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Abstract 

 

A new classification of a Pliocene fossil lizard (Anguidae: 

Gerrhonotinae) from Anza-Borrego Desert State Park, California 

David Treviño Ledesma 

The University of Texas at Austin, 2017 

 

Supervisor:  Christopher J. Bell 

 
The lizard group Gerrhonotinae, commonly known as alligator lizards, includes 

over 50 extant species distributed across the western and central United States, Mexico, 

and Central America. For many of these species, skeletal data are limited or non-existent. 

The lack of material is a major obstacle for understanding the cranial osteology of this 

group. I address the lack of traditional skeletal material with the use of X-ray computed 

tomography data (CT). CT imaging allows me to analyze the cranial osteology of these 

lizards in detail while also providing new skeletal data for a number of gerrhonotine 

species. Known gerrhonotine fossils are almost exclusively cranial elements, and thus an 

understanding of extant species cranial osteology has important implications for a 

knowledge of interspecific and intraspecific variation. I use my newly obtained CT 

images of skeletal data to assess the phylogenetic relationships of a fossil gerrhonotine 

skull (LACM 10601) from the Pliocene. This well-preserved fossil skull is from the Palm 

Spring Formation in the Anza-Borrego Desert State Park in southern California. The 

fossil was preliminarily diagnosed as belonging to Gerrhonotinae. I hypothesize that it 

represents an unknown species of gerrhonotine lizard. By CT scanning this fossil skull, it 

is possible to elucidate evolutionarily derived features that provide evidence for the 

taxonomic placement of the fossil. The phylogenetic relationships, age, and location of 

the fossil allows me to comment on interesting paleobiogeographic implications. 
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Chapter 1. 

Introduction 

 A firm understanding of osteology lays the foundation for investigating 

morphological evolution or paleobiogeography of a group. Many such studies incorporate 

data from the fossil record. Consequentially, the results of these studies are dependent 

upon accurate fossil identification. One way in which to accurately document fossils is by 

using an apomorphy-based analysis (Bell et al. 2004; Bell et al. 2010). This type of 

analysis allows for identification based on evolutionarily derived features and, 

importantly, provides strong evidence for an accurate fossil identification. I utilize this 

apomorphy-based methodology in my study to examine the cranial osteology of a fossil 

skull hypothesized to represent an unknown species of lizard belonging to the clade 

Gerrhonotinae. 

 A well-preserved fossil skull (LACM 10601) from the Pliocene was previously 

collected in Anza-Borrego Desert State Park (Norell 1989). Evolutionary derived 

characters were used to identify the fossil as belonging to Gerrhonotinae (Norell 1989). 

However, a lack of comparative skeletal material and cranial elements obscured from 

view on the prepared fossil prevented a more refined identification (Norell 1989). 

Specimens of extant gerrhonotine lizards mostly include a few well known and relatively 

common species. However, for many species of extant alligator lizards, there are few 

specimens available and most are preserved in alcohol, partly due to the fact that they are 

difficult to collect since some species have small ranges and extremely secluded habitats 

(Campbell et al. 2016). As an example, the rare alligator lizard species Elgaria 

panamintina, endemic to the Panamint and adjacent mountains of Inyo County, 

California, has a restricted range with few available specimens of this species. In a related 

study currently in preparation, I provide the first osteological description of the skull of 

this species.  

In order to test whether the fossil lizard skull from Anza-Borrego Desert State 

Park represents a new extinct species of gerrhonotine lizard, I examine the cranial 

osteology for a range of extant species of gerrhonotines. I address the lack of traditional 



 2 

skeletal material with the use of X-ray computed tomography data (CT). By obtaining 

permission from museums to CT scan their alcohol-preserved gerrhonotine specimens, I 

am able to have a broad sample of species including all the species within the genus 

Elgaria and three species within the genus Gerrhonotus. I was able to extract high 

resolution CT skeletal data from these specimens as well as the fossil skull without 

damaging the specimens. I examine detailed osteological information that is necessary in 

analyzing the phylogenetic placement of the fossil. I assess previously proposed 

diagnostic characters and test characters of my own in an effort to distinguish extant 

gerrhonotine species from one another in order to establish a foundation of comparative 

data that can be used to assess whether the fossil represents a new species (Figs. 1-86). 

Although being somewhat restricted in funding for CT scans, an effort was made to scan 

two individuals of each species resulting in CT data for 15 specimens of eight species. I 

only lack a second alcohol-preserved specimen for the species Gerrhonotus lugoi. This 

allowed me to be able to partially account for some measure of intraspecific variation. A 

more robust sample would provide greater representation of variation, including sexual 

dimorphism and ontogenetic variation.     

 The lizard group Gerrhonotinae includes over 50 species assigned to the six 

genera Abronia, Barisia, Coloptychon, Elgaria, Gerrhonotus, and Mesaspis (Lamar et al. 

2015). Today, alligator lizards are distributed from western and central United States, 

Mexico, and Central America with species that inhabit environments that range from 

semi-arid deserts to tropical cloud forests (Good 1988a). Fossil evidence documents that 

this group had a different distribution during the Eocene and Pliocene. The fossil record 

of Gerrhonotinae extends back to at least the early Eocene (Smith 2009) and possibly 

much earlier (Good 1988b). This fossil record largely consists of isolated skeletal 

elements, particularly the dentary, maxilla, frontal, and parietal. This may be due to 

preservation bias of larger elements, the relative ease at which these bones can be 

identified due their size, or because some bear teeth (Bell and Mead 2014). Various 

characters have been used to identify these fossil specimens, including a heavy reliance 

on tooth, scale, and osteoderm morphology (Tihen 1949; Estes 1964; Waddick and Smith 
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1974). In addition, modern geographic ranges of extant species have been a major line of 

evidence used in taxonomic assessment of late Cenozoic fossils (e.g., Brattstrom 1953). 

Fossil identification should be independent of extant species’ geographic distribution to 

avoid unsupported correlations and overreaching fossil classification (Bell et al. 2010). 

For this reason, apomorphy-based identification is strongly preferred even if this method 

may reduce the taxonomic resolution of a fossil. An apomorphy-based identification is 

supported by evolutionarily derived features that represent strong evidence for 

phylogenetic placement of fossils (Bell et al. 2004). 

The phylogenetic placement of Gerrhonotinae in the family Anguidae is 

supported by both morphological and molecular data (e.g., Conrad et al. 2011; Pyron et 

al. 2013). Extant clades that are also within Anguidae include Anguinae, Diploglossinae, 

and the variably placed Anniellidae (Gauthier 1982; Gauthier et al. 2012; Pyron et al. 

2013; Conrad et al. 2011). Extinct groups, including the extinct clade Gyptosaurinae, are 

also taxonomically placed within Anguidae (Sullivan 1979). The relationships of the 

clades within Anguidae was debated; molecular data suggest a sister relationship between 

Gerrhonotinae and Anguinae (Pyron et al. 2013) and morphological data suggest a close 

relationship between Gerrhonotinae and Diploglossinae (Gauthier et al. 2012) or a sister 

relationship between Gerrhonotinae and the combined clade Anguinae+Diploglossinae 

(Bhullar 2011). Reported phylogenetic relationships and taxonomy within Gerrhonotinae 

also historically showed discordance (Tihen 1949; Stebbins 1958; Good 1987).   

 First described by Wiegmann (1828), the species now recognized as Abronia 

deppii, Abronia taeniata, Elgaria coerulea, Barisia rudicollis, Barisia imbricata, and 

Gerrhonotus liocephalus were all proposed to belong to the genus Gerrhonotus (Tihen 

1949). Since then, species continued to be reassigned to different taxonomic groups and 

new species continue to be discovered (e.g., Campbell et al. 2016). The phylogenetic 

placement of species and genera within Gerrhonotinae significantly differs between 

studies based on osteological, scalation, and molecular data (McDowell and Bogert 1954; 

Good 1987, 1988a; Conrad and Norell 2008; Leavitt et al. 2017). The taxonomy of extant 

species within the genus Elgaria has changed considerably in the past (e.g. Grismer 
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1988; 2001) and it was proposed by Stebbins (1958) to remove the genus altogether and 

place all species within the genus Gerrhonotus. Nonetheless, Elgaria retained its status as 

a genus with seven or eight recognized species. Recent taxonomic changes within 

Elgaria include the species now classified as Gerrhonotus parvus which was previously 

thought to be nested within Elgaria and closely related to Elgaria kingii based on scale 

morphology (Smith 1986; Good 1988a). This classification remained until a molecular 

study, investigating the phylogenetic positon of Gerrhonotus parvus, found that it was 

more closely related to species within the genus Gerrhonotus (Conroy et al. 2005). 

Species of Elgaria endemic to the Baja California peninsula have also been variably 

considered to be conspecific. I maintain species level status for Elgaria cedrosensis, 

Elgaria velazquezi, and Elgaria paucicarinata following Grismer and Hollingsworth 

(2001). More recently, Elgaria nana was found to be nested within a southern clade of 

Elgaria multicarinata in a molecular analysis (Leavitt et al. 2017). This species was thus 

considered a conspecific of Elgaria multicarinata; however, I treat Elgaria nana as a 

distinct species in my analysis as there may be distinct osteological differences as a result 

of insular isolation (Grismer 2001). Although a number of new genera and classifications 

were proposed by Hoser (2014), I do not follow this classification. I find the 

classification of Hoser (2014) to be an over complication of the taxonomy that serves less 

to provide clarity than it does to provide personal fulfillment in naming taxa.  

Several researchers (e.g., Tihen 1949; McDowell and Bogert 1954; Meszoely 

1970) attempted to find diagnostic cranial features to differentiate gerrhonotine lizards 

from one another; however, low levels of morphological variation among these lizards 

was documented (Criley 1968; Rieppel 1980). A fairly comprehensive osteological 

analysis among extant gerrhonotines was not conducted until 1987 (Good 1987). In Good 

(1987), 13 species (excluding species from the genus Coloptychon) were examined in an 

effort to distinguish gerrhonotine genera apart from one another based on 97 osteological 

characters hypothesized to be evolutionarily derived features. A subsequent study was 

conducted to investigate the gerrhonotine fossil record and concluded that few fossils 

assignments to Gerrhonotinae are supported by derived evolutionary features (Good 
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1988b). This is an example of the importance of apomorphy-based fossil identification 

and the value of documentation of interspecific and intraspecific variation from 

osteological data of extant species. My study contributes novel data on the morphology of 

extant gerrhonotine lizards and provides new insights into the evolution of cranial 

osteology within Gerrhonotinae. In addition, the age and phylogenetic position of the 

fossil prove to be useful for understanding the paleobiogeography within this clade.  
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Chapter 2. 

Methods 

 I examined the cranial osteology of 11 species of alligator lizards including all 

eight species within the genus Elgaria and three species of Gerrhonotus (Appendix 1). 

Many of these species are found in museum collections solely as non-skeletal alcohol-

preserved specimens. I extracted the skeletal data from these specimens by scanning them 

with high resolution X-ray CT.  I obtained permission to borrow specimens for the 

purpose CT scanning from the Museum of Vertebrate Zoology at Berkeley (MVZ), the 

Los Angeles County Museum (LACM), the San Diego Natural History Museum 

(SDNHM), and Sul Ross State University (SRSU).  

The specimens were scanned at the University of Texas CT facility with 

individual scan parameters listed in Appendix 2. I used the segmentation software Avizo 

8 to digitally extract the individual skull bones of the scanned lizards as well as for the 

scanned fossil skull.  

For species in which skeletal material was readily available from the Texas 

Memorial Museum (TMM) collection, including Elgaria multicarinata, Elgaria 

coerulea, and a single specimen of Gerrhonotus infernalis, I made comparisons by 

examining isolated and articulated bones under a microscope. For the specimens with CT 

data, I examined two specimens of each species except for Gerrhonotus lugoi, of which 

proved difficult to obtain a second specimen. My sample size, though limited, allows me 

to obtain minimal data on variation within the species, and mine is currently the most 

comprehensive osteological study on species of Elgaria. Male and larger alcohol-

preserved specimen were requested from museums. 

The specimen, Gerrhonotus parvus SRSU 5537, has considerable deterioration of 

the bones which is manifested in the CT data. This deterioration is likely due to the age of 

the specimen and the preservation chemicals breaking down the bone structure. This 

provides a good example of the need for modern specimens and continued collection 

efforts (Bell and Mead 2014).  
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Museum abbreviations used include: Museum of Vertebrate Zoology at Berkeley 

(MVZ), the Los Angeles County Museum (LACM), the San Diego Museum of Natural 

History (SDNHM), Christopher J. Bell personal collection (CJB), and Sul Ross State 

University (SRSU).  

Specimens that are used in the study can be found in Appendix 1.  
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Chapter 3. 

Previously reported variation 

 It is important to document observed variation and to employ a sample that is 

robust in variety and size (Bell and Mead 2014). An important study that addressed 

ontogenetic variation in gerrhonotine lizards with an analysis of the development of 

osteocranial elements within Elgaria coerulea was conducted by Good (1985). Although 

this work is notable for documenting ontogenetic variation, gerrhonotine lizards are also 

well documented as demonstrating sexual dimorphism (e.g., Stewart 1985; Garcia-

Bastida et al. 2013). Sexual dimorphism has a direct implication for understanding 

variation in the skull (Fitch 1981); however, there have been no specific studies that 

attempt to document how dimorphisms affects cranial osteology in these lizards. 

Although my study does not address this gap in our current knowledge, I document novel 

information on the variation in the cranial osteology of these lizards. I first begin with a 

discussion, organized by skeletal element, on known variation that previously was 

documented for this lizard group. I have indicated characters either from the literature 

(marked with an asterisk) or characters of my own that I have examined in my study and 

that I am able provide direct evidence for to support and expand the taxonomic diversity 

of the documented variation. A further discussion of these characters including a 

discussion on variation as well as the derivation of some of these characters in previously 

published literature can be found in chapter 4. The sample size of Good (1987) for the 

genera Elgaria and Gerrhonotus included  seven specimens of Elgaria coerulea, two 

specimens of Elgaria kingii, 15 specimens of Elgaria multicarinata, and eight specimens 

of Gerrhonotus liocephalus. As a note, Good (1987) used terminology such as “usually,” 

“most,” and “more-or less” in some of his characters that were used to distinguish genera. 

This implies some variation, but it is not reported. I only included characters in this form 

that refer to the genera Elgaria and Gerrhonotus because I can provide specific data on 

the subject. A labeled skull of Elgaria nana SDNHM 52886 can be found in Figures 87, 

88, and 89 for a reference to gerrhonotine cranial osteology.        
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Premaxilla. The width of the nasal process of the premaxilla was found by Good 

(1987) to vary intraspecifically among gerrhonotines (see character 4*). The premaxilla 

and the frontal of Abronia have been variably reported to contact one another (see 

character 5*). While lack of contact was reported by Tihen (1949) in which examined 

species included Abronia graminea and Abronia depii, contact between the bones was 

found by Good (1987) in which the forms Abronia deppii, Abronia mixteca, Abronia 

oaxacae, and Abronia taeniata were examined.   

Maxilla. Intraspecific variation in the number of nutrient foramina on the maxilla 

(supralabial foramina in Good (1987)) in forms other than M. gadovii is reported by 

Good (1987) (see character Mx.1). In addition, the length to height ratio of the posterior 

process of the maxilla varies with ontogeny (Bhullar 2012).  

Vomer. Although there was a reported overall tendency for exceptionally 

separated vomers in Abronia, variation was noted within this genus (Good 1987). The 

longitudinal ridges on the ventral surface of the vomer in Elgaria coerulea are found to 

vary with ontogeny and occur at 18 mm head length for this species (Good 1985) (see 

character 16). 

Palatine. A variable orientation of the palatines in gerrhonotines apart from 

Abronia, which demonstrated a relatively consistent morphology, was reported by Good 

(1987). A variable position of the infraorbital foramen in was found in Barisia by Good 

(1987). A reduction of the pterygoid process of the palatine in Gerrhonotus was 

documented by Good (1987) (see character Pa.1*). The palatine of Elgaria multicarinata 

was observed to become broadened though ontogeny (Bhullar 2012). Contact of the 

palatine and the prefrontal in Elgaria coerulea does not occur until after birth, around a 

13 mm head length (Good 1985).  

Ectopterygoid. A lateral spur of the ectopterygoid on the anterior end of the bone 

was reported to be usually elongate in Elgaria (Good 1987) (see character 24*). 

Pterygoid. A broad interpterygoid vacuities and palatines with a greater degree of 

separation compared to adult forms was found to occur in neonate Elgaria coerulea 

(Gauthier 1982). 
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Parietal. Variation was reported by Good (1987) in that, in dorsal view, the 

parietal excludes the anterior end of the braincase from view in most Gerrhonotus (see 

character P.1*). An increase in the constriction of the parietal leading to a change in the 

overall shape (see character 26) is likely due to in ontogenetic increase in size of the 

adductor chamber (Bhullar 2012). Similarly, a decrease in the size of the pineal foramen 

and an increase in the amount of fused osteoderms on the parietal has been shown to 

follow ontogeny (Bhullar 2012).   

Postorbital.  Some variation was noted by Good (1987) in stating that the small 

downward process of the postorbital lies along the anteromedial surface of the jugal in 

many Elgaria (character 32*).  

