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Abstract 8 

The structure of copulatory organs is widely used in systematics for both differentiating species 9 

and for studying phylogenetic relationships. We describe the hemipenes of 42 species belonging to the 10 

genus Liolaemus, representing most of their internal groups. We reported 42 characters, the majority not 11 

published previously. We constructed a metatree based on previously proposed phylogenetic studies and 12 

optimized the hemipenial characters in this topology. Among the most informative characters are: 13 

presence or absence of flounces or calyces on the sulcate face, ornamentation of the apex, presence or 14 

absence of an asulcate face prominence and presence of a thickening on the proximal region of the 15 

asulcate face. Furthermore, we performed a phylogenetic analysis exclusively with the hemipenial 16 

characters, not with the intention of making a phylogeny based on this single set of characters, but 17 

rather to demonstrate their significance for the reconstruction of relationships in Liolaemus. The 18 

obtained results show that the main clades are recovered. We also compared the hemipenial morphology 19 

between closely related species to evaluate its taxonomic importance. We conclude that in Liolaemus 20 

the hemipenes can be used for both the differentiation of species and to provide additional evidence for 21 

establishing their phylogenetic relationships. 22 

Key words: Liolaemus, Hemipenes, Morphology, Phylogeny, Male genitalia.  23 
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Introduction 24 

In many groups of animals, copulatory organs provide a very significant proportion of the 25 

characters used in systematic studies. This especially applies to the intromittent organs of males, which 26 

are widely used in the taxonomy of, among others, beetles, butterflies and moths, grasshoppers, 27 

mollusks, some live-bearing fish and elasmobranchii, snakes, lizards and some mammal groups 28 

(Hamilton 1946, Gordon and Rosen 1951, Sharp and Muir 1912; Jaennell 1955; Higgins 1975; Tuxen 29 

1970; Arnold 1986a; Fitzpatrick et al. 2012; Klaczlo et al. 2015; D’Angiolella et al. 2016). Indeed, 30 

genital features of invertebrates are so important that accounts of their variations numbering up to 31 

hundreds of pages have been produced (Sharp and Muir 1912; Jaennell 1955; Higgins 1975) as well as a 32 

substantial glossary of insect genitalia in general (Tuxen 1970). Big differences in male genitalia often 33 

allow us to easily distinguish between closely related species. Yet, in some cases, the organs are very 34 

uniform in certain aspects of their morphology and are characteristic of a whole genus or other higher 35 

taxa. At higher level taxonomic categories (genera, subfamily, etc.) different groups have copulatory 36 

organs that share similar derived features (Böhme 1988; Keogh 1999; Maduwage et al. 2008; Köhler 37 

2009). The greater the phylogenetic distance between taxa does not always equal greater differences in 38 

genital morphology; it is common to find some markedly different genitalia between very closely 39 

related taxa (Böhme 1988; Arnold 1986a; Lobo 2000; Köhler et al. 2010; Köhler et al. 2012). 40 

The genitalia of squamate males consist of a pair of intromittent organs called hemipenes which 41 

were recently proven to be homologous to the other phalluses of amniota (Gredler et al. 2014). The 42 

hemipenes are tubular structures that are retracted into the base of the tail when not in use but are 43 

everted during copulation. Each hemipenis surface contains a groove, the sulcus spermaticus, through 44 

which semen is transported. Hemipenial morphology varies extensively among squamate taxa, from 45 

cylindrical tubes to deeply bilobed structures ornamented with calyces, papillae, flounces, and spines 46 

(Dowling and Savage 1960), and thus has been used extensively for systematic studies on snakes 47 
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(Dowling and Duellman 1978; Zaher 1999; Myers and Donnelly 2001; Schargel and Castoe 2003, 48 

Schargel et al. 2005) and, to a lesser extent, on lizards (Arnold 1983, 1986a; Böhme 1988; Köhler et al. 49 

2012; Nunes et al. 2012; Klaczko et al. 2015). 50 

The first report of hemipenial morphology for liolaemids is a brief description of the hemipenes 51 

of Phymaturus palluma by Böhme (1988). Structure and variation of male copulatory organs in 52 

Liolaemus lizards have been reviewed by Cei (1986, 1993) and Lobo (2000), yet lacking detailed 53 

descriptions. Cei (1986, 1993) showed some observations of the hemipenes of Liolaemus (14 species), 54 

where he pointed out a homogeneous morphology and the almost complete lack of ornamentation, only 55 

indicating three species in one of his pictures. Lobo (2000) reported the morphology of 18 species of 56 

Liolaemus and Phymaturus dorsimaculatus (Phymaturus is actually the sister genus of Liolaemus), 57 

where he described the organ for L. chacoensis and L. chiliensis and highlighted the main differences 58 

between both subgenera of Liolaemus (Eulaemus and Liolaemus sensu stricto). 59 

The aim of this study is to provide an in–depth report of the hemipenial morphology of 42 60 

species of the genus Liolaemus, including subgenera and subclades currently recognized within them. 61 

Furthermore, we emphasize the importance of this data set in the phylogeny and taxonomy of 62 

Liolaemus, thus providing extra validation of previous findings in the literature about the use of 63 

hemipenial characters as systematic tools (as in the citations above).  64 

 65 

Materials and methods 66 

All specimens are deposited in the Herpetological Collection of the Instituto de Bio y 67 

Geociencias del NOA (IBIGEO), the Herpetological Collection of the Fundación Miguel Lillo (FML), 68 

and Herpetological Collection of the Universidad Nacional de San Juan (UNSJ). Sample sizes vary 69 

from one hemipenis to four hemipenes per species. Small sample sizes are adequate for hemipenial 70 

descriptions because intraspecific variation is generally slight, and the variation that may be present 71 
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often only reflects artifacts of preservation (Arnold 1986 a, b; Böhme 1988; Keogh 1999). Details of 72 

specimens studied are listed in supplementary material (File S1). 73 

We study hemipenes from representatives of 30 species of the subgenus Eulaemus: L. montanus 74 

section (Sensu Schulte et al. 2000): L. boulengeri series (17 species); L. montanus series (seven 75 

species); and L. lineomaculatus section (six species); and 11 species of the subgenus Liolaemus sensu 76 

stricto: L. elongatus–petrophilus group (three species); L. pictus group (one species); L. alticolor–77 

bibronii group (seven species). Furthermore, we studied Ctenoblepharys adspersa and three species of 78 

Phymaturus (P. laurenti, P. palluma, and P. patagonicus), considered to be an outgroup for 79 

phylogenetic and evolutionary interpretations of the anatomical characteristics found in Liolaemus (see 80 

supplementary material, file S1, for details). 81 

We followed Zaher and Prudente (2003) protocol for preparing snake organs. One of the 82 

hemipenes from each fixed specimen was removed through a small incision at the base of the tail. The 83 

removed organ was immersed in a 2% KOH solution for 3–5 min or until it became translucent and 84 

flexible. The hemipenis was checked and everted manually using forceps to be sure the whole 85 

hemipenis was completely everted. Once fully everted, the organ was filled with colored vaseline to 86 

allow better visualization of ornamentation structures. We obtained digital images of hemipenes in 87 

sulcate, asulcate, and lateral view using a camera (Olympus DP25) attached to a stereomicroscope. 88 

Measurements were taken using a digital caliper (0.02 mm of precision) and an ocular micrometer. 89 

Terminology of hemipenial character states follow that of Dowling and Savage (1960), Savage (1997), 90 

Zaher (1999), Ziegler and Böhme (1999), and Zaher and Prudente (2003). 91 

We constructed a matrix including 42 morphological characters taken from hemipenes. 92 

Phylogenetic analyses were performed with TNT v.1.5 (Tree analysis using New Technology Goloboff 93 

et al. 2003). We performed an analysis under implied weights (using the methodology proposed by 94 

Mirande 2009). Discrete characters were coded according to their variation: binary or multistate. The 95 
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continuous characters were also coded as such, following the methodology of Goloboff et al. (2006). 96 

Nodes support were measured with bootstrapping, performing 500 replicates. We included 45 terminal 97 

taxa: 41 species of Liolaemus representing our ingroup, and three species of Phymaturus and 98 

Ctenoblepharys adspersa used as outgroup (See Table S1 and S2). 99 

In addition, we optimized the characters in the most recent phylogenetic topology within the 100 

family. Since there is no phylogeny for Liolaemus that includes all terminal taxa analyzed here, we 101 

reconstructed a metatree following Schulte et al. (2000), Espinoza et al. (2004), and Pyron et al. (2013) 102 

for the entire genus, Avila et al. (2006) and Abdala (2007) for the L. boulengeri series, and Lobo (2001, 103 

2005), Avila et al. (2015) and Quinteros (2013) for the Liolaemus subgenus and the groups within.  104 

 105 

Results 106 

List of character states and descriptions are included in supplementary File S2. Variation of 107 

character states of continuous and discrete characters are listed in supplementary material (Table 1S and 108 

2S).  109 

General descriptions of the hemipenes of the groups recovered in our phylogenetic analyses. 110 

Hemipenes of Liolaemus show two kinds of ornamentations (flounces and calyces) which are 111 

located in both sulcate and asulcate face (Figure 1). The presence of one (flounces or calyces) does not 112 

exclude the presence of the other. Flounces are step–shaped structures, transversal to the hemipenis 113 

(Figure 1). On the other hand, calyces are reticulated structures. Generally, ornamentations are 114 

distributed in the upper third of both sulcate and asulcate faces of the hemipenis, although in some cases 115 

they can be extended all over the upper half of the organ, or even more. In the proximal region (base of 116 

hemipenis) the sulcus spermaticus shows a bag–shaped structure on one or both edges (Figures 1, 2 and 117 

3). Species belonging to the subgenus Eulaemus exhibit their sulcate face of the hemipenis naked or 118 

presenting flounces, but never calyces. On the other hand, the asulcate face can have both kinds of 119 
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ornamentations at the same time (Figures 1 and 2). Within the lineomaculatus section of Eulaemus, 120 

species have a slenderer hemipenis than species of the montanus section. The apex shell–shaped show 121 

its inner edge thickened and with elliptical shape. Calyces always are present in the asulcate face while 122 

flounces are observed in some species. The proximal region (base of hemipenis) of the asulcate face 123 

shows a thickened area. The asulcate face prominence is absent. (Figures 1 and 2, A–C). Members of 124 

the montanus section show robust hemipenes with a cup–shaped apex. Their asulcate face have 125 

flounces, but never calyces. Their asulcate faces show a conspicuous prominence in the middle region 126 

of the truncus, never show a thickened area in the basal region as in the lineomaculatus section. (Figure 127 

