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Abstract
Recently, scientists have predicted that many leetat populations are at a high risk for
extinction. Extinction hypotheses for lizards asséd upon the concept that
thermoregulatory behavior by lizards may be comstichdue to decreased activity
periods as caused by warmer air temperatures. fEondi@e risks of extinction or
extirpation, a series of population-specific pr@sssmust be understood including the
ability to adjust physiology (incl, acclimation aadclimatization), to migrate to new
locations, to adjust activity, or evolve new thelimalogies. Chuckwalla populations in
the Mojave and Sonoran Deserts are likely to bmfpextinction threats due to warming,
but thermal models and recent research suggestd¢t@herms may not be constrained
by activity time, yet may face the largest thrdatother factors caused by the predicted

climate change.
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Introduction
Recent literature addresses threats posed by elioh@nge upon populations of
ectothermic animals, specifically lizards (Deutstlal., 2008, Huey et al. 2009, Sinervo
et al. 2010, Huey et al. 2010, Kingsolver et alLl20 Predictions are that this kind of
threat can stem from warming interacting with theregulatory behavior in ways that
would reduce the amount of time for activity to aicg food, mates, etc (Huey et al.
2009). These predictions are generally based updg-temperature-specific
physiological processes (Huey and Stevenson 1968y ldnd Slatkin 1976, Sinervo et al.
2010, Huey et al. 2010). For example, Sinervo .g28l10) predicted that lizard species
would have a high probability of extinction, whémy are forced into a smaller number
of hours at which it is possible for the lizardsattain optimal body temperatures (Huey

et al. 2010).

Sinervo’s approach has been to state a hypothedisubsequently collect data “to prove”
the hypothesis (Sinervo et al 2010). A more appav@iscientific approach would be to
state alternative or null hypotheses and colleta da those hypotheses (Popper 1959).
For example, instead of hypothesizing that lizavduations will go extinct, one could
hypothesize how lizard populations might evadenexiton. These could serve as
alternative hypotheses to a hypothesis predictzagd extinction. Example alternative
hypotheses may include: (a) individuals’ abilityadjust their “acceptable (or optimal)
body temperaturelp) range” in different thermal environments. Thypbthesis posits

that physiology might be flexible in the face ofadlging thermal environments. (b)

Individuals could change their activity to timesifgl or seasonally) to thermoregulate



normally to optimal body temperatures, but at défé times of the day or year. (c)
Populations could move to a new location where ales are similar to those in which
the individuals evolved. This would mitigate clirmathanges as individuals move to new
climates that are similar to their native climates., populations might move to higher
elevations to avoid warmer temperatures). (d) RPapmrs could evolve to become well
suited to new environmental conditions under cleratange. In light of this alternative
approach, this paper will focus on the role plaggdhermoregulation on activity
patterns of lizard individuals and populations fdum the Mojave and Sonoran Deserts
of western North America. For some temperate eetatlpopulations, the degree to
which climate warming will affect populations depleron options for behavioral and

physiological compensation (Forister 2010, Kingsolet al. 2013).

Here, we will specifically address the first twoeahative hypotheses regarding

flexibility in thermoregulation, and the effect thfermoregulation on activity patterns of a
species of lizard found in the Mojave and Sonorasddts. We focused on two
populations of the herbivorous common chuckwedai{omalus ater) located at high

and low elevations to encompass the considerafiezaelces in thermal environments
afforded by elevation. The lower population is kechat Amboy Crater, San Bernardino
County, California (~240m), and the higher elevai®found at the southern end of the
Granite Mountains, San Bernardino County, Califar@1000m). These populations

were studied in the cool spring season, and ilnthesummer season.



Approach
The approach in this thesis is to present the lings$ by Sinervo et al. (2010) in relation

to alternative hypotheses, and to collect dataoomesof the alternative hypotheses.

Extinction hypothesis (Snervo et al. 2010): lizard extinctions will occur due to an
improper match between physiology and thermal emvirents reducing the activity time
available to lizards to attain adequate fitnesshis hypothesis, Sinervo et al. assume

that physiology is inflexible).

