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ABSTRACT

ECOLOGY AND DISTRIBUTION OF THE
PANAMINT ALLIGATOR LIZARD
(ELGARIA PANAMINTINA)
by
Catherine M. Yasuda
Master of Science in Biological Science
California State University, Chico
Spring 2015

Panamint alligator lizards (Elgaria panamintina) are a rare lizard species
endemic to Inyo County, California. Little is known about the species and it is thought to
be of conservation concern. Monitoring efforts for rare species requires conservative
marking methods, however most marking methods for herpetofauna are invasive and
potentially harmful. I evaluated a non-invasive method of individual identification using
photographs of Elgaria head lepidosis in the freeware program Interactive Individual
Identification System. Two hundred and thirty nine specimens from four species of
alligator lizards were evaluated with a method accuracy of over 99%. In addition to being
highly accurate, this marking method was low cost, fast, and efficient. I also reviewed the
existing research on E. panamintina and the threats to its survival. Using this information,

viii

I developed a Maximum Entropy species distribution model to determine where the
species may occur on the landscape. While the model exhibited a high likelihood of
statistical overfitting, it successfully predicted the presence of E. panamintina in several
previously undocumented locations. Twenty seven hours of field survey efforts yielded
only one individual indicating that this species is likely rare and difficult to detect.
Further field surveys guided by the species distribution model will likely uncover
additional new populations of this species.
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CHAPTER I

INTRODUCTION

Background
The extinction rate on earth is rapidly approaching a level comparable to the
five prehistoric mass extinctions (Barnosky et al. 2011). Over 12,000 animal species are
currently considered to be threatened or recently extinct by the International Union for
Conservation of Nature (IUCN) Red List. A further 11,000 species are considered data
deficient where not enough research is available to determine the conservation status of
the species (IUCN 2014). Many of these species will be classified as being of
conservation concern when they are fully evaluated. Unfortunately the IUCN Red List
does not confer legal protection to threatened species, it only provides an indication of
what may be lost in the near future if conservation actions are not enacted. Other legal
regulations exist on the international, national, and local scale but there is no
comprehensive database of legally protected wildlife.
While much attention has been given to the global amphibian decline, the
global decline in reptiles is occurring at a similar, if not faster pace (Gibbons et al. 2000).
Of the reptile species evaluated under IUCN Red List criteria, 46.92% are of at least
some conservation concern (IUCN 2014). Perhaps the largest barrier to conserving the
world's herpetofauna is a lack of information. A total of eight hundred and eleven reptile
species are considered to be data deficient by the IUCN Red List (2014), and many
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species have yet to be discovered or described by taxonomists. Many of these will almost
certainly be classified as threatened or endangered upon further research (IUCN 2014).
Global reptile declines have been attributed to six primary causes: global
climate change, unsustainable use, invasive species, habitat degradation/loss,
environmental pollution and disease (Gibbons et al. 2000). Declines are often the result
of multiple factors, but the interactions between these factors are complicated and poorly
known (Didham et al. 2007). This is further complicated by the lack of basic knowledge
about many species of conservation concern. Reptiles in particular pose a unique set of
challenges to study, monitor, and recover as they are often cryptic, have low densities,
and lack predictable activity patterns. These traits make species monitoring difficult and
likely are a factor in the general scarcity of long-term reptile monitoring studies (Gibbons
et al. 2000). In the absence of basic life history and distribution data it is impossible to
accurately measure the risk of extinction for a species or determine what management
actions are needed.
Knowing where a species is found is necessary to direct management efforts.
While this may be accomplished by a review of the literature and museum records,
accurate distribution information often requires extensive on-the-ground survey efforts.
Geographic Information System (GIS) based species distribution models use
environmental data and observation records to provide guidance for focused on-theground surveys (Elith and Leathwick 2009). Surveying species typically requires the
marking of individual animals in order to determine population size, population trends
and individual ecology at a given site. When little is known about the population size,
2

any actions which may cause undue harm or premature death to any individual must be
avoided (Kühl and Burghardt 2013). Unfortunately, many marking methods currently
used for individual identification of reptiles are either known to be harmful, or their
impacts are not adequately studied (American Society of Mammalogists Animal Care and
Use Committee 1998). Despite the risks, animals must be identified and monitored if an
accurate picture of their conservation status is to be acquired. Without a basic
understanding of population parameters and how a species uses the landscape, it is
impossible to determine if the species is at risk of extinction, and if so, what factors pose
the greatest threat.
Individual Identification
Animal biometrics is a rapidly growing field of techniques which allow
researchers to reliably identify individual members of a species based on phenotypic
variation using computer programs (Kühl and Burghardt 2013). While the field is
relatively new, the need to identify individuals is not. Ecological wildlife-focused studies
often require the monitoring of individuals, but for most species individuals do not appear
distinctly unique to the humans studying them and cannot be readily and reliably
identified to the individual based on sight alone. However, that is not to say that it is
impossible to identify individuals based on phenotypic markings. Humans have been
identified by fingerprinting, the measurement of subtle variation in the structure of skin
on fingertips, since the late 1800s (Lee et al. 2001). Subtle variations in coloration or
pattern of other organisms have been used to reliably identify species through a variety of
other early biometric techniques. In 1978 a technique was developed to identify
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individual Bewick's swans (Cygnus columbianus bewickii) using the yellow and black
pattern of the bill (Scott 1978). This study has continued for more than fifty years and has
been used to identify and track nearly 10,000 birds (Wildfowl and Wetlands Trust 2015).
Additional mid-1900 visual individual identification studies involved other well marked
organisms such as the Grevy's zebra (Equus grevyi; Kühl and Burghardt 2013). While
hand identification of individuals using a sketch or photograph have proven generally
reliable, the process can be incredibly time consuming, relies upon the skills of the
researcher, and can be prone to observer error (Kühl and Burghardt 2013). Unfortunately,
these methods typically require the species to have visually distinct markings such as
spots or stripes which excludes a large number of organisms and due to the time involved
in establishing an individual identification protocol, physical marking techniques are
typically favored.
Physical marking techniques have been used for nearly all wildlife ecology
studies. Birds have been individually tracked since 1899 by the use of banding/ringing
where a small aluminum band with a unique identification number is wrapped around the
leg of the bird. While this technique requires the bird to be in-hand for identification to
occur, other studies use color coordinated bands on the legs or neck to facilitate
individual identification from a distance (Marion and Shamis 1977). California condors
(Gymnogyps californianus), are outfitted with a permanently attached patagial wing tag
with a unique identification number (Walters et al. 2010). The use of patagial wing tags
have been used in birds since the 1950s (Marion and Shamis 1977). Mammologists
employ a similar marking method, ear-tagging, where a metal or plastic band with an
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identification number is clipped to the ear of the animal. When ear-tagging is not a
feasible option, toe-clipping, the removal of portions of toes following a numerical
pattern, is commonly utilized (American Society of Mammalogists Animal Care and Use
Committee 1998). Other techniques used for multiple taxonomic groups include the use
of temporary or permanent color dyes and the implantation of various markers that
fluoresce, emit a radio signal, or are visible under the skin (American Society of
Mammalogists Animal Care and Use Committee 1998; Marion and Shamis 1977; Petit et
al. 2012). Herpetologists utilize many similar marking methodologies. Tag attachment,
toe-clipping, and implanted markers are among the most popular marking methods used
in herpetological research. Other techniques such as freeze branding, heat branding,
tattooing, bead attachment, tape, turtle scute carving, ventral scale clipping, and paints
are also regularly used (Plummer and Ferner 2012). Physical marking to identify
organisms is regularly used despite potential risks to the welfare of the individual and
validity of the study.
There is a consensus amongst researchers that marking methods should cause
minimal suffering and have as little impact on behavior and survivorship as possible
(American Society of Mammalogists Animal Care and Use Committee 1998; Marion and
Shamis 1977; Ott and Scott 1999; Plummer and Ferner 2012). However, nearly all
physical marking methods have either been shown to cause a negative impact to the
animals involved or their potential impacts have not been evaluated (American Society of
Mammalogists Animal Care and Use Committee 1998; Bloch and Irschick 2004; Marion
and Shamis 1977; Parris and McCarthy 2001). Common marking methods used in lizards
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such as toe-clipping had significant deleterious impacts on individual survival (Bloch and
Irschick 2004). Additionally, many of these methods have variable success rates as tags
fall off, implants are rejected, and toes/scales/ears are regularly damaged during the
course of an animal's lifespan which may significantly impact data collection and
interpretation (American Society of Mammalogists Animal Care and Use Committee
1998; Marion and Shamis 1977; Ott and Scott 1999). Thus, there is a need for minimally
or non-invasive marking methods that can be used to replace the traditionally used
invasive marking methods.
Animal biometrics often requires little to no physical contact with the study
animal, relying instead on photographs of regions of the body that are individually
unique, present in all members of the population, and are relatively permanent (Kühl and
Burghardt 2013). For many species, unique color patterns are utilized in biometric studies
such as the spots of Serengheti cheetahs (Acinonyx jubatus), whale sharks (Rhincodon
typus), and the stripes of zebras (Equus spp.) and tigers (Panthera tigris; Kranth et al.
2006; Kelly 2001; Lahiri et al. 2011; Speed et al. 2007). However, many species lack
visually distinct color patterns and are generally considered unsuitable for photographic
individual identification. Scars or other physical abnormalities are used to identify several
whale species (Wiirsig and Jefferson 1990). The shape and structure pattern of reptile
scales (lepidosis), has been found to be suitable for use in individual identification.
Sacchi et al. (2010) found that the scales in the pectoral region of two small lizards could
be used to identify individuals. Dunbar et al. (2014) found that sea turtles could be
identified based on head lepidosis with a success rate of 84.6%.
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In this study I investigated if animal biometrics could be used as a viable
alternative to other marking methods for alligator lizards. I focused on regions of the
body that were easily identified, easily photographed and had apparently unique lepidosis
in order to determine if photographic individual identification was comparable in
accuracy, processing time, cost, and ease of use to existing marking methods for
herpetofauna.
Species Distribution Modeling
Management of rare and endangered species minimally requires an
understanding of the distribution of that species on the landscape. Without knowing
where a species is distributed, it is impossible to know what threats it may face or where
critically important habitat patches are located. Manually determining the distribution of
a species requires extensive on-the-ground surveys, and is often cost and time prohibitive
(Elith and Leathwick 2009). Even if it is possible to manually determine the distribution
of a species, it is impossible to predict historic or future distribution of the species.
Through the use of statistical modeling it is possible to model not only present
distribution of a species, but also past and future distributions which can greatly aid
conservation and management efforts (Guisan and Thuiller 2005). Species distribution
models have been used to identify novel populations of rare species, predict the impact of
climate change and invasive species, and determine historic distributions to guide
restoration efforts (Elith and Leathwick 2009).
Species distribution models use environmental variables and observation
or abundance records to predict the distribution of a species on the landscape (Elith and
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Leathwick 2009). There are multiple modelling methods for species distribution models.
While no single modelling method works best for all species, certain models work
particularly well depending on the ecology of the species being studied (Segurado and
Araujo 2004). One of the primary differences between models is the use of
presence/absence data or presence only data. In general, presence/absence data produces
more accurate results, however presence/absence appears to be more important for
accurately modeling generalist species and presence/absence studies are difficult to
conduct for rare or elusive species such as herpetofauna (Brotons et al. 2004). While
many models are sensitive to sample size, a few are able to produce accurate models with
very low sample sizes (Wisz et al. 2008). For rare specialist species with a small sample
size, the presence-only model Maximum Entropy (MaxEnt) produces species distribution
models with high predictive power (Pearson et al. 2007).
MaxEnt has been successfully used to model species distributions for many
species including multiple rare and poorly known reptile species (Pearson et al. 2007). As
E. panamintina is a poorly understood species thought to be a specialist with very few
observation records, I elected to use MaxEnt modeling to generate a species distribution
model. Although many species distribution models are validated statistically, I opted to
additionally use field surveys to evaluate model success in order to attempt to identify
novel populations of E. panamintina.
Study Objectives
Elgaria panaminta is just one of the many reptile species considered to be of
conservation concern but poorly known to science. This study aimed to determine the
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current distribution of E. panamintina while providing land managers with information
necessary for future management of this cryptic and presumably rare species.
The objectives of this study were to: 1. Locate all E. panamintina observation
records, gather these observations into one master list and to share this list with
appropriate land management agencies. 2. Develop an alternate method of individual
identification that is non-invasive and requires minimal handling so as to reduce stress
related to capture. 3. Use gathered observation records to generate a species distribution
model to identify the potential range of E. panamintina. 4. Field validate the species
distribution model to evaluate model accuracy, investigate potentially undiscovered
populations, and determine if suitable habitat remains at historic sites. 5. Determine
potential threats to the survival of the species and identify potential remedies.