Supratemporal. There is documented variation in the anterior extension of the 

supratemporals along the medial edge of the supratemporal fenestra as well as variation 

of the degree to which the parietal obscures them from view dorsally (Good 1987). 

Anterior extension of the supratemporals is a function of ontogenetic stage in Elgaria 

coerulea and they continue to grow anteriorly until sexual maturity is attained at about 

6.5 mm head length for this species (Good 1985).  

Epipterygoid. The shape of the epipterygoid was found to be highly variable as a 

result of individual variation caused by preparation of the skulls (Good 1987).  

Nasals. The nasals have been observed to be highly variable in size and position 

among gerrhonotines and are often obscured from view by coossified osteoderms (Criley 

1968).  

Septomaxilla. Individual gerrhonotines are found to vary in the distinctiveness of 

an anteromedially-posterolaterally oriented dividing ridge on the septomaxilla (Good 

1987). 

Frontal. Individual variation was found in the frontal, but it was not specified how 

the morphology varied (Good 1987). The size and shape of the olfactory canal was 

discovered to vary among gerrhonotines with no morphology being consistent among 

genera (Criley 1968) (see character Fr.1).  
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Jugal. Contact of the jugal and the postfrontal, size of the jugal process, and 

position of foramina was found to show high intraspecific variation (Good 1987). In 

Elgaria coerulea, the development of a jugal spur may not occur until after 20 mm head 

length (Good 1985).         

Basioccipital. The size and shape of the basaltubera of the basioccipital were 

reported to vary with the size of the skull (Criley 1968). The onset of fusion between the 

basioccipital and the basisphenoid was found to correlate with sexual maturity in Elgaria 

multicarinata (Maisano 2002). The closing of the subcranial fenestra between the 

sphenoid and the basioccipital in Elgaria coerulea does not occur until after birth once a 

head length of approximately 12 mm has been attained (Good 1985).  

Prootic. The reported variation in the size and shape in the alar processes of the 

prootic as well as the sutures of the prootic with the basioccipital were not found to be 

phylogenetically informative (Good 1987). Ossification of the prootic with other 

braincase elements and the length to height ratio of the bone is a function of ontogeny 

(Bhullar 2012). Maisano (2002) found than the onset of fusion on the ventral articulation 

between the prootic and otooccipital correlates with sexual maturity on Elgaria 

multicarinata.  

Otoocipital. The paraoccipital processes of the otooccipital have been shown to 

become elongate relative to the height in the bone with an increase in ontogenetic stage 

(Bhullar 2012).   

Surangular. Fusion of the surangular and the articular was found to vary within 

specimens of Gerrhonotus (=Elgaria) kingii (Meszoely 1970) A similar variation is 

reported in Evans (2008), with the caveat that fusion can vary from one side of the jaw to 

another as observed in a University College London specimen of Elgaria multicarinata 

(see character 78*). The surangular becomes fused with articular and the prearticular by 

17mm head length in Elgaria coerulea (Good 1985).   

Teeth. Although the presence of pterygoid teeth is reported as a character uniting 

Elgaria and Gerrhonotus, a documented reduction of pterygoid teeth occurs in Elgaria 

coerulea and pterygoid teeth are variably present or reduced in Barisia and Mesaspis 



 12 

(Good 1987) In Criley (1968) a reported thirty percent of examined specimens of Elgaria 

and Gerrhonotus were lacking or had a reduced number of pterygoid teeth while some 

specimens, were noted to have fused teeth that appeared round and knob-like. Pterygoid 

teeth in Elgaria coerulea are reported from well after birth (16mm head length), but 

probably before sexual maturity (Good 1985).   

Teeth were historically used as an informative character for gerrhonotines (Estes 

1964); however, much of the morphology was found to be similar to that of other anguids 

(Gauthier 1982). In addition, teeth of gerrhonotines are known to be sharp in juveniles, 

but become blunt with age (Gauthier 1982).  
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Chapter 4. 

Analysis of new and previously published characters 

Below is a description of characters that I used in my analysis with a discussion of 

the intraspecific variation that I discovered in my examined specimens. I also note 

characters if I found that their intended diagnosis is not supported by my data. The 

character descriptions occur in italics and are followed by the character states and 

referenced figures. The referenced literature from which some characters are derived is in 

parenthesis along with the character number assignment in the original work. Previously 

published characters are marked with an asterisk. For character states that varied within a 

single specimen, I split the character into a left and right side.    

 

(1) Presence of an ossified bridge on the premaxilla that extends laterally from the nasal 

process to exclude the medial ethmoidal foramen from the external naris; 0= absent, Fig 

4; 1= present, Fig.1 (even on single side) (Good, 1987, 1)*.  

 Although character state 1 was not reported to occur within Elgaria, I discovered 

that Elgaria kingii SDNHM 24252 possesses this ossified bridge on one side of the 

premaxilla and Elgaria kingii SDNHM 27895 shows distinct projections that suggests the 

incipient development of this ossification. Although I was not able to examine the 

specimen, a published figure documented the presence of an ossified bridge on one side 

of the premaxilla in Elgaria multicarinata TMM-M 8993 (Bhullar 2011). Gerrhonotus 

lugoi LACM 116254 also has an ossified bridge on one side of the premaxilla while 

Gerrhonotus infernalis TMM-M 7129 possesses an ossified bridge on both sides of the 

premaxilla. 

 

(2) Lateral spurs extending from the nasal process of the premaxilla; 0= absent, Fig. 3; 

1= present but small, Fig. 4; 2= present and distinct, Fig. 1 (distinct on one side) (Good, 

1987, 2)*.   

 Although Good (1987) reported character state 2 for Abronia, for specimens that 

possessed an ossified bridge on one side of the premaxilla, there was a lateral spur 
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present on the other side. Although the phylogenetic implications of this spur are 

unknown, it was scored as a separate character. Along with specimens that possess the 

ossified bridge described by character 1, Elgaria kingii SDNHM 27895 also possesses 

lateral spurs on both sides of the nasal process. Gerrhonotus parvus SRSU 5537 possess 

small lateral spurs that do not distinctly project.  

 

(3) Small foramen or foramina lateral to the medial ethmoidal foramen on the 

premaxilla; 0 =absent; 1= present, Fig. 4 (even on one side) (modified from Good, 1987, 

4)*. 

 Among examined extant specimens, only in the single specimens Elgaria 

panamintina MVZ 75918, Elgaria velazquezi SDNHM 68677, and Gerrhonotus parvus 

SRSU 5537 was there a lack of any trace of a foramen lateral to the medial ethmoidal 

foramen.  

 

(4) Width along the nasal process; 0= nasal process is widened posteriorly then tapers 

rapidly at posterior tip, Fig. 1; 1= nasal process is widened midway along the process and 

narrows posteriorly, Fig. 2; 2= process is the same width along most of its length until it 

narrows posteriorly, Fig. 4 (modified from Good, 1987, 7)*. 

 There is intraspecific variation in specimens of Elgaria panamintina and Elgaria 

cedrosensis in that Elgaria panamintina MVZ 75918 and Elgaria cedrosensis SDNHM 

27702 have state 1 while the other specimens of these species have state 2.  

 

(5) Contact of the premaxilla and the frontal; 0= no contact, Fig. 37; 1= contact, Fig. 36 

(Good, 1987, 7)*. 

 In Gerrhonotus parvus SRSU 5538 the premaxilla and the frontal contact one 

another while in Gerrhonotus parvus SRSU 5537 the bones are separated by a small gap. 

This gap may be caused by the deteriorated condition that Gerrhonotus parvus SRSU 

5537 is in.  
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(6) Foramen on the anterior main body of the premaxilla; 0= absent, Fig. 3; 1= present, 

Fig. 4. 

 

(7) Condition of the posterior tip of the nasal process of the premaxilla; 0= no thin 

expansion, Fig. 4; 1= long, thin extension at the posterior end of the process, Fig. 36. 

  

(8) Appearance of the maxilla-prefrontal contact; 0= relatively straight, Fig. 36; 1= not 

straight, Fig. 37 (modified from Good, 1987, 16)*. Although I found no intraspecific 

variation in this character, the actual shape of the contact did vary slightly among 

specimens; variation I recorded is encompassed in the description of state 1. 

 

(9) Contact of the maxilla and the frontal; 0= no contact, Fig. 37; 1= contact, Fig. 36 

(Good, 1987, 17)*. 

 

(10) Medial projecting process on the maxilla located between the premaxilla and vomer; 

0= absent; 1= present, Fig. 6 (Good, 1987, 21)*. 

 

(11) Distinct spur on the anterior edge of the facial process of the maxilla; 0= absent, 

Fig. 5; 1= present, Fig. 6.  

 The presence of a spur was variable within specimens of Elgaria kingii; Elgaria 

kingii SDNHM 24252 lacks a spur, but Elgaria kingii SDNHM 27895 has a distinct spur.  

 

(12) Inclination of the anterior portion of the facial process of the maxilla; 0= the 

anterior edge of the facial process is sloped ventrally at a steep angle, Fig. 5; 1= anterior 

edge of the facial process slopes ventrally as a relatively shallower angle, Fig. 7 (Conrad 

et al., 2011, 29)*. 

 State 1 was reported as a synapomorphy of Elgaria (Conrad et al. 2011); 

however, I find this character to vary interspecifically and intraspecifically. I find that in 

Elgaria kingii SDNHM 24252 and Elgaria paucicarinata SDNHM 45106, the anterior 
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edge of the facial process shallowly sloped downwards while the other specimen of these 

species shows the other condition. I base my character assignments on the figures 

provided in Conrad (2008) for his character 29.  

 

(13) Medial ridge of the vomer; 0= tall with steep inclination, Fig. 14A; 1= short with 

shallow slope, Fig. 14B (modified from Good, 1987, 27)*. 

 

(14) Penetration of the foramen on the vomer for the medial palatine nerve; 0= penetrate 

at an angle, Fig. 12; 1= penetrate straight down; (Good, 1987, 28)*. All specimens of 

Elgaria and Gerrhonotus had state 1; however, there is slight asymmetry as shown in 

Elgaria kingii SDNHM 27895 (Fig. 12) which possesses foramen that penetrate at an 

angle at slightly different orientations.  

 

(15) Dorsally projecting flange on the posterior end of the vomer; 0= low, Fig. 14B; 1= 

prominent, Fig. 14A. 

  

(16) Length of the longitudinal ridges on the ventral surface of the vomer; 0= extend 

posteriorly less that 50 percent of the length of the vomer, Fig. 13; 1= extend greater than 

50 percent of the length of the vomer, Fig. 12. Although there is no variation in the 

chosen character states, there was slight variation in the length of these ridges between 

specimens.  

 

(17) Contact of the palatine with the jugal; 0= contact between the bones, Fig. 16; 1= 

contact is slightly excluded so that the bones are close to one another and could nearly 

contact, Fig. 15; 2= contact is excluded and the bones are far from one another, Fig. 19; 

3= contact between the bones is excluded by the lacrimal, Fig. 18 (modified from Good, 

1987, 35)*. 

 Elgaria nana demonstrated intraspecific variation; Elgaria nana SDNHM 17102 

possesses state 2 while Elgaria nana SDNHM 52886 has state 1. Elgaria kingii showed a 
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great amount of intraspecific variation; Elgaria kingii SDNHM 24252 has the unique 

state 3 while Elgaria kingii SDNHM 27895 has state 2.   

 

(18) Posterior extension of the medial and lateral posterior palatine processes relative to 

one another; 0= close to equal to slightly unequal, Fig. 16; 1= greatly unequal in 

posterior extension, Fig. 19. 

     Even after dividing character states into broad categories, I was still recorded 

intraspecific variation; Elgaria velazquezi SDNHM 68677 and Elgaria nana SDNHM 

17102 have state 1 while the other specimen of the species has state 0.  

 

(19) Shape of the left maxillary process of the palatine; 0= blunt; 1= intermediate, Fig. 

15; 2= well-developed and pointed posteriorly, Fig. 16 (modified from Good, 1987, 32)*. 

 I split this character into left and right is due to the intraspecific variation found in 

Elgaria cedrosensis SDNHM 30296 and Gerrhonotus lugoi LACM 116254. These 

specimens show asymmetry in the development of the maxillary process, ranging from 

state 0 to state 1. I test the asymmetry in this character because I believe that character 

has potential to be phylogenetically informative and wish to know how and why there 

may be asymmetrical variation within this character.   

 

(20) Shape of the right maxillary process of the palatine; 0= blunt, Fig. 18; 1= 

intermediate; 2= well-developed and pointed posteriorly (modified from Good, 1987, 

32)*. 

 See discussion of character 19. 

 

(21) Presence of a stepped and distinct medial expansion of the palatine; 0=absent; 1= 

present, Fig. 18; (Conrad et al, 2011, 110)*. 

 

(22) Palatine teeth; 0= absent; 1= present (Conrad et al., 2011, 115)*. No gerrhonotine 

specimen possessed palatine teeth.  
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(23) Shape of the ventral suture between the ectopterygoid and pterygoid; 0= straight; 1= 

“u” shaped, Fig. 21 (Good, 1987, 37)*. All specimens in my study showed some degree 

of curvature in this suture and could be scored with state 1. I plan to reassess this 

character once I can analyze more species of different gerrhonotine genera other than 

Elgaria and Gerrhonotus.  

 

(24) Lateral spur on the ectopterygoid where the bone meets the maxilla; 0= short; 1= 

elongate, Fig. 20 (Good, 1987, 38)*. 

 There was significant interspecific variation in this character. So much so, that I 

found it difficult to be certain of what Good (1987) referred to as the lateral spur. An 

elongate condition was reported in most Elgaria (Good 1987); however, I found that I 

could score all extant specimens in my study as having some sort of elongation. This may 

change when I am able to analyze specimens for genera other than Elgaria and 

Gerrhonotus. 

 

(25) Foramen posterior to the fossa columellae on the pterygoid; 0= absent; 1= present, 

Fig. 22. 

 

(26) Shape of the parietal table in dorsal view; 0= trapezoidal in shape so that the anterior 

portion extends far more laterally than does the posterior portion, Fig. 27; 1= square-

shaped so that the anterior and posterior portions have similar widths, Fig. 26. 

 

(27) Shape of the dorsal surface of the posterior parietal processes; 0= relatively flat 

dorsal surface, Fig. 24; 1= dorsal surface noticeably slanted ventrally and medially for a 

majority of the length of the processes, Fig. 23 (modified from Conrad et al. 2011, 81)*. 
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(28) Paired concave depressions on the posterior facing surface of the parietal located 

between the post-parietal processes; 0= absent, fig. 24; 1= shallow, Fig. 25; 2= deep, Fig. 

23. 

 Both Elgaria panamintina MVZ 75918 and Gerrhonotus parvus SRSU 5538 have 

state 0 while the other specimen of each species has state 1. Intraspecific variation also is 

present in Elgaria velazquezi, with Elgaria velazquezi SDNHM 68677 having state 2 and 

Elgaria velazquezi SDNHM 68678 has state 1. 

 

(29) In dorsal view, appearance of a distinct notch on the posterior edge of the parietal 

between the posterior parietal processes; 0= absent; 1= absent with a posterior extension 

instead, Fig. 27; 2= notch present, Fig. 26 (Good, 1987)*. 

 There is considerably interspecific variation in this character. Elgaria 

panamintina MVZ 75918, Elgaria velazquezi SDNHM 68678, Elgaria nana SDNHM 

17102, and Elgaria multicarinata webbi TMM-M 9005 all have state 0 while the other 

specimen of each species possesses state 1, with the exception of Elgaria multicarinata 

CJB 1788 and Elgaria panamintina MVZ 191076 which have state 2.  

 

(30) Ventral ridges on the parietal defining the lateral edges of the pit for the ascendant 

process; 0= absent, Fig. 24; 1= reduced so that the ridges are not visible in lateral view; 

2= prominent and easily visible in lateral view, Fig. 23. 

 Elgaria kingii shows intraspecific variation in this character; Elgaria kingii 

SDNHM 24252 has state 1 while Elgaria kingii SDNHM 27895 has state 2. 

 

(31) The nature of the convergence of the post-parietal processes as they approach the 

main parietal table; 0= do not distinctly converge, Fig. 26; 1= distinctly converge with 

only a small amount of separation at the posterior edge of the parietal, Fig. 27 (Conrad et 

al., 2011, 82)*. 
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(32) Position of the anterior process of the postorbital that extends down the medial 

surface of the jugal; 0= positioned more medial to the jugal, Fig. 30; 1= lies slightly 

anterior to the jugal, Fig. 29 (Good, 1987, 44)*. 

 State 1 is reported in most Elgaria (Good 1987); however, my data do not support 

this; there is a large amount of interspecific variation for these character states among 

species of Elgaria. Intraspecific variation is demonstrated in Elgaria velazquezi (Elgaria 

velazquezi SDNHM 68678 has state 1 while Elgaria velazquezi SDNHM 68677 has state 

0). 

 

(33) Contact of the postorbital with the supratemporal; 0= no contact, Fig. 28; 1= 

contact. (Good, 1987, 45)*. 

 

(34) Postorbital extends posterior to the anterior tip of the supratemporal; 0= does not 

extend past supratemporal, Fig. 31; 1= terminates at an equal level with the 

supratemporal; 2= extends posterior to supratemporal, Fig. 28. 

