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ABSTRACT 

M !KE IACC HETT A. Endocrine stress response of Eastern Fence Lizards to fire -altered 

landscapes (under the direction of DR . C. M. GIE GER) 

Hab itat alterati ons, such a · fire, change the land cape' s hab itat structure and 

resource avai lab ility necess itating phys iolog ical respon es to cope with the 

environmenta l change. Quantifying an endocrine stre s response through measurement of 

glucocorticoids ha become an increasingly comm on method for determining how 

organ isms respond ph ys iol og ically to challenges imposed by their cn\·ironment . We 

tested the hypothesis th at Eas tern Fence liza rds cope \, ·ith lire effects on the environment 

by modu lat ing their endocrine stress response . \\·e measured the baseline and stress-

induced plasma corticosterone (CO RT ) concentration or111alc !:astern fence Liza rds in a 

chronnseq uence or lire-a ltered habitats . _.\ It hough \ egetat i, e canopy co \·er. leaf I itter 

depth. and \'egeta tion co111position dilTered a111011g habitat types (rece ntl y burned. 

recm-crin!.!.. and unburned ). there \\as 1101 a ~iu11ilica111 effect or habitat t\·pe 011 plasma 
~ ~ . 

CO RT co11ce11tratio11 or 011 bod: cn11ditin11 . L'sing ,1 general linear model. \\·e found no 

cumulati\·e effect or habitat type. blond dra" treatment (baseline or stress-induced). body 

temperature. body cn11diti(111. or the time taken tn collect blood samples on concentration 

or plasma CORT. _.\ Jso. Ill) indi , idual Lictnr in the nwdel \\ :1s a signilicant predictor of 

plasma CORT co11centratil111 "hilc statisticall: cn111rolli11g for other l~1ctors in the mode l. 

Low intensity burns. typical or prescribed lire. 111a:- 1wt produce a challenging stressor 

necess,iry to elicit ad_just111e111s to the endocrine stress response in Eas tern Fence Lizards. 

Instead. li za rds may respond beha, iorally t() a, oid prolonged periods of allostatic 



overl oad by locating appropriate micros ites within their environment that all ow 

indi viduals to maintain longe r periods of optimal perfo rmance. 
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Introduction 

Quantifying the endocrine stress response through measurement of 

glucocort icoids has become an increasingly common method for determ ining how 

organisms phys iologicall y respond to cha llenges imposed by the externa l environment 

(Romero and Wike lski 200 I, Cash and Holberton 2005, French et al. 2008 , Drake et al. 

2012 , Graham et al. 2012) . Glucocorticoids are steroid hormones produced in the adrenal 

gland by way of the hypothalamus-pituitary-adrenal (HPA) axis that are secreted to 

initiate gluconeogenes is. G luconeogenes is produces energy in the fom1 of glucose 

(McEwen and Wingfie ld 2003, Romero 2004). Exposure to unpredictable enviromnental 

challenges stimulates increased secretion of glucocorticoids and breakdown of non­

carbohydrate molecules to produce the energy required to respond and overcome stressful 

situations (Korte et al. 2005, Landys et al. 2006) . By this process, an organism can 

achieve an allostatic state (stabil ity of physiological processes) in response to 

environmenta l change (McEwen and Wingfield 2003). 

Cort icosterone is the major glucocorticoid secreted by reptiles to stabilize 

metabolic processes during stressful events (Greenberg and Wingfield 1987). The 

base line concentration of co11icosterone is that which is secreted in the absence of 

unpredictable enviromnental stressors (Romero 2004) and describes the typical stress 

load experienced by individuals during routine physiological function (Bonier et al. 

2009). When an unpredictable stressor is imposed on an animal, the secretion of 

glucocort icoids increases to re-al locate energy stores to bodily function necessary to 

escape the stressfu I event . The stress-induced concentration of cort icosterone is the 

concentration resulting from a response to unpredictable tressors imposed on an 



indi ,·idual (i.e. prolonged handling of the anim al), which measures acute stress or 

sensitivi ty to nove l external stressors that are potentiall y life-threatening (Cash et al. 

1997). The magnitude of the phys iological response to environmental stressors ca n be 

detem1ined by comparing base line and stress-induced corticosterone leve ls (Dupoue et al. 

20 14). 

Allostatic overload, or a prolonged imbalance of energy expenditure and energy 

input, requires an individual to adapt phys iologically and beha viorally to surv ive 

(Romero 2004 ). Chronic stress imposed on an animal will decrease the body condition, a 

measure of stored energy in fat reserves, through continual conversion of stored energy 

reserves into usable energy (Fok id is et al. 20 I I). Species may adapt to prolonged 

increases in glucocorticoid concentration caused by allostatic overload by suppress ing 

immediately non-essential functi ons, such as reproductive activity and immune response, 

in the sho11-term, thereby increas ing the likelihood of surviva l (McEwen and Wingfield 

2003). Under chronica ll y stressful situations, reproduction may be forgone completely in 

order to re-allocate essential nutrients and materials to functions proximall y necessary for 

surv iva l (Hews and Abell Baniki 20 13) , and a suppressed immune system can leave an 

individual more vulnerable to infec tious diseases and paras itism (French et al. 2008, 

McConnick and Langkilde 20 14). However, energy that is re-allocated to other functions 

of the body allows indi viduals to cope with stressors, such as predator-prey interactions 

or harsh environmental conditions (Lima 1998, Drake et al. 201 2). ff exposed to chronic 

stressors, individuals ca n potentiall y endure decreased hea lth and reduced reproducti ve 

success (Bon ier et al. 2009) . 

Habitat alterat ion is an importa nt enviro nmental stressor that can increase the 



all ostat ic load of an individual (McEwen and Wingfield 2003) and has been assoc iated 

with dec lines in populations of many reptile species (Gibbons et al. 2000). Some hab itat 

alterat ions, such as logg ing, vegetation remova l, and fire temporarily change the 

landscape's suitability for certain spec ies, necess itating phys iological responses to cope 

with the environmental change and to increa e urviva l. Fire modifies habitat structure by 

converting intact vegetat ive commu nities into an ear lier stage of ecological success ion by 

reducing leaf litter, removing canopy cover. and increasing mineralization of so il 

(DeBano et al. 1998). These hab itat alterations can change the ava il ab ility of vital 

resources including, prey distr ibution. refuge and nesting sites. and thermoregulatory 

opportunities (Russe ll et al. 1999). Since resource arn il abi lit y may pote nti al ly change 

after fire-borne disturbance, the amount of energy needed to obtain tho c resources may 

also change, which will in turn affec t the lc\·el ol'corticosteronc required to mai ntain an 

all ostatic state. 

The goa l of this project ,,·as to determine " ·hether a st ress response in the 

corticosterone pathway is elici ted by reptiles e.\periencing habitat altera tions created by 

prescribed fire. The Eas tern Fence Lizard is a species found throughout the Southeastern 

United States. comm only inhabiting areas " ·here prescribed burning is implemented to 

restore imperi led disturbance-dependent habitat types. such as oak sa,·,mnah and pine 

sava nnahs (Wa ld rop ct al. 1992. Harper and Ford 2016) . \\ 'e tested the hypothesis that 

Eastern Fence liza rds cope \\'ith fire effects on the em·ironmcnt by modulating their 

endocrine stress lewis. More spec ifica ll y. ,,e sought to determine \\'hether fire indirectl y 

affects allostatic load. sensit i,·ity to acute stressors. and body condition of lizard by 

manipul ating microhab itat structure and requiring increased energy expend iture to obtain 



,·ital resources. We predicted that base line and stress-induced corticosterone would be 

higher in liza rds inhabiting recently burned habitat than lizards in recovering and 

unburned habitat as an adaptive mechanism for coping with disturbance and the 

redistribution of m icrohabitats caused by fire. Since corticosterone secretion was 

assumed to increase in lizards recently affected by fire, we predicted that body cond ition 

would be lower in lizards recently affected by fire because changes to resource 

ava ilability may require an individual to adapt by increasing energy expenditure 

necessary to obtain vital resources. 