Justification of study
In July 2012 the Center for Biological Diversity included E. panamintina on a
petition for listing under the Endangered Species Act (Adkins Giese et al. 2012). This
triggered an immediate need to expand upon the very limited knowledge of this species to
determine if federal listing was warranted. In order to address the most critical research
needs, I consulted with wildlife biologists from three federal agencies (National Parks
Service, Bureau of Land Management and the US Forest Service) who manage lands
where E. panamintina has been found in order to determine what research would best
contribute to the prolonged survival of this species. Their recommendations and research
needs were factored into the design of this study.
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CHAPTER II

LITERATURE REVIEW

Species Distribution
Anguidae is a globally distributed family of three subfamilies including the
subfamily Gerrhotinae which is found exclusively on the American continents.
Gerrhotinae lizards include five genera including Elgaria (Macey et al. 1999). Elgaria
panamintina is one of seven currently recognized members of Elgaria, a genus restricted
to the west coast of North America from British Columbia south to Mexico (Stebbins
2003). They are a range-restricted lizard endemic to the mountain ranges of Inyo County
in southern California, USA (Stebbins 1958). Alligator lizards are distinguished by their
long body with a long tail, short limbs, and a distinct lateral skin fold that runs the length
of the body. Elgaria panamintina is distinguished from other members of Elgaria by the
presence of seven or eight solid dark brown crossbands on a tan base color, solid colored
skin by the jaw, and a pale yellow eye. They are not known to overlap in range with any
other member of Elgaria or other member of Anguidae (Stebbins 2003).
The relationships of species within Elgaria are still debated by taxonomists, in
particular the status of E. panamintina remains unclear (Macey et al. 1999). Multiple
authors agree that E. coerulea, the live-bearing northern-most representative of the genus,
is the oldest split, having been isolated from the other members of the genus over 6.5
Million Years Before Present (MYBP; Macey et al. 1999). Of all the members of
Elgaria, only E. coerulea and E. multicarinata overlap in range, however these two
species inhabit different microhabitats and cannot interbreed. The relationship among E.
10

kingii, a species restricted to the sky mountains of southeastern Arizona, southwestern
New Mexico, and neighboring Mexico, E. panamintina, and E. multicarinata, the most
widely distributed Elgaria found from Washington south to northern Baja California and
east to the Sierra Nevada mountain range, remains unclear. There is no debate that E.
multicarinata and E. kingii are distinct species which separated four to six MYBP due to
the formation of the Gulf of California and the development of the Mojave Desert.
Elgaria panamintina has been proposed to be a distinct species closely related to two
other species of Elgaria. Allozymic data suggests that E. panamintina is sister to E. kingii
(Macey et al. 1999). However, DNA analysis suggests that E. panamintina is sister to E.
multicarinata (Feldman and Spicer 2006). Further complicating the understanding of E.
panamintina’s taxonomic standing is Feldman and Spicer's 2006 study which found that
E. panamintina was nested within E. multicarinata, however the authors of that study
indicated that perhaps E. multicarinata is in-fact multiple species and did not directly say
that E. panamintina was not a valid species. Recent unpublished results indicate that E.
panamintina is a distinct species not a subspecies or subpopulation of E. multicarianata
(Lavin pers. comm. 2015). In accordance with this most recent research, in this thesis I
will treat E. panamintina as a distinct species and not a subpopulation or sub-species.

