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ABSTRACT 

The green anole(Anolis carolinensis,Sauria- Polychrotidae)is the only native 

member ofthe neotropical genus m the Umted States and can befound as far north as 

North Carolina and Tennessee. This thesis descnbes atwo-year field study on the winter 

behavioral ecology ofa northern population ofgreen anoles m Tennessee Green anoles 

remain active throughoutthe entire winter m Tennessee,a rare behaviorfor reptiles at 

this latitude. In the population used in this study,A carolinensis shift habitats during the 

winter to a south-facing bluffwhere they seek refuge m rock crevices at night and during 

cloudy days The crevices provide thermal protection from air temperatures that 

routinely drop below freezing. There are notenough crevices for all lizards to be 

solitary; however,A carolinensis often aggregate even when unoccupied crevices are 

available nearby Aggregations do notseem to provide anythermal benefits to the 

lizards. Lizards emerge from the crevices whenthe sun illuminates their section ofthe 

bluff The emergence order oflizards from a crevice was nonrandom,some lizards 

consistently emerged earlier than others. Position m the emergence sequence was 

determined bythe depth ofthe lizard within the crevice with shallow lizards emerging 

first Lizards remain close to the same group ofcrevices throughoutthe entire winter 

season and often return to the same section ofthe bluffthe following winter season. The 

winter sex ratio ofthe lizards on the bluffwas male-biased dunng both seasons. 

Although appetite appears to bereduced m the winter,individuals were observed to eat 

throughout the winter season. There was significant growth in snout-vent length during 
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both winter seasons and significant growth in mass dunng the second season. Males had 

higher growth rates than females. 
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Temperate-zone reptiles must be able to survive the low wintertemperatures that 

occur at higher latitudes. The response ofmosttemperate reptiles is to become dormant 

dunng the coldest part ofthe year. Winter dormancy can be found in all reptilian orders 

and maybe viewed as an adaptive strategy for reducing costs when there arefew benefits 

m remaining active(Hamsworth and Wolf1978). The duration ofwinter inactivity m 

reptiles depends on the costs and benefits ofbeing active and the seventy ofthe climate. 

Reptiles maybe continuous hibemators or be active penodicallydunng the winter;and 

even within a species,the different sexes and age groups may vary m their amountof 

winter activity(see Gregory 1982for an overview) 

The mam factor that regulates winter dormancy m reptiles is probably 

temperature(Case 1976),butfood supply,photoperiod,and biological rhythms may also 

influence the onset and duration ofhibernation(see Gregory 1982for an overview) 

When temperatures begin to drop,reptiles often shift habitats to suitable overwmtenng 

sites Winter habitat shifts have been found m turtles(Woodbury and Hardy 1948,Ernst 

1976),lizards(Ruby 1977,Boykm and Zucker 1993)and snakes(Fitch 1963,1965) 

Those individuals that survive mayreturn to the same overwmtenng site that proved 

successful in previous years(Carpenter 1957,Worthmgton and Sabath 1966,Wemtraub 

1968,Brown and Parker 1976). 

Choosing a suitable overwmtenng site is crucial for a reptile at higher latitudes. 

The greatest threat dunng the winter is freezing temperatures(Carpenter 1953,Lowe et 

al. 1971),butflooding ofretreat sites and predation also cause mortality to overwmtenng 

reptiles(see Gregory 1982) Reptiles are notpassive m their selection ofretreat sites; 

refugia maybe chosen using physical characteristics such as height,width,onentation. 
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depth and moisture(see Part II) Even after a winterretreat site is chosen,an individual 

may move to a different refuge altogether dunng the winter season or take advantage of 

the range oftemperatures that are available within the refuge by shifting positions(Huey 

et al. 1989) 

Reptiles oftenform aggregations in the winter,even ifthey are highlytemtonal 

dunng the breeding season Winter aggregations have been found in turtles(Woodbury 

and Hardy 1948,Felger et al. 1976),lizards(Vitt 1974,Ruby 1977),and snakes(Noble 

and Clausen 1936,Galhgan and Dunson 1979). Ifa temtonal species is confined to a 

limited amountofspace,dominance hierarchies mayform(Hunsaker and Burrage 1969, 

Brattstrom 1974) However,hierarchies are rare m winter aggregations since the 

dominance dnve in mosttemperate reptiles is probably suppressed after the breeding 

season(Berry 1974) It would be wasteful to expend any excess energy m dominance-

related disputes unless there is some limited resource that is worth fighting for such as 

food or basking and retreat spots. According to Gregory(1982),reptiles mayform winter 

aggregations for at least three reasons. 1)there are a limited number ofoverwmtenng 

sites which forces animals to aggregate, 2)there maybe thermal benefits m huddling 

together,3)mating opportunities maybe enhanced upon emergencefrom hibemation 

Reptiles that do not hibemate mustbe able to maintain their energy and water 

budget to survive the winter season. Ifa reptile remains active dunng the winter without 

feeding,it maylose considerable weight(Wharton 1966). In addition,winter-active 

reptiles are more at nsk to predators than inactive ones,and their escape ability maybe 

impaired bythe low temperatures(Huey and Bennett 1987) However,being active 
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provides opportunities for growth and temperature regulation(Huey 1982)that maybe 

very valuable for individuals trying to reach reproductive size. 

There are few winter field studies ofthe behavior oftemperatezone reptiles. The 

present study is an investigation ofthe winter activity ofthe green anole(Anolis 

carohnenis,Sauria:Polychrotidae)m Tennessee The population studied is near the 

northern range limit ofthe species,a boundarythought to be set bylow winter 

temperatures(Gordon 1956). The green anole is the only reptile at the study location that 

IS not dormantdunng the winter Individuals can be seen basking on sunny winter days, 

even when temperatures are below freezing Winter activity maybe adaptive forA. 

carohnenis or possibly be the result ofa phylogenetic constraint on the neotropical genus 

(Jenssen et al 1996) The present studyfocuses on the winter behavior ofA 

carolmensis rather than the physiology associated with winter activity. 

In the population used for this study,A carohnensis shift habitats pnor to the 

winter season to a south-facing rocky bluffwhere they seek refuge m crevices at night 

and dunng cloudy days(Gatten et al 1988,personal observations). In part II ofthis 

thesis,I descnbe the thermal properties ofthe crevices and the behaviorofthe lizards m 

relationship to the crevices Bodytemperatures oflizards were recorded prior to 

emergencefrom the crevices to determine ifthere weretemperature differences between 

lizards with different masses and to see iflizards could maintain bodytemperatures 

independent ofcrevice temperatures. The emergence order ofthe lizards from several 

crevices was observed to determine ifan individual's position m the emergence sequence 

wasrandom,and ifit was not,whatfactors influenced emergence position. Also,light 

intensity,and air, crevice,and rock face temperatures were recorded to identify the major 
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physical cues that tngger emergence from the crevices. Finally,the last section ofPart II 

descnbes the winter and seasonal movements ofthe lizards. Movements were monitored 

to determine iflizards remain atthe same crevice throughoutthe entire winter season and 

descnbes the winter sex ratio,size distribution,and growth ofthe lizards found on the 

bluff. 

to see ifindividuals return to the same crevices the following winter season. Part III 
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INTRODUCTION 

Reptiles that live in temperate regions havetwo options during the winter. They 

either become dormant or acclimate(Ragland et al. 1981,Jenssen et al. 1996). Those 

individuals that cannot maintain adequate bodytemperatures musthibernate(Gregory 

1982) Manylizards are able to acclimate to colder temperatures and are active on sunny 

winter days(Miller 1951,Gordon 1956,Worthmgton and Sabbath 1966,Wemtraub 

1968,Goldberg 1972,Balhnger and Congdon 1981,Rugiero 1995,Blazquezand Ortega-

Rubio 1996). Winter activityin lizards mayincrease growth(Crenshaw 1955,Miller 

1951,Ruby 1977,Ballinger and Congdon 1981),decrease gestation time(Ruby 1977),or 

be the result ofa pbylogenetic constraint(Jenssen et al. 1996). 

Reptiles that are solitary or territorial dunng the breeding season often aggregate 

m the winter. Winter aggregations mayform for a variety ofreasons but are often 

attnbuted to insufficient over-wintering sites or for tbermoregulatory purposes(see 

Elfstrom and Zucker 1999for an overview). Winter aggregations occur in snakes(Vitt 

1974a,Brown et al. 1974,Prior and Weatberbead 1996),turtles(Woodbury and Hardy 

1948,Patterson 1971)and lizards. Winter aggregations ofhibernating and active lizards 

have been found mAnolis carolinensis(Polycbrotidae* Hamilton 1948,Neil 1948, 

Gordon 1956),Eumecesfasciatus(Scincidae:Hamilton 1948),Eumecesseptentrionalis 

(Scott and SbeldabI 1937),Gerrhonotus coeruleus(Anguidae: Vitt 1973),Podarcis 

muralis(Lacertidae:Rugiero 1995),Sceloporusgrammicus(Pbrynosomatidae: Axtell 

and Axtell 1970),Sceloporusjarrovi(Bums 1970,Tinkle and Hadley 1973,Ruby 

1977,1978,Congdon et al. 1979,Marler and Moore 1988),Sceloporus occidentalis(Gray 

and Stroud 1979),Sceloporus orcutti(Weintraub 1968), Urosaurus ornatus 
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(Phrynosomatidae: Worthington and Sabbath 1966,Vitt 1974b,Boykin and Zucker 1993, 

Elfstrom and Zucker 1999),2x16.Xantusia vigilis(Xantusiidae:Miller 1951,Zweifel and 

Lowe 1966). 