Alternate Hypothesis 1. Individuals may adjust their preferred body tenapere; thus,
physiology may be flexible. Seasonal adjustmergreferred body temperatures for
some lizard species has been widely reported (ttmriand Tracy 1983, Christian et al.
1999, Christian et al. 2006). What is less cergaethe affects of seasonal climactic
changes and body temperature on physiological pa#doce of lizards in relation to body
temperature and the environments associated wogethody temperatures. Considering
a temperate ectotherm example, we hypothesize&tinatkwalla lizards can
physiologically adjust to perform in different ld@dimates and different seasons to
provide a capacity of these lizards to be physichlty flexible in ways that would allow
them adjust as the climate shifts. To evaluateghtential, we assessed preferred body
temperatures of Chuckwalla populations found ay déferent elevations at the coolest
time of lizard activity, and at the warmest timdinérd activity. We placed lizards in a
laboratory thermal gradient in which lizards hae #bility to select a body position that

yielded their desired thermal preference (DeWigZ, Porter et al. 1973). We also



measured body temperatures of lizards in the field temperature-sensitive-data-
loggers and tracking-transmitters for extendedaquisriof time throughout the entire
activity season. Body temperatures of lizards enfteld were compared with operative
temperatures recorded from numerous copper mogelsative temperature models
placed at both elevations. Additionally, locomotperformance in relation to body
temperature was measured in a sprint-track at wiaalhds were coerced to reach
maximum speeds (Huey and Hertz 1982). Sprint pexdoice was repeated in each
season for lizards at each elevation. Lastly, gapmperature (the point at which a
lizard exhibited distress due to heat) was assdssdidards at each elevation early and
late in the activity season. At hand then is thigomathat physiological flexibility of
chuckwallas to acclimate to thermal environmentdifferent seasons or elevations could
indicate potential thermal flexibility that coule advantageous for population

persistence in the face of climate change.

Alternate Hypothesis 2: Individuals might behaviorally change their attfitimes (daily
or seasonally) to mitigate climate change; thubak®r might be flexible.

To determine physiological activity, we observedrthoregulatory behavior for both
high and low elevation populations in spring anchswer seasons. The thermal
environments of high and low elevations spanned/éinging climactic conditions
expected under any climate change scenario. By aongpto previous studies of
thermoregulation of chuckwallas, we can analyzelang-term patterns in activity times

and behavior (Zimmerman and Tracy 1989).



Alternate Hypothesis 3: Populations might move to new locations whemaate change

is mitigated (e.g., higher elevations). This hyesik is not addressed in this thesis.

Alternate Hypothesis 4: Populations might evolve to become well suiteddw climate.

This hypothesis is not addressed in this thesis.



Materials and Methods
Laboratory preferred body temperatures
In the laboratory, we assessed the preferred (e€ellebody temperatures of lizards in a
thermal gradient (Figure 1). Lizards were placed laboratory thermal gradient in
which the substratum temperatures ranging 25 ttC49 hus, lizards could select
positions in the gradient that resulted in difféready temperatures, and preferred body
temperatures would be those consistently seleteglgradient was fabricated from a
galvanized sheep watering tank approximately 2 fangth and 0.5 m wide. The tank
was divided down the middle along the long axidwaitwooden wall to create two “lanes”
resulting in two identical gradients in the tankvd'identical boards, the length of the
dividing wood (ca. 10 cm width), were affixed tethottom edge on each side of the
wood creating a lip to provide a hiding spot foe tlzards. The bottom of the gradient
was a sheet of aluminum (approximately 4 mm thibk} conducted heat efficiently
along the length of the gradient. The sheet wasmavwith sand to diffuse heat
distribution of the floor of the gradient. The giext apparatus was elevated above the
laboratory floor, and the warm end of the gradieas heated with six 75 watt and two
100 watt ceramic heaters. At the cool end of tlaelignt, 4 mm copper tubing was
wound back and forth across the bottom of the gradind secured (using epoxy) to the
underside of the gradient, and this cooling tube imaulated from the laboratory
environment using insulation styrofoam. Circulatthgpugh the copper tubing was a

coolant (a mixture of ethylene glycol and watergeiated with a refrigerated circulator.