 There is a considerable amount of intraspecific variation in this character. Elgaria 

panamintina MVZ 191076, Elgaria kingii SDNHM 27895, and Elgaria paucicarinata 

SDNHM 45100 all have character state 0 while the other specimen of each species has 

state 2. Elgaria velazquezi SDNHM 68677 and Elgaria velazquezi SDNHM 68678 differ 

in having characters 1 and 0 respectively. 

 

(35) Presence of a postorbitofrontal; 0= absent; 1= present (Conrad et al., 2011, 94)*. 

 No specimen of my study possessed character state 1; however, this morphology 

is reported to distinguish different anguids from one another with Diploglossinae 

possessing a postorbitofrontal (Conrad et al. 2011).  

(36) Postfrontal expansion to overlap a portion of the anteromedial process of the 

postorbital; 0=not overlapping, Fig. 31; 1= overlapping, Fig. 28. 
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(37) Width of the quadrate in posterior view; 0= quadrate is wide relative to height, Fig. 

32; 1= quadrate is narrow relative to its height, Fig. 33 (modified from Good, 1987, 51)*. 

 

(38) Flattened lateral surface of the conch of the quadrate; 0= relatively thin lateral 

surface, Fig. 34; 1= expanded lateral surface, Fig. 35. 

 There is much intraspecific variation in this character. Elgaria panamintina MVZ 

191076, Elgaria kingii SDNHM 27895, and Elgaria velazquezi SDNHM 68678 have 

state 0 while the other specimen of each species shows state 1. This character may vary 

with ontogeny because a lateral expanded surface seems to be associated with more 

ossification on the dorsal surface of the quadrate.  

 

(39) Position of the nasals relative to the nares; 0= nasals extend down the medial edge 

of the naris so that they make up the posteromedial border of the naris, Fig. 10; 1= nasals 

do not extend markedly down the medial edge of the naris, Fig. 8 (Good, 1987, 53)*. 

 

(40) Anterior contact of the nasals with one another; 0= no contact, Fig. 9; 1= contact, 

Fig. 11 (modified from Good, 1987, 54)*. 

 

(41) In dorsal view, curvature of the anterior edge of the nasals; 0= large degree of 

curvature associated with an anterior projection, Fig. 11; 1= lesser degree of curvature 

and flat anterior edge, Fig. 9. 

 

(42) Shape of the anterolateral spur of the septomaxilla; 0= flattened or reduced and does 

not stand out from the bone, Fig. 42; 1= pronounced and thin spur, Fig. 40 (Good, 1987, 

64)*. 

 Intraspecific variation is documented by Elgaria kingii SDNHM 24252, Elgaria 

paucicarinata SDNHM 45100, and Elgaria velazquezi SDNHM 68677 which possess 

state 0 while the other specimen of each species has state 1. 
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(43) Posterior process of the septomaxilla; 0= pronounced and elongate, Fig. 39; 1= 

short, Fig. 38 (Good, 1987, 62)*. 

 In Elgaria kingii SDNHM 24252, the posterior process is reduced while in 

Elgaria kingii SDNHM 27895 it is elongate. 

 

(44) Posterior septomaxilla process; 0= absent; 1= present (Good, 1987, 63)*. 

 

(45) Shape of the posterior process of the septomaxilla; 0= straight, Fig. 41, 1= upward 

curved posterior end, Fig. 39 (Good, 1987, 64)*. 

 Although having a upward curved posterior process of the septomaxilla is 

reported as being characteristic of Elgaria (Good 1987), I find that Elgaria kingii 

SDNHM 24252, Elgaria paucicarinata SDNHM 45100, and Elgaria cedrosensis 

SDNHM 27702 all possess state 0.  

 

(46) Ossification of the posteriorly oriented projection on the dorsal surface of the 

septomaxilla; 0= ossified, Fig. 38; 1= unossified, Fig. 41. 

 Intraspecific variation is shown by Elgaria paucicarinata SDNHM 45106 and 

Elgaria cedrosensis SDNHM 27702 with state 1 and the other specimen of each species 

has state 0. This ossification has the potential to vary with ontogeny. 

 

(47) On the ventral surface of the septomaxilla, the anterior edge of the concave surface; 

0= anterior edge is thickened, giving a defined anterior border to concavity; 1= no 

defined anterior edge, Fig. 43.   

 Only in Elgaria panamintina MVZ 191076 is state 1 found.  

 

(48) Foramen on the anterolateral processes of the frontal; 0= absent, Fig. 46; 1= present 

as foramen or notch, Fig. 45. 
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 Intraspecific variation in this character is shown by Elgaria kingii SDNHM 

27895, Elgaria cedrosensis SDNHM 30296, and Elgaria velazquezi SDNHM 68677 with 

state 0 and the other specimen of the species has state 1. 

 

(49) Cristae cranii project ventrally below or equal to the dorsal most level of the 

palatine; 0= do not project below palatine; 1= project below palatine, Fig. 17 (modified 

from Conrad et al., 2011, 67)*. 

 In Gerrhonotus parvus SRSU 5538, the cristae cranii do not project to the level of 

the palatine, but Gerrhonotus parvus SRSU 5537 possesses the opposite state.  

 

(50) Length of the nasal facets; 0= short, Fig. 45; 1= elongate, Fig. 46. 

 

(51) Shape of the frontal; 0= linear interorbital margins; 1= anterior portion of the frontal 

is hourglass shaped, Fig. 45 (Estes et al., 1988, 7; Conrad et al., 2011, 58)*. 

 

(52) Fused frontals; 0= unfused; 1= fused (Gauthier, 1982, 91)*. 

 

(53) Cristae cranii present as ventral projections; 0= not developed into subolfactory 

process, Fig. 17; 1= fused to enclose the olfactory bulb of the brain (Conrad et al., 2011, 

61)*. 

 

(54) Jugal position relative to the maxilla; 0= mostly dorsal to maxilla; 1= medial to 

maxilla; 2= posterior to maxilla (Conrad et al. 2011, 53)*. 

 

(55) Outward bending of the lacrimal and jugal articulation; 0= absent; 1= present, Fig. 

48 (Good, 1987, 66)*. 

 Although all examined specimens possessed some degree out outward bending 

and were scored as such, there is small variation in the distinctiveness of the bending 

between species that I was not able to discretize as distinct states. 
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(56) Posterior end of the lacrimal; 0= short, Fig. 50; 1= elongate, Fig. 51. 

 

(57) Dorsal expansion on the medial shelf of the lacrimal; 0= absent, Fig. 51; 1= dorsal 

expansion that results in a greater lacrimal contribution to the infraorbital foramen, Fig. 

50; 2= dorsal expansion is completely ossified so that the lacrimal fully encloses the 

infraorbital foramen, Fig. 52. 

 Notably, the specimen Gerrhonotus parvus SRSU 5537 possesses state 2 while 

Gerrhonotus parvus SRSU 5538 has state 1.       

 

(58) Condition of the posterior end of the lacrimal; 0= non-bifurcate; 1= bifurcated, Fig. 

50. 

 Intraspecific variation within the character is shown by Elgaria paucicarinata 

SDNHM 45100 and Elgaria nana SDNHM 17102 having state 1 while the other 

specimen of the species has state 0. 

 

(59) Extension of the basipterygoid processes of the sphenoid; 0= not extended distinctly 

anteriorly, Fig. 54A; 1= extended anteriorly, Fig. 54B. 

 Although character state 1 is consistent within specimen of Gerrhonotus, two dry 

skeletal specimen, Elgaria multicarinata TMM M- 8990 and Elgaria coerulea TMM M- 

8965, also seem to resemble this condition.  

 

(60) Inclination on the dorsal surface of the sphenoid just posterior to the dorsum sella; 

0= shallow incline, Fig. 56; 1= steep incline, Fig. 55. 

 

(61) Flange of bone on the sphenoid anterior or lateral to the posterior exit for the vagus 

foramen; 0= absent; 1= small Fig. 54B; 2= large, Fig.54A. 

 This character varies intraspecifically within Elgaria paucicarinata (Elgaria 

paucicarinata SDNHM 45106 has state 0 and Elgaria paucicarinata SDNHM 45100 has 
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state 1). Variation is also demonstrated by Elgaria velazquezi SDNHM 68677 with state 

2, but Elgaria velazquezi SDNHM 68678 has state 0. 

 

(62) Overall shape of the main portion of the sphenoid from an anterior view; 0= 

approximately square, Fig. 53A; 1= widened and flattened, Fig. 53B. 

 

(63) Angle between the medial ascending process and the body of the supraoccipital; 0= 

small angle, Fig. 62; 1= large angle, Fig. 61 (Good, 1987, 72)*. 

 In Elgaria nana SDNHM 17102, the medial ascending process makes a larger 

angle with the supraoccipital than that in the other specimen of the species. 

 

(64) Noticeable depression on the dorsal surface of the supraoccipital created by the 

ridges associated with the semicircular canals; 0= present, Fig. 61; 1= absent, Fig. 62 

(Good, 1987, 73)*. 

 

(65) In a dorsal view, the condition of the posterior notched edge of the supraoccipital; 

0= narrow curvature, Fig. 63; 1= wide curvature. 

 Elgaria paucicarinata SNHM 45106 and Elgaria nana SDNHM 17102 have state 

0 while the other specimen of each species has state 1. 

 

(66) Length of the sagittal crest on the dorsal surface of the supraoccipital beginning 

from the anterior end of the medial ascendant process; 0= less than 2/3 the length of the 

bone, Fig. 59A & C; 1= greater than 2/3 the length of the bone, Fig. 59B. 

 Although intraspecific variation is not shown in these character states, small 

amounts of variation did occur intraspecifically species. 

 

(67) Base of the medial ascendant process where it connects with the supraoccipital; 0= 

begins level to or just posterior to the anterolateral tips of the bone, Fig. 58B & C; 1= 

begins relatively more posterior to the anterolateral tips, Fig. 58A. 
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(68) Length of the supraoccipital relative to the width; 0= length is 30 to 49 percent of 

the width, Fig. 60A; 1= length is 50 to 59 perfect of the width, Fig. 60B; 2= length is 60 

to 70 percent of the width, Fig. 60C; 3= the bone is longer than it is wide. 

 These character states were used to discretize between morphologies than would 

otherwise be difficult to describe. In future studies, this character may be found to not be 

phylogenetically informative; however, it is useful in capturing variation. Elgaria 

panamintina SDNHM 191076, Elgaria kingii SDNHM 24252, and Elgaria velazquezi 

SDNHM 68677 have state 2 while the other specimen of the each species has state 1.    

 

(69) Additional projection above the intramandibular septum of the dentary; 0= absent; 

1= present, Fig. 64. 

 Only in Elgaria paucicarinata SDNHM 45106 is state 1 found. 

 

(70) Free posteroventral margin of the intramandibular septum; 0= absent; 1= margin 

sutured; 2= margin free, Fig. 64 (Meszeoly, 1970; Conrad et al., 2011, 171)*. 

 

(71) Position of the posterior end of the angular process of the dentary relative to the 

surangular process; 0= processes terminate at same posterior extent; 1= angular process 

terminates anterior, Fig. 64; 2= angular process extends posterior to surangular process 

(Gauthier, 1982; Conrad et al., 2011, 186)*. 

 

(72) Angle of the posterior process of the coronoid; 0= process points more posterior, 

Fig. 69; 1= process points more ventral, Fig. 67 (Good, 1987, 84)*. 

 Although Good (1987) reported state 1 as a characteristic of Gerrhonotus, I find 

that Gerrhonotus parvus exhibits state 0. 
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(73) Extension of the anterior lingual process of the coronoid relative to the last tooth 

position on the dentary; 0= process does not extend anterior to last tooth position; 1= 

process extends anterior to the last tooth positon, Fig. 67 (Good, 1987, 86)*.  

 

(74) Anterior lingual process of the coronoid relative to the anterior end of the articular 

(or prearticular); 0= coronoid extends anterior to articular; 1= both processes terminate 

at the same anterior level, Fig. 67; 2= articular extends anterior to coronoid. 

 

(75) Coronoid contribution to the external border of the left surangular foramen; 0= no 

contribution, Fig. 65; 1= distinct contribution, Fig. 68 (Conrad et al., 2011, 173)*. 

 In Elgaria paucicarinata SDNHM 45106 the coronoid only contributes to the 

border of the foramen on the right side. This is in contrast to the other specimen of 

Elgaria paucicarinata in which neither side has coronoid contribution. Elgaria 

panamintina MVZ 191076 and Elgaria velazquezi SDNHM 68677 have coronoid 

contribution on both sides while the other specimen of these species has no contribution 

on either side.   

 

(76) Coronoid contribution to the external border of the left surangular foramen; 0= no 

contribution; 1= distinct contribution (Conrad et al., 2011, 173)*. 

 See character 75. 

 

(77) Ossification of the surangular and the articular; 0= ossified, Fig. 65; 1= unossified 

(Conrad et al., 2011, 166)*. 

 An unossified surangular and articular is present in Gerrhonotus parvus SRSU 

5538 and a juvenile Elgaria kingii TMM-M 8582. 

 

(78) Anterior surangular foramen on right surangular; 0= absent; 1= present; 2= two 

anterior foramina, Fig. 66 (modified from Conrad et al., 2011, 172)*. 
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 Although a distinct anterior surangular foramen is reported as a synapomorphy of 

Elgaria (Conrad et al. 2011), it is also found in Gerrhonotus as well as in Ophisaurus 

apodus TMM-M 9002. In Elgaria kingii SDNHM 24252, Elgaria cedrosensis SDNHM 

30296, Gerrhonotus parvus SRSU 5537, and Gerrhonotus lugoi LACM 116254 two 

anterior foramina are found on the surangular on only one side. Elgaria velazquezi 

SDNHM 68678 has two anterior surangular foramina on both surangulars while the other 

specimen of Elgaria velazquezi has a single foramen on each side.    

 

(79) Anterior surangular foramen on right surangular; 0= absent; 1= present, Fig. 65; 2= 

two anterior foramina (modified from Conrad et al., 2011, 172)*. 

 See character 78. 

 

(80) Small anterior projection on the splenial located above the anterior inferior alveolar 

foramen; 0= present, Fig. 70A; 1= ossified so that it encloses the anterior inferior alveolar 

foramen, Fig. 70B; 2= absent. 

 Intraspecific variation is shown by Elgaria velazquezi SDNHM 68678 having 

state 1 while the other specimen of Elgaria velazquezi SDNHM 68677 has state 0. 

 

(81) Shape created between the two posterior processes of the splenial; 0= square or 

blocky; 1= curved or round, Fig. 70A & B; 2= pointed or triangular; 3= reduced posterior 

processes of the splenial. 

 Elgaria nana SDNHM 17102 and Elgaria kingii SDNHM 24252 have state 0 

while the other specimen of the same species has state 1.  

 

(82) Condition of the teeth on the left pterygoid; 0= teeth absent, Fig. 72; 1= single row or 

small patch, Fig. 71; 2= multiple rows or large patch, Fig. 21 (modified from Good, 1987, 

91 and 92)*. 

 Elgaria panamintina MVZ 75918 was the only specimen that was examined that 

lacked pterygoid teeth. It does, however, have rugosities on the ventral surface of the 
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bone where the teeth would be present. Although encapsulated in character state 1, 

Elgaria cedrosensis SDNHM 27702 has a single row of teeth on one pterygoid and a 

small patch on the other.    

 

(83) Four bilateral premaxillary tooth positions; 0= absent 1= present; (modified from 

Conrad et al., 2011, 406)*. 

 

(84) Size of premaxillary teeth relative to size of anterior maxillary teeth; 0= similar in 

size; 1= dissimilar in size (Conrad et al., 2011, 223)*. 

 

(85) Dermal rugosities on the prefrontal; 0= absent; 1= present (Conrad et al., 2011, 9)*. 

 

(86) Dermal rugosities on postorbital process of the jugal; 0= absent; 1= present (Conrad 

et al., 2011, 50)*.    

 

The following character were not used in my phylogenetic analysis, but are 

recorded as additional documentation of the osteology of gerrhonotine lizards. (Px= 

Premaxilla), (Mx= Maxilla), (V=Vomer), (Pa=Palatine), (Pt= Pterygoid), (P=Parietal), 

(Po=Postorbital), (Fr=Frontal), (Sp=Sphenoid), (PArt=Prearticular), (D=Dentary), 

(T=Teeth). 

   

(Px.1) There is a tendency for the nasal process of the premaxilla to be shorter in Elgaria 

panamintina while the process in other species of Elgaria is somewhat more elongate. 

 

(Mx.1) I found considerable variation in the number and position of nutrient foramina in 

the maxilla. The number of foramina ranges from five in a single line, to over ten in 

variable position on the lateral surface of the maxilla.  
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(Mx.2) The facial process in Elgaria has an apex or midpoint that is located posterior to 

the midpoint of the maxilla itself (Conrad et al., 2011, 28(1), unambiguous)*.  

 When I examined this character, I found that none of the specimens possess an 

apex or midpoint of the facial process that was located posterior to the midpoint of the 

bone. I found that the apex lied nearly on the midpoint of the maxilla for all the 

specimens of my study.  

