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ABSTRACT 

Fire-altered Landscapes Influence Locomotor Performance of Eastern Fence Lizards 
(Scefoporus undulatus) 

Historically habitat disturbance through fire has played a key role in shap ing the 

biodiversity of forest communitie in the Southea tern U . Pre cribed burns are an es ential 

management technique used to help maintain the per i tence of oak-hickory avanna, an early 

seral stage vegetative community. Sce/oporus 1111dula111s i a exua ll y dimorphic fore t li zard 

vii 

that is relati ve ly common throughout the ea tern , which make it well-suited for tudying the 

effects of fire-altered landscape on li zard eco logy. Our objectiv \\'a to qua nti fy the ffect of 

fire-a ltered landscape on S. 1111c/11/at11s locomotor perf rman ·c. Lizard performanc \\'a 

compared among habitat with three different kno"·n tire hi ·torie : a control hab itat , which had 

not experienced lire in more than 60 year . a rcco,·ering burn habitat that had not experi enced 

lire in four year , and a recent burn habitat that ,,·a · burned three month prior to the tud . 

There were ignificant differcn e in locomotor performance among lizard from the different 

hab itat , and li za rd in the recent burn habitat had . igniticantly faster maximum . print peed 

than li za rds in recovering and con trol habitats. Habitats dif'kred both structurall y and thermall y. 

Shilts in thermal regime in burned habitats could he the underlying rnechani:m lead ing to 

change in li za rd p ' rfonnance . nderstandin!! ho,, perronmnce of. . 111u/11l0111s i. inllucnced by 

lire-altered habitats is essential for understanding ho,, ectotherms respond to altered habitat . 
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CHAPTER I 

INTRODUCTION 

Variation in phenotypic traits is common in natural I t· d b d popu a ions an may e ue to 

underlying influences of natural selection among individuals (Price et al., 2003; Piersma and 
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Gils, 2010). Investigating the ecological consequences of how individual variation is maintained 

requires an understanding of how genotypes and phenotypes interact with the surrounding 

environment. Phenotypic plasticity is typically thought to be a change in phenotype in response 

to environmental fluctuations (Agrawl, 200 I; Fordyce, 2006; Freeman and Herron, 2007). 

Plasticity can be induced by biotic effects, such as the presence of predators or competitors 

(Relyea, 2002; Mondor, 2005) or by abiotic effects such as temperature or habitat structure 

(Tomkins, 1999; Neufeld and Palmer, 2008). These phenotypic changes can be responsible for 

differences in behavioral, physiological , morphological , and/or life history traits. For example, 

Losos et al. (2000) demonstrated morphological plasticity in limb structure within a single 

generation in Ano/is sagrei. Hatchlings in that study were raised in different habitat treatments 

that provided either broad or narrow perches. Lizards reared in the na1TOw perch treatment had 

significantly shorter hind-limbs than li zards reared in broad perches, suggesting that modification 

in hind-limb length allows li zards adapt to differences in the surrounding environment. This 

suggests that the ability to modify phenotype, in response to changes in the environment, may 

have potential fitness and evolutionary consequences. 

L b·1· · 11, etric used to assess whole animal performance (Arnold, ocomotor a 1 1ty 1s a common 

1983; Husak, 2006), and an indivi dual 's ab ility to effecti ve ly traverse its environment has been 

· - (I· h"ck andLosos !998·Wamer and shown to play an important role 111 overall titness isc 1 ' ' 
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Andrews, 2002; Miles, 2oo4). Studies focusing on ectothermic vertebrates have shown that 

individuals wi th high locomotor abilities tend to also have higher success in fitness-related 

activities including prey acquisition (Ayers and Shine, 1997), predator escape (Lailvaux et al. , 

2003), social dominance (Husak and Fox, 2006), and reproductive success (Phillips et al., 2006). 