The green ancle(Anolis carolinensis)is the northern-most memberofits 

neotropical genus(Williams 1969)and can befound as far north as North Carolina and 

Tennessee(Conant and Collins 1991) The northern boundary ofthe species range 

appears to be limited bylow temperatures(Gordon 1956,Wilson and Echtemacht 1987). 

Low winter temperatures are common m Tennessee,butA carolinensis do not hibernate. 

In the population used for this study,A carolinensis are found m winter aggregations on 

a south-facing bluffwhere they seek refuge m crevices at night and dunng cloudy 

weather The winter behavior ofaggregated A carolinensis has not been previously 

studied Iinvestigated the thermal properties ofthe crevices,lizard bodytemperatures 

within the crevices,the cues thatinfluence lizard emergencefrom the crevices, 

emergence behavior,and winter and seasonal movements. 

METHODS 

Site Description.- The study site is located on the Little Tennessee River m 

Monroe County,Tennessee. A south-facing bluffis located about 15-20m from the 

nver There is a narrow strip ofvegetation along the edge ofthe nver separated from 

another at the base ofthe bluffby an old railroad bed. Deciduous trees dominate the 

area Thecommon species are: black locust{Robiniapseudoacia),hackberry(Celtis 

occidentalis),redbud{Cercis canadensis),ash(Fraxinus spp.),oak(Quercusspp ),black 

walnut(Juglans nigra),sycamore{Platanus occidentalis)and box elder{Acer negundo). 
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There are afew eastern red cedars(Juniperus virgimana),and the dominant herbaceous 

vegetation is crown-beard {Verbesinia occidentalis)and occasionally tickweed 

{Verbesina virgimca)(Minesky 1999). 

Subjects -Anolis is the largest lizard genus in the world with over250 species 

found in the New World tropics and subtropics The green anole{Anolis carolinensis)is 

the only member ofthe genus that is native to the continental United States(Conant and 

Collins 1991). Anolis carolinensis are small(under75 mm snout-ventlength),diurnal, 

arboreal lizards that are common m the southeast. Dunng the spnng and summer,male 

A carolinensis spend much oftheir time displaying to other lizards and actively 

defending their temtones. The aggressive activity decreases sharply after the breeding 

season(Gordon 1956,Jenssen et al. 1995,1996)which allows for aggregations oflizards 

to form m the winter(Hamilton 1948,Neil 1948,Gordon 1956). Theterm hibernation 

has been used by several authors to describe the winter behavior ofA. carolinensis(see 

Minesky 1999for an overview),but winter activity has been documented(Neil 1948, 

Gordon 1956,Ragland et al. 1981,Gatten et al 1988,Jenssen et al 1996). Aggression 

resumes m the spring,and lizards begin to space themselves out and set up their 

breeding-season temtories. 

In the Monroe County,Tennessee population,A carolinensis are found on trees 

and surrounding vegetation dunng the warmer months and begin moving to the rocky 

bluffin late October or early November where they usually stay until late March or early 

Apnl(personal observations) Throughoutthe winter months(Dec-Feb)m Tennessee, 

lizards bask on sunny days on the sun-exposed rocky bluffand use the crevices for 

refuge. Crevices that containedA carolinensis on at least three different days were 
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assigned a number and marked with red fingernail polish. Sixty-seven crevices were 

marked dunng this study and searched on each observation day. There were70 

observation days dunng the winter seasons of1998-1999 and 1999-2000 

The physical charactenstics ofoccupied crevices(width at opening,length,and 

angle from the honzontal ground)were recorded to give the reader an idea ofwhatthe 

crevices look like. It was not the goal ofthe study to determine which physical 

charactenstics ofcrevices were prefened by lizards The depth ofthe majontyof 

crevices could not be accurately measured due to the direction changes that occur within 

a crevice No attempts were made to measure the height above the ground ofhigh 

crevices The lowest crevice observed is at ground level and the highest is estimated to 

be at least 20m above ground level Crevices are located at all heights m between. 

Lizards were observed at even higher positions on the bluffbut were inaccessible for this 

study. 

Capture ofLizards - Lizards were captured from November- March by hand or 

noose,toe-clipped and painted with a number using a silver paintpen(Pilot Silver 

Marker™) The shedding frequency decreases dunng the winter months,and lizards 

usually had to be painted only one time each winter. The sex ofeach lizard was 

determined on the basis ofthe presence(males)or absence(females)ofpost anal scales, 

and It was placed m a plastic bag and weighed to the nearest 0.5 g using a spnng scale 

(Pesola"^" 10 g). Its snout-vent length(SVL)and tail length were measured to the nearest 

0.5 mm with a clear plastic ruler. Lizards were released atthe point ofcapture 

immediately after measurements were taken. 
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Crevice Temperatures - Crevice temperatures were monitored m crevices 26 and 

seven. These crevices consistently had lizards present dunng both winter seasons and 

were located in an obscure part ofthe bluffthat prevented potential vandals from finding 

the temperature equipment. To determine ifcrevices provide thermal benefits for over-

wmtenng lizards,aHOBO"^"temperature data logger probe(Onset Computer Corp., 

Pocasset,MA,USA)was placed 10cm inside a crevice(No 26)for 33 days(Jan 17-

Feb 19,2000) Crevice 26 was occupied dunng both winter seasons. A Tidhif^" 

temperature data logger(Onset Computer Corp)was attached by Velcro"""" to the rock 

face outside ofthe crevice opening. The internal temperature sensor m the Tidbit was 

less than2mm from the surface ofthe rock. Tidbits and HOBOS have been shown to 

produce temperatures similar to modelsfor small lizards(Vitt and Sartonus 1999). 
/ 

Another Tidbit was used to measure air temperature in the shade Im from the crevice 

Temperatures were recorded at 15-mm intervals. 

Lizards maybe found at vanous depths within a crevice. To determine the effects 

ofdepth on crevice temperature,threeHOBOtemperature probes were placed inside a 

crevice(No 7)at 10cm,20cm and 30cm,respectively Rock face temperatures and air 

temperatures were recorded as descnbed above. Temperatures were recorded at 15-min 

intervals for 19 days(Feb 24-March 11,2000). 

Lizard Temperatures.-It is not possible to get cloacal temperatures without 

pulling lizards out ofcrevices, fri order to determine ifthere was any difference between 

the skin and cloacal temperatures ofanoles,a briefstudy was conducted prior to 

obtaining field data. Ten males and ten females were captured from the study site and 
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brought back to the laboratory. Lizards were fastened to wooden dowels with arubber 

band,and copper-constantan thermocouples were inserted into the cloaca and taped to the 

dorsal skin ofeach individual. Lizards were placed in a dark climate-controlled room set 

at9°C for 1 hr prior to recording temperatures. Temperatures were obtained using a 
I 

microprocessor thermometer(OmegaEngineering,Inc.,Stamford,Connecticut,USA, 

modelHH-23). There was no significant difference between skin and cloacal 

temperatures for males(mean±SE:skin=9.7±0.2°C,cloacal=9.7±02°C,t-test: ti8 

=4.734,P=0.873)orfemales(mean±SE skin=9.3±0.2°C,cloacal=92±0.2°C, 

Mann-WhitneyU test- U=41.50,Ni=10, N2=10, P=0.515) 

Prior to the emergence oflizards from the crevices each morning,body 

temperatures ofaccessible individuals were obtained by pressing a temperature probe 

(Omega modelHH-23)against each lizard's side. A flashlight was used to see into each 

crevice. Many crevices are oriented m a waythat prevents access to,or even seeing, 

lizards that are deep m the crevice The shaded air temperature 1 m from the crevice 

opening,and the substrate temperature within 1 cm ofthe lizard were also recorded For 

those lizards that had multiple temperatures recorded dunng a season,the temperatures 

were averaged. Lizards that could not be identified were omitted from the body 

temperature analyses. 

Emergence Cues -To determme ifcrevice temperature tnggers lizard emergence, 

aHOBOtemperature probe was placed 10cm inside a crevice 1-2 hours before 

emergence to monitor any temperature changes within the crevice Mostlizards are 

found deeper than 10cm within the crevice during typical winter weather,butI did not 

wantto place the temperature probe too far in the crevice due to the possibility of 
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blocking the lizards within the crevice. A Tidbit was attached to the rock face with 

Velcro,and another Tidbit wassuspended in the shade 1 m from the crevice opening and 

1 m from the ground. Temperatures were recorded at 15-mm intervals. 

Lightintensity(^/m2)was monitored using apyranometer(LI-COR Inc.,Lincoln, 

Nebraska,USA,modelPY 10882)attached to the rock face with Velcro. Light 

measurements were recorded in 15-min intervals with aLI-COR datalogger(model LI-

1000) Lizard behavior did notseem to be influenced bythe presence ofthe temperature 

and light data loggers Three different crevices(23,39,43)were monitored on 13 

randomly selected days between January24,1999 to March 18,1999 

Emergence Order.- The order ofemergence oflizards from a crevice was 

recorded to determine ifemergence order is random and whether or not it is influenced 

bythe size or sex ofthe individual. Crevices that contained at least three lizards were 

observed. During the 1998/1999season,four crevices(19,23,39,43)were observed, 

but onlytwo(23,39)consistently contained multiple lizards. Crevices23 and 39 were 

close together(<2m),could be observed simultaneously,and were monitored during 

both 1998/1999 and 1999/2000 winter seasons. 