Life History
Little is known about the ecology of E. panamintina. This species is
thought to be highly dependent upon mesic microhabitats adjacent to small patches of
isolated riparian habitat in desert mountains (Stebbins 1958). Research on metabolic
requirements of the sister taxa, E. multicarinata, found that dietary water was not
11

sufficient for survival and alligator lizards must supplement with environmental water
(Kingsbury 1995). In the arid regions in which E. panamintina is found, water
supplementation would only be readily available in riparian patches which have
permanent free-flowing water.
Temperature conditions in riparian habitats may also limit the distribution of
E. panamintina. Although temperature requirements have not been evaluated for E.
panamintina, other alligator lizards have average body temperatures that are among the
lowest reported for North American lizards. Elgaria multicarinata was found to survive
temperatures as low as -1 to -2C and be active in temperatures as low as 4.9C. While E.
multicarinata could function at low temperatures, temperatures above 41.4C were lethal
(Cunningham 1966). Presumably, E. panamintina has similar thermal constraints even
though they are found in a generally hotter climate. It is unclear if these lizards can
remain active year round or if they must estivate/bruminate during the cold and snowy
winter months. During the hottest months of the year the lizards are thought to switch to a
crepuscular or nocturnal activity pattern as diurnal temperatures often exceed the lethal
temperature limit reported in the literature (Banta 1963). The dense vegetation in riparian
habitat may not only provide shade and refuge from extreme temperatures but also
provide refuge to prey species.
While the diet of E. panamintina is unknown, E. multicarinata has been found
to be a generalist who consumes everything from small invertebrates to small mammals,
lizards, and carrion (Cunningham 1956). Elgaria multicarinata is an active hunter which
pursues prey in and through dense vegetation. Alligator lizards have been found in trees
as high as 20 meters off the ground pursuing prey (Cooper 1990; Cunningham 1955).
12

Alligator lizards have also been reported to readily enter water and consume tadpoles and
other aquatic prey. Additionally, E. multicarinata has been reported to consume
conspecifics on multiple occasions (Cunningham 1956).
As cannibalism has been detected in Elgaria, it could be assumed that
alligator lizards would have low densities to minimize intraspecific interactions which
could result in predation events. Unfortunately, no research investigating the territoriality,
density or home range size of any alligator lizard species has been published. Therefore,
without a reference, it is impossible to estimate the population size or density of E.
panamintina. Assuming that E. panamintina is restricted to riparian habitats, the species
likely is limited to small isolated populations that are unable to access each other to
interbreed.
Little is known about the reproductive behaviors of E. panamintina. Animals
have been observed breeding in captivity mid-May, and a wild female captured in early
May contained developing eggs (Banta 1963; Banta and Leviton 1961; Cunningham
1958). It is unknown at what size or age E. panamintina reaches sexual maturity, nor is it
known how often or when adults breed. Additionally, it is unknown where eggs are
deposited, what the development time is, or if juvenile lizards disperse from their natal
habitat. Overall, understanding of all aspects of the life history of this species remains
poor.

Conservation Status
Due to the geographically restricted range and limited knowledge on life
history, E. panamintina is protected by several state and federal agencies. The California
13

Department of Fish and Wildlife classifies E. panamintina as a State Species of Special
Concern. The species is considered to be a sensitive species by both the US Forest
Service and the Bureau of Land Management. While the species is not currently regulated
by the US Fish and Wildlife Service, it has recently been petitioned for federal listing
under the Endangered Species Act by the Center for Biological Diversity (Adkins Giese
et al. 2012).

Threats to Survival
Elgaria panamintina is one of the more than 7,000 species that are of
conservation concern (Gibbons et al. 2000; IUCN 2014). Gibbons et al. (2000) classified
seven categories of threats that contribute to population declines of reptiles: habitat loss
and degradation, invasive species, environmental pollution, disease and parasites,
unsustainable use, climate change, and other unknown undetected causes. Threats to E.
panamintina proposed in the literature and threats I observed in the field fall into all
seven of these categories.
Habitat Loss and Degradation
Habitat loss is one of the greatest threats to species survival worldwide
(Diamond et al. 1989). Habitat degradation has been shown to negatively impact multiple
species ranging from coral reef ecosystems to tropical forest frogs (Hillers et al. 2008;
Wilson et al. 2010). Mining, grazing, off-road vehicle use, desertification and water
diversion threaten the habitat for E. panamintina (Jennings and Hayes 1994).
Habitat loss and degradation caused by mining is thought to be a significant
threat to E. panamintina (Jennings and Hayes 1994). Historically the area E. panamintina
14

occupies was heavily mined starting in the mid-1800s for a wide variety of minerals
including gold, silver, copper and lead (Knopf 1912). Mining efforts were extensive
throughout the area, and I observed abandoned mines and abundant refuse throughout
most of the region. These mines piped water out of the existing streams and springs,
dammed others, and used large quantities of trees from the fragile forest ecosystem in the
region for construction and other mining activities (Knopf 1912). Mining continues in the
region on private lands which have not been surveyed for E. panamintina. The exact
impacts of mining on E. panamintina remains unstudied, but the resulting habitat
degradation has likely negatively impacted E. panamintina populations.
Grazing by cattle, sheep, and feral livestock causes habitat degradation along
riparian corridors throughout the range of E. panamintina (Jennings and Hayes 1994).
Grazing has occurred throughout the range of E. panamintina since settlers arrived in the
mid-1800s (Hall 1991). Habitat degradation as a result of grazing changes the distribution
and abundance of native vegetation, causes declines in water quality, and destabilizes or
damages streamside soils (Dull 1999; Kauffman and Krueger 1984). Grazing in desert
ecosystems is particular damaging as desert habitats are especially fragile and slow to
recover after damage (Nilsson and Grelsson 1995). Lizard abundances in riparian
ecosystems decline when heavy grazing has occurred (Jones 1981). Degradation of
habitat by cattle in riparian corridors with E. panamintina has been observed (Morafka
2001).
A major cause of habitat degradation throughout the range of E. panamintina
is the use of off highway vehicles (OHVs; Jennings and Hayes 1994). OHVs are known
to eliminate or otherwise damage vegetation which causes declines in reptile populations
15

in desert ecosystems (Busack and Bury 1974; Griggs and Walsh 1981; Vollmer et al.
1977). OHVs cause soil compaction with most damage occurring on wet soils and steep
slopes (Webb 2002). Additionally, OHVs cause destruction of soil stabilizers, increase
erosion, cause noise pollution and allow humans to travel further into pristine habitats
(Lovich and Bainbridge 1999). Damage is worst when it occurs widely over the
landscape instead of on defined roads and trails because each vehicle causes significant
damage (Keshkamat et al. 2012). I observed substantial OHV use on both Bureau of Land
Management and US Forest Service property, however activities were primarily
concentrated on designated dirt roads and OHV trails. I did not observe any illegal OHV
activity in any of the riparian corridors I surveyed. However, illegal OHV use and
damage has been reported in other canyons with E. panamintina (Morafka 2001;
Jennings and Hayes 1994). As damage from a single irresponsible OHV driver could
cause significant damage to riparian habitat, OHV use remains a significant threat to this
species.
Desertification, drought, and water diversion cause habitat degradation to the
riparian corridors which support populations of E. panamintina (Morafka 2001; Stebbins
1958). The current distribution of E. panamintina is thought to be relictual, isolated in
remnant patches of mesic habitat left over from a wetter prehistoric climate (Stebbins
1958). While this area is undergoing natural desertification, ongoing droughts and water
diversion will likely speed up the process. Desertification causes reduced vegetation
complexity which in turn leads to reduced population sizes of fauna adapted to more
mesic habitats (Attum et al. 2006). Water has been diverted from the creeks and streams
in Inyo County for agriculture, wildlife and livestock guzzlers, human use, and mining
16

operations (Elmore et al. 2003; Jennings and Hayes 1994; Knopf 1912; Patchick 2010).
While this region is adapted for short-term drought, excessive water extraction or
prolonged drought causes a shift from native to exotic flora and negatively impacts native
wildlife (Elmore et al. 2003). I observed signs of drought throughout the study area.
Several canyons had reduced water flow as evidenced by recently drought-killed trees
and shrubs near the mouth of canyons. I also observed numerous guzzlers and other water
structures that were diverting water out of springs and streams.
Invasive Species
Invasive species are considered to be one of the greatest threats to global
biodiversity (Gurevitch and Padilla 2004). Elgaria panamintina is currently threatened by
feral livestock, introduced populations of E. multicarinata, and invasive plants such as
Saltcedar (Tamarix ramosissima; Jennings and Hayes 1994; Morafka 2001; Di Tomaso
1998). Feral livestock in the region include feral burros and feral horses (Abella 2008).
These species threaten E. panamintina by overgrazing and otherwise degrading the
habitat (Jennings and Hayes 1994). I did not observe any feral livestock in the vicinity of
riparian habitat, however I did observe feral horses at higher elevations. Elgaria
multicarinata does not naturally overlap in range with E. panamintina, however several
records of E. multicarinata exist from Death Valley National Park. These animals are
thought to have been transplanted with ornamental vegetation from southern California.
The threats that E. multicarinata pose to E. panamintina are unknown (Morafka 2001).
Tamarix ramosissima is an invasive plant species that outcompetes native vegetation and
alters desert riparian ecosystems (Di Tomaso 1998). While T. ramosissima occurs in Inyo

