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ABSTRACT

TrE ¡rcHEs occuptED By rne l¡úestenr Pu¡¡rs GeRrEa Sn¡xe

(Txatrnopr.rs RAprx rryoeil¡) AID rHE Reo-S¡oeo GeRreR S¡are (Tjr¡Müopxls

stRTALts pARtETALts) lr rre lHrenulxe D¡srRtcr oF M¡rtroal weRe

COI{PARED IdITH RESPECT TO FEEDITIG I{ABITS AI{D SIX EHVIROIIHETITAL FACTORS¡

Tx¡nnopnls stRTALts occunRrtc n¡ svr{pATRv wtrr !. RAot! ALTERED

tTs FEEDtflc HAB|TS, BUT ltol tlt SUCH A ¡úAy AS TO PROOUCE I|CHE

DtsPLAcEt{Et{To lrs reeot¡tc HABtrs Dto ltoT DTFFER stcntFtcAnrly Fnor.l

THosE or !. RAptx EITHER tl ALLopATRy oR tl syHpATRyo Cxlnces tr

ITS FEEOIIIG HAEITS ARE ATTRIBUTED TO CHAI{GES ITI THE RELATIVE

AVA ILAB IL ITY OF FOOO ITEI{SO

0r rre EnvtRorMEt¡TAL FAcroRs ExArimEo, HABtTAT, AtR TEIInERATURE

AilD suBsrRATE TEITpERATuRE corrn¡súreo Hosr srRollcLv ro ltcHE

otscRu{trATloÍt tn ALLopAtny, !. aloJx occuRRtrc I{EAR t¡tEADord porDs

Al HtcH AtR BUT Lor suBsrRATE TEI{rERATURES rro !. stRTALts occuRRtrc

I¡EAR FEII-LIKE I{ARSTES OT THE ASPET FORESÎ AT LOHER AIR BUT HICHER

suBsrRAtE TEt{pERATuREs. Tnlmnopxts stRTALts rúAs ADAprEo ro Lol{ER AtR

TE!4PERATURES THAil To RADIX BY VIRTUE OF ITS GREATER ABILITY TO ABSoRB

RADIAT¡T ET{ERGY. IT¡ SVUP¡TRY THE COI{TRIBUTIOTS OF IIABITAT ATID AIR

TE}IPERATURE TO IIICHE D¡SCRII{IIIATIOiI IdERE REDUCED T{HEREÂS TIIOSE OF

LIGHT ¡nTEHSITY AËO SUBSTRATE TEI{PERATURE I¡úERE il|CREASED, I. n¡O¡X

sELEcrtre A HtcnER vALUE oF Borr rHAil To stRTALts. Tnls snlrr tl

TI{E II{PORTAÌICE OF EÎIVIROI¡HEIITAL FACTORS TO NICHE DISCRI!IITATIOT flEED

rOT BE ATTRIBUTEO TO SPECIES ItrTERACTIOII BUT }IAY BE ETPLAITIEO IË

aaailt



TERIIS OF BEIIAYIORAL COMPEI¡SATIO¡I FOR CONCURRETT CIIAIIGES I¡ THE

AVA I LABLE !I I CHEO TXC SX IFT WAS PRODUCED, I TI PART, BY CHAI{CES I ¡I

THE OAtLy ACT|VITY PATTERil, TOI{ARDS ütD-DAy FOß T. RADTX A}tO
:

Ar{Ay FROM l,ilD-OAY FOR !o EIIIT¡L|.SO TXe OECneE OF BtnODALtTy t[

THE ACTtVtTy PATTERII t{AS DtRECTLY PROPORTtOTAL TO TEHPERATURE,

AVATLABLE rE''TPERATURES BElr¡c LOI{Eß til SyHpATßy FOR !o !!g AilO

¡ilcHER ¡r{ syHpArRY FoR !r EJ3Ë!!g.
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I NrROU,CTt oit

