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PREFACE 

This study concerned itself with the role aggression plays 

in home range acquisition in the juvenile Desert Side-blotched 

Ijizard, Uta stansburiana. The primary objective was to deter

mine the relationship between aggression and acquisition of a 

superior home range. Testosterone proprionate implantations 

were used to increase an individual's level of aggression. 

Another objective was to examine the effects of testosterone 

upon a juvenile's physiology and reproductive anatomy. 
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given to the two committee members, Dr. John Bantle and Dr. 
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CHAPTER I 

THE RESEARCH PROBLETii 

Introduction 

Nany vertebrates occupy individual areas more or less ex

clusively and exclude other conspecifics by some means of ag

gression. This is one definition of territoriality (Wilson, 

1975). Territoriality is maintained through natural selection 

on an individual basis; the possession of a territory enhances 

individual fitness. Among lizards, as in many vertebrates, 

individuals with larger or otherwise superior territories sur

vive longer or produce more progeny than those from inferior 

territories (Tinkle, 1969; Fox, 1973, 1978; Boag, 1973). 

Studies have also shown a correlation between level of aggres

sion and acquisition of a superior territory, particularly 

among lizards and birds (e.g. Brattstrom, 1974; Watson and 

T1Ioss, 1970) • 

Territorial social organization is shaped by aggressive 

behavior. Individual aggressiveness may be causally impor

tant in the ability to procure superior territories. There 

is scant lmov1ledge, though, of the role of aggression during 

the procurement of a territory. Do the more aggressive indi

viduals secure better territories, or do they become wore 

aggressive after gaining their territories? A need thus 
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exists for a study of individual aggressiveness, as it might 

influence the procurement of superior territories. 

Objective 

The main objective of this study was to establish the 

role of aggression in the acQuisition of superior home ranges 

among juvenile Desert Side-blotched Lizards Uta stansb~~iana 

stejnegeri, through the use of exogenous testosterone sub

dermally implanted. This species was used because these ani

mals are small, sedentary, aggressive toward conspecifics 

from birth, diurnal, and are easy to observe, mark, and cap

ture. Because of its natural abundance at the study site, 

2 

a fairly large sample size was also possible. 'J:he form of 

territoriality in Uta is also common to many other vertebrates, 

so the relationships between aggression and territoriality 

in this species could generalize to other vertebrate groups. 

This species is easy to manipulate experimentally; it can tol

erate perturbances and behave normally during field studies. 

Finally, Uta stansb~~iana has been intensively studied by 

others, and many aspects of its behavior and general ecology 

are v1ell lmovm. Its territorial behavior also has been well 

studied and documented (Tinlde, 1967; Fox, 1973, 1978; _Fox, 

P,ose, and Eyers, 1981). 

Another objective of this study vms to examine the ef

fects of exogenous testosterone on the reproductive structures 

of the gonads and kidneys and on blood levels of testosterone 

in both juvenile male and female Uta. Effects of testosterone 
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implantations on the reproductive cycle of adult Uta have been 

noted (Ferguson, 1966), but no studies have been attempted 

using juveniles. Testosterone implant studies have also been 

conducted on other adult iguanids (Forbes, 1941; Evans, 1957; 

~ason and Adkins, 1976; Crews, 1974), as well as on skinks 

(Reynolds, 1943; Done and Heatwole, 1977), ju7enile turtles 

(}~vans, 1940), and alligators (Forbes, 1938). 

Adult Uta in the area studied are territorial: they de

fend their exclusive areas of familiarity against other con

s~-cecific s (Brovrn and Orians, 1970). Juvenile Uta occupy home 

ranges, which, as the lizards mature, they begin to aggressive

ly defend. Some portions of the home range are more vigorously 

defended than others ( Tinl-cle, 1967). '}e can thus refer to a 

juvenile's area of familiarity in two ways: as home ranges 

\'lith some defense of certain areas, or as territories vrith a 

considerable amount of overlap between individuals. To avoid 

confusion in this paper, juveniles will be considered to pos

sess home ranges; hence, the main concern vras with home ranges 

dtrring the study. Home range is methodologically a more ac

curate term, since no atte:wpt was made to plot points of de

fense oetv.Jeen juveniles. 

Ilajor Hy:pothesis 

Do:winance in juvenile Uta has "been correlated to pos

session of a superior home range (Fox, :?.ose, and r:yers, 

1981). Similarly, in a study involving adult scincid lizards, 

subordinate lizards receiving testosterone proprionate im-
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plants became increasingly aggressive and eventually obtained 

a higher position in a social dominance hierarchy (Done and 

Heatwole, 1977). The major hypothesis of this study, then, was 

that aggression influences the acquisition of superior home 

ranges in juvenile Uta. Initially aggressive juveniles should 

obtain a 3uperior home range. After implants of testosterone, 

lizards should become increasingly aggressive and increase the 

quality of their home ranges. The implanted lizards should 

show a significant increase in the size of gonads and in 

secondexy sexual structures of the kidneys over unimplanted 

individuals. Testosterone levels in the bloodstream of implanted 

lizm~ds should be significantly higher. 

Value of Study 

Jl,l though the nature and subject of aggression has under

gone extensive research and discussion in the past, this study 

helped to broaden the "base on v1hich future research can oe 

conducted. This might include further enquiry into the cause 

and effect "between aggression and home range quality by alter

ing home range quality, using electrophoresis to examine the 

inheritability of aggression, and comparing the hoiJ.e range 

quality among relatives. 

Another potential experiiJ.ent is the converse of the pre

sent study. By tranquilizing or castrating individuals vri th 

lcno·wn hor:1e rc:mge g_uali ty, the effect of a decrease in aggre s

sive levels upon aoility to keep a superior home range or 

territory may be seen. Such an experiment has "been attemuted 



using male Red-vringed Blackbirds (Peck, 1972), but none have 

been conducted using lizards, which vrould appear to be better 

subjects since they are sedentary and much easier to observe 

and study. 

5 

A Dore complex and subtle experiment would be to examine 

the relationship behreen an individual 1 s level of aggression 

and the size and degree of development of its gonads and repro

ductive structures of its kidneys. Apparently, only one study 

of this type has been conducted using lizards as subjects 

(Brackin, 1978). 

Finally, this study adds to the knowledge concerning ag

gression and territoriality by viewing behavior on tr...ree bio

logical levels: behavioral, physiological, and anatomical. 

Summary of Research Problem 

Territoriality is common to many vertebrate groups. Pos

session of a territory eru1ances individual fitness. There is 

a correlation between level of aggression and acquisition of 

a superior territory, but little is known of the role played 

by aggression during the development of territoriality. This 

study further defined this role in juvenile Desert Side-blotched 

Lizards. The major hypothesis tested was that aggression 

plays a major role in the acquisition of a superior home range. 

Juvenile Uta occupy home ranges which develop into territories 

as the animals mature. Another objective was to exanine the 

effects of testosterone implantations on the gonads and kid

neys in both sexes and on hormone level present in the cir-
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culatory system. This study viewed aggression on three levels: 

behavioral, physiological and anatomical. 



CHli.PTER II 

LITERAT1JRE REVIEVi 

Introduction 

Territoriality plays a_major role in determining the re

productive success of individuals of certain animal popula

tions, including many avian and reptilian. Usually, a super

ior territory helps to assure reproductive success and survi

val for the individual. As the concept of territoriality has 

grown, so also has discussion concerning its major functions. 

i:lynne-~dwards (1962) and lCluijver and Tinbergen (1953) claimed 

that territoriality functioned chiefly in regulating popula

tion size. Territoriality, they felt, prevented overpopula

tion and thus guarded the population from an excessive fluc

tuation of numbers. In contrast, many studies have shovm an 

inverse relationship between density and territorial size or 

hone range size in many species (I'hilibosian, 1975; Lorse, 

1976; Stenger, 1958; Holmes, 1967; Tiilstead, 1970), including 

Uta stansburiana (\"!orthington and Arviso, 1973). J?opulation 

regulation is now theught to be a "by-product of territorial 

behavior C,'filson, 1975), sine e nost territories change in

versely to resource abundance. The fitness of a territory 

holder is eilllanced for a variety of reasons; the function of 

territories is proos.bly wul tiple. 
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Territorial Size, Environmental Resources, 

and Individual :B"itness 

8 

Territorial size has been shown to fluctuate inversely 

V1it:r1 abundance of resources (loc. cit.). SiElon (1975), working 

with the lizard Sceloporus jarrovi, experimentally demonstrated 

that territory size was inversely correlated with the abun

dance of food. Other studies have shown that individuals 

v:ith more optimal territories, and thus greater resource abun

dance, grow larger (Boag, 1973), survive longer (Fox, 1973), 

and produce more offspring (Tinlde, 1969) than those on sub

optimal territories. Adult male ~. ~arrovi increased home 

range sizes and decreased the amount of overlap between home 

ranges as the fall breeding season approached (Ru-by, 1978). 

