.ac.uk/ BayesPhy.html). We ran 
BMCMC analyses consisting of 10,000,000 iterations of phylogenetic trees, sampled every 1000th to assure that 
successive samples were independent. From this sample of trees, we removed the first thousand to avoid including 
samples before the convergence of the Markov Chains.
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FIGURE 1. Distribution maps of Liolaemus audituvelatus and L. manueli based on historical and new records. Type localities 
of both species are indicated by stars. Historical records of both species gathered from Núñez et al. (1998, 2003, 2012) and 
GBIF (2016) also are indicated by black circles and squares. New localities of L. audituvelatus are indicated by red circles and 
red squares for L. manueli. Localities from which DNA samples were obtained for the analyses of this study are indicated with 
green triangles. The geographic references are in Appendix S2.

Species delimitation. We applied three species delimitation methods to evaluate whether L. audituvelatus and 
L. manueli are phylogenetically distinct. We used Automatic Barcode Gap Discovery (ABGD) (Puillandre et al.

2012), Poisson Tree Process (PTP) (Zhang et al. 2013) and multi-rate Poisson Tree Process (mPTP) (Kapli et al.

2017), which are based on different aspects of molecular evolution. The Automatic Barcode Gap Discovery 
(ABGD) method was used to divide data into candidate species based on a statistically inferred barcode gap 
(Puillandre et al. 2012), employing three distance options (Simple, Jukes-Cantor and Kimura 2-parameter). We 
used a relative gap width (X) of 1.0 and tested a range between 0.001 and 0.25 of prior intraspecific divergence 
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values (Puillandre et al. 2012). The corresponding analysis was conducted on the web server for ABGD (http://
wwwabi.snv.jussieu.fr/public/abgd/abgdweb.html). The PTP method models speciation rate by directly using the 
number of substitutions and applying two independent Poisson process classes, one which describes speciation and 
another which describes the coalescent intraspecific processes. Thus, the adjustment of both processes delimits the 
species in a given topology (Zhang et al. 2013). A new method based on the PTP algorithm, multi-rate PTP 
(mPTP), improves the estimate considering different rates of speciation-coalescence (Kapli et al. 2016). Although 
the speciation rate can be assumed as constant between closely related species, intraspecific coalescence rate and 
genetic diversity can differ significantly even among sister species, then mPTP allows to consider different rates of 
branching events within each delimited species (Kapli et al. 2016). To perform PTP and mPTP we used the web 
server (http://mptp.h-its.org/) and the Bayesian consensus tree. For all these analyses, the sequence of the outgroup 
was excluded.

Moreover, we complemented the species delimitation analyses by computing pairwise distances among all 
specimens included in the phylogenetic analysis with BioEdit v.7.0.9 (Hall 1999). 

FIGURE 2. Individuals from a) near Caspana (MUAP-114), near type locality for Liolaemus audituvelatus; b) Diego de 
Almagro, type locality of L. manueli; c) and d) Altos Quebrada Agua Colorada; e) and f) Barranquilla (near Caseron). f) is a 
gravid female. Note that b) male of L. audituvelatus from known distribution and d) male of L. manueli from type locality, are 
identical and were found 300 km away (in straight line); and, a) and e) are also similar and were found 600 km away (in straight 
line).

Results

Phylogenetic Analysis. The Bayesian analysis included cytb sequences from a total of 29 specimens assigned to 
15 nominal species of the montanus group, seven from Argentina and eight from Chile. The consensus tree with 
Bayesian posterior probabilities, based on 705 nucleotide sites, is shown in Figure 4. The analysis recovered L. 

audituvelatus and L. manueli as a monophyletic group with high support (BPP = 1), but nevertheless, the two 
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specimens of L. audituvelatus from near Caspana are paraphyletic with respect to all samples assigned to L. 

manueli.

FIGURE 3. Specimens of Liolaemus audituvelatus collected near Caspana, 65 km north of San Pedro de Atacama, 
Antofagasta Region (MUAP-113 (LNC135) and MUAP-114 (LNC136)).

FIGURE 4. Bayesian consensus tree showing the phylogenetic relationships among species of the montanus group and new 
populations related to L. audituvelatus and L. manueli. Posterior probability is indicated at each node.
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Species delimitation analyses. Each species delimitation method recognized a different number of candidate 
species (Figure 5). ABGD recognized 11 candidate species within each of the three distances used. This method 
suggests that L. audituvelatus and L. manueli correspond to a single species, as was also the case for the clade 
including L. eleodori Cei, Etheridge & Videla, L. vallecurensis Pereyra, L. rosenmanni Núñez & Navarro and L. 

nigriceps (Philippi).
The mPTP model recognized 10 candidate species and also suggested that L. audituvelatus and L. manueli

correspond to a single species. Likewise, the clade including L. eleodori, L. vallecurensis, L. rosenmanni and L. 

nigriceps was also found to correspond to a single species as was the clade including L. andinus Koslowsky and L. 

famatinae Cei.
The PTP model recognized 14 candidate species. This method also suggests that L. audituvelatus and L. 

manueli are conspecifics, but one individual of L. audituvelatus (MUAP-114 (LNC136) was recognized as a 
different species. Also, L. eleodori with L. vallecurensis likely correspond to the same species.

While each of the three species delimitation methods found Liolaemus audituvelatus and L. manueli to belong 
to a single species, one of the two specimens from near Caspana (MUAP-114 (LNC136); Figure 3) was assigned to 
L. audituvelatus was recognized as a separate candidate species by the mPTP analysis. All methods placed the 
other Caspana specimen (MUAP-113 (LNC135)) in the same species as all samples assigned to L. manueli (Figure 
5). It is necessary to emphasize that both specimens of L. audituvelatus collected near Caspana are 
indistinguishable morphologically (Figure 3) and that the genetic distance between specimen MUAP-113 
(LNC135) and the specimen from the type locality of L. manueli (Diego of Almagro) is extremely low (0.0043, 
Appendix S3), even though the localities are 480 km apart.

Genetic distances. Considering the current nominal taxonomy, intraspecies genetic distances fluctuated 
between 0 and 0.0172 (Appendix S3). The highest value corresponded to the two individuals of Liolaemus 

audituvelatus that were collected near Caspana. The second highest value (0.0143) corresponds to the two 
individuals of L. torresi (Núñez, Navarro, Garín, Pincheira-Donoso & Meriggio), which were collected 60 km 
apart. Lower intraspecies genetic distances were obtained among the samples of L. manueli, with a maximum value 
of 0.0082 between two individuals collected 120 km apart.

Interspecies genetic distances with the sampled species of the montanus group fluctuated between 0 and 
0.1407 (Appendix S3). The highest distance was observed between L. signifer (Duméril & Bibron) and L. 

poconchilensis Valladares, whereas L. eleodori and L. vallecurensis exhibited the lowest distance according to 
sequences generated in other studies (Morando et al. 2003; Olave et al. 2014). Liolaemus audituvelatus and L. 

manueli have the second lowest distance (0.0043) between individuals which were collected at 480 km away.

FIGURE 5. Results of the species delimitation analyses. On the left, the Bayesian consensus topology used for PTP and mPTP 
analyses is shown. On the right, boxes represent the species delimitations obtained with the three methods, in comparison with 
the current taxonomy (column nominal taxa).
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Discussion

Although the delimitation methods we employed differ in the number of candidate species recognized, they are 
congruent enough to suggest that L. audituvelatus and L. manueli belong to a single species. The discrepancies 
among analyses are few and are found in non-focal species. For example, the clade (L. eleodori + L. vallecurensis) 
+ (L. rosenmanni + L. nigriceps) was recognized as one species in the ABGD and mPTP analyses. Species of this 
clade inhabit Argentina and Chile and exhibit enough morphological differences (Philippi 1860, Cei et al. 1985, 
Núñez & Navarro 1992, Pereyra 1992) to have been considered valid taxa (Pincheira-Donoso & Núñez 2005; 
Pincheira-Donoso et al. 2008; Lobo et al. 2010; Abdala & Quinteros 2014), but they are separated by low genetic 
distances (< 2%) according to all available data (Morando et al. 2003; Olave et al. 2014; this study). Nevertheless, 
there exists a possibility that some of these species are not valid because L. rosenmanni was initially reported as L. 

eleodori in Chile (Núñez & Torres-Mura 1992; Núñez & Jaksic 1992; Núñez & Navarro 1992). Moreover, it would 
be useful to review the identification of the individuals recognized as L. vallecurensis by Morando et al. (2003) and
L. eleodori by Olave et al. (2014) because they display low genetic differences in cytochrome b (Appendix S3). 
Consequently, our delimitation analyses recovered them as conspecifics. These results suggest that more in-depth 
studies are needed, specifically studies including more specimens that also expand the geographical distribution of 
the samples in order to morphologically and phylogenetically delimit the valid taxa among these species. 