i*a 
"r"nr* *rcHE REeurRElrErrs oF .ARTER s¡{AKEs ARE pooßLy

KNOI{T{ AIIO TI{E OEGREE OT COMPETITIVE ITTERACTIOII BETIIEEN SPECIES IS

il01 Ktlorr AT ALL¡ FOOO ¡ttO rABtrAT urtl.tzATtoil (Canrerren, lg52¡

Frexlnrv, 19671 AilD FooD urrLrzArro¡r (Fouquerre, 1954) HAvE BEEr

COMPAREO FOR SYHPATRIC POPULATIOIIS OE GARTER SIIAKE SPECIES ITI IHREE

uroELY SEPARATED LocALtrtEs. lrloHE or rHEsE AurHoRs, HowEyER,

OBTAI]IEO DEIAILEO COHPARATIVE DATA FOR ALLOPATßIC POPULATIOTIS OF

THE SA'.IE SPECIESo N¡CHE DISPLACE}IEIIT AI{OßG SYIIPATRIc GARTER SIIAKES,

WHILE SUôCESTEO BY ÎHESE AUTHORS AS A POSSIELE EXPLATIATIOTI FOR

RESOURCE PARTITIOIIIXC, HAS SELOOI{ BEE¡I PROPERLY EXAI'IIIIEDO A ilOr¡gLC

ExcEprtor rs rNE ÙroRx t¡t pRocREss oF wx¡re ero Kuoe (lgla) or

sYl.lPATRlc PoPULAT|oils oF Ttdo GAßTER silAKE spEctEs lr CeutFoRiltA, o¡tE

oF wHlcH ls REPRESEIITED-BY A-IE^RBY ALLOPATRIc POPULATlo¡t.

lr rxg lnreRutxe otsrRrcr oF l,L¡¡troa¡ TUo cARTEn sf,AKE spgctEs

occuR3 rXe l,rlesteRr Pulttts G¡Rren Sfrre (Tnlnroptls RAotX rAyoESt

Ker¡rrcor) mo rne Reo-s¡oeo G¡Rren srrre (Tr¡m¡ogxrs srRTALrs

PARIETALIs Slv). td¡tlLe rHE RAlrcE oF oyERLAp BETTdEET rHEsE spEctEs

lS Llt{lTEOr SOTH OCCUR ltl SUFFICIEIITLY LAßCE trU}l8ERS TO ALLOI THE

coLLEcrtox oF ADEqUATE sAnpLEs FRon t{trHtlt rHts RAxeE. Txe punpose

OF TIIE PRESE¡IÎ STUOY HAS TO COI{PAßE THE fl!CHES OCCUPIEO SV THESE

Tro sPEclEsr E0TH HlTlllx THE RAllcE oF OVERLAP Allo BEYOID lT, To

oETERttt.trE UFETTEß Af,v cHA¡rcEs ilr rHE RELATIyE lucúe poslrtors hrERE

OCCURRIIIC THAT COULD BE ATTRIBUTED TO THE PRESEXCE OR ABSETCE OF A

¡



COIIGETIERIC SPECIES RATHER THAII TO CHAIICES ITI THE AVAILAELE IIICHEO
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MATERIALS ANO I{EIHODS