An optimal territory seems often to increase the chances of 

an individual securing an adequate share of environmental 

resources. Possession of a superior territory enhances indi

vidual fitness often by increased survival (Watson and Eoss, 

1970; Krebs, 1971). Territories, then, can be defined as 

being selectively maintained on the basis of advantages to 

individuals within a population (Brown and Orians, 1970; 

:~ebs, 1971; ~ilson, 1975). 

Aggression and Territorial Quality 

':Lhe degree of aggression an individual sho1:1S may be El

portant in determining its territorial quality. The most 

dominant Red Grouse cocks in a population viere the most 

aggressi"~re and hence secured the best territories ('::at son and 
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Hiller, 1971). These cocks also had the best chance of sur

viving until the next breeding season. Adelie ?engu.ins which 

displayed optimum nesting success in a population had high 

aggressiveness scores and secured the best territories in the 

center of a nesting colony (Spurr, 1974). Coulson (1968) 

found a similar situation in kittiwake colonies. Usually, the 

more dominant and aggressive individual secures the territory, 

often excluding subordinates to habitats of lesser quality 

(Krebs, 1971; King, 1973). Conversely, tranquilized male 

Red-winged Blackbirds were unable to defend their territories 

against more aggressive newcomers, and subsequently lost them 

(Peck, 1972). 

The same relation between aggression and territorial 

quality appears to hold true vii th lizards. In iguanid lizards, 

aggression functions in establishing the social structure of 

a population (Carpenter, 1967). Dominance may determine if a 

male lizard will court and breed. A dominant male on his own 

territory is more likely to breed than are subordinates (Car

penter, 1980). Blair (1960) found that male Rusty Lizards 

(Sceloporus olivaceus) who had survived more than two breeding 

seasons aggressively excluded yearling males from breeding 

territories. In a study of territoriality of the fence 

lizard, Sceloporus occidentalis, aggression of stronger lizards 

toward weaker individuals was one of the major factors influ

encing territorial shifting (Fitch, 1940). ethers also have 

reported a correlation between levels of aggression and 

territorial size as well as with position in a dominance 
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hierarchy (Brattstrom, 1974; Boag, 1973; Ferner, 1974; 

Bracldn, 1978; Stamps, 1978). ·:rhe intensity of aggressive 

behavior between two individuals is often a function of the 

territorial status of the participants (Ruibal and Philibosian, 

1974). Dominance in juvenile Uta was associated with home 

ranges which increased an individual's chance of survival 

(Fox et al., 1981). Sub-adult Anolis lineatopus were socially 

excluded from optimal habitat due to the territorial behavior 

of adults (Rand, 1967a). Dominant chuckwallas (Sauromalus 

obesus) were the most aggressive individuals and also tended 

to form stable territories which they retained for several 

seasons (Berry, 1974). Aggressiveness therefore is linked 

intimately with territoriality in many lizard and bird species. 

Hormonal Control of Aggressiveness 

It can be speculated from studies correlating aggression 

with reproductive behavior that sexual hormones play an impor

tant role in determining individual aggression (Barfield, 1967). 

The injection or implantation of androgens should alter an 

animal's agonistic behavior. 

Injections of testosterone proprionate induced adult 

male behavior and increased aggression in female and immature 

Black-crowned Night Herons (:Noble, \'iurm, and Schmidt, 1938). 

It appears that sex hormones lower the threshold for the 

expression of agonistic behavior (King, 1973). Testosterone 

proprionate implants in the brains of Ring Doves produced an 

increase in both copulatory and aggressive behavior (Barfield, 
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1971). No behavioral changes were noted when cholesterol im

plants ''<'~ere used as a control. In some birds, luteinizing 

hormone influences agonistic behavior (Crooks and Butterfield, 

1968). 

Implantations of testosterone proprionate into reptiles 

have been shown to stimulate masculine morphological develop

ment (Forbes, 1938, 1939, 1941; Noble and Greenburg, 1941; 

Reynolds, 1943; Prasad and Sanyal, 1969), to increase court

ship and aggression in both male and female individuals (Evans, 

1940, 1952, 1957; Crews, 1974, 1975) and juveniles (Evans, 

1957), as well as adult Uta stansburiana (Ferguson, 1966). 

Testosterone treatment of subordinate male scincid lizards 

( Sphenomor-ohus koscinsl\:oi) increased their aggre ssi vene ss and 

caused them to exhibit increased sexual activity (Done and 

Heatwole, 1977). Temperature has been shown to affect the up

take of androgens in Anolis carolinensis, and consequently 

plays an important part in social behavior (Pearson, Tsui, and 

Licht, 1976). In the six-lined racerunner (Cnemidophorus 

sexlineatus), most subordinate males exhibited atrophy of re

productive organs and were less active sexually (Brackin, 1978). 

Sex hormones also appear to be important in maintaining 

individual aggressi"-.reness. Daily injections of testosterone 

to the least aggressive Ring Doves in a social situation 

elicited an obvious change in the dominance hierarchy (Ben

nett, 1940). The injected birds formed a dominant, despotic 

relationship with the other birds which lasted until the in

jections were stopped. The same results were found with 
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domestic hens (Allee, Collias, and Lutherman, 1939). In skinl<:s, 

as the effect of ad~inistered testosterone diminished, treated 

male lizards rett~ned to their former subordinate status (Done 

and Heatwole, 1977). 

Inducement of Territorial Aggression 

Until the present, no field studies on the inducement of 

territorial aggression through androgen implantations had been 

attempted with lizards. However, several studies have been 

conducted using birds as subjects. Red Grouse cocks dramati

cally increased their aggressive levels when they were implant

ed v1i th testosterone, which in turn had a profound influence 

on their social status (\'Iatson and I·Ioss, 1972). Two territorial 

cocks receiving implants greatly increased their aggressive 

levels and their territory size. Two non-territorial cocks 

receiving testosterone aggressively took territories from other 

cocks. They retained these territories for several years. 

One cock, implanted v-Ii th estrogen, eventually lost both its 

mate and its territory. Trobes and Gring (1972) v1ere unsuc

cessful in their attempt to alter lek behavior in Sharp-

tailed Grouse through testosterone implants because of the 

lateness in the breeding season. Implanted males, though, 

did increase their aggression, as \vell as extend their activi

ty on the lek grounds well past the breeding season. Hormone 

implants did not increase aggression in the Great Tit (l~ebs, 

1971). 



CHAPTER III 

I~ATERIALS, I,iETHODS, .A:;D PROCEDURE 

Field Procedure 

A population ,,.,as studied in its natural habitat in ';Jest 

Texas. The data \·.Jere collected on an area of approximately 

o. 5 hectares, eight kilometers south of Kermit, \·Tinkler County, 

Texas. The site is at an elevation of 885 meters and is 

located along the ecotone of short-grass prairie and Chihuahan 

Desert. The dominant vegetation is mesquite (Prosonis juliflora), 

yucca (Yucca glauca), broom1:1eed (Xanthocephalum microcephalu..m), 

croton (Croton dioicu.s), and dropseed grass (Sporobolus flexuo

ml§.). The plant cover is only 20;.6 of the total area (Tinkle, 

I·IcGregor, and Dana, 1962). The remainder is bare aeolian sand, 

although short-term v-reather cond.i tions can affect the amount of 

ground cover. The region is characterized by hot, dry summers 

where daily teraperatures often exceed 38°C., and by mild 

vrinters. The average rainfall varies annually from 25 to 40 

em 1973). 

Two enclosed experimental plots of 0.2 hectares each were 

used on the study site. On each was a population of juvenile 

Uta at densities within ra:r...ges reported by Tinkle (1967) at 

this site. A grid of numbered stakes at intervals of 7.5 

weters was set on each plot. The plots 1:1ere enclosed by 
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galvanized sheet metal extending about 15 em below the ground 

s1.rrface and about 85 em above the gTound. Supporting stal::es 

were located outside the fence and capped with sheet metal, 

:ninimizing loss of subjects through escape. 

\!hen first captured, each lizard v1as marked both by clip

ping toes and by application of four acrylic paint spots to 

the dorsum. Three toes vrere removed from each lizard: no more 

than one toe per foot, and only the extreme tip of the toe 

basal to the nail was clipped. The paint was applied by sy

ringe: six colors were used but not more than two were used 

on any individual. 'rhe paint was re-applied after each molt. 

The grids vrere waHced six days a week, each :n.orning and 

evening. These are the times Uta is Dost active during the 

summer (Irwin, 1965; Tinlde, 1967; Fox, 1973, 1978). All 

vegetation v1as shaken and 2.11 boards and other debris v1ere 

lifted to census as many lizards as possible. A portable trap 

designed by Fox (1973) was used to capture any unmarked indi

viduals. 'Jhen a color-marked lizard was found, the following 

data were recorded vri thout capture: grid position, time, date, 

temperature, and the type of vegetation or debris the animal 

was seen under or adjacent to. \,'hen a liza.:rd vras captured its 

snout-vent length, total length, and any evidence of tail loss 

was noted. All snal-:es and other reptilian predators vrere 

rer.1oved frou the enclosures. The enclosures 1vere routinely 

\'.'2.ll:ed at nigl1t to remove any snakes which might have entered. 