17

County, I did not observe any in the canyons I surveyed. The actual impact of invasive
species on E. panamintina has not been studied, but is potentially significant.
Environmental Pollution
Environmental contaminants are thought to be contributing to global reptile
declines (Gibbons et al. 2000). Mining, OHV use, and general recreation produce
environmental contaminants that may threaten E. panamintina (Jennings and Hayes
1994). Large quantities of slag and other mining waste remain on the landscape
throughout the range of E. panamintina (Knopf 1912). Bioaccumulation of copper and
lead from slag and other mining waste has been shown to occur for centuries after the
initial mining, making mining waste a particularly harmful environmental pollutant (Pyatt
et al. 2000). There are incidental reports of oil and fuel spills from OHVs in riparian
canyons with E. panamintina populations (Morafka 2001). Large quantities of litter is
present in the vicinity of heavily trafficked areas including historic objects (rusted cans,
cars, and other mining refuse), generic household trash, fire-pit remains, and shotgun/rifle
shell casings. I observed notable damage and large quantities of household trash
including items containing environmental contaminants such as bottles of car oil and
other chemicals in several of the easily accessed riparian areas.
Disease and Parasites
Disease poses a significant threat to global herpetofauna. While fungi and
viruses have had devastating impacts on global amphibian diversity, far fewer devastating
diseases are known from reptiles (Gibbons et al. 2000). Snake Fungal Disease is an
emerging disease that is having significant impacts on snakes in the United States
(Sutherland et al. 2014). While this disease has only been reported in snakes, it is poorly
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known and may impact other reptiles including lizards. No major diseases or viruses are
known from wild lizards, however it is probable that they exist but have not yet been
discovered. In E. panamintina, disease may play a role in survival. A small colony of E.
panamintina captured for study succumbed to an unknown disease which was suspected
to be an ocular infection or fungus (Emmerich pers. comm. 2012).
Unsustainable Use
Elgaria panamintina is legally protected from personal or commercial
collection under California state law and all pursuit of this species must be done under a
state issued Scientific Collection Permit. Despite this, illegal take, which includes
intentional pursuit or harassment, occurs regularly for this species (Jennings and Hayes
1994; Morafka 2001). It is unclear how many animals have been illegally collected, but
illegal take is likely a significant threat to this species.
Climate Change
The most likely end fate of this species will be extinction due to the drying of
the seeps and springs as a result of natural or human-assisted desertification (Stebbins
1958). Climate change will pose a threat to this species, however the exact risks and
impacts will be impossible to gauge until further ecological studies of E. panamintina are
completed.
Other Threats
Additional threats that have been reported or observed for E. panamintina
include predation, cannibalism, and vehicle strikes (Jennings and Hayes 1994; Morafka
2001). Predation by species such as raptorial birds, snakes and mammals may threaten
individual animals but likely does not threaten the species as a whole. No non-native
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predators are known for E. panamintina (Jennings and Hayes 1994). Cannibalism has
been reported in the sister taxa, E. multicarinata, and likely occurs in E. panamintina
(Cunningham 1956). Vehicular strikes as a whole pose a minimal risk to the species, but
certain populations are immediately adjacent to frequently traveled paved roadways.
Individuals in these populations have been struck and killed by vehicles, but the overall
impact of the roadway is unknown (Morafka 2001). Entrapment in water control
structures such as guzzlers and water diversion canals regularly occurs when small
animals enter a water structure, are unable to exit and drown (Andrew et al. 2001). While
there are no records of E. panamintina becoming trapped in these structures, none of the
guzzlers (full or dry) or open-topped water diversion structures I observed in the field
contained escape ramps suitable for allowing a trapped animal to escape.
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CHAPTER III

METHODOLOGY

Study Area
This study evaluated the geographic distribution of Elgaria panamintina by
identifying potential suitable habitat in California and Nevada. This lizard is only known
from only a few riparian canyons from 760 to 2070m in the Argus, Inyo, Nelson,
Panamint, and White Mountains in Inyo County, California (Hall 1991). While
comparable habitat within these mountains extends north into Mono County, California
and over the border into Nevada, there have been no vouchered reports of E. panamintina
in these areas. Current landholders in this region include the Bureau of Land
Management, the National Parks Service (Death Valley National Park), the US Forest
Service (Inyo National Forest), the U.S. Navy (Naval Air Weapons Station China Lake),
the city of Los Angeles, and other private landholders.
Elgaria panamintina is found in geologically and ecologically unique
mountains that lie at the junction of the Sierra Nevada mountain range, the Great Basin
desert, and the Mojave Desert. These mountains are oriented in a north-south direction
and are relatively young as defined by sharp ridges and abundant talus and scree patches
(Stebbins 1958). Elevations range from -100m in Death Valley at the base of the
Panamint Mountains to more than 4,300m at the peak of White Mountain (Hall 1991;
Wauer 1964). Temperature ranges from -32C to over 50C throughout the range.
Precipitation totals vary from 10cm near the base of the mountains to 50cm near the
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ridgeline with much falling as snow (Hall 1991). This wide range in elevation,
temperature, and precipitation supports a broad diversity of species and habitats. At the
lowest elevations, from below sea level to near 800m, the habitat consists of
predominantly xerophytic habitat of salt pans and alluvial fans. These areas have little
vegetation, but what is present consists primarily of salt-tolerant plants. Other vegetation
includes several species of shrubs such as honey mesquite (Prosopis juliflora), creosote
(Larrea tridentata), saltbush (Atriplex oblongifolia) and brittlebrush (Encelia farinose;
Wauer 1964). From 800m to near 2000m, the habitat consists of desert scrub habitat.
Predominant vegetation in this region is Joshua trees (Yucca brevifolia), shrubs and
various forbs. The habitat from 2000m to 2900m is Pinyon-Juniper Woodland which is
dominated by Utah juniper (Juniperus osteosperma), Pinyon pine (Pinus monophylla)
and various other transitional shrubs and forbs. From 2900m to 3500m the habitat is
subalpine characterized by limber pine (Pinus flexilis), bristlecone pine (Pinus longaeva),
quaking aspen (Populus tremuloides) and forest-adapted shrubs and forbs. Irregularly
distributed throughout the range from 700m to over 3,000m are isolated patches of
riparian vegetation comprised primarily of cottonwoods (Populus spp.), water birch
(Betula occidentalis), and willows (Salix spp.; Hall 1991).
The riparian habitat in which E. panamintina has been found exists in deep
canyons spread throughout the mountains. This habitat is thought to be relictual remnants
from the Pleistocene (Stebbins 1958). Many of these riparian areas are isolated patches
fed by perennial springs, others are fed through snowmelt and seasonal rains (Patchick
2010; Stebbins 1958). Streams originate around 1350m to 1700m and are usually
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relatively short, drying before or shortly after reaching the mouth of the respective
canyon. Riparian vegetation is dense, confined to the width of the canyon bottom and
often conceals free-flowing cold water (16C) present at most sites (Hall 1991). Adjacent
to riparian vegetation are steep deep talus slopes which may provide additional habitat for
E. panamintina. These canyons are prone to severe weather events and are occasionally
scoured clean by flash flood events (Stebbins 1958).
Flash flood events occur regularly in these mountain ranges (Beaty 1963). As
these mountains are in the rain shadow of the Sierra Nevada mountain range, they receive
regular but moderate winter rain and snowfall when storms pass from west-to-east. Flash
floods typically occur during summer thunderstorm events when large amounts of rain
falls over a short period of time in a small area. For example, Beaty (1963) described an
event in which more than eight inches of rain fell over a two hour period during a
summer monsoonal storm. Evidence of severe flash flood events can be seen in canyons
where roads or entire canyon walls have washed out, depositing large water-polished
boulders near the mouth of canyons (Stebbins 1958). Additionally large deep alluvial
fans at the mouth of canyons imply that regular flood events have occurred throughout
the history of these mountain ranges (Beaty 1963).

