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INTRODUCTION 

The lizard genus UU in North America is composed of five 

•pec ies . One of these, UU stansburiana, has been divided into the 

following eubspecies: Uta stansburiana stansburiana of the Great 

Basin region, UU stansburiana hesperis of the San Joaquin Valley of 

central California, southward to the coaet in Loe Angeles county, and 

UU stansburiana stejnegeri of the southwestern United Statee, extend-

ing from eouthern Nevada and Caiifomia to wesUrn Texas and north-

ern Mexico (Smith, 1946). 

AII members of the genus are rather small in s ize (large adult 

male Uta s . stejnegeri may reach 60 mm, in snout-vent length). The 

dorsal color pattem i s highly variable but generally coneists of a 

brownish, striped or speckled appearance. 

Flat desert i s probably the preferred habitat for UU etane-

buriana, but mountain slopes, canyons, and dry sandy stream beds 

may afford equaUy euitable habiUt. In areas of opUmum habitat with-

in the range, this species ie ubiqxUtoue in nature and may be the dom> 

inant repUIe. These lizards tend to occupy and abound near man-

made alteraUone of their environment. Extensive debrie areas , scat -

tered about favorable habiute , support high deneity popuIaUons. 

Uta are disUnguiehed from other Usards within the range by 

their smaU s i s e , distinct ear opening, divided frontal, and smaU, 

uaiform, doreal scales (Smith, o p . c i t . ) . 
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DifferenUatiag the three races of Uta stansburianais not easily ac-

complished. Close taxonomic diecriminaUon of both quantiUUve and 

qualitative characters i s required. 

The genue Uta ie replete with many interesting taxonomic 

problems, some of which are exceedingly complex Theee exemplify 

the need for further etudy as the foUowiag authoriUee attest. Stebbins 

(1954) states: "Uta ie a highly variable species in need of thorough 

etudy to determine validity of variante now recognized and preeence or 

abeence of other geographic trende. " Smith (1946) euggeets major 

taxoaomic problems exist in each race of Uta etansburiana. LitUe ie 

known of the distribuUon and areas of intergradaUon in several forms. 

Naturai history data is scant for all species . Woodbury (1931) indi-

cates the sUtus of the subspeciee has never been thoroughly worked 

out, with the range of each eomewhat confused. Modern systema-

tists lend eupport in sUU another way. Simpson (1960) states: "Pro-

bably the most acUve and certaialy one of the most intereeting fields 

of special study in systemaUce today is evoluUonary investigaUon of 

variation within single species or eubepecies." Mayr (1949) r e i U r -

ates the need for studying trende of variation within a single sub-

spec ies , for it i s in local popuIaUons comprising this category that 

micro-evoluUon ie detected. The present etudy attempts to correlate 

morphological variaUon (geneUc variaUoa) with geographical and 

ecological differences as analysed in three local but geographically 



diaUact pepuIaUoaa of the eame eubepeciee. 

Althøagh primarUy a eyetemalic problem, coaeiderable daU 

was obtaiaed on periodicity, behavior, aad aapecta of the ecology of 

U ^ •• •tajnagori. 
• — • ' ^ ^ 'mm mmmmímÊmmÊmÊt^mimmtm 



OBJECTIVFS 

The ulUmate goal of this invetUgaUoa ie to reeolve or eluci-

date the foUowÍag epecific obJecUves: 

1. To atiidy variaUoa ia twelve eelected merphelogieal charactere on 

a eUtieUcal basie in three populations and thea compare the ex-

teata el variaUea Irem oae pepnlaUea to the aext. 

2. Te deUrnodae sexital, geographical, aad iadividual variaUon withia 

each popttlaUea. 

3. To deUae raage aad aormal frequeacy of eelected charactere eo 

deviatioae caa be detecUd. 

4. To deUrmiae if differencee ia the exteraal eaviroameat are corre-

lated with obeerved variaUoa, 

5. To detect aad discuee oatogeaeUc chaagee if they occur. 

6. Te gaia kaewledge of exteat of variaUoa withia oae race of a wide-

raagiag epeciee. 

7. To evaluate the charactere on which the racee of UU are based. 

S. Te iaUgraU ecelegical data wherever poeeible. 

9. To attempt a biolegical ejq>IaaaUoa of variaUoaal treade aad dis-

cues their importaace. 

10. To coatribute to a better uaderetaadiag of a UtUe*kaowa race. 



HISTORICAL SKr ICH 

UU etaaeburiaaa Baird aad Girard 

UU etaneburiaaa Baird aad Girard, 1852, 8taaabury*s £aq>I. 

Surv. Valley of Qreat Salt Lake, p. 345. pl. 5, 

fige. 4-6. --Valley of Great Salt Lake. 

UU etaaeburiaaa etejaegeri Schmidt 

UU etaaeburiaaa atejaegeri Schmidt, I92Ii Amer. Mue. 

Nov., IS. 

TYPE.—A.M.N.H.No. 348; female; coUected July 23, 1906 

by A. G. Buthven. 

TYPE LOCALITY. --Mouth of Dry Caaoa, Alamogordo, OUro 

Couaty, New Mexico. 

la hie revieioa of Uta staaeburiaaa, Richarde<m (I9I5) appliee 

the aame elegaae of Yarrew (ISS2) U the eubepeciee from lewer 

Caliíoraia. Few epecimens were avaUable for etudy at thie tiinm aad 

eeveral yeare lapeed belere Schmidt (I92I) propoeed a aew aame for 

Uta etaaeburiaaa Irem Texas, New Mexico, aad Ariaona. Schmidt 

(op. cit . ) dietiagttiahed the lerm U. £. elegaae Irem thoee epecimeae 

ia the eouthweetera Uaited SUtee, oa the baeie that Lower Caliloraiaa 

•pecimene had a much greater hind leg length. He therefore re-

•tricted the name elegaae of Yarrow aad Bichardeoa to thie Mexicaa 

race, aad prepoeed the aew name etejaegeri for the form ia Ariaoaa, 



New Mexico, aad weetera Texae. 

laaemuch ae thie epeciee ie very commoa throttgheat ite raage, 

oae would euepect it hae beea iateaaively eUdied aad the eyetemaUce 

of the group well uaderetoed. Such ie aot the caee ia either iaetaace. 

The eyetemaUce of the geaue UU are etUI coafueed. There are 

•everal echoole ol thought conceraiag the eUtue ol thie group. Theee 

viewe are lar toe aumeroue U coaeider here aad iatereeUd pereeae are 

relerred U Savage (1958). Hie etudy, throttgh aaalyais ol oeteological 

material, preeeate a lucid accouat aad poeeible eoIuUoa to the problem. 

The eutue ol the geaera Uroeauru* aad UU haa beea oae ol dieagree-

meat. No two authorities iaclude the eame •peciee ia either ol theee 

geaera. Savago hae ehowa both groupe to be prolooadly divergeat. 

DiHereacee ia eteraal aaaUmy, ettpperUd to •ome exteat by exUraal 

•trttcUree, provide the baei^ lor hie cmivicUoae. Thie attthor ad-

heree to 8avage*e conclueioae and prolere not to digrees into thie high* 

ly coatrovereial eubject. 

ReceaUy completed etttdiee have gaiaed aew kaowledge ol UU 

•taa^bttriaaa. Tiakle (1960) hae iaveeUgated the home raage, popula-

Uea strucUre, repredttctlve poteatial, aad phaeee ol the ecology aad 

habiUt ia the race UU £. etejaegeri. 



LOCATION OF POPULATIONS 

The three p^uIaUeaa ol UU £. •tejaegeri choeea lor etudy 

are located ia weatera Texae. Two el theee, located aear Kermit aad 

Moaahaae, are 160 aad 188 mUee eoutfaweet ol Lubbock reepecUvely. 