A total of 67 juveniles were seen 4 or raore tines (r;,ean= 

9.96 sightings/lizard) in the first stage of the experi:·:ent. 
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After implantation, only 41 lizards were seen 4 times or more 

(mean=9.-15 sightings/lizard) due to natural deaths. 

Horne ranges, using the convex polygon technique, were 

constructed both before and after implantation using only those 

animals which had been seen at least four times. This is the 

minimum number of observations needed to adequately determine 

a juvenile Uta's home range (Tinkle, 1967; :?ox, 1973, 1978), 

although :-::ost lizards exceeded 9 sightings; more sightings 

appear to add little additional area. \'Ialdschcidt (1979) 

found no significant relationship between home range size and 

number of sightings in adult Uta using this method. 

Once the home ranges of all juveniles had been constructed, 

their a..rea and home range quality was calculated. Counts of 

all plant species, boards, r:nmmal burrows, insect holes, and 

ant nests of large and small species v1ere made within a two 

or three day interval of no rain, so insect holes and ant nests 

vrere colllpara'ole among different home ranges. The cover area 

of mesquite and yucca was r:east'!I'ed for each home range. 

cultivariate linear discriminant function index used by 

et al. (1981) was employed to combine the elements of each 

home range into a cooposite ;neasure of home range quality 

based on survivorship potential. ?ox's method appropriately 

':reighted t!ach variable so as to maximally separate survi7ors 

from nonsurvivors along a composite a..\:is. The coefficients 

from Fox's discriminant function were then applied to the data 

of this study. This process created multivariate indices of 

home r2.nge q_uali ty for the present study using featu.res that 
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had been :previously associated 1.·ri th survival (Fox et al., 1981). 

Over the same :period the irn.:plant experiment was conducted, 

home range QUality measurern.ents of an enclosed, unmanipulated, 

control population of jw.renile Uta were determined in another 

study by Fox (pers. co~~.). Unfortunately, the discriminant 

function generated by Fox et al. (1981) was not suitable for 

distinguishing the home ranges of survivors from nonsurvi'TOrs 

in the control plot in 1979. A nevr function vtas generated 

from the home range measurements and survival of the control 

population and \·!as retroactively applied to the hor:J.e range data 

of the experimental lizards. Since survivorship could not be 

determined until the end of the study season, the nevr function 

could not be used in the original design of the implant experi-

cent. using this function, most testosterone implants, by 

chance, came from home ranges of high overall QUality rather 

than low (7/9 implant pairs) as originally planned. neverthe

less, the experiment can still test the hypothesis that testo

sterone vlill increase aggression and result in increased suc.

cess at securing superior hoce ranges compared to controls. 

Once the home range c1uali ty for each lizard v1as measured, 

the animals were removed from the enclos·ures and pair-matched 

according to snout-vent length and sex. The pairs were allm1ed 

to interact in a neutral arena until their relative aggression 

was determined. The arena (1.5 m. diameter) consisted of sand 

substrate with a yucca located in the center under a heat 

la:o.p, thus giving the a.rena some desirable features of natural 

habitat. The paired lizards vrere interacted vri th each other 



for at least one hov .. :c or until relative s..ggressioE of the t\·to 

lize..rds becaE1e distinct. Eelative a§;gression ';!as defined by 

the tabulation of f::-e que:ncy 0 f' :=> q· C'Y' C> s '"'l' '.;-e 7"',;::> 7: -v: e:r ,, '"' ( DPL '"'h 1Ll D s - _,t_,c.:- ,_..," ........ .:::~ v __ ,_, , ..i... ..... ._, ... _ ~.:.. ,_ 1 

later2.l displays, circling, attad~s or bites, supplm:ts, e.nd 

superir:1positions) L1im.1s the sum of subrdssi,Te postures (flat-

c:ernng) of one lizard directed agai::""st the other. An Ul1\Je ighted 

suD vas co2puted and assumed to directly reflect level of ag-

gression against -che pairm2;te. This r.J.ethocl has been shown to 

be successful L1 qum1tifying agg-..cession in displaying lizards 

2~~c1d Grllbitz, lS~6o; Brattstror:1, 

1974; 7ox et al., 1981). 

?rom one enclost12:'e one lizard from each nair was iiJ-

Dlanted subdermally with a pellet of testosterone (1.14 to 

2 .l7mz/ g-.cam lizard ue ight). Their pair-nates receiYed only 

sill~ suture -1-"" ., v.nreaa ( sha2). cUl the lizards fror:, the other en-

clostU'e vre:r:e inolanted •.1i t:.1 silk suture thre2.d as 2. shar:, con-

trol. Cholesterol was not used as a control due to indications 

that it miB,;ht have c:m inl1ibi tory effect on androgen target 

sites )'-fter 48 }10'l.J._"LS 

spent L:. post-opere.ti ve recovery, the lizards £roc one er.clos"LITe 

':!ere trEmsferred to the other 2.ncl 'rice-versa, thus ez:posinz 

2.11 lizards to novel he:cbi tat. r.:he lizards ·:.rere 2.gain cercS:.l .. sed 

for one conth. 2-one ne':I lizards ':Iere i:::2.troduced. L-_to tl.1e e:::-

clom.rre s to brin;; lizard de:1si ties up to tl:.e pre-h1pls.nt stace 

:.1ot ~ .. :tilized subjects in the 
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were interacted by pairs in a neutral arena. They then were 

sacrificed and. prepared for endocrinological and histological 

assay. 

Radioimmunoassay Procedure 

The amount of plasma testosterone (and dihydrotestosterone) 

vias measured in the subjects via radioiminunoassay using a 

highly specific antiserum prepared from rabbits against 

testosterone-3-oxime-bovine serum albumin. The Hew England 

nuclear Testosterone 3H Radioiw..munoassay Pak was used for the 

assay. 

Blood from individuals 'l:laS pooled according to sex and 

treatment, centrifuged, and the plasi!1a separated from other 

blood components. To an aliquot (.075--.250ml) of plasma was 

added enough distilled water to bring the volume to l.OOml. 

Recovery tracer (O.lml) was added to each sample, as was lOml 

of oethylene chloride. After agitation, the aqueous phase v1as 

carefully aspirated and the extract serially v1ashed with l.Oml 

of O.liJ .:.0aOE, O.lH acetic acid, and water to remove potentially 

interfering substances. The final methylene chloride extract 

vms dried under a gentle stream of air. Testosterone was con

centrated in the tip of the test tube through multiple vmshings 

·v;i th ethanol c:nd redrying. 

The dried fractions \·Jere redissolved in 2. Oml of ethanol. 

For the assay, 0.1, 0.2, and 0.4ml aliquots, in duplicate, were 

transferred to assay tubes and dried down. The remaining 

solution was used in recovery calculations. To the dried ali-
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Quots, O.lcl of assay buffer was added. Then O.lcl of assay 

tracer was added folloved by 0.1~1 of antiserum. Staxldard 

testosterone solutions ranging from .005--4.0ng/O.lml ~uffer 

also ·aere mixed L1 duplica~e along vri th tlle u.nlmovr::. sc;.c:ples. 

bound testosterone was accomplished by adding dextran coated 

charcoal. r:rl1e sa:::rples v1ere centrifuged and the supernatant 

transferred to scintillation vials. ~en ml of scintillation 

solution was added to each vial and shaken. The vials were 

counted in a Beck:-::an Liqui.d Scintillation Counter for 50 min

utes. ' n bla~~:" and a 0 standard vial provided a cl1ecl<:: on the 

.Anatomical Procechrre 

:lhe ex~Jerioental subjects vrere captured and vreighed after 

co~pleti8n of the field study. The animals were sacrificed 

and their 1Jlood reDoved for use in the r2.clioimmunoass2.y. The 

reproductive orge.ns and >~idneys vrere i::m::ediately dissected out 

G.;:.C:. the re~9rocl.uctive org2.~1s vreighed on a. urecision Lettler 

:Galc::mce 2.ccurate to O.Olmg. 1:,_ gonadosouatic index (GSI) vras 

calculE~ted for each lizard. rrhe renaLnder of t~1e testosterone 

:pelle~c in sor::e liza:cds also ',vas 1Jeighed. The tissues '.-:ere 

fixed in :Souin 1 s solution, cleared and dehydrated in isopropyl 

alcohol 2.ncl xylene, er;;bedded in yaraffL1, and sect:i_oned in 7-9 

ee.su..reLJents of t:.:.e tubule dia;;;eter, lu:::e::.1 

clialJ.eter, epithelie.l cell l1eigl:. t, and the degree of gr2.nule.tiOl"l 
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were made of the sexual segment of the kidney using a micro

meter eyepiece. I~ the males, the lwaen diameter, tuoule dia

rJeter, and epithelial height of the epidydywis also were 

measured. The seminiferous tubule diameter \vas measured and 

the presence of spero in the testes noted. In feoales, the 

diameter of the largest follicle was measured and the oviduct 

exawined for development. 