2, D–I). Species belonging to the boulengeri series of the montanus section exhibit an asulcate face their 128 

conspicuous prominence in the middle region of truncus, generally forward pronounced. The asulcate 129 

face has smooth flounces, not serrated. (Figure 2, D–F). Members of the montanus series show an 130 

asulcate face with their conspicuous prominence in the middle region of truncus rounded or upwardly 131 

pronounced, never forward pronounced. Flounces of the sulcate and asulcate face are always serrated. 132 

(Figure 2, G–I).  133 

Hemipenes of the subgenus Liolaemus sensu stricto present calyces always in the asulcate face 134 

and flounces are observed in some species; the distal margin of the apex is elongated, either horn–shape 135 

or rounded. The flounces of the sulcate face are narrow and the edge of the calyces can be smooth or 136 

wavy (Figure 3). Within the subgenus Liolaemus, species of the elongatus–petrophilus group show a 137 

shell–shaped apex (different from that described above for Eulaemus) that we call from now “shell–138 

shaped2”. Calyces in this group exhibit smooth edges. Ornamentations of the sulcate face are 139 

distributed only in the upper third of the truncus, never reaching the middle line. Flounces may be 140 

present in some species. (Figure 3, A–C). The pictus group, represented here only by L. coeruleus, 141 

shows hemipenes with a rounded apex and their calyces are evident on both sulcate and asulcate faces. 142 

These calyces are deep with wavy edges. (Figure 3, D–F). Hemipenes of the alticolor–bibronii group 143 
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show a horn–shaped apex. The apical lobules are well–developed and sulcate face has smooth calyces, 144 

never flounces. (Figure 3, G–I). 145 

 146 

A phylogenetic hypothesis built using only the hemipenial characters (Figure 4)  147 

We obtained a tree with 12,69 of fit. The numbers in brackets indicate character (see 148 

supplementary material File S2: character list for more details). 149 

We recovered the genus Phymaturus as monophyletic, supported by the presence of uniform 150 

calyces over truncus and lobes of the asulcate face (Char. 37). 151 

The Liolaemus genus is recovered as monophyletic supported by five synapomorphies: a higher 152 

ratio between the length of the hemipenis and the SVL (Char. 0). Lower ratio between the width of the 153 

sulcus spermaticus and the length of the hemipenis (Char. 3). Lower ratio between the width of the 154 

proximal region and the middle region with respect to hemipenis length (Chars. 4 and 5). The hemipenis 155 

of Liolaemus is more tubular than the hemipenis of Ctenoblepharys and Phymaturus (Char. 10). 156 

The subgenus Liolaemus sensu stricto is recovered as monophyletic, supported by four 157 

synapomorphies: Lower ratio between the width of the proximal region and the middle region with 158 

respect to hemipenis length (Chars. 4 and 5). Calyces of the sulcate face occupy the region between the 159 

lobules (Char. 26). Calyces are not uniform (Char. 27). Species of the elongatus–petrophilus group are 160 

recovered basal inside the subgenus Liolaemus, but not forming a monophyletic group. The alticolor–161 

bibronii group is recovered as monophyletic, supported by two synapomorphies: apex showing horn–162 

shaped ornamentations (Char. 7), and well–developed lobules (Char. 11). 163 

The Eulaemus subgenus is recovered as monophyletic, supported by two synapomorphies: 164 

flounces always present in the asulcate face (Char. 16) and 6–8 flounces in the sulcate face (Char. 22). 165 

The lineomaculatus section is recovered as monophyletic, supported by three synapomorphies: higher 166 

ratio between the distance where the sulcus spermaticus bifurcate and the hemipenis length (Char. 2), 167 
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the internal edge of the apex is elliptical (Char. 14) and the basal region of the truncus of the asulcate 168 

face is thickened (Char. 38). The montanus section is recovered as monophyletic, supported by five 169 

synapomorphies: Small bulge at the bifurcation of the sulcus spermaticus (Char. 23); only flounces 170 

shown on asulcate face (Char. 25); two flounces over lobules (Char. 34); five discontinuous flounces in 171 

the asulcate face of the truncus (Char. 35); and asulcate face shows a conspicuous prominence in the 172 

middle region of the truncus (Char. 40). The boulengeri series is paraphyletic, recovered within the 173 

species members of the montanus series. The montanus series is recovered as monophyletic, nested 174 

within the boulengeri series. It is supported by two synapomorphies: poorly–developed and joined 175 

lobules (Chars. 11 and 12). 176 

 177 

Hemipenial character optimization on the known interspecific phylogenetic metatree (Figure 5). 178 

Hemipenes were plotted on a metatree, constructed based on the most recent phylogenetic 179 

hypotheses for the Liolaemus genus. Relationships of terminal taxa studied here are shown in Figure 5. 180 

Numbers indicate character (see supplementary material File S2: character list). 181 

The genus Phymaturus is supported by the presence of globular hemipenes, showing exclusively 182 

uniform and symmetric calyces over truncus and apex of the sulcate and asulcate face (Char. 37). 183 

The genus Liolaemus is supported by the ratio between hemipenis length and SVL (Char. 0), 184 

lower ratio between the width of the sulcus spermaticus and hemipenis length (Char. 3), lower ratio 185 

between the width of the middle proximal region and middle distal region and hemipenis length (Char. 186 

4 and 5), and the tubular shape of the hemipenis (Char. 10). 187 

The subgenus Liolaemus sensu stricto is supported by the distribution of the calyces on the 188 

sulcate face; the calyces never reaching the lobules (Char. 26), the presence of non–uniform calyces 189 

(Char. 27), and the middle region of the truncus of the asulcate face shows a thickened area (Char. 39). 190 

The alticolor–bibronii group is supported by the lower ratio between the width of the apex and the 191 
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hemipenis length (Char. 6) and the presence of developed apical lobules (Char. 11). The elongatus–192 

petrophilus group is supported by the presence of 4–5 flounces on the truncus of the asulcate face 193 

(Char. 22). The pictus group is supported by the higher ratio between hemipenis length and SVL (Char. 194 

0), lower ratio between the width of the middle and proximal region of truncus and the hemipenis length 195 

(Chars. 4 and 5), the presence of a rounded apex (Char. 7), the presence of deep flounces on truncus of 196 

the sulcate face (Char. 20), and the calyces of the sulcate face are thick with wavy edges (Chars. 29 and 197 

30). 198 

The Eulaemus subgenus is supported by the presence of flounces, exclusively, on the truncus of 199 

the asulcate face (Char. 16). The lineomaculatus section is supported by the elliptical shape of the 200 

internal edge of the apex (Char. 14), deep flounces on the sulcate face (Char. 20), and the presence of a 201 

thick area in the proximal region of the truncus of the asulcate face (Char. 38). The montanus section is 202 

supported by the presence of a small asulcate face prominence in the bifurcation of the sulcus 203 

spermaticus (Char. 23) and the presence of a asulcate face prominence on the truncus of the asulcate 204 

face (Char. 40). Within the montanus section the montanus series is supported by the lower ratio 205 

between the sulcus spermaticus length and the hemipenis length (Char. 1), lower ratio between the 206 

distance where the sulcus spermaticus bifurcation begins and hemipenis length (Char. 2), presence of 207 

serrate flounces on the proximal region of the truncus of the asulcate face (Char. 32), thick flounces on 208 

truncus of the asulcate face (Char. 33), rough proximal region (base of truncus) on the asulcate face 209 

(Char. 37). The boulengeri series has no synapomorphies. Within the boulengeri series, the melanops 210 

group is supported by the lower ratio between the width of distal region of truncus and hemipenis length 211 

(Char. 6). Within the melanops group, the telsen group shows a higher ratio between hemipenis length 212 

and SVL (Char. 0) and rough proximal region of truncus of the asulcate face (Char. 37). Within the 213 

melanops group, the goetschi group is supported by the higher ratio between distance where the sulcus 214 

spermaticus bifurcation begins and the hemipenis length (Char. 2) and developed apical lobules (Char. 215 
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11). The goetschi group is formed by two clades: 1) the cuyanus clade supported by the lower ratio 216 

between hemipenis length and SVL (Char. 0), higher ratio between the length and width of the sulcus 217 

spermaticus and hemipenis length (Chars. 1 and 3), presence of 4–5 flounces on truncus of the sulcate 218 

face (Char. 22), and 1–2 continuous flounces on truncus of the asulcate face (Char. 36). and 2) the 219 

fitzingerii clade supported by thick flounces on truncus of the sulcate face (Char. 19), deep flounces on 220 

truncus of the sulcate face (Char. 20), flounces on truncus of the asulcate face are fleshy (Char. 33), and 221 

the presence of three flounces on the lobules of the asulcate face (Char. 34). The laurenti group has no 222 

synapomorphies, but we recovered synapomorphies of a group within it. The wiegmannii group is 223 

supported by 1–2 continuous flounces on the truncus of the asulcate face (Char. 36). The darwinii clade 224 

has no synapomorphies, but some subclades have. The ornatus clade is supported by the lower ratio 225 

between the hemipenis length and the SVL (Char. 0). 226 

 227 

Importance of the hemipenial morphology in the diagnoses of species  228 

We compared phylogenetically–close species with the aim to elucidate the role of hemipenial 229 

morphology as taxonomic characters. We made comparisons between sets of species from both 230 

subgenera of Liolaemus: L. albiceps vs L. irregularis; L. ornatus, L. crepuscularis and L. lavillai; L. 231 

multicolor, L. molinai, and L. poecilochromus; L. vulcanus vs L. dorbignyi (From Eulaemus); L. puna 232 

vs L. pyriphlogos, and L. gracilis vs L. tandiliensis (subgenus Liolaemus). 233 

Liolaemus albiceps vs L. irregularis (Figure S1): the differences are that L. albiceps shows a 234 

higher ratio between the distance where the sulcus spermaticus bifurcation begins and the hemipenis 235 

length; a higher ratio between the middle and distal region width of truncus and the hemipenis length. 236 

These last character states made the hemipenis of L. albiceps more robust than that of L. irregularis. 237 

Moreover, the apex lobules are more developed in L. albiceps. The flounces are thick in L. albiceps, yet 238 

superficial in L. irregularis. Flounces on truncus of the asulcate face are serrated in L. albiceps, while 239 
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smooth in L. irregularis. The hemipenes of L. irregularis are smaller than those of L. albiceps (ratio 240 

between the length of hemipenis and SVL is 0.09 vs. 0.06). The truncus of sulcate face of L. 241 

irregularis’ hemipenes shows 4–5 flounces, whereas 6–8 in L. albiceps.  242 

Liolaemus crepuscularis, L. lavillai, and L. ornatus (Figure S2). The difference is that L. lavillai 243 

and L. crepuscularis show 6–8 flounces on truncus of the sulcate face, whereas L. ornatus shows 9–10. 244 