 

(Mx.3) Absence of dermal sculpturing of the maxilla in Anguidae exclusive of 

Diploglossus bilobatus (Conrad et al., 2011, 8(0), unambiguous)*. 

 I find that the facial process of all gerrhonotines examined with the exception of 

Gerrhonotus parvus SRSU 5538 shows a degree of dermal sculpturing.  

 

(V.1) Elongation of the palatine processes of the vomers in Gerrhonotus (Good, 1987, 

25)*. 

 I do not find that the vomer in Gerrhonotus lugoi or Gerrhonotus parvus to be 

elongate relative to the vomer is specimens of Elgaria; however, these species of 

Gerrhonotus were not examined by Good (1987). I will reexamine this character when I 

possess data for more species of Gerrhonotus.  

 

(V.2) Descending tubercle or ridge at the vomer-palatine contact within Gerrhonotinae 

and Diploglossinae (Gauthier et al., 2012, 228(1), unambiguous)*. 

 By looking at the figures of the character states described by Gauthier et al. 

(2012), I conclude that presence of a tubercle or ridge is absent in Gerrhonotus lugoi and 

Gerrhonotus parvus which have a relatively flat ventral surface of the vomer.   

 

(Pa.1) Reduction in the posterior projection of the lateral pterygoid process of the palatine 

in Gerrhonotus (Good, 1987, 34)*. 
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 I do not find that posterior projection of the lateral pterygoid process to be 

especially reduced in Gerrhonotus parvus or in Gerrhonotus lugoi. I find the most 

reduction in the process within Elgaria panamintina MVZ 75918. 

 

(Pt.1) Pterygoids in Gerrhonotinae and Diploglossinae are broadly diverged the base, but 

narrow anteriorly (Gauthier et al., 2012, 258(1), unambiguous)*.   

 Although I find this description by Gauthier et al. (2012) to hold true for the 

examined gerrhonotines in my study, it seems as though they resemble the photograph for 

character state 2 with not as much anterior separation more so than the narrow separation 

of state 1.  

 

(P.1) The parietal excludes the anterior end of the braincase from view in most 

Gerrhonotus (Good, 1987, 42)*. 

 I do not observe this condition in Gerrhonotus lugoi or in Gerrhonotus parvus; 

however, Elgaria velazquezi SDNHM 68677 comes close to possessing this condition. 

 

(P.2) The ventrolateral crests on the ventral surface of the parietal are highly variable 

intraspecifically in shape. The shapes in examined specimens range from pointed to 

rounded to flattened.  

 

(Po.1) Elgaria panamintina has exceptionally widened postorbitals with the widest point 

just anterior to the midpoint along the bone.  

 

(Fr.1) The shape and size of the olfactory canal varies intraspecifically within examined 

gerrhonotines. In addition, there is some variation in the distinctiveness of a ridge on the 

roof of the olfactory canal. 

 

(Fr.2) There is intraspecific variation in the distinctiveness of the anterolateral processes 

of the frontal. Elgaria cedrosensis SDNHM 30296 has extremely reduced processes.  
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(Sp.1) The morphology of the alar processes of the sphenoid vary considerably within 

species. They range from being large and rounded to small and blocky. 

 

(Sp.2) The presence and length of dorsal projections that extend from the basipterygoid 

processes on the sphenoid is highly variable. In Elgaria panamintina MVZ 75918, these 

dorsal projections are fused to the alar processes. 

 

(PArt.1) In Gerrhonotus, there is a ventral bulging on the middle portion of the 

prearticular giving the jaw a robust appearance (Good, 1987, 80)*. 

 I do not observe a ventral bulging in specimens of Gerrhonotus. In addition, it 

does not appear that the jaw of Gerrhonotus is more robust in comparison to that of larger 

specimens of Elgaria. 

 

(D.1) Gerrhonotines not from the genus Elgaria have a dentary that contributes to the 

dorsal margin of the anterior inferior alveolar foramen (Conrad et al., 2011, 183(1), 

unambiguous)*. 

 Although I agree that the dentary contributes to the dorsal margin of the anterior 

inferior alveolar foramen, in Gerrhonotus I examined, the dentary shares this contribution 

with the small anterior projection on the splenial. That condition is not different from that 

observed in many Elgaria. 

 

(D.2) Elgaria lacks a notch defining the coronoid and surangular processes on the dentary 

(Conrad et al., 2011, 185(0), unambiguous)*.  

 I agree that Elgaria do not possess a distinct notch that defines the coronoid and 

surangular processes; however, I observe that there is intraspecific variation in the 

presence of a small notch in some species of Elgaria. In addition, examined specimens of 

Gerrhonotus also lack a defining notch on the dentary. 
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(T.1) There is a general increase in tooth number in Gerrhonotus relative to other 

gerrhonotine genera (Good, 1987, 95)*. 

 I find that both Gerrhonotus lugoi and Gerrhonotus parvus fall within the range 

of number of tooth positions in specimens of Elgaria. They do not reach the number of 

tooth positions reported for Gerrhonotus by Good (1987) which suggests that number of 

tooth positions varies interspecifically within Gerrhonotus. 

 

Potential characters to diagnose extant genera and species 

 Below I summarize characters that can be used alone or in conjunction with other 

characters to diagnose extant species that are included in my study. I note that this is by 

no means a final morphological diagnosis of these species. An increase in the sample size 

of these species will almost definitely alter these diagnoses; however, these data provide 

a working hypothesis for distinguishing gerrhonotine species from one another on the 

basis of cranial osteology.  

 

Elgaria compared to Gerrhonotus: Species of Elgaria do not possess contact between the 

premaxilla and the frontal, but all specimens of Gerrhonotus, except for Gerrhonotus 

parvus SRSU 5537, possess a contact (character 5 state 1). The lack of contact in 

Gerrhonotus parvus SRSU 5537 may be due to deterioration of the bone resulting from 

the preservation of the specimen. All specimens of Gerrhonotus possess a long, thin 

extension at the posterior tip of the nasal process of the premaxilla (character 7 state 1). 

This condition is absent in Elgaria. In Gerrhonotus, the nasals are separated from contact 

with one another anteriorly (character 40 state 0).  Species of Gerrhonotus have 

noticeably anteriorly extended basipterygoid processes of the sphenoid; however, this 

condition also may be present in some skeletal specimens of Elgaria as well (character 59 

state 1). In Gerrhonotus, the base of the medial ascending process is connected to the 

supraoccipital at a more posterior position relative to the anterolateral tips of the 

supraoccipital (character 67 state 1).  
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Elgaria nana and Elgaria panamintina: In Elgaria nana and Elgaria panamintina, the 

sagittal crest on the supraoccipital is relatively longer than in other examined 

gerrhonotines (character 66 state 1).   

 

Elgaria panamintina: Among Elgaria, only in Elgaria panamintina and Elgaria 

cedrosensis is there an absence of an anterior foramen on the main body of the premaxilla 

(character 6 state 1). Elgaria panamintina is unique among Elgaria in possessing a 

contact between the jugal and the palatine (character 17 state 0). Similarly, only in 

Elgaria panamintina are the lateral maxillary processes of the palatine well-developed 

and strongly pointing posteriorly (character 19 and 20 state 2). Elgaria panamintina 

possesses exceptionally widened postorbitals compared to other gerrhonotines I 

examined (Po.1). Elgaria panamintina and Elgaria paucicarinata are similar in 

possessing (character 49 state 1). Elgaria panamintina is unique among other species of 

Elgaria in having a shortened posterior end of the lacrimal (character 56 state 1).  

 

Elgaria kingii: Among Elgaria, only in specimens of Elgaria kingii and Elgaria 

multicarinata TMM M- 8993 is there evidence for an ossified bridge on the premaxilla 

(character 1 state 1). In all examined gerrhonotines, only Elgaria kingii shows the 

condition of having a nasal process of the premaxilla that widens posteriorly and rapidly 

narrows at the posterior end (character 4 state 1). Elgaria kingii is unique among 

examined gerrhonotines in having relatively short nasal facets on the anterior end of the 

frontal (character 50 state 0).   

 

Elgaria paucicarinata: Elgaria paucicarinata is unique among species of Elgaria in 

possessing reduced lateral spurs on the nasal process of the premaxilla (character 2 state 

1). More prominent spurs are found in Elgaria kingii so an increase in sampling may find 

that these species overlap in this morphology more than currently documented. Within 

Elgaria, only in Elgaria paucicarinata and Elgaria panamintina do the cristae cranii 

project ventrally below or equal to the level of the palatines (character 49 state 1). 
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Elgaria paucicarinata is different from other examined Elgaria in lacking a dorsal 

expansion of the medial shelf of the lacrimal, thus contributing to a smaller portion of the 

infraorbital fenestra (character 57 state 0).   

 

Elgaria cedrosensis: Elgaria cedrosensis is similar to Elgaria panamintina in having 

(character 6 state 1). Only in Elgaria cedrosensis do the post-parietal processes 

noticeably slant down and inwards for a majority of their length (character 27 state 1).   

 

Elgaria velazquezi: Elgaria velazquezi is unique among examined gerrhonotines in 

lacking a distinct depression on the dorsal surface of the supraoccipital that is formed by 

the ridges associated with the semicircular canals (character 64 state 1).  

 

Gerrhonotus parvus: Gerrhonotus parvus differs from Gerrhonotus lugoi in lacking an 

ossified bridge on the premaxilla (character 1 state 0). In this, Gerrhonotus parvus is 

similar to most species of Elgaria. Gerrhonotus parvus is similar to Elgaria and unlike 

other species of Gerrhonotus in having a “v” shaped contact between the maxilla and 

prefrontal (character 8 state 1). Similarly, Gerrhonotus parvus resembles species of 

Elgaria by lacking contact between the maxilla and the frontal (character 9 state 0). 

Gerrhonotus parvus is unique among examined gerrhonotines in having a medial ridge of 

the vomer that is short, resulting in an overall flatter appearance of the vomer (character 

13 state 1).  Similarly, Gerrhonotus parvus is unique in having reduced dorsal flanges on 

the posterior end of the vomer (character 15 state 0). In many ways, the parietal of 

Gerrhonotus parvus is different than that of other examined gerrhonotines. The overall 

shape of the parietal in Gerrhonotus parvus more resembles a square (character 26 state 

1). This may be due to a lack of laterally expanded edges seen in other examined 

gerrhonotines. The parietal of Gerrhonotus parvus is substantially flatter than other 

examined gerrhonotines. This results in Gerrhonotus parvus lacking ridges on the lateral 

edges of the pit for the ascendant process (character 30 state 0). In Gerrhonotus parvus, 

the post-parietal processes do not converge anteriorly to the same extent that is seen in 



 36 

other examined gerrhonotines (character 31 state 0). The quadrate of Gerrhonotus parvus 

is noticeably narrower relative to its height as compared to the more widened quadrates 

of other examined gerrhonotines (character 37 state 1). In Gerrhonotus parvus, the 

anterior flooring of the braincase formed by the sphenoid is exceptionally steeply inclined 

just posterior to the dorsum sella (character 60 state 1). The overall shape of the sphenoid 

in Gerrhonotus parvus is unique in that the bone is wide and more flat compared to other 

gerrhonotines (character 62 state 1).       

 

Gerrhonotus lugoi: The nasals of Gerrhonotus lugoi are unique among examined 

gerrhonotines in that there is no anterior expansion on the nasal so the anterior edge of 

the bone is relatively flat (character 41 state 1). Only in Gerrhonotus lugoi does the 

anterior lingual process of the coronoid terminate at the same anterior level as the anterior 

end of the articular (prearticular).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 37 

Chapter 5. 

Fossil description (LACM 10601) 

 LACM 10601 was collected by field parties of the Natural History Museum of 

Los Angeles County sometime between 1957 and 1989 and was first described by Norell 

(1989). The fossil was collected in Anza Borrego Desert State Park within the Palm 

Springs formation. Its locality (6552), puts the fossil within chron 2An.2r which restricts 

the age of the fossil to 3.22 and 3.33 Ma (based on map provided by Lyndon Murray). 

The fossil represents a 3-D preserved fossil skull that it largely intact except for a small 

amount of deformation (Fig. 73). The fossil was assigned to Gerrhonotinae based on the 

presence of an anterior process of the surangular, the fusion of the prearticular, articular, 

and surangular, possession of long anterior and posterior maxillary processes, elongate 

and thin supratemporals, and the derived condition of fused frontals (Norell 1989). Based 

on the reported presence of features found in species of Abronia, it was suggested that 

LACM 10601 appears to resemble this genus (Norell 1989). The lack of well-preserved 

features as well as obscured features prevented a detailed comparison and generic 

assignment (Norell 1989). Below is a description of the cranial elements preserved on the 

fossil. Characters states that were scored for the fossil are indicated. When character 

states could not be determined, a ? was scored for this character.    

Located at the anterior end of the snout, the premaxilla is a single fused midline 

bone in adult gerrhonotines (Good 1985). In LACM 10601, much of the tooth-bearing 

alveolar plate is missing as well as the portion of the palatal shelf to the right of the nasal 

process. The nasal process is intact, but bears a slight curvature due to deformation (Fig. 

73). The premaxilla, as a whole, is rotated to the left so that it faces anterolaterally. For 

this reason, contact with the surrounding bones is difficult to determine. However, the 

premaxillary nasal process is largely intact which allows us to infer its potential for 

contact with the frontal. When the premaxilla is rotated so that the left maxillary facet on 

the lateral edge of the palatal shelf is aligned with the corresponding articulation surface 

of the intact maxilla, it is apparent that the large separation between the bones makes it 

unlikely that the premaxilla and frontal were ever in contact with one another (character 5 
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state 0). The nasal process of LACM 10601 has a constant width for a majority of its 

length (character 4 state 2) and only tapers to a rounded tip near the end of the process 

(character 7 state 0). The ventral surface of the nasal process bears a midline ridge that 

separates two articulation surfaces for the nasals. The palatal shelf is sloped downwards 

posteriorly with no posterior projections and creates about an 80-degree angle with the 

nasal process. The preserved left portion of the palatal shelf preserves a medial ethmoidal 

foramen as well as an additional foramen located slightly laterally (character 3 state 1). 

The anterior surface of the alveolar plate possesses a small foramen (character 6 state 1); 

however, an anterior portion of the alveolar plate is missing making the presence of a true 

external opening of the foramen speculative. The close relationship of LACM 10601 with 

a species of Elgaria that lacks this foramen suggests that it is of little importance. The 

premaxilla of LACM 10601 shows no evidence for spurs extending laterally from the 

nasal process (character 2 state 0), nor is there any hint of the presence of an ossified 

premaxillary bridge from the nasal process to the alveolar plate (character 1 state 0). The 

incisive process of LACM 10601 is bilobed, concave, and projects anteroventrally from 

below the palatal shelf.                 

The maxilla is a paired tooth-bearing, triradiate bone, located on the anterolateral 

side of the skull just anteroventral to the orbit. The maxilla possesses an elongate 

posterior process that extends beneath the orbit and which the jugal articulates above.  On 

the fossil, only the left maxilla is well-preserved, but is missing the distal tips of the teeth 

due to over-preparation prior to its original examination by Norell (1989) (Fig. 74). 

Nevertheless, it is possible to observe 20 tooth positions and five nutrient foramina in a 

single line on the lateral surface of the bone. The facial process is well preserved and 

possesses a rounded contact with the prefrontal, most closely resembling the ‘v’ shaped 

contact with the prefrontal (character 8 state 1) described by Good (1987). There is no 

contact of the maxilla with the frontal (character 9 state 0) and the apex of the facial 

process lies halfway along the length of the bone. The anterior edge of the facial process 

possesses an anterior spur (character 11 state 1) and is also distinct and steeply inclined 

so that it stands apart from the more ventral edge of the facial process (character 12 state 
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0). The anterior of the maxilla possesses a distinct premaxillary process. A slightly 

fragmented medial maxillary lappet is present on the anterior end of the bone. The 

maxillary shelf is wide, especially where it meets the palatine, and also is thickened. 

There are two foramina (maxillary trigeminal foramen) just medial to where the shelf is 

widened for contact with the palatine. There is a shallow posterior depression on the 

medial surface of the facial process just posterior to the median ridge. Just below the 

anterior edge of the facial process is the horizontally penetrating opening for the superior 

alveolar canal. The posterior portion of the maxilla possesses ridges where the jugal 

articulates and a slated lateral facet where the lacrimal articulates. Just anterior to the 

facet for the lacrimal, there is a distinct ridge that runs posteriorly just under the maxilla-

jugal articulation (Fig. 74). 

The nasals are not preserved on the fossil and provide no information for its 

identification. 

The vomers are paired bones that approach each other near the midline and are 

located in the palatal region of the skull. On the fossil, both vomers are present, but are 

fragmented and the approximate anterior half of the bones are not preserved. 

Nevertheless, I was able to extract useful information from the posterior portion of the 

bones. The medial ridges of the vomers, where the paired bones come in contact, are 

sharply inclined and tall (character 13 state 0). The posterior palatine process possesses a 

distinct facet for the anterior vomerine process of the palatine, bordered laterally by a 

ridge that increases in height posteriorly to become a posterodorsally pointed flange of 

bone (character 15 state 1).  