CHAPTER IV 

RESULTS 

The field experiment can be divided into two separate 

phases: a pre-implant and a post-implant phase. Ho signifi

cant differences in snout-vent length existed between testo

sterone implants and shams (t-test, p>.05). The treatment and 

control groups, then, can be considered to be of eq_uivalent 

ages and any differences noted to be independent of age or 

size. 

Endocrinology 

~estosterone Radioimmunoassay (RIA) 

The amount of testosterone and dihydrotestosterone 

(pooled) present in the blood plasma of the subjects varied 

according to sex and type of implant. Testosterone irnnlants 

for both sexes shO\·red elevated levels of plasma testosterone 

compared to similar aged shams (Table I). 

Histology 

The sexual segment (the hypertrophied tertiary collecting 

ducts) of the kidney normally is developed only in adult males 

with spermatogenically active testes. In Uta, it is regressed 

during sexual q_uiescence (Asplund and Lowe, 1964). Testosterone 

21 



TABLE I 

R.A.DIOIENUl~OASSAY OF T3STCSTEHONE PLUS 
DIHYDROTESTOSTERClTE IN BLOOD 

PLASH.A. OF SUBJECTS POOLED 
ACCCRDHTG TO SEX Alill 

HlPLA.N'J:* 

I/iale Female 
(ng/ml) (ng/ml) 

22 

Testosterone 
Implant 119.4 58.5 

Sham 
Implant 14.1 15.6 

Hatchlings 7.2 4.7 

*Average Deviation = ~ .042 ng/ml 
Average deviation was calculated by finding the dif
ference of each standard solution sample 0:~=26) with 
knovm testosterone titers from ~he standard c1.1rve. 
Differences (in ng/ml) v'rere read directly off the curve, 
added together, and the sum averaged. The average was 
halved to sho1 . .v deviation both above and below curve. 
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treatment stimulated development of the sexual segments in 

both males and females to a state similar to that of a sexual

ly active adult wale (Figure 1). Shams displayed no such 

developwent. The hypertrophied collecting ducts in the testo

sterone fewales (the newly formed sexual segwent) histologically 

v1ere identical to those in the Qales (Figure 2). Testosterone

implanted Qales and females both displayed significantly larger 

tubule and lumen diameters than shams (Table II). The sexual 

segment tubules of the testosterone implants were lined with 

columnar epithelial cells with secretory granules located 

primarily in the apical portion. The columnar epithelial cell 

height differed significantly according to the implant received 

in males and very nearly so in females. The granules vrere 

much more numerous in the treated males than in the treated 

females. The degree of granulation vras different between 

testosterone wales and shams, but \'las not significantly dif

ferent in females. The epithelium of the testosterone males 

\vas cor.1parable to that shovm by normal adult males displaying 

secretory activity during the breeding season. Testosterone 

females tended to shovr slightly less hypertrophy of the sexual 

segment than did testosterone males. 

The testosterone-implanted lizards had significantly 

larger gonadosor:.1atic indices (GSI) than the sha:os, both for 

sexes separate and for sexes pooled (Table .III). 

The testes and epidydymis of the testosterone W4les 

differed from the sham wales in several of the variables 

r:1easured (Table IV). The epidydymis of the inplants was 



A 

B 

Figure 1 . Differences in Iliale Kidney Struc
tures Between A) Testosterone 
Implant and B) Sham Implant (x40) 
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~-~;.:- . ' . 
; ,. . 

Figure 2. Differences in Female Kidney 
Structures Between A) Testosterone 
Implant and B) Sham Implant (x40) 
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Tubule DiaL1wter 
l''Iale s 
Pernales 

Ij urne n Tl j_ame t er 
Lales 
Feraales 

l~pi thelial Cell 
Height (,.. ) 

!ales 
l"emaler:> 

r;pi thelial Cell 
C:ranu1at:Lon 

Iiales 
J.'emales 

(/( ) 

rcABJ~E II 

DIFFl~Rl!;HCES Hi 11 SEXUiUJ ~)CGI·1ElT~n 1 STHUC
TUimS OJI' rJ1Hl'; KIDlJEY m~rl''.vEEN rct;srw

~;reGi-I.ClTIG IIii'Idl.iTTS A:LTD SHLI·JS BY 

Ji 

5 
4 

S1~-~{ 

rJ:estosterone 
v 
-"'-

20.f34 
17.04 

[:)]) l\T 

4.56 9 
3.56 19 

("" \ 10.67 2.70 9 
4 9.S2 0.97 19 

5 5~32 l. 62 9 
4 3. 6EJ 1.57 19 

(1-5) 
5 1.00 o.oo 9 
4 3.75 l. 35 19 

Sham 
x SD 

8.91 1.36 
8.48 0.86 

5.39 1.19 
5. 17 0.18 

1.72 0.27 
1.47 0.19 

4.76 0.32 
5.00 o.oo 

a Student's t-test, corrected for unequal variances v.Jhere appropriate 

pa 

< .01 
< .05 

< .05 
<·.ool 

<.en 
< ... 10 

<.001 
NS 

IV 
0\ 
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d"d"-Testo 

c!'c!'-Shams 

9~ -Testo 

c;~ -Shams 

a~-Testo 

a"~-ShaL1S 

T.ABLE III 

COii?_fili.ISCHS OF GOHADOSOI>~ATIC IlTDEX ( GSI) 
BET'/TSE:··T TBS~COST3ROlTE Il:lPL.A~~'.TTS i1.l\D 

SHAI-.. IS FClR BilCII Sl~JC S1DPi'llili.TE 
.r'\i'TD SE:~ES POOLED 

I-~edian 

5 1.59 42 

p 

..::. .01 
0 1.14 3 _, 

4 2.64 159.5 
<.COl 

l 0 
-..I 0.97 2 

9 2.17 238 
<.COl 

28 1.04 14 

I~ann-V!hi t:c.ey u statistic: larger u means most values 
larger for that §.,TOU:f. 
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~'ABJ:,J<j IV 

DIFl~'ERENCE IYf HALE GONADII.IJ STHUCTUHES BE'l'V!E:ElT 
~:ES'rOSTEl={Oin~ IIlPLAWrS AliD ~;ILI\TiS 

Testosterone 
lT X SD H 

l~pidydyrrlis: Epithelial 

Cell Height (~ ) 4 2.06 0.32 8 

Epidyclymis: l~umen 

Diameter (/{ ) 4 11.22 2.91 f3 

~~;pidyclymis: 'l_iubu1e 

Diameter ( _,If ) 4- 12.97 2.07 8 

1l'estis: :Jeminiferous 

Tub-ule Diameter (~ ) 4 7.00 0.48 g 

Sham 
X 

1.11 

4.31 

6.65 

7.77 

a Student's t-test, corrected for unequal variances where appropriate 

SD 

0.22 

1.44 

1.85 

2.06 

pa 

< .001 

< .001 

<.001 

NS 

N 
()) 
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significantly enlarged in terms of tubule and lumen diameters 

as well as epithelial cell height. The epidydywal appearance 

of the testosterone r.:J.ales was q_uite similar to a sexually 

active adult male. Increased cytoplasmic granulation, columnar 

epithelial cells vri th round, basally located nuclei, and thin 

connective tissue capsules all served to distinguish the epi

dydymal tubules of the implants. Evidences of secretory acti

vity could occasionally be noticed. Shams had proportionately 

thicker capsules, cuboidal epithelium with centrally located 

nuclei, and non-granulated cytoplasm. lJo differe:r1.ces in semi

niferous tubule diameter of the testis of testosterone versus 

sham males vrere seen. Although not q_uantified, the number of 

seD.iniferous tubules i·ms markedly greater in the implants. 

The testosterone implants also shovred more extensive sperma

togenesis. There were many :nore primary and secondary sperma

togonia in the testosterone implants (Figure 3), although the 

number and degree of development \~Jere considerably less than in 

an adult 2ale. Shams tended to have more interstitial con

nective tissue present in the testes. iTo mature sperm could 

be foQ~d in either implant group. 

There were several differences in female gonadal struc

tures betv1een testosterone ir.J.pla..:nts and shams (Table V). In 

testosterone females the ,die,meter of the largest follicle 

1:ras increased sig-.nificantly over the largest sized follicles 

in the sham i::ldi"':tiduals. l.To apparent differences in the his

tology of the follicle between the implant groups was noticed. 

Testosterone females had fairly 'dell developed oviducts, v1hile 



A 

Fit.;ure 3 . 

--- - -- ·- -------------- -. 

Differences in Hale Gonadal Struc
tures Between A) Testosterone 
Implant and B) Sham Implant (x40) 
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Diameter of Largest 

IJ.'ADlrE V 

DIFl!':J~TmJTCES HT FET·iAL1; GO]fi\DAI~ S 1JlTl.UC~OlJRF;~:; J3ET\JEEH 
TESTOSCf'ji;HClTE IIIEi~AE'l'S AITD SHAES 

'J'estosterone Sham 
I T 

·: x SD H X ST) 

1~'o11icle (,A ) 4 130.25 20.03 14 83.28 21.16 

Ability to Distinguish 

Oviduct from Surrounding 
yes no yes no 

r :e s 0 tu barium 4 3 1 14 1 13 

a Student's t-test 

b Si~:··n te ot L (.J }._) 

p 

< .o1a 

<.05b 

\..N 
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shams had soall oviducts 'ilhich usually could not be distj_nguished 

fToD the surrounding mesotubarium. :.;o oviduct observed Vias 

similar to an adult female. 