F ¡ Euo_SruoY

Tne sruov AREA rs LocATEo AppRoxr{ATELv BETwEET 50o N ero 5lo N

LAT¡TuDE Aro BET¡{Eer yfo hJ lro 98o b, LoilctruoE AHD ts ourLrtEo tr

F¡cune l. Sn¡res urERE cApruRED ytrnt.il THts AREA rnor l¡hv rxRouett

Aucusr or l9f3 Aro FRoH JurE THRoucx Aucusr or l9fl4. Tre seuprlrc

EFFoRT n l9rl4 HAs concE¡TRATED urrxrn A REGtor DEFnED or rrE BAsts oF

THE FrRsr sut{r{Enf s sArp¡-rrc AtD r¡tcLuDmc ALL eUARTER-TordrsHtps

lp¿.gl x#l !il wHrcn BorH To Rlprx ¡[D L. stRTALts HAD BEEI cAprUREDo

Tnls nEclot oF sylrplTny ts sxort lr Ftcune l¡ SEvERe FLooot¡c t¡t

l,hv or l9l4 pnevErrED sArirPl-rf{c t¡r rxts REctofl BEFoRe Jute oF THAT

SUt{HERo

S¡lxes IERE.FourD BV sEAßcntrc o¡t Foot- tr rHE vrctr¡try oF wâTER

AÎIO WERE CAPÎUREO.SY-IIATIDT.- PRELITIilARV=SAI{PLIHG{IAD-SHOBT TIIAT STIAXES

yERE sELoon Fouto ren Ënor A rATER BoDy,oF sotc soRT. Sfl¡xes seel

CROSS!ÎIC ROAOS HERE TIOT CAPTURED SITICE THE ROAD HABITAT IS ÎIOT A

TATURAL otlE Atlo cAtlflor BE AvotDEo By srAKEs rf, THETR r{ovEüE¡{Ts. Tre

SAl{PLIilC EFFORÌ HAS SPREAD OYER THE OAYLICHT HOURS FROH SUTIRISE TO

SUÎISET SITICE PRELIIIITIARY ATTEI.IPTS TO FIiD S¡IAXES AT ¡IIEIT HAD PROYEI

UIIPRODUCTIYE. NO SVSTEUATIC SAITPLIIIG PLA]I TAS FOLLOED DUE TO TIIE

DIFFICULTY OF COLLECTI¡IG LARCE SA}IPLES W¡THOUT BEI¡IC SOIIEHHAT

oppoRTurtsrtc m ALLooATto[ oF THE sAl{pLtüc EFFoRT. Ary oeveLopmc

BIAS l[ COLLECT|OI| ItlH RESPECT TO Ttt{E OF DAy, CEOeRApHv OR TEATHER

COIDIlIOTS UAS SOOT OETEGTED FROII FIELO RECORDS AIID APPROPRIATE

3



FlGil,rRE l. Hrp or lrE sluoY AREAo AppROxtn¡TE LlxEs OF co¡Tl¡Uous

I'|CLuDEO tI THE SYñPATRIC REeIO¡ ARE SIIPLEOo AIU Or'len IREAS

ARE IIICLUDEO I¡ ÎIIE ALLOPATNIê REGIOIO TNE XTOTT CO'IHUTIAL DET OF

T. RAotI tS t¡DtcATED BY lX OPEtt SQUARE ( o ). K¡Or¡ cOttllU¡AL

DEis oF I. s!l! ARE lilDlcArEo BY OPEi GlrcLSS ( o l. A

cRoss ri lxE oEx svrBol lllolc^TEs FLooolf,c ll rrE sPRl¡c ç lgl4.