A flashlight was used to search for lizards inside the crevices pnorto their 

emergence Numberson individuals that could be seen in the crevices wererecorded to 

see iflizards at shallower depths emerged earlier than lizards at greater depths. Most 

lizards within a given crevice could notbe seen due to depth and onentation ofthe 

crevice. 

The emergence oflizards was observed from a distance of15-20m with lOx 

binoculars. Lizard behavior did notseem to beinflueneed bymypresenee at this 
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distance The numbers written on the their sides could usually be seen unless the lizards 

were partially concealed within a crevice To make identification ofpartially concealed 

lizards easier,three dots were painted in various colors and pattems on the side ofeach 

individual's head with Testers™ model paint. 

Anindex was created to rank each lizard by its position m the emergence 

sequence. The daily emergenceindex was calculated by dividing the individual's 

position m the emergence sequence bythe number oflizards present that day. A mean 

emergenceindex wasthen calculated for each lizard that was seen five or more times. 

Values ranged from 0-1. A value of1 indicates a lizard emerged last every day,and a 

value close to0indicates a lizard emerged close to first each day. 

To determine ifmass is correlated with emergence position,lizards in a crevice 

were first ranked by mass each day. A massindex wasthen calculated by dividing bythe 

number oflizards with different masses present that day. A value of1 indicates an 

individual is the heaviest lizard in the crevice that day,and a value close to0indicates an 

individual is the lightest lizard present. Observation days thatincluded fewer than two 

lizards are omitted Correlations between the daily emergence and massindices were 

calculated 

WinterandSeasonalMovements.-To determine iflizards exhibit crevice fidelity 

dunng the winter season,Isearched the study site on each observation day and noted the 

positions ofeach individual found. The numberofthe crevice that was occupied by each 

lizard was recorded Ifan individual moved to a different crevice between sightings,the 

distance between the two crevices was recorded. Distances were estimated to the nearest 
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1 cm using a 15 m measuring tape. For those lizards seen at least five times between 

December 1st and the end ofthe winter season,the mean distance moved between 

crevices was calculated. This does not estimate the total amountofmovementduring the 

winter but provides an estimate ofthe amountofmovementamong crevices across 

sightings. For example,a lizard will have a mean movementdistance ofzero ifit returns 

to the same crevice at night,even though it mayhave moved several meters during the 

day. 

The winter season was determined to be over when lizards began moving from 

the rock crevices to the vegetation nearthe nver Dunng the 1998/1999 season,lizards 

started to move the last week ofMarch. In 1999/2000,warm temperatures arrived early 

(Table21,Appendix),and lizards began to move dunng the last week ofFebruary and 

first week ofMarch 

A250m transect was established along the base ofthe bluffto help detect 

movements. Stakes were hammered into the ground every5m The rocks and the 

vegetation near the bluffand the nver were searched for individuals dunng the spnng and 

summer dunng both seasons to determine how far lizards move from their winter to 

summerrange Dunng the 1999/2000 season,lizards were recaptured to determine if 

surviving individuals retumed to the same crevices theyinhabited the previous winter. 

RESULTS 

CrevicePhysical Characteristics.— Outof67marked crevices,58 were 

accessible for measurements The majontyofthe crevices occupied were straight 

fissures; however,afew crevices were not,a charactenstic that made measunng crevice 
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onentation(angle from the honzontal ground)difficult. Three crevices did not exist at 

the end ofthe 1999/2000season(when crevice measurements were made)because of 

changing rock conditions. In addition,afew crevices were obstructed by woody vines 

that prevented accurate measurementofthe crevices. Crevices had a mean width(±SE) 

atthe opemng of14.0±0.9 mm(range=4-35 mm)and amean length of257.5±19.3 

mm(range=30-770 mm). The mean angle from the honzontal ground was41.9±3.3° 

(range=6-87°). 

Crevice Temperatures - Crevice temperatures do not vary as much as air or rock 

face temperatures(Fig.2.1). Temperature sensors attached to the rock face heat up 

rapidly once the sun illuminates the bluff. Crevice temperatures lag behind the air and 

rock face temperatures and remain above freezing throughoutthe night(Table22). 

Different crevices have different thermal properties. For example,temperatures were 

recorded m crevices23 and 39 at 10cm every 15 mm for 49.5 h during March 17-19, 

1999. Lizards occupied both crevices at thattime. Crevice23 had a mean(±SB) 

temperature of142±0.26°C(range=l0.2-22.5 °C),and crevice 39had a mean(±SE) 

temperature of15.2±0.23°C(range=7.83-20.6 °C). Even though the crevices are 

located less than two meters apart,they have significantly differenttemperatures(t-test: 

t388=-3.043,P=0.003). Depth within a crevice also affects the range oftemperatures that 

occur. Lizards at shallow depths expenence a widerrange oftemperatures than those 

deeper within the crevice(Fig.2.2). Thetemperature variances atthe three depths(10, 

20,30cm)are unequal(Levene's Test:F2,4443=275.73,P<0.0001),and each depth is 

statistically different from the othertwo(Tukey's test.P<0.05). All crevice depths had 

https://F2,4443=275.73
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minimum temperatures above air and rock face minimum temperatures. In addition,all 

crevice depths experienced smaller temperature ranges than the air and rock face(Table 

2.3). 

Lizard Temperatures -Dunng the 1998/1999 season,78 surface body 

temperatures were recorded pnor to emergence for 38 different lizards m25 different 

crevices There was no significant difference m male and female surface body 

temperatures(1998-1999' mean male temperature±SE=11 1±05°C,female=10.4+ 

08°C,t-test t36= 0.695,P=0.491;1999-2000. male=11.9±0.4°C,female=12.5±05 

°C t58= -0.818,P=0.417)orin the differential between their bodyand crevice 

temperatures(1998-1999:mean male temperature differential±SE=0.2±0.1 °C, 

female=0.3±0.2°C,Mann-WhitneyU test U=152,Ni=25,N2=13,P=0.746,1999-

2000: male=-2.3 x 10"^± 1.7 x 10'^ °C,female= 1.2 x 10"^±2.4 x 10"^ °C,t-test t58= 

-0.458,P=0.648)dunng either season,so males and females were combined. In 1998-

1999,mean lizard temperature(+SE)was 10.9±045°C,and mean crevice temperature 

at the point ofthe lizard was 10.6±0.47°C. Dunngthe 1999/2000 season,94 

temperatures were recorded for60 different lizards m 27different crevices. Mean lizard 

temperature was 120+0.32°C,and mean crevice temperature atthe pointofthe lizard 

was 120±0.32°C Lizard temperatures are highly correlated with ereviee temperatures 

for both seasons(P<0001,Fig.2 3) There wasno significant difference between lizard 

and crevice temperatures dunng either season(t-test, 1998/1999:t74=-0.34,P=0.735; 

1999/2000:tii8=-0.009,P=0993). The greater variation in temperatures during the 

1998/1999 season is likely the result oftwo factors. Thefourtemperatures with the 

https://t74=-0.34
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largest deviation from the regression line are the result oflizards being caughtin shallow 

crevices on very cold mornings. Atshallow depths,the low air temperature causes lizard 

bodytemperatures to drop below the crevice temperature. Also dunng the 1999/2000 

season,myaccuracy m using the temperature probe increased with experience. There is 

no significant correlation between lizard mass and the differential between lizard and 

crevice temperatures(Spearman rank correlation 1998/1999 rs=-0.023,N=38,P=0.889; 

1999/2000- rs=0.015,N-60,P=0907) 

Emergence Cues -The mean crevice temperature(±SE)at the time ofhead 

emergence was 122±0.7°C(range 6.6-175°C,N=20). The mean temperature 1 hr 

before head emergence was 104±07°C(range 50-15.6°C) The mean change m 

temperature from 1 hr before head emergence to the temperature at head emergence was 

1 9±03°C(range 0-46°C) 

Light appears to be the mam factor that cues emergence. On typical winter days, 

lizards do notemergefrom the crevices before the sun illuminates the crevice On 

overcast winter days,lizards maynever emerge. In addition,lizards that have already 

emerged may retreat dunng penods ofprolonged cloudiness and emerge again when the 

sun IS bnght. Figure 2.4 illustrates an example ofthe emergence oflizards relative to 

light intensity and temperature. 

Emergence Order - During the 1999/2000season,fewer lizards stayed at the 

same crevice than m the 1998/1999 season,and all lizards vacated crevice 39in 

1999/2000 for several weeksfor unknown reasons(Table 2.4) Mean emergence indices 

for lizards seen five or more times are listed m Table 2.5 During the 1999/2000 season. 
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only one lizard from crevice 39 was observed five or more times,so the crevice is 

omitted from the table. Mean emergence indices should converge around 0.5 ifthe 

emergence order is random. Some lizards consistently come out earlier or later than 

other lizards Emergence position is correlated with massin crevice 39 during the 

1999/2000season with smaller lizards coming out first(Table2.6) There is no 

significant correlation between mass and emergence position for crevices 23 and 39 

dunng the first season or for crevice23 dunng the second season. 