The palatine is a paired element located in the palatal region of the skull just 

posterior to the vomer. The palatines of the fossil are well-preserved, but are rotated and 

translated so that they are overlapping one another (Fig. 83). It is possible to see that, on 

one side, the prefrontal blocks contact between the palatine and the jugal (character 17 

state 1). The lateral maxillary process of the palatine is fairly well-developed so that it 

projects posterolaterally (character 20 state 1). The lateral and medial posterior processes 

on the palatine are short, blunt, and close to equal in their posterior extension (character 
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18 state 0). The palatine has a deep and rounded choanal groove that is slightly more 

enclosed that would be a semi-circular choanal groove. On the maxillary process of the 

palatine, there is a distinct concave facet in which the shelf of the maxilla fits. Just above 

this facet is a large infraorbital foramen that pierces the maxillary process horizontally. 

The palatine of LACM 10601 possesses a medial expansion that is distinctly curved 

upwards (character 21 state 1). On the anterolateral dorsal surface of the palatine, there is 

a distinct articulation facet for the prefrontal.        

The ectopterygoid is a paired bone located on the lateral margins of the palatal 

region of the skull. These bones are well preserved in the fossil and show the “u” shaped 

suture line on the ventral surface where the pterygoid and the ectopterygoid articulate 

(character 23 state 1). At the anterior end of the bone, the facet for the articulation with 

the maxilla is cup-like. Just lateral to the maxillary facet, there is a slight lateral 

expansion that may be a lateral spur (character 24 state 1). The posterior end of the bone 

is bifurcate and from a dorsal view, the posterolateral edge of the ectopterygoid is highly 

curved.    

The pterygoid is a triradiate bone on the palatal surface of the skull. The 

pterygoids of the fossil are well-preserved, but the posterior quadrate process is not 

completely preserved on either side (Fig. 86). The anterior portion on the bone possesses 

a flattened surface, the palatal plate that tapers anteriorly, and is marked by a facet for the 

posterior palatine processes and that tapers anteriorly. An anterolaterally projecting 

pterygoid flange that is curved to slot into the articulation facet of the ectopterygoid is 

also present on the anterior portion of the bone. The narrower posterior quadrate process 

of the pterygoid has a trough-like topography on the dorsal surface that begins just 

posterior to the fossa columellae. There is a small foramen just posterior to the fossa 

columellae (character 25 state 1). The posterior end of the quadrate process is concave on 

the medial surface. Anterior to this concavity there is a distinct surface for pterygoid 

articulation with the basisphenoid processes. The pterygoids of LACM 10601 show 

evidence for the presence of a broad patch of teeth (characters 82 state 2) represented by 

many sockets for the teeth as well as broken and small blunt teeth (Fig. 85).  
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The parietal is a large and flattened bone that contributes to the posterior roofing 

of the skull. The parietal of LACM 10601 is trapezoidal in shape (character 26 state 0) 

with laterally expanded shelf-like edges (Fig. 84). The dorsal surface is highly sculpted 

for a little more than half the length of the flat table portion of the bone. A pineal foramen 

can be seen within the sculpted portion. The anterior edge of the bone has a relatively 

linear contact with the frontal. The post-parietal processes are not completely preserved, 

but can be seen to taper posteriorly and to converge anteriorly where they connect with 

the main body of the bone (character 31 state 1). The dorsal surface of one preserved 

post-parietal process is relatively flat dorsally (character 29 state 0). On the ventral 

surface, there are distinct ventrolateral crests as well as greatly developed ridges that help 

to define the lateral edges of the pit for the ascending process of the supraoccipital 

(character 30 state 2). The posterior edge of the parietal between the post-parietal 

processes is distinctly notched (character 29 state 2) and possesses small paired concave 

depressions (character 28 state 1).     

The postorbital is an elongate bone located in the temporal region of the skull and 

forms a portion of the lateral border of the supratemporal fenestra. The postorbitals are 

well-preserved, but are deformed and positionally shifted (Fig. 84). Therefore, it is 

difficult to determine whether the anterior process of the postorbital, extending down the 

medial surface of the jugal, is positioned medial or anterior to the jugal (character 32 state 

?). The anterior end of the bone has two distinct processes. One process projects 

downwards along the medial surface and bears a distinct articulation facet for the jugal. 

The other process projects dorsally and makes up the anterior border of a distinct 

articulation surface for the curved lateral edge of the prefrontal. Just posterior to these 

two projections, the postorbital is flattened, widens near the midpoint, and then tapers 

posteriorly. The postorbital extends posterior to the anterior tip of the supratemporal 

(character 34 state 2) as well as the posterior edge of the parietal between the post-

parietal processes. On the right side, which has a well-preserved supratemporal, the 

postorbital and supratemporal contact one another (character 33 state 1).  
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The squamosal is an elongate bone of the temporal region of the skull. It extends 

posterior to the postorbital, but there is overlap between the bones.  On LACM 10601, the 

right squamosal is well-preserved with the exception of the most posterior end. The 

squamosal tapers anteriorly and is slightly curved laterally. 

The postfrontal is a curved bone located in the anterior temporal region on the 

lateral margin of the articulation between the frontal and the parietal. Both postfrontals 

are well-preserved, but have been shifted due to deformation of the fossil. On the left 

side, there is overlap between the lateral edge of the postfrontal and the anteromedial 

process of the postorbital. The other side is shifted, but shows some evidence for overlap 

between the bones (character 36 state 1). The medial surface has a distinct facet for 

articulation with the frontal and parietal. There are two foramina on the posterior half of 

the bone.  

The quadrate is located near the posterior end of the skull and possesses a ventral 

articulation surface or mandibular condyle. On LACM 10601, only the right quadrate is 

preserved and from a posterior view, it is relatively wide compared to its height 

(character 37 state 0) (Fig. 76). The lateral tympanic crest is expanded and flattened 

(character 38 state 1). The conch is fairly deepened (contra Norell 1989) and possesses 

fairly extensive ossification around the cephalic condyle and squamosal notch. The 

quadrate column is expanded dorsally and relatively wide.  

The epipterygoid is a long pillar-like bone located within the skull just anterior to 

the braincase and oriented more or less vertically; its base articulates in the fossa 

columella of the pterygoid. A single left epipterygoid is preserved in the fossil skull, but 

no observable diagnostic features are present.  

The prefrontal is a triradiate bone and contributes to the anterior margin of the 

orbit (Fig. 73). The anterior portion of the bone is broad with a rounded anterior edge. On 

the lateral surface is a distinct articulation facet for the facial process of the maxilla. 

There is a distinct ridge posterior to the articulation facet that runs upwards along the 

body of the bone. Just above this ridge are two foramina. The posterior portion of the 

prefrontal is divided into dorsal and ventral processes. The slender posterodorsal orbital 
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process fits into an articulation facet on the lateral edge of the frontal. The posteroventral 

processes has a relatively open lateral notch, which, with the lacrimal, makes up the 

border of the infraorbital foramen. The process tapers posteriorly and terminates between 

the palatine and jugal.  

LACM 10601 does not possess preserved septomaxillae. 

The frontal is a large bone that contributes to the anterior roofing of the skull. The 

frontal of LACM 10601 is fused into a single midline element (character 52 state 1) and 

is highly sculpted on the dorsal surface. The bone widens posteriorly to meet the parietal 

and has no obvious constriction between the orbits. The anterior-most part of the bone is 

missing, but there are preserved anterolateral processes as well as the posterior end of 

two nasal facets. LACM 10601 has cristae cranii ventral projections that form an 

unclosed canal for the olfactory tracts of the brain (character 53 state 0). Due to the 

shifting of the palatines within the skull, it is difficult to determine whether the cristae 

cranii project ventrally below the level of the dorsal part of the palatine. Assuming that 

the left palatine, which seems to be less transformed, more closely retained its original 

position, then the cristae cranii do not project below the palatine in the fossil (character 

49 state 0). On the anterolateral surface, there is a distinct articulation facet for the 

prefrontal with a well-developed ridge that slots into a corresponding groove on the 

prefrontal (Fig. 75). Posterior on the lateral edge of the frontal, there is a well-developed 

articulation facet for the postfrontal. The posterior edge has distinct lateral articulation 

facets for the parietal.     

The jugal is a curved bone that contributes to the ventral and posterior border of 

the orbit and that sits above the maxilla (character 54 state 0) (Fig. 73). LACM 10601 

possesses both jugals that both have two foramina on the lateral surface near the 

inflection point. The jugal possesses a distinct posterior spur at the inflection point. The 

dorsal postorbital process has a distinct articulation facet for the postorbital at its end. 

The medial surface of the jugal has a flattened appearance and is curved down and 

inwards while the lateral surface of the anterior projection is characterized by a ridge that 

extends laterally.     
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The lacrimal is a small bone located at the anterior margin of the orbit. LACM 

10601 possesses both lacrimals, but only the left side is well-preserved (Fig. 81). The 

dorsal surface has a distinct hump-like appearance and the posterior end of the bone is 

elongate (character 56 state 1) and non-bifurcate (character 58 state 0). The lacrimal is 

curved medially and has a dorsal projection on the medial expansion to form a portion of 

the enclosing border of the infraorbital foramen (character 57 state 1). The anterior and 

ventral surface possess articulation facets for the maxilla. At the articulation with the 

jugal, the lacrimal and jugal bend outwards over the maxilla (character 55 state 1).   

The sphenoid is located ventrally at the anteromedial region of the brain case and 

is composed the fused basisphenoid and the parasphenoid. The sphenoid of LACM 10601 

is present but highly fragmented and difficult to segment, only allowing for broad 

generalizations about its morphology. The basipterygoid processes project ventrally and 

laterally and do not extended much anteriorly (character 59 state 0). Posterior to the 

dorsum sella, the anterior flooring of the braincase shows a shallow incline (character 60 

state 0).   

The supraoccipital is a midline bone that makes up the posterior roofing of the 

braincase. The supraoccipital of LACM 10601 is well-preserved, but is difficult to 

distinguish in CT images from the surrounding braincase elements as well as the matrix 

that encompasses it. Further efforts will be put into carefully segmenting this bone so that 

all the canals are well represented. On the dorsomedial surface of the bone, the ascending 

process rises at relatively low angle relative to the bone (character 63 state 0). Posterior to 

the ascending process, there is a distinct sagittal crest. An endolymphatic foramen is 

located on the medial surface of the supraoccipital portion of the otic chamber. The base 

of the ascending process where is connects to the body of the bone is close to the level of 

the anterolateral tips of the bone (character 66 state 0). The path of the anterior 

semicircular canal can be seen, but is not currently well defined.       

The dentary is a tooth-bearing bone that makes up the anterior portion of the 

mandible. LACM 10601 possesses both dentaries with the left one largely intact; 

however, the right side is highly fragmented. The dentary possesses a free posteroventral 
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margin of the intramandibular septum (character 70 state 2) (Fig. 80) as well as a 

posterior angular process of the dentary that terminates anterior to the level of the 

surangular process of the dentary (character 71 state 1) (Fig. 79). There is a distinct ridge 

on the dorsal surface of the posterior end of the inferior alveolar canal. The 

mentomeckelian fossa lies on the ventral surface of the bone and is unfused. There are 

four nutrient foramina on the lateral surface of the dentary and a small notch on the 

posterior end into which the labial process of the coronoid fits.  Tooth number and 

position is discussed in the dentition section.  

The coronoid is located medially on the mandible and overlaps the dentary and 

the surangular. LACM 10601 possesses both coronoids in a well-preserved state. The 

posterior lingual process of the coronoid is directed posteriorly (character 72 state 0) and 

terminates just anterior to the adductor fossa. The dorsal coronoid process is fin-like in 

shape and possesses a distinct ridge on the lateral surface that makes up the anterior 

border of a distinct concavity on the lateral side on this process (Fig. 78). The posterior 

edge of the dorsal coronoid process slants downwards and tapers along the posterior 

lingual process. The anterior end of the coronoid is bifurcated into labial and lingual 

processes with the posterior end of the dentary fitting into the slot created by the two 

processes. The labial process is a small tongue-like projection that fits into the small 

notch on the posterior end of the dentary. The lingual process projects below the posterior 

portion of the dental shelf and extends anteriorly past the last tooth position on the 

dentary (character 73 state 1) (Fig. 77). Midway along this process there is a foramen that 

penetrates straight down. The right coronoid does not contribute to the anterior 

surangular foramen on the single preserved surangular in LACM 10601 (character 76 

state 0).        

The surangular is a bone that contributes to the posterior portion of the mandible. 

LACM 10601 possesses both surangulars, but the left side lacks most of the posterior 

portion and the right side lacks the anterior end. The surangular and the articular 

(including the prearticular) are fused. The surangular possesses both a distinct anterior 
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surangular foramen (character 78 state 1) as well as a posterior foramen on the lateral 

surface.  

The articular is fragmented in LACM 10601 and I will continue to work on its 

reconstruction, however; much of the retroarticular process is absent.    

The splenial is a bone located on the lingual surface of the mandible. LACM 

10601 possesses fragmented pieces of both splenials; however, it is difficult to interpret 

their morphology due to the small number of features preserved. There is evidence for a 

small anterior projection which, in other forms, contributes to the enclosing of the 

anterior inferior alveolar foramen (character 80 state ?).      

Dentition. With the exception of the pterygoid, the dentary is the only bone on the 

fossil that has well-preserved teeth. The teeth on the dentary are located on the lingual 

surface and have a crown morphology somewhere in between sharpened and blunt (Fig. 

80). The teeth of LACM 10601 are not observed to be especially closely spaced, or 

recurved. There are 22 tooth positions on the dentary. 

Fossil affinities and diagnosis based on morphology 

 I observe that LACM 10601 shares a number of character states with the genus 

Elgaria that are not found within Gerrhonotus. These include a lack of contact between 

the premaxilla and the frontal (character 5 state 0), an absence of a long thin extension at 

the posterior end of the nasal process of the premaxilla (character 7 state 0), basisphenoid 

processes that are not anteriorly extended (character 59 state 0), and a base of the medial 

ascendant process that is connected to the supraoccipital at the level of the anterolateral 

tips of the bone.   

 In addition, LACM 10601 differs from the genera Barisia, Mesaspis, and Abronia 

in possessing the following characters reported to not occur in these forms. These include 

a concave incisive process of the premaxilla (Good, 1987, 11), a ventral suture of the 

ectopterygoid and pterygoid that is ‘u’ shaped (character 23 state 1), an anterior lingual 

coronoid process that projects anterior to the last tooth position on the dentary (character 

73 state 1), lack of a sublabial groove on the dentary (Good, 1987, 87), and prominent 

pterygoid teeth (character 82 state 2).  
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 LACM 10601 was reported to resemble Abronia in having a supralabial groove 

on the maxilla (Norell 1989). Although I agree that there is presence of a groove on the 

posterior portion of the maxilla beneath the jugal, I find that the orientation of this groove 

is slightly different than that illustrated for Abronia in Good (1987). I have recently 

obtained new data on the cranial osteology of Abronia and will examine this character in 

further studies. It was also suggested LACM 10601 resembles Abronia through the 

reduction of the lateral concave surface of the quadrate (Norell 1989); however, I do not 

find that there is a significant difference in the quadrate of LACM 10601 and those of 

examined Elgaria.  

 The morphological evidence that I collected leads me to conclude that LACM 

10601 is most closely related to the genus Elgaria. LACM 10601 possesses no 

unambiguous characters that would unite it with any one species of Elgaria; however, a 

parsimony phylogenetic analysis most closely allies it with species of Elgaria that inhabit 

the Baja California peninsula as well as the mainland endemic species Elgaria kingii 

(chapter 6). 

 Although I cannot yet say with certainty that LACM 10601 represents a new 

species of Elgaria, characters that are found in LACM 10601 and that are not found in 

other species of Elgaria include the presence of a distinct ridge on the maxilla below the 

jugal (possibly found in Abronia (Good, 1987, 18)), contact of the postorbital with the 

supratemporal (also found in Mesaspis (Good, 1987, 45)), presence of a greatly defined 

concavity on the posterodorsal surface of the dorsal coronoid process, and a largely 

expanded ridge running longitudinally within the prefrontal facet of the frontal.  
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Chapter 6. 

Phylogenetic Analysis  

I used a specimen-based analysis to sample all species of Elgaria and three 

species of Gerrhonotus. Ophisaurus was used as an outgroup to Gerrhonotinae. I 

incorporated 86 morphological characters into a parsimony phylogenetic analysis using 

PAUP. I specified a strict consensus of a heuristic search with 1000 random addition 

replicates. I used tree-bisection-reconstruction (TBR) with no reconstruction limit and set 

branches to collapse if maximum branch length is zero. All characters are unordered and 

have equal weight. Starting trees were obtained using stepwise addition and one tree was 

held at each step. This resulted in nine most parsimonious tress of length (TL) 215, 

consistency index (CI) = 0.4140, retention index (RI) = 0.4960, rescaled consistency 

index (RC) = 0.2053, and homoplasy index (HI) = 0.5860.   