Lizards that were to be placed in the gradient veergpped with a temperature sensitive
data logger (iButton, Thermochron DS1921G, witleas#ivity range between -40°C to
85°C, and an accuracy = 1°C, resolution 0.5°C).s€h#ata loggers were placed against
the lizard’s chest in a vest fabricated with orthdie and gaffer tape. This arrangement
was shown previously to register temperaturesateaessentially identical to cloacal
body temperature of the lizard. Vests were als@ipusly shown not to prevent normal
movement by the lizard. After the lizard was eqegbpvith its vest, it was placed in the
gradient for a minimum of two days, a time long eglo for lizards to settle down (stop
moving around constantly within the gradient) anaveto positions in the gradient that
are relatively consistent over time, and relativawsistent among individuals. Gradients
were monitored via video surveillance to avoid hardesturbance. Means of body
temperatures taken every ten minutes in the gradiere taken and preferred (selected)
body temperature of each individual lizard was wlaled from the temperature data
during which time the lizard was visibly thermoréging (defined as oscillating body
temperatures over a small range of temperaturesferfed body temperatures of 10 to
15 males and a similar number of female lizardsevessessed in Spring and in Summer

from the Granite Mountain and Amboy sites.
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Figure 1: Two laborato~controlled temperature gradients separate
a wood median equipped with thermal data log

Distress temper atur e assessment

Twenty-one lizards from Amboy and sixteen lizards from @& Mountains wer
separately placed in a constant temperature cabimate the body temperatures
lizards were elevated slowly until the lizards opetheir mouth in a gape indicati

stress @ high body temperatures. Cloacal temperatures ta&en at the “gaping” poit

for each individual.

Performance temper atur e assessment

To assess temperatulependent locomotary performance, we measuretirg sate of

lizards in relationship to bor temperature, using a lizard race traadkards were



warmed in a constant temperature cabinet to secssl temperature ranges (25°C-
27.99°C, 28°C-30.99°C, 31°C-33.99°C, 34°C-37.9B&C-41.99°C, >42 (+2 °C) in a
random order, all ranges between 25 °C and 45 a@jel temperature ranges were
recorded and measured cloacally with a thermoca@abkultheis rapid-reading
thermometer) inserted approximately 4 cm in thacdofor each individual. Upon
reaching target body-temperature ranges, lizaras placed on a video monitored sprint

track and sprinted three times within each tempeeatange.

The racetrack was built using three 2.5 cm by 3(oards assembled to create a tri-
folding portable racetrack with 30 cm sidewallsy{fe 2). The track walls were
approximately 1.8 m in length that was sanded amot@d throughout. At each 0.25 m
interval along the length of the track, the tracksviabeled and sectioned off using bright
yellow duct tape. A dark pillowcase was securetthatend of the track to which lizards
ran (perhaps this dark place seemed like a protentireat. Three Logitech Quickcam
Pro 9000 webcams were fastened to the sidewalleedfack, each capturing the sprint
track from a different angle. Sprint times wereetigtined using Debut Video Capture
(NCH Software, 2012) and reviewed in high-defimtslow-motion using Prism Video
File Format Converter (NCH Software, 2012). Thedsissprint time at each temperature

for each individual was recorded to the nearefiD<®econd.
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Figure 2. Measured and marked sprint track wittess® video camera
Sprint track placed in a controlled ambient thereralironmen
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Body temperaturesin the field

To assess patterns of activity and patterns oftbezgulation by lizards in the field, we
tracked lizards using radio telemetry by affixirglio BD-2 transmitters (Holohil
Systems Ltd.) to lizards. These lizards were atgopped with temperature-sensitive
data loggers (iButton Thermochron DS1921G (ran@G4o 85°C, accuracy = 1°C,
resolution 0.5°C)). To oultfit lizards with such @ms, previously-proven affective vests
were tailor-made on each individual (Wakeling 20I12)e chuckwalla was sprayed with
skin-protecting adhesive spray, and a layer ofatiticloth tape was wrapped once
around the lizard under the armpits. The transmittes then attached to the tape on the
backside of the lizard; inset between the scaputktiae spine ridge. Below the sternum
and between the costal regions of the ribs, thé&t@Buvas affixed to the anterior side of
the lizard so that only a single layer of clotheaaeparated the temperature logger and the
lizard’s skin. A layer of gaffer’'s tape was then twfit each lizard to constrain the
orthopaetic tape as the first protective layernTdaffer’s tape straps were fabricated
over the shoulders, converging at the chest ankl. Basecondary protective sheath of
gaffer’s tape was placed over the cephalic chest,and a final protective gaffer’s tape
layer was applied entirely over the previous lay&egpe was carefully cut using blunt-
nosed scissors providing liberal movement spacenih@ arms and around the neck to
avoid chaffing. Insecure ends and extra piecekef/est were eliminated to minimize
bulk and discomfort. These lizards were then redro the field to participate in the
experiments to assess activity and thermoregulatidime field. GPS coordinates were
marked and lizards were returned within 100 m efrthriginal collection locations.