The keyfactor thatseemsto determine emergence position is the depth ofthe 

lizard within the crevice The shallow lizard within a crevice was identified on 16 

occasions(11 different lizards)dunng the 1999/2000 season. On each ofthese 

occasions,the shallow lizard wasthe first to poke its head out ofthe crevice every day 

and wasthe first to completely emerge 14ofthe 16times. 

Winter andSeasonalMovements -The mean distance moved between crevices(± 

SE)for all lizards seen five or more times was0.86±0.11 m/sightmg m 1998/1999 

(N=81)and 0.57±0.06 m/sighting m 1999/2000(N=93). Mostlizards move very little 

during the winter(Figure25). Males had a mean crevice movementrate of0.95±014 

m/observation m 1998/1999(N=54)and 0.58±0.60 m/sightmg m 1999/2000(N=62). 

Females had a mean crevice movementrate of0.68±0.15 m/sighting in 1998/1999 

(N=27)and 0.54±0.65 m/sighting in 1999/2000(N=31). There was no significant 

difference between mean crevice movements between males and femalesin either season 

(Mann-WhitneyU test 1998/1999:U=604,Ni=54, N2=27, P=0.212;1999/2000.U=894, 

Ni=62,N2=31,P=0.582). There was also no significant correlation between lizard SVL 
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and mean crevice movementm either season(Spearman rank correlation: 1998/1999: 

rs=0.060,N=81,P=0.592,1999/2000"rs=0.169,N=93,P=0 105). The size or sex ofthe 

lizard does notinfluence how far it will move dunng the winter. 

Lizards begin moving awayfrom the bluffto the vegetation along the nver m 

early spnng when temperatures begin to warm. The lateral movements ofthe lizards 

along the250m transect established along the base ofthe bluffwere followed dunng the 

spnng and summerto determine iflizards remain m the same section ofthe bluffthat 

they inhabit dunng the winter. Dunngthe spnng and summerof1999,24lizards were 

recaptured. Eighteen lizards(75%)were found directly acrossfrom or within 5m ofthe 

bluffsection where their winter crevice(s)were located In the spnng and summerof 

2000,52lizards were recaptured with 45(87%)lizards found directly acrossfrom or 

within5 m ofthe bluffsection where their winter crevice(s)were located It appears that 

mostlizards move straight outfrom the bluffto their spnng and summerhome ranges. 

The two greatest lateral distances moved were40m and 65m made bytwo males m the 

summer of1999 

Dunng the 1999/2000 winter season,42lizards(31 males,11 females)were 

recaptured that had been seen at a crevice m the 1998/1999 winter season Twenty-nine 

ofthe42lizards(69%)returned to a crevice theyhad inhabited dunng the previous 

season. Five additional lizards(12%)returned to within2m ofa crevice that they had 

inhabited m the 1998/1999 winter season. Theremaining eight lizards(19%)were all 

within the same20m section ofthe bluffthey had inhabited the previous winter Males 

and females had similar return rates. Twenty-one of31 males(68%)and eight ofeleven 

females(73%)returned to a crevice they had inhabited in the previous season. Four of 
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the males(13%)and the remaining three females(27%)returned to within 5 m ofa 

previously inhabited crevice. The other six males(19%)returned to within 20m ofa 

crevice theyinhabited the previous winter season. 

DISCUSSION 

Ectotherms mayregulate their bodytemperature during low temperatures by 

changing their physiology or behavior(Hertz 1981) Anolis carolinensis acclimate to 

colder temperatures(Ragland et al 1981,Gatten 1985,Wilson and Echtemaeht 1987, 

Gatten et al 1988),and those m Monroe County,Tennessee shift their habitats dunng the 

winter season to south facing rocky bluffs along the nver Anolis carolinensis from 

Tennessee are more cold-tolerant than those from Georgia and Flonda(Wilson and 

Echtemaeht 1987),butthe winter habitat shift mayincrease their chances ofsurvival in 

the northem part oftheir range 

Winter habitat shifts to sun-exposed cliffs and hills are common m reptiles 

(Carpenter 1953,Vitt 1973,Ruby 1977,1978,Christian and Tracy 1983,Boykm and 

Zucker 1993,Pnor and Weatherhead 1996). Rocks are an important heat source late m 

the day(Scott 1978)and increase the amountoftime that lizards ean be active(Chnstian 

and Tracy 1983). fri east Tennessee,the bluffrock temperatures are veryclose to air 

temperature before sunnse and nse rapidly oncethe sun illuminates the bluff. Cnsp et al. 

(1979)found a similar pattern. 

Rock crevices are often used bylizards for protection from weather and predators 

(Wemtraub 1968,Bums 1970,Ruby 1977,Cnsp et al. 1979,Grant 1990,Joshi 1991, 

Boykm and Zucker 1993,Schlesinger and Shine 1994,Balhnger et al 1995,Lemos-
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Espinal et al. 1997,Lemos-Espmal et al. 1998). Seeking refuge within crevices is 

thermally beneficial for over-wintenngA carolinensis in Tennessee. Crevice 

temperatures are fairly consistent throughout the night and remain above freezing,while 

air and rock temperatures drop rapidly after sunset Fence lizards(Sceloporus undulatus) 

and five-lined skmks(Eumecesfasciatus)have also be seen inside the crevices,butthey 

were never observed to be active dunng the winter. 

Choosing an unsuitable winter habitat mayresult in freezing to death for an 

ectotherm(Vitt 1974b,Gregory 1982),and it has been suggested that the ability to over 

winter successfully maylimit the northern range ofa species(Rosen 1991) Previous 

studies have shown that crevices maybe chosen based upon physical characteristics such 

as height, width,orientation,depth,and moisture(Wemtraub 1968,Leavell 1972, 

Jackson 1988,Schlesinger and Shine 1994,Lemos-Espmal et al. 1998). In this study,no 

attempt was made to differentiate occupied and unoccupied crevices by physical 

characteristics However,the entrances to mostofthe crevices thatA carolinensis 

occupy are less than2cm wide,a size that likely provides sufficient protection from 

weather conditions and predators. Within the range ofcrevice heights observed,there 

does not appear to be any preferences for any partieular height above the ground There 

does,however,appear to be a preference for dner crevices During the 1999/2000 

season,a crevice that was inhabited by several lizards dunng November was vacated 

after the inside ofthe crevice became wet. Lizards returned to the crevice m February 

after it had dned. In addition,the depth ofcrevice may also affect whether the ereviee is 

inhabited or not. Several shallow crevices that had lizards present m the early part ofthe 
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winter season were usually avoided once temperaturesremained consistently below 

freezing 

Aggregations oftouching ectotherms maybe thermally beneficial to help reduce 

heat loss. Some snakes and fish form aggregations atlow temperatures and will remain 

aggregated until the temperature rises(Breder and Nigrelli 1935,Aleksiuk 1977). Boa 

constrictor(Boidae)cooled in touching aggregations cool slower than solitary individuals 

(Myres and Eells 1968),and marineiguanas(Amblyrhynchus cristatus:Iguanidae)that 

huddle together at night have higher bodytemperatures than solitary lizards(Boersma 

1982) Anohs carolinensis are sometimesfound touching within the crevice,but usually 

they are not. Bodytemperatures ofA carolinensis are very similar to crevice 

temperatures pnor to emergence,and huddling together would not likely cause body 

temperatures to remain elevated for an extended period oftime. Thus,winter 

aggregations do notseem to provide anythermal benefitsfor^ carolinensis 

Ifan animal is solitary,it usually means there is defense ofthe area(Davis 1958, 

Cooper et al 1985,Balhnger et al. 1995) Crevices were usually occupied by more than 

one anole;only rarely was a crevice occupied by a solitary individual. Not all crevices 

that appear to be suitable are inhabited byA carolinensis dunng the winter,which might 

reflect an active choice ofthe lizards It is possible that certain charactenstics of 

unoccupied crevices were undesirable and undetected by me;however,crevices that have 

been occupied mayhave lizards that vacate andjoin others m anearby crevice. This may 

or maynot be a permanent move and could be the result ofchanging crevice conditions 

or an attraction to crevices that contain other lizards. 
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The sex and size distnbution ofreptiles within refugia is not alwaysrandom 

(Carpenter 1953,Weintraub 1968,Brown et al. 1974,Lemos-Espinal et al 1997). If 

there is segregation by size,it maybe the result ofthe physical attnbutes ofthe refugia 

(Carpenter 1953,Weintraub 1968). Gordon(1956)reported that large male A. 

carolinensis space themselves out ifhibemacula are not limited. In the present study,no 

consistent sex or size segregation wasfound for^ carolinensis within the crevices. 

However,one crevice consistently contained only small lizards,which was probably due 

to its narrow opening. Most crevices are large enough to allow all sizes ofanoles to 

enter. 