:Beha·vior and Hon.1e }~ange Ecology 

Agr>;re ssion 

Before implantation, differences in individual aggression 

of testosterone lizards and shams v1ere insignificant (Table 

-.I). At the end of the post-implant stage, those lizards 

receiving testosterone showed significantly increased ag

gressive levels. Shams displayed no change in aggressi7e 

levels. 

Home Ran,g:e :Scolo~?-:y 

Although ~:lost of the testostero:r_e implants originated 

froH superior, rather than inferior hone ranges as planned 

(due to reasons explained previously), the experiment can 

stj_ll determine vrhether acquisition of a superior home range 

in a novel habitat is related to hormonal tre2.tment. 1esto

steTone implants displayed a r:'2 .. rked increase in the size of 

thei~c home ranges froLJ. the pre-implant througL the post-isplar .. t 

stage (r:::able VII). Eome range q_uality (P2J!) ch2 .. n5:es iniuced 

by the treatnent of exogenous testosterone were analyzed by a 

:10~1-p2..rarr.etric, paired design. For each plot, differences in 

final hot:Je range discriminant scores of the sex and size 

rE.tched pairs \"iere corr.puted. For the treatnJ.ent plot, these 



'l'ABLE 'VI 

Al1E1TA DJ~'l'EHIUllliD AGGIU<;SSIVE SCOHES 13EFOR!:::: 
AHD Aii'TEH IIH)LAHTA'~IOH 

Before 
~l'reatr;tent N - u ----ured.1aiiJ n 

'l'e stosterone 8 12.5 (9.5) 7 

~;ham 12 £34.0 (5.0) 11 

a One-tailed Hann-\'ihi tney U-test. 

After 
U (life d iai1) 

43.5 (17.0) 

4-8.0 (5.0) 

pa 

<.05 

NS 

\..N 
\JJ 



Ciii __ ~C~E I~: IlOI:~ IlAi·--:G=:· 
E=·~l?Cii.IT·_LlFI: ( SC~ 

Testosterone Implants 
(l:=9) 

-31.77 

.;-.5.62 

+7.95 

-:-18.20 

-:-48. 21* 

+58.63 

+79.68 

+83.90 

+126.82 

All Shams 
(:T=2l) 

-66.24 +9.96 

-26.92 +11.57 

-15.81 +lA-. 95 

-4.90 +16.74 

-3.69 +19.11 

-2.35 +21.02 

-0.84 -:_22.35 

-0.79 +32.50 

+1.62 + 43.72 

+5.61 +71.50 

+7.26-K-

l I:ann-1.,'hi tney U test: U=l40; ts=2. 06; p <.. 05, tvro-tai1ed. 

lie dian 
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differe~1ce s \·:ere computed as testosterone implants (initially 

For the control 

plot, the differences v1ere computed as shams that originally 

inhabited high q_uality home ranges, oinus shams that originated 

from low q_uality home ranges. s:'he treatment paired differences 

'ilere then compared to the control paired differences by a Eann-

1.'fhitney U-test. Individuals with testosterone treatment were 

able to reacquire higher q_uality home ranges in novel habitat 

than shams with originally similar home range experience 

(Figv.re 4). In the treatment plot, both the testosterone im-

plants vri th initially high :ER.Q scores and_ their pair-mates vri th 

originally lovr scores improved the q_uali ty of their subseq_uent 

home ranges. In the control plot, however, liza.rds with 

originally lovr HHQ subseq_uently gained high q_uali ty home 

ranges, vrhereas those vri th initially high HEQ subseq_uently 

fell to low q_uali ty ho:Je ranges ( r_rable VIII) .. 

Summary of Results 

The testosterone-implanted individuals displayed consid-

erably higher testosterone levels in their blood plasoa tha..."'l 

others. Shan impl.smts \·rere next highest, follm·:ed by hatch-

ling controls. ·:restosterone implants sho\·red hypertrophy of 

tl:.e sexual segment of the kidney, sig:'lificantly larger tubule 

and lusen diameters, more well developed epithelial cell linings. 

and, in ;::;ales, a higher degree of cellular granulation. ':l:esto-

sterone males also had significantly nore developed epidydymal 

structttres than did the sham :wales. Yo significant difference 
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HI I-IRC~
TJ~STCSTEP~OTT~ 

BEFORE · 

IJO Hri.Q
TESTOST:SJ.OlTB 

LC: KR.Q
cm:rrECL 

HI HRC.
CU11'i'RCL 

Figure 4. Ilean Home Range Quality (B?ce-n 
of Treatment Groups :Defore 
and After Hormone or Sham 
Implantation. Horizontal 
Bars are Means; Wide Vertical 
Bars are Standard Errors of 
I'ieans 



~1ABLE VIII 

CHANGJ~ IN HOIVJJi; HANCE QUAJ~ITY (HHQ) OVEH 
THE EXFfDHIFlliNT, COI'•'lPAJUNG INI'JliALlJY 

HIGH HHQ LIZAHDS SUBSEQUEN'JlJJY U1-
PLAN'l'ED WITH TESTOS'rEHONI~ VJITH 

INTIALLY HIGH BRQ LIZAJ-lDS 
SUBSEQUJ~NTIJY SHAJ'Il-Ifl'lPLANTKD 

Testosterone]_ 
r) 

Sham'-
Initially High HHQ Initially Low HRQ Initially High HRQ Initially Low HHQ 

+2.78 +2.09 +0.88 +2. 84-

+2.07 -1-1.94 -1.04 +1.92 

+0.54 +1.88 -1.48 +1.36 
* -1(- -)(-

-1 0 .17·)(- +1.60 -2.78 +1.17 

-0.89 -1.15 -2.95 -0.62 

-2.74 .... 2.21 -3.41 -0.83 

-3.11 

1 Mann-Whitney U test: 1J=27; p > .05, two-tai_led. 

2 Mann-Whitney U test: U=34-; p <. 05' two-tailed. 

-l(- r d · 'iS 1an \.N 
---.:) 
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':ras found in se:c:liniferous tubule diameters. Testosterone fe

oales had. larger follicles tham shams as well as a higher de

g,Tee of developnent of the oviducts. 

r:l:'he lizards selected for testosterone implants initially 

displayed no significant difference in aggressi·ve levels \·Ji th 

their sham pair-mates. At the end of the experiment, all those 

receiving testosterone displayed significantly higher aggres

sive levels while the sham implants did not. 

Testosterone-implanted individuals, v.rhen placed in a 

novel habitat, shovred a larger increase in home range area 

than shans. The testosterone implants acquired significantly 

-better q_uali ty home ranges than their shaD pair-r;1ates v1hen 

cor:::pared to the sham pairs of the control plot. In t:he con

trol plot, those vrith originally high q_uality home ranges 

o-btained lovter q_uality home ranges in the novel habitat. Such 

an effect did not occur among those lizards in the treatment 

plot vrith initially high quality home ranges that vrere implanted 

with testosterone. 



CHAPTER V 

DISCUSSION 

Endocrinology 

Testosterone Radioimmunoassay 

Exogenous testosterone implantation had a dramatic effect 

upon plasma hormonal levels. The testosterone lizards had 

considerably higher hormone levels than the shams; unques

tionably, the implant technique succeeded. 

However, despite the fact that males and females received 

approximately equal doses of testosterone, the male implants 

displayed hormone titers over twice that of the females. One 

explanation may be the exogenous testosterone stimulated fur

ther production of testosterone in male implants. In vivo 

hormone production in males, though, would have to be very 

high to account for the difference in titer levels between the 

sexes. Perhaps the production of testosterone is maintained 

(but not initiated) by the presence of a minimal testosterone 

level in the bloodstream. However, negative feedback of testo

sterone on LH (Luteinizing Hormone) release should result in a 

decrease of further testosterone production. 

Another more logical possibility is the female implants 

may have synthesized some of the exogenous testosterone into 

39 
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estrogen, since testosterone is one of the precursors of this 

hor2one. The estrogen Ray have been at least partially respon

sible for the hypertrophy of the oviduct, since both these 

hormones can stimulate this structuxe (Prasad and Sanyal, 

1969; ~:able and Greenburg, 1940). An estrogen radioimmunoassay 

would be su~ficient to test this hypothesis. 

Histology 

J.:;xogenous testosterone applied to juveniles significantly 

L1creased the gonadosorJa tic indices of both sexes. Lil:ev.rise, 

l·!oble and Greenburg (1940) found an increase in gonad weight 

after administering testosterone proprionate to immature and 

adult Lnolis. J.To such effect VIas seen in Her::J.idactylus (Irasa.d 

and Sanyal, 1969). Both sexes also developed hypertrophied 

sexual segments of the kidney. The development of the sexual 

segDent is initiated, if not maintained, by testosterone. 