Methods 

Studr Site 

Land Between the Lakes Nat iona l Recreation Area (LBL) encompasses over 

170,000 acres between Lake Barkley and Kentucky Lake (Tennessee and Kentucky). 

Wildfires were once a natural presence in the area, but fires have been suppressed since 

1964 when the site was designated a ationa l Recreat ion Area (Franklin 1994, O'Nei ll 

and Doyle 2002, Wright et al. 2002). Prescribed fire has been implemented at LBL as a 

land management practice with the intent to restore nati ve oak-grass land hab itat and 

encourage recreat ional act ivities by reducing the stand density of trees and fue l load on 

the forest floor (Jacobs and Lisowsky 2004 ). Prescribed fires are conducted periodically 

within des ignated experimental units th roughout the recreation area. 

Three s ites with differing burn histories were sa mpled in the spring and summer 

of 20 16. A I J26-acre prescribed burn site at the Sou th Bison Range in Stewart County, 

TN (burned March 20 16). a 2.--1-61-acre burn si te at the Fra nklin Creek site in Trigg 

County, KY that has had se ven yea rs to rcco, er from the mos t rece nt prescribed fire 

(burned 20 I 0). and a 3.031-ac re site adjacent to Fra nkli n Creek (unburned for at least 50 

years) were sampled . These sites were considered burned. reco,·ery. and unburned 

habitats. respect ive ly. The burned site " ·as 19.5 km south of the recm·ery and unburned 

sites, but the burned habitat ,,·as similar to the 1-cco,ery and unburned habitats in 

dominant tree species. elc,ation. and soi l type (C lose et al. 2002). 

Li:.arcl Caprurr! one/ Pmcessing 

Adult male Sccloporns 1111c/11/ar11s ,,·ere located using haphazard visual encounter 

surveys from late April until mid-July 20 16. To eliminate sex-related differences in stress 



phys iolo 0 y and body condit" d -· h · · 
b ion u1 mg t e breed mg season, onl y male lizards were 

captured and sampled (Carsia a d J h Aid 
< n o n- er 2003). Females were not sampled because 

the mass and eneray ex penditure of h · d. ·d I · · 
b eac 111 1v1 ua vaned throughout the samplmg 

period due to di ffe rences in clutch size, state of pregnancy (gravid vs. non-gravid), and 

stages of egg deve lopment among individuals . Lizards were captured using a hand held 

pole and noose at least I 00 meters away from the boundary of each site to minimize the 

probability of movement between hab itat types by lizards and to mitigate the effect of 

other disturbances , such as road traffic. Immediately upon capture, body temperature was 

measured using a Sc hultheis cloaca I thermometer (Miller & Weber Inc ., NY) inserted 2 

cm into the co lon through the cloaca . 

Liza rds were random ly assigned to one ol'two treatments before capture: base line 

blood draw or stress-induced blood dra\\'. Li za rds rece iving a base li ne blood draw had 

blood co ll ected within three minutes of capture. \\'hcreas liza rd ass igned to the stress­

induced treatment had blood collected after 30 minutes of confinement within a cloth bag 

(Romero and Reed 2005) . Analys is of blood samp les co llected \\'ithin three minutes of 

capture has bee n shown to be a reliable indi ca tor of chronic stre s load across multiple 

taxa (Romero and Recd 2005). Handling li za rds \\·ithin a cloth bag is used to 

experimentall y induce a stress response permitting the measurement of eleva ted 

corticosterone concentration in li zards exposed to a common ac ute stressor (Romero and 

Wike lski 2002) . We chose to induce 30 minutes of confinement handli ng stress because it 

has bee n show n to ele\·ate corticoste ro ne lewis abo \ e base line in other lizards (Moore et 

al. 199 1, Seddon and Kl ukO\\·ski 2012) and more time \\·as needed to capture lizards to 

increase our sa mple size. 



Blond sa mp les were co ll , t d r· .
1 

. . . cc c ' om t 1e retro-orbital sinus using a 75 pl 

hcparini7cd ca pilla ry tube (P hilli ps and Kl k k' 2008 L k' . u ows I t, ang I Ide 20 I 0, K lu kowsk1 

20 11. Gra ham et al. 20 12) Blood I · · · · · sa mp es were pipetted 111to 1111crocentn fuge tubes and 

stored on ice in the fi eld fo r up to six hours At th ti Id t t· (H kB . I · I . e 1e s a 1011 ancoc 10 og1ca 

Stati on) blood sa mples were cent1· ·.i::. d 6 000 . ,:- ti · ' 1,uge at , 1pm ,or 1ve mmutes, and plasma was 

deca nted into uniquely labeled 1.5 ml microcentrifuge tubes. Samples were initiall y 

stored at -20°C at the fi eld station for 1-10 days until they could be transferred for long­

term storage in the lab at -80°C (Austin Peay State University). 

The time of capture and the total handling time to acquire a blood sample were 

recorded for each individual. Measurement of total hand lino time beoan as soon as the 
b b 

lizard was restrained in the noose and stopped after measuring body temperature and 

completing the blood draw. Snout-vent length (SV L), tail length , and body mass were 

measured for each lizard in the fi eld after blood collection. Each lizard was toe clipped 

for unique identification, and recaptured individuals were not used for analyses. 

Habitat Assessment 

At the s ite of eac h lizard capture, a square 1 111 2 habitat frame was centered on the 

ground over the location where each lizard was first sighted (Daubenmire 1959). To 

determine the vegetati ve canopy cover of a locat ion, measurements were taken with a 

spher ica l densiometer in each of the four ca rdinal directions and averaged. Leaf litter 

depth was recorded at the fo ur corners of the fra me and averaged. To assess the genera l 

structura l aspects of the vegetati ve community, vegetation compos ition was sp lit into four 

categori es: herbaceous plants, li ve woody plants , course woody debris, and other cover. 



Percent coverage of 0 round veo t t. · I · 0 oe a 1011 wit 1111 each category was estimated visually 

within the I m1 frame . 

Hom zolle Assay 

Corticosterone (CO RT) assays were conducted u ing an ELISA kit (Enzo Life 

Sciences 900-097), which has been previously u ed to determ ine CORT concentrations 

across multiple taxa (Klukow ki 201 I. Hopk ins and Dura nt 2011. Ri,u et al. 20 14) . 

The kit was tested through para ll e li m bct,,·een a serial dilution of a pooled sample of 

liza rd plasma and a se rial diluti on of standard stock solution. \Ve determined that an 

optimal dilution of pl as ma was I :30. ,,·hich is congrucnt ,,·ith other studie. u ing small 

sample vo lumes (Ph illi ps and Kl uko,,·ski 200.'. Klukl)\\ski 2011 ). The minimum 

detectable concentration or rlasma CORT for the assa}· ,,·as 2 pg ml. 