Individual Identification
A total of 239 Elgaria specimens from the California Academy of Science's
Herpetology collection were utilized for this study. As there were only five E.
panamintina specimens suitable for sampling, I included additional samples from other
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members of the genus. This included 212 E. multicarinata, 10 E. kingii, and 11 E.
paucarinina. Elgaria coerulea was excluded from this study as this species had a
different scale pattern than the other members of the genus. Other Elgaria species were
excluded as there were no specimens available for use at the time of the study. Preserved
specimens were utilized for this study as it allowed for a large sample size of known
individuals from multiple populations including those that are rare and difficult to find
such as E. panamintina.
Each specimen was photographed multiple times to determine which region of
the body possessed the greatest variation and would be best suited for this study.
Photographs were taken using a Canon D-SLR camera without a copystand in order to
mimic photographic conditions in a field setting. Distance between lens and specimen
varied, however the distance was typically less than one meter due to the requirements of
the lens. Although photographs of all regions of the body were taken (entire dorsal, entire
ventral, head dorsal, head lateral left, head lateral right, and head/pectoral ventral), only
the dorsal head images were utilized. This region of the body displayed visually distinct
variation in scale shape and scale count and was easily photographed. A random subset of
61 individuals were photographed a second time to test the database's accuracy.
Specimens were physically picked up and replaced after a minute had passed in order to
simulate a second capture.
All 239 photographs were inserted into an Interactive Individual Identification
System (I3S; Classic Version 4.0) reference database. I3S is a partially automated pattern
recognition program that allows for comparison between photographs of individuals (Van
Tienhoven et al. 2007). In lieu of marking the center of spots as is recommended for I3S, I
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focused on scale intersections on the generally patternless dorsal head of Elgaria
specimens.
Photographs were entered into the database by opening the image in I3S and
first marking three standardized reference points that allow images taken at different
distances to be compared. For this study I selected the middle of the rostral scale and the
intersection between the fourth and fifth scales from the center of the first complete row
of scales behind the interoccipital scale as the three reference points (Fig. 1). These were
selected as they encompassed the majority of the head and were easily recognized in all
images as is recommended by the developers of I3S (Van Tienhoven et al. 2007).

Figure 1. Designated reference points (left) and lepidosis elements (right) on a
representative Elgaria specimen.
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Once the reference points are marked, the program then directs the user to
select up to 30 elements which represent distinct spots or patterns on the animal. As there
is no distinct color pattern on the head of most Elgaria, I focused on five easily
recognized scales that appeared to show a wide range of variation in lepidosis: Frontal,
Interparietal, Left Occipital, Interoccipital and Right Occipital (Fig. 1). I marked the
approximate center of each of the scale intersects surrounding these five scales as
elements in I3S (Fig 1). Once all scale intersects were marked, the photograph was
inserted and stored in the database. For each specimen the time it took to process and the
number of elements marked was recorded.
After all specimens were entered once into the database I tested the accuracy
of the database using the 61 reserved test images. These images were processed using the
same methodology as the original images. The number of elements, time to process, the
algorithm determined rank and score (total difference between elements) of the original
image, and the score of the highest ranked image were recorded. While each image would
typically be added to the database, I opted to not save the test images to the database as
they were processed in order to avoid bias that would arise with a growing sample size.
Once all test images had been individually processed and compared, I then
added the group of test images into the database for further analysis. I used the two
database evaluation tools built into I3S to evaluate accuracy. The simple evaluation tool
evaluates how well multiple images of an individual match by comparing all of the
fingerprint images individually against the database. The elaborate evaluation tool
evaluates how well the database functions in a realistic scenario. This tool divides the
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database into two sets of fingerprint files: reference and test. The test set is then
compared to the reference set to determine how often the image is paired correctly with
the correct individual, or is ranked in the top two, three, five, 10 or 20 most similar
individuals in the database. In this instance I used the highest available iteration count
(1000) as having a higher iteration count will average out random effects caused by I3S's
algorithm (Van Tienhoven et al. 2007).

Occurrence Data
In order to generate the most accurate model possible, data was pulled from a
variety of sources to gather the largest possible dataset of E. panamintina observations. In
addition to observation records already reported in the literature, I collected records from
a variety of state, federal, non-profit and private sources. Data was pulled from museum
records using HerpNet. Although not all museums have their collection database
available online, the observations acquired through HerpNet likely represent the majority
of museum specimens in existence for this species. Observational records reported to
state and federal agencies were included in this study. Additional observations made by
the general public were included in this study. Several citizen science species observation
databases were queried including HERP, iNaturalist, and Project Noah. Records from
these sources were only included if they included a photographic voucher. Lastly,
additional incidental observations were gathered by contacting individuals who had
posted photographs of the species online, or had worked with the species in the past.
Several of the gathered observations were discarded as they were clear misidentifications
or there was other reason to believe the reported location was inaccurate.
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Species Distribution Model
Observations
Twenty-five geospatially unique observation points were used for training the
model and eight additional geospatially unique observation points were reserved to test
the model. Observation records that had identical coordinates were excluded from this
study. Many of the obtained observation records were not utilized for the model as they
lacked either a physical or photographic voucher to verify that the animal observed was
E. panamintina.
Environmental variables
As there is no research about the ecological requirements of this species,
environmental layers were chosen based on previous studies examining species
distribution in reptiles (Pearson et al. 2007). In total, twenty-four environmental variables
were selected for this model. WorldClim's Bioclim dataset (v. 1.4; Hijmans et al. 2005) is
a commonly used set of abiotic variables used for species distribution modeling. The data
used for this study was collected from 1950-2000 at a resolution of 30 arc-seconds
(1km2). All 19 Bioclim layers and one additional WorldClim layer were included in this
study: Annual mean temperature (BIO1), mean diurnal temperature range (BIO2),
isothermality (mean diurnal temperature range/annual temperature range; BIO3),
temperature seasonality (BIO4), maximum temperature of warmest month (BIO5),
minimum temperature of coldest month (BIO6), annual temperature range (BIO7), mean
temperature of wettest quarter (BIO8), mean temperature of driest quarter (BIO9), mean
temperature of warmest quarter (BIO10), mean temperature of coldest quarter (BIO11),
annual precipitation (BIO12), precipitation of wettest month (BIO13), precipitation of
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driest month (BIO14), precipitation seasonality (BIO15), precipitation of wettest quarter
(BIO16), precipitation of driest quarter (BIO17), precipitation of warmest quarter
(BIO18), precipitation of coldest quarter (BIO19) and Altitude (ALT). I then modified
the ALT layer in ArcMap 10.1 (ESRI, Redlands, CA) using the Spatial Analyst tool to
generate four additional layers: Slope (SLP), Aspect (ASP), Water Flow Direction
(WFD), and Water Flow Accumulation (WFA).
Modelling procedure
ArcGIS version 10.0 was used to format observation and environmental
variable data to generate a MaxEnt model (version 3.3.3k). The model was run over the
entire known range of E. panamintina and all adjacent counties in California and Nevada.
In total, six counties from California (Fresno, Kern, Inyo, Mono, San Bernardino, and
Tulare) and four counties from Nevada (Clark, Esmeralda, Mineral and Nye) were used
for the study. Settings were left as default except I used the hinge, linear and quadratic
features as recommended by Phillips et al. (2008).
Statistical analysis
Maxent generates three different statistical methods to evaluate the model’s
predictive power: Receiver Operating Curves (ROC), percent permutation importance,
and jackknife tests.
The ROC graph examines the predictive power of the model to determine how
much it varies from random. This is accomplished by calculating the Area Under the
Curve (AUC). AUC is a plot of the probability that the model when given two points, one
presence point and one absence point, is able to accurately classify them. The AUC is
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then compared for the data used to train the model and the data reserved to test the data.
A perfectly accurate model will yield an AUC value of one, however variables such as
using presence-only points and wide-ranging species causes the maximum possible AUC
to be slightly lower than one (Phillips et al. 2006).
The second method of evaluating the model is to examine the permutation
importance of the environmental variables used in the creation of the model. Permutation
importance demonstrates how much the removal of each variable impacts the overall
AUC of the model. Permutation importance is calculated using the completed model to
determine which variables have the greatest influence. This is calculated by altering the
variables of training points and recording how this influences the training AUC. Large
decreases in the AUC indicate that the measured environmental variable greatly
influences the model.
The last statistical analysis used is a jackknife test. The jackknife test
generates multiple versions of the species distribution model with minor variations. The
first variations is the exclusion of individual variables, such that multiple models are
constructed with each excluding one of the variables and models are generated for each
of the variables with only that variable used in model construction. Lastly, the test
generates a model that includes all of the environmental variables for comparison
purposes. These models are then compared based on the influence on the training of the
model (training gain), the testing of the model (test gain), and the AUC of the model to
determine which environmental variables have the greatest influence on the model.
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Field Validation
In ArcMap I clipped the model output to the Inyo National Forest system
boundaries as this is the area I had permits to survey. I then isolated pixels that had 80%
or higher probability of finding E. panamintina. Using the “create random points” tool in
ArcMap, I selected 30 high probability (>80%) sites and 30 low probability (<20%) sites.
Each survey site consisted of one 30m x 30m square that was within two miles of a road.
The decision to select sites adjacent to roadways was made due to time constraints and
because these sites are more likely to be impacted by human activity than remote sites.
Once sites were selected, they were visited during early-mid morning so long as the
temperature was above 15C but not higher than 32C. Surveys consisted of walking within
the boundaries of the site and looking for lizards and suitable habitat. Surveys were not
time-constrained, however I did not leave any site until I was confident that the entire
area had been searched. All surveys were conducted under a California Department of
Fish and Wildlife Scientific Collection Permit.