 The strict consensus tree resulted in the specimen Gerrhonotus infernalis TMM 

M-7129 being sister to all other specimens in my study. This is similar to the more basal 

position of Gerrhonotus recovered in the analyses of osteological and external 

morphology (Good 1987, 1988a) (Figs. 90 and 91). Other specimens of Gerrhonotus, 

including Gerrhonotus parvus SRSU 5537, Gerrhonotus parvus SRSU 5538, and 

Gerrhonotus lugoi LACM 116254 are nested with dry skeletal specimens of Elgaria 

coerulea TMM M- 8965 and Elgaria multicarinata TMM 8990. This is not consistent 

with molecular data which suggest a sister relationship between Elgaria and other 

gerrhonotine genera (Pyron et al. 2013; Leavitt et al. 2017) (Figs. 93 and 96). I was not 

able to score all characters for Gerrhonotus infernalis TMM M- 7129 due to the obscured 

morphology on the dry skeletal specimen, which may be why it is not also nested with 

other species of Gerrhonotus. Interestingly, the derived placement of Gerrhonotus parvus 

in relation to species of Elgaria is similar to that obtained by Good (1988a) in an analysis 

of external morphology when Gerrhonotus parvus was classified as Elgaria parvus (Fig. 

90).  This suggests to me that the phylogenetic placement of species of Gerrhonotus is 

influenced by the taxa included in the analysis. I plan to incorporate a greater diversity of 

species, sampling a greater number of gerrhonotine genera and increasing the likelihood 
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for a more accurate analysis of phylogenetic relationships. My results do support the 

original classification of Knight and Scudday (1985) and the findings of Conroy et al. 

(2005) that Gerrhonotus parvus is closely allied with other species of Gerrhonotus, 

specifically Gerrhonotus lugoi LACM 116254. 

 In my analysis, the placement of dry skeletal specimens of Elgaria as closely 

related to Gerrhonotus parvus and Gerrhonotus lugoi is likely due to incomplete 

character coding for these specimens. The variability in my ability to observe character 

states on articulated and disarticulated specimens likely affects their phylogenetic 

placement and in a specimen-based analysis, this results in ambiguous placement of 

specimens of the same species. I recently obtained new CT data for species in which I 

previously had only dry skeletal specimens. I will incorporate these specimens and obtain 

complete character coding for them in future analyses.  

 The phylogenetic relationships between species of Elgaria are not well resolved 

in my strict consensus tree. Elgaria cedrosensis is recovered as more closely related to 

species of Gerrhonotus which may be a result of homoplastic morphology. My analysis 

recovers a more basal placement of Elgaria panamintina along with the dry skeletal 

specimen Elgaria multicarinata webbi TMM M- 9005. This is in contrast to both 

molecular and external morphological analyses which yielded a more derived position of 

Elgaria panamintina in relation to other species of Elgaria (Figs. 90 and 93). I interpret 

that the derived placement of Gerrhonotus parvus and Gerrhonotus lugoi are driving this 

placement of Elgaria panamintina towards the base of the tree. I hypothesize that this 

will likely change with the inclusion of a greater sample of gerrhonotine genera. Near the 

middle of my generated tree, there is a large polytomy comprising specimens of Elgaria. 

The specimens in this polytomy include all species of Elgaria endemic to the Baja 

California peninsula as well as specimens of Elgaria kingii and two dry skeletal 

specimens of Elgaria multicarinata (including Elgaria sp. TMM M-8958 which is likely 

also Elgaria multicarinata). The lack of resolution between species of Elgaria endemic 

to Baja California is similar to the relationships recovered in an analysis of external 
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morphology by Good (1988a) (Fig. 90) who recovered a polytomy between Elgaria 

paucicarinata and Elgaria cedrosensis.  

Interestingly, in my analysis Elgaria nana is recovered as more closely related to 

species endemic to the Baja California peninsula which is contrary to the recovered sister 

relationship with Elgaria panamintina in a molecular analysis by Leavitt et al. (2017) 

(Fig. 94). Elgaria nana is, however, found to be more closely related to the dry skeletal 

specimens of Elgaria multicarinata endemic to southern California (see Appendix 1). 

This is especially interesting due to the unusual phylogenetic relationships recovered 

between a northern and southern clade of Elgaria multicarinata (Leavitt et al. 2017) (Fig. 

95). I interpret my analysis as demonstrating that populations of Elgaria multicarinata 

may possess a high amount of variability in cranial osteology. I plan to examine this topic 

in more detail with incorporation of new CT data for this species. For all species in my 

study with CT data, with the exception of Elgaria velazquezi, the specimens of the same 

species are recovered as sister taxa. This demonstrates that there is significant variation in 

the cranial osteology that can be used to distinguish many of the extant species examined 

in my study. In future analyses, I will determine if the variable placement of specimens of 

Elgaria velazquezi is a result of a type of variation or a result of specimen 

misidentification.    

 My plylogenetic analysis confirms that LACM 10601 is more closely related to 

species of Elgaria than it is to species of Gerrhonotus. Based on the absence in LACM 

10601 of derived characteristics of other gerrhonotine genera, I hypothesize that the 

placement of LACM 10601 with other species of Elgaria will not change when more taxa 

are added to the analysis (Good 1987). LACM 10601 is recovered as closely related to a 

few of the species of Elgaria endemic to the Baja California peninsula. The geographic 

location and age of LACM 10601 has the potential to be of great importance in studying 

the paleobiogeography of species of Elgaria (Fig. 97). I performed a second phylogenetic 

analysis to test the placement of the fossil with a constrained tree topology of extant 

species.    



 51 

My parameters in PAUP were set the same as in my first analysis except for in 

this analysis, a constraint tree was used and based on the combined nuclear and 

mitochondrial tree recovered by Leavitt et al. (2017) (Fig. 96). I did not constrain LACM 

10601, Elgaria nana SDNHM 17102, Elgaria nana SDNHM 52886, nor Elgaria sp. 

TMM M-8958. This resulted in nine most parsimonious trees with a tree length of 224, 

(CI) = 0.3616, (HI) = 0.6384, (RI) = 0.4280, and (RC) = 0.1548.  

In a strict consensus analysis, LACM 10601 is placed within a polytomy 

comprising species of Elgaria endemic to the Baja California Peninsula and the mainland 

endemic Elgaria kingii, similar to the placement in the first analysis. Both specimens of 

Elgaria nana as well as Elgaria sp. TMM M-8958 are also placed within the polytomy. 

There is a slight decrease in support with specimens of both Elgaria paucicarinata and 

Elgaria velazquezi not showing a sister relationship to the other specimen of the same 

species. 

 In summation, my phylogenetic analysis demonstrates that cranial osteology of 

species of Elgaria provides weak support for higher-level phylogenetic relationships 

between species. There is, however, substantial support for distinguishing many species 

for which CT data are available. The exception to this is specimens of Elgaria velazquezi 

which do not fall out as sister taxa in the analysis. Further investigation will determine if 

this variable placement of Elgaria velazquezi is a result of a type of variation or a result 

of specimen misidentification. Dry skeletal material scored in the analysis also showed 

variable placement. This is likely due to missing character data as well as discrepancies 

in character states between articulated and disarticulated skeletal specimens. I plan to 

continue to incorporate more specimens of species of Elgaria as well as other species of 

other gerrhonotine genera to sample a greater number of characters and provide a more 

comprehensive analysis. I found in my phylogenetic analysis that LACM 10601 is more 

closely related to species of Elgaria than it is to species of Gerrhonotus. This represents 

the first identification of a fossil of the genus Elgaria through an apomorphy-based 

analysis. Further, analysis with a sample that includes species from all gerrhonotine 

genera will provide additional support for the placement of LACM 10601; however, 
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LACM 10601 does not possess the characters reported to occur within other gerrhonotine 

genera (Good 1987). There is consistent support than LACM 10601 is closely allied with 

species of Elgaria that are endemic to the Baja California peninsula. In future analyses, I 

anticipate that an increase in sample size will allow for more confidence in recovering 

phylogenetically informative characters allowing for more confident placement of LACM 

10601 within Elgaria. In addition, an increase in sample size will greatly expand our 

knowledge of osteological variation for gerrhonotine lizards and potentially 

morphological evolution and diversity within the clade.   

Paleobiogeography 

The origin and early diversification of Gerrhonotinae remains largely unknown. A 

close morphological relationship between Gerrhonotinae and the new world 

Diploglossinae reported by Gauthier (1982) and Gauthier et al. (2012) paints a different 

picture of the early history than does a close relationship of gerrhonotines and the old 

world anguines as reported in molecular analyses (Pyron et al. 2013). Although fossil 

evidence may shed light on the early history of gerrhonotines, many fossils from the late 

Cretaceous and early Cenozoic that were hypothesized to belong to the clade were found 

not to possess diagnostic characters that would allow them to be classified as 

gerrhonotines and it was concluded that there was no strong fossil evidence for 

gerrhonotines prior to the Neogene (Good 1987). The gerrhonotine fossils that Good 

(1988b) did find to possess diagnostic features of Gerrhonotinae were from early 

Pliocene localities in Kansas and Kern County, California. The strong evidence for the 

presence of gerrhonotine fossils in Kansas (Wilson 1968; Holman 1975) suggests that the 

geographic range of gerrhonotine lizards changed quite drastically within the last five or 

so million years. This change in distribution makes it necessary to include a wide range 

of comparative material for fossil identification. More recently, Smith (2009) found 

strong fossil evidence for the presence of Gerrhonotinae in the early Eocene of Wyoming, 

further extending the paleobiogeographic range for gerrhonotines and providing 

important information on the group’s earlier history in the Cenozoic.  
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Certainly, an understanding of the paleobiogeography of gerrhonotines is strongly 

influenced by the phylogenetic relationships within the group. One hypothesis of 

gerrhonotine paleobiogeography was that the northern Mexican plateau was a center of 

dispersal for Gerrhonotinae with an establishment of early gerrhonotines at the beginning 

of the Cenozoic (Tihen 1949). This was in part due to the notion that Abronia and 

Coloptychon represented an early southern dispersal with close affinities to the fossil 

Peltosaurus, and that Gerrhonotus and Elgaria represent more derived gerrhonotines that 

dispersed northwards in the late Oligocene. As new relationships between gerrhonotines 

were proposed, authors speculated on how the phylogenetic relationships can contribute 

to hypotheses about the paleobiogeography (Good 1988a).  

Extant species of the genus Elgaria are distributed from southern British 

Columbia and much of the western U.S. to as far south as the city of Jalisco, Mexico and 

into the Baja California peninsula (Grismer 1988). Until now, there have been no fossils 

assigned to the genus Elgaria that have not implicitly or explicitly used extant 

biogeographic information in their diagnosis. My new assignment of LACM 10601 to the 

genus Elgaria is based on a comprehensive analysis of all species of Elgaria, species of 

Gerrhonotus, and reported evolutionarily derived featured within all other gerrhonotine 

genera with the exception of Coloptychon. With this, I hypothesize that the age and 

location of LACM 10601 can provide vital information for the understanding of 

evolutionary relationships of species within Elgaria.  

  LACM 10601 was collected within the late Neogene Palm Springs Formation in 

Anza Borrego Desert State Park and is constrained using magnetostratigraphy to an age 

of 3.22 to 3.33 Ma (Norell 1989; Lyndon Murray personal communication). This window 

of time has the potential to be of extreme importance for understanding speciation within 

Elgaria (Figs. 96 and 97). In a recent study by Leavitt et al. (2017), molecular data were 

used to estimate the divergence times between species of Elgaria (Fig. 96). Elgaria kingii 

and Elgaria paucicarinata were hypothesized to have diverged around 2.1 to 6.8 Ma and 

the divergence time between Elgaria cedrosensis and Elgaria velazquezi is hypothesized 

to be between 2.9 and 5.3 Ma. Elgaria multicarinata and Elgaria panamintina are 
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thought to have diverged around the same time as well. The divergence of Elgaria 

panamintina from other species of Elgaria (Elgaria multicarinata based on data provided 

by Leavitt et al. (2017), and Elgaria kingii based on Good (1988c)) is likely a result of 

the drying conditions in the southern U. S. during the Pliocene- Pleistocene (Banta 1963). 

Interestingly, at least two introgression events between Elgaria panamintina and the 

southern population of Elgaria multicarinata during the Pleistocene were proposed to 

explain the relationships recovered between Elgaria panamintina and a southern and 

northern clade of Elgaria multicarinata (Leavitt et al. 2017).   

A trans-gulfian vicariance (Murphy 1983) was hypothesized to play a role in the 

divergence of Elgaria kingii and Elgaria paucicarinata (Leavitt et al. 2017). Finding 

different relationships between species of Elgaria, it was also hypothesized by Good 

(1988a) that the rifting of Baja California from the mainland of Mexico around 5 to 6 Ma, 

and the increased tectonic activity of the San Andreas fault as well as the uplift of the 

Sierra Nevada around 7 and 12 Ma played a big role in the diversification of species of 

Elgaria. There are currently five species of Elgaria that inhabit the Baja California 

peninsula. The Baja California peninsula is the second longest and most isolated 

peninsula in the world (Savage 1960). Tectonic activity caused the peninsula, which was 

once connected to the mainland of Mexico, to move northwest at a rate of 300 km over 5 

million years (Grismer 1994). The Gulf of California, which separates Baja California 

from the mainland of Mexico, likely began as an epicontinental sea that formed in the 

middle to late Miocene (Stock and Hodges 1989). In the late Pliocene (about 3 Ma), the 

Gulf of California reached much farther north and was able to partly isolate the Baja 

California peninsula (Grismer 1994). This is close to the time period in which LACM 

10601 was buried. Sedimentary evidence within the Palm Springs Formation indicates 

that LACM 10601 was buried during a time and environment of fluctuating marine 

intrusions (Norell 1989).  

I find it difficult to attempt to piece together the biogeographic history of Elgaria 

with only molecular diversification dates and a single fossil assigned to Elgaria. Even 

though LACM 10601 is temporally well-constrained, there are many possible scenarios 
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that could explain the location of the fossil and its phylogenetic affinities to the endemic 

species on the Baja California peninsula. The hypothesis of a northern dispersal of 

species southward onto the Baja California peninsula suggested in Savage (1960) is likely 

invalid due to a lack of understanding at the time about plate movement. On the other 

hand, a hypothesis proposed by Grismer (1994) explained the biogeography of species of 

Elgaria endemic to the Baja California peninsula entirely through a dispersal of species 

to the peninsula before the rifting of the peninsula from the mainland of Mexico and 

vicariant speciation after the rifting. I hypothesize with the current data available that it is 

possible that a combination of vicariance and northern dispersal gave rise to extant 

species of Elgaria on the Baja California peninsula. This hypothesis, in a sense, is a 

combination of a northern dispersal into the peninsula proposed by Welsh (1988) and the 

southern dispersal due to rifting suggested by Grismer (1994). My model differs from 

others in that I assert that a northern dispersal occurred prior to the Pleistocene, which 

was suggested by Welsh (1988). Molecular data from Leavitt et al. (2017) suggest that 

Elgaria cedrosensis and Elgaria velazquezi are more closely related to the Elgaria 

multicarinata and Elgaria panamintina clade, which differs from the phylogenetic 

relationships used by Grismer (1994) for his synthesis. In my model, a common ancestor 

of all extant species of Elgaria endemic the Baja California peninsula would inhabit the 

regions along the western mainland of North America. The rifting of the Baja California 

peninsula represents the divergence between Elgaria kingii and Elgaria paucicarinata. 

Sometime before this, during the late Miocene (around 8 MA), an ancestor of the Elgaria 

cedrosensis, Elgaria velazquezi, Elgaria multicarinata, and Elgaria panamintina clade 

was present farther north near modern southern California. This ancestral population 

would have dispersed southward on the Baja California peninsula and given rise to the 

extant species Elgaria cedrosensis and Elgaria velazquezi. Based on the phylogenetic 

analysis, I hypothesize that LACM 10601 may be or closely related to this ancestor of 

Elgaria cedrosensis and Elgaria velazquezi.  