The small asulcate face prominence located on the bifurcation of the sulcus spermaticus is rounded in L. 245 

ornatus and L. lavillai, yet triangular in L. crepuscularis. There are four non–continuous flounces on 246 

truncus of the asulcate face in L. lavillai, five in L. crepuscularis, and six in L. ornatus. The number of 247 

flounces on truncus of the asulcate face in L. crepuscularis and L. lavillai is 3–4, whereas in L. ornatus 248 

there are 5. Proximal region (base of the hemipenis) of the asulcate face is smooth in L. lavillai and L. 249 

crepuscularis, yet rugose in L. ornatus.  250 

Liolaemus molinai, L. multicolor and L. poecilochromus (Figure S3). The apical lobules are 251 

joined in L. poecilochromus and L. molinai, whereas in L. multicolor they are separated. In L. molinai, 252 

ornamentations of the sulcate face don’t reach the middle line of truncus of the hemipenis, whereas in L. 253 

multicolor and L. poecilochromus they go beyond the middle line. The presence of serrated flounces on 254 

truncus of the asulcate face distinguish L. molinai and L. multicolor from L. poecilochromus (smooth 255 

flounces). The number of flounces on truncus of the asulcate face is 1–2 in L. molinai, 3–4 in L. 256 

poecilochromus and 5 in L. multicolor. 257 

Liolaemus vulcanus vs L. dorbignyi (Figure S4). In L. vulcanus flounces on truncus of the 258 

sulcate face are deep, yet superficial in L. dorbignyi. The small asulcate face prominence on the 259 

bifurcation of the sulcus spermaticus is oval in L. vulcanus, while triangular in L. dorbignyi. Moreover, 260 

L. vulcanus shows five discontinuous and three continuous flounces on truncus of the asulcate face, but 261 

three and five (respectively) in L. dorbignyi. Furthermore, L. vulcanus has eight flounces on truncus of 262 

the sulcate face, yet six in L. dorbignyi.  263 
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Liolaemus puna, vs L. pyriphlogos. The ratio between the width of middle and distal regions of 264 

truncus and the hemipenis length is higher in L. puna than in L. pyriphlogos. Based on this character, 265 

we can conclude that the general shape of the hemipenis in L. puna is more robust than in L. 266 

pyriphlogos. Ornamentations of the hemipenis in L. pyriphlogos are distributed in the upper third of 267 

truncus, whereas in L. puna they reach the middle line of truncus. 268 

Liolaemus gracilis vs L. tandiliensis (Figure S5). These species differ in the ratio between the 269 

sulcus spermaticus length and hemipenis length, showing a lower ratio in L. gracilis. In addition, the 270 

ratio between the width of the proximal region of truncus and the hemipenis length is higher in L. 271 

gracilis. Furthermore, L. gracilis can exhibit calyces and flounces on truncus of the sulcate face, 272 

whereas L. tandiliensis only exhibits calyces. The number of calyces on truncus of the asulcate face in 273 

L. gracilis is 1–2, while 3–4 in L. tandiliensis. 274 

 275 

Discussion 276 

Hemipenis morphology 277 

Cei (1986) studied the hemipenes of L. fitzingerii and Vilcunia silvanae (L. silvanae), and Cei 278 

(1993) mentioned having studied the hemipenes of 14 species, yet only showed the hemipenes of L. 279 

bibronii, L. irregularis, and L. salinicola, in which he argued the lack of ornamentation in all the 280 

species studied. In this study, all the hemipenes showed some ornamentation. We agree with Lobo 281 

(2000) in the fact that the observations of Cei (1986, 1993) were probably due to an insufficient 282 

eversion. 283 

Lobo (2000) studied several representatives of the Liolaemus subgenus: L. bibronii, L. buergeri, 284 

L. ceii, L. kriegi, L. lemniscatus, L. neuquensis, L. pictus argentinus, and L. tenuis, where he described 285 

the hemipenis of L. chiliensis in detail, noting the presence of calyces and flounces on truncus of the 286 

sulcate face. Our results were consistent with his, where all specimens of the Liolaemus subgenus 287 
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studied have calyces on truncus of the sulcate face, even though they can also exhibit some flounces. 288 

Lobo (2000), mentioned that in both L. chiliensis and L. robertmertensi the calyces region goes beyond 289 

the middle region of truncus. These species are closely related to the L. alticolor–bibronii group in 290 

which the calyces reach the middle region of truncus. In our study, it was the members of the Eulaemus 291 

subgenus whose calyces region went beyond the middle region of the hemipenis.  292 

For the Eulaemus subgenus, Lobo (2000) described the hemipenis of L. chacoensis in detail, 293 

mentioning that the truncus of sulcate face shows only flounces. In our study, all the specimens of the 294 

Eulaemus subgenus have flounces, but never show calyces. 295 

 296 

Phylogenetic considerations 297 

The obtained phylogeny, based exclusively on hemipenial morphology, recovered the main 298 

groups (until series level) recognized within Liolaemus as monolphyletic. However, the relationships in 299 

lower level were not recovered (Figure 4). Our topology recovered the L. elongatus–petrophilus group 300 

as paraphyletic. The location of L. coeruleus as basal to the L. elongatus–petrophilus species plus the L. 301 

alticolor–bibronii group species, is inconsistent with other proposed phylogenies (Schulte et al. 2000; 302 

Lobo 2001, 2005; Lobo and Abdala 2002; Morando et al. 2007; Schulte 2013; Pyron et al. 2013).  The 303 

monophyly of the L. alticolor–bibronii group recovered here is consistent with previous studies (Lobo 304 

2001, 2005; Morando et al. 2007; Schulte 2013; Pyron et al. 2013; Quinteros 2013). 305 

The Eulaemus subgenus is recovered as monophyletic formed by the L. lineomaculatus section 306 

and the L. montanus section, and consistent with previous proposals (Schulte et al. 2000; Lobo et al. 307 

2010; Schulte 2013; Pyron et al. 2013; Abdala and Quinteros 2014). Within the L. montanus section, the 308 

L. boulengeri series is recovered as paraphyletic, with some species more related to the L. montanus 309 

series nested within. This result is inconsistent with most of the previous proposals (Schulte et al. 2000; 310 

Lobo et al. 2010; Schulte 2013; Pyron et al. 2013; Abdala and Quinteros 2014) but agrees with a result 311 
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found by Olave et al. (2014) who recovered the L. montanus series (represented by seven species) 312 

nested within the L. boulengeri series. The result of Olave et al. (2014) was based on two mitochondrial 313 

markers and several nuclear markers for 188 terminals (representing 70 species and several candidate 314 

species). 315 

Optimization of hemipenial characters in the metatree constructed shows many synapomorphies 316 

of the groups below the series level (Figure 5). This result emphasizes the taxonomic and phylogenetic 317 

importance of this data set in the phylogenetic reconstructions, which could be added to other more 318 

traditional characters used (lepidosis, coloration, skeleton, and molecular) and helps to reconstruct the 319 

evolutionary history of the group. 320 

In Etheridge (1995) L. chacoensis was included in the chiliensis group (actual subgenus 321 

Liolaemus); in Lobo (2000) its hemipenes was described as sharing the morphology of the Argentine 322 

group (current subgenus Eulaemus). In this study we found its morphology almost identical to that of L. 323 

koslowskyi; this fact is coherent with the last phylogenetic studies (Avila et al. 2006; Abdala 2007) 324 

which found L. chacoensis nested within the L. darwinii group. 325 

 326 

Significance of hemipenial morphology for discriminating closely-related species 327 

The significance of the hemipenial morphology in systematics has been highlighted by other 328 

researchers, such as those who have studied the genus Anolis.  Köhler et al. (2012), Köhler (2009), 329 

Köhler and Sunyer (2008), Köhler and Smith (2008), Köhler et al. (2007), Köhler et al. (2010), and 330 

D´Angiolella et al. (2016) described many new species, adding hemipenial morphology to their formal 331 

descriptions. They emphasized the importance of this morphology in discriminating closely–related 332 

and/or cryptic species. They found differences in ornamentation (bilobed or unilobed; presence of 333 

calyces and/or flounces), sulcus spermaticus, and size and shape (bifurcate or not, large hemipenial, or 334 
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smaller and thinner, etc.) among closely–related taxa, similarly to the way we describe the Liolaemus 335 

species in this study.  336 

We chose a series of sister taxa (found in published phylogenetic analyses) for our comparisons 337 

due to the fact that out of the whole morphology studied only a few characters were used for their 338 

discrimination, mostly pattern color and continuous overlapping scale counting: L. multicolor vs L. 339 

poecilochromus in Laurent (1986); L. albiceps vs L. irregularis, in Lobo and Laurent (1995);  L. 340 

multicolor vs L. molinai in Valladares et al. (2002); L. ornatus vs L. crepuscularis in Abdala and Díaz 341 

Gómez (2006); L. ornatus vs L. lavillai in Abdala and Lobo (2006); L. gracilis vs L. tandiliensis in 342 

Vega et al. (2007);  L. vulcanus vs L. dorbignyi Quinteros and Abdala (2011);  and L. puna vs L. 343 

pyriphlogos, in Quinteros (2012). Most of these taxa do not have DNA sequences available and it is not 344 

possible to estimate genetic distances at this time. For example, L. albiceps and L. irregularis show, in 345 

their distribution, a slender contact zone; furthermore, the ecological requirements are very similar, a 346 

fact that makes them interesting to analyze and evaluate their taxonomic status and potential 347 

mechanisms of reproductive isolation or/and speciation. Nevertheless, we can diagnose this pair of 348 

species (and the other pairs) based on hemipenial morphology. Our observations indicate that the 349 

amount of differences that facilitate the discrimination between these two species are equivalent to 350 

those found between a pair of species that are not sister taxa (within the genus). This pair of species 351 

corresponds to a particular case, since their distributions show overlap. On the other hand, the other 352 

pairs (or set) of species which we take into account do not show a contact zone or overlapping area in 353 

their distribution. Differences in their hemipenial morphology are not as numerous as those found for L. 354 

albiceps and L. irregularis.  355 

Klaczko et al. (2015) revealed that hemipenial morphology evolves faster than other 356 

morphological characters. Their analysis was restricted to a few characters including measurements 357 

related to size and shape: hemipenis length, apical and medial width. Contrasting their evolutionary 358 
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change with other restricted sets of morphological characters (thighs, shank and dewlap size), they 359 

found that both sets of characters show phylogenetic structure. Be that as it may, their observations are 360 

restricted to this sole comparison, because the comparison of evolutionary rates of hemipenial 361 

characters can be made with the whole morphology known today (see Poe 2004 who showed 91 362 

morphological characters); furthermore, conclusions can also change in cases where we include all 363 

hemipenial characters in the analysis, not only three measurements (for example those related to 364 

ornamentation, sulcus spermaticus, etc.). Unfortunately, we realize that it can be very difficult to study 365 

the hemipenial morphology in such a diverse genus such as Anolis due to its optimization in trees and 366 

test evolutionary rates. Furthermore, knowing only evolutionary rates of hemipenial traits does not 367 

provide enough evidence to hypothesize the role of this morphology in the evolution and diversification 368 

of the group. Genital morphology involves much more variation than that reported in evolutionary or 369 

phylogenetic analyses; in the case of Anolis, Poe (2004) didn`t include any hemipenial character, and in 370 

our case, the analysis of the Phymaturus palluma group by Lobo et al. (2016) included only one 371 

character. Data on hemipenial morphology suggests much more variation and room for exploration; 372 

many more comparative studies of these genera are needed to better understand the evolution of this 373 

morphology and its significance in their diversification.  374 
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Acknowledgements 376 