Additional Field Surveys
After visiting several field validation sites it appeared that the model was not
accurately identifying the riparian habitat the species has always been associated with.
The methodology was then changed to attempt to maximize the likelihood of detection
and make survey efforts more efficient. All riparian habitat within the White/Inyo
Mountains was identified using satellite imagery at the 500-1000 foot scale in Google
Maps (2014). Each discrete patch of habitat was designated as a site. Sampling occurred
at sites that were within two miles of a roadway. Site surveys were conducted in a similar
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manner to the methods used to field validate the species distribution model, however the
model was not used in the determination of sites. Sites were driven or walked to and then
surveys were conducted of as much habitat as possible until temperatures rose too high or
the habitat became too dense to navigate. Care was taken to avoid damaging habitat in the
survey area. Two sites which contain the majority of known observations were visited at
least three times in an attempt to determine detection probability. At each site I recorded
the time spent surveying, the general condition of the habitat, and any potential threats to
the species in the vicinity of the site. If E. panamintina was observed, I recorded the
exact coordinates, the time observed, the behavior of animal at time of observation, and
the environmental conditions at time of observation. Animals were not captured due to
restrictions by the US Forest Service on survey efforts for this study. Observations of E.
panamintina were reported to all necessary federal and state agencies.
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CHAPTER IV

RESULTS

Individual Identification
It took from 35 to 108 seconds to process each of the original 239 specimens
and between 44 and 88 seconds to process each of the 61 test images. The average time to
process a photograph was 63.39 seconds. When factoring in the time it took to
photograph, download, and sort images, it took between two and five minutes to process
any individual photograph and processing time decreased as more observations were
added to the database.
All individuals possessed each of the five scales used for this study, however
the shapes and sizes of these scales varied. The element count (number of scale
intersections) varied from 23 to 30 for each individual. The average element count for the
original 239 specimens was 26.87 with most having 27 elements. A total of 40.98% of
the 61 specimens used to test the model had an element count that varied from the
original image. Four had a higher element count in the test study and 21 had a lower
element count. The difference in elements was one for 17 specimens, two for seven
specimens and one specimen had a difference of five elements. Upon further examination
of this last image, CAS89675, several scale intersections were overlooked on the test
image due to poor image quality. If this were to be rectified, the difference in element
count would be reduced to one (Fig. 2). Most of the remaining differences were the result
of marking the intersection between the Interparietal and Frontal or Interoccipital scales
as either one or two points in the different images.
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Figure 2. Test image of CAS89675 with red indicating elements marked in I3S and blue
indicating the scale intersections that were overlooked.
I3S successfully ranked the original image as the number one match for each
of the 61 test images despite the mismatch in element counts for many of the images. The
average score of the top ranked image, which in every case was the correctly matched
image, was 1.16 (range 0.55 to 2.46). The image that ranked second for each individual
had a score between 1.29 and 3.53, and an average of 2.01. The average difference
between the top ranking image and the second ranked image was 0.85.
The overall accuracy of the model decreased slightly when the test images
were added to the database. Of the 122 intra-individual images evaluated with I3S's
simple evaluation tool, 118 (96.72%) correctly identified the individual by ranking the
matching image in first place. Two of the remaining images had their matching images in
second place, and one had its match ranked third. In total, 99.18% of the images had their
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match ranked in the top three positions. The remaining image, CAS29580, was correctly
matched when the test image was run through the database, but when the original image
was run through the database the correct match ranked 122 out of the 302 images in the
database with a score of 12.21. The primary cause of misalignment was different
placement of the rear right reference point on each image which caused the algorithm to
generate different scores (Fig. 3).
The elaborate evaluation had similar results when analyzed at 1000 iterations
using the single reference image. The original 239 images were used for the reference set
and the 61 other images were used for the test set. The majority of the iterations (96.74%)
were matched with the correct image (rank one), 98.75% were ranked two or better, and
99.19% were ranked three or better. The results did not reach 100% by the twentieth rank
due to the errors involved with image CAS29580.

Figure 3. CAS29580’s original (left) and test (right) I3S point cloud output.
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Occurrence Data
Over 100 records of E. panamintina were accumulated, however many did not
have a physical or photographic voucher or did not have exact GPS coordinates for the
observation. Thirteen records came specifically from field herpers who pursued and/or
collected the animals in violation of state law. Fourteen records were records of live
individuals obtained since 2013 indicating an increase in survey efforts for this species by
hobbyists and scientists in recent years. An additional dataset of 98 records, which likely
contains some duplicates, but also many otherwise unreported observations collected
during an intensive study of E. panamintina have since been lost along with all other
results from that study (Emmerich pers. comm. 2012). Several of the records I acquired
have not been reported in the literature and represent new populations, however in the
interest of protecting populations from the threat of poaching or disturbance they will not
be listed here. Parties interested in acquiring this list may contact the author of this thesis.

Species Distribution Model
According to the initial model the amount of suitable habitat includes
primarily Inyo County, with suitable habitat confined to canyon bottoms throughout the
range (Fig. 4). The model was able to predict the distribution better than random with an
AUC value of 0.995 for the training data and 0.996 for the test data. The receiver
operating curve (ROC) shows the predictive power of the model by plotting the true
positive rate (sensitivity) against the false positive rate (1-specificity; Fig. 5). The black
line represents the results if the model was random, the red line is the result of the
training data, and the blue line represents the test data. Of these three lines the blue line is
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particularly important as it evaluates the predictive power of the model. When this line
peaks in the far left as it does here, it indicates that the model performs significantly
better than random. Of the 24 environmental variables used to build the model, 11 had
some permutation influence on the model and only four variables had an influence of
more than ten percent. Precipitation of the wettest quarter (BIO16)’s permutation
importance was 32.7, mean temperature of the coldest quarter (BIO11) was 27.9,
precipitation of the warmest quarter (BIO18) was 20.9, precipitation seasonality (BIO15)
was 10.7, mean temperature of the wettest quarter (BIO8) was 2.9, altitude (ALT) was
2.3, water flow accumulation (WFA) was 1.5, aspect was 0.4, mean diurnal temperature
range was 0.4, slope was 0.1, water flow direction was 0.1 and all other variables had a
permutation importance of zero. Precipitation-related variables, when combined,
influenced the majority of the model (64.3%), however many precipitation variables had
no influence on the model's behavior. Average winter temperature (BIO11, BIO8) had an
influence of 30.8%, while all other seasonal temperature related variables had no
influence on the model. Mean diurnal temperature range had a miniscule influence on the
model (0.4%). All terrain-related variables (ALT, ASP, SLP, WFA, and WFD) had some
influence on the model, but combined the influence was low (4.4%).
The jackknife tests imply similar influences by the environmental variables.
Winter precipitation (BIO19) had the highest gain in training the model when used by
itself which indicates that it has the greatest influence on the model’s performance.
However none of the variables, including winter precipitation, had a very high influence
on model performance (Fig. 6). Flow acceleration was the only variable that when
removed from training the model caused a visible decline in the model performance.
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Figure 4. Maxent model for E. panamintina with areas of high probability marked in
black and areas of low probability marked in white.
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Figure 5. Species distribution model Receiver Operating Curve (ROC).

When the jackknife analysis was run using the test data, the mean temperature
of the wettest quarter (BIO8) had the greatest influence on the model, however several
other variables had nearly equal influence on the model (Fig. 7). Flow acceleration was
the only variable which when removed caused a visible decline in model performance for
the test data.
The jackknife analysis of AUC shows that no single variable when removed
had a detrimental impact on model performance (Fig. 8). Flow acceleration when used by
itself had the best performing model and the mean temperature of the wettest quarter
(BIO8) had the second highest performance when used by itself. Isothermality (BIO3)
had exceptionally poor performance when used as the only variable. Aspect and water
flow direction also had low model performance when they were used exclusively to run
the model.
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Figure 6. Jackknife Test results for species distribution model training data.
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Figure 7. Jackknife Test results for species distribution model test data.
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Figure 8. Jackknife Test results for species distribution model AUC data.