Ar X IIDICATES TTIE LOCATIO¡ OF T€TiPERATUßE STATIOIIST

) ¡¡o Drscorrrruous (-----) AspEr FoßEsr AtE sttorr. ARels

4
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CORRECTIOIIS WERE [lADEo

THe reeotlc HABlls oF L. ¡¡-Qlå-AiD !o SIRTALIS YERE ExAl{ltEo

BY PALPATITIC THE STOITACHS OF ALL S¡IAXES CAPÎURED TO FORCE

REcuRctTATtol| oF REcErÌLy EATEI FoODo Due ro THE DtFFIGULTY OF

DETERHIIIIiE THE ilU}T8ER OF PREY REPßESEIIÎED Itr PARÎIALLY DICESTED

REtlAtrS, OILY THE PRESEüCE| AtlO tlOT TllE I{UHSERT OF FOOO ITE}IS OF

EA'OH TYPE FOUID ltl A sNArE HAS RECORDED¡

SIT gTvIROilTteilTAL FACTORS TERE RECORDED AT ALL CAPTURE SITES

TO DETERIITTIE THE RELATIVE IIIPORÎAIICE OF EACII OT THESE FACTOßS AS

xtcHE oil{Et|stolfso A ltcre Dl}tE¡lslo¡l ls DEF lxED HERE AS A¡Y F^CTOR

sERy¡tc TO SEnARATE spEctEs EcoLoclcALLY (Uevrilsr 196?) AID THE

I'{PORTAIICE OF A[ ETIVIßOÎI'{E¡ITAL FACTOß REFEßS HERE TO IlS VALUE IT

SEpARATtTC I. RAptX AtD !o SIRTALIS ECOLOcIGAt-LYo ArVrnlxc OF

poTEltTtAL mpoRTAr{cE t¡t Tll!s RËSPECT lS COISIDERED 
^¡l 

EtlVlRO¡lllÉ¡lT

FAGTORo TXe renr ls usEor THEREFoRET lrl lTs BROADESI SEIISE¡

HAEITAT HAS CLASSIFIED AS ATI EXVIROIIIIEf,TAL FAGTOR ACCORDIlIG

TO lHE TYPE OF HATEN BODY iIEARESÍ T'IE CAPTURE SITE f A SIATEO

THNEE CLASSES HERE RECOEil¡ZEO REFLECTIlIG T¡IE PROPORÎIOT OF !ÚATER

SURFASE AREA 6OVERED By A SED6E itAl. A seoce HAT wAs COIIPOSED OF

I-IOSS AÎID OLD SEDCÉ DECAYITIc JUST BETIEATH THE SURFAGE OF THE IÚATSR

ArD oVERLAIII BY THE PREVIOUs YEARIS GROHTII OF SEOCE' FOLDED TO FORI'I

A COI{PACI HORIZOIITAL IIET}'ORX AT OR ABOYE THE SURFAGE OF THE TATERO

Hrerrlr cLAssEs ricLuDED PotDs (to seoce rAT; 5HARP lllrERFAcE

BETTEET LAro ArD I^TER), opEr HAFsHEs (seoce HAT AT THE EDcEs oxLYt

opEx rATER OR SPARSE EHERCEilT VECETATIeT OOillllAllT] 
^]{D 

CLOSEO I{ARSHES

(oon¡¡¡reD sv sEocE rlAT; LtrrLE oR ro opEt IúATER). Txe rERrtroLocY

oF tQ0ATtc cot{HuiltTtEs t]{ THE ASpEr FOREST AllO PARKLAilO llAS IOT BEEi

6



7

STAilDAROIZ:EO. POilOS ¡]l rHE STUDY AREA COilFORHEO TO THE DEFtiltTtO¡t

or R¡oroRrn (19641. He!ilsELr,tA¡t (19631 tilcLuDEs rHE rARsH rvpEs

REFERREO TO HERE AS OPEII ArD CLOSED ilt HtS DEFtiltTtOft OF ltARsHo C¡-OSEO

HARSIIES ITI THE STUDY AREA RESE¡.IBLED FE¡IS BUT TIERE ÈEITIIEß SUFFICIENTLY

PEATY HOR SUFFICIEI{TLY PATTERÍIED TO CONFOR}I HELL 10 HEITSELT{AilIS

oEFtltrtor oF THAT TERtf. HABtrÀT cLAssEs yERE cooeD ut rHE ABovE

ORDER FRot{ I rHnoucr 3. A rne¡slrtor FRor{ THE Ftnsr HâBtrAT ct.Ass

lO THE LAST lfAs APPAREIIT Of A SOUTí-ïEST TO iORTH-EAST CLtrE THROUCH