Other studies also indicate the sexual segment is hypertrophied 

by androge:c. treatr1ent (lToble and Greenburg, 1940, 1941; 

Eeynolds, 1943; Prasad and Sanyal, 1969). 

DevelopmeEt of the sexual segoent vJas more pronounced in 

the sales than in the females. Secretory granules could be 

found in the cytoplasm of the tubule epithelium sore often and 

in greater quantity in the wales. F'e\i secretory granules \vere 

noticed in the epithelial lining of fe[,!ales. Epithelial and 

glandular 2<cti vi ty also v1ere stirr~ulated in this study. .:c 

similar pheno2enon has been observed in Hesidactvlus (Pras2.d 

and Sanyal, 1969). ReslJ_l ts indicate a differential sensitivity 
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of the homologous target sites of the sexes to androgens. 

I'·iale s are apparently much more sensitive to testosterone than 

females; whether this is true of other steroids is not yet ful

ly understood. Some studies indicate the sexual segment in 

males is sensitive to estrogen injections, but not to as great 

a degree as that produced by testosterone (Reynolds, 1943). 

Other studies report that estrogen does not stimulate the sexual 

segment (Forbes, 1941). 

·rhe androgen treatment stimulated development of various 

male reproductive organs. It seems as though testosterone plays 

a role in the development of the testis, but the role is not a 

major one; other hormones may play a part in testis develop

ment. The development, if not maintenance, of epidydymal 

structures also appears at least partly dependent on testo

sterone. The major changes resulting from implantation of 

testosterone are the initiation of secretory activit~ and an 

increase in the size of the various ·tubular components of the 

reproductive structures. The initiation of spermatogenesis is 

not under the control of testosterone. 

Reproductive accessory structures of female testosterone 

implants also varied considerably from their sham controls. 

Follicle and oviduct development were significantly increased 

in the testosterone implants. Testosterone implants, had, in 

general, a greater degree of development of the oviduct, 

although not as great as in a normal adult female. Oviduct 

development could also be due to the influence of estrogen 

(explained above). The stimulation of the oviduct by testa-
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sterone and estrogen have led some to consider the possibility 

that the oviduct of reptiles could be regarded as an "ambi

sexual substrate, 11 whose development depends on either hormone 

(Prasad and Sanyal, 1969). Because of the small size of the 

sham implants' oviducts, no attempt was made to compare ovi

duct weight. It seems reasonable, though, that the oviducts 

from the testosterone implants weighed more because of the 

increased development. Oviducts of adult female Anolis im

planted with testosterone displayed an increase in weight 

over controls (Noble and Greenburg, 1940). 

Ovarian weight and size of the largest follicles were 

significantly increased compared to the shams. Such an in

crease in ovarian weight was observed by Noble and Greenburg 

(1940) after testosterone administration in Anolis, but not in 

Hemidactylus (Prasad and Sanyal, 1969). No follicle seen in 

the testosterone implants approached the size of the follicles 

in a mature female. 

Behavior and Home Range Ecology 

_fl~ggre ssion 

Juvenile Uta live in a very competitive environment 

(Tinkle, Wilbur, and Tilley, 1970). Survival may depend on a 

number of factors, including home range features and aggression 

(Fox, 1978; Ferguson and Bohlen, 1978; Tinkle, 1965, 1969). 

f1:ore aggressive juvenile Uta occupy better q_uali ty home ranges 

than less aggressive individuals (Fox et al., 1981). The 
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testosterone ir:rplant field experiment suggests that increased 

levels of 2.ggression aid in acquisition of superior heme ranges 

·v:hich, in turn, enhance survival. 

A previous study corroborates this interpretation (Fox 

et al., 1981). '.!hen dominant-subordinate juvenile Uta vrere 

introduced pair-wise into small outdoor pens with halves of dif

ferent habitat quality, the more aggressive lizards spent 

significantly ElOre time in the superior habitat than did the 

less aggressive. In this study, testosterone implants in

creased their aggressive levels. ':!hen those lizards vrere 

exposed to new habitat in competition with shams, they more 

successfully acquired superior home ranges compared vri th the 

sham pairs of the control plot. 

Other studies have shown that aggression appears to be an 

essential element in lizard social systems (3rattstrom, 1974; 

Sta;~lps, 1978; Simon and r,:iddendorf, 1980). Size of terri

tories in Lacerta muralis varied directly with the aggressive 

level of the L'ldividual (Boag, 1973). The more aggressive 

the lizard, the larger territory it possessed. Adult Uta 

aggTessively partition available habitat into discrete terri

tories (Tinkle, 1967). \·!hen Done and Heatvwle (1977) treated 

subordinate male skinl(S vii th testosterone, the individuals 

increa.sed their 2.ggressive levels and conseq.uently ir:1proved 

their social status in a social hierarchy. Unfortunately, 

tl1ere have been few studies s~ovring the relationship betvreen 

aggression and home range developoent in juvenile lizards 

(but see Stamps, 1978). Other studies on the relatioLship 
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between ag[Tession and home range quality are needed. rrhere is 

indirect evidence that more aggressive Sceloporus undulatus 

have a better chance of survival when some resources in the 

habitat are limiting (Tubbs and Ferguson, 1976; :?erguson and 

Dahlen, 197c..:; Ferguson, Bughes, and 3rovm, 1980). 

Home RmJ.ge .Scologv 

A puzzling aspect of this study is the sham control pairs. 

Those individuals vri th initially superior 1-'::::?,Q scores displayed 

a significant decline in their horJe range qualities when ex-

::~osed to a novel habitat, vrhereas their pair-mates (those with 

originally lov1 scores) subsequently rose. Cne would 

expect the initially high HRQ individuals to reacquire superior 

home ranges when placed in new habitat if those lizards still 

displayed characteristics that enhanced the procureD.ent of 

superior home ranges. Under the null hypothesis, though, 

lizard characteristics should not affect home range acquisi-

tion. One would expect the mean of the high quality group 

would rise, and that of the low group would fall, since 

each was a non-randoo group of pre-selected HRq extremes; the 

two groups would converge to a c or1r:10n index of HHQ. The fine~l 

Iii"(C} scores of the tv:o control groups v1ere in fact not differ-

en-i:; (l:2.nn-\"ihi t::J.ey U test, p > . 05). This apparent c or"vergence 

of hoce range qualities may have resulted from an ahLnldance of 

sor:1eti;:":,e s lini -i:;ing environr:lental re sotiTce s at the time the 

study 'Has conducted. If this were the case, then ~ I ~ one SllOU..!..O. 

expect miniDal a.ggression since there v:ould be lax cospeti tion 
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between lizards over home ranges of different features; fitness 

may have been unrelated to home range features at the time the 

study was conducted. 

If there was an abundance of otherwise limiting environ

mental resources the year of the study, why did the testosterone 

implants increase the quality of their home ranges at a time 

vrhen H?~.Q was comparatively unrelated to survival'? l~ormally 

the lizards are in competition over limiting environment2.l 

resources. I·.ore aggressive juveniles will be favored through 

interference competition (Fox, 1980). The more aggressi·ve 

individuals vril come to inhabit hone ranges with more of the 

limiting resources. But only when these resources are limit

ing would there be an adaptive advantage in aggressively 

securing nbetterH home ranges. In this experiment, lizards 

were made artificially more aggressive independent of the en

vironmental resource level. The testosterone implants acquired 

habitat characteristics which were not highly correlated with 

survival that year. Resources were probably not greatly 

limiting the year this study was conducted. The increased 

level of aggression the testosterone lizards displayed. may 

very vrell have been of questionable benefit that year, even 

though it would generally be adaptive in a. more competitive 

year. 

In sur:1mary, the elevation of aggressive le";rels via 

testosterone implants aids juvenile Uta in the aco~uisi tion of 

larger and superior home ranges when the::r are placed in a 

novel habitat. This does not, however, show conclusively 
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that aggression is the sole causal agent in determining terri

torial quality among natural populations. The aggressive level 

of an individual may be influenced by a number of factors, 

both internal and environmental. Additional research is 

needed to test how important early habitat experience is to the 

subsequent level of expressed aggression and to what degree 

aggression serves to promote superior home range acquisition 

in environments that sh0\·1 temporal variation in the importance 

of home range features. 



Allee, '.f.C., :.:.:::;. Collias, and C.~~. J.JUthermcm. 1939. Lodifi
cation of the social order in flocks of hens by the injec
tion of testosterone proprionate. Physic. Zool. 12(4): 
412-440. 

-'~splund, 'K.K. a.nd C.H. Lovre. 1964. Pceproducti'Te cycles of the 
iguaEid lize.rcls Urosaurus ornatus and Uta stansbu.riana in 
Southeastern !J.rizonc::.. J. ilorph. 115:27-34. 

Barfield, R.J. 1967. Activ.s.tion of sexu2..l and aggressi7e 
-beha'rior oy androgen implants in the brain of the cale 
ring clove. Amer. Zool. 6:518. 