Although this is one hypothesis, it may be that Elgaria paucicarinata dispersed 

northwards along the peninsula after the rifting of the peninsula to give rise to other 
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species of Elgaria endemic to the Baja California peninsula and speciation between 

Elgaria cedrosensis and Elgaria velazquezi may be a result of a mid-peninsula seaway as 

suggested by Leavitt et al. (2017). Further statistical biogeographic analysis as well as the 

discovery and accurate identification of fossils will shape future interpretations of the 

biogeographic history of gerrhonotine lizards. Nonetheless, by using an apomorphy-

based analysis of LACM 10601, my study provides vital information towards 

understanding the diversification of species of Elgaria without being circumscribed by 

the use extant distributions of species for fossil identification. The methodology of using 

extant distributions restricts fossil identification to comparisons with species that live 

near the fossil deposit today and does not leave room to uncover surprising and important 

discoveries. A further analysis of LACM 10601 with more species and specimens of 

gerrhonotine lizards will allow me to comment more reliably on the implications of the 

taxonomic assignment of LACM 10601, and possibly allow me to discuss the species-

level resolution of LACM 10601.  
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Appendix 1. Specimens used in the study and their locations 

 

Elgaria cedrosensis SDNHM 27702; Isla de Cedros, Baja California, Mexico 

Elgaria cedrosensis SDNHM 30296; Isla de Cedros, Baja California, Mexico 

Elgaria coerulea TMM M-8977; Mendocino Co., CA 

Elgaria coerulea TMM M-8965; Trinity Co., CA 

Elgaria kingii SDNHM 24252; Mimbres near Water Canyon, NM 

Elgaria kingii SDNHM 27895; 1 mile southwest of J. D. Dam, AZ 

Elgaria multicarinata CJB 1788; Santa Barbara, CA 

Elgaria multicarinata webbi TMM M- 9005; San Diego, CA 

Elgaria multicarinata TMM M-8990; Clastrop Co., Oregon 

Elgaria sp. TMM M- 8958; California 

Elgaria nana SDNHM 17102; Islas de Los Coronados North Island, Mexico  

Elgaria nana SDNHM 52886; Islas de Los Coronados North Island, Mexico 

Elgaria panamintina MVZ 75918; Daisy Canyon, Inyo County, CA 

Elgaria panamintina MVZ 191076; Grapevine Canyon, Inyo County, CA 

Elgaria paucicarinata SDNHM 45100; La Laguna, Sierra de La Laguna, Baja California 

Sur, Mexico 

Elgaria paucicarinata SDNHM 45106; La Laguna, Sierra de La Laguna, Baja California 

Sur, Mexico 

Elgaria velazquezi SDNHM 68677; La Cumbre de San Pedro, Baja California Sur, 

Mexico 



 65 

Elgaria velazquezi SDNHM 68678; 41.5 km NW of Santa Rosalia, Baja California Sur, 

Mexico 

Gerrhonotus lugoi LACM 116254; Coahuila, Mexico 

Gerrhonotus parvus SRSU 5537; Paratype, Nuevo Leon, Mexico 1 km S Galeana 

Gerrhonotus parvus SRSU 5538; Holotype, Nuevo Leon, Mexico, 3 km SE Galeana 

Gerrhonotus infernalis TMM M-7129; Travis County, TX 

Ophisaurus apodus TMM M-9002 

Ophisauris ventralis TMM M-8585 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 66 

Appendix 2. CT parameters and specifications 

 

Elgaria cedrosensis SDNHM 27702; Scanned on 29 March 2016 with the NSI 

scanner at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 144.0 

mm, source to detector 1316.774 mm, continuous CT scan, 2 frames averaged, 0 skip 

frames, 2070 projections, 6 gain calibrations, 5 mm calibration phantom, data range [-

10.0, 300.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen reoriented prior to reconstruction. Voxel size = 11.8 μm. Total slices = 1954. 

Elgaria cedrosensis SDNHM 30296; Scanned on 28 March 2016 with the NSI 

scanner at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 142.0 

mm, source to detector 1316.744 mm, continuous CT scan, 3 frames averaged, 0 skip 

frames, 1500 projections, 6 gain calibrations, 5 mm calibration phantom, data range [-

10.0, 350.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen reoriented prior to reconstruction. Voxel size = 11.3 μm. Total slices = 1930. 

Elgaria kingii SDNHM 24252; Scanned on 28 March 2016 with the NSI scanner 

at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, Perkin Elmer 

detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 155.0 mm, source to 

detector 1316.774 mm, continuous CT scan, 2 frames averaged, 0 skip frames, 2010 

projections, 6 gain calibrations, 5 mm calibration phantom, data range [-10.0, 225.0] 

(grayscales adjusted from NSI defaults, beam-hardening correction = 0.0. Specimen 

reoriented prior to reconstruction. Voxel size = 14.3 μm. Total slices = 1948. 

Elgaria kingii SDNHM 27895; Scanned on 30 March 2016 with the NSI scanner 

at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, Perkin Elmer 
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detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 149.0 mm, source to 

detector 1316.774 mm, continuous CT scan, 2 frames averaged, 0 skip frames, 2034 

projections, 6 gain calibrations, 5 mm calibration phantom, data range [-10.0, 250.0] 

(grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. Specimen 

reoriented prior to reconstruction. Voxel size = 12.9 μm. Total slices = 1922. 

Elgaria nana SDNHM 17102; Scanned on 21 March 2016 with the NSI scanner 

at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, Perkin Elmer 

detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 160.0 mm, source to 

detector 1316.841 mm, continuous CT scan, 2 frames averaged, 0 skip frames, 2250 

projections, 6 gain calibrations, 5 mm calibration phantom, data range [-10.0, 250.0] 

(grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. Specimen 

reoriented prior to reconstruction. Voxel size = 15.4 μm. Total slices = 1938. 

Elgaria nana SDNHM 52886; Scanned on 21 March 2016 with the NSI scanner 

at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, Perkin Elmer 

detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 160.0 mm, source to 

detector 1316.841 mm, continuous CT scan, 2 frames averaged, 0 skip frames, 2250 

projections, 6 gain calibrations, 5 mm calibration phantom, data range [-10.0, 250.0] 

(grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. Specimen 

reoriented prior to reconstruction. Voxel size = 15.4 μm. Total slices = 1927. 

Elgaria panamintina MVZ 75918; Scanned on 16 September 2015 with the NSI 

scanner at the UTCT lab.  Feinfocus source, high power, 150 kV, 0.2 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps (499.893 ms integration time), no binning, no 

flip, source to object 172 mm, source to detector 1316.726 mm, continuous CT scan, no 

frames averaged, 0 skip frames, 2250 projections, 6 gain calibrations, 5 mm calibration 
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phantom, data range [-10, 200] (grayscale range adjusted from NSI defaults). Voxel size 

= 0.0181 mm. Total slices = 1774. 

Elgaria panamintina MVZ 191076; Scanned on 16 September 2015 with the NSI 

scanner at the UTCT lab.  Feinfocus source, high power, 150 kV, 0.2 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps (499.893 ms integration time), no binning, no 

flip, source to object 165 mm, source to detector 1316.726 mm, continuous CT scan, no 

frames averaged, 0 skip frames, 2020 projections, 6 gain calibrations, 5 mm calibration 

phantom, data range [-10, 200] (grayscale range adjusted from NSI defaults), beam-

hardening correction = 0. Voxel size = 0.0181 mm. Total slices = 1771. 

Elgaria paucicarinata SDNHM 45100; Scanned on 21 March 2016 with the NSI 

scanner at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 155.0 

mm, source to detector 1316.841 mm, continuous CT scan, 2 frames averaged, 0 skip 

frames, 1860 projections, 6 gain calibrations, 5 mm calibration phantom, data range [-

10.0, 250.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen reoriented prior to reconstruction. Voxel size = 14.3 μm. Total slices = 1938. 

Elgaria paucicarinata SDNHM 45106; Scanned on 23 March 2016 with the NSI 

scanner at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 150.82 

mm, source to detector 1316.774 mm, continuous CT scan, 2 frames averaged, 0 skip 

frames, 2400 projections, 6 gain calibrations, 5 mm calibration phantom, data range [-

10.0, 250.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen reoriented prior to reconstruction. Voxel size = 13.3 μm. Total slices = 1989. 

Elgaria velazquezi SDNHM 68677; Scanned on 21 March 2016 with the NSI 

scanner at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, 
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Perkin Elmer detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 172.0 

mm, source to detector 1316.841 mm, continuous CT scan, 2 frames averaged, 0 skip 

frames, 1800 projections, 6 gain calibrations, 5 mm calibration phantom, data range [-

10.0, 180.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen reoriented prior to reconstruction. Voxel size = 18.1 μm. Total slices = 1967. 

Elgaria velazquezi SDNHM 68678; Scanned on 25 March 2016 with the NSI 

scanner at the UTCT lab. Fein Focus High Power source, 150 kV, 0.2 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 163.0 

mm, source to detector 1316.774 mm, continuous CT scan, 2 frames averaged, 0 skip 

frames, 1590 projections, 6 gain calibrations, 5 mm calibration phantom, data range [-

10.0, 250.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen reoriented prior to reconstruction. Voxel size = 16.1 μm. Total slices = 1957. 

Gerrhonotus lugoi LACM 116254; Scanned on 25 March 2016 with the NSI 

scanner at the UTCT lab. Fein Focus High Power source, 150 kV, 0.11 mA, no filter, 

Perkin Elmer detector, 0.25 pF gain, 2 fps, 1x1 binning, no flip, source to object 144.2 

mm, source to detector 1316.772 mm, continuous CT scan, 2 frames averaged, 0 skip 

frames, 2069 projections, 6 gain calibrations, 5 mm calibration phantom, data range 

[10.0, 390.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Voxel size = 11.8 μm. Total slices = 1989. 

Gerrhonotus parvus SRSU 5537; Scanned on 16 June 2016 with the NSI scanner 

at the UTCT lab. Fein Focus High Power source, 120 kV, 0.17 mA, no filter, Perkin 

Elmer detector, 0.25 pF gain, 1 fps, 1x1 binning, no flip, source to object 134.0 mm, 

source to detector 1316.772 mm, continuous CT scan, no frames averaged, 0 skip frames, 

1800 projections, 7 gain calibrations, 0.762 mm calibration phantom, data range [-15.0, 
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400.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen repositioned prior to reconstruction. Voxel size = 9.62 μm. Total slices = 1777. 

Gerrhonotus parvus SRSU 5538; Scanned on 10 June 2016 with the NSI scanner 

at the UTCT lab. Fein Focus High Power source, 120 kV, 0.17 mA, no filter, Perkin 

Elmer detector, 0.25 pF gain, 1 fps, 1x1 binning, no flip, source to object 134.0 mm, 

source to detector 1316.772 mm, continuous CT scan, no frames averaged, 0 skip frames, 

1800 projections, 7 gain calibrations, 0.762 mm calibration phantom, data range [-15.0, 

400.0] (grayscales adjusted from NSI defaults), beam-hardening correction = 0.0. 

Specimen repositioned prior to reconstruction. Voxel size = 9.61 μm. Total slices = 1410. 

LACM 10601; Scanned on 24 February 2016 with the NSI scanner at the UTCT  

Lab. Fein Focus High Power source, 100 kV, 0.24 mA, no filter, Perkin Elmer detector, 

0.25 pF gain, 1 fps, 1x1 binning, no flip, source to object 166.0 mm, source to detector 

1316.771 mm, continuous CT scan, 3 frames averaged, 0 skip frames, 1950 projections, 7 

gain calibrations, 5 mm calibration phantom, data range [-10.0, 130.0] (grayscales 

adjusted from NSI defaults), beam-hardening correction = 0.2. Voxel size = 16.8 μm. 

Total slices = 1883. 
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Appendix 3. Character matrix 

 

Dimensions: number of taxa=25 number of characters=86; 

Format datatype=standard symbols="0123" missing=? matchchar=.; 

Matrix 

Elgaria_panamintina_191076           

001200010110001000221011100122100001000101011010110100101100101011010210

10110110121000 

Elgaria_panamintina_75918            

000100010110001000221011100002100201010101011000110100101100101011020210

10000110101000 

Elgaria_kingii_27895                 

021001010110001120001011100122110001001101011000000100111100000010010210

10000111121000 

Elgaria_kingii_24252                 

121001010101001130001011100121110201011100110001000100111100000010020210

10000211021000 

Elgaria_paucicarinata_45106          

011201010111001121001011100122100201010101011101110100110000000010021210

10010110121000 

Elgaria_paucicarinata_45100          

011201010110001121001011100122100001010100010001110100110100100010020210

10000110121000 
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Elgaria_cedrosensis_30296            

001200010100001010101011101212110001010101011000010100111000100010010210

10000120111000 

Elgaria_cedrosensis_27702            

001100010100001010001011101212110001010101010001010100111000100010010210

10000110111000 

Elgaria_velazquezi_68677             

000201010111001011001011100212100101010100011100010100111000200110020210

10110110121000 

Elgaria_velazquezi_68678             

001201010111001010001011100102110001000101011001010100111000000110010210

10000221121000 

Elgaria_nana_52886                   

001101010111001111001011100112110101000101011001010100111000100011010210

10000110121000 

Elgaria_nana_17102                   

001101010111001120001011100102110101000101011001010100111100101001010210

10000110021000 

Gerrhonotus_parvus_5538              

001210110100100000221011110020000000100001010101010100101011110010100210

1?001110111000 

Gerrhonotus_parvus_5537              

0102001?01001?0?????10?1?101200000001000010101011?0100102011?100101002101

?0001201?1000 
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Gerrhonotus_lugoi_116254             

121110101100001010011011100212100000001010111001010100110110100010100211

11000210021000 

Elgaria_multicarinata_1788           

0012?10??110001??02210?11001221???0?00?????????1?1010??1100020001?0?0210??

000110121000 

Elgaria_multicarinata_webbi_M-9005 

00?1?1?101110?1?102?101?100102100201000?010110??1?0100100?00?0101?0???101?

000110121000 

Elgaria_multicarinata_M-8990       

02?2?1010?00?01?0011101??00101100001000??0??????0?0100100?1?21001?????101?

000221111000 

Elgaria_sp._M-8958                 

0112?10??101001??11110?11000021???0?01??0??????1?1010??1110010000?0?02101?

110110121000 

Elgaria_coerulea_M-8977            

????????????????????10????0???????0?00?????????1??010??????????11?0?0210??0001

1011??00 

Elgaria_coerulea_M-8965            

00?201?10?00001?0?22101??10?1?100201001??1??????0?0100111?1?11?01?????101?0

0011??11000 

Gerrhonotus_infernalis_M-7129     

1??????0111??0??10??101?10000?10020100???10101??0?01001100001??11?0???101?0

00112211000 
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Gerrhonotinae_fossil_10601           

0012010101100?1?101110111002221?120101??????????0?0100111000?00???0??21010

?0?1???2??00 

Ophisaurus_apodus_M-9002          

001201010100???10022111??0000?10010?0001001101??0?000001000020111?03??101

?000002320000 

Ophisaurus_ventralis_M-8585        

?????????110?????02?11?1?1020?1???0?10?????????0?1000?????0020??????0210????1

11??2??00 
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Figure 1. Premaxilla of Elgaria kingii SDNHM 24252 from an anterior view. Illustrates 
characters 1(1), 2(2), and 4(0). Scale bar = 2 mm. 

Figure 2. Premaxilla of Elgaria nana SDNHM 52886 from an  
anterior view. Illustrates characters 3(1) and 4(1). Scale bar = 2 mm.  
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Figure 3. Premaxilla of Elgaria panamintina MVZ 191076 from an anterior view. 
Illustrates characters 2(0), 4(2), and 6(0). Scale bar = 2 mm.  

Figure 4. Premaxilla of Elgaria paucicarinata SDNHM 45100 from an 
anteriodorsal view. Illustrates characters 1(0), 2(1), 3(1), 4(2), 6(1), and 7(0). 
Scale bar = 2 mm. 
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Figure 6. Maxilla of Elgaria panamintina MVZ 75918 from a lateral view with  
anterior left. Illustrates characters 10(1), 12(0), and 11(1). Scale bar = 3 mm. 

Figure 5. Maxilla of Elgaria cedrosensis SDNHM 30296 from a lateral view 
with anterior left. Illustrates characters 11(0) and 12(0). Scale bar = 3 mm. 
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Figure 7. Maxilla of Elgaria velazquezi SDNHM 68677 from a lateral view with 
anterior right. Illustrates characters 11(1) and 12(1). Scale bar = 3 mm. 

Figure 8. Premaxilla (Px), Maxillae (Mx), and Nasals (N) of Gerrhonotus lugoi LACM 
116254 from a dorsal view with anterior left. Illustrates character 39(1). Scale bar = 4 
mm. 
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Figure 9. Maxillae (Mx), and Nasals (N) of Gerrhonotus lugoi LACM 116254 from a 
dorsal view with anterior left. Illustrates characters 40(0) and 41(1). Scale bar = 4 mm. 

Figure 10. Premaxilla (Px), Maxillae (Mx), and Nasals (N) of Elgaria panamintina 
MVZ 191076 from a dorsal view with anterior left. Illustrates character 39(0). Scale 
bar = 4 mm. 
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Figure 11. Maxillae (Mx) and Nasals (N) of Elgaria panamintina MVZ 191076 from 
a dorsal view with anterior left. Illustrates characters 39(0) and 40(1). Scale bar = 4 
mm. 

Figure 12. Vomers of Elgaria kingii SDNHM 27895 from a ventral view with anterior 
up. Illustartes characters 14(0) and 16(1). Scale bar = 3 mm. 



 

�81

Figure 13. Vomers of Elgaria panamintina MVZ 191076 from a ventral view with 
anterior up. Illustrates character 16(0). Scale bar = 3 mm. 

Figure 14. Vomers of Elgaria panamintina MVZ 75918 (A) and Gerrhonotus parvus 
SRSU 5538 (B) from a posterior view. Illustrates characters 13(0), 13(1), 15(0), and 
15(1). Scale bar = 2 mm for A and 1 mm for B. 
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Figure 15. Maxillae (Mx), Prefontals (Prf), Palatines (Pa), and Jugals (J) of Elgaria 
cedrosensis SDNHM 30196 from a dorsal view with anterior up. Illustrates characters 
17(1) and 19(1). Scale bar = 4 mm. 

Figure 16. Maxillae (mx), Prefrontals (Prf), Palatines (Pa), and Jugals (J) of Elgaria 
panamintina MVZ 75918 from a dorsal view with anterior up. Illustrates characters 
17(), 18(0), and 19(2). Scale bar = 4 mm. 
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Figure 17. Frontal (Fr) and Palatines of Elgaria panamintina MVZ 191076 from an 
anterior view. Illustrates characters 49(1) and 53(0). Scale bar = 2 mm. 