Lizards were tracked every 2-3 days to ensurethieavest had not inhibited chuckwalla
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activity, and the vest had remained intact. VestsiButtons were replaced every two
weeks on each individual and new GPS coordinates veeorded at each lizard locality.
IButtons were downloaded electronically using tbiveare, Thermodata (version 3.0).
The lizards used in this field-thermoregulation eéxment were captured a second time
and, taken to the lab at Twentynine Palms whereasmf their physiological
performance were assessed within 3-4 days.

Operative temperaturesin thefield

To provide a reference for data indicating therrgalation by lizards in the field, we
used physical operative temperatufg)(models in the field to assess the range of
potential body temperatures available to lizardgeir natural environments. We
fabricatedTe models from sheet copper (+0.013cm Copper K&Sipi@at metals #6000
foil series). We formed the models into a very geliwed shape of a lizard, and then we
painted the models with a double-coat\6élspar Exterior (color:6000-6B) paint,

which was determined (using a Beckman DK-2A speetlectometer) to have
approximately the same integrated absorptancelaf sadiation as does a living
chuckwalla (approx. 89% (Porter 1967)). We measthedpectral reflectivity of
chuckwallas using a Beckman DK-2A spectroreflectiméVe then integrated the data
from the spectroreflectometer on clear-day soldiateon (McCullough and Porter 1971)
to obtain the integrated absorptance of chuckwallben, we tested our paintég

models against real chuckwallas by tethering liganddirect sun on a clear day next to
several versions dfe models. Several shapesTafmodels were used before we got good

concordance between the temperatures of ¢{imodels and an actual lizard. iButton
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positions within thél, models were also tested leading us to locateBtgan distal

from the model center.

To predict accurately thermal availability using thodels, several microhabitats were
chosen at each site. Calibratednodels were placed in the field in positions and
postures typical of positions and postures of ddizexds. This included placing some
models in rock crevices as well as in surface mosstin the sun and shade. Crevice
temperatures were measured by placing iButtonscliotth pouches, lowering them deep
into the crevices. Thirty copper models, and fivevice models, were randomly placed
at each of the Amboy and Granite Mountain siteawteduty double-stick tape was used
to affix models to rock surfaces. Five iButton®acth site were affixed to wooden
dowels (0.3 m and 1.0 m above the ground) and gexdérom wind by cardboard cones
to record ambient air temperature at each site peeature data were logged every 15
minutes, and all iButtons were replaced every tveeks (without altering the position of
copper models). IButtons were downloaded to a [aptonputer using a logger device
and Thermodata (version 3.0) software.

Mojave Region Climate Assessment

To determine rates of climate change in the San&#no County, CA region, eight
climate stations were selected to be compared mpoower the years of 1975-2012.
Selected NOAA regional stations included: BarstBaker, Mojave, Needles, Mitchell
Caverns, Barstow/Daggett, Twentynine Palms, Dealliey. Data were collected using

the dataset collection search linkhétip://www.ncdc.noaa.gov/cdo-

web/search?datasetid=GHCNDM&armest mean temperature values were recorded
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monthly for each regional station and comparedregaill other selected stations.
Precipitation analysis for the San Bernardino cpu@® region was generated through a
data selecting tool at

http://www.cefa.dri.edu/Westmap/Westmap home.phg&pidmeplot.phpThis

precipitation analysis tool generates a line grdgia set of average yearly rainfall over a
12-month period in the San Bernardino County refora succession of years, starting

in 1930.