Because the physiological processes of ectothenns are temperature dependent, including 

locomotor performance, maintaining body temperature (Tb) that pennit a high level of 

performance is essential (Dunham et al. , 1989; Angilletta et al. , 2002). Thermal optimum (To) is 

defined as the temperature ( or range of temperatures) at which phys iological proce ses are 

maximized, and ectotherms maintain body temperature (Tb) within this optimal range (T0 ) by 

behav ioral thermoregulation (Huey and Ste en on, 1979). Th rmoregulation ari e con iderably 

by species and environment (Adolph, 1990), therefore differ nt cale of en iron mental thermal 

heterogeneity may potentially lead to differences in phenotype. 

Changes in vegetation co er (e.g., fir s. herbicide application , logging) can affect local 

microclimates for animal fo und on the land cape. and impro,-cd thermal hab itat qua lity fo r 

ectotherms has been documented in landscapes that ha\'c recently experienced lire (Radke et al. , 

2006; Ho sack et al. , 2009; Greenberg et al., 20 I 0) . Fire alter 1·orest communitie by reducing 

canopy cover, lea f litter, and coarse ,,·oody debris (Hutchin on d al.. 2005). and effecti ve ly 

· . · · , · , D · coll ct al 1 0 I 0) Due to effecti ve fire 111terrupts natural vegetat1,·e com munny uccc:s 1011 \ n .. - · 

· , ·" I ·ae cale naturall y ocCLm-ing ,,ildtire have suppress ion by resource management agenrn::s. ai = - ' · ~ 

- . -·b db ·nino Typically. !ires burn at different large ly been replaced mth smaller- sca le p1esC11 e ui :::o · 

· · · . I ,o0"') creatin£ a mo aic of different avai lable 
111ten 1t1es across the landscape (Turne1 et a ·· - -' · -

· . . . . . • · · . . ·c , b , ro,·iding ne,,· opportunities fo r both plants 
habitats which can aid In maII1tam111g b1odl\eISI) ) P -

. . . _ S . rural habi tat complexity produced by recently 
and animals (Fisher and Wilkinson , 200) ). ti uc 



burned landscapes can provide new microhabitat opport · · ti . 
unities or species, such as shelter 

(Mushinsky, 1992), nesting (Bowman et al., 1999), and foraging (Porter et al. 2002). Previous 

studies have shown that fire disturbance can be beneficial to species that prefer earlier 

successional forests, such as heliothennic reptiles (Perry et al., 2009), while others have shown 

that species that rely on leaf litter layers for refuge may be more usceptible to the indirect 

effects caused by fire, such as injuries or predation (Howey and Roo en burg, 2013). 
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The eastern fence li zard, Sce/oporus undulatus, i a fore t-dwelling lizard that occurs 

across the eastern United States (Tinkle and Ballinger, 1972; Angi lletta, 200 I; Langkilde and 

Boronow, 2012). Fire is a common land cape di turbance throughout the range of . undulatus 

and population increases following fire event ha e been documented (Greenberg et al., 20 I 0). 

The primary objective of thi research i to quantif the phenol pier pon e of . 1111d11/at11s to 

habitat alteration created by fire. Becau e tire create phy ical change in habitat tructure ( i.e. 

change in prey assemb lage and thermal regime). \\'eh pothe ize that habitat heterogeneity 

created by tire would induce a phenol pie re pon e in bod c ndition an or locomotor 

performance of S. undulotus, both trait that ha,·e been u ed a proxie for mea uring fitne 

(Stevenson and Woods, 2006; Husak ct al.. 2006). We predict that recently burn ite ,,·ould 

provide new foraging opportunitie . and an increa c thermal opportunitie ,,·ithin . 1111d11/at11s ·s 

· I · r · henotvpic re pon c The unique therma l opt ima, which could pro,·1de a rnec 1a111 m o, a P . · · 

· I · · I · I , and ecoloo)' ol' reptile may re ult to nexible 1e at1onsh 1p bet,Yeen temperature. p 1 10 og).' = 

phenotypes in response to en ,·ironmcntal change created by fire . 