:Oa.rfield, }\. J. 1971. 1~cti vi ty of sexu2,l agg-.cessi ve "behavior 
by androgen implantation in the male ring dove orain. 
Endocrin. 89:1470-1476. 

3ennett, L.A. 1940. ·J:lhe social hierarchy in ring do,res. II. 
The ef:t'ect of treatm.ent Hi th testosterone proprionate. 
Bcol. 21:148-165. 

Jerry, Z.H. 1974. The ecology and social oeha7ior of the 
chucl~\·ralla, Sauromalus ooesus ooesus 3c:drd. Univ. Calif. 
?ubl. Zool. 101:1-60. · 

Dlc:tir, '.l.f. 1960. The rusty lizard-a population study. Univ. 
of Texas Fress, Austin, Texas. 185 pp. 

Boag, D.A. 1973. Spati2.l relationshi:ps among meobers of a 
population of Viall lizards. Cceologia. 12: 1-13. 

3r.s.ckin, r:.r. 1978. The relation of rank to physiological 
state L1 Cneoidopi1orus sexlinea.tus dominance hier2:rchies. 
Herpetol. 34:165-191. 

:BrattstrorD., 3.E. 1~'74. •J:he e<rolution of reptilialJ.. soci2.l 
organiz2.tion. Amer. Zool. 14:35-49. 

3rmnl, J.L. and G.ii. Crians. 1970. 
a:-:imc:.ls. J\nn. Hev. :Scol. Syst. 

Spacing patterns i~ oooile 
1:239-257. 

Ca.r}Jenter, C.C. a.nd G. C+ruoitz. 1960. Dominance shifts 
in the tree liza.rcl (Urosaurus orna. tus-iguanidae). 
Sr~·f l:a .. ttlr • 5:123-128. 

4-7 



C2~penter, c.c. 1967. 
igu2.nid lizards. 
''l"lc-'-e"1"1 (ec1 \ .:. ,i. 0 l; :.::. ..... ~l .... J • 

pp. 87-105. 

Agc:;-.cession and soci2.l str·o.ctv.re of 
In IJizard Ecolog:r: /. Symposium. '.!. ·.;. 

Univ. Lissou.ri ~ress, Colusbia, IIo • 

48 

Ca:cpenter, C.C. 1980. /81 
success in reptiles. 
of captive reptiles. 
SE).i'C'c con"cr i blJ.tions to 

ethological apyro2.ch to reproductive 
In reproductive biology and diseases 
J 'D. r.·ur-ohv ~Y1d T rcl r'oll i"1S (odr< ) 

•-_,;,._)• .. ..:. ..;... <J ._......~...:.. u • ..L. \...J -...t... l_ -..... u. • 

herpetology. 1:33-48. 

Coulson, J.C. 1968. Differences in the quality of birds 
nesting in center and on the edges of a colony. 1:-atc.ITe. 
Land. 211:478-479. 

Crevrs, D. 1974. Castration aEd androgen replacec.ent on male 
facilitation of ovarian G.cti·:.ri ty in the lizard AnolL.-; 
ca.rolinensis. J. Co::1p. ?hysiol. J: sych. 87: S63-96S. 

Crev;s, D. 1975. Psychobiology of reptilian reproduc-tion. 
Science. 189:1059-1065. 

Crool:s, J .H. and P.I_. 3utterfield. 1968. =:;ffects of testo
sterone proprionate and luteinizing horr:1one on agonistic 
and nest-building ·oeha,Tior of Oll.elea guelea. 1\.nir::.. Behav. 
16:370-384. 

Done., ~3. S. a::.1d H. Eeatv;ole. 1977. Effects of hormones on the 
aggTessive behavior and social organization of the sci:ncid 
lizard, Sphenomo..,..~ohus ~:osci:nskoi. z. Tier:psychol. 44:1-12 • 

.:=vans, :r~.T. 1936a. Behavior of castrated liza.rds. J. Genet. 
Psychol. 48:217-221. 

Zvans, L.T. 1936b. 
trated ferJ2 .. le s 
49:49-60. 

Territorial behavior of norc.al and cas-
of ... !inolis carolinensis. J. G-enet. ?s3rcl1ol. 

:;:;vans, }~. ~~. 1940. i~ffects of testosterone propriona te upon 
soci~l dorllinance in young triTtles, Cr.trysec.ys -oicta. 
Biol. Bull. 79:371. 

~vans, L~T. 1952. Endocrine relationships in t1-rrtles. 
Sor::.e effects of IJ.e.le horDone in tu.rtle s. Eerpetol. 
ll-14. 

III. 

:Svans, L.T. 1957. The effect of hormones upon ju·venile lizards, 
L:nolis ca-('olinellsis • ..:\n2.t. :f~ec. 128:545. 

?erc.:;uson, c~. '). 1966. l~ffect of follicle-stinmla ting hormone 
2.nd testosterone proprionate on the reproduction of the 
sicle ... 1Jlotched lizard, Uta stansb1.1ri a::12.. Copeia. 1966: 
495-498. 



Fe~guson, G.'.1. and C.H. 3ohlen. 1973. Der:10graphic analysis: 
a tool for the study of n2.tural selection of behavioral 
tra.its. In The Bel12~'Tior c:trJ.d i:::eL:trolo~cry of Lizcxds. L. 
C -r'ee·~ 1Jur~ c:1 1~d c:J i·'~ci·ea·1 (eds) ;-;<:<"-ion~l _l"_n_c,,,+.l,+u'l+es of' i- l.!.! C, O~.J.l -L. e J.·lcl.. .J..J c l e e .:...G..V- o, ~ ..- v V-v _.... 

:t-Ieal th. Rockville, Ld. pp. 227-243. 

49 

:?erg1.1son, G.'o:'., J.I,. Hughes, and Z.I1. I-3rovm. 1980. The role of 
food availability in territorial establishiLent of ju>renile 
ScelojJOrllS undulatus. T'rom sy;:1posium: Lizard Ecology; 
studies of a model organisiL. Seattle. Dec., 1980. 
Scheduled for publication by Ear<tard University ?ress. 

Ferner, J. 1974. Home-range size and overlap in Sceloporus 
undulatus erythrocheilus (Reptilia: IguEmidae). Copeia. 
1974:332-337. 

Fitch, B.S. 1940. A field study of the grovrth and behavior 
of the fel~ce lizard. Univ. Calif. ?ub. In Zool. 44(2): 
151-172. 

Forbes, T.R. 1938. Studies on the reproductive system of the 
alligator. III. 'Che action of testosterone on the ac
cessory sex structt1.res of recently hatched fer:1ale alliga
tors. )_ne.t. Hec. 72:87-95. 

J?orbes, T .1:1. 1939. Studies on the reproductive syster:1 of the 
alligator. 1 The effects of injections of testosterone 
propriona te in iomature alligators. I:.ns.t. l:lec. 75:51-57. 

Forbes, T.R. 1941. Observations on the urogenital anatooy of 
the male lizard, Sceloporus and on the action of implanted 
pellets of testosterone and of estrone. J. ~orph. 62: 
~l-60 ./- ...~. 

Fox, S.F. 1973. ITatural selection in the lizard Uta stansburi_
c.na. ?h.D. 1:2hesis, Yale University. 174 pp. 

Fox, ~:!.1?. 1978. ~Tatural selection on behavioral pheno-

?oz, 

types of the lizard Uta stansbu.:riana. :Scol. 59:834-847. 

S.F., and S.R. Nays. 19?? 
juvenile lizards ir,-,planted 
In preparation. 

Home range acquisition in 
':Jith testosterone proprions.te. 

Fox, S.F. 1980. Fitness, home range quality, and social rank 
in Uta stan.sburiana. From syuposium: Lizard '2colog:~r: 
studies of 2. uodel orgaY'iso. Seattle. Dec., 1980. 
Scheduled for publication "oy Harvard Uni ver si ty J?ress. 

I.' ox, S.:P., l~. Rose, and R. Lyers. 1981. 
acquisition of superior hone ranges 
stansburians.. ::=col. L'1 press. 

Dominance and the 
in the lize.rd 



50 

Hol~es, R.T. 1967. Differences in population density, terri
toriality ,._,and food supply of Dunlin on arctic and sub
arctic tundra. In A. \.'atson (ed.). Animal populations in 
relation to their food resources: A symposium of the 
Dritish Ecological Society. Blaclcwell Scientific Publi
cations, Oxford. pp. 303-319. 

Irwin, L.R. 1965; Diel activity and social interaction of the 
lizard Uta stansburiana stejnerre<'i. Copeia. 1:99-101. 

I~ing, J. A. 1973. The ecology of aggressive behavior. Ann. 
Rev. Ecol. Syst. 4:117-138. 

Kluij~er, H.N. and 1. Tinbergen. 1953. 
re gu.lation of density in titmice. 
de Zoologie Leydig. 10:265-289. 

Territory and the 
Archives 1-Jierlandaises 

lZrebs, J .R. 1971. Territory and breeding density in the great 
tit, ~arus major. D. ~col. 52:2-22. 