We thank two anonymous referees for very useful suggestions. The senior author thanks F. Arias 377 

for his guidance with new techniques in hemipenis preparation. We thank D. Slodki for helping us with 378 

and letting us use the reptile collection deposited at IBIGEO. We also thank C. Abdala, T. Hibbard, M. 379 

Paz, S. Portelli, L. Fernandez, S. Ruiz, M. Ruiz Monachesi, A. Paz, and S. Valdecantos for helping us in 380 

the field and with lab work. This study was supported by grants (FL) from CONICET Consejo Nacional 381 

Page 17 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

18 

 

de Investigaciones Científicas y Técnicas of Argentina (PIP 2841,0303) and CIUNSA Consejo de 382 

Investigaciones de la Universidad Nacional de Salta, Argentina (SQ and FL). 383 

 384 

References 385 

Abdala, C. S. 2007. Phylogeny of the boulengeri group (Iguania: Liolaemidae, Liolaemus) based on 386 

morphological and molecular characters. Zootaxa. 1538:1–84. 387 

Abdala, C. S. and Diaz Gómez, J. M. 2006. A new species of the Liolaemus darwinii group (Iguania: 388 

Liolaemidae) from Catamarca Province, Argentina. Zootaxa. 1317: 21–33. 389 

Abdala, C. S. and Lobo, F. 2006. Nueva especie del grupo de Liolaemus darwinii (Iguania: 390 

Liolaemidae) del Noroeste de Argentina. Cuad. Herpetol. 19(2):3–18. 391 

Abdala, C. S. and Quinteros, S. 2014. Los últimos 30 años de estudios de la familia de lagartijas más 392 

diversa de Argentina. Actualización taxonómica y sistemática de Liolaemidae. Cuad. herpetol. 393 

28(2):55–82. 394 

Arnold, E. N. 1983. Osteology, genitalia and the relationships of Acanthodactylus (Reptilia: 395 

Lacertidae). Bulletin of the British Museum (Natural History). Zoology. 44:291–339. 396 

Arnold, E. N. 1986a. Why copulatory organs provide so many useful taxonomic characters: the origin 397 

and maintenance of hemipenial differences in lacertid lizards (Reptilia: Lacertidae). Biol. J. 398 

Linn. Soc. 29:263–281. 399 

Arnold, E. N. 1986b. The hemipenis of lacertid lizards (Reptilia: Lacertidae): structure, variation and 400 

systematic implications. Journal of Natural History. 20:1221–1257. 401 

Avila, L.J., Morando, M. and Sites, J.W. Jr. 2006. Congeneric phylogeography: hypothesizing species 402 

limits and evolutionary processes in Patagonian lizards of the Liolaemus boulengeri group 403 

(Squamata: Liolaemini). Biol. J. Linn. Soc. 89:241– 275. 404 

Page 18 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

19 

 

Avila, L.J.; Medina, C.D.; Perez, C.H.F.; Sites, J.W.Jr., and Morando, M. 2015. Molecular phylogenetic 405 

relationships of the lizard clade Liolaemus elongatus (Iguania: Liolaemini) with the description 406 

of a new species from an isolated volcanic peak in northern Patagonia. Zootaxa. 3947:67–84 407 

Böhme, W. 1988. Zur Genitalmorphologie der Sauria: funktionelle und  stammesgeschichtliche 408 

Aspekte. Bonner Zoologische Monographien. 27:1–176. 409 

Cei. J. 1986. Reptiles del centro. Centro–oeste y sur de la Argentina. Museo regionale di Scienze 410 

naturali. Torino, Italy. 14: 527. 411 

Cei. J. 1993. Reptiles del noroeste. Nordeste y este de 1a Argentina. Museo regionale di Scienze 412 

naturali. Torino, Italy. 14: 949. 413 

D’Angiolella, A.B., Klaczko J., Rodrigues M.T., and Avila–Pires T.C.S. 2016. Hemipenial morphology 414 

and diversity in South American anoles (Squamata: Dactyloidae). Can. J. Zool. 94:251–256. 415 

dx.doi.org/10.1139/cjz–2015–0194. 416 

Dowling, H. G. and Duellman, W. E. 1978. Systematic herpetology: a synopsis of families and higher 417 

categories. New York: Herpetological Information Search System. 418 

Dowling, H., and Savage, J. 1960. A guide to the snake hemipenis: a survey of basic structure and 419 

systematic characteristics. Zoologica. 45:17–28. 420 

Espinoza, R.E., Wiens, J.J., and Tracy, C.R. 2004. Recurrent evolution of herbivory in small, cold–421 

climate lizards: breaking the ecophysiological rules of reptilian herbivory. Proceedings of the 422 

National Academy of Sciences, USA 101:16819–16824. 423 

Etheridge, R. E. 1995. Redescription of Ctenoblepharys adspersa Tschudi, 1845, and the taxonomy of 424 

Liolaeminae (Reptilia: Squamata: Tropiduridae). Am. Mus. Novit. 3142:1–34. 425 

Fitzpatrick, J. L., Kempster, R. M., Daly-Engel, T. S., Collin, S. P., and Evans, J.P. 2012. Assessing the 426 

potential for post-copulatory sexual selection in elasmobranchs. J. Fish Biol. 80: 1141–1158. 427 

Page 19 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

20 

 

Goloboff, P. A., Farris, J., and Nixon, K. 2003. TNT: Tree Analysis Using New Technology. Version 428 

1.5 2008. Program and documentation available from the authors and at 429 

www.zmuc.dk/public/phylogeny.  430 

Goloboff, P. A., Mattoni, C. I., and Quinteros A. S. 2006. Continuous Characters Analyzed as Such. 431 

Cladistics. 22:589–601. 432 

Gordon, M. and Roses, D. E. 1951. Genetics of species differences in the morphology of the male 433 

genitalia of xiphophorin fishes. Bull. Am. Mus. Nat. Hist. 95: 409–464. 434 

Gredler, M. L., Larkins, C. E., Leal, F., Kelsey Lewis, A., Herrera, A. M., Perriton, C. L., Sanger, T. J. 435 

and Cohn M. J. 2014. Evolution of External genitalia: Insights from Reptilian Development. 436 

Sex. Dev. 8:311–326. 437 

Hamilton, W.J. 1946. A Study of the Baculum in Some North American Microtinae. J. Mammal. 27: 438 

378–387. 439 

Higgins, L. 1975. The Classification of European Butterflies. London: Collins. 440 

Jeannel, R. 1955. L'Edeage. Initiation aux recherches sur la systematique des coleopteres. Publications 441 

du Museum National d´Histoire Naturelle. 16:1–55. 442 

Keogh, J. S. 1999. Evolutionary implications of hemipenial morphology in the terrestrial Australian 443 

elapid snakes. J. Linn. Soc. London, Zool. 125:239–278. 444 

Klaczko, J., Ingram, T.,  and Losos, J. 2015. Genitals evolve faster than other traits in Anolis lizards. J. 445 

Zool. 44–48. 446 

Köhler, G. 2009. New species of Anolis formerly referred to as Anolis altae from Monteverde, Costa 447 

Rica (Squamata: Polychrotidae). J. Herpetol. 43(1):11–20. doi:10.1670/07–180R2.1. 448 

Köhler, G., and Smith, E.N. 2008. A new species of anole of the Norops schiedei group from western 449 

Guatemala (Squamata: Polychrotidae). Herpetologica. 64(2):216–223. doi:10.1655/07–004.1. 450 

Page 20 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

21 

 

Köhler, G., and Sunyer, J. 2008. Two new species of anoles formerly referred to as Anolis limifrons 451 

(Squamata: Polychrotidae). Herpetologica. 64(1):92–108. doi: 10.1655/07–027.1. 452 

Köhler, G., Dehling, D.M., and Köhler, J. 2010. Cryptic species and hybridization in the Anolis 453 

polylepis complex, with the description of a new species from the Osa Peninsula, Costa Rica 454 

(Squamata: Polychrotidae). Zootaxa. 2718: 23–38. 455 

Köhler, G., Ponce, M., Sunyer, J., and Batista, A. 2007. Four new species of anoles (genus Anolis) from 456 

the Serranía de Tabasará, west–central Panama (Squamata: Polychrotidae). Herpetologica. 457 

63(3): 375–391. doi:10.1655/0018–0831(2007)63. 458 

Köhler, J., Hahn, M., and Köhler, G. 2012. Divergent evolution of hemipenial morphology in two 459 

cryptic species of mainland anoles related to Anolis polylepis. Salamandra. 48:1–11. 460 

Laurent, R.F. 1986. Descripciones de nuevos Iguanidae del género Liolaemus. Acta Zoológica Lilloana. 461 

38:85–105. 462 

Lobo, F. 2000. La ornamentación de los hemipenes en Liolaemus (Iguania: Tropiduridae). Cuad. 463 

Herpetol. 14(2):145–151. 464 

Lobo, F. 2001. A Phylogenetic Analysis of Lizards of the Liolaemus chiliensis group (Iguania: 465 

Tropiduridae). Herpetological Journal. 11(4):137–150. 466 

Lobo, F. 2005. Las relaciones filogenéticas dentro del grupo chiliensis (Iguania: Liolaemidae: 467 

Liolaemus): sumando nuevos caracteres y taxones. Acta zoologica lilloana. 49: 65–87. 468 