Theee are termed the eouthera populatioae ia coatraet to the third or 

aorthera popuIaUoa located ia Palo Dttro Caayea ol aorthweetera 

Texae. The latter area ie 115 mUee aorth ol Lubbock aad lies at the 

aorthera extreme ol the raage ol thie Uxard ia Texaa. Nearly 250 

airliae mUee separaUe the aorthera atttdy area Irom theee to the 

•euth. The eoathera popuIaUoae are locaUd ae lollewe: Oae ol the 

areae ia 6 mUe^ •outh ol Kermit, Wiakler Couaty; the other II. 5 milee 

•ottth ol Moaahaaa, Ward Couaty. A diataace of 23 airliae milee eepa-

ratee theee popuIaUone. Two •ampliag •Utioa^ were eelected in Palo 

Duro Caayoa. Both are eituated in Armetrong County; oae area is 17 

mUee eaet eoutheaet ol Caayoa, Texae, aad the other ie 36 milee north 

aortheaat ol Tulia» Texae. The aeed lor two eUUoa^ developed alUr 

a eeriee ol Uaah flooda almo^t deatroyed the lixard populatioa ia Palo 

Duro Caayoa. 

Much el the regiea between the northern and •outhera etttdy 

areae ie ttader iateaeive cuIUvaUoa aad providee litUe euiuble habiut. 

Thia ha^ parUaUy i^olated the two eouthera popttlatioaa Irom the oae ia 

Pale Dttro Caayoa by reduciag geae flew betweea them. Scattered 
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pepttlaUeaa el UU occur aloag the Caprock (Fig. I) bot ia ao place are 

they abwadant. Oa many occaaicm* coUecUag even a emaU •ample ia 

theee areae ha^ provea an ardttoue Uak. Se^ral gape in the distribu-

Uea are evideat aleag the Caprock, but their eignilicance reliee on lur-

ther etudy. One thiag ie certaia; aay geae exchaage betweea the north-

ern aad •outhem popuIaUona muet depend on theee inUrmediaU g r o ^ e 

aloag the Caprock. II gape iadicated above are found to be exUnaive, 

geae Ûow ia the luture may be larther reduced. Certaia eUUetical 

diHereaeee are already aoUd ia this etudy. WiUi the paeeage ol time 

aad coatiauaace ol preeeat ecological conditione, liearde in Palo Duro 

may become taxonomically dietinct entíUes. 





Fig. 1. Ma:-) of nor thwestern 1 exas showin^ the county and 

location of each srac'y po;^ulation. 1 -.e otlec line re:>re8ents the / o s i -

tion oi the Cnprock B-I ^arating the laesquite plains to the eas t from the 

high ' lains to the west and northwest . Scale 1 inch ~ AZ m i l e s . 





DESCRIPTION OF THE HABITAT 

Tiakle (1960) diacu^^e* the habitat ol Uta £. atejnegeri in each 

ol tlie pre«eat pepttlaUeae. Hi^ •tudy ol the race dealt with reproduc-

Uve pet« UaI aad pepulatiea atructure. Siace both thi^ •tody and 

Tiakle*e were carried out coacommitaaUy, it woiúd be reduadaat to re« 

peat much el thia material here. laatead, a brief deecripUoa ol the 

habitat ie given ler Palo Duro Canyon, loUewed by one characterizing 

the southera popttlati^e. Theee deecriptioas are included eo that 

certain baeic comparieons can be made. 

Palo Duro Canyon is a deep gorge cut by the Red Biver ia the 

high plaine ol northwest Texae. It is characterized by exteneive 

eroeion whieh ia eome placee haa lormed perpendicular walle, thue re-

•trictiag tho movemente ol certain animale either ia or out ol the can-

yea. DÍHereacee ia elovaUoa ol aearly 1000 leet Irom the rim to the 

floer ol the caayoa create a lormidable barrier. 

The river (aormaUy amall aad placid) haa depoeited, ia 

time^ ol lleod, large saad beda along wiUi pUee ol driltwood throughout 

the caayoa Uoer. Only ia theee eaady areaa are lixarda abuadaat. 

They have beea obaerved on the rocky hUIeidee, but the greateat den-

•ity !• aleng the river. 

The prÍBCÍpal vegetalioa •••ociated with thia habitat coaai^t^ 

ol •alt cedar (Tamarix gaUica), Juaiper, epanie graa^ee, aad occa-

U 

Ám 
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•ional m e a ^ t e . 

Other reptUiaa aa^ociatea eecuriag ia the eame habitat are 

membera ol the Uaard geaera Phrynoaoma, Eumecea, Sceloporue, 

Crotaphyttte, and Cnemidoj^horua. The more common enakee iaclttde 

two apeciee ol the geatte Heterodoa, aad oæ epecies each in the genera 

Cfrotalu* aad Ma^Ucophi^. Hognoae enakes (Heterodwtt) are abuadaat 

and tnay coneUtute an importaat predator ol Uta. 

The diactts^ion ol the •outhern populatioaa ia treated ae a 

•ingle uait, eiace the habitat ia pracUcaUy the aame. Both areae are 

located in the *'aandhiU** regiea ol •outhwestera Tejoie. AcUve sand 

dunea •urrouad the periphoiy ol each area but have aot peaetrated the 

•tudy •itee themeelvee. The habitat was lormerly undiaturbed but 

with the diecovery ol oU •ome alteration haa occurred. No maa^ 

deatrucUoa ol the habitat ia evideat, althottgh maay new roada peae-

trate evea remote •ecUeoe. 

DoaUaaat vegetatiea ia both areaa (Fig. 2) is lew ahrttbby 

meaqttite (Proeepie jtlanduIoaa)with large iaterveaiag areaa ol loeae 

•aad •upportiag clump* ol breom weed (Xaathocephalum aarethrae), 

•and aage ^Artemeaia lUiloIÍa). aUthora (Koberliaia •piao^a), huiaache 

(Mimoaa 9^. )• aad beargra^^ (Yucca aagttatilolia). 

Fewer reptiUaa aa^ociatea occttr ia thia habitat tíum ia Palo 

Dure CaAyea. The moat abuadant liaard geaera are CaenUdophertta. 

Phrynee^Bia, aad CretmJiYttta. Saake geaera iaclttde twe apeciea ol 
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Crotaltta, aad oae epeciee each ol Arieoaa, MaeUcophi», Hypeigleaa, 

aad Pituophie. Several ol theee eaakee (Hypeiglena and Arieoaa) are 

aoted predators ol Uta. 



1 í 
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METHOD8 AKD MATf̂ lOAJLS 

Uta •ttaabttriaaa • t e ^ g e r i , tbe deeert •ide*bletched Uaard 

ia ejclremely abundaat ia weatera Texaai it ia alao mere eaaUy eb-

UUæd ia large aimibera ^ n i meat •aariaaa. Fer the«e reaaoaa it 

waa cheaea ler iampliag eiqf^erimeala. Beth mørphelegical variaUen 

aad eharacler atabtUty were etttdied oa a ataUaUcal baai* ia each pop-

alatleta. The e teat el variaU<m dbaer%ed ia o æ pepttlaUoo wae cem* 

pared lo each of the eUier twe. la thia way, micro-variaUoaal dilíer-

eacea were pletted Ibr each popttlatioo. 

Wheaover peaaible, a meathly aample waa c^ected Irom 

eaeh pefmlaUea. Samplea Irom the aøttthera pepttlaUoaa were moat 

dilUcttlt te ebtaia dariag the moatha ol December aad Jaauary; ia Pale 

Dure Canyoa adequate aamplee were ahraya dilficult to obtaia* but 

parUeularly ao duriag the wiater. Proloaged celd apeUe ia wiater aad 

periedlc lloeda ia aummer coatributed to thia aituaUea. Fewer lisarda 

were eollected ia tíUa aorthera area thaa ia either eouthern popttlatiea. 

At Kermil large aamplea were eltea obtaiaed uader debria; eepecially 

ia eei^ wet wealher. la aU, 06 aaflí^lea were ceUected, 33 Irom Palo 

Dtåte Caityeii* 31 Irem Wiakler Ceualy, aad 22 Irem Ward Ceuaty. 