Anolis carolinensis emerge from crevices by first poking their head out and 

remaining there for several minutes with their body concealed within the crevice Desert 

Iguanas(Iguamdae* Dipsosaursus dorsalis)also emerge from their burrows m a similar 

manner which allows for body temperatures to be raised without being exposed to 

predators(Noms 1953,Dewitt 1967,Porter et al. 1973). After afew minutes,A 

carolinensis will onent their bodies laterally within the crevice opening to expose an 

entire side to the sun. Ifthe crevice is notlong enough to permitsideways basking within 

the opening,the lizard typically emerges halfway out ofthe crevice while its hind legs 

and tail remain inside. Upon emergence,lizards maybask on the rock near the crevice, 

but often they will first bask m piles ofdned leaves that heat up quickly and then move to 

the rocks after they have warmed. 

The emergence ofanimalsfrom refugia maybe cued by light(Joshi 1991), 

temperature(Cowles 1941,Crenshaw 1955,Bums 1970)or biological rhythm(Heath 

1962,Erkert 1982) Anolis carolinensis within a crevice orient their heads towards the 
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crevice opening which allows them to know when the sun hasilluminated the crevice. 

On four occasions,lizards emerged 15-30 minutes before the sun illuminated the crevice, 

and on afew cloudy days,individuals were seen at the crevice opening at atime when 

they would normally emerge. This suggests thatA carolinensis mayhave a biological 

rhythm that helps regulate emergence,however,direct light levels are moreimportant as 

indicated bythe different emergence times depending on the amountofcloud coverage. 

Perhaps anoles sample the light intensity and airtemperature to determine ifit would be 

beneficial to emerge. Bats use light-sampling behavior pnor to emergencefrom their 

roosts(Erkert 1982) 

Gordon(1956)suggested that the emergence ofA carolinensis from winter 

refligia depends on air and substrate temperature According to Gordon,air temperatures 

above 60°F(156°C)will causeA carolinensis m Louisiana to be active. The present 

study suggests there is no threshold crevice or air temperature that mustbe reached to cue 

emergence as long as the lizard is capable ofmoving. Temperatures varyon different 

days and within different crevices Wilson and Echtemacht(1987)found thatA 

carolinensis acclimated at9°C had a mean cntical thermal minimum of741 °C(range 

58-91 °C)at which movement capability ceases. Crevices rarely dip below this 

temperature Waiting for the crevice temperature to reach a minimum level before 

emergence would cause A carolinensis to lose available activity time because ofthe lag 

between crevice temperatures and air or rock face temperatures(Fig.2.4). Anolis 

carolinensis are active on sunny days even when the air temperature is below freezing. 

Although temperature may not be the mam emergence cue,it does affect emergence. 
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Towards the end ofthe winter season,lizards often emerge pnor to direct creviee 

illumination ifthe morning air temperature is warm. 

Lizards will emerge and remain out ofthe crevices onlyifthey can maintain their 

body temperatures within a preferential range Anolis carolinensis will not emerge on 

overcast or windy days ifthe air temperature is low and will retreat back mto the crevices 

ifit becomescloudy or windy. Failing to emerge or retreating dunng unfavorable 

conditions is common m lizards(Gordon 1956,Mayhew 1963,Bums 1970,Porter et al. 

1973,Hertz and Huey 1981,VanDamme et al. 1987,Bauwens et al. 1990,Castilla and 

Bauwens 1991,Joshi 1991,Al-Johany 1995,Rugiero 1995)and helps protectthem from 

being stranded awayfrom their refugia due to low body temperatures. 

It IS disadvantageous for an ectotherm to emerge too early or too late. Emerging 

early mayincrease the time needed to raise bodytemperatures and cause greater exposure 

to predators(Avery and McArdle 1973) In addition,lower bodytemperatures decrease 

spnntspeed and endurance and impair escape ability(Christian and Tracy 1981,Gatten 

1985,Gatten et al 1988,Huey and Bennett 1987,Castilla and Bauwens 1991) Ontwo 

different occasions,Ihave seen A carolinensis fall offofthe rock face soon after 

emergence,which is probably the result oflow body temperatures limiting their 

coordination. Emerging too late reduces available feeding and thermoregulatory 

opportunities(Avery and McArdle 1973,Chnstian and Tracy 1981). 

The order ofemergence of̂  carolinensis within a crevice is nonrandom. 

Previous studies have shown that the emergence orderfrom reftigia maybe influenced by 

sex(Konne et al 1994),age/size(Mayhew 1963)or social rank(Quaranta and Evans 

1949,Berry 1974,Brackm 1978) The sex ofA carolinensis does not determine an its 
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position in the emergence sequence. Mass was weakly correlated with emergence 

position for one crevice in 1998/1999 with small lizards emerging before large lizards. 

No other crevice observed m the 1998/1999 or 1999/2000 had a correlation between mass 

and emergence position. The reason for the weak correlation is unknown. 

Small ectotherms maybe expected to emerge before larger ones because oftheir 

higher heating rate(Cowles 1941,Claussen and Art 1981,Stevenson 1985). Berry and 

Turner(1986)found that small desert tortoises{Gopherus agassizii Testudmidae) 

emerged at lower air temperatures than large ones. However,smallA carolinensis 

within a crevice should not heat up faster than larger individuals since lizards begin to 

emerge before the crevice temperature nses significantly. Large ectotherms usually cool 

more slowly than small ones(Brattstrom 1973,Berry 1974,Claussen and Art 1981, 

Stevenson 1985)which might allow for larger individuals to emerge sooner iftheir body 

temperatures could be maintained throughoutthe retreat penod. Dueto their small size, 

A carolinensis probably acclimate to the crevice temperature soon after they retreat 

which eliminates the possibility that larger lizards might emerge first because ofhigher 

body temperatures. Anolis carolinensis with different masses do not vary m body 

temperatures pnor to emergence.The first lizard to poke its head outofthe crevice will 

be the first to achieve a higher bodytemperature,and is usually the first to emerge 

completely 

Social status mightinfluence emergence position ifthere is some advantage in 

being the first or last lizard to emerge. Ifthere is a correlation between size and 

emergence position,it maybe difficult to differentiate whether the emergence order 

depends on social status or mass since dominance is often correlated with size m lizards 
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(Evans 1936,Greenberg and Noble 1944,Stamps 1984,Tokarz 1985) Socialrank 

should not be assumed to affect emergence order unless there is evidence suggesting a 

social system exists. Hierarchies have been observed m temtonal lizards that are 

confined to limited space(Evans 1936,Hunsakar and Burrage 1969,Brattstrom 1971, 

Pearson et al. 1976,Brackm 1978,Greenberg and Crews 1990). Anolis carolinensis do 

engage m some behaviors associated with dominance dunng the winter(dewlapping, 

headbobbmg,chasing),but these behaviors are not nearly as common as they are m the 

breeding season(Jenssen et al. 1996,personal observations). 

The most crucial winter resources forA carolinensis are probably basking and 

retreat sites, but there is no shortage ofavailable basking sites on the sun-exposed bluff, 

and crevice space is not limited. It would be wasteful to fight for a resource that is notm 

short supply(Marler 1956) The first lizards to emerge mayhave better feeding 

opportunities,but little time is spentforaging hyA carolinensis m the winter(Jenssen et 

al. 1996,personal observations) There would be little advantage in being the last to 

emerge unless the emergence position is a result ofdominant lizards getting a better place 

within the crevice This would assume that the preferential spots are deeper within the 

crevice Greater crevice depths do have more stable temperatures and likely provide 

better protectionfrom freezing and predators,but it is unlikely that social status 

influences emergence ofA carolinensisfrom winter retreats. 

The depth thatA.carolinensis occupies within a crevice has the greatest influence 

on emergence position. Shallow lizards within a crevice are the first to emerge. Others 

have made similar observations on other reptiles(Cowles 1941,Carpenter 1953). On 

warm nights,lizards do notretreat as far into the crevice,which allows them to emerge 
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sooner the following day The fact thatsome individuals consistently emerge nearthe 

beginning or end ofthe sequence suggests that some lizards mayhave positions within 

the crevice that are used each time they retreat. 

There is high crevice fidelity forA carolinensis dunng the winter,with the 

majontyoflizards moving less than 1 m from their last occupied crevice. Gordon(1956) 

and Gatten et al (1988)indicated thatA carolinensis do not move much dunng the 

winter exceptm the vicinity ofthe overwmtenng retreats,and Jenssen et al.(1995,1996) 

reported that movements are reduced dunng the post-breeding and winter season. 

Similarly,Sceloporusjarrovi usually remain within05m oftheir crevice dunng the 

winter(Ruby 1977) 

The methods used in this study underestimate the total distance moved bythe 

lizards throughout the day Lizards often move awayfrom their crevice once they have 

attained higher body temperatures and will usually return to the same crevice at night If 

disturbed,lizards will retreat into a nearby crevice even ifit is notone they normally 

inhabit Some lizards remain at the same erevice over the entire winter while most 

alternate between several crevices m the same vicinity Switching retreat sites dunng the 

winter has been found in tortoises(Woodbury and Hardy 1948,Wilson et al. 1999), 

snakes(Huey et al 1989)and lizards(Worthington and Sabbath 1966). 