Plasma aliqu ots or 10 pl ,,·ere combined ,,·ith 10 p ol'steroid displacement 

reagent (SO R) and incubated 1·or 10 minutes . Then. 2i'O pl ol'assay buffer \\'ere added to 

create a JO-fold dilution. Samples for each indi, idual ,,ere run in duplicate . .'ix ou t or70 

blood samples contained less than 10 pl of plasma and ,,ere subsequently assayed 

without duplication . Instead. plasma ,nlumes nrJ .:U pl ,,ere run in singlet and kept at a 

I :30 dilution ,, ith assay bu Iler and _, DR. F,cess reagent '"1~ ,, ashed a,, ay ,,·ith a 5° o p­

nit rop hen yl phosp hate solution. The en1}111e reaction ,,as stopped after ()0 minutes and 

the light absorbance ,, as read at -Hl5 nm using spec1rnplw1nmetry The color (absorba nce 

of light) of the solution in each ,,ell signilies the cnmpetiti,e binding of endoge nous 

·ct -1 11 . 1· I ) . )!1•1t•i-;e -;1eroid for -;heep a111ibnd,· bindirn.! sites. The standard stero1 anc, a ~a 1ne p 1l ~1 , , - · · · ~ 

t
. · I 1·1 · t· 111 , ·tL)L'k -,olutiL)n ,,·as used to estimate the concentration of 

CUr\ 'C O a sena l I u11 on O L ~ • 



CO RT in each pl;1s111a sample (Kl ukowsk · 20 11 ) C 1 . . . 1 . a cu lat1ons of rntra- and 111tcr-assay 

\·ariation were 2. 1 % and 13.8%, respect ive ly (Dav ies 20 13). 

Swtistical Ana frses 

Habitat structu ra l and vegetat· h • · · · · Ive c at actenst1cs among sites were compared us111g 

a one-way ANOV A fo llowed by post-hoc Tukey Kramer pairwise comparison of means. 

A linear regress ion of log-transformed SVL by log-transformed body mass was 

performed and the res iduals fro m the best-fit line were used to create an index that 

estimates each lizard 's body condition (BCI) (Jakob et al. 1996). One-way ANOY As 

were used to compare base line CO RT and stress-induced CORT of lizards among 

habitats and to compare potential covariates influencing CO RT secretion across habitat 

treatments including body temperature, BCI, and time of blood co llec tion. A GLM was 

used with hab itat type, type of blood draw, body temperature, body condition, and time of 

blood collection as predictor variables and concentra tion of plasma corticosterone as the 

response variable. The GLM allowed us to dete rm ine how each predictor variable affects 

the secretion of corticosterone while stat istica ll y holding all other predictor variables 

within the model constant (W hitlock and Schluter 20 15). All analyses were conducted 

using JMP Pro IO software. 



Results 

Habitat Structure 

Veaetati ve canopy cover d · ffi d . 0 1 ere among sites (Tab le 1) with cover being 14-24% 

lower at sites in burned habitat (60 3 ± 3 701) h · • 
· . 1 0 t an those 111 recover111g habitat (73.9 ± 

3.3%) and unburned habitat (84 2 ± 3 53/co ) Caiiopy cove d'd t · ·fi ti d·r.: · · · r I no s1grn 1can y 1 1er 

between sites in recovering habitat and unburned habitat (p = 0.09). Leaf litter depth was 

different among s ites (Table I) , and mean litter depth wa ten-fold lower at sites in 

burned habitat (2.4 ± 3.7 mm) than sites in recove ring habitat (22. -+ ± 3.3 mm) and 

unburned habitat (25.5 ± 3.6 mm) . There was no difference in the leaf litter depth of sites 

in recovering and unburned hab itats (p = 0.80). Herbaceous CO\'er \\·as 13-1 8% higher in 

recently burned habitat than in recovery and unburned habitats . Although the percentage 

of live woody plant cover was I 1-1 7% higher in rcc O\'CrY habitat than the other two 

habitats, the amount of li ve woody plants in locations did not signif'icantly differ among 

habitat treatments. Coverage by course \\·oody debris did 1101 differ among habitat 

treatments with mea n coverage bet\\'een .2.2 ° o and 33 ° o (Table I). Other C0\'Cr pr imaril y 

consisted of leaf litter, rock. and bare ground . The percent co\·erage of other CO\-er was 

different among hab itats (Tab le I). Post-hoc Tukey Kramer results indicate that the mean 

f I d ·t·t· cl bet\\·cen the burned habi tat (11 8 -r -+ .9°n ) and the unburned o ot 1er coverage I ere --

habitat ( 41 .3 ± 4. 7% ). The rccO\·ery habitat ( 30. I :::: ..iJ 0 
n) did not differ from the burned 

and unburned habitats . 

Comriate!Factor Anoil'sis 

. · , - 73 liza rds \,·ere measured for body cond ition and Across the three ha b I tat types. 

B cl dition was similar among habitats (Figure 2) , and 
body temperature (Tab le 2). 0 Y con 



the mea n BC I (res id ua l mass) for liz ·d . 
ai s 111 eac h habitat treatment differed by less than 

one one- hundredth of a oram Bod te 
b · Y mperatures were similar among habitat treatments 

(F igure 2), and mea n temperatures differed h b. 
among a Itat treatments by at most two 

tenths of a degree. Time of blood II · · · 
co ect1on was similar among habitats (Figure 2) , 

showing the duration of each blood d · . 
raw was consistent throughout the experiment. 

Corticosterone Response 

A total of 68 plasma samples of unique indi vidual lizards were analyzed for 

plasma corticosterone concentration. Mean plasma co11icosterone concentration for 

baseline samples was 6,963 (± 1,700) pg/ml for liza rds in burned habitat, 3,347 (± 

1,437) pg/ml for lizards in recovery habitat, and 8,071 (± 1,62 1) pg/ml for lizards in 

unburned habitat (F2.J2 = 2.67, p = 0.08). Mean corticosterone concentra tion for stress­

induced samples are 5,781 (± 2,032) pg/ml for liza rds in burned habitat. 4,984 (± 1,8 70) 

pg/mL for lizards in recovery habitat, and 7,303 (± 2.24 7) pg/ml for lizards in unburned 

habitat (F2.Jo= 0.32, p = 0.73 ). The pl asma corticosterone conce nt ra tion did not 

significantly differ between lizards in the base line treatment and lizards in the stress­

induced treatment within any of the habitat types examined (Figure I). 

GL M Anafvsis 

fn our ex periment, there was no cumulati ve effect of habitat type. bl ood draw 

b d - h . body condition and time of blood co ll ec tion on plasma treatment, o y tempetatdt e, · 

CORT leve ls (F6.6 1 = 1.00, p = 0.43 ). Indi vidual effects rests on habitat type (F2 = 1.97 , p 

(F _ 0 000 I p = o 99). body temperature (F 1 = 0. 24, P = = 0.15 ), blood draw trea tment 1 - · , · 

. . 72 _ 0 ?7) and tim e of blood co llecti on (F1 = 0. 001 4, P = 
0.62) , body cond1t1 on (F1 = I._ , P - ·- · 

. 1 ,,ode! sionificantly influenced the plasma 
0.97) show that none of the fa ctors Ill t ,e 1 0 



corticosterone concentration of Eastern Fence Lizards. Log-transforming the data to 

normalize the distribution did not change the significance of the factors within the model; 

therefore, we left corticosterone concentration untransfo1med for ease of interpretation. 

No single factor in the model was a good predictor of a change in corticosterone 

concentration whi le controlling for all other factors within the model. 