Localities Examined 

CHAPTER II 

MATERIALS ANO METHODS 

Study sites were located at Land Between the Lakes National Recreation Area (LBL) in 

Trigg County, Kentucky. Vegetation at LBL is dominated with secondary oak-hickory forest 

(Close et al. 2002). During Spring and Summers of2014 and 2015 , adult (2 1 year of age) 

4 

Eastern Fence Lizards were captured by hand or by noosing (F itzgerald, 2012). Sex was 

determined by morphological characteristics and ventral coloration. Adult males display 

conspicuous dark blue coloration on their throat and ventral areas, while females show very little 

to no coloration on their throat or venter (Cooper and Burns 1986; Smith and John-Alder 1999). 

Reproductive condition of females was noted in the field , and gravid females were not used for 

locomotor performance trials. Capture locations were recorded with a handheld GPS (Garmin 

Fenix® GPS) and percent canopy cover at location of capture was measured for a subset of 

captured lizards (n = 34) with a spherical densiometer. Lizards were placed in cloth bags and 

transported to Hancock Biological Station (Mun-ay, KY) fo r laboratory locomotor performance 

trials. After completion of locomotor trials, li zards were marked with a unique toe clip and 

released at point of capture. 

Performance Measurement Protocol 

To measure the effects of hab itat alterati on on performance, three study areas wi th 

different fire histories were selected in LBL during 20 14. The firS t was a control site 

(CONTROL) which had not experienced fire in more than 60 years (Franklin , 1994) the second 

. . . . h 20 10 (RECOVERING; fo ur years since burning), and the 
Site was prescribe burned in Mate 



5 

third was prescribe burned in February 2014 (RECENT BURN· . . 
, < 6 months since burning). Each 

site was 160 to 1000 hectares in size and surrounded b · d . 
Y m1xe oak-hickory forest. 

Each habitat treatment was visited and searched c 1· d . 
1or tzar s at least twice a week and 

' 
locomotor performance trials occurred within 24 hours of c tu 8 c h 

1 
. ap re. e1ore eac ocomotor tna\, 

lizards were placed individually into copper containers (repurposed t I · b 4 au oc ave pipette oxes; 

cm x 6 cm x 25 cm) that were housed inside a lighted incubator. Copper containers were chosen 

due to their ability to respond rapidly to changes in temperature. Incubator temperature was 

maintained at 33 ° C, which is the preferred body temperature (T p) of S. undulatus in a laboratory 

thennal gradient (Angilletta, 200 I). After 30 minute in the incubator, li zards were placed on a 

2.4 x 0.2 m racetrack and encouraged to sprint the length of the racetrack by prodding with a 

paintbrush. Runs were video-recorded using a Mid land XTC 720p High Definition Action 

Camera that was set to record at 35 frames _, _ The camera wa mounted 3 111 abo e the center of 

the racetrack, such that the entire length of the track was vi ible on the recording. The racetrack 

noor was covered by Astroturf~ which wa marked into 25 cm egment with a white paint pen . 

Lizards were raced a three times with tria l separated by at I a t 30 minute to allow 

lizards time to recover. The quality of each sprinting trial wa cla ified a "poor" if the li zard 

paused or reversed direction while sprinting, or '·good'' where a continuou run was made (Van 

Berkum and Tsuji 1987). A minimum of tv,·o "good" trials were needed for an indi vidual to be 

· · d d , · ,,um total speed The same researcher mcluded in analyses of maximum sprint spee an maxu · 

. 
1 

. v·d ,,·ere ana lyzed using Tracker Video 
(K.W.) conducted all trials and video ana ys1s. 1 eos -

. . . k' ·) f llo,,·ing standard ,·ideo protocols fo r 
Software (version 4.85 ; www.cabnllo.edu/t1 ac ei • 0 -

. . . 1 ,·ideo distance ,,·as calibrated by measuring 
ineasunng sprint speed (Tu lit et al. 2012). FOi eac 1 ' 

. the calibrat ion stick tool. Digitization was 
I-meter of the racetrack distance on-screen usmg 
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sta rted at the tirst frame in which the li zard 's sno t d . 
• u crosse the startmg line of the racetrack. 