Although mPTP is the most sophisticated methodology used here, in our case it underestimates the number of 
species when current taxonomy is taken into account. PTP was the method that most coincided with the currently 
accepted taxonomy. 

The mPTP analysis recognized both specimens collected near Caspana to be belong to different species, this 
suggests that there are two cryptic species at Caspana, with one restricted to that locality and the other with a wide 
distribution towards the south. This would imply the sympatry of two sister species in one locality, without evident 
morphological differences, which poses a more complex and improbable evolutionary scenario. Moreover, it is 
noteworthy that the other two analyses (ABGD and PTP) support that they are a single species together with all 
samples assigned to L. manueli. We infer that there would a higher intraspecific genetic divergence in the 
population of Caspana which now defines the northern end of the distribution of L. audituvelatus. 

So far, only the karyotype allows for the differentiation of L. audituvelatus from L. manueli. Nevertheless, 
chromosomes may vary in form, size and even in number, within and between populations of Liolaemus (Lamborot 
et al. 1979; 1981; 1993; 2006; Lamborot & Álvarez-Sarret 1989; 1993; Lamborot 1991; 1998; 2001; Iturra et al.

1994; Lamborot & Vásquez 1998); even the descriptions of karyotypes of the same species may differ when 
comparing different sources (e.g. Navarro Barón 1991; Aiassa et al. 1999; Aiassa et al. 2005, Aiassa & Gorla 
2010). Due to this variability in the karyotype as a character, this would not be reliable enough to define species in 
Liolaemus and therefore is not enough to differentiate to L. manueli of L. audituvelatus.

Liolaemus audituvelatus was described in the genus Ctenoblepharys (Núñez & Yañez 1983) and L. manueli in 
Phrynosaura (Núñez et al. 2003). Later, C. audituvelatus was incorporated into Phrynosaura (Laurent 1984; 
Núñez & Yañez 1984). Although Phrynosaura was synonymized with Liolaemus more than twenty years ago 
(Frost & Etheridge 1989; Etheridge 1995), several authors have continued considering it a valid genus (Núñez & 
Jaksic 1992; Núñez et al. 1998; 2003; Pincheira-Donoso & Núñez 2005; Vidal et al. 2009) or a group of species 
within Liolaemus (L. reichei group in Pincheira-Donoso et al. 2008). Our phylogenetic hypothesis includes all 
species described or included in Phrynosaura (L. audituvelatus, L. manueli, L. poconchilensis, L. stolzmanni and L. 

torresi) except L. erroneus, which was described by a single specimen, now lost, and whose type locality is not 
known with exactitude. For this reason, no later records exist. Our results support and confirms that Phrynosaura

or the L. reichei group are not monophyletic (Valladares et al. 2002; Lobo et al. 2010), because that the species 
formerly recognized by some authors as belonging to Phrynosaura are placed in separate clades by the present 
phylogenetic hypothesis.

Based on their great morphological similarity and their close phylogenetic affinity, we consider L. 

audituvelatus and L. manueli to be conspecific and here recognize L. manueli to be a junior synonym of L. 

audituvelatus. Our placement of Liolaemus manueli in the synonymy of L. audituvelatus implies a considerable 
range extension of the senior species, which affects its conservation status. Liolaemus audituvelatus is categorized 
as Vulnerable B1ab(iii); D2 by the IUCN (Núñez et al. 2017) and is considered Vulnerable B1ab(iii)+2ab(iii) by 
Chilean Law (D.S. Nº 16/2016 MMA), while L. manueli is considered Endangered B1ab(iii)+2ab(iii) in Chile 
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(D.S. Nº 16/2016 MMA) and Endangered B1ab(iii) by the IUCN (Valladares et al. 2016). It is worth noting that L. 

audituvelatus is a desert species, living in places of very scant to no vegetation and populations of low densities. 
Thus, it is hard to observe in the field. Moreover, the places where it lives are under pressure from intensive mining 
activities and vehicular traffic due to recreational activities like raids. Based on the considered range expansion of 
this taxon, we recommend that L. audituvelatus, in its new definition, remains Vulnerable.

Acknowledgments

We thank Servicio Agrícola y Ganadero (Permit # 9487/2014) for collecting permit, Marcos Ferrú and Gilmar 
Ramirez for field work assistance, Carlos Garín for giving us valuable field information and Tania Coronado for 
laboratory support. MR thanks the project EDPG LPR-161 of Dirección de Postgrado of Universidad de 
Concepción. YM thanks Jorge Valdes for field work assistance. E. Riveros-Riffo thanks Marina Lemus, Andrea 
Zapata, Juan Carlos Torres-Mura, Víctor Escobar and Maximiliano Daigre for their valuable information and field 
work assistance. Financial support was provided by CONICYT Chile Doctoral Fellowship # 21120577 to M. Ruiz 
De Gamboa. C. Correa acknowledges financial support from Project PAI 79130032 and J.C. Ortiz acknowledges 
financial support from Grant Fondecyt 1131009. Finally, we thank the editor and the reviewers who helped us to 
improve the manuscript. 

References

Abdala, C. & Quinteros, A. (2014) Los últimos 30 años de estudios de la familia de lagartijas más diversa de Argentina. 
Actualización taxonómica y sistemática de Liolaemidae. Cuadernos de Herpetología, 28 (2), 55–82. 

Aguilar, C., Wood, P.L., Belk, M.C., Duff, M.H. & Sites, J.W. (2016) Different roads lead to Rome: Integrative taxonomic 
approaches lead to the discovery of two new lizard lineages in the Liolaemus montanus group (Squamata: Liolaemidae). 
Biological Journal of the Linnean Society, 120 (2), 448–467. 
https://doi.org/10.1111/bij.12890

Aiassa, D. & Gorla, N. (2010) Cariotipos de Liolaemus quilmes y Liolaemus wiegmannii y comparación con otros taxones del 
grupo boulengeri. Multequina, 19, 43–52.

Aiassa, D., Gorla, N., Ávila, L. & Martori, R. (1999) Cariotipo de Liolaemus darwini (Squamata: Tropiduridae). FACENA, 15, 
137–144.

Aiassa, D., Martori, R. & Gorla, N. (2005) Citogenética de los lagartos del género Liolaemus (Iguania: Liolaemidae) de 
América del Sur. Cuadernos de Herpetología, 18 (2), 23–36.

Aparicio, J. & Ocampo, M. (2010) Liolaemus grupo montanus Etheridge, 1995 (Iguania - Liolaemidae). Novedad 
zoogeográfica. Cuadernos de Herpetología, 24 (2), 133–135.

Cei, J.M. (1993) Reptiles del noroeste, nordeste y este de la Argentina. Herpetofauna de las selvas subtropicales, Puna y 
Pampas. Museo Regionale di Scienze Naturali di Torino, Monografie 14, 1–949.

Cei, J.M., Etheridge, R.E. & Videla, F. (1985) Especies nuevas de iguanidos del noroeste de la provincia de San Juan (Reserva 
Provincial San Guillermo), Argentina. Deserta, 7, 316–323.

Donoso-Barros, R. (1966) Reptiles de Chile. Ediciones Universidad de Chile, Santiago. cxliv + 458 pp.
Edgar, R.C. (2004) MUSCLE: a multiple sequence alignment method with reduced time and space complexity. BMC 

Bioinformatics, 5, 113.  
https://doi.org/10.1186/1471-2105-5-113

Etheridge, R. (1995) Redescription of Ctenoblepharys adspersa Tschudi, 1845, and the taxonomy of Liolaeminae (Reptilia: 
Squamata: Tropiduridae). American Museum Novitates, 3142, 1–34.

Frost, D.R. & Etheridge, R. (1989) A phylogenetic analysis and taxonomy of iguanian lizards (Reptilia: Squamata). University 

of Kansas Museum Natural History, Miscellaneous Publications 81, 1–65.
GBIF.org (28 December 2016) GBIF Occurrence Download. Available from: https://www.gbif.org/occurrence/download/

0045186-160910150852091 (accessed 11 May 2018)
Green, P.J. (1995) Reversible jump Markov chain Monte Carlo computation and Bayesian model determination. Biometrika, 

82, 711–732.  
https://doi.org/10.1093/biomet/82.4.711

Hall, T.A. (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT.
Nucleic Acids Symposium Series, 41, 95–98.

Iturra, P., Veloso, V., Espejo, P. & Navarro, P. (1994) Karyotypic and meiotic evidence for a Robertsonian chromosome 
polymorphism in the lizard Liolaemus fuscus (Tropiduridae, Sauria). Revista Brasileira de Genetica, 17 (2), 171–174.