SampUag began ia early I9SB aad exteaded ihrottgh Juae ol 1960. The 

mmber oi apeclmeas examiaed Irom each pepttlaUea are aa loUowe: 

Palo Ihåto CaByeAt 416 

16 
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Wiakler Ceoaty. $75 

Ward Cottaty, 616 

Thia variatioaal atudy i^ baaed on emminaUon ol 1907 pre-

•erved liearda. Ol thi^ number, probably hall were collected by the 

author while the rem«iader were taken by Tinkle or lellow •tudente. 

Liaarda were collected by meane ol eeU manulactured '*blewgttaa'*. 

Thi^ device ie eaaUy coaetructed and hae proven highly eaUelactory not 

oaly ia eeUecUag Uta, but other epeciee ae well (Tiakle, 1956). 

Liearda were ueuaUy preaerved ehorUy alter capture (4-6 

houra) aad aU data waa obtaiaed Irom thie material. Meaeuremente 

were taken with dividere to the neareet mUIimeter. Both meaeure-

menta and meriaUc count^ required the conUnual uee ol a dieeecting 

nUcroecc^e. AU aamplea were readered homogeneoue ae to eex and 

•ize grottpo belore makiag etatlaUcal compariaoa^. Permanent muee-

um aumbere were aa^igaed each eample aad apecimeaa thereia. Be-

•ide aidiag addiUooal etudiee, thie provided a meane ol rechecking 

a«apiciOtta data. 

Sex ia all liaard^ waa determiaed by the loUowiag crileria: 

the preeence ol ealarged poelaaal acalea; the dereal color pattemi 

aad, iateraal dia^ecUoa. 

Cotmte aad deacripUoae ol Uta •taaaburiaaa givea by Smilh 

(1946) were ueed ia thie aaalyai^. With aome excepUeaa, taxoaomic 

charactere commealy empleyed ia lieard •tudiee were ttoed. A 
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•maU •an^Ie ol Uta •. atejnegeri from the type locaUty (Otero Co. 

N. M.) wae used ae comparative material but other than thie served no 

lurther purpoee. 

Specimeae e amined in thie etudy are depoaited ia the collec-

Uoa ol Texaa Techaelegical CoUege. Mueeum numbere are given lor 

each eampliag ataUoa. Each aumber geaerally iacludee a seriee 

rather thaa a eiagle apecimea. 

Palo Duro 

Nttmbere 233, 261, 265, 266, 26S, 269, 270, 271. 565, 720, 

793, 795, $03, 855, 857, 925, 940. 1007, 1028, 1033. 1041, IIOO, U58, 

U97, I2I0, I3S2, 1393, 1403, 1620. 1733, 1808, and 1972. 

Kermit 

The nnmbere are ae loUowe: 516, 762, 787. 794, 801, 805, 

862, 897, 908, 966. 1029* 1042, IU3, 1220, 1226, 1233, 1237, 1383, 

1384, 1397, 1482, 1705, 1720, 1737, 1738, 1739, 1740, 1979. 2001, 2126, 

and 2127. 

Moaahaaa 

Mtt^eum aumbeni iaclude the loUowÍag: 510, 785, 802, 806. 

881, 907, 950. 1030, UI4, I2I9. 1227, 1234, 1235, 1238, 1385. 1396, 

1483, 1980, 1985, 1987, aad 2124. 

Oaly exleraal merphelogical leatttree were aelected. AI^o 

iaclttded bttt diHicuIt to meaaure, are diHereacee ia ecelegy aad be-

havior. Theae were ttsed ia ce^t^iAC^M ^ t h morphelogical variaUoa 
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to aid in aecertaining the popuIaUon statue. Several measuremente 

lieted below do not appear in this paper. Theee did not prove oí use 

in determination oí variaUon nor were the demarcaUons taxonomicaUy 

•ound. Charactere typicaUy diagnoetic ol the species were useíul in 

showing staUsticaUy signUicant dilíerences between populaUons (Fige. 

4, U). Beeides theee, a number ol other characters i isted below were 

employed. All characters are baeed on etructures that do not grow or 

change in the adult lizard. Femoral pore and lameUae counts were 

made on juvenUe l izards. LitUe diflerence was noted when the latter 

were compared with adults. 

The lollowing measurements (to the nearest miUimeter) were 

made íor each adult epecimen: length ol loreleg (Irom ineerUon at 

ehoulder to Up ol third toe), snout>vent length. hind leg length (írom 

Urst femoral pore to Up ol longest toe). iength ol lemur (from Uret 

lemoral pore to crease in hind leg), Up ol snout to base ol inter-

parietal. width ol head (meaeured over each ear), and length of taU 

(Irom anue to Up). These meaeuremente (excluding tail, snout to 

interparietal, and enout to ear) were compared and developed into 

raUoe. Use ol ratio analyei^ was two-lold: Urst. it increaeed the 

number ol characters avaUable lor study; second. it provided a means 

ol comparing and expreseing proportions. 

MerieUc characters were studied in both adult and jevenile 

l izarde. Theee included circumorbitals (ábove right eye only). 
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•calea ia gular lold. anmber ol papUIae (Irem lower eye Ud oaly), 

gular •calea (Urst ecale behiad meatal to aad iacludiag oaa ia golar 

lold), doraal •calee (Irem Uret •cale behiad iaterparielal to poiat di* 

rectty behiad hiad leg), acalea betweea lemoral porea (ealy theee eepa-

ratiag the lirat lemoral pore oa eaeh lemur), lemoral perea (belh 

•idea), aad attmber ol lamellae oa hiad nUddle toe (Irom Up ol claw to 

baae el toe). Oaly the latter two charactera proved ttaelttl ia cempar-

iag JuveaUe liaarda. Their amaU aiae aad iaeeaapicletta leatarea 

preved dillicttlt le atady. 

SlaUaUcal treatmeal oi data loUewa the methode etttUaed by 

Caaier aad Bacea (1949). The mc»dilied Tryoa aad Searle lorm (Caaier 

and Bacoa p. 364) wae ulUiaed ia deUviag the meaa, ataadard devia-

Uoa, aad etaadard error íor each character. Fttrther modiUcatioa ol 

Ihia Ibrm provided a meaae el plelliaf obeerved •ample raagea aad 

Irefaeacy diatribttUoa. Data thtta obtalaed was plotted lo a ærmal 

curve. Samplea wero reeerded oa aeparate data aheela, eaeh beariag 

Ihe celIeeUeii date aad loealily. Each apecimea ia a givea aample waa 

ealered eeparately, aotiag ila museum aumber, age, eox, aad aiae. 

The varieue meaeuremente were thea tabulated aleagaide every iadi-

vidoal. 

To miatmiae biaa* leeaUty labela were aet obeerved uaUI 

eaeh aample had beea examiaed. Samplea Irem all pepulatioaa were 

coUecled aa raademly aa peaaible both dttriag the day aad Ihreugheal 
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the year. The ser ies within each sample were rendered homogeneous. 

Theee homogeneous eamples were then pooied for final staUstical 

analysis. Pooled samplee represent only those specimene from one 

sampling area. Determination ol variation in aU characters was de-

pendent on pooled eamplee Irom each population. In several charac-

ters it does not appear that large eamplee were necessary. The ob-

eerved range of variation did not increaee proporUonalIy after ueing a 

much smaller sample. When lemoral pore auid lamellae counts were 

compared between adult and juvenUe l izards, the larger adult sample 

added litUe to the already etaUeUcaUy signilicant data shown by Juve-

nile results . Theee examples do not apply with regard to all charac-

ters analysed. 

Where the range ol variaUon in a parUcular character wae 

great. a larger sample was deemed essential to i^proximate the popu-

lation extremee. Ratio proportions eepeciaUy indicate that smaller 

•amplee could have been used with good reeults. Inasmuch as large 

samples were avaUable. variaUonal trends in the always unknown 

population were more accurately analyeed. The advantages of this 

method lar exceed staUsUcal treatment ol emaU samples. especiaUy 

i l the latter i s not ol necessity . 