Using the manual Point Mass tool , we then proceed d ~ b . . 
e trame y frame to determme when the 

lizard 's snout crossed each of the eight 25 cm segment k M . . 
mar s. ax1mum sprmt speed was 

defined as the single fastest 25 cm interval of the two best t · I M · 2 na s. ax1mum -meter run (2-meter 

run) was detennined by the single fastest total 2 m of the two best t· · I Aft I · 1 na s. er ocomotor tna s 

morphological measurements were recorded for each individual including snout-to-vent length 

(SVL), body mass, and hindlimb length (HLL). Lizards were measured using a ruler to the 

nearest 0.1 mm for length and a Pesola scale to the nearest 0.25 g for mass. 

A general linear model (OLM) was used to compare individual perfonnance 

measurements (maximum sprint seed and 2-meter run) among the habitats with different fire 

histories(< 6 months since bum, 4 years since bum, and 60+ years since bum). The main effects 

for the OLM were sex and site, on both performance measurements, with hindlimb length (HLL) 

and body condition index (BCI) used as covariates. Hindlimb length was used to remove the 

potential effects of body size on performance (Tsuji et al. 1989). The Body Condition Index 

(BCI) was used as an estimate of individual health and to test whether this influenced locomotor 

performance. The BCI was calculated from the residuals of an ordinary least squares (OLS) 

linear regression of mass (g) on length (SVL). If main effects of the model were significant they 

were followed with a Tukey HOS post-hoc test; LS Means are reported to account for 

differences in body size. An ANOV A was used to compare BCI measurements of S. undulatus 

t A y individuals with missing tails were among recent bum, recovery, and control treatmen s. n 

excluded from BCI analysis. 
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Habitat lea urements 

To determine whether habitats with different bum h' t · d'f'C' d · h 1s ones 1 1ere in t ermal 

opportunities for lizards, environmental data loggers (Hobo Pendant Loggers) were randomly 

placed along a I 00 m transect at the recent bum, recovering, and control sites ( \ I loggers at each 

site). Data loggers recorded temperatures every ten minutes over a three-day period in early July 

(2015). For analysis, the maximum (max) and minimum (min) temperatures of each site were 

calculated for each hour of the day. For estimating differences in thermal opportunities among 

the bum and control habitats, the duration in which environmental temperatures were within the 

95% performance breath interval for locomotor performance (895 : 31.3 - 37.0 °C; Angilletta, 

200 I) were quantified over a 72-hour period. Canopy cover of lizard capture locations was 

compared among sites with ANOVA and a Tukey HOS post-hoc test for pairwise comparisons 

between sites. 

Repeatability 

We estimated the repeatability of locomotor perfom1ance across years using lizards 

captured and measured for locomotor performance in 2014 and again in 2015. Lizards were 

individually marked with toe clippings after the first measurement in 2014, and in 2015 

recaptured lizards were identified by unique toe clippings, and were rerun for performance 

· d b. t d to the same performance measurement measurements. For both years, IIzar s were su ~ec e 

protocol mentioned above. To test for repeatability of locomotor performance, a linear regression 

· · · · 4 red to individual performance speeds in of ind1v1dual performance speeds m 20 I was compa 

. h difficulty in capturing the same animals 
2015 (Pearson ' s correlation coefficient). Due tot e 

. t were pooled for repeatability analysis. 
across years, samples from the three habitat treatmen s 
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CHAPTER III 

RESULTS 

A total of 80 lizards were captured and tested D I • 
or ocomotor performance dunng the 2014 

field season, 28 in control hab itat (mean SVL of 63 + I ,., 4 ) 26 · • . 
- •-' mm , m recovering habitat (mean 

SVL of 65 ± J.29 mm), and 26 lizards in the bum habitat. Snout-to-vent length did not vary 

among the three treatments (mean SYL of 67 ± 1.34 mm; F2_77 = 2.92; p = 0.06) and there was no 

significant difference in body condition indices of lizard among the habitat types (F2.1
6 