Kapli, P., Lutteropp, S., Zhang, J., Kobert, K., Pavlidis, P., Stamatakis, A. & Flouri, T. (2017) Multi-rate Poisson Tree Processes 
 RUIZ DE GAMBOA  ET AL.290  ·  Zootaxa 4438 (2)  © 2018 Magnolia Press

https://www.gbif.org/occurrence/download/0045186-160910150852091


for single-locus species delimitation under Maximum Likelihood and Markov Chain Monte Carlo. Bioinformatics, 33 (11), 
1630–1638. 
https://doi.org/10.1093/bioinformatics/btx025

Kocher, T.D., Thomas, W.K., Meyer, A., Eduards, S.V., Pääbo, S., Villablanca, F.X. & Wilson, A.C. (1989) Dynamics of 
mitochondrial DNA evolution in animals: amplification and sequencing with conserved primers. PNAS, Proceedings of 

the National Academy of Sciences, 86, 6196–6200.  
https://doi.org/10.1073/pnas.86.16.6196

Lamborot, M. & Alvarez-Sarret, E. (1989) Karyotypic characterization of some Liolaemus lizards in Chile (Iguanidae). 
Genome, 32, 393–403.  
https://doi.org/10.1139/g89-461

Lamborot, M. & Alvarez-Sarret, E. (1993) Karyotypic variation within and between populations of Liolaemus monticola 

(Tropiduridae) separated by the Maipo River in the Coastal Range of Central Chile. Herpetologica, 49, 435–449. 
Lamborot, M. & Vásquez, M. (1998) A Triploid Lizard (Liolaemus gravenhorsti) from Chile. Journal of Herpetology, 32 (4), 

617–620. 
https://doi.org/10.2307/1565225

Lamborot, M. (1991) Karyotypic variation among populations of Liolaemus monticola (Tropiduridae), separated by riverine 
barriers at the Andean Range. Copeia, 1991, 1044–1059. 
https://doi.org/10.2307/1446100 

Lamborot, M. (1993) Chromosomal evolution and speciation in some Chilean lizards. Evolución Biológica, 7, 133–151.
Lamborot, M. (1998) A new derived and highly polymorphic chromosomal race of Liolaemus monticola (Iguanidae) from the 

“Norte Chico” of Chile. Chromosome Research, 6, 247–254. 
https://doi.org/10.1023/A:1009267821416

Lamborot, M. (2001) Karyotypic polymorphism and evolution within and between the Liolaemus monticola (Iguanidae) 
“northern 2n=38-40” chromosome race populations in central Chile. Revista Chilena de Historia Natural, 74, 121–138.  
https://doi.org/10.4067/S0716-078X2001000000017

Lamborot, M., Alvarez, E., Campos, I. & Espinoza, A. (1981) Karyotypic characterization of three chilean subspecies of 
Liolaemus monticola. Journal Heredity, 72, 328–334. 
https://doi.org/10.1093/oxfordjournals.jhered.a109516 

Lamborot, M., Espinoza, A. & Alvarez, E. (1979) Karyotypic variation in Chilean lizards of the genus Liolaemus (Iguanidae). 
Experientia, 35, 593–594.

Lamborot, M., Manzur, M.E. & Alvarez-Sarret, E. (2006) Triploidy and mosaicism in Liolaemus chiliensis (Sauria: 
Tropiduridae). Genome, 49 (5), 445–53.  
https://doi.org/10.1139/g05-122 

Laurent, R. (1983) Contribución al conocimiento de la estructura taxonómica del género Liolaemus Wiegmann (Iguanidae). 
Boletín de la Asociación Herpetológica Argentina, 1, 16–18.

Laurent, R. (1984) On some iguanid genera related to or previously confused with Liolaemus Wiegmann. Journal of 

Herpetology, 18 (4), 357–373. 
https://doi.org/10.2307/1564098

Laurent, R. (1985) Segunda contribución al conocimiento de la estructura taxonómica del género Liolaemus Wiegmann 
(Iguanidae). Cuadernos de Herpetología, 1, 1–37.

Lobo, F., Espinoza, R.E. & Quinteros, A.S. (2010) A critical review and systematic discussion of recent classification proposals 
for liolaemid lizards. Zootaxa, 2549, 1–30.

MMA. (2016) Decreto Supremo Nº 16/2016 del Ministerio del Medio Ambiente, Chile. Available from: http://
www.mma.gob.cl/clasificacionespecies/Anexo_duodecimo_proceso/DS_16-2016MMA_oficializa_12moRCE_DiarioOfi 
cial_1118600.pdf (accessed 11 May 2018)

Navarro-Barón, J. (1991) Cariotipo de trece especies de lagartijas del noroeste argentino de los grupos Liolaemus, Eulaemus y 
Ortholaemus. Acta Zoológica Lilloana, 41, 225–230. 

Núñez, H. & Jaksic, F. (1992) Lista comentada de los reptiles terrestres de Chile continental. Boletín del Museo Nacional de 

Historia Natural de Chile, 43, 73–91.
Núñez, H. & Navarro, J. (1992) Liolaemus rosenmanni, una nueva especie Chilena de lagartija relacionada al grupo 'ruibali'. 

Boletín del Museo Nacional de Historia Natural, 43, 55–62.
Núñez, H. & Torres-Mura, J.C. (1992) Adiciones a la herpetofauna de Chile. Noticiario Mensual del Museo Nacional de 

Historia Natural, 322, 3–7. 
Núñez, H. & Yañez, J. (1983) Ctenoblepharis audituvelatus new species, a lizard from northern Chile (Reptilia Iguanidae). 

Copeia, 1983 (2), 454–457.  
https://doi.org/10.2307/14443

Núñez, H. & Yáñez, J. (1984) Abas y Velosaura, nuevos géneros de lagartos iguanidae y proposiciones sistemáticas respecto de 
los géneros aliados (Reptilia: Squamata). Boletín del Museo Nacional de Historia Natural de Chile, 40, 91–95.

Núñez, H., Mella, J. & Ruiz de Gamboa, M. (2017) Liolaemus audituvelatus. The IUCN Red List of Threatened Species 2017: 
e.T56050827A56050948.  
https://doi.org/10.2305/IUCN.UK.2017-2.RLTS.T56050827A56050948.en
 Zootaxa 4438 (2)  © 2018 Magnolia Press  ·  291LIOLAEMUS LIZARDS

http://www.mma.gob.cl/clasificacionespecies/Anexo_duodecimo_proceso/DS_16-2016MMA_oficializa_12moRCE_DiarioOficial_1118600.pdf


Núñez, H., Navarro, J., Garín, C., Pincheira-Donoso, D. & Meriggio, V. (2003) Phrynosaura manueli y Phrynosaura torresi, 
nuevas especies de lagartijas para el norte de Chile (Squamata: Sauria). Boletín del Museo Nacional de Historia Natural de 

Chile, 52, 67–88.
Núñez, H., Navarro, J., Sufan, J. & Galaz, J.L. (1998) Distribución geográfica de Phrynosaura (Reptilia, Tropiduridae). 

Noticiario Mensual Museo Nacional de Historia Natural, 334, 11–14.
Núñez, H., Yáñez, J. & Torres-Mura, J.C. (2012) Nuevas localidades para lagartijas del norte grande. Boletín del Museo 

Nacional de Historia Natural de Chile, 61, 177–183.
Olave, M., Avila, L.J., Sites, J.W. Jr. & Morando, M. (2014) Multilocus phylogeny of the widely distributed South American 

lizard clade Eulaemus (Liolaemini, Liolaemus). Zoologica Scripta, 43 (4), 323–337.  
https://doi.org/10.1111/zsc.12053

Pagel, M. & Meade, A. (2004) A Phylogenetic mixture model for detecting pattern heterogeneity in gene sequence or 
character-state data. Systematic Biology, 53, 571–581. 
https://doi.org/10.1080/10635150490468675

Pagel, M. & Meade, A. (2005) Mixture models in phylogenetic inference. In: Gascuel, O. (Eds.), Mathematics of Evolution and 

Phylogeny. Oxford University Press, Oxford, pp. 121–142.
Pagel, M. & Meade, A. (2008) Modelling heterotachy in phylogenetic inference by reversible-jump Markov chain Monte 

Carlo. Philosophical Transactions of the Royal Society of London, Series B: Biological Sciences, 363, 3955–3964.  
https://doi.org/10.1098/rstb.2008.0178

Pereyra, E.A. (1992) Nueva especie de lagarto andino: Liolaemus vallecurensis (Tropiduridae, Liolaeminae). Noticiario 

Mensual del Museo Nacional de Historia Natural, 321, 10–14.
Philippi, R.A. (1860) Reise durch die Wüste Atacama, auf Befehl der chilenischen Regierung im Sommer 1853–1854. Eduard 

Anton, Halle, ix + 192 pp.
Pincheira-Donoso, D. & Núñez, H. (2002) Situación taxonómica de Liolaemus ornatus Koslowsky, 1898 y Liolaemus 

pantherinus Pellegrin, 1909 (Sauria, Tropiduridae, Liolaeminae). Noticiario Mensual del Museo de Historia Natural de 

Chile, 350, 38–42.
Pincheira-Donoso, D. & Núñez, H. (2005) Las especies chilenas del género Liolaemus Wiegmann 1834 (Iguania: Tropiduridae: 

Liolaeminae). Taxonomía, sistemática y evolución. Publicación Ocasional, Museo Nacional de Historia Natural, Chile, 
59, 1–486.