Ruby(1977)found thatSceloporusjarrovi maymove over200m to get to their 

overwmtenng site. Anolis carolinensis m Monroe County,Tennessee do not have to 

move large distancesfrom their winter to summer habitat. The majontyoflizards remain 

within 20m ofthe bluffdunng the spnng and summer Most lizards move directly away 

from the bluffto the vegetation near the nverrather than making large lateral movements 
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parallel to the bluff. Thetwo male lizards that made lateral movements of40 and 65m 

were probably free-ranging males(Jenssen et al. 1995). Long movements maybe 

underrepresented iflizards moved awayfrom the observed area. 

The permanent shift from the bluffto the surrounding vegetation is a gradual 

process that occurs over several weeks. Anohs carohnensis maymoveto the vegetation 

near the nveron warm sunny days and return to their crevices at night. To determine if 

lizards would return to the same crevice iftransplanted to the nver vegetation m late 

winter,four lizards were moved to a tree about20m from their crevice on February26, 

2000 Allfour lizards were seen within three days atthe same crevice from which they 

had been transplanted. The increase m air temperature,longer photopenods,and increase 

m aggression likely cause lizards to begin to move to their breeding-season temtories,but 

the overnightlow air temperatures probably regulate the permanent habitat shift 

ManysurvivingA carohnensis return to a crevice that they had used the previous 

winter Returning to the same overwmtenng site each year maybe the result ofa 

shortage ofavailable sites or the decision ofthe animal to return to a site that proved 

successful m the past(Gregory 1982). Those anoles that did notreturn to the same 

crevice were still found within 15 m ofa crevice they had inhabited previously It is 

unknown ifindividuals are choosing to return to a crevice they are familiar with or 

whether their return to the same location is due to their lack ofmovementawayfrom that 

particular section ofthe bluffand nver vegetation. 

It IS difficult to estimate winter mortality,butit is imlikely that manylizards die 

as the result offreezing once they make it to the bluffcrevices. Not all lizards were 

recaptured after their initial marking,which mayindicate mortality or movementto 
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crevices that were not observed. Over the course ofthe study,onlythree dead lizards and 

one skeleton were found Two ofthe dead lizards were males with SVL's of63mm and 

64mm,and the female had aSVLof57mm These mature lizards mayhave died ofold 

age rather than environmental conditions The sex and size ofthe skeleton was not 

determined. Snakes are probablythe mam predators forA carolinensis dunng the spnng 

and summer. Dunng the winter,death due to predation is probably minimal with birds 

being the biggestthreat dunng the daytime. Anolis carolinensis are dark brown 

throughoutthe entire winter m Tennessee and blend m very well with the leaves and dead 

vegetation scattered over parts ofthe bluff The paint marks made lizards more 

conspicuous to me,but previous studies haveshown that paint marking does not 

influence survival ofother lizards(Jones and Ferguson 1980,Simon and Bissmger 1983). 

No predator attacks againstA carolinensis were observed dunng either winter season 

In summary,the winter habitat shift to the south-facing blufflikely increases the 

chances ofsurvival forA carolinensis m Tennessee The crevices providing thermal 

benefits to lizards and probably protection from predators. Aggregations within crevices 

are likely the result oflimited overwmtenng sites and possibly an attraction to crevices 

that contain other lizards There does not appearto be anythermal benefits for 

aggregations within a crevice,and there is no predictable segregation based upon sex or 

size. Individuals mayswitch crevices dunng the winter but usuallyremain within the 

same vicinity throughout the winter. Manysurviving lizards return to the same crevice 

the following winter Depth appears to be the keyfactor that controls emergence order 

with shallow lizards emerging first The emergence oflizards from a crevice is 
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controlled mainly bylight intensity and is nonrandom,but more studyis needed to 

understand why. 
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Table 2.2.Temperatures(°C)for crevice26 between Jan 17-Feb 19,2000m 
Monroe County,Teimesse'e.Rock face temperatures were recorded by a Tidbif"'"' 
sensor attached to the rock 10cm from the crevice. Air temperatures were 
recorded by ashaded Tidbit 1 m from the crevice Crevice temperatures were 
recorded by a Hobo"^"temperature probe 10cm inside the crevice 

Temperature Temperature 
Location Mean ± SE Range Variance 

Air 5 74±0.13 -876-27.63 54.75 

Rock Face 7.92+0.15 -6 73-36.24 7455 

Crevice(10cm) 9.99±0.08 1.84-22.28 18.17 

Table 2.3.Temperatures(°C)at different crevice depths between Feb 24-Mar 11, 
2000m Monroe County,Tennessee. Crevice temperatures were recorded bythree 
Hobo''''*^ temperature probes placed at 10,20 and 30cm inside the crevice. Air and 
rock face temperatures were recorded as descnbed m Table 2.2. 

Temperature Temperature 
Location Mean±SE Range Vanance 

Air 15 94 +0.18 2.78-32.14 45.65 

Rock Face 1805±0.22 5 13-42.94 72.19 

10cm 1804±0.09 11.79-27.66 1244 

20cm 17.51 ±0.07 1254-2500 651 

30cm 17.31 ±0.05 13.82-22.19 3.58 

https://13.82-22.19
https://11.79-27.66
https://13-42.94
https://2.78-32.14
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Table 2.5 Emergence indices for Anolis carolinensis seen five or more times. Daily 
emergence indices are calculated by dividing an individual's position m the emergence 
sequence bythe number oflizards present that day. A mean emergence index is 
calculated for each lizard A mean emergence index close to0indicates a lizard emerged 
close to first each day. All observations were made between Dec-Marm Monroe County, 
Tennessee. 

SVL Mass Number of Mean 

Year Crevice Lizard ID Sex (mm) (g) observations Emergence 
Index 

29 F 53 34 9 035 

1998-1999 39 3 M 48 3 1 7 069 

79 F 38 1 5 7 070 

37 F 41 1 5 8 088 

62 M 51 32 12 022 

36 M 56 39 12 045 

1998-1999 23 72 M 45 23 10 053 

76 M 54 4 1 12 071 

89 M 42 22 8 082 

118 F 54 39 11 090 

290 M 48 27 7 040 

1999-2000 23 206 M 61 52 5 043 

77 M 62 54 6 074 

Table 2.6 Correlation between daily emergence index and massindex 
to determine ifmassinfluences lizard emergence position A positive 
correlation indicates that smaller lizards emerge earlier than larger 
lizards All observations were made between Dec-Mar m Monroe 

County,Tennessee. 

Year Crevice N rs P 

1998-1999 39 57 0.353 0.007 

1998-1999 23 82 0.015 0896 

1999-2000 39 27 -0.047 0818 

1999-2000 23 44 0064 0681 
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Figure 2.2.The effect ofdepth on temperature range ofcrevice seven between Feb 24-
Mar 11,2000in Monroe County,Tennessee Crevice temperatures were recorded by 
Hobo"^"probes placed at different depths(10,20,30cm)within the crevice Air 
temperatures were recorded bya shaded TidbiT""sensor 1 m from the crevice.Box 
plots display interquartile range. The middle line is the median. The whiskers indicate 
the range ofvalues 
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Figure 2.3 The relationship between Anolis carolinensis temperature(LT)and crevice 
temperature(CT)pnor to emergence for(A)1998/1999 and(B)1999/2000 m Monroe 
County,Tennessee. Lizard temperatures were recorded by pressing a temperature probe 
againstthe side ofthe lizard inside the crevice. Crevice substrate temperatures were 
recorded within 1 cm ofthe lizard. All temperatures were recorded between December 
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Figure 2.5. Mean distances moved between crevices hyAnolis carolinensis dunng the 
1998/1999 and 1999/2000 winter seasons in Monroe County, Tennessee Lizards seen 
less than five times are omitted. 
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PART III 

WINTERGROWTH,SEXRATIO ANDBODYSIZES OF A NORTHERN 

POPULATION OVAnolis carolinensis(SAURIA:POYCHROTIDAE) 
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INTRODUCTION 

Reptiles that inhabit temperate areas and are active dunng the winter mustbe able 

to maintain their energyrequirements to survive This maybe accomplished by relying 

on stored fat or byfeeding throughoutthe year. Ifwinter fat reserves and feeding 

opportunities are limited,a reptile will enter a dormant period that requires minimal 

energetic costs(Congdon et al. 1979,Jenssen et al. 1996). Reptiles that are able to 

remain active dunng the winter have the opportunity to grow faster and mature earlier 

than those that are dormantdunng part ofthe year(see Adolph and Porter 1993),but 

being active m the winter maybe challenging to an ectotherm It is more difficult for 

ectotherms to catch fast-moving prey when temperatures are low(Avery et al. 1982),and 

once a preyitem is caught,digestion rate maybe inhibited bythe cold (Diefenbach 1975, 

Wmdell and Sarokon 1976) Ifdigestion rate is severely reduced,food mayeven putnfy 

m the gut(Scott et al 1995) 

The green anole(Anolis carolinensis)is the northern-most memberofits 

neotropical genus(Williams 1969)and can befound as far north as North Carolina and 

Tennessee(Conant and Collins 1991) Although the energetic penalty for winter activity 

likely increases with latitude(Jenssen et al 1996),green anoles do not hibernate Lizards 

can been seen basking on sunny winter days(Covmgton and Covmgton 1991,Jenssen et 

al. 1996)even when air temperatures are below freezing(personal observations) Dunng 

the fall season,individuals store fat that is utilized throughout the winter(Dessauer 1953, 

1955a,b) The appetite ofA carolinensis decreases dunng the winter and appears to be 

stimulated bylong photopenods rather than high temperatures(Dessauer 1955b,Fox and 

Dessauer 1957) The purpose ofthis field studyis to determine ifthere is any winter 
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growth in an A.carolinensis population that is near the northern range limit for the 

species. In addition,the sex ratios and size classes are reported fortwo winter seasons. 