Lobo, F. and Abdala, C. 2002. La información cladística de un set de datos morfológicos en lagartos del 469 

género Liolaemus (Iguania: Liolaemidae). Cuad. Herpetol. 16:137–150. 470 

Lobo, F. and Laurent, R. F. 1995. Un nouveau Liolaemus andin (Tropiduridae). Revue francaise 471 

d'Aquariologie et Herpetologie. 22:107–116. 472 

Lobo, F., Barrasso, D., Hibbard, T. and Basso, N. 2016. On the evolution and diversification of an 473 

Andean clade of reptiles: Combining morphology and DNA sequences of the palluma group 474 

Page 21 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

22 

 

(Liolaemidae: Phymaturus). J. Linn. Soc. London, Zool. 176(3):648–673. 475 

Lobo, F., Espinoza, R. E., and Quinteros, A. S. 2010. A critical review and systematic discussion of 476 

recent classification proposals for liolaemid lizards. Zootaxa. 2549:1–30.  477 

Maduwage, K., Meegaskumbura, M,. Silva, M., and Pethiyagoda, R. 2008.   Phylogenetic implications 478 

of hemipenial morphology in Sri Lankan agamid lizards. Curr. Sci.  95:938-840. 479 

 480 

Mirande J. M. 2009. Weighted parsimony phylogeny of the family Characidae (Teleostei: 481 

Characiformes). Cladistics. 25:574–613. 482 

Morando, M., Avila, L.J., Turner, C.R. and Sites, J.W. 2007. Molecular evidence for a species complex 483 

in the Patagonian lizard Liolaemus bibronii and phylogeography of the closely related 484 

Liolaemus gracilis (Squamata: Liolaemini). Mol. Phylogenet. Evol. 43:952–973. 485 

Myers, C. W. and Donnelly, M. A. 2001. Herpetofauna of the Yutaje–Corocoro Massif, Venezuela: 486 

second report from the Robert G. Goelet American museum–Terramar Expedition to the 487 

northwestern tepuis. Bull. Am. Mus. Nat. Hist. 261:1–85. 488 

Nunes, P.M.S., Fouquet, A., Curcio, F.F., Kok, P.J.R. and Rodrigues, M.T. 2012. Cryptic species in 489 

Iphisa elegans Gray, 1851 (Squamata: Gymnophthalmidae) revealed by hemipenial 490 

morphology and molecular data. Zool. J. Linnean Soc. 166:361–376. 491 

Olave, M., Avila, L. J., Sites, J. W., and Morando, M. 2014. Multilocus phylogeny of the widely 492 

distributed South American lizard clade Eulaemus (Liolaemini, Liolaemus) Zoologica 493 

Scripta. R. Swed. Acad. Eng. Sci., Proc. 43(4):323–337. 494 

Poe, S. 2004. Phylogeny of Anoles. Herpetological monographs. 18:37–89. 495 

Pyron, R. A., Burbrink, F. T. and Wiens, J. J. 2013. A phylogeny and revised classification of 496 

Squamata, including 4161 species of lizards and snakes. BMC Evol. Biol. 13–93. 497 

Page 22 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

23 

 

Quinteros, S. 2012. Taxonomy of the Liolaemus alticolor–bibronii group (Iguania: Liolaemidae), with 498 

descriptions of two new species. Herpetologica. 68:100–120. 499 

Quinteros, S. 2013. A morphology–based phylogeny of the Liolaemus alticolor–bibronii group 500 

(Iguania: Liolaemidae). Zootaxa. 3670(1):1–32. 501 

Quinteros, S. and Abdala, C. 2011. A new species of Liolaemus of the Liolaemus montanus section 502 

(Iguania: Liolaemidae) from Northwestern Argentina. Zootaxa. 2789: 35–48. 503 

Savage, J. M. 1997. On terminology for the description of the hemipenes of squamate reptiles. 504 

Herpetological Journal. 7:23–25. 505 

Schargel, W. E., and Castoe, T. A. 2003. The hemipenes of some snakes of the semifossorial genus 506 

Atractus, with comments on variation in the genus. J. Herpetol. 37(4): 718–721. 507 

Schargel, W. E., Rivas Fuenmayor, G., and Myers, C. W. 2005. An enigmatic new snake from cloud 508 

forest of the Península de Paria, Venezuela (Colubridae: Genus Taeniophallus?). Am. Mus. 509 

Novit. 1–24. 510 

Schulte JA. 2013. Undersampling taxa will underestimate molecular divergence dates: An example 511 

from the South American lizard clade Liolaemini. Int. J. Evol. Biol. 1–12 512 

http://dx.doi.org/10.1155/2013/628467 513 

Schulte, J. A., Macey, J. R., Espinoza, R. E., and Larson, A. 2000. Phylogenetic relationships in the 514 

iguanid lizard genus Liolaemus: multiple origins of viviparous reproduction and evidence for 515 

recurring Andean vicariance and dispersal. Biol. J. Linn. Soc. 69:75–102. 516 

Sharp, D. and Muir, F. 1912. The comparative anatomy of the male genital tube in Coleoptera. 517 

Transacfions of the Entomological Society of London. 13:477–642. 518 

Tuxen, S. L. 1970. Taxonomist's Glossary of Genitalia in Insects. Leiden: E. J. Brill. 519 

Page 23 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

24 

 

Valladares, J.P., Etheridge, R., Schulte, J., Manriquez, G. and Spotorno, A. 2002. Nueva especie de 520 

lagartija del norte de Chile, Liolaemus molinai (Reptilia: Liolaemidae).Revista Chilena de 521 

Historia Natural. 75: 473–105.  522 

Vega, L. E., Bellagamba, P. J. and Lobo, F. 2008. A new endemic species of Liolaemus (Iguania: 523 

Liolaemidae) from the mountain range of Tandilia, Buenos Aires Province, Argentina. 524 

Herpetologica. 64 (1):81–91. 525 

Zaher, H. and Prudente, A. 2003. Hemipenes of Siphlophis (Serpentes, Xenodontinae) and Techniques 526 

of Hemipenial Preparation in Snakes: A Response to Dowling. Herpetological Review. 527 

34(4):302–307. 528 

Zaher, H., 1999. Hemipenial morphology of the South American xenodontine snakes, with a proposal 529 

for a monophyletic Xenodontinae and a reappraisal of colubroid hemipenes. Bull. Am. Mus. 530 

Nat. Hist. 240: 1–168. 531 

Ziegler, T. and Böhme, W.1999. Genital morphology and systematics of two recently described monitor 532 

lizards of the Varanus (Euprepiosaurus) indicus group. Mertensiella. 11:121–128. 533 

 534 

 535 

Figure 1. General figure of a typical hemipenis of Liolaemus. L. zullyae MCN 1543 shows the general 536 

regions used in the description of Liolaemus. A. asulcate face; B. lateral face; C. sulcate face; Ca: 537 

calyces; L: lobes (Apex); M: medial region of the truncus; B: base of the truncus; Fl: flounce; S: sulcus 538 

spermatucus; IE: inner edge; EE: external edge. Scale 2 mm. 539 

Figure 2. Hemipenis of species representatives of Eulaemus subgenus. The pictures show the asulcate 540 

lateral and sulcate faces and the numbers correspond to hemipenial characters and their states in 541 

brackets (see below). A–C, L. kingii (MCN 1546) represent L. lineomaculatus section. D–F, L. 542 

Irregularis (MCN 3429) represent boulengeri series of the L. montanus section. G–I, L. multicolor 543 
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(IBIGEO 5253) represent L. montanus series of the L. montanus section. In C, the elliptical Shape of 544 

inner edge of apex is marked in red. In F, the small asulcate face prominence at the bifurcation of the 545 

sulcus spermaticus present and rounded shape are marked in red. In I, the oval shape of the small 546 

asulcate face prominence at the bifurcation of the sulcus spermaticus and inner edge of the thickened 547 

apex are marked in red. char 7: apex shape (1= shell–shaped2; 3= cup–shaped); char 13: inner edge of 548 

the apex (0= thickened ); char 14: shape of inner edge of apex (0= elliptical ; 1=not elliptical); char 16: 549 

ornamentations over sulcate face (1= flounces); char 21: sulcate face with flounces (0=serrate; 550 

1=smooth); char 23: small bulge at the bifurcation of the sulcus spermaticus (0= present); char 24: 551 

shape of the small bulge at the bifurcation of the sulcus spermaticus (0= rounded; 2=oval); char 25: 552 

ornamentations on the asulcate face (0= flounces; 1= calyces); char 27: calyces of the asulcate face 553 

(0=uniform); char 32: flounces of the asulcate face (0= serrated); char 33: flounces of the asulcate face 554 

(0=thick; 1= thin); char 37: proximal region of the asulcate face (0= rough); char 38: proximal region of 555 

the asulcate face shows a thickened area (0= present); char 40: asulcate face shows a conspicuous 556 

prominence in the middle region (0=present); char 41: Shape of the asulcate face prominence (0= 557 

curved toward the apex;1= rounded) see supplementary material File S2: Character list for details. Scale 558 

2 mm. 559 

Figure 3. Hemipenis of representatives of Liolaemus sensu stricto subgenus. The pictures show the 560 

asulcate lateral and sulcate faces and the numbers correspond to hemipenial characters and their states 561 

in brackets (see below). A–C L. ceii (MCN 3744) represent L. elongatus group, D–F L. coeruleus 562 

(MCN 3794) represent L. pictus group, G–I L. yanalcu (MCN 3409) represent L. alticolor–bibroni 563 

group. char 7: apex shape (0= shell–shaped; 2= round–shaped; 4= horn–shaped); char 13: inner edge of 564 

the apex (0= thickened; 1= not thickened); char 15: inner edge of the apex( 0= elongated); char 16: 565 

ornamentations over sulcate face (1= flounces; 2= calyces); char 18: distribution of calyces in the 566 

sulcate face (0= over the lobes); char 25: ornamentations on the asulcate face (1=calyces); char 26: 567 
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Distribution of calyces on the asulcate face (0= on the lobes of the apex; 1= never on the lobes); char 568 

27: calyces of the asulcate face (1=not uniform); char 28: calyces of the asulcate face (0= superficial; 1= 569 

deep); char 29: calyces of the asulcate face (0= thin); char 30: calyces of the asulcate face (0= wavy); 570 

char 37: proximal region of the asulcate face (1= smooth) see supplementary material File S2: Character 571 

list for details. Scale 2 mm.   572 

Figure 4. Tree most parsimonious recovered with the hemipenial character set. The top number of the 573 

branch corresponding to bootstraps support and the number below the branch corresponding to 574 

hemipenial characters and their states are indicated in brackets (see Supplementary Material File S2: 575 

Character list for details). The star indicates the corresponding species that bears the hemipenis 576 

represented by the figure. 577 

Figure 5. Metatree constructed based on the most recent phylogenies of the reconstructed Liolaemidae 578 

family. The numbers corresponding to hemipenial characters and their states are indicated in brackets 579 

(see Supplementary Material File S2: Character list for details). The star indicates the corresponding 580 

species that bears the hemipenis represented by the figure. 581 
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Figure 1. General figure of a typical hemipenis of Liolaemus. L. zullyae MCN 1543 shows the general regions 
used in the description of Liolaemus. A. asulcate face; B. lateral face; C. sulcate face; Ca: calyces; L: lobes 
(Apex); M: medial region of the truncus; B: base of the truncus; Fl: flounce; S: sulcus spermatucus; IE: 

inner edge; EE: external edge. Scale 2 mm.  
 