Pincheira-Donoso, D., Scolaro, J.A. & Sura, P. (2008) A monographic catalogue on the systematics and phylogeny of the South 
American iguanian lizard family Liolaemidae (Squamata, Iguania). Zootaxa, 1800, 1–85.

Posada, D. (2008) jModelTest: phylogenetic model averaging. Molecular Biology and Evolution, 25, 1253–1256.  
https://doi.org/10.1093/molbev/msn083

Puillandre, N., Lambert, A., Brouillet, S. & Achaz, G. (2012) ABGD, Automatic barcode gap discovery for primary species 
delimitation.  Molecular Ecology, 21, 1864–1877. 
https://doi.org/10.1111/j.1365-294X.2011.05239.x

Rodríguez, F., Oliver, J.F., Marín, A. & Medina, J.R. (1990) The general stochastic model of nucleotide substitution. Journal of 

Theoretical Biology, 142, 485–501.  
https://doi.org/10.1016/S0022-5193(05)80104-3

Ruiz de Gamboa, M. & Ortiz-Zapata, J.C. (2016) Los poros precloacales como diferenciadores de sexo en Liolaemus 

(Squamata: Liolaemidae): el caso de L. jamesi (Boulenger, 1891). Gayana, 80 (1), 125–128. 
https://doi.org/10.4067/S0717-65382016000100012

Schulte, J.A.II., Macey, J.R., Espinoza, R.E. & Larson, A. (2000) Phylogenetic relationships in the iguanid lizard genus 
Liolaemus: multiple origins of viviparous reproduction and evidence for recurring Andean vicariance and dispersal. 
Biological Journal of the Linnean Society, 69, 75–102.  
https://doi.org/10.1006/bijl.1999.0346

Troncoso-Palacios, J. (2014) Revisión del estatus taxonómico de Liolaemus filiorum Pincheira-Donoso y Ramírez, 2005 
(Iguania: Liolaemidae). Cuadernos de Herpetología, 28, 111–117.

Uetz, P. & Hošek, J. (2016) The Reptile Database. Available from: http://www.reptile-database.org (accessed 12 May 2017)
Valladares, J.P., Etheridge, R., Schulte, J., Manríquez, G. & Spotorno, A. (2002) Nueva especie de lagartija del norte de Chile, 

Liolaemus molinai (Reptilia: Liolaeminae). Revista Chilena de Historia Natural, 75 (3), 473–489.  
https://doi.org/10.4067/S0716-078X2002000300002

Valladares, P., Marambio, Y., Ruiz de Gamboa, M. & Mella, J. (2016) Liolaemus manueli. The IUCN Red List of Threatened 
Species 2016: e.T56064748A56064844. 
https://doi.org/10.2305/IUCN.UK.2016-1.RLTS.T56064748A56064844.en

Vidal, M., Ortiz, J.C., Marín, J.C., Poulin, E. & Moreno, P.I. (2012) Comparative phylogeography of two co-distributed species 
of lizards of the genus Liolaemus (Squamata: Tropiduridae) from Southern Chile. Amphibia-Reptilia, 33 (1), 55–67.  
https://doi.org/10.1163/156853811X622039

Vidal, M.A., Soto, E. & Veloso, A. (2009) Biogeography of Chilean herpetofauna: distributional patterns of species richness 
and endemism. Amphibia-Reptilia, 30, 151–171. 
https://doi.org/10.1163/156853811X622039

Xia, X. & Lemey, P. (2009) Assessing substitution saturation with DAMBE. In: Lemey, P., Salemi, M. & Vandamme, A.-M. 
 RUIZ DE GAMBOA  ET AL.292  ·  Zootaxa 4438 (2)  © 2018 Magnolia Press



(Eds.), The Phylogenetic Handbook: A Practical Approach to DNA and Protein Phylogeny. 2nd Edition. Cambridge 
University Press, Cambridge, pp. 615–630. 
https://doi.org/10.1017/CBO9780511819049.022

Xia, X. (2000) Data analysis in molecular biology and evolution. Boston: Kluwer Academic publishers, 296 pp.  
https://doi.org/10.1007/b113439

Xia, X. (2013) DAMBE5: A comprehensive software package for data analysis in molecular biology and evolution. Molecular 

Biology and Evolution, 30, 1720–1728. 
https://doi.org/10.1093/molbev/mst064

Xia, X., Xie, Z., Salemi, M., Chen, L. & Wang, Y. (2003) An index of substitution saturation and its application. Molecular 

Phylogenetics and Evolution, 26, 1–7. 
https://doi.org/10.1016/S1055-7903(02)00326-3

Zhang, J., Kapli, P., Pavlidis, P. & Stamatakis, A. (2013) A general species delimitation method with applications to 
phylogenetic placements. Bioinformatics, 29, 2869–2876.  
https://doi.org/10.1093/bioinformatics/btt499
 Zootaxa 4438 (2)  © 2018 Magnolia Press  ·  293LIOLAEMUS LIZARDS

https://doi.org/10.1016/S1055-7903(02)00326-3
https://doi.org/10.1016/S1055-7903(02)00326-3


�
��
��
�
��
	

��

��
��

��
�	


�
��

�

��

��
��

��

�

��
���

��
���

��
���


�
��

��
��

�

��

�	
��

���
��

��
��

��
�

��
��

��
��

��
�

�
��

 !
�

�
"

#
�$

��
 %

�
 �

&
��

%
��

��
$

�
��

 �
 '

"
��

��
$

�
� 

'
"

��
%

��
�%

�$
�

��
�

(
��

%
&

�
 �

�
$

�

L.
 a

ud
itu

ve
la

tu
s 

�
��

	�

�

�
�


�
��

��
��

��
�%

��
��


�
)*

*�
++

��
�

),
-�

./
+/

�
��

��
�


��
���

��
��

�0#
%

��
�

1�
"

$
�

���
�

	�
��

L.
 a

ud
itu

ve
la

tu
s 

�
��

��
��

(
��

��
���

��

�

2��
��

��
�

�

�

��
��

��
��

�%
��

��

�

)*
*�

3/
,3

�
),

-�
.+

/+
�

��
�4

��
��

�

4�

+-
53

55
+�

6,
--

�7
���

��
L.

 a
ud

itu
ve

la
tu

s 
�

��
��

��
(

��
��

���
��


�
�8

�
�,

/�
�

�
��

��
��

�%
9�

��
��


�
��

�

�

��
��

��
��

�%
��

��

�

)*
*�

3*
53

�
),

-�
+6

�5
�

$
:;

�<
�e

t a
l.�

0*
//

/1
��


�$
:;

�<
�e

t a
l.�

0*
/�

*1
�

��

L.
 a

ud
itu

ve
la

tu
s 

��

�

��
��

��
��

��
��

��
�

��
�


�
��

��
��

��
�%

��
��


�
)*

*�
6�

5+
�

),
-�

�,
.*

�
��

�4
��

��
�


4�
+-

53
55

+�
6,

--
�7

���
��

L.
 a

ud
itu

ve
la

tu
s 

�/
�8

�
��

��
��

��

�

��
��

��
��

��
�

��
��

�
��

�

�

��
��

��
��

�%
��

��

�

)*
*�

6�
,/

�
),

-�
�*

//
�

$
:;

�<
�=

�!
�;

�<
��

6-
+>

�$
:;

�<
�e

t a
l.�

�6
6-

�
 ?

	�
���

��
���

?�

L.
 a

ud
itu

ve
la

tu
s 

�
���

�@
��

��
��

��
�

��
��

��
��

�

�

��
��

��
��

�%
��

��

�

)*
+�

�3
,6

�
),

-�
.3

5*
�

$
:;

�<
�=

�!
�;

�<
��

6-
+>

�$
:;

�<
�e

t a
l.�

�6
63

>�
$

:;
�<

�e
t a

l.�
�6

6-
>�&

��
��

��
=

�$
:;

�<
��

66
->

�
$

:;
�<

�=
�&

��
��

��
*/

/�
��


�
$

:;
�<

�e
t a

l.�
*/

�*
�

��

L.
 a

ud
itu

ve
la

tu
s 

#
�


��
�

�A
?�

�

�

��
��

��
��

�%
��

��

�

)*
+�

+.
/6

�
),

-�
36

,6
�

��
��

�

��

���
��

��
�0�

%
1�

��
L.

 a
ud

itu
ve

la
tu

s 
(

��
��

��
��

��
��

��
��

�
��

��
�

��
�


�
��

��
��

��
�%

��
��


�
)*

+�
3-

55
�

),
-�

�,
+6

�
��

��
�


��
���

��
��

�0�
%

1�
��

L.
 a

ud
itu

ve
la

tu
s 

�
��

��
�

��
��

��
��

�

�

��
��

��
��

�%
��

��

�

)*
.�

�3
+�

�
),

-�
5.