Di cuss ion 

Although recently burned habi·t t ct· f~ a 1 ,erect fro • m recovery and unburned habitats in 

structura I and vegetative characteristics th 
' ere was no detectable diffe rence in the pla ma 

corticosterone stress response in Eastern Fenc L. d . . 
e 1zar s among habitat with di fferent burn 

histories . The prescribed burn reduced leaf litter de th d • P an vegetat ive canopy cover, but 

these alterations did not result in altered chronic stre s of 1· d db b 1· tzar s, a mea ure y a e 111e 

corticosterone. Prescribed burns are implemented to create vegetati ve change to the 

understory by allowing higher light leve l to reach the fore t floor, promoting gro, th of 

herbaceous vegetation, and decrea ing the dens ity of, oody vegetation (Bm le and 

McBride 1998, Pavlovic et al. 2006, Lettow et al. 2014). nlike pre cribed fire, inten e 

wildfires may produce drastic alterat ion of habitat, u uall orching crm n canop . 

eliminating understory debris and woody v getation, and rca ting pa t he r e,· rel 

scorched soil (Whelan 1995). Thu , the r pon e f lizard in our tud to pre crib d fir 

d I I dem n tra ted b other lizard to the are potentially less pronounce t 1an t 1e re pon e 

·1dfi (L. d r et al. _OOt , Pianka and drastic vegetative alterations caused by w1 ire 111 enma 

Goodyear 201 2). 

dl.d not differ among hab itat . uggc ting that cncrg 
Body condition of lizard 

. o lizard in the different treatment or that prey 
stores were not used di fferently amot\, 

. d co,·ariatc with potential to affect 
. . . . . . 1 b·t t Other mea u, e -

ava ilab1hty was s11rnlar ac1oss 1a I a s. 
. f bl d co llection and body temperature, did not 

. t ·one t1 me o oo the level of plasma cort1 cos e, , . 
. 11 · with plasma cortico terone with all 

d.d t show a relation 1P 
di ffe r among habitats and 1 no 

d body condition were 
f t body temperature an 

other variables held constant . In ac ' . . . . . 
. . . a that lizard ma 111ta111ed s1mtla1 

. (Table 2). md1cat111.::, 
strikingly similar across habitat types 



physio logica l cond ition in different h 6. 
a 1tats Thes 1 · e resu ts are contrary to those observed 

in some reptile and bird species re 
sponses to habitat ] · · a terat ion rn which body condition 

was reduced during chronically stre ful . . ss 1tuat1ons · h. h wit 111 t e breeding season to 

compensate for the increased energet· • 1c cost incurred to · h · cope wit envu·onmental stress ( 

Romero and Wikelski 2001 Caria and J h Aid 
' 0 n- er 2003, elando and Ion o-Alvarez 

2003, Madliger et al. 20 15). 

There are at least three potential explanati·on c: ,or the lack of a phy iologica l tress 

response exh ibited by Ea tern Fence Lizard to la d I · · n cape a terat1 n cau ed by fire. First. 

low intensity burns, such a pr cribed fire regime u ed in thi tud ite. ma not 

produce a detectable behav iora l or phy iol gica l tre re ·pon e in a tern Fence 

Lizards. Organi ms respond to unpredictable or ·evcrc habitat di ·turban sa nd a 

limitation in resources by triggering the hypothalamu -pituitary-adrenal (HP ) axi t 

increase the secretion of glucocorticoid · ( Romero and WikcL ki _()0 I. C\\'comb Homan 

et al. 2003 , Madliger et al. 20 15. Meill crc ct al. _Q I ). The perception or noxiou: stimuli 

is necessary to induce a stres re pon (Romero _00-4). Reptiles arc cct thcrmic and 

their phys iologica l proce es arc clo cl tied t their them1al en,·ir mmcnt. tructural 

components of the environment. which create itcs for refuge. tlll.:rrnoregu lation. and 

forage opportunities, can be con idered ,·it al resource because they can dictate the 

physiologica I perform ance of ectothermic specie ·. omc major components of ,-cgctati,·e 

(
. d d b .· d 11·,·e ,mod)' plant ·) in microhabita t · ,,·here liza rd \\'ere 

structure 1.e. woo y e 11s an 

d d
.d d·t·c: . 1 li abi·t'll I pe e,·en though la ndscape feature of the 

encountere I not 1 1e1 amon~ " . · ~ 

· . • - . . II Since the re lat in~ abundance of woody debris 
habitats were quite different st1 ucn11 a Y· 

. . . d I t·ons ,rere not different among hab itat treatments 
and li ve woody vegetat ion 111 lizar oca 1 



and composed a large proportion of the . . . . 
m1c10hab1tat structure lizards used, there may not 

ha ve b en a suffic ient reduction in critical tru . 
1 

. 
s ctura components of the environment 

necessary to elicit a stress response (Wingfi Id d R . . 
1e an omero 2001 ). Lizards achieved 

similar body cond ition and body temperature in control and altered habitats indicatina 
, b 

that either lizards experienced similar conditions in those habitats or were able to locate 

microsites wi thin altered habitats that allowed them to maintain similar phys iological 

condition as those found within unaltered habitats. Since body condition was nearl y 

identical among habitats, lizards could potentially find localities with similar food 

availability within their environment, reducing the need to mobilize energy reserves . Fire 

can increase the visibility of prey items by removing understory vegetation (Griffiths and 

Christian 1996), potentially increas ing the detectability and acquisition of food resources, 

which may allow lizards to better cope with chronic stressors (Kitaysky et al. 1999). 

Ultimately, the prescribed fire in the burned hab itat may not have altered critical 

vegetative structure to a leve l necessary to st imulate a tress response. 

Second, lizards may use behaviorally plast icity to cope with stress imposed by 

habitat alteration, suppress ing a honnonal response (Ko11e et al. 2005) . Many lizard 

spec ies can change their behavior when individuals encounter a stressor, including 

fleei no- from non-nat ive invad ing spec ies sooner (Langkilde 20 I 0), reducing strenuous 
b 

· · 1 d (Schall and Sarni 1987), opt imizing refuge-
socia l behaviors withm changmg an scapes 

. . . t. where predation risk increases (Martin and Lopez 1999), or 
use strategies 111 s1tua ions 

. . . . with conspec ifics (Greenberg and Crews 
changing color after aggress ive mteiactions 

. f lizards were nearly identica l among habitats and 
1990). The mean body tempera tu I es 0 

(33 , 6°C) that allows Sceloporus undulatus 
were within the range of body temperatures _., ' 
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to ac hieve max imum sprint perfor11 1ance and max· . . . imum ass11rnlat1on efficiency 

(Angilletta 200 I, Angilletta et al. 2002). So , . . . 
me Scelopo, us lizards alter the mtens1ty of 

basking behavior at different elevations (Ad 1 h . 0 P l 990). By changmg the duration of 

exposure to solar radiation lizards can m · · • ' amtam their preferred body temperature longer, 

yielding longer periods of optimal perfi · · • . orrnance. Mamtammg opttrnal body temperatures 

in an altered landscape could be accomplished b h · h · · Y c angmg ow m1crohab1tats are used. 