THE STI'DY AREA CORRESPOIIDI]IC TO A TRÂIISITIOfl FROI.I PâRKLAIIO TO ASPEi

FORESTo

A¡n ¡tlo SUBSTRATE TEìIPERATTTRES Af STATtOftS LOCATED |lt THE ECoTOiE

BETHEET PARKLATD ArlD AsPEr FoREsr (Ftc. l) wene occAstoilALLv r{oiltroREo

IiI A¡I ATTE¡IPÎ TO CHARACTERIZE THE HABITAT CLASSES Or THE BASIS OF

THE RAÍIG€ ç EI¡YIROIII,IETITAL TEIIPEBATURES THICII THEY OFFERED TO IIIE

SÍIAKES¡ FOUR SUCTT STATIO¡IS TERE SET UP TITHIX 4OO HETRES OF OIIE

âTIOTIIEß. O¡E OT THESE TAS LOCATED Ii â POXD AT A YATER OEPTII OF

20 cr trtrtt HERcuRy rHERt{orETER BULBs FAsrE¡tED 5 cH lgovE Ato BELor

TIATER LE}ELo ATOTTCN WAS LOCATED IT THE HEADoT ADJAcEIII To T}IIs PoTID

HITH !,ERCURY THERIIO'{EIER 
.BULBS 

FASTEilED 5 CN ¡aOvE AI{D BELoH suEsTRATE

LEVEL¡ A TXTRO SIAIIO]I WAS LOGATEo Ii cLosED I{ARSH A1 A TATER DEPÎII

oF 20 cH HtrH llERcuRY TIERËoxETER BuLBs FAsrElEo 5 cr BELoTJ HATEß LEvEL,

5 clt ¡sovE wATER LEvEL (aerreer rHE rdAT€R AxD rHE HoRtzorrlL xETHoRr oF

oLD sEDeE ovERLYlrc lr) Aio 15 cn ABoyE HATEß LEvEL (eeove rHE Hontzo¡-

TAL tlEÏlloRx of oLD sEocEl. A rounrr sTATtoil uAs uoc¡reo tt THE AspE[

FOREST AOtACETT TO THIS I{ARSB HlTll l,lERcURY THERI{O}IETER BULBS FASTETEO

5 cx BEL0I AttD ABovE suBsrRATE LEVELT 0¡ sa-ecrED DAys TEnpERATUREs

HERE lAKElI HOURLY AT ÎHESE STATIOTS BETHEETI SUTRISE AIID SU¡ISET.
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Sussrn¡re HotsrunE wAs cLAsstF¡ED As Alt Ef{vtRoilHEllTAL FAcroR oil

TI{E BASIS OF A SII{PLE TEST PERFORI,IEO AT THE CAPTUßE SITE OF A STIAKEO

IT W¡TER COULD TOT 8E FORCED THROUCH THE FITICERS BY PRESSIIC THE

BACX OF THE ¡IAÎID AGAITSl THE SUBSTRATE TdITH AS I{UCH FORCE AS POSSIELE,

THE SUBSTRAÎE HAS TER}IEO DRYO IT WITEN COULO JUST BE FORCEO THROUGH

THE FtilcERS BY S|MILAR ACTIO¡|, THE SUBSTRATE HA's TERITEO DAllPo lr rne

cup oF THE HANO GOULD BE FTLLED rlTR I{ATER BY Sll{|LAß ACT|OI, THE

SUBSTRAÎE WAS TER}IED T{ATERLOGGEDO TWO ¡OOITIOIIAL HOISTURE CLASSES

iltcLuDEO STAlrDrlrc HâTER (Wrrr E!¡EßCEIT VEGETATTOT] AflD OPEil WATER

(rrrn io Er{ERcEtr vEcETATror). MorsTuRE cLAssEs wERE coDED rr rnE

ABOVE ORDER FROH I THROUGH 5r THIS .CRUOE riETfiOO OF QUAXT|FY|IC

SUESTRATE I{OISTURE SEEHED TO CORRELATE }'ELL UITH THE AI{OUIIT OF T'ATER

AT THE SURFACE UPOil HHTCH lHE SÈA|(E WAS FOUIID, AtD HAS COIISIOERED

PREFERABLE TO I.ISASUREI'IEIITS OF BATER CO]ITEXT FROH SOIL SAIIPLES SITCE

THE LATTER REFLECTED t{OISTURE bErE¡rr THE SURFACE, rdHlCH OFTEil

DIFFEßED HâRI(EOLY FROII THAT FOUÈD AT TllE SURFACE.