Gri^hic presentation of data loUows the method ol Hubbs and 

Hubbs (1953). The horizontal black line indicatee range ol variation. 

One-haU ol each black box plus the white box at each end outlinee one 
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•tandard deviaUon (indicates diepersion around the mean) on each eide 

e l the mean. The number ol •pecimene, or N, ie indicated on the 

righl eide e l Ihe mean. The black box repreaeate two timee the etaad-

ard error (meaaure ol reliabiUty) of Ihe meaa. aad the verUcal liae ie 

the mean. The relaUve epread and posÍUon ol etandard deviaUon 

along the obaerved range ol variaUon indicatee ite relaUon to the nor-

mal curve. With the aid ol a ruler one can line up the meane and 

•tandard error lor each character. Comparieoa^ can then be made 

by eex and between aU threo popuIaUone. Gr^phical analyaia ol the 

dillereace between meane loUowe that method employed by Hubbe and 

Hubba (ep. c i t . ) . Teeting the eigniUcaace ol diHerences (t valuea) 

depend^ on varyiag leagtha ol •taadard error aad Ihe exteat ol eepara-

Uoa or overIi4> betweea two samples. Viaual ÍadicaUon ol •ignilicance 

may be obtained by con^iariag dillerent sample etandard errors. U 

these meet, ead to ead, oa the same horiaeatal, some degree ol dil-

lerence ia indicated. Where they do not meet and a gap exiat^. •igai-

Ucaace e l the dÍHereace ie greater. Meaae were coneidered signiU-

caaUy dillereat at the oae perceat level ol coaUdeace. Margiaal 

•igaiUeaat diØereace ie alao iadicated. In no case doee the coelU-

cient ol diHerence (CD) approach the convenUoaal aub^pecific level 

(I. 28) ia charactere ueed ia thie etudy. 



RESULTS 

Charactera ahowiag •exual dimorphiem, geographical. aad 

iadividual variaUoa are giv«i eeparately lor each populatiea. The 

diacttaaiea aad poaaible esq^IaaaUoa ol obeerved diHereacee loUowe 

thie •ecUea. 

Sexual dimorphiam 

Palo Dttre 

The loUowiag charactera •how ao eexttal dimorphiem: dor^al 

•calea, gttlar •calea. papiUae on lower eye, neck acalee, and raUo ol 

aaout-veat to lereleg (See Figa. 8, 9, 10, U, 15). 

MargiaaUy •igaiUcaat diHezencee are noted in the lameUae on 

hiad middle loe, circumorbitale, ecalee between lemoral poree, and 

ia jttveaUe liaard lemeral pere aad lamellae couate (See Figa. 5, 6. 7, 

16). 

Thoee charactera ahewiag proaouaced dillereacee betweea 

the eexee are aa loUowa: lemoral poree, aaout-veat leagth, raUo el 

•aout-veat te hiad leg. aad raUo ol hiad leg to lemur (See Figa. 4, U, 

13. 14). FiaaUy, the doraal color pattera is markedly dietiact ia 

each sex (Fig. 3). 

Kermit 

Sexnal dimerphiem doee aet exiet ia theee charactere: cir* 

ettmerbilala, doraal acalee, gttlar acalea, papiUae on lower eye, aeck 

23 
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•calea, aad lameUae ia JuveaUe Uaarda (See Figs. 6, 8, 9* 10. 12, 

I6b). 

Oaly one character, raUo ol anout-vent to hiad leg, ehow^ 

margiaal dillerence (Fig. 13). 

SigAilicaat dillerences are evident in a number ol charactere. 

Theae iaclude: lemoral pores, lameUae on hind middle toe, acalea be-

tween lemoral porea, •nout-vent leagth, raUo ol hind leg to lemur, 

ratio ol enout-vent to lereleg, and lemoral pores in joveaUe liaarda 

(See Figa. 4, 5, 7, U, 14, 15, I6a). £ach eex retaiaa the dietiact 

dorcal color pattem (Fig. 3). 

Monahana 

Charaetera ahewiag no •ejatal diHereacee iaclttde: ecalee be-

tweea lemeral poree, papiUao on lower eye, and lameUae in juvenUe 

liaarda (See Figa. 7, 10, I6b). 

StaUaUcal dillerences at the marginal level occur in lameUae 

on hind nûddle toe, circumorbitale, gular acalea, neck scales, raUo 

ol anout-vent lo hiad leg, raUo ol hiad leg to lemur, aad raUo ol 

•æut^veat to lereleg (See Fige. 5. 6, 9, 12. 13, 14» 15). 

Proaouaced diHereacee exiet ia the charactera which lollow: 

lemoral peres, deraal acalea, •aout-veat leaglh, and lemeral perea ia 

jttfveaUe Uaarda (See Figa. 4, 8, U, I6b). Color dillereaeee betweea 

Ihe •exee remaia diatiact. 

24 
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Geographical VariaUoa 

Palo Dttro 

la cempariag the Palo Duro popuIaUon with thoee to the eouth, 

•ome aoUceable diUerences were obeerved. Fewer lemoral porea are 

preeent in both sexes (Fig. 4), lamellae on hind toe are eimUarly re-

dttced (Fig. 5), considerable redttcUon ia enottt-vMit length is evident 

(Fig. U), aad belh eexes poaaee^ more aeck ecales thaa either ol the 

elher two popttlatieaa (Fig. 12), Reduced aumbers of lemoral poree 

aad lameUae in juvenile liaarde is noted (Fig. 16), and finaUy. several 

characters ahow greater dillereacea ia one or the other eex but not in 

beth (See Fige. 5, 6. 10, U). 

There eeeme to be more allinity in eome traita belweea Palo 

Duro aad Moaahaae thaa betweea the lormer and Kermit (See Figa. II, 

13, 14, 15). PreperUoaal dillereacee eepeciaUy iadicale aimilarity 

betweea Pale Duro aad Monahans. 

The lellowiag charactera •hew no geogri^phical variation be-

tween Pale Dttre and KemUt; ecalee betweea lemoral porea, doreal 

•calea, gttlar acalee. raUo ol •aout-veat to hiad leg, aad raUo el hiad 

leg to lemur (See Figa. 7, 8, 9» 13, 14). 

Margiaal aiøailicaat dillereaces iaclttde papiUae ia malee 

ealy (Fig. 10), circttmorbitala ia malee ealy (Fig. 6), aad lameUae ia 

jttveaUe male liaarda (Fig. I6b). No characUr ahow^ margiaal aigai-

Ueaace ia eempariag lemalea. 
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Character^ exhÍbiUag the greatest variaUea are lemoral poreai 

lamellae oa hiad middle lee, circumorbitala ia lemalea oaly, •aottt-

veat leagth, aeck •cales, raUo ol •aottt-veat to loreleg, aad both juve-

aile charactere except lameUae in malea (See Hge. 4, 5. 6, U, 12, 15, 

16). 

Dillerences between Palo Duro and Monahans are aot signifi-

cant ia number ol circumorbitals, scalee betweea lemoral poree, der-

•al •calee. gular acalea, or in aay ol the previotta lieted raUoe (See 

Figa. 6. 7, 8. 12. 13, 14, 15). 

Margiaal characlers iaclude lameUae ia lemales oaly (Fig. 5), 

saout-vent leagth ia lemalea ealy (Fig. U), aad papUIae oa lewer eye 

ia beth eexes (Fig. 10). 

SigniUcaat diHerences are noted ia the aumber ol lemoral 

porea, lameUae on hiad nUddle toe, aaout-veat leagth, neck ecalea, 

aad beth charactere analysed in JuveaUe Uaarda (See Figs. 4. 5, U, 

12. 16). 

A atrikiag iadicaUon ol geographical variaUoa ia Palo Duro 

lisarda i^ the di^tinct doreal coler pattern (Fig. 3). Altheugh thia ia 

mo^t proaouaced ia lemalea, the malee alao •how coaeiderable vari-

aUoa. Thia character aloae woold ettlUce to eeparate with 90%h e lû-

cieacy aay mixed aample ceataiaiag Usarda Irom the three pepttlaUoaa. 