A previous study at our field site showed that North Am · R (C / b encan acer o u er 

constrictor) in burned sites were more active and more frequently located on the ground 

compared to unburned sites where snakes were found in more arboreal habitats (Howey 

et al. 2016). Eastern Fence Lizards are primarily arboreal and may maintain optimal body 

temperatures by altering the height of selected perches used for basking as the closely 

related Western Fence Lizard (Sceloporus occidentalis) does among different latitudes 

throughout its range (Adolph 1990). Vegetation removal and soil erosion resulting from 

the construction and presence of a road along coastal Argentina cause Liolaemus spp. to 

modify their use of vegetation patches that provide thermal refugia, protection, and food 

(Vega et al. 2000). Altering basking intensity or altering microhabitat use for basking 

may help lizards cope with the environmental stress caused by fire disturbance. 

Lastly, the corticosterone response of lizards may be largely suppressed during 

the breeding season as a result of increased output of testosterone. The peak secretion of 

d
. 1 (April-June) resulting in increased 

testosterone occurs during the bree mg seasoi 

. . 1 d fense and advertisement to conspecifics (Phillips 
agonistic behaviors, such as temtona e 

k
. 2011) Althouah these displays may be energetically 

and K lukowski 2008, Klukows 1 · 
0 

. . data sianificantly lower rate during the 
ex pensive, stress hormones are seciete 0 
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reproducti ve season than the post r . d . 
ep1 o uct1ve s (D 

. eason unlap and Schall 1995). Eastern 
Fence Lizards are short li ved and ha 1- . . 

ve 1m1ted hfetim .. 
e opportunities to reproduce (Tinkle 

and Ballinger 1972, Haene! et al. 2003) Th 
· erefore, stressors would need to be substantial 

enough to elevate base line corticosterone level b . 
s eyond the stimulus tlu·eshold needed to 

inhibit reproductive activities during the b d · . 
ree mg season, as shown m other spec ies with 

a short window of opportunity to successful ly . d ( • 
1epro uce Zerani et al. 1991 , Wingfield 

and Romero 2001, Moore and Jessop 2003, Wingfield and Sapolsky 2003). Ins. 

occidentalis, individuals needed 240 minutes after captu . t h · ·fi 1 · 1e o s ow a s1gni 1cant e evat1on 

in corticosterone during the breeding season, but only 60 minutes to show elevated 

corticosterone during the non-breeding season (Dunlap and Schall 1995). If chronic stress 

inhibits nonnal reproductive behavior and physiology, the individual risks the possibility 

of not having another opp01tunity to produce offspring (Moore and Jessop 2003). Natural 

selection may favor males that do not suppress reproductive activit ies during periods of 

chronic stress, as shown in other species with short wi ndows of opportunity to sexua ll y 

reproduce (Wingfield et al. 1992, Romero et al. 2000, Boonstra et al. 200 I, Wingfield 

and Sapolsky 2003). The phys iologica l priorit ization of reproduction during the breeding 

season may have masked the stress caused by the prescribed fire . 

In all surveyed habitats, lizards did not demonstrate a significant hormonal 

. fi . loth baa The minimum duration of time needed 
response to handlmg con mement m a c o· 

. I I . S !opours undulatus when under the cloth bag handling 
to mcrease the CORT eves m ce 

. tudies Eastern Fence Lizards responded 
treatment has not been determmed. In some s ' 

( a a minimum of one hour (Dunlap 1995, 
significantly to handling confinement las mo 

ebb 20 I 4). Other studies have determined that 
Dunlap and Wingfie ld I 995, Carey W 
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baseline CO RT leve ls are maintained f _ _ 
a te1 ten mmute f h di . s O an mg confinement (Tylan et 

al. 20 16). Many other spec ies ofrepfl db . 1 es an 1rds sam I ct d · Pe urmg the breeding season 
respond quickly to handling stress, which had . 

elevated corticosterone after 30 minutes to 

one hour of handling time (Moore et al 1991 R . 
· , omero and Wmgfield 1998, Schuett et al. 

2004, Romero et al. 2006, He1T et al 2017) o . 
· · ur results provide some evidence that thirty 

minutes of handling time may not have beens ffi · t · d · 
u 1c1en to 111 uce mcreased plasma 

corticosterone during the breeding season in male E t F L. d · as em ence 1zar s. Handlmg stress 

treatments on Eastern Fence Lizards may need to be a n11·n· f h I · 1mum o one our ong 111 

duration to produce an acute response to the cloth bag treatment. 

We provide evidence to reject the hypothesis that corticosterone concentration is 

modulated in Eastern Fence Lizards when low intensity fires alter the landscape. 

Although a pronounced gradient in habitat quality was present among burned, recovery, 

and unburned habitats, Eastern Fence Lizards did not modify their glucocorticoid levels 

in response to habitat alteration. In congruence with other studies, baseline 

glucocorticoids may not be solely sufficient measures for determining stress responses to 

habitat alterations (Madliger et al. 2015), at least for certain species. Further research is 

needed to determine whether other ecological factors may induce a stress response, such 

as food availability, environmental temperatures, and population density. Quantifying 

b h . 1 . th field may allow better understanding of other ways in which e av1ora responses 111 e 

. b sed by habitat alteration. Eastern Fence Lizards tolerate d1stur ance cau 



1';1 

Literature Cited 

Adolph, S. C. 1990. Influence of beha · 1 v1ora thenno I . . 
regu ation on m1crohab itat use by two 

Sceloporus lizards. Ecology 7 l :315_327. 

Angilletta, M. J. 200 I. Thermal and phys · 1 · I . 10 ogica constramts on energy assimilation in a 

widespread lizard (Sceloporus unditlat ) E 
1 us · co ogy 82:3044- 3056. 

Angilletta, M. J. , T. Hill, and M. A. Robson 2002 I h · I · · . p ys 10 og1cal performance 

optimized by thermoregulatory behavior?• A ca tud f I c · • • e s y o t 1e eastern ,ence lizard, 

Sceloporus undulatus. Journal of Thermal Biology 27: J 99- 204. 

Bonier, F. , P. R. Martin, I. T. Moore, and J.C. Wingfield. 2009. Do ba eline 

glucocmiicoids predict fitness ? Trend in Eco log and Evolution 24:634-642. 

Boonstra, R. , C. J. Mccoll , and T. J. Karel . 200 I. Reproduction at all co l : The 

adapt ive stress response of male Arctic Ground quirrel . Ecology 2: I 930- 1946. 

Bowles, M. L. , and J. L. McBride. 1998. Vegetation compo ition, tructure, and 

chronological change in a decadent midwe tern orth merican avanna. atural 

Areas Journal I 8: 14- 27. 

· · ·t tero id hom1one . and Carey Webb, A. N.2014. Interactions between innate immuni y, 

b d d
. . . c I cence liza rds (Sceloporns u11d11/at11s). Middle Tennessee 

o y con 1t1on 111 1ema e 11 

State University 8-25 . 

. Aid . ?003 Seasonal alterations in adrenocorti ca l cell 
Cars1a, R. V., and H. John- e1. - · 

. . and sex in the eastern fe nce lizard . . h . •espons1ve ness function assoc iated wit stiess-i 

. ones and Behavior 43:408-420. 
(Sceloporus undu/atus) . Holln 



Cash. W. B., R. L. Holberton and S S Kn. ht 1997 C · · · , · • 1g . . ort1costerone secretion 111 

response to capture and handling in free-living red-eared slider turtles. General and 

Comparative Endocrinology I 08:427- 33. 

Cash, W. Ben, and R. L. Holberton. 2005. Endocrine and behavioral response to a decline 

in habitat quality: Effects of pond drying on the slider turtle, Trachemys scripta . 