Results
Population Sampling Locations
Lizard populations were strategically selected ftora locations representing a high
elevation at the Granite Mountain site (~1000m) lamdelevation at the Amboy Crater
site (~240m) (Figure 3).
Both sites were well populated by chuckwallas, prayide suitable chuckwalla habitat
with plenty of suitable rocky outcroppings for dieel granite rocks at the Granite
Mountain site, and lava rocks at the Amboy Craiter ©ur sample year, 2012, was a
drought year, resulting in less than normal vegmtadt both sites, but extremely scarce

vegetation at the Amboy site (Figure 4).
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Laboratory preferred body temperatures

Body temperatures selected by lizards in the lattrobed thermal gradient we
individually graphed and analyzed using Excel. Widlial graphs displayed oscillatil
peaks during the daytime periods when the lizard tharmoregulating, and
charactestic flat line at the single temperature when thard slept. Graphs for ea
lizard were scanned for times of the characterfstiwittling” temperatures, and tha
were averaged for eighteen individuals and theltiaguotal means were plotted age

preferred temperature means of the same populatitzards in a prior study in 197

(Figure 5).
40
o H I I
>
Q 35
>
wid
©
S -
o
Q.
& Preferred body
L 30 | temperatures
> A 2012+
S i 19701
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Figure 5: Preferred body temperatures of 18 chadles in the sprir-summer of 201.
plotted as grey triangles against preferred bomhperatures of chuckwallas
1970, 1971, and 1972 (plotted as white, grey, dackbvertical bands) fc
corresponding months. The horizontal grey bandessmts the preferre

temperature rang
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Heat stress temperatures

The body temperatures at which lizards becames&tdesas determined for twenty-one
lizards from Amboy and sixteen lizards from Gramiteuntains. The Amboy stress
temperatures were the same throughout the actigagon (kr 20= 0.99, p = 0.33), but

the stress temperatures for lizards at Granite Néons were lower in the early spring,
and then they converged to be the same as thogerfooy in summer (F 1,14 = 7.66, p
= 0.015). Thus, the Granite mountain indicatesantiraation of stress temperatures from
a cooler maximum stress range in the spring torawarange, eventually equivalent to
that of the Amboy lizards, in the summer. The preig body temperatures for the

Granite Mountain lizards showed no significant trevith season.
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Performance temper atur e assessment

Lizards from both Granite Mountain site and Ambogter site were sprinted
individually and measured for the body temperatheg produced the best sprint
performance. Data points represent the percentaafmum three replicate sprints at a
particular body temperature. In spring, the GraNtaintain lizards reached maximum

sprint performances in the range 33.6C to 39.UEjn summer, the same lizards had
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acclimated to perform better at higher body temipees (36.8C to 42.0 °C). On the other
hand, the body temperatures for maximum sprintoperdnce at Amboy did not change
with season (Spring = 36.0C to 42.4 °C, and Sum#r8.0C-42.0 °C). Analysis of

Variance indicates that this pattern is significgntl,33 = 16.2, p = 0.05)
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Activity and field body temperatures

Body temperatures of lizards were logged evergdiit minutes to determine while
animals were in the field. We inferred that an aalimas actively thermoregulating the
same as we did for lizards in the thermal gradi®pgcifically, In the example trace of a
lizard for two days in Figure 8, it is easy to et the lizard became active after the sun
came up, and maintained a body temperature bet@4and 39 °C by shuttling between
cooling environments and warming environments (Féd). When you combine the
information from that graph with the informationkigure 9, you can see that the
temperatures achieved by the lizard were not plesbipremaining in a crevice. Thus,
the lizard can be inferred to be active on the alipround (out of a crevice) to achieve
the body temperatures. During times at which thard is inactive, the oscillation ceases
and body temperatures drop steadily until the dayt The plateau at which the lizard is
thermoregulating also expresses the overall tim@gé¢hat the lizard is active on the
rock surface and not inside the crevices for aqdar day. From the figure below, we
can see that the lizard was on the surface forudshan April 3¢" and only 7 hours on

May 1%
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Traces were made for every lizard at both sitesuiinout the time that they had data
loggers. Three slices in time are presented befogu(e 10) with each lizard represented
with a different color. Thus, if the same colofasind in each panel, that indicates that
the lizard was tracked throughout all three timequks. Shorter traces usually indicate
the shorter lengths of data strings caused byla¢anf the data logger or the fact that we
retired lizards as the season progressed due Ibbepne (actual or potential) with the
vests.