L¡crr tlrEtlstrv rltc¡DEilT upor rHE silAKE 
^T 

tTs cApruRE strE w^s

HEASUREO AS A¡I EIIVIROTTEßTAL FAGTOR UITH A VIYITAR PHOTOGRAPTIC LI6HT

I{ETER (ttOOEU a3}. Tre rEreR UAS gErstrryE O[Ly 10 V|STBLE LtGHlo

lrrErstry ùrAs REcoRDEo tü urtrs oF ELEcrRor{ crETtc vALuE,(ev¡ HrrH THE

Llcl{T }IETEß POII|TED OIRECTLY AT THE SUII

A¡n rerpeRATuRE AT suBsrßATE LEvEL rls REcoRoED AT ALL cAprußE

strEs utrH YELLOH Spn¡ìcs l[coRpoRATEo (Y..Sl) rnenrtsroRg (MooEus 43tD

rro 42SC) AxD YSI pRoBEs (ÈtooeL 40l?l.

SuesrnlrE TE¡pERATuRE HAs REcoRDED AT 
^LL 

cApruRE strEs rtrr rHE

SA}IE THERIIISTORSO SITCE SUBSTRATE TE}IPERATURE ¡IEAR TIIE SURFACE UAS

EXTREil€LY SEI|StTtYE 10 THE DEPTH OF THE THERHTSTER PROBE, TEHPERATURES



I
I¡ÚERE TAKEII AT A DEPTH OF 5 CI.I BELOTd lHE SURFACEO AT TTIS DEPTH

I€ASUREI.|ENT ERROß COULO BE XEPT ITIIIIIIIALO

Tlne or cApruRE oF EACH srAKE w^s ALso REcoRDEo As Ar ErvtRor-

l{EilrAL FAGTOßo lr WIS cODEO AS A¡l ABSOLUTE DEvlATtOtr (¡n rouns}

FRoH l4s00 ¡rouns (2 P. Ho AflD THE Appßoxr!{ATE r{to-potlr oF T¡E DAv}

SO AS TO REFLECT THE DEGREE OF BIIIODALITY III TIIE ACTIVITY PATTEßi

OF THE STIAKESO NO DISTIilCTIOII I{AS HAOE HITII THIS T¡I{E SCALE BETT{EET

HORillrC AilD EYEilI¡lG, SO THAT THE SCALE tdOULO CORRELATE ROUGHLY HtTtl

OIEL VARIATIOI{S IIÚ EIIVIROIII{EIITAL TEHPERATURE AHD LIGHT I}ITENSITY.