119x70mm (300 x 300 DPI)  
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Figure 2. Hemipenis of species representatives of Eulaemus subgenus. The pictures show the asulcate lateral 
and sulcate faces and the numbers correspond to hemipenial characters and their states in brackets (see 
below). A–C, L. kingii (MCN 1546) represent L. lineomaculatus section. D–F, L. Irregularis (MCN 3429) 

represent boulengeri series of the L. montanus section. G–I, L. multicolor (IBIGEO 5253) represent L. 
montanus series of the L. montanus section. In C, the elliptical Shape of inner edge of apex is marked in 
red. In F, the small asulcate face prominence at the bifurcation of the sulcus spermaticus present and 
rounded shape are marked in red. In I, the oval shape of the small asulcate face prominence at the 

bifurcation of the sulcus spermaticus and inner edge of the thickened apex are marked in red. char 7: apex 
shape (1= shell–shaped2; 3= cup–shaped); char 13: inner edge of the apex (0= thickened ); char 14: 

shape of inner edge of apex (0= elliptical ; 1=not elliptical); char 16: ornamentations over sulcate face (1= 
flounces); char 21: sulcate face with flounces (0=serrate; 1=smooth); char 23: small bulge at the 

bifurcation of the sulcus spermaticus (0= present); char 24: shape of the small bulge at the bifurcation of 
the sulcus spermaticus (0= rounded; 2=oval); char 25: ornamentations on the asulcate face (0= flounces; 
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1= calyces); char 27: calyces of the asulcate face (0=uniform); char 32: flounces of the asulcate face (0= 
serrated); char 33: flounces of the asulcate face (0=thick; 1= thin); char 37: proximal region of the 
asulcate face (0= rough); char 38: proximal region of the asulcate face shows a thickened area (0= 

present); char 40: asulcate face shows a conspicuous prominence in the middle region (0=present); char 
41: Shape of the asulcate face prominence (0= curved toward the apex;1= rounded) see supplementary 

material File S2: Character list for details. Scale 2 mm.  

 
263x397mm (300 x 300 DPI)  
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Figure 3. Hemipenis of representatives of Liolaemus sensu stricto subgenus. The pictures show the asulcate 
lateral and sulcate faces and the numbers correspond to hemipenial characters and their states in brackets 
(see below). A–C L. ceii  (MCN 3744) represent L. elongatus group, D–F L. coeruleus (MCN 3794) represent 

L. pictus group, G–I L. yanalcu (MCN 3409) represent L. alticolor–bibroni group. char 7: apex shape (0= 
shell–shaped; 2= round–shaped; 4= horn–shaped); char 13: inner edge of the apex (0= thickened; 1= not 
thickened); char 15: inner edge of the apex( 0= elongated); char 16: ornamentations over sulcate face (1= 

flounces; 2= calyces); char 18: distribution of calyces in the sulcate face (0= over the lobes); char 25: 
ornamentations on the asulcate face (1=calyces); char 26: Distribution of calyces on the asulcate face (0= 
on the lobes of the apex; 1= never on the lobes); char 27: calyces of the asulcate face (1=not uniform); 
char 28: calyces of the asulcate face (0= superficial; 1= deep); char 29: calyces of the asulcate face (0= 
thin); char 30: calyces of the asulcate face (0= wavy); char 37: proximal region of the asulcate face (1= 

smooth) see supplementary material File S2: Character list for details. Scale 2 mm.    
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271x383mm (300 x 300 DPI)  
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Figure 4. Tree most parsimonious recovered with the hemipenial character set. The top number of the 
branch corresponding to bootstraps support and the number below the branch corresponding to hemipenial 
characters and their states are indicated in brackets (see Supplementary material File S2: Character list for 
details). The star indicates the corresponding species that bears the hemipenis represented by the figure.  

 
206x159mm (300 x 300 DPI)  
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Figure 5. Metatree constructed based on the most recent phylogenies of the reconstructed Liolaemidae 
family. The numbers corresponding to hemipenial characters and their states are indicated in brackets (see 
Supplementary material File S2: Character list for details). The star indicates the corresponding species that 

bears the hemipenis represented by the figure.  
 

203x156mm (300 x 300 DPI)  
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File S1. Data of the species.  

Ctenoblepharys adspersa, MUSA 4742, 4613, Reserva Nacional San Fernando, Ica, Perú. Liolaemus abaucan, IBIGEO 5080, Palo 

Blanco, Catamarca, Argentina (27°22´22"S, 67°45´17,5"W. 1967 msnm). Liolaemus albiceps MCN 423 , 431Km 140, Ruta Nacional 51. 

Salta, Argentina( 24°15'54.9''S , 66°12'19 W), MCN 1019, 1196,  3 km al Nevado del Acay, departamento Los Andes, Salta, Argentina. 

Liolaemus austromendocinus MCN 3686 (35°55´44,80" S, 68°32´70" W. 1711 msnm) Sierra del Nevado, Neuquen, Argentina. Liolaemus 

canqueli MCN 1289 Paso de los Indios, Chubut, Argentina. Liolaemus ceii MCN 3744 Pampa de Loncoluam  ( 38°53'04.40"S; 

70°55'49,70"W. 1540 msnm), Alumine, Neuquén, Argentina. Liolaemus chlorostictus 3476 S/D. Liolaemus coeruleus MCN 3794 

(38°54'14,70"S; 70°43'59.50"W. 1705 msnm) Primeros Pinos, Neuquén, Argentina. Liolaemus crepuscularis IBIGEO 5196 laguna Blanca, 

(26°43´21,4"S, 66°58´27,1"W), Catamarca, Argentina. Liolaemus cuyanus IBIGEO 5084 medanales (27°28´49,2"S, 67°39´29,8"W. 1717 

msnm) Catamarca, Argentina. Liolaemus dorbignyi MCN 2121 Puesto la Lagunita, Medanitos, Catamarca, Argentina. Liolaemus 

escarchadosi MCN 1520 S Lago Argentino, (50°22.471’S, 71°35.578’W. 830 msnm) Santa Cruz, Argentina. Liolaemus espinozai MCN 212 

camino a Andalgalá (Km 1443) (27° 13´639"S, 66°14´930"W), Catamarca, Argentina. Liolaemus gracilis MCN 1625 Mar del Sur, General 

Alvarado , Buenos Aires, Argentina. Liolaemus hatcheri MCN 851 Estancia Belgrano, Santa Cruz, Argentina. Liolaemus irregularis MCN 

1875 San Antonio de los Cobres, Los Andes, Salta, Argentina. MCN 3429, 3430, Antonio de los Cobres por RN 40 (24°00´862´ S, 

66°14´268´´W. 3478 msnm) Salta, Argentina. Liolaemus kingii MCN 1546 Rio Seco,( 48°31.817’S,  67°44.081’W) Magallanes, Santa Cruz, 

Argentina. Liolaemus koslowskyi IBIGEO 5071 Condor Huasi (27°31´40,2"S, 67°02´23,3" W. 1548msnm) Belén, Catamarca, Argentina. 

Liolaemus koslowskyi MCN 1428 Corral Quemado, Catamarca, Argentina. Liolaemus Kriegi MCN 3869 Ruta 23 Camino a las Bayas, 

(41°07´2"S, 70° 53´40.1"W.  978 msnm) Pilcaniyeu, Rio Negro, Argentina. Liolaemus lavillai MCN 2693 Parque nacional los cardones, 

(25°05’09’’S, 66°00’00’’W.  2995 msnm) Cachi , Salta, Argentina. MCN 5603, Ing. Maury  (RN 51, a 71 km de Salta Capital), Salta, 
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Argentina. Liolaemus loboi MCN 4554 Los Lagos,  (237,41º 01' 55" S; 71º 09' 38"W. 900 msnm) Neuquén, Argentina. Liolaemus 

magellanicus MCN 859 Cordón de Los Escarchados, ( 50°22.702’S, 71°36.868’W. 960 msnm) Lago Argentino Santa Cruz, Argentina. 

Liolaemus mapuche MCN 4817 RN 22, Zapala, (38° 53' 56.7''S, 69° 48' 56.6''W. 925msnm) Neuquén, Argentina. Liolaemus melanops 

MCN 1313 Las Plumas, Martires, Chubut. Liolaemus molinai FML 26005, a 53 km de San Pedro de Atacama, Antofagasta, Chile. 

Liolaemus multicolor MCN 1445 5249, 5253 Estación Muñano, Los Andes, Salta, Argentina. Liolaemus ornatus MCN 3595, 2213 Castro 

Tolay , (22º26'28,''S, 66º09'40,3''W. 2890 msnm) departamento de Cochinoca, Jujuy, Argentina.. Liolaemus poecilochromus MCN 4534 

Orilla de la Vega del Hombre Muerto, (25º 31' 20,9" S; 66º 57' 51,4" W) Antofagasta de las Sierras, Catamarca, Argentina. Liolaemus puna 

MCN 698 Casa Mocha, Subiendo al NW del nevado de Chañi 4500msnm,  Jujuy, Argentina. Liolaemus pyriphlogos Camino de Humahuaca 

a Chorcán, (23°10'761''S, 65°11709''W. 4251 msnm) Jujuy, Argentina. Liolaemus ramirezae MCN 2835 recta de Tin Tin, (25° 13.887 S, 65° 

56.488 W. 3165 msnm) Cachi, Salta, Argentina. Liolaemus rothi MCN 3912 El Cuy, (40º20'47.1''S, 68°58'50.3''W. 1194 msnm) Rio Negro, 

Argentina. Liolaemus sanjuanensis UNSJ 746 Sierra pie de Palo, San Juan, Argentina. Liolaemus sarmientoi MCN 1500 Güer Aike, 

(51°37.257’S, 69°41.857’W), Santa Cruz, Argentina. Liolaemus Scapularis IBIGEO 5098 Santa Maria, (25°59´38,6"S, 66°15´41,4"W. 2221 

msnm) Catamarca, Argentina. Liolaemus scrocchii MCN 2136 Susques, Jujuy, Argentina. Liolaemus Shehuen MCN 4330 Gan gan, Telsen, 

Chubut. Liolaemus tandiliensis MCN 1605 Sierra de los Padres, General Pueyrredón, Buenos Aires, Argentina. Liolaemus vulcanus IBIGEO 

5171, Antofagasta de las Sierras, (25°50´12,4"S, 67°17´38,1"W. 4148msnm) Catamarca, Argentina. Liolaemus wiegmannii IBIGEO 4743 

Serranía de Santa Bárbara, (24° 18´01¨ S, 64° 29´31¨ W. 1406m) Jujuy, Argentina. Liolaemus yanalcu MCN 1750 5297, 5310 Estación 

Muñano, Camino al Acay (24°20´47,5"S , 66° 9´33,9" W. 4178 msnm) Departamento Los Andes, Salta, Argentina. Liolaemus zullyae MCN 

1543 Camino a Portezuelo, Perito Moreno, (46°30.402'S, 71°00.423'W) Santa Cruz, Argentina. Phymaturus laurenti  IBIGEO: 5179, 5179 
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Antofagasta de la Sierra, Catamarca, Argentina. Phymaturus palluma MCN: 2894, Valle Hermoso, Mendoza, Argentina.  Phymaturus 

patagonicus MCN 3275, 1251, Telsen, Chubut, Argentina. 
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File S2. Character List.  