In the Granite Mountain traces, it is clear thatesdially all the lizards were active and
maintaining a preferred body temperature in Apmillate May, some lizards did not
thermoregulate all of the time in which being abgveund would have yielded preferred
body temperatures, and by mid June, most lizamigireed in crevices or did not exhibit
the above ground thermoregulatory behavior thatseadear in April. Some lizards in
mid June reached body temperatures that our ladrgrdata indicates would have caused
heat stress, but usually this occurred fleetingly.

A similar analysis for lizards at Amboy showed ayweifferent pattern. Specifically,
Individuals do not appear to be active consistelaiiyfong periods of time during the day
at any time of year. Additionally, there were tinteging the year when individuals
appeared to be able to attain their preferred lbexaperatures while remaining in their
crevices, and lizards occasionally allowed theohbtemperatures to reach heights that
would cause heat stress. However, the overallrdifie between Amboy and Granite
Mountains lizards is that the Granite Mountainiddsactively thermoregulated above

ground, and the Amboy lizards rarely participatedbove-ground activity.
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Figure 10. Colored dots represent body temperaitifran individual lizard through time. The

range of operative temperatures is depicted iighé gray areas, and the range of
crevice temperatures is indicated with the darly graa. The lower hatched
rectangle indicates the preferred body temperatsessessed in the lab. The upper
hatched rectangles indicate the range of temp@&satarwhich animals showed heat
stress in the lab.
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Figure 11. Colored dots represent body temperatifran individual lizard through
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the range of temperatures in which animals shovead $tress in the lab.
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We analyzed all body temperature traces for alriz to add up the number of hours that
each lizard was found to be within its preferredyptemperature range. At the Granite
Mountain site, lizards were active at their pregdrbody temperature anywhere from
zero hours up to as many hours as the operatuggetatares (above ground) were at

preferred body temperatures (Fig 12 A).

By the end of April at the Amboy site, lizards amked preferred body temperatures
anywhere from zero to 24 hours during the day. Tthey frequently came to preferred
body temperatures for more hours than achievableebyg in places that would yield
body temperatures the same as attained by opetatiygerature models. Furthermore,
the number of hours that operative temperature leadene to temperatures within the
preferred body temperature range was less tharabaifany hours as that at the Granite

Mountain site.
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Surveying all the traces of body temperatures éfigld can allow us to infer the percent

of all monitored lizards that were active aboveuma (Figure 13). One hundred percent

of animals in the Granite Mountains were activeabbays until late May or early June.

Thereatfter, the percent of lizards active went dewth time although more than 60%

were still active as June became July. At Amboyy arsmall minority of monitored

lizards (ca. 15%) were active in the early pathef season, and by early June, no lizards

were active above ground.
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population above ground during the activity seasd2012.
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When the hours for (a) in each day, (b) the averageber of hours in which the
operative temperature is within the thermal prefeeg and (c) the average number of
hours in which lizards are active and with body penatures that are within the thermal
preference, there are some remarkable resultsr@-Igl). Specifically, never to the
lizards, regardless of site or season, remainechiving all the time in which they could
attain preferred body temperatures. In Springrdigdrom Granite Mountains were
active about 75% of the time in which they couliiat preferred body temperatures, but
in summer, the lizards were active only about 1% e time in which they could attain
preferred body temperature. At Amboy, lizards wadveays much less active. In Spring,
they were active about 30% of the time during whiaky could attain preferred body

temperature, and in Summer, they were essentiatlactive at all.
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Climate change assessment

Figure 15 illustrates the average temperature ahamnthly for the Mojave and Sierra
regions between 1970 and 2010. Temperatures wevedexd and displayed using Excel.
Fitted curves reveal that the climate change toamet the last 40 years has resulted in
cooler winter temperatures contrasting with hakenperatures in the summer with
maximum temperatures peaking in mid summer. S@ntfall seasons have remained
consistent and reflect little temperature fluctoas. Although temperatures yearly have
increased overall, a monthly breakdown over thesyeaveals that not all seasons are

heating up.
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Figure 15. Light shaded dots for the Mojave dathd@ark shaded dots for the Sierra
data mark the difference in average air temperdiate@een 1970 and 2010.
A dashed line shows the fitted curve for Sierra arsalid line is the fitted