Journal of Experimental Zoology Part A: Comparative Experimental Biology 

303:872- 879. 

Close, D. D., J. S. Fralish, and S. B. Franklin. 2002 . The climate, soil, and vegetation of 

Land Between the Lakes. Pages 53- 68. Land Between the Lakes, Kentucky and 

Tennessee: Four Decade of Tennessee Valley Authority Stewardship. 

Daubenmire, R. 1959. A canopy-coverage method of vegetational analysis. Northwest 

Science 33 :43. 

Dav ies, C. 2013. Immunoassay Performance Mea ures. Pages 11 - 26 in D. Wild, ed itor. 

The Immunoassay Handbook : Theory and Applications of Ligand Binding, ELISA 

and related techniques. Fourth Edition. ElseYier Ltd . 

DeBano, L. F. , D. G. eary, and P. F. Ffolliott. 199c . Fire's effects on ecosystems. John 

Wiley & Sons. 

D k K K K E Ussear. T. C. Esque. A. M. Barbe r. K. M. Vittum, P.A. Medica, C. ra e, . ., . . 

R. Tracy, and K. W. Hunter. 2012 . Does tran loca tion influence physiological stress 

in the desert tortoise'! Animal Conservation 15:560- 570. 

Dunlap, K. D. 1995. Hormonal and beha\·ioral responses to food and water deprivation in 

a lizard (Sceloporus occidentalis): Implications for assess ing stress in a natural 



population. Journal of Herpetology 29:345- 351. 

Dunlap, K. D., and J. J. Schall. 1995. Honnonal alterations and reproductive inhibition in 

male fence lizards (Sceloporus occidentalis ) in fected with the malarial parasite 

Plasmodium mexican. Phys iolog ica l Zoology 68:608- 62 1. 

Dunlap, K. D., and J. C. Wingfi eld . 1995. Ex ternal and internal influences on indices of 

physiolog ica l stress. I. Seasonal and population var iation in adrenocortica l secretion 

of free-li ving lizards, Sceloporns occidentalis. Journal of Experimental Zoo logy Part 

A: Eco log ica l Ge netics and Phys iology 27 1 :3 6-46. 

Dupoue, A., F. Ange lier. 0 . Lourdais. X. Bonnet, and F. Brischoux. 20 14. Effect of water 

de pri vat ion on baseline and stress-induced corticos terone leve ls in the Children's 

python (Antaresia childreni) . Compara ti ve Bi oc hemi try and Phy iology - A 

Mo lecular and Integrat ive Phys iology 168: 11- 16. 

Fokidis, H.B ., L. Hurley. C. Rogm,·ski. s ,,-cazca Karen . and P. De,·iche. 20 11. Effects of 

cap ti vity and body condition on plasma cort icosterone. locomotor behav ior, and 

plasma metabolites in cun-c-bi lled thras he rs. Ph y. iolog ica l and Biochemical 

Zoo logy 8-t :595- 606. 

Franklin . S. B. 1994. Late Pleis toce ne and Holoce ne ,·ege tation history of Land Between 

the Lakes, Kentucky and Tennessee. Transac ti ons Kentucky Academy of Sc ience 

55:6-1 9. 

French, S .. H. B. Fokidis. and M. f\ loore. 200/. Va riati on in stress and innate immunity 

in the tree lizard ( L'rosm 11 ·11s om ot11s) across an urban- rura l grad ient. Journal of 

Compara ti,·e Phys iology B 178 :997- 1005. 



Gibbons, J. W. , D. E. Scott, T. J. Ryan, K. a. Buhlmann, T. D. Tuberville, B. S. Metts, J. 

L. Greene, T. Mill s, Y. Leiden, S. Poppy, and C. T. Winne. 2000. The global decline 

of reptiles, deja vu amphibians. BioScience 50:653- 666. 

Graham, S. P., N. A. Freidenfelds, G. L. McCormick , and T. Langkilde. 20 12. The 

impacts of invaders: Basa l and ac ute stres glucoco11ico id pro fil es and immune 

function in nati ve li zard threa tened by i1wa ivc ant s. General and Comparati ve 

Endocrinology 176 :400-408. 

Greenberg, ., and D. Crews. 1990. Endocrine and behav ioral re 1 onses to aggress ion 

and soc ial dominance in the green anolc li za rd . . ·l110/is rnro li11e11sis . Genera l and 

Compara ti ve Endocr inology 7 :2-l6- 25 - . 

Gri lfohs. A. D .. and K. A. Christi an. 1996. The erfcc ts orfire on the fri ll neck lizard 

(Chlmn1 ·clo.,·011rns kingii) in northern ustra lia. Australian Journa l of Eco logy 

21 JX6- 39X. 

I !acne I. C. J.. L. C. Smi th. and 11. B. John-Akkr. 2(HL' . Home-range analys i_ in 

Scclo11orns 1111c/11/ar11s ( Eastern Fence L i1ard ). Copeia _003 :99- 1 12 . 

Jl arper. C. i\ .. and \\' . f\ 1. Ford . 2016. Fire effects on ,,·ildlilc in the central hard\\'oods 

and 1\ppal ac hia n regions . SA . Fire Eco logy 12:12 7- 159. 

Herr. M. W .. S. P. Graham . and T. Langkilde . 20 I . Stressed snakes strike fir t: hormone 

lcn~ls and delc nsi,·e bckl\ ior in free rangi ng collonmouths (.- lgkisrroc/011 

piscirnrns) . Genera l and Comparati,e Emlocr inology 2-l3 :X9- 95. 

H k. , \V A ". i1d S. E. Du rant. 2011 . Innate immunity and stress physiology of 
Op 111S, . . .. u 

Eastern Hellbenders ( Cnprohru11c/111s ullegu11ie11sis ) fro m t,,·o stream reaches with 



differing habitat quality G . 1 . · enei a and Comparative Endocrinology 174: I 07-15. 

Howey, C. A . . , M .. Dickenson and w M R b , - . oosen urg. 20 16. Effects of a landscape 

diSrurbance on the habitat use and behavior of the Black Racer. Cope ia 104:853-

863 . 

Jacobs, R., and W. P. Lisowsky. 2004. Land and re ource management plan : Land 

Betwee n the Lakes at ional Recreation rea. 60-63 . 

.J akob, E. M., S. D. Mar ·hall, and G. W. etz. 1996. E timating fitness: comparison of 

body conditi on indice. Oiko 77:61 - 67. 

Kitaysky. A. S .. .I. C. Winglicld. and J. F. Piatt. I 999. Dynamics of food a,·ai labi lit 

body cond iti on and physiological stress response in breeding Black-legged 

Kitti\\'akcs. Functional Ecology 13 :.5 .- x.i . 

Kluko\\·ski. M. 20 11 . [fleets or breeding season. te!'>tosterone and ACTH on the 

corticosterone response or free-ranging male knee li,ards (Scdof)<>nts 1111d11/ar11s) . 

Cie nernl and Comparati,·e Endocrinology I 3:_95 302 . 

Korte. S. M .. J. i\ 1. Koolhaas . .I. C. \\"inglicld. and B . . . ~kl:"·en . 200.5 . The Dar\\' inian 

concept of stress: Bene lits or allostasis and costs or allostatic load and the trade-offs 

in health and disease . euroscience and Biob •h;l\ ioral Re, ie\\·s 29:3 - Y. 