= 0. 16; p 

= 0.86). In comparing maximum sprint eeds of all lizards captured at the three habitats, there 

was no significant difference speeds between males (LS mean = 2.80 111/sec) and females (LS 

mean = 2.59 m/sec; Fi .73 = 0.28; P = 0.60). The model covariate of body condition (BCI) had no 

significant effect on maximum sprint speed (F i.73 = 0.05; P = 0. 2), howe er hindlimb length 

covariate (HLL) had a signifi cant effect on maximum print peed (F 1. 73 = 6.37; P = 0.0 1). Once 

the effects of sex, BCI , and HLL were accounted for, habitat t pe had a significant effect on 

maximum sprint speed (F 2_73 = 24.59; P < 0.0 I; Table I: Figure I). Pairwi se compari ons of 

li zards captured at the different habitat ho\\'ed li zard in the recent bum habitat had a 

significantly higher max imum sprint speed (LS mean = 3. 14 m/sec) th an those captured in 

control habitat (P < 0.0 I; LS mean = 2.31 m/sec) or reco\·ering habitat (P < 0.0 I; LS mean = 

2.58 m/sec). There was no significant difference bet\\·een the ma.\imum sprint speeds of lizards 

captured at recovering and control habitats (P = 0.09). 

C . ,., t' II li za rds at all thn:::e habitats, there \\·as no significant ompanng L-meter run o a - ' 

· -- · . . I (LS nean = 1. 76 m/sec) and females (LS mean d1 tterence 111 2-meter run speeds bet\\ een ma es 1 

=== 1.95 m/sec; F 1.73 = 0.21; p = 0.65). The model co\'ariate of body condition (BCI) had no 

.· . ~ _ 0 08 . p = 0 78) but the hindlimb length covariate 
sign1hcant effect on 2-meter run speed (Fi.n - · ' · ' 
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(HLL) had a significant effect on 2-meter run spe d (F _ 
e 1,73 - 5.40; P < 0.05). Once the effect of 

sex, SCI, and HLL were accounted for, habitat type h d . ' fi a a s1g111 1cant effect on 2-meter run speed 

(F , = 24 59· P < 0.01 · Table I· Figure I) p · · · 
2.7J · ' ' ' · atrw1se comparisons of lizards captured at the 

different habitats showed lizards in the recent bum habitat h d · ·ti 1 I-". a a s1g111 1cant y ,aster 2-meter run 

speed (LS mean= 2.26 m/sec) than those captured in control habitat (LS mean = I .73 m/sec; p < 

0.0 I) or recovering habitat (LS mean = 1.86 m/sec; p < 0.0 I). There was no significant 

difference between the 2-meter run speeds of lizards at recovering and control habitats (P = 

0.53). 

Thermal opportunities for lizards to maintain body temperatures within the 89- (optimal 

sprint performance range; 3 1.3 - 3 7 .0 °C) varied among the three habitat (Figure 2). Over the 3-

day temperature measurement period, the recent bum habitat offered more opportunities to 

maintain Tb within 895 (9.3 ± 1.2 hours per day) than recovery habitat (7.0 ± 1.5 hours per day), 

or control habitats (6.7 ± 1.3 hours per day). Vegetati e canopy cover for li zard capture locations 

differed significantly among hab itat (F2.31 = 20.42 ; P < 0.01). Pairwi e compari on of canopy 

measurements among the three hab itats showed that recent burn hab itat had a ignil'icantly 

lower percent canopy cover (56 ± 3. I 3 %) than recovering (79 ± 3.56 %; P < 0.0 I), and control 

habi tats (82 ± 3.40 %; p < 0.0 I). There was no significant difference in percent canopy cover 

between control and recovering habitats (P = 0.7-+ ). 

· b·1· f ··111um sprilll speed and 2-meter run , 14 In comparing the annual repeata 1 1ty o ma:\t 

· · · • , d 2015 (8 males and 6 females). Maximum sprint 
111d1v1duals were measured during both 20 I 'tan 

. . _ . 70 1-+ (2 5-+ ± 0.-+3 m/sec) and 20 15 (2.44 ± 0.47 
speeds were s1g111 hcantly repeatable bet\\ een - · 

I O 01 ) A
l 

O 7-meter run speeds \\ ere significantly repeatable 
111 ec; r = 0.74; t1• 12 = 34.96; P < • · s ' -

- 9 0-+ 7 ml ec- r = 0.4 I· t 1 11 = 8.20; p = 0.01 ). 
between 2014 (1.79 ± 0.54 m/sec) and 201) (1. 7 ± · ' ' · -



CHAPTER IV 

DISCUSSION 

This study demonstrates an example of I t· · · P as 1c1ty 111 locomotor performance traits in S. 