METHODS 

The study was conducted durmg the winter seasons of1998/1999 and 1999/2000 

on the Little Tennessee Riverin Monroe County,Tennessee A south-facing bluffis 

located about 15-20m from the river. There is anarrow stnp ofvegetation along the 

edge ofthe nver separated from another at the base ofthe bluffby an old railroad bed. 

Lizards shift their habitatfrom the nver vegetation to the bluffdunng the winter where 

they seek refuge m the rock crevices. For a more detailed descnption ofthe study site 

and the winter behavior ofthe lizards,see Part II. 

Lizards were captured from November- March byhand or noose,toe-clipped and 

painted with a number using a silver paint pen(Pilot Silver Marker™). The shedding 

frequency decreases dunng the winter months,and individuals usually had to be painted 

only one time each winter. The sex ofeach lizard was determined,and it was placed m a 

plastic bag and weighed to the nearest 0.5 g using aspnng scale(Pesola"^" lOg). Its 

snout-vent length(SVL)and tail length were measured to the nearest 0.5 mm with a clear 

plastic ruler. Lizards were released at the point ofcapture immediately after 

measurements were taken. Lizards were recaptured in March m both seasons to 

determine ifthere was any winter growth. Growth rates are calculated by dividing the 

total change m SVLand massfor each individual by the numberofdays between the 
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initial capture and recapture date Growth rates are compared between the different sexes 

and sizes. 

RESULTS 

Four hundred and thirty-seven different anoles were marked between November 

and March of1998/1999 and 1999/2000. Forty-four lizards that had been marked in 

1998/1999 were recaptured dunng the 1999/2000 season(males=31,females=13) 

During the 1998/1999 season, 145 males and 95females were marked. The male.female 

ratio(1 53)was significantly different from a 1:1 ratio(Chi square goodness offit test, 

=10.42,P<0.01)in 1998/1999. In 1999/2000,166 males and 73females were marked. 

The 1999/2000 maleTemale ratio(2.27)was also significantly different from all ratio 

(Chi square goodness offit test, =36 19,P<0001) 

Table3 1(Appendix)gives the mean SVL and massfor males and females during 

both winter seasons There wasno significant seasonal difference m mean SVL or mass 

for males(Mann-WhitneyU test,SVL:U=11569,Ni=145,N2=166,P=0556;mass 

U=11773,Ni=145,N2=166,P=0.740)or females(Mann-WhitneyU test,SVL; 

U=32005,Ni=95,N2=73,P=0.392,mass:U=3349.5,Ni=95,N2=73,P=0705) Table 

3.2 gives the number and percentage ofmales in females m each SVLsize class dunng 

both seasons. 

The average number ofdays ofgrowth for each lizard between the initial and 

final measurements was 88.7 dunng the 1998/1999 season and 83.4 dunng 1999/2000. 

There was significant growth mSVLduring both winter seasons(1998/1999'paired t-
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test, t(,\--6 869,PO001; 1999/2000. Wilcoxon signed-ranks test, T=2232.5,N=104, 

P<0.001),but only the 1999/2000season had significant growth in mass(1998/1999: 

Wilcoxon signed-ranks test,T=69,N=62,P=0.485;1999/2000:T=1908.5,N=104, 

P<0001) OnginalSVL and SVL growth rate are correlated in 1999/2000(Spearman 

rank correlation:rs=-0.398,N=104,P<0.001),with smaller lizards growing faster than 

larger ones,but notin 1998/1999(rs= -0.247,N=62,P-Q 053). There was no correlation 

between original mass and mass growth rate either season(1998/1999'rs=0056,N=62, 

P=0664,1999/2000.rs=-0.006,N=104,P=0949) 

Growth rates for both winter seasons are summarized m Table 3.3. There was a 

higher mean growth rate m 1999/2000than m 1998/1999 forSVL(Mann-WhitneyU 

Test- U=1485,Ni=62,N2=104,P<0.001)and mass(Mann-WhitneyU Test U=1659.5, 

Ni=62,N2=104,P<0.001) Males had a higherSVL growth rate than females for both 

seasons(Mann-WhitneyU test 1998/1999 U=230,Ni=47,N2=15,P=0037,1999/2000. 

U=824,Ni=73,N2=31,^=0.029) Males also had a higher mass growth rate than females 

m 1999/2000(Mann-WhitneyU test: U=5485,Ni=73,N2=31,P<0001),but notm 

1998/1999(Mann-WhitneyU test: U=253,Ni=47,N2=15,P=0 10). 

DISCUSSION 

In the population used for this study,the majonty of̂ carolmensis shift habitats 

m the winter to a south-facing bluffwhere they seek refuge m the rock crevices(see Part 

II) Both sexes are found m the same crevices,however,the sex ratio was male-biased 

dunng both winter seasons Jenssen et al.(1995)found that the Apnl-Novembersex 

ratio ofa South CarolinaA carolmensis population was not significantly differentfrom 
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1:1. Ruby(1984)also found that the Feb-Aug sex ratio ofa Louisiana population did not 

differfrom 1:1 Dunng the breeding season,the behavior ofmales often makesthem 

more visible(Jenssen et al 1995)which may bias the sex ratio,butthis is unlikely dunng 

the winter Displays are minimal m the winter and rarely bnng attention to a lizard In 

the present study,no other behavioral differences were detected between males and 

females that would bias the sex ratio such as females not emerging as frequently or 

choosing basking positions m less exposed areas. Ifthe true sex ratio ofthe population is 

not significantly differentfrom 1 1,it would mean that manyofthe females do not make 

the habitat shift to the south-facing bluffduring the winter and seek refuge elsewhere. 

It IS difficult to differentiate age groups based on SVL,butthere are likely three 

age classes present m the crevices ofthe rocky bluff. The young ofthe year which are 

entenng their first winter season,the yearlings which are entenng their second winter 

season,and the final age group that are overtwo years old and are entenng their third or 

more winter season. The yearling age group composes the majontyofthe lizards on the 

bluffand the young ofthe year the least numerous 

Anolis carolinensis hatchhngsrangefrom 19-27mm SVLand begin appeanng m 

July m Tennessee(see Mmesky 1999) Hamlett(1952)reported that hatchhngs m New 

Orleans attain aSVLof35-40mm pnor to winter,and Fox and Dessauer(1958) 

suggested that males could obtain aSVLof45-50mm before their first winter. Gordon 

(1956)reported that the maximum SVL attained by a male hatchhng pnorto its first 

winter season m Louisiana was49mm whereas the maximum female was38 mm In this 

study,4.1% and 7.8% ofthe male lizards and20%and 23.3% ofthe female lizards found 

on the bluffhad SVL's under40mm atthe beginning ofthe 1998/1999 and 1999/2000 



60 

winter seasons,respeetively Ifit is assumed that males can grow to a maximum length 

of45 mm before winter,186%and 25.3% ofmale lizards would fall m this category m 

1998/1999 and 1999/2000,respectively Manyjuveniles seek refuge underleaflitter and 

fallen tree limbs which makes finding them more difficult and causes their numbers to be 

underrepresented 

There is some eonfusion over whenA carolinensis become sexually mature. The 

minimum SVLneeded for sexual matunty for Louisiana males has been set at45 mm 

(Gordon 1956),55 mm(Fox and Dessauer 1958),and 60mm(Hamlett 1952). The 

smallest Flonda male that King(1966)found with enlarged vas deferens had aSVLof51 

mm Louisianafemales maybecome mature after reaching aSVLof45-48 mm(Cagle 

1948,Hamlett 1952,Gordon 1956) Andrews(1985)reported that all South Carolina 

females m her study that were49mm SVL or greater(N=16)laid eggs while only2of7 

between 45-49 mm did King(1966)found afemale with enlarged eggs at41 mm SVL 

m Flonda,and Michael(1972)set the minimum body size at 45-50mm m Texas 

Tennessee females have been found with oviducal eggs at48 mm,and eggs have been 

palpated m some females as small as44mm(see Mmesky 1999). 

If45 mm is used as the minimum SVL needed to be sexually mature for both 

sexes,81.4% and 74.7% ofmales and 453%and 46.6% offemales would be sexually 

mature in the 1998/1999 and 1999/2000season,respectively. This is likely an 

overestimation ofthose lizards that actually will reproduce m the early spnng due to the 

wide vanability m size at sexual maturity and the fact that dominant male lizards have the 

majonty ofmating opportunities. According to Michael(1972),a male mustbe at least 
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60mmSVLto become dominantin the field. In 1998/1999,166%ofthe males had a 

SVLof60mm or greater,and 29.5% ofthe males did m 1999/2000. 