Landys. M. 'I.. i\ 1. Ramenolsky. and .I. C. \\.ing lield . 2006. Actions of g.lucocorticoids at 

a seasonal baseline as compared to stress-related le,eb in the regulation of period ic 

Ii fc processes . General and Comparat i,e Endocrinology 1-lX : 132- 1-+9. 

Langkilde. T. 20 Io. Repeated e\posure and handling effects on the escape response of 



fen ce lizards to encounters ·ti · . wi 1 111 vas1ve fire ants. Animal Behaviour 79:29 1- 298. 

Letlow, M. C. , L. A Brudvig C A B 11 · · , · · a 1 a1, and D. A. Landis. 20 14. Oak savanna 

management strategies and the ir differential effects on vegetative structure, 

understory li oht and flow .· c b F 0 ' ermg 1or s. orest Ecology and Management 329:89-98 . 

Lima, S. L. 1998. Nonlethal effects in the ecoloo f • d t . · · oY o pre a 01 -prey mteract1ons . 

BioSc ience 48:25- 34. 

Lindenmayer, D. B., J. T. Wood, C. Macgregor, R. Damian, R. B. Cunningham, M. 

Crane, R. Montague-drake, D. Brown, R. Muntz, D. A. Drisco ll, D. B. 

Lindenmayer, J. T. Wood, C. Macgregor, D. R. Michael, B. Ross, M. Crane , R. 

Montague-drake, D. Brown, R. Muntz, D. B. Lindenmayer, J. T. Wood, C. 

Macgregor, D.R. Michael, R. B. Cunningham, and M. Crane. 2008. How 

predictable are reptile responses to wildfire? Oikos 11 7: I 086- 1097. 

Madliger, C. L. , C. A. D. Semeniuk, C. M. Harris , and 0 . P. Love.20 15. Assess ing 

base line stress phys iology as an integrator of environmental quality in a wild avian 

population: Implications for use as a conserva tion biomarker. Biological 

Conservat ion 192:409-4 17. 

Martin, J. , and P. Lopez. 1999. When to come out from a refuge: risk-sensitive and state­

dependent dec isions in an alpine lizard . Behavioral Ecology I 0:487-492. 

McC01mick, G. L. , and T. Langkilde. 20 14. Immune responses of eastern fence lizards 

Sceloporus undulatus to repeated acute elevat ion of cort icosterone. General and 

Comparat ive Endocrinology 204: 135- 140. 

McEwen, B. s., and J.C. Wingfie ld . 2003 . The concept of allostas is in biology and 



biomedicine. Hormones and Bel1 . 43 av1or :2- 15. 

Meillere, A., F. Brischoux C. Parentea d F . ' u, an . Angelter. 2015. Influence of urbanization 

on body size, condition and ph · 1 . . , ysio ogy 111 an urban exploiter: A multi-component 

approach. PloS one 10:8. 

Moore, I. T. , and T. S. Jessop 2003 Stress r · d · d d · · · , ep10 uct1on, an a renocort1cal modulation 

in amphibians and reptiles. Ho1mones and Behavior 43:39-47. 

Moore, M. C. , C. W. Thompson, and C. A. Marler. 199 1. Reciprocal changes in 

corticosterone and testosterone leve ls fo llow ing acute and chronic handling stress in 

the tree lizard, Urosaurus ornatus. General and Comparative Endocrinology 

81 :21 7- 226. 

Newcomb Homan, R., J. V. Regos in, D. M. Rodrigues, J.M. Reed, B. S. Windmiller, and 

L. M. Romero. 2003. Impacts of varying habitat quality on the phys iological stress 

of spotted sa lamanders (A mbystonw 11 wrnlat11111). Anima l Conservation 6: 11 - 18. 

O'Neill , G., and L. Doyle. 2002. Forest Management Program. Pages 131- 148 in J. S. 

Fralish and E. W. Chester, ed itors. Land Between The Lakes. Kentucky and 

Tennessee: Four decades of Tennessee Va lley Authority stewardship. Austin Peay 

State University. 

Pavlovic, N. B., R. Grundel, W. Sluis, S. The, B. Society, N. A . .Jun, N. B. Pavlovic, R. 

Grundel , and w. Sluis. 2006. Groundlayer vegetation gradients across oak woodland 

canopy gaps. The .Journal of the Torrey Botanica l Society 133:225- 239. 

Phillips, J. B., and M. Klukowski. 2008. Influence of season and adrenocorticotropic 

h 
· t . e 

1
·
11 

c.1·ee- living female Eastern Fence Lizards (Sceloporus 
01111o ne on cort1cos e1 on 1

1 



1111du latus ). Copeia 2008 :570- 578 _ 

Pianka, E. R., and S. E. Goodyear 20 12 L. ·d · · · · · · • 1zai responses to wild fi re 111 and mtenor 

Austra lia: Long-term experimental data and commonalities with other studies. 

Austral Ecology 37 : 1- 11. 

Ri vers, J. W., A. L. Liebl , L. 8 . Martin , and M. G. Betts. 20 14. Corticosterone in 

terr itor ial male Swa inson ' Thrushe varie in relation to forest acre but not 
0 

vegetati on cover. Journal of Orn ithology 155 :539- 548. 

Romero, L. M. 2004 . Phys iologica l stress in eco logy: Le son from biomedica l research. 

Trends in Eco logy & Evolution 19:249- 55. 

Romero, L. M., . E. Cyr, and R. C. Romero. 2006. Con icosterone re pon e change 

seasonall y in free-li ving house parro\\' (Passa do111 estirns). Genera l and 

Comparative Endocrinology 149:58- 65. 

Romero, L. M., and J. M. Reed. 2005. Collec ting basel ine corti cos terone sample in the 

fie ld : Is under 3 min good enough? Compara ti,·c Biochemistry and Phy iology Pa11 

A: Mo lecu lar & lntegrati\'e Phy. iology 1-W: 3- 9. 

Romero, L. M .. J. M. Recd. and J. C. Wingfie ld . 2000. Effec t of \\'ea ther on 

corticos terone responses in \\·ild free-li,·ing passcrine bi rds. Genera l and 

· . I 11 · 11, 11 Comparative Endocn no ogy , . _, ___ _ 

R L M d M W·kels1••
1 

100 1 Corti cos terone le, els predict sun·ival orn ero, . ., an . 1 I\. . - · -

probab ilities of Galapagos marine iguana .. dur ing i11 0 eYents. Proceedings of the 

ational Academy of Sciences of the United State of America 98: 7366- 70. 



Romero. L. M. , and M. Wikelski. 2002. Ex o . .· . 
P sui e to touttsm reduces stress- induced 

cort icosterone leve ls in Galapagos 1 .· . . . 
nat me iguanas. B1olog1cal Conservation 

I 08:371 - 374. 

Romero, L. M., and J.C. Wingfie ld 1998 s . 
· · easonal changes in adrenal sensitivity alter 

corticosterone levels in Gambel's wh· . 1te-c1 owned sparrows (Zonotrichia Leucopluys 

gambelii). Comparative Biochemistry and Ph . I C Ph . ys 10 ogy - aimacology Toxicology 

and Endocrinology 119:31 -36. 

Russe ll , K. R. , D. H. Van Lear, and D. C. Guynn. 1999. Prescribed fire effects on 

herptofauna: review and management implications. Wildlife Society Bulletin 

27:374-384. 

Schall, J. J. , and G. A. Sarni. 1987. Malarial parasitism and the behavior of the lizard, 

Sceloporus occidentalis. Copeia 1987:84- 93. 