Field Validation
Seven random sample sites were visited. Only one of the high probability sites
was in the immediate vicinity of riparian habitat but there was no seemingly suitable
habitat within the site's boundaries. All of the other sites were either in permanently dry
washes that only receive water during flash flood events, or were on the adjacent steep
canyon walls and were inaccessible for surveying. Several of these sites had no
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vegetation or other potential cover objects within the boundaries of the site and no
herpetofauna were detected within the boundaries of any of the sample sites. After
noticing the low success rates in the first set of randomly selected sites, I evaluated all of
the remaining sites using aerial imagery to determine if the other sites were equally
unsuitable. All of the randomly selected high-priority sites identified by the model fell on
habitat that on aerial photos looked completely unsuitable for E. panamintina. These sites
were primarily in dry washes with little vegetation or on hillsides in sagebrush habitat. As
a result, the field validation of the model was stopped and the survey methodology was
changed as the intent of the survey efforts were to simultaneously evaluate the model
accuracy while finding, surveying and evaluating suitable habitat in a quick and efficient
manner. Locating individuals and evaluating the status of historically significant habitat
was considered to be of greater importance than fully evaluating the model accuracy
given the limited resources available to survey a very large study area.

Additional Field Surveys
Two hundred and seventeen riparian patches were identified on Inyo National
Forest land in the Inyo/White Mountains. Six of these sites were intensively surveyed for
E. panamintina on the west slope of the Inyo/White Mountains. A little over 27 hours
were spent surveying for E. panamintina over ten days in the months of July and August,
2014.
Only one individual was observed during the course of the study (Fig. 11).
This individual was found at a site with many historic and recent E. panamintina
observations. The animal was basking in a thicket of dead willow branches
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approximately three to five meters above the ground in the immediate vicinity of flowing
water. The sky was clear and the surrounding soil was damp due to heavy rainfall that fell
the previous day. No other alligator lizards were observed during the study.

Figure 9. E. panamintina observed on July 29 2014 basking on dead willow branches.

Other herpetofauna observed during surveys included Great Basin whiptails
(Aspidoscelis tigris tigris), spiny lizards (Sceloporus spp.), Great Basin collared lizards
(Crotaphytus bicinctores) and a dead on road rattlesnake (Crotalus spp.). Red-tailed
hawks (Buteo jamaicensis) and peregrine falcons (Falco peregrinus) were the only
predatory birds observed during the study. No predatory mammals were observed during
the study, however a herd of bighorn sheep (Ovis canadensis) were observed foraging on
riparian vegetation exposed by a road cut in the vicinity of the observed E. panamintina.
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CHAPTER V

DISCUSSION

Individual Identification
As there is no knowledge of the abundance or conservation status of E.
panamintina, I wanted to utilize an individual identification method that would have
minimal risk to the health and welfare of any lizards I captured. All of the standard
marking methods for reptiles have costs associated with them whether the costs are
financial, time, welfare or accuracy related. This compelled me to investigate novel
individual identification methods that would be low cost, have minimal risk to the health
of the animal, be quick and easy to use, and most importantly be at least as accurate as
traditional marking methods. The method of individual identification described here
meets all four criteria- it is low cost, non-invasive, fast and accurate.
As I3S is a freeware program, the only financial costs associated with this
method are the investment costs of acquiring a computer and a digital camera. While I
utilized a D-SLR camera for this study, I was able to use images that were blurry or
otherwise of low quality so long as the intersection between scales were visible. This
indicates that low-cost point-and-shoot cameras or camera phones could be used for this
method. One major flaw of this method is the need for a computer in the field if
identifications are to be made on the spot. However, many laptops can tolerate field
conditions, and solar chargers allow for use in even the most remote areas. While I3S is
not currently compatible with most tablets or smartphones, there is great potential for this
technology if and when it becomes available in an app format.
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As this method is completely non-invasive, that is, nothing is inserted into
or removed from the animal, there should be minimal stress involved with this marking
method. While handling herpetofauna is known to cause stress and influence natural
behavior patterns, handling times should be minimized with this method (Rodda et al.
1988). Additionally, animals may not necessarily have to be captured in order for this
technique to be used. While gathering observations for the species distribution model
portion of my thesis I noticed that several photo-verified observations were suitable for
use in this study. Further, when I asked field herpers to photograph the top of the head of
alligator lizards they encountered in the field, they were able to acquire suitable images
without capturing the animal.
This technique is relatively fast. Although many researchers do not report the
average time it took to mark and identify individuals in their studies, a few numbers have
been reported in the literature. Ott and Scott (1999) report that they were able to toe-clip
4000 salamanders in an eight hour period, which translates to a little over eight minutes
per animal. They report that PIT-tagging takes longer, but did not indicate how long it
would take to process an animal using that technique. Based on their numbers, this
method is comparable in speed.
With an accuracy rating of greater than 99%, this technique is as or more
accurate than other traditional marking methods. There are several things that could be
adjusted to further improve the accuracy of this method. Although using the intersect of
the fourth and fifth scale in the row of scales behind the interoccipital worked
successfully for this study, in many individuals this intersect proved difficult to reliably
identify. This problem was particularly apparent with CAS29580, where two different
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scale intersections were utilized as reference points which caused the images to be
mismatched. By establishing a stricter protocol of how to address abnormal lepidosis,
most sources of inaccuracy of this method would be reduced or eliminated.
Assuming a strict protocol of how to process images is put into place, this
technique can make use of the growing field of citizen science for species that do not
require special permitting such as E. multicarinata and E. coerulea. Citizen scientists
have been used to process and digitize extremely large datasets that would otherwise be
impossible to convert (Hill et al. 2012). The use of citizen scientists could be used to
convert existing photograph databases for use in I3S. Additionally, citizen scientists could
be used to gather data and photograph individuals. Photographic observations made by
citizen scientists have been successfully utilized to identify and monitor global whale
shark populations using I3S (Davies et al. 2012). Field herpers can be utilized as a skilled
free resource to not only survey for reptiles, but also gather images of individuals for use
in I3S databases for non-protected species.
This technique seems promising as a potential replacement for traditional
invasive marking methods for reptiles. It is comparable in speed to traditional marking
methods, it is lower in cost than many marking methods, it is non-invasive, and it is easy
to use. Most importantly, it is at least as accurate as other methods reported in the
literature. So long as care is taken when selecting landscape markers, this method should
be highly accurate for not only Elgaria but other species. Preliminary analysis of other
reptiles indicates that this technique will likely work for many other species, however
formal analysis has not yet been conducted. While this study investigated specimens
frozen in time, lepidosis has been found to scale with size for other species and
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photographic identification has worked for other reptiles over multiple years (Sacchi et
al. 2010). Although this method proved highly successful for Elgaria in a controlled
setting, it will be important to conduct further tests with live individuals over multiple
field seasons before this technique can be used exclusively in lieu of traditional marking
methods.

Occurrence Data
I accumulated many previously unreported observations of E. panamintina,
including observations from several areas that have not been reported in the literature.
This included several unverified observations from the state of Nevada and an
observation with a photographic voucher from the eastern slope of the Sierra Nevada
mountain range. While no observations were reported from Mono County, the
Inyo/White Mountains extend continuously from Inyo County north through Mono
County and terminate in Nevada. As several observations were from Nevada it is likely
that E. panamintina is present but so far undetected in Mono County. Further surveys are
needed to determine if populations occur in these regions, and if new populations are
found, the species distribution model should be updated to reflect a better estimate of
species distribution. Unfortunately many of the observations I gathered lacked either
specific GPS coordinates or a photographic or physical voucher which made them
unsuitable for the species distribution model. Despite this, these observations indicate
that the species is likely more widely distributed than previously thought.
Many of the observations I gathered were acquired from field herpers or the
general public in violation of state law. Many of the legally acquired observations came
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from the general public who were not directly looking for E. panamintina and did not
capture or pursue the lizard. However, of the observations I gathered, 14% were either
illegally collected animals, illegally pursued animals, or were reported to state agencies
as collected for the pet trade. Several of those who openly admitted to illegally pursuing
E. panamintina stated that they had kept them as pets in the past or knew others who had
them in captivity. Further, they reported that published locations for the E. panamintina
that were easily accessible by foot or by car were known to be heavily poached or
illegally pursued amongst the field herping community. For this reason I decided to not
include a list of the locations I gathered as several potential new populations are in the
vicinity of roadways and may be at risk of extirpation due to excessive collection if those
locations were published.