Occaaioaal tadividaal^ have beea coUected at Kenait which ahew a 

•imiiar pallera, but Ihese are excepUeaa. Likewiee, the Kermil 
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pheaotypic pattera hae beea aoted ia Palo Duro lizarde, but agaia i^ ex-

cepUeaal. No attempt wae made to aaalyae the iateaeity ol theee color 

dillereacee; thie doee aot aegate their importaace. Color variaUoa 

coupled with other variaUonal trende ettpporU the view that Palo Doro 

liaarda are divergiag. 

Kermit 

Reeult^ obtaiaed ia compariag thie popuIaUea with Palo Duro 

have previottaly beea diacu^^ed. A aumber ol •igaiUcaal geogr^hical 

dillereacee are evideat. Ae would be expected, extent ol variation be-

tween Kermit and Monahaae i^ much leee eigailicaat than between theee 

and the nerthem area. Whea KemUt aad Moaahaae were compared, 

however, some iatereaUag diØerences were detected. 

VariaUon ia the loUowÍag characlere wae aot eignUicant: 

doraal acalea in lemalea oaly (Fig. 8), lemoral porea ia malea only 

(Fig. 4), raUo ol •aout-vent to loreleg ia malee oaly (Fig. 15), aad 

raUo ol •aout-veat to hiad leg in lemalee only (Fig. 13). 

Margiaal eigailicaat charactere include; doreal acales ia 

malea (Fig. 8), lemeral poree ia lemalee (Fig. 4). lameUæ on hind 

toe in both eexee (Fig. 5), raUo ol •nout-veat te loreleg ia lemalee 

(Fig. 15), aad raUo ol aaout-veat to hiad leg ia malee (Fig. 13). 

Sexiial geegraphical variaUoa is evideat Irom the greater 

aumber ol lameUae ia Monahane malea (Fig. 5), preeence ol more 

circumorbitale in Monahaaa lemale^ (Fig. 6), aad proporUoaal diHer-
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Fig. 3. View of dorsal color pattern in Uta e. stcjnegeri. 

Upper photos Irom left to right ave Palo Duro male and female; below 

írom leít to right arc Kcrmit male and fcmale. 
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^nces in lemales represented by ratio ol anout-vent to foreleg (Fig. 15). 

In both sexes , the snout-vent length i s considerably leee than compar-

áble Kermit l izards (Fig. U). 

Monahan^ 

From reeults obtained, the extent ol variaUon in most charac-

ters compared between this and the Kermit popuIaUon, suggests s imi -

lar but aUghUy intergrading gene Irequencies. 

That certain afUnities prevaU in some characters between 

Monahans and Palo Duro, but íaU to exist between the latter and Kermit 

hae been established (See Figs . U, 12. 13. 14). Discussion ol these 

and other trends suggesUve ol geographical variaUon are included in 

the section lollowing results . 

The phenotypic Palo Duro like color pattern has not been ob-

served in the Monahans popuIaUon. It seems probable. however. that 

øome individuals show this northem pattem. As previously indicated, 

it i s evident but not common in Kermit l izards. A dlstance of 28 mUes 

•hould not prevent expreesion in some Monahans l izards. 

^ 
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Individual VariaUon 

Oraphic malerial (Figs. 4-6) muat be ueed in co^^uacUoa with 

theee reaulta. Theae grapha have deUnite patteraa which may be • im-

ilar but æ t ÍdimUcal ia two aamploe. Each character exhibita a givea 

raage e l variaUea, Irequeacy diatribttUoa, aad mean. From theae 

valttoa patteraa which i^preximate the aermal curve ol prebabUity caa 

be eatabliahed. Other diHereaces may reeult Irom Irequeacy dietri-

baU«i« that are ekewed. Whea thie coadiUmi esáet^, numerous theore-

Ucal pea^ibiUtiee muet be po^tulated. 

Individual variaUon waa •tudied only in the pooled eample. 

Although the seriee in each a a n ^ e were examined ÍadividuaUy, aub-

•ample compariaoa^ showed litUe variaUoa. For thia reason aU aam-

plea Irom a givea popuIaUon were pooled. Where populatione are 

compared, axteat ol individual varÍaUcm muat be coaeidered an iadica-

tor o€ geographical diHerence. 

Palo Duro 
«l .nlMMMIWMMMH*MM. 

Charactera diaplayiiig greateat range ol variaUoa iaclude 

lameUae, circumorbitala, •calee betweea lemoral porea, doraal 

•calea, golar acaleai papiUae on eye, anout-vent length, aeck scalea, 

and raUo e l hiad leg to lemur. (See Figa. 5, 6, 7, 8, 9, 10. U, 12, 

14). AU charactere ahow aome iadividual variaUea. 

Kermit 
mmmmmmmmmmm 

Raage ol variaUoa ia greateet ia doraal acalea aad •nottt-veat 
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length (Figs. 8, U). Both characters ehow simUar variable qualiUes 

in Monahans and Palo I>uro lizarde. Some degree ol variation iø evi-

dent in aU characters; these dilferences may be obtained Irom Figs. 

4-16. 

Monahana 

A wide raage of variation is preeent in snout-vent leagth, 

gttlar ecales, dorsal scales, lameUae. circumorbitala, and raUo ol 

hind leg to lemur. (Fi^s. 5. 6. 8, 9, II, 14). Only the most variable 

characters are liated above. Other traita may be compared in Fige. 

4-16. 



DISCUSSION 

Many aapectc ol this study are dilficult to explaia aad iater-

pret. MuIUpIe evelttUoaary lactore (mutabUity. aatural selecUea, iao-

laUoa, apecies geae pool, aad popttlation sise) are not oaly involved bnt 

muat be coaeidered aad applied ia the iate^^retaUoa ol reeulta. Where 

variatioa may roattlt Irom iateracUag lactora, the merite ol each ie 

di^ctt^^ed. Thi^ mttIUpIe*epecttIaUve approach providee the baei« lor 

my view^. 

Pepttlation geneUc^ in repUIes ie poorly known; even lese is 

known ol micro-variaUoa in reptUian popuIaUons. Few •tudies have 

beea coaducted below the sub-speciUc level ia one race ol a wide raag-

iag repUUaa apeciee. CoaeequeaUy, very litUe comqparaUve material 

wae avaUable. 

Ol the eharactera aaalyaod, moat ai^reximate the normal 

curve e l prebabiUty. When individuale cemprieiag the lecal pepuIaUwi 

take aay ol a coaaiderable aumberol valuee lor a givea character, the 

pattera ol thia Irequeacy di^tribtttioa moet oltMi reeemblee a bell^ehaped 

Cttrve. Lea^ commoa geaetypee Ue on either eide ol the beU, bnt the 

average or meat common geaetype ia cltt^tered at Ihe middle. StaUa-

Ucal analyai^ ol variaUea withia aad betweea popttlatieaa haa givea aa 

appreximate iadicaliea ol hereditary variaUoa; exteat e l eaviroameatal-

ly iadttced variaUea ia more eemplex aad dilUcttlt to deteet. CurreaUy, 

33 
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litUe ia kaewa el the sUcro-habitat ol Uta • . •tejnefleri. Minttte diller-
mmmÊmÊtm mm mmmmmi/mÊmmm^mÊttmm 

encee probably prevail in all three populations but their detection re-

qttiree Ittrther •tudy. Although too numerous to Ust in detaU. poesible 

diiferencea may iaclude edaphic and climaUc lactors. pepulaUoa denai-

ty, etc. 

In eome characters (Figa. 4, 5. 7, 10) frequeacy distribttUen 

ie **^kewed" ixom the normal curve. Here the average individual no 

loager ia cluatered at the center ol the range bnt rather on either side. 

The overabundance ol individuale in tho above Ugnree ie negaUvely 

•kewed toward^ the amaUer valuee. Skewed curves are noted only be-

tween eexes and within one pepulatioa. la no character wae skewed-

nee» evident ia aU three popnlatieaa. 