curve for the Mojave.
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This figure addresses the occurrence of droughtdert 1970 and 2013 for San
Bernadino County, CA in the Mojave region. Droudlat not occur until approximately
1998 as shown by the grey dots each preceding Aéar.1998, there were four
recorded occurrences of drought every 3 to 5 yartss indicated by a precipitation of

less than 5 cm.
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Figure 16. Precipitation between October and M&mim 1970 until 2013
in San Bernadino County, CA. Grey dots represent th
precipitation if above 5cm, black dots represeatghecipitation
if below 5¢cm.
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Discussion
The recent literature has posited that more thiiré of all the world’s species of lizards
will be negatively affected by global climate wangj and that 20% of the world’s
species of lizards will go extinct. However, thanclusion derives from analyses that do
not consider the potential physiological and bebti@limeans by which lizard species
could avoid extinction. Thus, the extinction hypesls suggests that populations of
lizards will go extinct due to improper matchesvwetn physiology and thermal
environments reducing the activity time availalddizards to attain adequate fitness, but
alternative hypotheses are pertinent. For exanhpdéyiduals might adjust their preferred
body temperature as has shown to occur in seveeales of lizards, and this indicates
flexibility in physiology that could defeat an axttion trajectory. Similarly, lizard
Individuals might behaviorally change their actpimes (daily or seasonally) in ways
that could mitigate climate change, so behavidexiilhility could also defeat an
extinction trajectory. Additionally, lizard popuiahs might move to new locations where
climate change is mitigated (e.g., higher elevatjoRinally, lizards might evolve to

become well suited to a novel climate.

In this thesis, the first two alternative hypothesethe extinction hypothesis (see the
introduction) were analyzed using data collectedtwrckwallas from two populations
(Granite Mountains, and Amboy Crater in Californiéifie two populations differed in
elevation as a means to collect data from a vergit®, and a site much cooler.
Additionally, we studied lizards from these twaesiduring two seasons of the year so as

to assess individuals in a cooler and warmer season
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Lizards collected from both sites were placed thaamal gradient to assess their
preferred body temperature when all other thedizare freed to respond only to
differences in temperature in the gradient. Thgeaof preferred body temperatures of
chuckwallas was 34 — 39 °C regardless of studyosiseason. Furthermore, that range of
body temperatures was essentially identical tqtieéerred body temperatures measured

forty years previously in lizards from one of tleeree sites in this study (Case 1976).

In addition to preferred body temperatures, wesssethe body temperatures at which
lizards were stressed thermally as indicated byt temperature at which the lizards
gaped. The range of body temperatures at whichdizisom Amboy gaped was the same
in spring and summer seasons (ca. 39 — 44°C)hbujdping temperatures for lizards
from Granite Mountains were lower (ca. 39-41°C3}jming, but the gaping temperatures
trended upwards as the season progressed ungafheg temperatures were similar to
those of lizards from Amboy. This pattern suggkat thuckwallas have the ability to
acclimate to different thermal environments, and tlexibility likely could help mitigate

the effects of climate change.

We assessed the body-temperature-dependent spriatpance in the same lizards

whose preferred body temperatures were asseszudgiat the Amboy site sprinted at
maximum speed when their body temperatures were35C regardless of the season
in which the lizards were assessed. However, fardis from the Granite Mountain Site,

maximal sprint performance in springtime was mushkdr than that measured in lizards
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from Amboy (33.6 — 39°C), but roughly the sameumser as the range seen in Amboy
lizards (36.8 — 42.8°C). Thus, it appears thattdizdrom Granite Mountains have the
ability to acclimate in the face of different amfiti¢hermal environments, and that this

thermal flexibility may be useful to lizards confited by global climate change.

The lower-elevation Amboy Crater population perfedrand functioned at a high body
temperature range regardless of season, but the flemible pattern of physiological
performance seen in the Granite Mountain chuckwatlay reflect adaptations to
thermal environments that can be relatively veryl o winter and warm without being

extremely hot in summer, but this speculation stidnal a subject of future research.