Species Distribution Model
Statistically, the species distribution model appears to perform much better
than random, but it is statistically overfitted with highly correlated variables. While the
AUC was much higher than random for the model, an inflated AUC of near one generally
indicates model overfitting (Radosavljevic and Anderson 2014). Similarly, the general
uniform lack of influence on model performance when any one variable was removed
from model design indicates that the variables were highly correlated with one another.
However, statistical overfitting and correlation may not necessarily mean that the model
does not work, instead it indicates that caution must be used when interpreting model
output. Maxent has been used to successfully predict the distribution of other range
restricted reptiles with similar patterns of overfitting when used for current distribution
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predictions (Pearson et al. 2007). While the output of the model may be biased due to
overfitting, it can still guide survey efforts of potentially suitable habitat.
While the environmental variables used for the species distribution model
were at a potentially oversized spatial scale for narrow canyon bottoms and were
correlated with one another, they still provide some indication as to what variables most
influence the distribution of E. panamintina and can be used to guide future research
questions. Environmental variables related to precipitation and winter temperature had
the greatest influence on the model. Winter temperature is directly tied to precipitation as
it determines if winter precipitation falls as rain or snow. Snowmelt is thought to be a
primary source for perennial streams in the area (Hall 1991). This supports assumptions
reported in the literature for E. panamintina suggesting that water is the most significant
variable influencing current and future distribution (Stebbins 1958). Correlation between
the environmental variables is also likely unavoidable if the species is actually dependent
upon snowpack as a variety of temperature and precipitation variables must interact to
generate snow in these mountains.

Field Survey Efforts
All historic observations of E. panamintina have been associated with
permanent riparian vegetation. As such, when my field validation placed me in seemingly
unsuitable desert scrub habitat, I changed my survey efforts. While I visited sites that
seemed suitable for E. panamintina based on the literature and previously reported
populations, I still only observed a single animal. Despite multiple search efforts, I was
unable to detect animals at one of the best known sites for this species which is easy to
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survey in its entirety posing a concern that this population may be extirpated. However,
extirpation is not the only possible reason for the lack of detections at this site, it is
possible that the species is abundant but difficult to detect. Other researchers have
reported that this species is exceedingly difficult to detect and requires many hours of
search effort per animal (Clause pers. comm. 2014; Emmerich pers. comm. 2012). This
does not appear to be a new phenomenon as Stebbins reported that the species was
difficult to detect when he described the species in 1958. However, as no one has
published exact survey efforts and survey methods have varied, it is impossible to
determine if the species is becoming more difficult to detect on the landscape due to a
declining or small overall population or if the species is simply difficult to find.
When animals are not found in seemingly highly suitable habitat, it poses
several questions. First, is the habitat actually highly suitable or are animals utilizing
different habitats than previously reported but they just have not been detected? Second,
if that habitat is indeed highly suitable why were so few animals observed? Is the
population critically low, or is the animal simply capable of evading detection perhaps as
the result of improper survey methodology? Visually searching has proven to be the most
successful method of surveying for E. panamintina, however thick vegetation and cryptic
coloration of E. panamintina would allow lizards to easily avoid detection (Clause pers.
comm. 2014; Emmerich pers. comm. 2012).
As E. panamintina is thought by some researchers to be less active during the
months I surveyed, success would potentially be higher if future surveys were conducted
earlier in the year when habitat conditions may be more favorable for surface activity.
However year-round surveys should still be conducted to determine if activity patterns
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vary by season. As funding for intensive year round survey efforts is unlikely, survey
efforts should be concentrated during the spring months when snowmelt supports a short
annual wildflower bloom. This is supported by a vouchered observation I received from
April 2014. This record is of at least one, but likely two, adult lizards that were found at a
site that the model predicted to have a high probability of occurrence but which would
typically be considered unsuitable for the species due to a lack of permanent riparian
vegetation in that canyon and adjacent canyons. This observation may indicate that the
model is more accurately predicting the distribution of the species than indicated by my
field validation survey. The habitat of this observation is comparable to the habitat of the
field validation sites that I deemed unsuitable when I visited in mid-summer. This
suggests that E. panamintina may not only actively utilize habitat that has traditionally
seemed unsuitable but that the species may use different habitats at different times of the
year. Perhaps the species is restricted to permanent riparian vegetation during the heat of
the summer, but is able to utilize more of the landscape during more favorable conditions
earlier in the year. If this is the case, the individual populations may not be as isolated as
originally thought. Further surveys of the high probability habitat identified by the
species distribution model is warranted.

Conclusion
A thorough literature review revealed that much remains to be discovered
about not only E. panamintina, but Elgaria as a whole. Little to nothing is known about
virtually all aspects of the life history and ecology of the genus. Unfortunately the results
of an intensive study investigating many aspects of the life history and ecology of E.
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panamintina was lost with only a preliminary report still available (Morafka 2001;
Emmerich pers. comm. 2012). However, the preliminary results of that study indicate that
many of the questions about E. panamintina can be answered if adequate resources are
dedicated to this species. Unfortunately it is unlikely that enough funding and official
personnel will be available to conduct all the research that needs to be done.
One possible solution to a lack of funding and manpower is to utilize
citizen scientists who are qualified to work with this species. Field herpers are a set of
highly skilled, highly motivated individuals who could be very useful in surveying for
this species, many of whom are trained wildlife biologists aware of the importance of
maintaining confidentiality with rare species. However, any use of citizen scientists for
volunteer survey work must be done with extreme prejudice and caution to avoid
poaching of E. panamintina. As it is illegal to pursue E. panamintina without a permit,
the use of citizen scientists will inevitably be limited. However, these individuals could
serve as a valuable, underutilized resource for studying this species especially if
permitting procedures are modified to allow for the utilization of qualified volunteers in
survey efforts.
Overall both the species distribution model and the individual
identification technique were successful but both would benefit from additional data. The
species distribution model as it currently exists should only guide future survey efforts
and should not be used for conservation purposes due to the high probability of statistical
overfitting and lack of knowledge about ecological requirements of the species.
Additional surveys of Mono County, Nevada, and the eastern slope of the Sierra Nevada
range may yield additional undescribed populations of the species. These records if found
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and fed into the species distribution model will improve accuracy, reduce overfitting, and
better guide survey efforts in the northern part of the probable range of E. panamintina.
Data about the ecology and life history of E. panamintina could help determine which
environmental variables are most important to the species and allow for fine-tuning of the
model which would further reduce overfitting. Specifically, the genetic relatedness of
neighboring populations and dependence on water should be evaluated.
The individual identification technique could not be tested on live E.
panamintina because only one individual was observed during the course of the study.
However, the technique appears promising for short term studies of any member of the
genus. I am currently researching if this method works on several other endangered or
threatened herpetofauna using images from multiple years. This research, while not a part
of my thesis, will hopefully answer questions about the accuracy of this method in a field
setting over multiple years. Potentially this will allow photographic individual
identification to be utilized as the sole identification method for E. panamintina and other
herpetofauna in the future.
The listing of E. panamintina under the Endangered Species Act should be
delayed until further research can be conducted. Currently, other researchers are
investigating the genetics and home range size of this species, information which will
allow for a better understanding of the status of the species. Overall the species is likely
at risk of extinction, however it is unclear if this is entirely a result of natural causes or if
human activities are impacting the species. Further, it is unclear if recovery will be
possible as the desertification of the area is expected to continue and will likely be
accelerated due to climate change regardless of any conservation or restoration actions.
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While federal listing may provide additional protection to the populations on private
lands, the majority of the estimated range is on public lands where the species is already
fairly well protected by state and federal regulations. However, if the species is
confirmed as being present in Nevada, additional protections will need to be put in place
to ensure that California individuals are not smuggled over into Nevada where it is
currently legal to commercially collect this species. Federal listing would also potentially
make the species more desirable to collectors in the pet trade, a factor that must be
considered when the species is found in an area where poaching can easily occur
undetected.
There are some things that can be done in the short-term to better protect
the species including the alteration of guzzlers and open-topped water diversion
structures to include escape ramps that extend to the bottom of the structure. This
relatively low cost modification will not only protect E. panamintina, but numerous other
small animals found in the area including mammals, birds, and other herpetofauna.
Reduction of water withdrawals from springs and streams, limitation on OHV use, and
regular monitoring are long-term activities that should be investigated for the benefit of
not only E. panamintina but other species that are dependent upon the relictual riparian
habitat of the area.
Overall it is imperative that scientists, land managers, and enthusiastic citizen
scientists begin to collaborate and work in partnership to monitor and study the world's
rarest species. Working in secrecy apart from one another not only slows progress which
hinders the ability to understand and save these species but it also increases the risk that
important data is lost to science as occurred with Morafka’s data or research is done in a
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manner that may not prove beneficial to species management and survival. It is my hope
that future research on E. panamintina is done in an open collaborative fashion that
allows for rapid assessment, monitoring, and management of this species.
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