The gradient ol ekew in these characters ia oaly •light te 

mederate. Several possible expIaaaUons lor these skewed curves ie 

•uggeeted. Firet, due to some unkaowa lactor, •lighUy heteregeaeoue 

•amplea may have been included. Second, eelectiea pree^ttre lor a 

glvea character may be operatiag oaly ia one eex or on one populaliea. 

Third, akewed eurvee in Ihe Palo Duro and Monahaaa popttlaUeaa may 

reattlt Irom the redaced bedy siae ia beth sexes and conaeqtteal redttc-

Uoa ia expree^ioa ol quaaUlaUve variaUoa. Fottrth, •iace aU charac-

tera atttdied are prøbably pelygeaic (aad pleolrepic), Ihe pepttlaUea 

• ize (geae peel) regalatee pheaolypie variabiUty. The Pale Daro 

pepttlaliea exempUllea very weU thie latter coadiUea. Thia groep ia 
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•ttbject to periedic dectrttcUoa ol the habitat (by floode) and coaaeqtteal 

redttcUen el pepttlaUoa aiae. Both coadiUoaa preveat •tabUity aad 

geaeUc eqttiUbrittm, wiUi the populatioa ia a coaUaual etau ol Uux. 

Character^ exhibiliag •exual dimerphiam do aot ^pear atable 

ia aay popttlaUoa. Where eexttal variaUoa i» proaouaced (eise, lemo-

ral poree, lameUae, e U . ) . it should not resiUt enUreiy Irom geneUc 

and hormoaal sex dillerencee. U thie were true, then sexual varia-

Uon between popuIaUena would be relaUvely unilorm and etable. How-

•ver, thie i^ aot the case; •ecoadary eex chaiacters exhibit dillereaUal 

variatioa ia each popuIaUoa. Certala ol theee diHereacee mttet repre-

•eat •elecUve adaptaUoaa to the local environment. Fttrthermore, 

•elecUoa appeara to lavor one eexor the other bttt not both. Theae 

dillerencee may be correlated with some aUometric growth lactor; or, 

dillerenUal aelecUen may lavor leager survical ia one or the other 

aex. Rather than place emphaai^ on either ol the loregoing poe^ibi-

UUes, perha^^ it ie beet to assume muIUpIe lactors are iavolved. 

Timoleell-Resaov^ky (I94Ia) auggeet^ geegraphical variaUen 

may be characlerieed by Ihree types ol characters and character* 

combinations: neutral characters, adapUve ones, and harmoniotta 

character-combinaUoaa which acUag together have an adapUve rela-

Uon to Uie lecal eaviroament. Allhettgh eeveral charactor^ (Fig^. 8, 

9) may appear aetttral, aiace •igaiUcaat diHereace doee aot exiet, the 

raage e l variatioa ia each ia qttite diHexeat. Thtta, they do aot coa-
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lorm to Ihe aeutral deUaiUon. Certain character alUniUee are noted 

between Palo Duro and Monahane, while Kermit appears •trikiagly 

dillereat. Poe^ibly •elecUve pressure does lavor some neutral char-

acter common to both Palo Dnro and Monahans. In the etrict eense ol 

beiag aotttral, howevor, no character stttdied compUes with this delini-

Uon. 

Clearly adaptive characters undoubtedly pievail in all three 

populaUons. To what extent a character is adapted is not eaaUy de-

termiaed. Thie depeade ea mulUple enviionmental lactore, many ol 

which are present only in one micro-habitat. From here a gradient 

ol adaptaUeaa to the specilic local envixonment occurs; dillerencee be-

tween the sexee and interspecilic variation have been eetabU^hed in 

this atudy. 

The •ottlhem popuIaUons are chamcterized by greater etabi-

Uty aad lack ol cata^trophic reducUoa in population sise. The com-

poaeats ol geaeUc equUÍbrium (popuIaUea aise, mutatioa, and random 

reprodttcUon) acliag ia cei^uacUoa. have established relaUvely stable 

gene Irequenciea. The extent ol variaUoa between KemUt and Monahans 

ia lar leas than between theee aad the aorthem populatioa. 

Charactere ahowiag •ig^UUcant diflerences between KemUt 

aad Monahana (Figs. 5. 6, U, 15) are probably the reeult ol •elecUve 

lorces. The •elecUve value ol a given character may be correlated 

with some phase ol the environment as yet undetermiaed. In general. 
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there are alight diHerences in aU characters •tudied. but extent ol vari-

aUoa appeare leaa at Moaahaa^. 

Greater pepttlaliea •i e at Kermit, in contraat to Moaahaaa, 

appeara to iahibit to •ome extent gene Ûow between theee areaa. A 

larger and more variable gene pool !• indicaUve ol Kermit. Aay 

•catleriag ol thi^ variabUity depeada oa iatermediate •ttb-popttlaUoaa 

localed ia the 28 måloê thal •eparate Kermit Irom Monahane. 

Geae flow between the •outhem pepuIaUeaa and Palo Duro can 

ealy occur via the iatcrmediate Uta popuIaUoae located along the Cap-

rock (Fig. I). Siace theae groupe are emall and geographically scat-

tered, Palo Duro must be ellecUvely isolated. The extent and magai-

tttde ol variaUoa ia ÍndÍcaUve ol a divergiag speciee. II isoIaUon ia 

not yet eomplele, then diHerences probably repreaent \ininterrupted 

iatraapecilic evolutloaary trenda which have nol reeulted in biologlcal 

dlHe r enUaUon. 

Thare exiet^ th« remote possibility that Uta may occur in the 

Caaadian River VaUey, allewiag geae llow between Palo Dnro and 

popttlaUoaa in eaetem New Mexico. However, abaolutely no evldence 

e l thie i^ indicated; extenaive coUecUng in Iheee areae haa lailed to 

reveal Uta. 

file:///ininterrupted


CONCJLUSIONS 

1. Three mi^er levela ol pepttlaUea dÍllereatiaUoa (variaUon) are pre-

••ttled. Sexnal, geographical, aad iadividttal varÍaUon hae been 

determiaed ia three pepulatieaa oi Uta etan^buriana belengiag to 

to the •ame •ub^peciee •tejaegert. 

2. Each popttlation dillere to eome degree Irom each ol the ether twe. 

Dillerences are most accentuated in the more ieolated Pale Duro 

pepttlaUea. 

3. Both aottlhem popiUaUoae ahow more geaeUc eimUarity than de 

eilher e l the^e and the ærthem pepttlaUoa. Variatioa in most 

charactere ia le^s signiUcant between Kermit and Monahana and 

prebably repreaeate continuou^ variaUon with only aUghUy dilfer-

ent gene Ireq^eaciee. 

4. The Kermit popuIaUoa ia characterised by a larger and more vari-

able g e æ i>eel. Oeaa Uow betweea Kermit aad Moaahaaa occurc 

via •ub-popuIaUoaa ol Uta located between these areaa. Aay re-

•tricUoa el this exchaago probably re^ult^ Irom reduced popuIaUea 

•iae at Monahans. 

5. Where •igniUcaat •tati^Ucal diHerencee exiet between Kermit and 

Meaahaaa, aome aa yet uadetermiiied •elecUve lactor may be re-

•peaeible. Body • ÍB« at Kermit ia •igailicaaUy greater ia both 

•exee, yet Meaahaaa Uaard^ exhibit greater aumber el lamellae 
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oa Uie hiad middle tee. 

6« I*arge pepuUliea aiae chskracterixea Kermit and Monahana. Geae 

Irequeaciee have reached more eqoiUbrittm in theao popuIaUona 

Ihan haa Ihe Palo Dure pepttlaUoa. 

7. The atatua ol the Pale Duro popttlaUen appears one ol divergence. 

Not oaly ia thi^ g r o ^ more geaeUcaUy iaolated, than are the aottth* 

e m popuIaUeaa, bttt ia sul^ect to oxtreme UuctuaUon in popuIaUea 

•iae (by Ûood^). Both coadiUons lavor poe^ible geneUc drilt. 