1111d11latus and how they vary in response to different thermal environments following habitat 

alteration created by prescribed fire. Lizards captured in recently burned habitats (burned 3-6 

months previous) exhibited significantly higher maximum sprint speeds and higher two-meter 
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run speeds than lizards inhabiting recovery or control habitats (Figure 1 ). The increased habitat 

structural heterogeneity and open vegetative canopy created by prescribed fire lead to an 

increased range of environmental temperatures and thus increased thermoregulatory 

opportunities available to lizards in recently burned habitats. This shift in thermal regimes in 

burned habitats is likely the underlying mechanism leading to plasticity in lizard perfonnance. 

When testing the effect of sex on locomotor performance, there was no difference between males 

and females in maximum sprint speed or two meter run speed (Table 2). These results, coupled 

with lizards in bum habitats having significantly faster locomotor performance speeds, shows 

that the thermal environment in bum habitats is acting on this phenotype the same way on both 

males and females. 

Our data shows that the occurrence of low-intensity prescribed fire led to pronounced 

structural and thermal differences among habitats, and thi s in-turn led to phenotypic differences 

· · · · · · b. y t t" ve canopy cover was si 0 nificantly lower 
tn lizard populations mhab1tmg those ha 1tats. ege a I 

b 

· · h ery or control habitats. This structural 
at li zard capture sites in the burned habitat t an recov 

· ·d · ·eased opportunity of around 2.3 hours 
heterogeneity in recently burned habitats provt es an mct 

. • . • within the 8 95 than recovery or control 
per day more for lizards to marntam body tempeiatuies 

· · ..- . · t ining body temperatures within the 8 95 
habnats (F igure 2) . This additi onal opportu111ty 101 mam a 
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111ay provide li za rds in the burn hab itat wi th the abil' . . 
ity to achieve body temperatures that are 

closer to their thermal optimum for sprinting for lo . . . 
nger periods of time than li zards captured in 

recovery or control habitats. Lizard muscle power O t th h u pu as s own to have a strong thermal 

dependence (Putnam and Bennett, 1982), thus lizards i b h b' h . . . . n um a 1tats ave the ability to mamtam 

temperatures that increase muscle power output for longer period ft· H k 1 s o 1me. ossac et a . (2009), 

found differences in the opportunities for toads (Buja boreas) living in habitats with different 

burn severities (unburned, partial , and high severity), and B. boreas preferred landscapes that 

were more thermally optimal by selecting micro-habitats that maintained their 8 95 . These results 

further support our finding that bum habitats can provide habitat thermal heterogeneity that is 

beneficial to ectotherrns. 

Recently burned habitats that yield wider temperature ranges over longer periods could 

also provide the ability to maintain body temperatures that favor higher rates of energy 

assimilation. Angilletta (2001 ), found that S. undulatus populations from South Carolina and 

New Jersey differed in metabolizable energy intake (ME I) because populations in South Carolina 

had more opportunities to maintain temperature within their preferred temperature range. These 

results suggest that there is variation in physiology among populations that is dri ven by 

differences in thermal quality of the habitat. On a more loca li zed scale, we observed similar 

results regarding the relationship between thermal opportunities and phenotypic response. In 

hav ing hab itats that permit li zards to achieve preferred body temperatures for longer periods of 

· · d ·a spent on thermoregulation and could 
time (e.g. burn sites) li zards may reduce t11ne an ene10Y 

h 
, · d · .· a eray (Huey 1991 ). The opportunities 

t erefore allocate more time to torag111g an acquu 111
0 en ° ' 

r • . • · . tures near their thermal preference for 
10 r li zards in bum sites to more eas ily ma111ta111 tempeia 
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I noer periods could result in higher perform 
o o ance speeds when h Id 

e at a constant temperature in 
laboratory settings. 