Schuett, G. W. , E. N. Taylor, E. A. Van Kirk, and W. J. Murdoch. 2004. Handling stress 

and plasma corticosterone leve ls in captive male western diamond-backed 

rattlesnakes ( Crotalus atrox). Herpetological Rev ievv 35:229- 233. 

Seddon, R. J ., and M. Klukowski. 2012. Influence of stressor duration on leukocyte and 

hormonal responses in male Southeastern Fi ve- Lined Skinks (Plestiodon 

inexpectatus) . Journal of Experimental Zoology Part A: Ecological Genetics and 

Phys iology 317:499- 510. 

Tinkl D w d R E Ballinoer. 1972. Sceloporus undulatus: A study of the e, . ., an . . o 

intraspecific comparative demography of a lizard . Ecology 53:570- 584. 

T I C
, K C h S Gi·aliam M HetT J. Jones, G. McCormick, M. O' Brien, J. y an, ., . amac o, . , · ' 



Tcnncssen, C. Thawley, and T. Lan kilde . . g · 2016. Collecting baseline cortico terone 

samples in reptiles and amphibians· Is d 3 . · un er minutes good enough? Joint Meeting 

of Ichthyologists and Herpetologists. 

Vega, L. E. , P. J. Bellagamba, and L A Fitzgerald ?000 L f:i'. f · · . - . ong-te1m e 1ects o 

anthropogenic habitat disturbance on a lizard assembl · h b. · Id · age in a 1tmg coasta unes 111 

Argentina. Canadian Journal of Zoology 78: 1653- 1660. 

Velando, A., and C. Alonso-Alvarez. 2003. Differential body condition regulation by 

males and females in response to experimental manipulations of brood size and 

parental effort in the blue-footed booby. Journal of An imal Ecology 72:846- 856. 

Wa ldrop, T. A., D. L. White, and S. M. Jones. 1992. Fire regimes for pine gras land 

communities in the southeastern Un ited States. Forest Ecology and Management 

47:195- 210. 

Whelan, R. J. 1995. The Ecology of Fire. Cambridge Uni ve rsity Press, Cambridge. 

Whitlock, M. C., and D. Sch luter.20 15 . Multiple explanatory \'a riab les. Pages 6 I 0- 611. 

The Analys is of Biological Data . Second Edition. Robert and Company Publishers. 

W
. (Jt- Id J C d L M. Romero. 200 I . Adrenocortical responses to stress and their 
111

0 
1e , . ., an . 

modulation in free-li ving vertebrates. In : McEwen 8 . S .. Handbook of Phys iology, 

S 
. 

7 1 
E d _· e Systetii vol 4- Cop ino with the En\' ironment : ect1on : t 1e n oc1111 , - , ~ 

· · P· 1000· 1ll-1,6 
Endocrine Mechanisms. Oxford UniverSity iess, - · - _ J · 

eural and 

. 
1 

k , 00 , Reproducti on and res istance to stress: When 
Wrngfie ld , J.C., and R. M. Sapo s Y- - J. 

and how. Journal of euroendocrinology I 5: 71 \- 724. 



Wi ngfie ld , .I. C., C. M. Vleck, and M. C. Moore. 1992. Seasonal changes of the 

ad renocorti ca I response to stress in birds of the Sonoran deseii . Journal of 

Experim ental Zoology 264:419-428. 

Wright, A. W., R. L. Lowe, and P. T. Gray. 2002. The Tennessee Valley Authority's 

management of Land Between the Lakes: An overview. Pages 95-106in J. S. Fralish 

and E. W. Chester, editors. Land Between The Lakes, Kentucky and Tennessee: 

Four decades of Tennessee Valley Authority stewardship. Austin Peay State 

Uni versity. 

Zerani , M., F. Amabili , G. Mosconi , and A. Gobbett i. 199 1. Effects of captivity stress on 

plasma steroid leve ls in the gree n frog, Rana esculenta, during the annual 

reproductive cyc le. Comparati ve Biochemistry and Phys iology Part A: Physiology 

98 :49 1-496. 



Table \ : Mean and standard error of habitat characteristics among different habitat treatments. Vari ables 
\\'ith ~ta ti~ti ca ll y significant differences and their respecti ve p-values are in bold type. Post-hoc Tukey 
Krarncr pairwise comparisons are superscript next to the mean va lu es. Different letters between mean 
,·a\ucs indicates a signifi cant difference between the mean va lues. 

811med Habitat Rec01·en • Habitat U11 b11med Habitat 
(11 = 22) (11 = 18) (11 = 14) 

I ·aria/Jle Mea11 SE Mea11 SE lvfea11 SE ANOVA results _p-\'(//11e 
-

Ca nopy Co\'er (% ) 60.3" 3.7 73 .96 3.3 84.211 3.5 F,.71 = I 1.00 <0.0001 

Leaf Litter Depth (mm) 2.4A 3.7 22 .48 33 25.58 3.6 F,.71 = 11.76 <0.0001 

Herbaceou s Cover(%) 22.0" 2.8 8.48 2.5 , ,a 
~-~ 2.7 F,.71 = 12.08 <0.0001 

Woody Stem (%) 28.7' 5.7 40.1' 5. 1 23 .1' 5.5 F, -, = 2.72 0.07 

Woody Debri s(% ) 26.4'' 5. 1 21 _s A -1 .5 32J·' -1 .9 F,_-, = 1.3-1 0.27 

Other(%) 21 .8" 4.9 30. 1' 4.3 -1 1.38 -1 .7 F2.11= 3.81 0.03 
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Figure I: Th e dot plot compares the plasma cort icosterone concentrati on (ng/mL) between baseline plasma 
samples and stress-induced plasma samples. The e1Tor bars encapsulate one standard error from the mean. 
Black dots represent the mean baseline CORT concentration. Red dots represent the mean stress -induced 
CORT concentra ti on. The dotted line represents the grand mean of all lizards in each treatment. 



, 2. Mean and standard e1Tor for body temperature, body conditi on, and bleed time of S. 
T1ble · · Al h F · · ' d. fferent habitat treatments. so, t e -stati sti c and p-value of each one-way A 
3111ong 1 

presented. 
/311med Habitat Recove,y l·fabita1 L'11/mmed /·/a/,i1c11 A.\'OIA 

,\Jean SE " Mean SE II .\Jec111 SE II res11/1s 
1 ·ariahle 

34. I 8 048 22 34.38 o.-n 28 3-U2 0.-1 7 2-1 F::,, 0.05 
Body Tenip. (oC) 

-0.0004 0.02 22 -0.0024 0.02 28 0.0032 0.02 2-1 F :: ,, = 0.0 I c 

JI... 

1111d11/at11s 
OVA are 

p-w1/11e 
0.95 
0.9 

BC I (g) 
21 199.70 12. 18 27 181.1 5 1-1.15 20 F:_,,= 1.1-12 0.33 Time of Blood i 72.9 1 I 3. l 

Collect ion (sec) 
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Figure 2: The bar chart shows mean bl eed time, res idual mass, and body temperature among habitat types. 
Enor bars are one standard error from the mean. For li za rds given the baseline bl ood draw treatment, bleed 
time was recorded as the amount of time elapsed between capture of the li zard to the tennination of blood 
extracti on. For li za rds given th e stress-induced blood draw treatment. bleed time was recorded as the 
amount of tim e elapsed between remova l from th e cloth bag to the terminati on of bl ood extraction. The 
res idual mass is drawn from th e bes t- fit line of the regression of SV L and mass 
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