8. Margiaal or aigailicant ataUsUcal diHerenccs have been estabU^hed 

between Palo Duro aad the populationa to the aottlh. Theae dilfer-

encee prevaU ia the miyerity ol tho 13 morphological charactera 

aaalyaed. Oæ character, the dorsal color pattem, appears 

•trikiagly diHereat ia Pale Dttro liaarda. 

9« The large aeriee ol specimeæ aaalysed, haa greaUy increased the 

ehaace that nu^er variaata in Ihe aatttral popttlaUoa have been ex* 

amiaed. 

10» Character aaalyais has revealed which traitc appear meat stable, 

Ihoae that are laxaaomicaUy •ouad, and thoae •howing greataat 

variaUoa. 

U. StaU^Ucal methoda have aided ia previag the •igniUcaace aad re« 

liabiUty e l ebaerved diHereacea ia aU the popalaUoæ. 

12. The taxoaemic aUttt^ ol Ihe race atejægeri wiU aad ahould depead 

ea pepttlaUoa coBHpariaeæ Irom olher parta ol Ihe vaat raage. 



SIGMFICANCE OF THE S l UDY 

Pesults of this Btudy provide the foundaUon for the followiag 

biological problems. 

Future geneUc studies are now possible. Deter júnation of 

range of variation, Irequency distribuUon, and mcan, have been eatab-

lished for 13 morphological characters. 

Additional populations ol (Jta £. stejnegeri may now be com-

pared. Whether from Arizona or noit l .cm Mexico, tlie status ol thia 

øubspecies depends on these comparisons. 

4 £ 
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SUMMARY 

Ihree popuIaUoas ol Uta •taa^buriaæ belonging to tíie eame 

•ub^peciee (•tejægeri), located ia weatem l e x a s , were chosen lor 

•tttdy. Beiag abuadant aad eæUy coUectad, thie •pecies provided ex-

ceUent •tudy material. A taxoæmic analyaia to detemUæ extents ol 

•exual, geogriq^cal, and individual variaUon both vdthin and between 

popuIaUone was the primary purpose ol this work. Fandom •ampling 

ol atudy areaa begaa in early 1958 and conUnued untU Juæ ol 1960. 

Large aamples were thua obtained, with •ubsequent examiætion ol over 

1900 Ueards. Where perUnent, ecological obaervaUons have been in-

cluded and discussed. 

Twelve morphological characters were •elected lor taxonomic 

aaalyai^. N i æ ol theee were merieUc aad lour were quaattlaUve char-

actera. Samplea were rendered homogeneoue as to sex and aiae 

groupe lor •taUaUcal compariaoæ. AU data waa treated etaU^UcaUy 

and •ignilicance teet^ appUed to obaerved diHerences. Thia data lor 

each popuIaUon ia tabulated in the Appeadix. For reeult^ ol popuIaUoa 

compariaoæ, relerence ia made to Appeadix D. Graphic preaentaUon 

ol data (Figa. 4-16) iUtt^tratee conciaely the lacta and relaUoæhip^ ia-

volved. The •igaiUcaace ol theae data can beat be analyeed by com-

pariag Ihe iUætraUoæ. 

Ol Ihe three popttlaUoæ •tttdied, the o æ ia Palo Duro Caayoa, 
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which i8 separated by a distance of 250 mUes from either of the other 

two, is the most divergent (See Figs. 4, 5, U, 12). MulUpIe lactors 

are iavolved not only in explaining i alo Duro dilferences, but in inter-

preting many other aspecte of thie •tudy. The complexity of popttla-

Uon geæUcs eUU requires specuIaUve biological reasoning. Certain 

complex condiUons have prompted øuch an approach in this invesUga-

Uon. 

Although aigniUcant staUstical dilferences have been estab-

liahed in a number ol different characters, taxonomicaUy, aU data 

faUe below the convenUonal level necee^ary for subspeciUc recogni-

Uon (90% rule). 
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Fig. 4. Variation in íemoral por^j counte. iiorizontal black 

l ines indicate range of variation. One-halí of each black box plus tiie 

v/hite box at each end oxiUines one standard : cviation on each side oí 

the mean. Ihe dark box repreeents two times the stantíard error of 

the mean on each sire of tlic mean, and the verUcal line is the mean. 

I^ui.iber of epecimens represented by the figure to Uie right oí each 

mc ;^l. 
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Fig. 5. Variat ion in lamel lae counts on hind middle toe . 

Symbols as in Flg. l . -Ci 



PALO DURO 

? ik 163 

<y> É 171 

KERMIT 

á »04 I 

o^ ú 293 

MONAHANS 

? dk £08 I 

0=9 
^ 

183 

20 21 22 23 24 25 26 27 
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iJi^. 6. Variation in circuixkorbital counts. Symbols as in 

Fig. i. 



PALO DURO 

« (=i 100 I 

0* I 
I iÉ i .0. -I 

KERMIT 

? r — X 101 I 

O' 
^ 101 I 

MONAHANS 

» r — X 104 I 

o' ái 106 I 

II 12 13 14 15 16 17 18 
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Fig. 7. Vaziation in ecalee between íemoral pores . Sym-

bole as in Fig. 4. 



PALO DURO 

? n - ^ 100 

ô  _L 
I • '0' I 

KERMIT 

î c = é 100 I 

(f é. 100 

MONAHANS 

104 I 

4 5 6 7 8 9 10 



r i g . 5. VariaíLon iii .-.jxsal scalc coantJ. Syii-Lois as in 

F ig . 4. 



PALO DURO 

I ^ 'O' 

^ I ^ ">'-» 

KERMIT 

^ _L 
o* 

101 1 

MONAHANS 

n^nÆÊEJ^nD. 

104 I 

76 78 80 82 84 86 88 90 92 94 96 
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Fig. 9. Variation in gular tcale counte. Symbols as in 

Fig. 4. 



PALO DURO 

« n=^ 100 I 

(f 
^ 100 

KERMIT 

î • — ^ 100 I 

^ I J l .0. • 

MONAHANS 

? 104 I 

0* 
104 

23 24 25 26 27 28 29 30 31 32 
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Fig. i . Variai ion m oa -ulae on lowcr eye iif'. SymbjlL: as 

i n i 1CT. t. 



PALO DURO 

? I i l i .0. r 

ô  • C iiII . 

KERMIT 

? I ^ 

o^ 

MONAHANS 

100 

^ 100 

î I ^ .04 I 

"^ I — ^ 103 I 

12 13 14 15 16 17 18 
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Fig. U. Vnriation in snoat-vent length. Symbole *s in 

4 



PALO DURO 

î_j=:i leg I 

0 . _ ^ 
I • I.T I 

KERMIT 

î__i=å tt» I 

o* 
^ 

296 I 

MONAHANS 

224 I 

^ I 1 . . . I 

41 43 45 47 49 51 53 55 57 59 
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£^ig. iZ. Variation in neck s ca i e CUOÍÍ^O. ^ynibols ae in 

F l g . **. 



PALO DURO 

$ 

ô  

KERMIT 

ie£ 

î I — ^ g9l I 

å 287 

MONAHANS 

î I — ^ 

182 

II 13 15 17 19 21 22 
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Flg. 13. Katlo enout-vent to hind leg. Symbols as in 

' i g . •̂ * 



PALO DURO 

ZZMD Il 
o» 

KERMIT 

î ^ 

ô  
eie 

sni 

MONAHANS 

9 143 

o* 
144 

1.1 1.2 13 1.4 1.5 1.6 1.7 
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Fig . 14. Ratio of hind leg to length o£ íe-iir, Symbols as 

in F ig . i. 