-,
�

��
�4

��
��

�

4�

+-
53

55
+�

6,
--

�7
���

��
L.

 a
ud

itu
ve

la
tu

s 
#

�

��

��
��


�
��

��
�


�
��

��
��

��
�%

��
��


�
)*

.�
*-

5,
�

),
6�

�+
,�

�
��

��
�


��
���

��
��

�0�
%

1�
��

L.
 a

ud
itu

ve
la

tu
s 

��
��

���
��

��

�

��
$

��
��

�
�


�
��

��
��

��
�%

��
��


�
)*

.�
53

3-
�

),
-�

6�
/-

�
��

�4
��

��
�


4�
+-

53
55

+�
6,

--
�7

���
��

L.
 a

ud
itu

ve
la

tu
s 

��
�

	�
��

��
��


�

�

��
��

�
�


�
��

��
��

��
�%

��
��


�
)*

.�
-,

55
�

),
6�

6�
-�

�
��

��
�


��
���

��
��

�0�
%

1�
��

L.
 a

ud
itu

ve
la

tu
s 

��
�

	�
��

��
��


�

�

��
�*

�
�


�
��

��
��

��
�%

��
��


�
)*

.�
-,

66
�

)3
/�

�5
**

�
��

��
�


��
���

��
��

�0�
%

1�
��

L.
 a

ud
itu

ve
la

tu
s 

��
��

��
��

��

��

���
���

��
 �

���
�2�

�
�


��
�

��

�

��
�

�

�

��
��

��
��

�%
��

��

�

)*
5�

�*
6.

�
),

6�
5/

,�
�

$
:;

�<
�e

t a
l.�

*/
�*

�
��

L.
 a

ud
itu

ve
la

tu
s 

�
��

��
&

��
��

�
�


�
��

��
��

��
�%

��
��


�
)*

5�
.�

6�
�

),
6�

-.
56

�
��

��
�


��
���

��
��

�0�
%

1�
��

L.
 a

ud
itu

ve
la

tu
s 

%
��

��
(

)6
5/

�
�


�
��

��
��

��
�%

��
��


�
)*

5�
,,

�.
�

)3
/�

56
+-

�
��

��
�


��
���

��
��

�0#
%

��
�

1�
��

L.
m

an
ue

li
�3

�8
�

��
��

���
��

�(
��

��
��%

��
��

�
)5

�

��

���
��

��
�(

)6
55

��
�

nt
of

ag
as

ta
�%

��
��



)*

5�
3�

+5
)3

/�
+5

.6
��

��
�


��
���

��
��

�0�
%

1
"

$
�

���
�

	�
��

L.
 m

an
ue

li 
��

�

��

��
��

��
��

�B
��

��
�

nt
of

ag
as

ta
�%

��
��



)*

5�
-�

3�
),

6�
5*

-/
��

��
�


��
���

��
��

�0�
%

1
"

$
�

���
�

	�
��

L.
 m

an
ue

li 
%

��
��

��

�

�
��

��
�


��
5)

$
�

�
��

��
�

��
%

��
��


�
)*

5�
6,

.3
�

)3
/�

.5
..

�
��

��
�


��
���

��
��

�0�
%

1�
��

L.
 m

an
ue

li 
8�

�,
5�

��
��

��
)�

+�
"

��
�

��
��

��
�

�
��

��
�

��
%

��
��


�
)*

,�
+5

+,
�

),
6�

6*
.5

�
��

��
�


��
���

��
��

�0#
%

��
�

1�
"

$
�

���
�

	�
��

L.
 m

an
ue

li 
�

��
��

��
��

��
���

���
�

�
��

��
�

��
%

��
��


�
)*

,�
+,

/-
�

)3
/�

/.
-+

�
��

�4
��

��
�


4�
+-

53
55

+�
6,

--
�7

���
��

L.
 m

an
ue

li 
�

��
��

��
<�

��
�

��
��

�
��

%
��

��

�

)*
,�

+,
5+

�
)3

/�
,.

+6
�

��
�4

��
��

�

4�

+-
53

55
+�

6,
--

�7
���

��
L.

 m
an

ue
li 

"
��

��
��

��
�

��
��

��
�

�
��

��
�

��
%

��
��


�
)*

,�
+3

+6
�

)3
/�

/,
5-

�
��

�4
��

��
�


4�
+-

53
55

+�
6,

--
�7

��
�

 ?
	�

��
��

��
��?

�
L.

 m
an

ue
li 

"
��

��
��

��
�

��
��

��
�

�
��

��
�

��
%

��
��


�
)*

,�
+-

+/
�

)3
/�

/+
+/

�
��


�
���

���
�e

t a
l.�

*/
/+

>�$
:;

�<
�e

t a
l.�

*/
/+

�
��

�
�

�
�

...
...

co
nt

in
ue

d 
on

 t
he

 n
ex

t 
pa

ge
 

 RUIZ DE GAMBOA  ET AL.294  ·  Zootaxa 4438 (2)  © 2018 Magnolia Press



�
��
��
�
��
	

��
	
�
��
���
��
��

�
�

�
�

�
�

��
��

��
��

��
�

�
��

 !
�

�
"

#
�$

��
 %

�
 �

&
��

%
��

��
$

�
��

 �
 '

"
��

��
$

�
� 

'
"

��
%

��
�%

�$
�

��
�

(
��

%
&

�
 �

�
$

�

L.
 m

an
ue

li 
"

��
��

��
��

�
��

��
��

�
�

��
��

�
��

%
��

��

�

)*
,�

+-
+/

�
)3

/�
/+

+/
�

$
:;

�<
�e

t a
l.�

�6
6-

>��
�


��
��

���
�e

t a
l.�

*/
/+

>�
$

:;
�<

�e
t a

l.�
*/

/+
�

��

L.
 m

an
ue

li 
��


�
��

de
 C

ha
ña

ra
l  

   
   

   
   

   
   

 A
��

��
�

��
%

��
��


�
   

   
   

   
   

   
 -*

,�
+-

+/
�  

   
   

   
  -

3/
�+

++
/�

   
   

   
   

   
   

N
:;

�<
�e

t a
l.�

�6
6-

�
��

L.
 m

an
ue

li 
"

��
��

��
��

�
��

��
��

�
�

��
��

�
��

%
��

��

�

)*
,�

+6
6.

�
)3

/�
/.

35
�

$
:;

�<
�e

t a
l.�

*/
/+

�
��

L.
 m

an
ue

li 
"

��
��

��
��

�
��

��
��

�
�

��
��

�
��

%
��

��

�

)*
,�

./
/-

�
)3

/�
/.

-�
�

��
�4

��
��

�

4�

+-
53

55
+�

6,
--

�7
���

��
L.

 m
an

ue
li 

��

�

��
��

��

�

;�
��

��
�

��
��

�
��

%
��

��

�

)*
,�

./
*,

�
)3

/�
/5

6�
�

&
��

��
��

��
��*

/�
��

��
L.

 m
an

ue
li 

"
��

��
��

��
�

��
��

��
�

�
��

��
�

��
%

��
��


�
)*

,�
..

..
�

)3
/�

/3
/-

�
��

�4
��

��
�


4�
+-

53
55

+�
6,

--
�7

���
��

L.
 m

an
ue

li 
"

��
��

��
��

�
��

��
��

�
�

��
��

�
��

%
��

��

�

)*
,�

.3
++

�
),

6�
6,

,.
�

��
��

�

��

���
��

��
�0!

#
1�

"
$

�
���

�
	�

��
L.

 m
an

ue
li 

"
��

��
��

��
�

��
��

��
2��

,�
8�

��
��

��
�2�

�
��

�

��

��
��

��
�


��
�

�
��

��
�

��
%

��
��


�
)*

,�
.6

/-
�

)3
/�

/.
63

�
��

�4
��

��
�


4�
+-

53
55

+�
6,

--
�7

���
��

L.
 m

an
ue

li 
��

�

��

��
��

(
��

��

G

��
���

�
�

��
��

�
��

%
��

��

�

)*
3�

+-
/+

�
)3

/�
,5

5.
�

��
��

�

��

���
��

��
�0!