::ason, P., and :S. _:(. Adkins. 1976. Horoone s and social behavior 
in the lizard Anol is carolinensis. Hor. 2.nd 3ehav. 
7:75-86. 

r:ays, S.:?l., c. 3oydstun, and S.:b". Fox. 19'?? Histological and 
endocrinological comparisons of juvenile lizards implanted 
vri th testosterone pro:priona te, cholesterol, and sham. 
In :preparation. 

Iiilstead, '.!. ·.:. 1970. Late summer behavior of the lizards 
Scelonorus nerriami and Urosaurus ornatus in the field. 
Herp. 26:343-354. 

::orse, J:J.H. 1976. Va.ria-bles affecting the density and territory 
size of breeding Spruce-woods \·/arblers. :=col. 57:290-301. 

l.Toble, G.::::_. and B. Greenburg. 1940. J::estosterone prc:>prio::1a te, 
a bisexual hormone in the Ar.1erican char.1eleon. ::?roc. Soc. 
:Sx:ptl. Biol. I-ied. 44: 460-462. 

Eoble, G.Y. and B. Greenbu.rg. 1941. Effects of seasons, cc:.s
tration and crystalline sex hormones upon the urogenital 
system and sexual ·bel;_avior of the lizard (Anolis cc.roli
nensis) I. The adl).l t feuale. J. 3xntl. Zool. 82: 451-
479. -

Fable, G.:::., t .• '.1urm, and A. Schmidt. 1938. Social beha.,rior 
of the 3lack-crovHled Fight Heron. Aulc. 55:7-4-0. 



51 

Pearson, A.K., H.W. Tsui, and P. Licht. 1976. Effect of 
~emperature on spermatogenesis, on the production 
action of androgens and on the ultra structure of 
osoraatic cells in the lizard J\ noli s carol ine:rls is. 

and 
gonad-

Exp. Zool. 195:291-304. 
T 

tJ • 

Pee~:, F.U. 1972. The effect of tranquilization upon territory 
maintena:ace in the male Hed-vlinged 3lacl:.bird {.Agelaius 
phoeniceus). Anim. Behav. 20:119-122. 

~2hilibosian, R. 1975. Territorial behavior and population 
regulation in the lizards, Anolis acutus and d_. cristatel
lu~. Copeia. 3:428-444. 

I;rasad, F.R.Fr. and L.==· Sanyal. 1969. Effect of sex hormo:-'les 
on the sexual segr,ent of kidney and other accessory re
productive organs of the Indian House Lizard, Eemidactylus 
flaviviridis Ruppell. Gen. and Camp. Endocrin. 12:110-
118. 

?.and, A.S. l967a. The adaptive significance of territoriality 
in iguanid lizc=>....rds. In A Symposium of Lizard Ecology. 
1:!.'\'f. Eilstead (ed.). Univ. of Lissouri Press, Colu:wbia, 
~o. pp. 106-115. 

PL.eynolds, _r\.E. 1943. ':211e normal seasonal reproducti\Te cycle 
in the male Emneces fasciatus together Hi th some observa
tions on the effects of castration and hoD:wone administra
tion. J. [-orph. 72:331-378. 

Ruby, D.B. 1973. Seasonal changes in the territorial behavior 
of tlle iguanid lizard Sceloporus jarrovi. Copeia. 3: 
430-438. 

Ruibal, R. and R. ?hilibosian. 1974. Aggression in the lizard 
Anolis acutus. Copeia. 1974:349-357. 

Simon, C.A. 1975. The influence of food abundance 
size in the iguanid lizard Scelo-porus jarrovi. 
56:993-998. 

on terri tory 
Ecol. 

Sison, C.A., and G.A. Niddendorf. 
lizards (Scelonorus ~arrovi). 

1980. Spacing in jwrenile 
Copeia. 1980:141-146. 

Spurr, r;.:J. 1974. Individual differences in aggressiveness 
of Adelie Penguins. Anim. Behav. 22:931-940. 

:::taops, J.A. 1978. A field study of the ontogeny of social 
behct-vior in tile lizard .l:...nolis aeneus. BehEl\J. 66:1-31. 



52 

Stenger, J. 1958. :F'ood habits and available food of ovenbirds 
in relation to ter!'itory size. Auk. 75:335-346. 

Tinkle, D. 'il. 1965. Population structure and effective size of 
a lizard population. Evol. 19:567-573. 

Tinkle, D. W. 1967. The life and deiT,ography of the side
blotched lizard, Uta_ stansburiana. hlsc. Publ. I·-: us. Zool. 
Univ. f-lich. Number 132. Ann il.rbor, Iilich. 182 P:P· 

1l'inkle, D.\'!. 1969. Evolutionary implications of comparative 
population studies in the lizard Uta stansburiana. In Int. 
Coru. Syst. Biol. Uni v. r~ich. 1967. Systematic Biology. 
Nat. Acad. Sci. Washington, D.C. 1692:133-154. 

Tinlde, D.H., D. hcGregor, and s. Dana. 1562. Home range 
ecology of Uta stansburiana stejnegeri. Ecol. 43:223-229. 

1finkle, D.W., E.r=. Viilbur, and S.G. 'Tilley. 1970. Evolution
ary strategies in lizard reproduction. Evol. 24:55-74. 

Trobes, R.J. and L.W. Dring. 1972. Effects of testosterone 
proprionate implantations on lek behavior of S1mrp-tailed 
Grouse. Amer. Nidl. Nat. 87:531-536. -

Tubbs, A.A. and G.W. Ferguson. 1976. Effects of artificial 
crowding on behavior, growth, and survival of juvenile 
spiny lizards. Copeia. 1976:820-823. 

Waldschmidt, S.R. 1979. The effect of statistically based 
models on home range size estimates in Uta stansburiana. 
Amer. r-:idl. Hat. lOl: 236-240. --

';Iatson, R. and G.E. t1Iiller. 1971. Territory size and ag
gression in a fluctuating Hed Grouse population. J. Anim. 
Ecol. 40:367-383. 

';,'a tson, A. and R. Hoss. 1970. Dominance, spacing behavior, 
and aggression in-relation to population limitation in 
vertebrates. Br. Ecol. Soc. Symp. 10:167-220. 

\fatson, A. and R. r~;oss. 1972. Spacing as affected by terri
torial behavior, habitat, and nutrition in ~:Zed Grouse 
(Lagopus _i. scoticus). In Behavio-r> and EnviT'onment. 
'' '-' Vsser (ed ) Dle·r1,m u-,.,ess '·'e"' 7 or'.r 4-j_l "'"' -!"'-e.!..Le _u • • J.. --l.-1..1 ..;...-1... 1 •• ,, .L .r..~e J:Jl:-'• 

Wilson, E.O. 1975. Sociobiolo~v: The New Svnthesis. Belk
nap Press, Cambridge, Vass. 697 pp-.-



53 

';iorthington, H.D. and E.R. J;_rvj_so. 1973. Density, g-.cowth, 
and home range of the lizard Uta stansburiana ste~ne.geri 
in southern Dona Ana county, Hew I'·c-exico. Gr. Bas. Nat. 
33(2):124-128. 

V!ynne-Ed-.,,Jards, V.C. 1962. Animal Dispe-rsion in Relation To 
Social Behavior. Hafner, New York. 653 pp. 



Stanley Hichard 

Candidate for the :0egree of 

I·iaster of Science 

~he sis: ~\GCP'"EfiSIC·lT · j: ... ~:D T?~~::~ DJ~"'/J~I~ci=I-3~1-"fT C-F TZlt3.ITCI'i.It .. ~I':rY II·!· 
TI-ili D3SJ~L-~T SID3-B1C;TC:-I.ED LIZ.i~J< .. JJ., UTi~ ST.A.~·-;·SBU1~I;i~-~-"~ 

:.:aj or Field: Zoology 

:Biographical: 

:?ersonal Data: Born in Tulsa, Ckla.homa, ::ay 6, 1954-, the 
son of Dr. and Lr s. '.Jill ia:r:, G. Fays. 

~auc~~lon: Graduated from Holla~d Hall High School, Tulsa, 
C1dahoma, in ~;ay, 1972; attended :O{nox College, 
Galesburg, Illinois, fror.1 September, 1972, to I'iay, 
1973; received Bachelor of Science degree in Zoology 
from Cklahoma State University in 1976; completed 
requirements for the 1·1aster of Science degree at 
Cklahoma State University in July, 1981. 

Lernbership in Profe·ssional Crganizations: 
Society for the Study of Amphibians and Reptiles 
~u:~erican Association of Zoo I~eepers 
LDerican Association of Zoological }Jar~~s and Aq_uariums 
Greater San Antonio Herptetological Society 

I-rofess.iorie.l :Sxperience: Graduate Teaching i\.ssistar:t, 
Ckla..'l1.o:r.la State University, Depart~:2ent of Siological 
Sciences, 1977-1979. Research Assistant, C~;:lahooa 
State University, 1978-1980. Aninal ~eeper, San 
Antonio Zoological :Park;:, and .Aquariu::, 1980-1921. 