PALO DURO 

* c=é 144 

_ , 

I • .66 I 

KERMIT 

? n=jk 193 

o^ å 212 I 

MONAHANS 

î • — X 143 I 

0* 
^ 144 

2.9 3.1 33 35 37 39 41 42 



F i g . 15. Kat io of snou t -v . n . to £ort ; le^. Symbol s a s la 

Fig . K 



PALO DURO 

i n 

o* 
156 I 

KERMIT 

? nzk i»i I 

O* á 209 I 

MONAHANS 

î •—^ 142 I 

— 143 

2.0 2.2 2.4 2.6 2.8 2.9 
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Fig. 16. Variation in juvenile li.:ard8. l o p , variation in 

íeaoial ore counts. } .>ii m, lamellae counts. Symbole ae in Fig. 4, 



PALO DURO 

5 — 

KERMIT 

î 

I M I 

8 0 

^ • o I 

r aa I 

^ 1T~1 

± "i n 

MONAHANS 
5 C 
<r» [ 

24 26 26 30 32 34 

PALO DURO 

S2 mm 

o* s> I 

36 

KERMIT 

î 
o* 

^ 05 1» 

60 I 

MONAHANS 
$ 

o* 
Trn 

Éom. 
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Appen<íi< A. Palo Puro Siatigtical Dcta, *^bbiev uoti ieUare 

across the to-p reprcecnt number of specir.ií:nG, .lioaia, flícUA'dJ J dovi-

ation, standard error, sn'^ si.v.iifv^ance rf .cf.Vrenc^^ (;. Viuaos). Vart-

ation b<ítween the se e» is c:íTrpar'î<3. í .cans a^'i si^uiucantiy diííer" 

ent at the one nercent tf-/^l of coníidence. l.íni gim.llj «i^m£icant c i í -

íerences (brt^v.««n the onr and f vo perc .at level) are u iicated by M in 

the tv coliimn. The letters NS signify the difíerence wae noi signiíicant 

at or mbove the 5% level . 



APPENDIX A 

8. 

Pmlo Z>uro Populmtioa 

Fmmmlma 

Fig. 

4 . 

5. 

6. 

7. 

N 

161 

163 

100 

100 

M 

27.6 

a.9 
13.7 

6.9 

SD 

1.71 

1.02 

1.23 

1.00 

IQl 85.6 3.66 

9. 100 27.2 1.52 

10. 101 14.6 1.20 

11. 163 U . 9 2.35 

12. 112 17.3 1.50 

13. 144 1.39 .06 

U . l U 3.56 .25 

15. U4 2.42 .15 

16.a 36 26.9 1.81 

b 39 21.6 1.12 

Malee 

S£ N M SD S£ 

.13 168 29.5 1.60 .12 

•08 171 21.7 1.10 .08 

.12 

.10 

.37 

.15 

.12 

.18 

.U 

.01 

.02 

.01 

.30 

.18 

101 U.l 1.30 .13 

101 6.6 .90 .09 

122 17.5 1.40 .13 

tv 

6.0 

M 

Pí 

101 86.5 3.79 .38 HS 

100 27.6 1.60 .16 m 

100 U.6 1.11 .11 KS 

167 46.7 2.61 .20 5.9 

NS 

156 1.33 .07 .01 3.5 

156 3.U .23 .02 3.8 

156 2.a .U .01 NS 

37 27.9 1.76 .29 M 

38 22.2 l.U .19 M 
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Appendix I-. Kcrmit Statisticai Data. îvícU*od antí symbois 

as in Ajjpencir- / , . 



Kermit Population 

APPENDIX B 

Pemales Males 

í"ig. 

4. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

U . 

15. 

I6.a 

b 

N 

191 

M SD SE 

300 29.7 1.85 .11 

304 22.7 1.24 .07 

101 U.5 1.22 .12 

100 6.9 1.09 .11 

100 85.2 4.21 .42 

100 26.9 1.64 .16 

100 U.8 1.30 .13 

299 46.8 2.63 .15 

291 16.1 1.89 .11 

191 1.39 .08 .01 

193 3.52 .21 .02 

2.U .16 .01 

80 29.7 1.85 .21 

85 22.7 1.11 .12 

N M SD SE tv 

ÅiSi 

293 

101 

100 

101 

101 

100 

296 

287 

212 

212 

209 

55 

60 

31.5 

23.2 

U.6 

6.4 

85.8 

27.4 

15.C 

51.0 

16.3 

1.35 

3.41 

2.38 

30.9 

22.7 

1.86 

1.30 

1.30 

1.02 

4.60 

1.54 

1.20 

3.54 

1.82 

.07 

.19 

.16 

1.80 

1.22 

.11 

.08 

.13 

.10 

.46 

.15 

.12 

.21 

.11 

.01 

.01 

.01 

.24 

.16 

5.5 

4.3 

NS 

3.5 

NS 

NS 

NS 

8.0 + 

NS 

M 

4.5 

6.5 

3.7 

NS 



ík 



.' 'ppeni ;.-. C. lUanahans J t a t i s t i c a l L a t a . I tethotí and s y n -

'L'OÍG tlie Síi^i.e a s Appoíioi . A. 



APPENDIX C 

Fig. 

8. 

9. 

10. 

11 . 

12. 

13. 

U . 

Monahan* Population 

Femalee Malee 

N M SD S£ N M SD 

4 . 203 28.8 2.01 . U 

5. 208 22.4 1.24 .09 

6. 104 13.8 l . a .12 

7. 104 6.8 .98 .10 

181 30.9 1.86 

183 22.8 1.34 

105 U . 2 1,25 

103 6.6 .92 

102 85.2 3.84 .38 

104 26.9 1.81 .18 

202 15.7 1.76 .12 182 16.1 1.68 

U 3 1.37 .07 .01 l U 1.33 .07 

U 3 3.55 .23 .02 l U 3.47 .22 

15. U 2 2.42 . U .01 

16.a 67 29.4 1.85 .23 

b 72 22.7 1.31 .16 

U3 2.38 .13 

S£ 

.12 

.01 

.02 

.01 

tv 

. U 5.5 

.10 M 

.12 M 

.09 NS 

104 87.4 4.29 .42 4.0 

104 27.8 2.00 .20 M 

104 15.9 1.11 .11 103 15.0 1.13 .11 HS 

224 45.7 2.33 .16 213 49.6 3.50 .24 8.0 + 

M 

M 

M 

89 30.6 1.71 .19 3.6 

97 22.8 1.05 .11 HS 
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Appendix D. Comparison oí Populatione. Palo Duro í e -

males were compared to Kermit íemaXes then to Monahans. Kermit 

females were likewiee compared to MonaUiane. Keeuits are tabulated 

under Palo Duro í emaies , Palo Duro íemaiee , and Kermit females 

reepectiveiy. Maiee foliow the øame eequence as for femalee. Only 

means significantiy different at the one to five percent level of confi-

dence are i isted. Ail comparisons correspond to figures lieted on the 

Íeft margin. Other symbois as in Appendix A. 



APPENDIX D 

PAl-O DURO-KERMIT í AJ-O DURO-KiOMAliANS KEFMIT-MONAHANS 

Femmlee 

F i g . tv 

Mmlea 

tv 

Femmlee 

tv 

Males 

tv 

Femmles Mmles 

tv tv 

4. 

9 . 

10 . 

1 1 . 

12 . 

13 . 

U . 

15. 

5.1 

»-'•, 

6. 

7. 

8. 

5.6 

4.5 

NS 

NS 

N3 

NS 

6.7 

- / . 

^iii 

m 

4.3 

I 6 . a 6.0 + 

b 6 .3 

5.6 

8.0 + 

M 

SS 

2.6 

8.0 + 

«;. 5.4 

MS 

^ 

NS 

8.0 + 

M 

4.0 

2.H 

m 

14S 

ÎB 

2.( 

3.7 

7.6 

ÎIS 

NS 

6.8 

4.5 

3.7 

5.3 

m 

HS 

3.1 

B.0 + 

5.*':-

Níî 

NS 

HS 

8.0 + 

M 

M 

4 . 0 

NS 

NS 

3.3 

flS 

MS 

3. 

4 .3 

NS 

NS 

NS 

2.7 

MS 

NT. 

M 

SS 

ICS 

3.4 

HS 

NS 

NS 

•< > 
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