#
1�

"
$

�
���

�
	�

��
L.

 m
an

ue
li 

�
��

��
�


2�%
��

��
�+

3/
2�

�
�	

��
	�

�
�

��
��

�
��

%
��

��

�

)*
3�

+6
5-

�
)3

/�
3/

/�
�

$
:;

�<
�e

t a
l.�

*/
�*

�
��

� 	 �
��
��
�
��
	

��
	&

��
�


��
��

��
��

2�
�

�

(

�

8�

��
��

��
��


�

�

�
A�

��
��


�
��

��
��

���
��

��
��

�

��

�	
��

��
�


��
��

��
��


�
�


��
	


?�
��

�

��

��
H�

��
��

���
���


�
�


��
?�

��
��

#
'

�
�I

�#
��

��
��

��
��

�
'


�
B�

��
��

��
��

���
��

��
��

��
��

��
G�

�G
��

>�
#

J'
�

I�
#

��
��

��
��

J�
��

��
9�

�'

�

B�
��

��
��

��
��

�
�


��
	�

�K

�

�

��

��
'

�
)%

��
I�

�
��

��
��

K

��

��
���

��
��

L

�


�<
�%

�?
��

�M
�%

�	
���

��
2�

��

�

���
��

��
'


�
B�

��
��

��
��

��
K�

��
��

��
��


�
��

��
� &

�
'

�
O

�%
�

�
�$

(
�

$
P

�
�

�
�

��
��

�
$

�
��

��
��

��
��

�
�

��
 !

�
��

 �
 '

"
��

��
$

�
� 

'
"

��
�

(
��

%
&

�
 �

�
$

�

��
P

�6
,-

-*
+�

L.
 a

nd
in

us
 

�
��

B�
�e

t a
l.�

0*
/�

.1
�

��
��

��
#

'
�

�)
��

+�
#

O
�-

.3
-.

�
L.

 a
ud

itu
ve

la
tu

s 
�

��
	�


�
2��

�

��

��
��

��
��

�
��

��
�

��
�

�

�

��
��

��
��

�%
��

��

�

)*
*�

++
��

*�
),

-�
./

+/
+�

�$
�

�+
5�

#
'

�
�)

��
.�

#
O

�-
.3

-5
�

L.
 a

ud
itu

ve
la

tu
s 

�
��

	�

�

2��
�


��
��

��
��

��
�

��
��

�
��

�
�


�
��

��
��

��
�%

��
��


�
)*

*�
++

��
*�

),
-�

./
+/

+�
�$

�
�+

,�

��
P

�6
,-

-.
-�

L.
 d

or
bi

gn
yi

 
�

��
B�

�e
t a

l.�
0*

/�
.1

�
��

��
��

��
P

�6
,-

-.
6�

L.
 d

or
bi

gn
yi

 
�

��
B�

�e
t a

l.�
*/

�.
�

��
��

��
��

P
�6

,-
-5

/�
L.

 e
le

od
or

i 
�

��
B�

�e
t a

l.�
*/

�.
�

��
��

��
��

"
@

*+
3.

-5
�

L.
 fa

m
at

in
ae

 
#

��
�


��
�e

t a
l.�

*/
/+

�
��

��
��

#
'

�
�)

�/
.�

#
O

�-
.3

-*
�

L.
 m

an
ue

li 
��

�

��

��
�(

��
��


G
��

���
���

��
��

�
��

%
��

��

�

)*
3�

+-
/+

�
)3

/�
,5

5.
�

�!
#

��

#
'

�
�)

��
-�

#
O

�-
.3

-�
�

L.
 m

an
ue

li 
"

��
��

��
��

�
��

��
��

���
��

��
�

��
%

��
��


�
)*

,�
.3

++
�

),
6�

6,
,.

�
�!

#
*�

#
'

�
�)

��
/�

#
O

�-
.3

36
�

L.
 m

an
ue

li 
"

��
��

��
��

�
��

�
��

��
�8

�
�,

5�
��

��
��

)�
+�

�
�

��
��

�
��

%
��

��

�

)*
,�

+5
+5

3�
),

6�
6*

..
-�

�$
�

-,
�

�
�

�
�

...
...

co
nt

in
ue

d 
on

 t
he

 n
ex

t 
pa

ge
 �
 Zootaxa 4438 (2)  © 2018 Magnolia Press  ·  295LIOLAEMUS LIZARDS



�
��
��
�
��
	

��
	
�
��
���
��
��

�
�

�
�

�
&

�
'

�
O

�%
�

�
�$

(
�

$
P

�
�

�
�

��
��

�
$

�
��

��
��

��
��

�
�

��
 !

�
��

 �
 '

"
��

��
$

�
� 

'
"

��
�

(
��

%
&

�
 �

�
$

�

��
'

�
)%

��
3,

/�
#

O
�-

.3
-+

�
L.

 m
an

ue
li 

��
�


��
��

��
��

B�
��

���

�

��
��

��
��

�%
��

��



)*
5�

-�
3.

��
),

6�
5*

3,
+*

�
�%

*�
�%

��
#

O
�-

.3
-/

�
L.

 m
an

ue
li 

�3
�8

�
��

��
���

��
�(

��
��

��%
��

��
�

)5
�


��
��

��
��

��
(

)6
55

���

�

��
��

��
��

�%
��

��

�

)*
5�

3�
+5

*�
)3

/�
+5

.6
+,

�
%

��
��

��
��

�

�

�

��

��
�

��
	�

��
��

��
P

�6
,-

-6
+�

L.
 m

ul
tic

ol
or

 
�

��
B�

�e
t a

l.�
*/

�.
�

��
��

��
#

J'
�

).
.*

+/
�

#
O

�-
.3

--
�

L.
 n

ig
ri

ce
ps

 
%

��
��

(
)5

5�
��

��
�


��
��

#
�


��
��

G�
���

�

�

��
��

��
��

�%
��

��

�

)*
.�

*.
3-

��
),

-�
5/

�3
3-

�
��

#
J'

�
).

.*
+�

�
#

O
�-

.3
-6

�
L.

 n
ig

ri
ce

ps
 

%
��

��
(

)5
5�

��
��

�

��

��
#

�

��

��
G�

���
�


�
��

��
��

��
�%

��
��


�
)*

.�
*.

3-
��

),
-�

5/
�3

3-
�

��

#
J'

�
)+

+6
/�

�
#

O
�-

.-
//

�
L.

 o
rn

at
us

 
�

��
�G

��
�

��
� 

��
�	

��
L�

%
��

��

�

)�
6�

5�
�

),
-�

,*
�

Q�
,/

�
#

J'
�

).
+.

63
�

#
O

�-
.3

66
�

L.
 p

oc
on

ch
ile

ns
is

 
��

���
<�

��
��

��
��

��
�


�

���

���
���

��
?�

��
��


��
��

��
%

��
��


�
)�

-�
.3

.+
+�

)3
/�

/-
+,

,�
��

#
J'

�
).

+.
6-

�
#

O
�-

.3
6-

�
L.

 p
oc

on
ch

ile
ns

is
 

��
���

<�
��

��
��

��
��

�

�


���
���

���
��

?�
��

��

��

��
��

%
��

��

�

)�
-�

.3
.+

+�
)3

/�
/-

+,
,�

��

#
'

�
�)

�/
-�

#
O

�-
.3

-,
�

L.
 ro

se
nm

an
ni

 
��

��

�

��
��

�$
��

��
��

��

�

��
��

���
��

��
�

��
%

��
��


�
)*

3�
.-

,/
6�

),
6�

*+
,5

5.
�

�$
�

,.
�

#
'

�
�)

�/
6�

#
O

�-
.3

-3
�

L.
 ro

se
nm

an
ni

 
(

��
R

��

�

��
��


�
�?

��
��

���
��

�

��

��
��

��
���

��
��


�
��

���
�

��
��

�
��

%
��

��

�

)*
,�

3.
*3

.�
),

6�
/3

/�
.�

�$
�

,6
�

��
"

@
*+

3,
.,

�
L.

 ru
ib

al
i 

#
��

�

��

�e
t a

l.�
*/

/+
�

��
��

��
#

J'
�

)+
.�

-+
�

#
O

�-
.3

6*
�

L.
 si

gn
ife

r 
&

���
��

�

��

��
���

��

��

��
2� 

��
��

��
��

���
��

?�
��

��

��

��
��

%
��

��

�

)�
3�

-.
//

.�
),

6�
3/

��
.+

�
Q�

6+
�

#
J'

�
)+

.�
-*

�
#

O
�-

.3
6/

�
L.

 si
gn

ife
r 

��
��


�
�(

��

�

��
��

���
��

?�
��

��

��

��
��

%
��

��

�

)�
3�

,,
,,

.�
),

6�
,,

6*
5*

�
Q�

6*
�

#
J'

�
)+

.�
-/

�
#

O
�-

.3
6�

�
L.

 si
gn

ife
r 

&
��

B�
���

��
���

��
?�

��
��


��
��

��
%

��
��


�
)�

3�
56

/5
*�

),
6�

.-
/�

*3
�

Q�
6/

�
#

'
�

�)
��

3�
#

O
�-

.3
6.

�
L.

 st
ol

zm
an

ni
 

�
���

���
��

�

�

	�

�

2��
G�

�G
��

�� 
��

�	
��

L�
%

��
��


�
)*

��
*5

�.
*�

)3
/�

/�
./

/,
�

#
%

*�
+�

#
'

�
�)

��
5�

#
O

�-
.3

6+
�

L.
 st

ol
zm

an
ni

 
�

��
��

�O
��


�
�S

�?
�2

��
���

�O
��

	�
��

��
�

 �
��

	�
�L

�%
��

��

�

)*
/�

*+
+,

.�
)3

/�
//

35
�.