0.  Ratio between hemipenis length and Snout–Vent–Length (SVL).  

1. Ratio between sulcus spermatic length and hemipenis length.  

2. Ratio between distance where the spermatic sulcus fork  and hemipenis length 

3. Ratio between width of sulcus spermatic and hemipenis length.  

4. Ratio between width of proximal region and hemipenis length.  

5. Ratio between width of middle region and hemipenis length.  

6. Ratio between width of apex region and hemipenis length. 

7. Apex shape: shell–shaped (0) (Fig. 3C); shell–shaped2 (1) (Fig. 2C); round–shaped 

(2) (Fig. 3F); cup–shaped (3) (Fig. 2F,I); horn–shaped (4) (Fig. 3I); Without ornamentation (5); 

With plicaes (6) only present in Phymaturus genus.  

8. Number of plicaes on the apex: less than 10 (0) more than 10 (1). Only present in 

Phymaturus genus.  

9. Presence of pigments: No (0) yes (1). Only present in Phymaturus palluma group.  

10. Hemipenial shape: Globose (0) tubular (1). Globose is present in Ctenoblepharys 

and Phymaturus genus. Tubular in all species of Liolaemus. 

11. Apical lobes: poorly developed (0), developed (1).  

12. Apical lobes: united (0); separated (1).  

13. Inner edge of the apex: thickened (0) (Fig. 2C,F,I and 3F); not thickened (1) (Fig. 

3C).  

14. Shape of inner edge of apex: elliptical (0) (Fig. 2C); not elliptical (1) (Fig. 2F,I and 

3F). 

15. Inner edge of the apex: elongated (0) (Fig. 3C); not extended (1).  

16. Ornamentations over sulcate face: nude (0); flounces (1) (Fig. 1C, 2C,F,I and 3C)); 

calyces (2) (Fig. 3F,I).  
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17. Ornamentations on sulcate face: Doesn’t reach the middle region of hemipenis (0); 

reaches the middle region of hemipenis (1); reaches beyond the middle region of hemipenis (2). 

18. Distribution of calyces in the sulcate face: on the lobes (0) (Fig. 3F); never on the 

lobes (1) (Fig. 3C). 

19. Sulcate face with flounces: thick (0) (Fig. 2C,I); thin (1) (Fig. 2F). 

20. Sulcate face with flounces: deep (0) (Fig. 2C,I); superficial (1) (Fig. 2F). 

21. Sulcate face with flounces: serrated (0) (Fig. 2I); smooth (1) (Fig. 2F). 

22. Number of flounces in the sulcate face: zero–two (0); four–five (1); six–eight (2); 

nine–ten (3); twelve (4). 

23. Small bulge at the bifurcation of the sulcus spermaticus: present (0) (Fig. 2C,F,I); 

absent (1) (Fig. 3C,I). 

24. Shape of the small bulge at the bifurcation of the sulcus spermaticus: rounded (0) 

(Fig. 2F); triangular (1); oval (2) (Fig. 2I). 

25. Ornamentations on the asulcate face: flounces (0) (Fig. 1, 2D,G); calyces (1) (Fig. 

1, 2A 3A,D,G). 

26. Distribution of calyces on the asulcate face: on the lobes of the apex (0) (Fig. 3D); 

never on the lobes (1) (Fig. 3A). 

27. Calyces of the asulcate face: uniform (0) (Fig. 2A); not uniform (1) (Fig. 3A,D,G). 

28. Calyces of the asulcate face: superficial (0) (Fig. 3A,G); deep (1) (Fig. 3D). 

29. Calyces of the asulcate face: thin (0) (Fig. 3G); thick (1) (Fig. 1 and 2A). 

30. Calyces of the asulcate face: wavy (0) (Fig. 3D); not wavy (1) (Fig. 3A,G). 

31. Flounces of the asulcate face: deep (0) (Fig. 2G); superficial (1) (Fig. 2D). 

32. Flounces of the asulcate face: serrated (0) (Fig. 2G); smooth (1) (Fig. 2D). 

33. Flounces of the asulcate face: thick (0) (Fig. 2G); thin (1) (Fig. 2G). 

34. Number of flounces in the lobed of the asulcate face: zero (0); two (1); three (2) ; 

four (3). 
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35. Number of discontinues flounces in asulcate face: zero–two (0); three (1); four (2); 

five (3); six (4). 

36. Number of continues flounces in the asulcate face: zero (0); one–two (1); three–four 

(2); five (3); seven (4); twenty (5). 

37. Proximal region of the asulcate face: rough (0) (Fig. 2D,G); smooth (1) (Fig. 1, 2A, 

and 3 A,D,G). 

38. Proximal region of the asulcate face shows a thickened area: present (0) (Fig. 1 and 

2A); absent (1) (Fig. 2D,G and 3A,D,G). 

39. Middle region of the asulcate face shows a thickened area: present (0); absent (1).  

40. Asulcate face shows a conspicuous prominence in the middle region: present (0) 

(Fig. 2E,H); absent (1) (Fig. 1, 2B and 3 B,E,H).  

41. Shape of the asulcate face prominence: curved toward the apex (0) (Fig. 2E); 

rounded (1) (Fig. 2H); curved toward the base of the organ (2); upper pronounced (3). 
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File S3: Figure captions of supplemtary figures S1-S5 

 

Figure S1: Comparison of hemipenial morphology between L. albiceps and  L. irregularis. A and B 

L. albiceps, A, asulcate face and B, sulcate face. C and D, L. irregularis, C, asulcate face and D, 

sulcate face. 

 

Figure S2: Comparison of hemipenial morphology between L. crepuscularis, L. lavillai, and  L. 

ornatus. A and B L. crepuscularis, A, asulcate face and B, sulcate face. C and D, L. lavillai, C, 

asulcate face and D, sulcate face. E and F L. ornatus, E, asulcate face and F, sulcate face. 

 

Figure S3: Comparison of hemipenial morphology between L. molinai, L. multicolor, and  L. 

poecilochromus. A and B L. molinai, A, asulcate face and B, sulcate face. C and D, L. multicolor, 

C, asulcate face and D, sulcate face. E and F L. poecilochromus, E, asulcate face and F, sulcate face. 

 

Figure S4: Comparison of hemipenial morphology between L. vulcanus and  L. dorbignyi. A and B 

L. vulcanus, A, asulcate face and B, sulcate face. C and D, L. dorbignyi, C, asulcate face and D, 

sulcate face.  

 

Figure S5: Comparison of hemipenial morphology between L. gracilis and  L. tandiliensis. A and B 

L. gracilis, A, asulcate face and B, sulcate face. C and D, L. tandiliensis, C, asulcate face and D, 

sulcate face.  
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Table S1. Continuous  characters taken from hemipeneal morphology recorded for 45 species of 
Liolaemidae (mean values). 