Bearing on the original questions about threatditoate warming, our findings indicate
profoundly interesting patterns. Specifically, etkeaugh we found that both populations
of chuckwallas have an inflexible preferred tempaearange, these lizards nevertheless
can survive and perform in warmer thermal condgiodthough the preferred
temperature range for individuals remained constdapproximately 36.5°C (Figure 3 &
4) and even remaining constant over a span of dtsy€ase 1976), chuckwallas
performed best on the sprint track at 36°C to 4FiGure 5). Thus, if chuckwallas were
forced into situations that would cause them to edonbody temperatures higher than
their preferred body temperature, they would penfgery well at those higher body
temperatures. Moreover, the activity times (daiig aeasonally) showed by chuckwallas
at both sites, and regardless of season were alesgyshan activity times that would

yield preferred body temperatures. That suggestgtis no constraint on activity due to
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high ambient temperatures, and this further suggasat the extinction hypothesis is not

supported.

So why don’t the chuckwallas exploit all availablgivity time? And why would an
increase in temperature be thought to negativepachpopulations? Rising temperatures
would likely provide chuckwalla populations with recavailable thermal preference
time, shouldn’t that be good for population surVw&he first thing we must understand
is activity time. Activity time for chuckwallas the period in which the lizard can
acquire and expend energy through forage, digeddeiending territory, and mating
(Tracy 1982, Grant and Porter 1992). The more #igtivne, the more time to digest
food and create energy (Tracy 1982, Grant and Pb@@?). In our results (figure 12) it

is clear that both populations have more availtiidemal preference time as the
environment heats up from spring approaching sumyegiboth populations are found to
be active significantly less time in the summenmntttze spring. It is clear from the sample

field data that activity time is not the limitingdtor.

Other processes could cause the actual hourgivityato be less than the number of
available hours in the preferred temperature rahig@ting activity may limit water and
energy loss for individuals. Retaining water andrgg in times of drought and paucity

of food is crucial for these lizards. Much less\att time was observed for the Amboy
population and this is also where drought was lasibhere was no vegetation or signs of
water observed in this region in the summer seasdras a result, there was also no

activity. In addition, decreased activity time wo@also decrease exposure to predators.
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Actually, it may be naive to imagine that activitye constrained by a thermal
environment could ever be very important for thesldivorous reptile. Food consumed by
chuckwallas requires about six days in transitugtothe digestive track, so foraging
time may not be the rate-limiting process in enexgguisition. Furthermore, in
laboratory settings, chuckwallas can become sdtiatéess than 20 minutes (Tracy pers.
comm.). This again suggest that time for foragirayne a resource that would be

difficult to be constrained by warming ambient tergiures.

Populations are generally found to be less actitbeé summer when food is limited than
in spring when food is more abundant. We obserkiatlih a drought year (2012)
chuckwallas were less active than reported in presty researched years (Case 1976,
Zimmerman and Tracy 1989). Our investigation aihelie change over the last 40 years
has shown some shortened activity seasons dueltie@iniemperatures, and increase in
the frequency of drought. Droughts cause chuckwa#tduce reproduction, activity, and
abandon social relations as a means to minimizeggraand water loss (Nagy, 1973;
Smits, 1985). If frequencies of drought were ta@ase with climate change, the
resultant paucity of food resources becomes the pertinent challenge to survival.
Growth and reproduction of chuckwallas is suppoltg@nergy resources in the form of
succulent vegetation, particularly flowers of désemnuals (Case 1976). Food availability
is not only dependent on the ability of vegetatoadapt to and flourish in changing
climate, but the timing in which the vegetation glidbe available. Because climate
change will shorten spring and fall seasons, theng of forage could be crucial, and that

timing also may increase the risk of populationretion for herbivorous ectotherms.
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Because drought does occur in the desert southmudd® chuckwallas have responded
with adaptations in the form of physiological meaisans to survive the paucity and
unpredictability of food resources. Chuckwallasrfdat lower elevations tend to have
more stored fat to evade problems following a pesource year by improving their
chances of survival (Case 1976, Tracy 1999). Mesearch to measure survival rates of

chuckwallas in repetitive drought years is very amgnt.

Our examination of the hypotheses posed by SinandoHuey regarding extinctions
caused by increasing thermal constraints due moaté change shows that risks from the
temperature-mediated activity constraint focusemébn away from the more likely
important risk due to climate change. We found thatdirect increase in air temperature
caused by climate change likely will have littlepantant effect on the chuckwallas’
ability to survive. The indirect affects of climatbange, and particularly change that
increases the frequency of droughts, however,puillpopulations at risk of

malnourishment caused by a dearth of food resources
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