�
�$

�
�+

-�

#
'

�
�)

��
*�

#
O

�-
.3

65
�

L.
 to

rr
es

i 
��

��
���

���

�

��
2��

��
��

��
��


�
��

��
��

��
�

%
��

��

�

)*
*�

+6
/5

*�
),

-�
-3

/,
*�

�$
�

�+
.�

#
'

�
�)

��
��

#
O

�-
.3

6,
�

L.
 to

rr
es

i 
��

��
���

���

�

��
2��

��
��

��
��


�
��

��
��

��
�

%
��

��

�

)*
*�

+6
/.

-�
),

-�
-,

6.
��

�$
�

�+
+�

#
'

�
�)

��
,�

#
O

�-
.3

63
�

L.
 to

rr
es

i 

�

��
�#

��
��

��
��


�
���


�
��

��
��

��
�%

��
��


�
��

��
�$

�
�.

,�
��

�
!

�3
+5

.,
�

L.
 v

al
le

cu
re

ns
is

 
#

��
�


��
�e

t a
l.�

*/
/+

�
��

��
��

�

 RUIZ DE GAMBOA  ET AL.296  ·  Zootaxa 4438 (2)  © 2018 Magnolia Press



�
��
��
�
��
	

��

��
��

�R
��

��
��


�
���

��
��

��

�

��
��

�
�


��
�


��
�	

��
��

�

���

��
��

�

��


��
	


?�
��

�

��

��
H�

��
��

���
���


�
�


��
?�

��
��

$
T�

��
@

'
�$

�
��

�
*

+
.

5
,�

3
-

6
�/

��
�*

�+
�.

�

��
�$

�
-,

�L
.m

an
ue

li�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
*�

�%
��

L.
m

an
ue

li�
/�

//
//

�
�

�
�

�
�

�
�

�
�

�
�

�
+�

!
#

�L
.m

an
ue

li�
/�

//
55

/�
//

55
�

�
�

�
�

�
�

�
�

�
�

�
.�

#
'

�
�)

�/
.�

L.
m

an
ue

li�
/�

//
53

/�
//

53
/�

/�
�/

�
�

�
�

�
�

�
�

�
�

�
5�

�%
*�

L.
m

an
ue

li�
/�

//
*-

/�
//

*-
/�

//
-*

/�
//

53
�

�
�

�
�

�
�

�
�

�
,�

�$
�

�+
5�

L.
au

di
tu

ve
la

tu
s�

/�
//

.+
/�

//
.+

/�
//

-*
/�

//
3�

/�
//

.+
�

�
�

�
�

�
�

�
�

3�
�$

�
�+

,�
L.

au
di

tu
ve

la
tu

s�
/�

/�
-3

/�
/�

-3
/�

/*
33

/�
/*

�,
/�

/�
-3

/�
/�

3*
�

�
�

�
�

�
�

�
�

-�
��

3-
�*

-3
,,

�L
.ru

ib
al

i�
/�

/-
*6

/�
/-

*6
/�

/-
/�

/�
/-

,5
/�

/-
,5

/�
/-

*-
�

/�
/-

,5
�

�
�

�
�

�
�

6�
��

+/
*,

,*
//

�L
.v

al
le

cu
re

ns
is

�
/�

/3
6+

/�
/3

6+
/�

/6
.,

/�
/-

�.
/�

/3
6+

/�
/3

6*
�

/�
/-

�+
/�

/3
+�

�
�

�
�

�
�

�/
�

��
53

5+
-+

3,
/�

L.
el

eo
do

ri�
/�

/6
-3

/�
/6

-3
/�

/6
-,

/�
�/

�-
/�

/6
-3

/�
/6

-3
�

/�
�/

/+
/�

/-
/6

/�
//

+6
�

�
�

�
�

��
�

�$
�

,.
�L

.ro
se

nm
an

ni
�

/�
�/

/5
/�

�/
/5

/�
/6

-5
/�

�/
/.

/�
/6

3+
/�

/6
3*

�
/�

�/
*�

/�
/6

/�
/�

/*
�.

/�
/�

-3
�

�
�

�
�*

�
�$

�
,6

�L
.ro

se
nm

an
ni

�
/�

�/
/5

/�
�/

/5
/�

/6
55

/�
�/

/.
/�

/6
3+

/�
/6

3*
�

/�
�/

*�
/�

/-
-+

/�
/�

6.
/�

/�
3+

/�
//

.+
�

�
�

�+
�

#
J'

�
..

*+
/�

L.
ni

gr
ic

ep
s�

/�
�/

+.
/�

�/
+.

/�
/6

-,
/�

�/
,5

/�
�/

+.
/�

�/
+.

�
/�

�/
�-

/�
�/

�/
/�

/+
3.

/�
/+

�6
/�

/+
+.

/�
/+

�6
�

�
�.

�
#

J'
�

..
*+

��
L.

ni
gr

ic
ep

s�
/�

�/
+.

/�
�/

+.
/�

/6
-,

/�
�/

,5
/�

�/
+.

/�
�/

+.
�

/�
�/

�-
/�

�/
�/

/�
/+

3.
/�

/+
�6

/�
/+

+.
/�

/+
�6

/�
//

//
�

�5
�

��
53

5+
-+

3/
,�

L.
an

di
nu

s�
/�

/-
35

/�
/-

35
/�

/-
/-

/�
/6

/,
/�

/6
/3

/�
/-

3.
�

/�
/6

**
/�

/3
3+

/�
/3

*3
/�

/-
/6

/�
/-

3+
/�

/-
53

/�
/6

/5
/�

/6
/5

�
�,

�
��

3-
�*

-6
+.

�L
.fa

m
at

in
ae

�
/�

/6
3.

/�
/6

3.
/�

/-
3�

/�
�/

/5
/�

�/
/,

/�
/6

3+
�

/�
�/

**
/�

/3
.�

/�
/,

,5
/�

/3
,5

/�
/6

/-
/�

/-
6*

/�
/6

./
/�

/6
./

�
�3

�
��

53
5+

-+
35

,�
L.

do
rb

ig
ny

i�
/�

�/
,/

/�
�/

,/
/�

��
**

/�
�/

6*
/�

�/
6+

/�
�/

,/
�

/�
�/

3,
/�

/6
-.

/�
/6

*-
/�

�/
..

/�
�/

35
/�

�/
6*

/�
�/

.5
/�

�/
.5

�
�-

�
��

53
5+

-+
35

-�
L.

do
rb

ig
ny

i�
/�

/6
6/

/�
/6

6/
/�

�/
5.

/�
�/

*�
/�

�/
**

/�
/6

6/
�

/�
�/

/,
/�

/6
3-

/�
/6

..
/�

�/
5.

/�
�/

-,
/�

��
/*

/�
�/

*+
/�

�/
*+

�
�6

�
��

53
5+

-+
-.

,�
L.

m
ul

tic
ol

or
�

/�
�*

,-
/�

�*
,-

/�
��

3,
/�

�+
�,

/�
�*

,-
/�

�*
,3

�
/�

�*
+.

/�
�*

5-
/�

/6
**

/�
�/

,6
/�

�/
5+

/�
�/

,6
/�

�/
3�

/�
�/

3�
�

*/
�

Q�
6*

�L
.si

gn
ife

r�
/�

�*
�.

/�
�*

�.
/�

�*
3.

/�
�*

.,
/�

�*
.3

/�
�*

�+
�

/�
�*

,+
/�

�*
�,

/�
��

+-
/�

��
6,

/�
�*

.-
/�

�*
+�

/�
�*

6.
/�

�*
6.

�
*�

�
Q�

6/
�L

.si
gn

ife
r�

/�
�*

.-
/�

�*
.-

/�
�*

3.
/�

�*
36

/�
�*

-�
/�

�*
.3

�
/�

�*
,.

/�
�*

�3
/�

��
+-

/�
��

63
/�

�*
.-

/�
�*

+*
/�

�*
65

/�
�*

65
�

**
�

Q�
6+

�L
.si

gn
ife

r�
/�

�*
+*

/�
�*

+*
/�

�*
3,

/�
�*

,.
/�

�*
,5

/�
�*

+*
�

/�
�*

.-
/�

��
66

/�
��

�-
/�

��
-*

/�
�*

++
/�

�*
�,

/�
�*

36
/�

�*
36

�
*+

�
�$

�
�+

-�
L.

sto
lz

m
an

ni
�

/�
�*

,5
/�

�*
,5

/�
�+

+-
/�

�+
�+

/�
�*

66
/�

�*
-�

�
/�

�*
.-

/�
�*

35
/�

�/
6�

/�
�*

//
/�

�*
+.