The most likely explanation for the observ d h . . 
e p enotypic difference in li zard locomotor 

Performance is thermal acc limati zation. A class of h . . . 
P enotyp1c plast1c1ty knm. n a 

acclimatization can be defined as a rapid change (typica lly withi·n da 
or month ) of a 

physio logical trait in response to an environmental cue ( chult et al., 2001 ). ngill tta (2009) 

temperature during an adult ' lifetime. Rather than d m n trating a nal hange in 

performance due to change in temperature, our tud pr vid an xample or a limati za ti 11 a 

a runction of changes in en iron mental temperature br u!!ht b ut b h bi tat alterati n au ed 

hy fire. 

Several exampl e from th literature upp nth ntcnti n that thi..:nnal a limatizati n 

or acc limation enhance variou performance a ilitic a ro . taxa . . u ha. filtration in m llu k 

( C\\'e ll et al. 1997). fi ghting ucce in cru ta ean (. cba h rand ii on . _Q ). ·" imming in 

li shcs (Templ e et al. , 2000), jumping in amphibian (Renaud and . te\'en:. I 9, "'). and ·wimming 

pcrrormance in reptiles (G lam·illc and echachcr. _006). Th time • ·ale o,cr "hich 

· ··1· · · · · d · I n · ular tudie \\ a fr m da,s to month . ace 1111at1 zat1 on or acc l1mat1 on occu1Te int 1e. c pa 1 < • • • -

· d' •t ll)' 1·0 10 1_n · ton ' "' thermal en, ironmenL. When suggest111 g that organi sm can rapidl a JU P --' 

· · · . , ,ct in thi: :tudy seem 10 take ad , antagc ~xposed to altered thermal regi mes. S. 1111d11latw mca. urc 

I. . . . .d, l , ,r ts throu!.!h incrca~cd lo ·omotor 0 these ne\\· thermal opportun!l1 es that pro, 1 c 1u1c 1 · -

performance. 

P
rint peed and t\\ o-meter run peed ,rere 

Measurements for indi,·idual maximum 

5
·
0 

. • .., 015 ). Repeatability of a particular phenotype 1~111 ttcantly repeatable among years (20 I-+ and -
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through time has been used to understand heritabilit of . . 
y perfot mance traits of ectotherms such as 

speed and endurance (Putnam and Bennett 198 I· y 8 k 
' ' an er um et al. , 1989; Austin and Shaffer 

l992). Though we had limited sample sizes betwee (8 n sex males and 6 femal es), these 

sianificant repeatabilities of maximum sprint speed a d 2 o n -meter run speed suggest that 

Performance may have genetic component (Husak et al 2006b) 8 . . . 
•, . etween-year repeatabtl1ty m 

locomotor performance has been documented in other Sceloporus species (Van Berkum et al. , 

1989 S. occidentalis; Huey et al. , 1990 S. merriami), however these studies compared the 

repeatability of locomotor performance of populations or repeatability of lizards reared in a 

captive setting. Our results are noteworthy due to the difficul ty of capturing the same individuals 

over the course of two study seasons, and to our knowledge is the first study to observe 

individual between-year repeatability in performance in free-ranging S. 11nd11/at11s. Repeatability 

of express ion of a phenotypic trait may show how effecti ve natura l election is on that tra it over 

time, and if an individual measurement is consistent over time then thi woul d uggest that such 

a trait is likely under strong selection (Brodie and Garland, 2007). Thu , our results on 

significant repeatabi] ity of performance measurements va lidates the use of th i measurement and 

its importance on S. undulatus. 

We fail ed to detect differences in body condit ion among habi tat types in our study. The 

. D ·oeti c state and nutritional status of use of body condition indices as a surrogate measu1 e or enet o 

· d G. 1 20 IO· Schulte-H ostedde, et al. , an organism has been subj ect to recent debate (Pe1g an I eet , ' 

. . 1 · oood condition \\·ould have more 
2005; Barnett et al. 2015 ). It is assumed that an arnma 111 0 

. . . tentiall y resultin g in important surviva l and 
energy reserves than an animal 111 poor condtt t0n, po ~ 

- . I b'tat disturbance influences body condition 
Inness-related benefits. Studi es investigatlllg how ,a 1 

. . . and Roosenburg 201 3; Amo et al. , 2007). 01 reptiles have produced mi xed results (Howey 
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Griftiths and Chri stian (1996) found significantly higher body condition for frilled-neck lizards 

( Chlamydosaurus king ii) in recently burned habitats than those in control habitats. They 

attributed the differences to increased prey abundance and to better foraging habitat created by 

opening up the vegetative community (tropical savannah) after fire disturbance. Although the 

mixed-hardwood forest habitats in our study showed pronounced structural differences due to 

fire history, we found no di stinguishable differences in body condition among lizard in the three 

habitats . 