Figure 18. Maxillae (Mx), Prefrontals (Prf), Palatines (Pa), Lacrimals (L), and Jugals (J) 
of Elgaria kingii SDNHM 24252 from a dorsal view with anterior up. Illustrates 
characters 17(3), 20(0), and 21(1). Scale bar = 4 mm. 
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Figure 19. Maxillae (Mx), Prefrontals (Prf), Palatines (Pa), and Jugals (J) of Elgaria 
paucicarinata SDNHM 45106 from a dorsal view with anterior up. Illustrates 
characters 17(2) and 18(1). Scale bar = 4 mm. 

Figure 20. Left ectopterygoid of Elgaria kingii SDNHM 24252 from an anterior view. 
Illustrates character 24(1). Scale bar = 1 mm. 
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Figure 21. Pterygoids (Pt) and Ectopterygoids (Ec) of Elgaria panamintina MVZ 
191076 from a ventral view with anterior up. Illustrates characters 23(1) and 82(2). 
Scale bar = 4 mm. 

Figure 22. Ectopterygoids (Ec) and Pterygoids (Pt) of Elgaria panamintina MVZ 
191076 from a dorsal view with anterior up. Illustrates character 25(1). Scale bar = 4 
mm. 
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Figure 23. Parietal of Elgaria cedrosensis SDNHM 30296 from a posterior view. 
Illustrates characters 27(1), 28(2), and 30(2). Scale bar = 1 mm. 

Figure 24. Parietal of Gerrhonotus parvus SRSU 5538 from a posterior view. 
Illustrates characters 27(0), 28(0), and 30(0). Scale bar = 1 mm. 
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Figure 25. Parietal of Elgaria panamintina MVZ 191076 from a posterior view. 
Illustrates characters 27(0), 28(1), and 30(2). Scale bar = 1 mm. 

Figure 26. Parietal of Gerrhonotus parvus SRSU 5538 from a dorsal view with anterior 
up. Illustrates characters 26(1), 29(2), and 31(0). Scale bar = 2 mm. 
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Figure 27. Parietal of Elgaria cedrosensis SDNHM 30296 from a dorsal view with 
anterior up. Illustrates character 29(1). Scale bar = 2 mm. 

Figure 28. Jugals (j), Postfrontals (Pof), Postorbitals (Po), Parietal (P), and 
Supratemporal (St) of Elgaria kingii SDNHM 24252 from a dorsal view with anterior 
left. Illustrates characters 32(2), 33(0), and 36(1). Scale bar = 5 mm. 
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Figure 29. Jugal (J), Postfrontal (Pof), Postorbital (Po), and Parietal (P) of Elgaria 
kingii SDNHM 24252 in sliced sagittal cross section view with anterior left. 
Illustrates character 32(1). Scale bar = 5 mm. 

Figure 30. Jugal (J), Postfrontal (Pof), Postorbital (Po), and Parietal (P) of Elgaria 
panamintina MVZ 191076 in sliced sagittal cross section view with anterior left. 
Illustrates character 32(0). Scale bar = 5 mm. 
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Figure 31. Jugals (j), Postfrontals (Pof), Postorbitals (Po), Parietal (P), and 
Supratemporal (St) of Gerrhonotus parvus SRSU 5538 from a dorsal view with anterior 
left. Illustrates characters 34(0) and 36(0). Scale bar = 2 mm. 

Figure 32. Right quadrate of Elgaria panamintina MVZ 191076 from a posterior view. 
Illustrates character 37(0). Scale bar = 2 mm. 
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Figure 33. Right quadrate of Gerrohotus parvus SRSU 5538 from a posterior view. 
Illustrates character 37(1). Scale bar = 1 mm. 

Figure 34. Left quadrate of Gerrhonotus parvus SRSU 5538 from a lateral view with 
anterior left. Illustrates character 38(0). Scale bar = 1 mm. 



 

�92

Figure 35. Left quadrate of Elgaria velazquezi SDNHM 68677 from a lateral view with 
anterior left. Illustrates character 38(1). Scale bar = 1 mm. 

Figure 36. Premaxilla (Px), Maxillae (Mx), Prefrontal (Prf), and Frontal (Fr) of 
Gerrhonotus lugoi LACM 116254 from a dorsal view with anterior left. Illustrates 
characters 5(1), 7(1), 8(0), and 9(1). Scale bar = 4 mm. 
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Figure 37. Premaxilla (Px), Maxillae (Mx), Prefrontals (Prf), and Frontal (Fr) of 
Elgaria panamintina MVZ 191076 from a dorsal view with anterior left. Illustrates 
characters 5(0), 8(1), and 9(0). Scale bar = 4 mm. 

Figure 38. Left septomaxilla of Elgaria kingii SDNHM from a lateral view with 
anterior left. Illustrates characters 43(1) and 46(0). Scale bar = 1 mm. 
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Figure 39. Left septomaxilla of Elgaria panamintina MVZ 191076 from a lateral view 
with anterior left. Illustrates characters 43(0), 45(1), and 46(0). Scale bar = 1 mm. 

Figure 40. Septomaxillae of Elgaria panamintina MVZ 191076 from a dorsal 
view with anterior left. Illustrates character 42(1). Scale bar = 1 mm. 
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Figure 41. Left septomaxilla of Gerrhonotus parvus SRSU 5538 from a lateral view 
with anterior left. Illustrates characters 45(0) and 46(0). Scale bar = 1 mm. 

Figure 42. Septomaxillae of Elgaria paucicarinata SDNHM 45100 
from a dorsal view with anterior left. Illustrates character 42(0). 
Scale bar = 1 mm. 
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Figure 43. Septomaxilla of Elgaria panamintina MVZ 191076 
from a ventral view with anterior up. Illustrates character 
47(1). Scale bar = 2 mm. 

Figure 44. Left septomaxilla of Elgaria paucicarinata SDNHM 45100 from a 
lateral view with anterior left. Illustrates character 45(0). Scale bar = 2 mm. 
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Figure 45. Frontal of Elgaria kingii SDNHM 24252 from a dorsal view with 
anterior up. Illustrates characters 48(1), 50(0), and 51(). Scale bar = 4 mm. 

Figure 46. Frontal of Elgaria panamintina MVZ 191076 from a dorsal view with 
anterior up. Illustrates characters 48(0) and 50(1). Scale bar = 4 mm. 
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Figure 47. Frontal (Fr), Maxillae (Mx), and Premaxilla (Px) of Elgaria 
panamintina MVZ 191076 from a dorsal view with anterior up. 
Illustrates character 5(1). Scale bar = 4 mm. 

Figure 48. Maxilla (Mx), Lacrimal (L), and Jugal (J) of Gerrhonotus lugoi 
from an anterolateral view. Illustrates character 55(1). Scale bar = 3 mm. 
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Figure 49. Maxilla (Mx), Lacrimal (L), and Jugal (J) of Elgaria panamintina 
MVZ 191076 from an anterolateral view. Illustrates character 55(1). Scale bar = 3 
mm. 

Figure 50. Left lacrimal of Elgaria panamintina MVZ 191076 from a 
posterior view. Illustrates characters 55(0), 57(1), and 58(1).  Scale bar = 1 
mm. 
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Figure 51. Left lacrimal of Elgaria paucicarinata SDNHM 45100 from a 
posterior view. Illustrates characters 56(1), 57(0), and 58(1). Scale bar = 1 
mm. 

Figure 52. Left lacrimal of Gerrhonotus parvus SRSU 5537 from a 
posterior view. Illustrates character 57(2). Slight deterioration of 
bone causes holes. Scale bar = 1 mm.



 

�101

Figure 53. Sphenoids of Elgaria velazquezi SD
N

H
M

 68677 (A
) and G

errhonotus 
parvus SR

SU
 5538 (B

) from
 an anterior view

. Illustrates characters 62() and 62(1).  
Scale bars = 1 m

m
.

Figure 54. Sphenoids of Elgaria velazquezi SD
N

H
M

 68677 (A
) and G

errhonotus 
parvus SR

SU
 5538 (B

) from
 a lateral view

 w
ith anterior left. Illustrates characters 59(0) 

and 59(1). Paraspenoid process is broken as a result of the threshold param
eters of the 

C
T scan. Scale bar = 1 m

m
. 
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Figure 55. Sphenoid of Gerrhonotus parvus SRSU 5538 from a slightly downwards 
angled lateral view with anterior left. Paraspenoid process is broken as a result of the 
threshold parameters of the CT scan. Illustrates character 60(1). Scale bar = 1 mm 

Figure 56. Sphenoid of Elgaria cedrosensis SDNHM 27702 from a slightly downwards 
angled lateral view with anterior left. Paraspenoid process is broken as a result of the 
threshold parameters of the CT scan. Illustrates character 60(0). Scale bar = 1 mm. 
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Figure 57. Fused braincase of Elgaria panamintina MVZ 75918 from a lateral view 
with anterior left. Paraspenoid process is broken as a result of the threshold parameters 
of the CT scan. Illustrates character 60(1). Scale bar = 2 mm. 

Figure 58. Supraoccipitals of Gerrhonotus lugoi LACM 116254 (A), Elgaria 
panamintina MVZ 191076 (B), and Elgaria paucicarinata SDNHM 45106 (C) from a 
dorsal view with anterior right. Illustrates character 67(0) and 67(1). Scale bars = 2 mm. 
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Figure 59. Supraoccipitals of Gerrhonotus lugoi LACM 116254 (A), Elgaria 
panamintina MVZ 191076 (B), and Elgaria paucicarinata SDNHM 45106 (C) from a 
dorsal view with anterior right. Illustrates characters 66(0) and 66(1). Note: 
Measurements were made in 3 dimensions and may not be precise on a 2 dimensional 
surface. Scale bars = 2 mm. 

Figure 60. Supraoccipitals of Gerrhonotus lugoi LACM 116254 (A), Elgaria panamintina 
MVZ 191076 (B), and Elgaria paucicarinata SDNHM 45106 (C) from a dorsal view with 
anterior right. Illustrates characters 68(0), 68(1), and 68(2). Note: Measurements were made 
in 3 dimensions and may not be precise on a 2 dimensional surface. Scale bars = 2 mm. 
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Figure 61. Supraoccipital of Elgaria panamintina MVZ 191076 from a lateral 
view with anterior left. Illustrates characters 63(1) and 64(0). Scale bar = 2 mm. 

Figure 62. Supraoccipital of Elgaria velazquezi SDNHM 68677 from a lateral view 
with anterior left. Illustrates characters 63(1) and 64(1).  Scale bar = 2 mm. 
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Figure 63. Supraoccipital of Elgaria nana SDNHM 17102 from a dorsal view with 
anterior left. Illustrates character 65(0). Scale bar = 2 mm.

Figure 64. Dentary of Elgaria paucicarinata SDNHM 45106 from a medial view with 
anterior left. Illustrates characters 63(1), 70(2), and 71(1). Scale bar = 2 mm. 
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Figure 65. D
entary (D

), C
oronoid (C

o), Surangular (San), and A
rticular (A

rt) of Elgaria 
kingii SD

N
H

M
 24252 from

 a lateral view
 w

ith anterior left. Illustrates characters 75(0), 
77(0), and 79(1). Scale bar = 5 m

m
. 

Figure 66. D
entary (D

), C
oronoid (C

o), Surangular (San), and A
rticular (A

rt) of Elgaria 
kingii SD

N
H

M
 24252 from

 a lateral view
 w

ith anterior right. Illustrates character 78(2). 
Scale bar = 5 m

m
. 
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Figure 67. D
entary (D

), C
oronoid (C

o), Surangular (San), and A
rticular (A

rt) of 
G

errhonotus lugoi LA
C

M
 116254 from

 a m
edial view

 w
ith anterior left. Illustrates 

characters 72(1), 73(1), and 74(1).  Scale bar = 3 m
m

. 

Figure 68. D
entary (D

), C
oronoid (C

o), Surangular (San), and A
rticular (A

rt) of Elgaria 
velazquezi SD

N
H

M
 68677 from

 a lateral view
 w

ith anterior left. Illustrates character 
75(1). Scale bar = 3 m

m
. 
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Figure 69. D
entary (D

), C
oronoid (C

o), Surangular (San), and A
rticular (A

rt) of 
G

errhonotus parvus SR
SU

 5538 from
 a m

edial view
 w

ith anterior left. Illustrates 
character 72(1). Scale bar = 3 m

m
. 

Figure 70. Splenials of Elgaria panam
intina M

V
Z 191076 (A

) and Elgaria kingii 
SD

N
H

M
 27895 (B

) from
 a m

edial view
 w

ith anterior left. Illustrates characters 80(0), 
80(1), and 81(1).  Scale bars = 4 m

m
. 
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Figure 71. Pterygoids of Elgaria cedrosensis SDNHM 27702 from a ventral view 
with anterior up. Illustrates character 82(1). Scale bar = 2 mm. 

Figure 72. Pterygoids of Elgaria panamintina MVZ 75918 from a ventral 
view with anterior up. Illustrates character 82(0). Scale bar = 2 mm. 
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Figure 73. LA
C

M
 10601 (entire skull) from

 a lateral view
 w

ith anterior left. Scale bar = 15 m
m

.
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Figure 74. M
axilla of LA

C
M

 10601 from
 a lateral view

 w
ith anterior left. 

Scale bar = 3 m
m

. 
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Figure 75. Frontal of LA
C

M
 10601 from

 a lateral view
 w

ith anterior left. 
Scale bar = 3 m

m
. 
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Figure 76. Right quadrate of LACM from a posterior view. Scale bar = 2 mm. 
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Figure 77. Dentary (D) and Coronoid (Co) of LACM 10601 from a medial view with 
anterior right. Scale bar = 5 mm. 
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Figure 78. Left coronoid of LACM 10601 from a posterior view. Scale bar = 2 
mm. 
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Figure 79. D
entary of LA

C
M

 10601 from
 a lateral view

 w
ith anterior left. 

Scale bar = 5 m
m

. 

Figure 80. D
entary of LA

C
M

 10601 from
 a m

edial view
 w

ith anterior right. 
Scale bar = 5 m

m
. 
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Figure 81. Left lacrim
al of LA

C
M

 10601 
from

 a posterior view
. Scale bar = 1 m

m
. 

Figure 82. M
axilla (M

x), Prefrontal (Prf), and Frontal (Fr) of LA
C

M
 

10601 from
 a lateral view

 w
ith anterior left. Scale bar = 5 m

m
. 
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Figure 83. Palatines (Pa), Maxilla (Mx), Prefrontals (Prf), and Jugals 
(J) of LACM 10601 from a dorsal view with anterior up. Scale bar = 
4 mm. 

Figure 84. Parietal (P), Postorbital (Po), and Supratemporal (St) of 
LACM 10601 from a dorsal view with anterior up. Scale bar = 4 mm. 
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Figure 85. Pterygoids of LACM 10601 from a 
ventral view with anterior up. Scale bar = 5 mm. 

Figure 86. Pterygoids of LACM 10601 from a 
dorsal view with anterior up. Scale bar = 5 mm. 
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Figure 87. Labeled skull of Elgaria nana SD
N

H
M

 52886 from
 a lateral 

view
 w

ith anterior left. Scale bar = 15 m
m

. 
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Figure 88. Labeled skull of Elgaria nana SD
N

H
M

 52886 from
 a dorsal view

 w
ith 

anterior left. Scale bar = 15 m
m

. 
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Figure 89. Labeled skull of Elgaria nana SD
N

H
M

 52886 from
 a ventral view

 w
ith 

anterior left. Scale bar = 15 m
m

. 
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Figure 90. Phylogenetic relationships among species of Elgaria 
including Gerrhonotus paruvs hypothesized by Good (1988a) based 
on external morphology.
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Figure 91. Phylogenetic relationships among gerrhonotine genera hypothesized by 
Good (1988a) based on external morphology. 
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Figure 92. Phylogenetic relationships among gerrhonotine genera hypothesized by 
Good (1987) based on cranial osteology.  
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Figure 93. Phylogenetic relationships among gerrhonotines hypothesized by Pyron et al. 
(2013) based on molecular data.  
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Figure 94. Phylogenetic relationships among species of Elgaria and Gerrhonotus 
hypothesized by Leavitt et al. (2017) based on mitochondrial DNA.  
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Figure 95. Phylogenetic relationships among species of Elgaria and Gerrhonotus 
hypothesized by Leavitt et al. (2017) based on combined nuclear data.  
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Figure 96. Chronogram of species of Elgaria adapted from Leavitt et al. 
(2017) and based on nuclear and mitochondrial data. 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Figure 97. Labeled range map of extant species of Elgaria with the 
location of LACM 10601 indicated with a diamond symbol. 
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A
nalysis 1. Strict consensus parsim

ony analysis resulting in nine m
ost 

parsim
onious tress of length (TL) 215, consistency index (C

I) .4140, 
retention index (R

I) .4960, rescaled consistency index (R
C

) .2053, and 
hom

oplasy index (H
I) .5860.  LA

C
M

 10601 is indicated in blue.  
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A
nalysis 2. Strict consensus of the nine m

ost parsim
onious trees from

 analyses 
w

ith a constraint tree for extant taxa w
ith a tree length of 224, (C

I) = .3616, (H
I) 

= .6384, (R
I) = .4280, and (R

C
) = .1548. 
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