/�
�*

�-
/�

�*
+.

/�
�*

+.
�

*.
�

#
%

*�
+�

L.
st

ol
zm

an
ni

�
/�

�*
,5

/�
�*

,5
/�

�+
+-

/�
�+

�+
/�

�*
66

/�
�*

-�
�

/�
�*

.-
/�

�*
35

/�
�/

6�
/�

�*
//

/�
�*

+.
/�

�*
�-

/�
�*

+.
/�

�*
+.

�
*5

�
�$

�
�+

.�
L.

to
rr

es
i�

/�
��

-*
/�

��
-*

/�
/6

53
/�

��
6,

/�
��

-*
/�

��
.-

�
/�

��
6-

/�
�*

3+
/�

��
3,

/�
�*

6*
/�

�*
6.

/�
�+

��
/�

�+
*3

/�
�+

*3
�

*,
�

�$
�

�+
+�

L.
to

rr
es

i�
/�

��
66

/�
��

66
/�

�/
.6

/�
�*

�+
/�

��
66

/�
��

,5
�

/�
�*

�5
/�

�*
55

/�
��

33
/�

�+
�/

/�
�*

3-
/�

�*
65

/�
�+

��
/�

�+
��

�
*3

�
�$

�
�.

,�
L.

to
rr

es
i�

/�
�*

�5
/�

�*
�5

/�
�/

-�
/�

�*
+/

/�
�*

�5
/�

��
-*

�
/�

�*
+�

/�
�*

5,
/�

��
53

/�
�+

*3
/�

�+
*-

/�
�+

.5
/�

�+
*-

/�
�+

*-
�

*-
�

#
J'

�
.+

.6
-�

L.
po

co
nc

hi
le

ns
is

�
/�

��
-+

/�
��

-+
/�

�+
/,

/�
�*

�.
/�

��
-+

/�
��

-*
�

/�
�*

-�
/�

�*
+6

/�
�/

35
/�

��
-+

/�
�*

�-
/�

�*
+5

/�
��

-5
/�

��
-5

�
*6

�
#

J'
�

.+
.6

3�
L.

po
co

nc
hi

le
ns

is
�

/�
��

-+
/�

��
-+

/�
�+

/,
/�

�*
�.

/�
��

-+
/�

��
-*

�
/�

�*
-�

/�
�*

+6
/�

�/
35

/�
��

-+
/�

�*
�-

/�
�*

+5
/�

��
-5

/�
��

-5
�

+/
�

Q�
,/

�L
.o

rn
at

us
�

/�
�-

-+
/�

�-
-+

/�
�-

�+
/�

�6
*/

/�
�-

-+
/�

�-
.,

�
/�

�3
6+

/�
�6

�/
/�

�3
/*

/�
�3

��
/�

�3
��

/�
�3

*-
/�

�3
-/

/�
�3

-/
�

…
…

co
nt

in
ue

d 
on

 t
he

 n
ex

t 
pa

ge
 

 Zootaxa 4438 (2)  © 2018 Magnolia Press  ·  297LIOLAEMUS LIZARDS



�
��
��
�
��
	

��
	
�
��
���
��
��

�
$

T�
��

@
'

�$
�

��
�5

�,
�3

�-
�6

*/
*�

�
**

*+
*.

*5
*,

*3
*-

*6
�

��
�$

�
-,

�L
.m

an
ue

li�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

*�
�%

��
L.

m
an

ue
li�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
+�

!
#

�L
.m

an
ue

li�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

.�
#

'
�

�)
�/

.�
L.

m
an

ue
li�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
5�

�%
*�

L.
m

an
ue

li�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

,�
�$

�
�+

5�
L.

au
di

tu
ve

la
tu

s�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

3�
�$

�
�+

,�
L.

au
di

tu
ve

la
tu

s�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

-�
��

3-
�*

-3
,,

�L
.ru

ib
al

i�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

6�
��

+/
*,

,*
//

�L
.v

al
le

cu
re

ns
is

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�/
�

��
53

5+
-+

3,
/�

L.
el

eo
do

ri�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

��
�

�$
�

,.
�L

.ro
se

nm
an

ni
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�*

�
�$

�
,6

�L
.ro

se
nm

an
ni

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�+
�

#
J'

�
..

*+
/�

L.
ni

gr
ic

ep
s�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�.

�
#

J'
�

..
*+

��
L.

ni
gr

ic
ep

s�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�5
�

��
53

5+
-+

3/
,�

L.
an

di
nu

s�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�,
�

��
3-

�*
-6

+.
�L

.fa
m

at
in

ae
�

/�
/,

/,
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�3

�
��

53
5+

-+
35

,�
L.

do
rb

ig
ny

i�
/�

/6
�/

/�
�/

..
�

�
�

�
�

�
�

�
�

�
�

�
�

�-
�

��
53

5+
-+

35
-�

L.
do

rb
ig

ny
i�

/�
/-

5-
/�

/6
6/

/�
//

3*
�

�
�

�
�

�
�

�
�

�
�

�
�6

�
��

53
5+

-+
-.

,�
L.

m
ul

tic
ol

or
�

/�
��

*6
/�

�*
,,

/�
/6

.�
/�

/6
5*

�
�

�
�

�
�

�
�

�
�

�
*/

�
Q�

6*
�L

.si
gn

ife
r�

/�
�/

�+
/�

�/
6-

/�
�*

//
/�

�*
�/

/�
��

�+
�

�
�

�
�

�
�

�
�

�
*�

�
Q�

6/
�L

.si
gn

ife
r�

/�
�/

�+
/�

�/
66

/�
�*

/�
/�

�*
��

/�
��

�+
/�

//
*-

�
�

�
�

�
�

�
�

�
**

�
Q�

6+
�L

.si
gn

ife
r�

/�
/6

6-
/�

�/
-.

/�
�*

/*
/�

�*
�*

/�
�/

6-
/�

//
*-

/�
//

*-
�

�
�

�
�

�
�

�
�

*+
�

�$
�

�+
-�

L.
sto

lz
m

an
ni

�
/�

��
�+

/�
�*

++
/�

�/
*�

/�
�/

//
/�

/6
+5

/�
/6

.,
/�

/6
.3

�
/�

/6
.-

�
�

�
�

�
�

�
*.

�
#

%
*�

+�
L.

st
ol

zm
an

ni
�

/�
��

�+
/�

�*
++

/�
�/

*�
/�

�/
//

/�
/6

+5
/�

/6
.,

/�
/6

.3
�

/�
/6

.-
/�

//
//

�
�

�
�

�
�

*5
�

�$
�

�+
.�

L.
to

rr
es

i�
/�

��
.*

/�
��

�+
/�

��
.3

/�
�/

,/
/�

�/
�*

/�
�/

6/
/�

�/
6�

�
/�

�/
6*

/�
/,

�6
/�

/,
�6

�
�

�
�

�
*,

�
�$

�
�+

+�
L.

to
rr

es
i�

/�
��

*,
/�

�/
63

/�
�/

66
/�

�/
.5

/�
/6

63
/�

�/
.+

/�
�/

.+
�

/�
�/

..
/�

/5
3+

/�
/5

3+
/�

//
3�

�
�

�
�

*3
�

�$
�

�.
,�

L.
to

rr
es

i�
/�

��
35

/�
��

�.
/�

��
�,

/�
�/

,�
/�

�/
�+

/�
�/

6�
/�

�/
6*

�
/�

�/
6+

/�
/,

�6
/�

/,
�6

/�
/�

.+
/�

//
3�

�
�

�
*-

�
#

J'
�

.+
.6

-�
L.

po
co

nc
hi

le
ns

is
�

/�
�/

-/
/�

�*
-*

/�
�*

5�
/�

�*
*-

/�
�*

,�
/�

�+
3�

/�
�.

/5
�

/�
�.

/3
/�

�*
6�

/�
�*

6�
/�

�+
/+

/�
�*

**
/�

�*
+6

�
�

*6
�

#
J'

�
.+

.6
3�

L.
po

co
nc

hi
le

ns
is

�
/�

�/
-/

/�
�*

-*
/�

�*
5�

/�
�*

*-
/�

�*
,�

/�
�+

3�
/�

�.
/5

�
/�

�.
/3

/�
�*

6�
/�

�*
6�

/�
�+

/+
/�

�*
**

/�
�*

+6
/�

//
//

�
+/

�
Q�

,/
�L

.o
rn

at
us

�
/�

�5
66

/�
�3

*5
/�

�-
/6

/�
�-

�3
/�

�3
*,

/�
�-

*5
/�

�3
6/

�
/�

�-
�/

/�
�3

��
/�

�3
��

/�
�3

35
/�

�3
*+

/�
�3

.*
/�

�,
+�

/�
�,

+�
�

�

 RUIZ DE GAMBOA  ET AL.298  ·  Zootaxa 4438 (2)  © 2018 Magnolia Press


	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