Character 0 1 2 3 4 5 6 

C. adspersa (2) 0,07 0,82 0,70 0,16 0,35 0,45 0,63 

L. albiceps (4) 0,09 0,83 0,74 0,02 0,26 0,33 0,43 

L. irregularis (4) 0,06 0,86 0,73 0,03 0,27 0,31 0,44 

L. koslowskyi (1) 0,12 0,84 0,70 0,02 0,22 0,25 0,36 

L. loboi (1) 0,13 0,78 0,64 0,03 0,21 0,29 0,43 

L. ornatus (1) 0,11 0,73 0,63 0,03 0,23 0,30 0,44 

L. rothi (1) 0,12 0,81 0,71 0,02 0,20 0,27 0,37 

L. canqueli (1) 0,12 0,65 0,58 0,03 0,22 0,39 0,50 

L. mapuche (1) 0,06 0,86 0,74 0,31 0,29 0,30 0,43 

L. lavillai (1) 0,10 0,84 0,77 0,02 0,27 0,29 0,42 

L. scapularis (1) 0,07 0,92 0,86 0,04 0,30 0,31 0,44 

L. cuyanus (1) 0,08 0,91 1,01 0,04 0,24 0,29 0,45 

L. abaucan (1) 0,10 0,71 0,62 0,03 0,28 0,34 0,51 

L. shehuen (1) 0,11 0,83 0,77 0,02 0,19 0,26 0,42 

L. crepuscularis (1) 0,10 0,79 0,66 0,02 0,27 0,32 0,46 

L. melanops (1) 0,14 0,87 0,74 0,01 0,18 0,27 0,40 

L. wiegmannii (1) 0,12 0,65 0,63 0,01 0,26 0,35 0,46 

L. espinozai (1) ? 0,87 0,76 0,06 0,24 0,27 0,38 

L. chlorostictus (1) 0,12 0,70 0,64 0,01 0,21 0,26 0,41 

L. dorbignyi (1) 0,09 0,78 0,68 0,02 0,40 0,45 0,55 

L. multicolor (3) 0,10 0,85 0,77 0,02 0,26 0,36 0,55 

L. poecilochromus (1) 0,09 0,71 0,63 0,02 0,24 0,33 0,47 

L. scrocchii (1) 0,10 0,80 0,71 0,03 0,23 0,28 0,49 

L. vulcanus (1) 0,10 0,72 0,68 0,02 0,25 0,31 0,44 

L. molinai (1) 0,10 0,80 0,78 0,02 0,36 0,41 0,59 

L. escarchadosi (1) 0,11 0,86 0,75 0,01 0,25 0,31 0,46 

L. hatcheri (1) 0,14 0,87 0,78 0,02 0,17 0,22 0,38 

L. kingii (1) 0,11 0,88 0,82 0,00 0,21 0,24 0,51 

L. zullyae (1) 0,11 0,85 0,71 0,02 0,19 0,20 0,42 

L. sarmientoi (1) 0,13 0,80 0,74 0,01 0,18 0,21 0,27 

L. magellanicus (1) 0,09 0,82 0,69 0,06 0,30 0,38 0,55 

L. ceii (1) 0,13 0,85 0,70 0,02 0,20 0,22 0,48 

L. coeruleus (1) 0,14 0,87 0,66 0,02 0,23 0,26 0,43 

L. gracilis (1) 0,11 0,72 0,54 0,03 0,28 0,30 0,38 

L. kriegi (1) 0,11 0,86 0,71 0,02 0,17 0,24 0,47 

L. puna (1) ? 0,78 0,70 0,03 0,31 0,38 0,66 

L. ramirezae (1) 0,11 0,84 0,72 0,02 0,21 0,35 0,41 

L. sanjuanensis (1) 0,08 0,83 0,00 0,03 0,27 0,31 0,33 

L. tandiliensis (1) 0,09 0,79 0,75 0,03 0,24 0,27 0,39 

Page 46 of 48

https://mc06.manuscriptcentral.com/cjz-pubs

Canadian Journal of Zoology



Draft

L. yanalcu (3) 0,09 0,92 0,83 0,06 0,23 0,26 0,38 

L. pyriphlogos (1) 0,12 0,71 0,59 0,05 0,32 0,37 0,48 

L. austromendocinus (1) 0,10 0,74 0,62 0,03 0,28 0,34 0,46 

P. patagonicus (1) 0,08 0,85 0,49 0,11 0,57 0,69 0,87 

P. palluma (1) 0,08 0,94 0,74 0,10 0,26 0,31 0,43 

P. laurenti (1) 0,08 0,91 0,74 0,14 0,33 0,39 0,47 

________________________________________________________________________________

Note: These characters were made discrete (numbers between brackets correspond to number of analised 
specimens). 
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Table S2. Discrete characters and their corresponding states as were described in the list of characters (File S2). 

Character 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
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C. adspersa 5 - 0 0 0 0 1 1 1 0 - - - - - 0 1 - 0 - - - - - 1 1 1 0 0 5 1 1 1 0 3 

L. albiceps 0 - 0 1 1 1 0 1 1 1 1 - 0 0 1 2 0 0 0 - - - - - 0 0 0 0 2 2 0 1 0 0 0 

L. irregularis 3 - 0 1 0 0 0 1 1 1 0 - 1 1 1 1 0 0 0 - - - - - 1 0 1 0 0 2 1 1 0 0 0 

L. koslowskyi 3 - 0 1 1 1 0 1 1 1 1 - 1 0 1 2 0 0 0 - - - - - 0 1 1 1 4 2 0 1 1 0 0 

L. loboi 3 - 0 1 0 0 0 1 1 1 0 - 1 0 1 2 0 0 0 - - - - - 1 1 1 1 3 2 0 1 1 0 0 

L. ornatus 3 - 0 1 0 0 0 1 1 1 0 - 1 1 1 3 0 0 0 - - - - - 1 1 1 0 4 3 0 1 1 0 0 

L. rothi 3 - 0 1 0 0 0 1 1 1 0 - 1 1 1 3 0 0 0 - - - - - 1 1 0 1 4 1 0 0 0 0 1 

L. canqueli 3 - 0 1 1 1 0 1 1 1 1 - 0 0 1 2 0 1 0 - - - - - 0 1 0 2 4 2 0 1 1 0 1 

L. mapuche 3 - 0 1 1 1 0 1 1 1 0 - 1 1 1 1 0 1 0 - - - - - 1 1 1 1 3 1 1 1 1 0 1 

L. lavillai 3 - 0 1 0 0 0 1 1 1 0 - 1 1 1 2 0 0 0 - - - - - 1 1 1 0 2 2 1 1 1 0 0 

L. scapularis 3 - 0 1 0 0 0 1 1 1 0 - 1 1 1 2 0 0 0 - - - - - 1 1 1 0 2 1 1 1 0 0 0 

L. cuyanus 3 - 0 1 1 1 0 1 1 1 0 - 1 1 1 1 0 0 0 - - - - - 1 1 1 1 2 1 1 1 1 0 0 

L. abaucan 3 - 0 1 0 0 0 1 1 1 1 - 1 1 1 2 0 1 0 - - - - - 1 1 1 1 4 2 1 1 1 0 0 

L. shehuen 3 - 0 1 1 1 0 1 1 1 1 - 0 0 1 2 0 0 0 - - - - - 1 0 0 2 3 2 1 1 1 0 0 

L. crepuscularis 3 - 0 1 0 0 0 1 1 1 1 - 1 1 1 2 0 1 0 - - - - - 1 1 1 1 3 2 1 1 1 0 0 

L. melanops 3 - 0 1 1 1 0 1 1 1 0 - 0 0 1 3 0 0 0 - - - - - 0 1 0 3 4 2 0 0 1 0 1 

L. wiegmannii 3 - 0 1 0 1 0 1 1 1 1 - 1 1 1 2 0 1 0 - - - - - 1 1 1 2 3 1 1 1 1 0 1 

L. espinozai 3 - 0 1 0 0 0 1 1 1 0 - 1 1 1 2 0 0 0 - - - - - 1 0 1 0 3 2 1 1 1 0 0 

L. chlorostictus 3 - 0 1 0 1 0 1 1 1 2 - 0 1 0 4 0 0 0 - - - - - 1 0 0 0 2 4 0 1 1 0 1 

L. dorbignyi 3 - 0 1 0 1 0 1 1 1 1 - 0 1 0 2 0 1 0 - - - - - 1 0 0 0 1 3 0 1 0 0 1 

L. multicolor 3 - 0 1 0 1 0 1 1 1 2 - 0 0 0 2 0 2 0 - - - - - 0 0 0 0 2 3 0 1 0 0 1 

L. poecilochromus 3 - 0 1 0 0 0 1 1 1 2 - 0 0 1 2 0 0 0 - - - - - 0 0 0 0 2 2 0 1 0 0 1 

L. scrocchii 3 - 0 1 0 0 0 1 1 1 1 - 0 0 0 2 0 0 0 - - - - - 0 0 0 0 2 2 0 1 0 0 1 

L. vulcanus 3 - 0 1 0 0 0 1 1 1 1 - 0 0 1 2 0 2 0 - - - - - 1 0 0 0 3 2 0 1 1 0 1 

L. molinai 3 - 0 1 0 0 0 1 1 1 0 - 0 0 0 2 0 2 0 - - - - - 0 0 0 0 2 1 0 1 0 0 1 

L. escarchadosi 0 - 0 1 0 1 0 0 1 1 0 1 0 0 1 4 1 - [01] 0 0 0 1 1 1 1 1 0 0 2 1 0 1 1 - 

L. hatcheri 0 - 0 1 0 1 0 0 1 1 1 1 0 0 1 3 1 - 1 0 0 1 1 1 - - - - - - 1 0 1 1 - 

L. kingii 0 - 0 1 0 1 0 0 1 1 1 1 0 0 1 2 1 - 1 0 0 1 1 1 - - - - - - 1 0 1 1 - 

L. zullyae 0 - 0 1 0 1 0 0 1 1 0 1 0 0 1 3 1 - 0 0 0 1 1 1 1 1 1 0 0 2 1 0 1 1 - 
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Note: The characters were coded variation in binary, polymorphic binary, multistate, and polymorphic multistate. (- corresponding to non applicable character). 

 

L. sarmientoi 0 - 0 1 0 1 0 0 1 1 0 1 0 1 1 3 1 - 0 0 0 1 1 1 1 1 1 0 0 1 1 0 1 1 - 

L. magellanicus 0 - 0 1 0 1 0 0 1 1 2 1 0 0 1 3 1 - [01] 0 0 1 1 1 1 1 1 0 0 1 1 0 1 1 - 

L. ceii 1 - 0 1 0 1 1 1 0 [12] 0 0 1 1 1 2 1 - 1 1 1 [01] 0 1 - - - - - 0 1 1 0 1 - 

L. coeruleus 2 - 0 1 0 1 0 1 1 [12] 1 0 0 0 1 0 1 - 1 1 1 [01] 1 0 - - - - - - 1 1 0 1 - 

L. gracilis 4 - 0 1 1 1 1 1 0 [12] 1 0 1 1 1 0 1 - [01] 1 1 [01] 0 1 1 1 1 0 0 1 1 1 0 1 - 

L. kriegi 1 - 0 1 0 1 1 1 0 [12] 0 0 1 1 1 1 1 - 1 1 1 [01] 1 1 - - - - - - 1 1 1 1 - 

L. puna 4 - 0 1 1 1 1 1 0 2 1 0 - - - 0 1 - 1 1 1 [01] 0 1 - - - - - - 1 1 0 1 - 

L. ramirezae 4 - 0 1 1 1 0 1 0 2 1 0 - - - 0 1 - [01] 1 1 [01] 0 1 1 1 1 0 0 1 1 1 0 1 - 

L. sanjuanensis 4 - 0 1 1 1 0 1 0 2 1 0 - - - 0 1 - [01] 1 1 [01] 0 1 1 1 1 0 0 2 1 1 0 1 - 

L. tandiliensis 4 - 0 1 1 1 0 1 0 2 1 0 - - - 0 1 - [01] 1 1 [01] 0 1 1 1 1 0 0 2 1 1 0 1 - 

L. yanalcu 4 - 0 1 1 1 0 1 0 2 0 0 - - - 0 1 - [01] 1 1 [01] 0 1 1 1 1 0 0 1 1 1 0 1 - 

L. pyriphlogos 4 - 0 1 1 1 1 1 0 2 0 0 - - - 0 1 - 1 1 1 [01] 0 1 - 1 - - - - 1 1 0 1 - 

L. austromendocinus 1 - 0 1 0 1 1 1 0 2 0 0 1 1 1 1 1 - [01] 1 1 [01] 0 1 1 1 1 0 0 2 1 1 0 0 1 

P. patagonicus  6 1 0 0 0 1 1 1 1 2 0 0 - - - - 1 - 1 0 0 0 0 1 - - - - - - 0 1 1 1 - 

P. palluma 6 0 1 0 0 1 1 1 1 2 0 0 - - - - 1 - 1 0 0 0 0 1 - - - - - - 0 1 1 1 - 

P. laurenti 6 0 1 0 0 1 1 1 1 2 0 0 - - - - 1 - 1 0 0 0 0 1 - - - - - - 0 1 1 1 - 
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