If body condition is related to fitness, then there should be a link between other proxies 

of fitness, such as locomotor performance. We tested whether body condition indices predicted 

locomotor performance, and our results indicate strong ev idence that body condition was not a 

informati ve covariate for either of our performance measurements (Table I). These results are 

consistent with other studi es in the literature that tested thi s functional relationship between 

condition indices, generated from morphologica l measurements, and their relation to various 

performance measurements (Amo et al. , 200 7; Vern1st et al. , 2008) . Vervust et al. (2008) tested 

six commonly used morphological conditi on indi ces to predict locomotor performance abilities 

(maximum sprint speed and max imum exerti on) in Poclarcis siculo , and fo und that no condition 

index consi stentl y predicted locomotor performance abi lity. 

Understanding ho\\' performance or S. 1111c/11/0 111s is influenced by fire-altered habitats is 

essential !'o r understanding the unique relationship bet\\·een temperature, phys iology, and 

ecology ol' reptil es and ho\\. changing hab itats may resu lt to fl exible phenotypes. Our data show 

ho\\' a litness-related measurement, locomotor performance, can change rapidly in response to 

env ironmental alteration . We suggest that structu ra l changes in the environment due to fire have 

created ne\\' thermal opportunities, \\'here S. 1111d11/at11s ha\·e demonstrated the ability to acclimate 
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to different thermal reg imes resulting in measurable differences in locomotor perfo rmance. Our 

resul ts suggest that there are physiological and, poss ibly, fitness related benefits fo r reversible 

acc limatization. However, more research is needed to explain the underl ying mechanisms, and 

the costs associated with phenotypic plasticity. 
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Table I. Results of General Linear Model using sex and site (habitats with contrasting fire 

histories) as main effects, and hindlimb length (HLL) and body condition index (regression 

residuals for BC!) using as model covariates. Data are reported as least squared means (LS 

Mean) in meters per second with 95% confidence intervals for both maximum sprint speed and 2 

meter run speed. If letters above sex or site effect share a letter, then LS means are not 

significantly different on a pairwise base 
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Figure I. Maximum sprint speed (left ) and 2 meter run (right) of li zards captured at three 

habitats with contrasting fire hi stori es during 201 4 (ANCOVA, hindlimb length as covari ate). 

Tri angles represent li zards captured at burn habitat (< 6 months since burned). Solid circles 

represent lizards captured at recovery habitat (4 yea rs since burn). Open circles represent lizards 

captured at contro l habitat (60 ~ years since bum). Lines sharing a letter, then LS means are not 

signifi cantly di ffe rent from each other (P > 0.05). Lizards captured in the recently burned habitat 

had both significant ly higher max imum sprint speed or 2 meter run speed than lizards captured in 

recovery or contro l habitats. 
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Figure 2. To compare environmental thermal opportuniti es among the three sites, min/max 

temperature enve lope of hourly environmental temperatures (°C) were recorded at each habitat 

over a 72-hour period in June, 20 14. Red represents temperatures in recent burn habitat, green 

represents temperatures in recovery habitat and grey represents temperatures in control habitat. 

Solid black line represents 95% performance breadth interva l (8 95 : 31.3 - 37 .0 °C) of Sceloporus 

undul atus (Angilletta et al. , 2002). Over a 72-hour peri od the recent burn habitat had a higher 

dail y mean within 8 95 (9.3 ± 1. 2 hours) than recovery (7.0 ± 1.5 hours) and control (6.7 ± 1.3 

hours) habitats. 
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