Feeding events were rare for carolinensis,but were observed m all winter 

months dunng both seasons Gordon(1956)also observed winter-feeding,and Hamilton 

(1948)found a spider leg m the stomach ofone hzard dunng the winter Winter appetite 

seems to be minimal m the field. Ants,spiders,and small beetles were observed on 

several occasions to walk directly m front ofa basking individual with no reaction from 

the hzard Prey availability maylimit the winter growth ofa hzard(Crenshaw 1955, 

Andrews 1982) However,the winter habitat shift ofA carolinensis not only provides 

thermal protection for the lizards(see PartII)but also allows arthropods to be active on 

the bluffthroughout the winter. 

There was significant growth m SVLfor both seasons,but only the 1999/2000 

season had significant growth m mass. In addition,lizards had a greater growth rate m 

1999/2000 than m 1998/1999 This seasonal difference maybe due to the earlier onset of 

warmer temperatures m 1999/2000(Table 2.1) There is a large variability in the growth 

rates ofindividual lizards. Bradshaw(1971)noted thatindividual growth rates of 

Amphibolurus(Agamidae)vary and that this maylead to different survivorship 

probabilities Assuming larger eggs are adaptive m northern populations ofA 

carolinensis,it would be beneficial forfemales to grow dunng the winter since female 

body size is correlated with egg size m Tennessee(Michaud and Echtemacht 1995) 

Winter growth would be beneficial to males because larger males are more successful at 

settling temtonal disputes and establishing breeding temtones dunng the spnng and 

summer(see Jensen et al 1995) 
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Males grow more than females dunng the winter. Gordon(1956)also found this 

sexual growth difference in the spnng and summer,and Michael(1972)assumed this to 

be true since hatehhngs ofboth sexes are the same size whereas adult males are larger 

than females Schoener and Schoener(1978)found that males m oihexAnolis lizards 

grow faster than similarly sized females,and Ruby and Dunham(1984)descnbed a 

similar pattem m Sceloporusjarrovi(Phrynosomatidae) SmallerA carolinensis grew 

more than larger lizards m 1999/2000 butnot m 1998/1999. Fox and Dessauer(1958) 

found that smaller captive A carolinensis grew faster than larger ones. Juvenile lizards 

ofother species often grow faster than adults dunng the cold season and are usually more 

active on warm winter days,a behavioral difference that gives them more feeding 

opportunities(Crenshaw 1955,Wemtraub 1968,Ruby 1977) There were no obvious 

differences m activity times between adult andjuvenile A carolinensis that would enable 

juveniles to have more feeding opportunities;however,this was not investigated 

thoroughly and there maybe differences that were undiscovered 

In summary,A carolinensis grow dunng the winter Lizards increased m length 

dunng both seasons and mass dunng the second season,and males grew at a greater rate 

than females Further study is needed to determine ifjuvenile growth rates are higher 

than adults dunng the winter. The average SVLfor males and females remained the 

same over both seasons although there was vanabihty m the number ofindividuals m 

each size category. The sex ratio on the bluffduring the winter is male biased,but it is 

unknown whether this reflects the true sex ratio ofthe population or is due to the inability 

to find all ofthe females. 
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Anolis carolinensis remain active during the winter throughout their range. In the 

northern population observed in this study,the majonty ofanoles shift habitats during the 

winter and aggregate on a south-facing rocky bluffalong the Little Tennessee River. 

Crevices in the bluffprovide refuge from predators and low temperatures at night and 

dunng cloudy days. Crevice temperatures are more stable than air and rock surface 

temperatures outside ofthe crevice and remain above freezing dunng the night. There 

are notenough crevices in the blufffor each lizard to be solitary; however,lizards are 

aggregated more than necessary and mayleave previously occupied crevices temporanly 

or permanently tojoin other lizards m anearby crevice. This crevice shift maybe due to 

an attraction to crevices that contain other lizards or possibly the result ofchanging 

crevice conditions. There does not appear to be any thermal benefit for the aggregations 

since lizards are generally nottouching each other within a crevice 

The bodytemperatures ofA carolinensis within a crevice are not significantly 

different from the crevice temperature. Dueto their small size,A.carolinensis cannot 

maintain elevated bodytemperatures once they are out ofthe sunlight,and they probably 

equilibrate to crevice temperatures soon after they retreat into a crevice. Crevices differ 

in temperatures,a characteristic that is likely important in crevice selection. There are 

also different thermal opportunities within a crevice that a lizard can utilize by shifting 

positions. Greater depths provide more stability againsttemperature fluctuations than 

shallow depths. Some lizards in shallow crevices have bodytemperatures that are below 

crevice temperatures. Normally,lizards are insulated from the air temperature m deep 

crevices;butin shallow crevices,the cool air temperature maylower a lizard's body 



72 

temperature below the crevice substrate temperature. Lizards usually avoid these shallow 

crevices once the temperaturesremain consistently cold. 

Lizards are dark brown the entire winter season. The first green lizards are seen 

m early spring when temperatures are warmer and individuals are spending greater 

amounts oftime displaying m agomstic and courtship interactions. There is some 

displaying behavior ofmales and females dunng the winter,but it is minimal and 

probably has little affect on the social system ofthe aggregated lizards 

Lightintensity is the mam factor that tnggers the emergence oflizards from 

crevices Lizards usually emerge soon after the sun has illuminated their section ofthe 

bluff There is no minimum crevice temperature change that must occur or a threshold 

temperature that mustbe reached to tngger lizard emergence. Temperatures vary daily 

within a crevice and between different crevices,a property that makestemperature an 

inconsistent emergence cue Dunngrare penods ofwarm weather,lizards may emerge 

pnor to crevice illumination This early emergence behavior suggests that light intensity 

maybe important only because lizards recognize that they can elevate their body 

temperatures when there is sufficient amountofsunlight When air temperatures are 

high,less light intensity is needed to attain preferred bodytemperatures and lizards can 

emerge earlier or on cloudy days. On afew overcast days,lizards could be seen near the 

crevice opening even though air temperatures werelow and there wasno direct crevice 

illumination. Although individuals never emerged on cold,overcast days,this behavior 

suggests that a biological rhythm maybe used to help cue emergence. 

The emergence order oflizards firom a crevice is nonrandom and depends on the 

individual's depth within the crevice The shallowestlizard emerges first. Some lizards 
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consistentlycame out earlier than others,an indication that individuals mayhave 

preferred positions or depths within a crevice. The massofthe lizard has little influence 

on its emergence position since all individuals within a crevice have similar body 

temperatures pnorto emergence and will not begin to warm until they emerge Lizards 

emerge by first poking their head out ofthe crevice and remaining m that position for 

several minutes. Ifthe crevice opening is large enough,a lizard maythen onentits body 

laterally within a crevice until it has warmed enough to emerge completely. Ifspace m 

the crevice opening is limited,a lizard will usually movethe upper halfofits body out of 

a crevice while the hind legs and tail remain inside. Several lizards maybe going 

through this behavioral sequence simultaneouslyin larger crevices. 

Once a lizard completely emerges from a crevice,it will moveto a basking spot 

on the rocks or nearby vegetation. Lizards spend the majonty oftheir time basking and 

mayhave preferred spots, but there is rarely active defense ofany particular area 

Lizards are very tolerant ofeach other and several individuals are often seen basking 

within afew centimeters ofeach other or even touching. When threatened,lizards will 

retreat quickly into a nearby crevice. The majority ofindividuals return to the same 

crevice each night or to another one that is close to it. Large movements to other crevices 

are rare dunng the winter,and the sex or size ofthe individual does not affect how far it 

IS likely to move. Mostlizards are familiar with several crevices within a meter ortwo of 

each other and mayseek shelter in anyofthese crevices throughoutthe winter. 

Feeding events are rare,but are seen in every month ofthe winter season 

Although appetite is reduced during the winter,there was significant growth in snout-

vent length(SVL)dunng both seasons. Thesecond winter season also had significant 
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growth in mass Males had higher growth rates than females,and smaller lizards grew 

faster than larger ones m 1999/2000 butnotin 1998/1999. Growth rates were also higher 

in 1999/2000than m 1998/1999,a difference that maybe the result ofwarmer 

temperatures m 1999/2000. 

The average SVL and massfor males and female was not significantly different 

between the seasons,butthe percentage oflizards m each size category was. IfSVL is 

used as the cntenafor estimating age,the majority ofthe lizardsfound on the bluffare 

probably yearlings-lizards that are m their second winter season. The young ofthe year 

-those m their first winter season-are the leastnumerous. Due to their habit ofhiding 

under leaflitter and fallen tree limbs,young ofthe year are more difficult to find than the 

other age groups 

Both males and females are found aggregated m the crevices and do not appear to 

have any behavioral differences in activity times. Despite this, more males were found 

on the bluffthan females dunng both seasons. It is unknown whether this is a reflection 

ofa true male-biased sex ratio ofthe population or an undetected behavioral difference 

between the sexes during the winter It is mostlikely the latter. 

In the early spnng,lizards begin moving awayfrom the bluffto the vegetation 

along the nver dunng the day and returning to their crevices at night These movements 

maylast for several weeks. The lizards usually move to the same section ofthe river 

vegetation and often to the same tree. The habitat shift is not permanent until the low 

night temperatures remain warm enough for lizards to abandon their crevices. Most 

lizards move straight out from their crevices to the nver vegetation and remain there 

throughoutthe spnng and summer. There is little lateral movement along the base ofthe 
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bluffand the nver Those lizards that survive to the following winter season will likely 

return to a familiar crevice they used in the previous winter. 
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