Suctt ¡ scALE hrAs oESIRABLE m oRDER THAT THE DEcREE oF coRRELATtor oF

TIHE OF CAPTURE IJITH TEIIPERATURE OR LIÊHT INTENSITY AT CAPÎURE SITES

IdOULO SERYE AS AN II¡DICATOR OF THE EXTENÎ TO TIHICH ST¡AKES I{ERE HAKIIG

USE OF DIEL VARIATIOIIS I¡ SELECTITC EüVIROIIMETTAL.TEHPERATURES OR

LIGHT ITITE!¡SITIESO

Tx¡ stx .ErvtRonHEilTAL FAcroRs ogscRtBEo ABovE yERE FELT To BE

OF POTEI{TIAL I}IPORTA¡ICE I¡I CIIARACTERIZING A}ID DISTIIIGUISIIIIIC BETTdEETI

THE l¡lcHEs 0F I. EAolx AHD I. slRTALlSo Fon at E[vtRollHExTAL FAcToR

TO BE lllPORTAlll l[ THIS SEISE lr lS ßECESSARY, THOUCH ilOT SUFF|CIEIIT,

TIIAT THE SIIAI(ES BE SEf,SITIVE 1O IT¡ OTE W¡Y III TJHICH ÂLL OF THE

ETIVIROIIT.IEIITAL FACTORS T.IEASURED SEEI,IED POTEIITIALLY CAPABLE OF AFFECTIT16

A SIAKE rÀS By r{EAns ç tnFLUE¡CtilG tTS BOOy TEilPERATURE. TO OeteCt

SUCH IT{FLUENCES EOTH ORAL ASD CLOACAL EOOY TEIIPERATURES OF THE SIIAKES

¡IERE TAKEII ALOf,C HIÎII IIEASUREHEtrTS OF THE SIX ETV!ROII}IE¡TAL FACTORS

AT EACH CAPTURE SITEr T¡¡E S¡XC THERT{ISTORS USEO 10 RECORO AIR ATD

SUBSTRATE TEI'IPERATUSES TERE USED FOR T'IIS PURPOSEO BOOV TCNPERATURES

UERE ALIÚAYS TAKEII lt{l€DIATELY UPqil CAPTURE A¡tD HtTH r{trtll^L HAIDLlre

OF Tl€ AllllALS. Tre rWO BODY TE¡IPEBATURES UERE TA¡Eì COISECUTI'ELY AllD
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mt ilo PARTtGULAR ORDER.

Frtatuy, Ar ATTExpr tdAs r{ADE To coMpARE t{ovEt{Errs oF T. RAD,lx

lro !. SIRTâL|S BY l'lARl(lllC ALL lllDlvlDUALS BEFORE neuelsE slTll A

uHlQuE collBlIATlor oF cLIPPED suB-cAuDAL SCUTES (BU¡nCr¡nO âilD Ftrsren,

1933)q lnorytDuALs wERE FURTHER rDEi¡TrFrED FoR FUTURE REcoc¡trto¡t Bv

SEX AIO SIIOUT-VEIIT HEASUREIIIEIITE

' D¡re oF THE TypE DEscntBED ABoyE rERE TAKEr FRoH l3? l. RAptx

AilD 128 L. g¡EËS, cApruRED tr rHE sUHMER op lgl3o 0r rnese 3A

I. E4g-lJ, ¡¡o 36 I. EI!J4L!S IúERE cAprußED tdrrnrt{ rHE syMpArRtG REGtoltr

Ar toolrtoilAL saHpLE oF ?3 !r @!! âtlD 9I. srRlALts r{as coLLEcrED

FRoü t{trHlil THE svHpATRtc REctoil ur rHE suFtüER or 1!I4o D¡r¡ rnon

THIS SA¡'IPLE T{ERE POOLED ¡Ú¡TH ÎIIOSE TAKEÎI FROI.I THE SAI'E RECIOI TIIE YEAR

BEFORE.

LABoRAToRv Sruov

BooY TEHPERATURES oF slrAKEs cApruRED tlr rHE FtELo HERE REcoRDED

TO OETERIII¡E lHEIR DEPEIIDEIICY UPO¡I EÍIY¡ROTHETTAL FAOTORS AT TIIE

CAPTURE slrEo Slrce sxArEs REqutRE TtlrE To cotiE To TxERHAL EeutLt-

ERIUII WIT}I THEIR EIIYIROTT{EßT AÍID SItrCE THE AHOU¡IT OF T¡T{E SPETIT SY

SIAKES AT THEIR CAPTURE SlrE PR¡OR TO CAPTUFE rAs ti t{osr cAsEs ulü(¡tow¡,

THE RELATIOIISHIPSEET¡{EEII BODY TEI{PERATURE AID ETvIROIIT¡IEf,ÎAL FAcToRs, As

OEfERlllt¡ED FROII FIELO OATAI IIERE EXPECTED TO SHOI A CREAT OEAL OF

RESIOUAL YARIABILITY¡ TN¡S rrS EXPECTEO 10 BE EsPEcIALLY TRuE oF TIIE

RELAIIO¡SHIP EElHEEll 80gY TEHPERATURE A¡tD LtcHT txrEistrt sttcE trcloerr

RAotATtol couLo FLUcTUATE ßAptDLy wtrtt plsstxc cLouDso Rgsloueu

vARIABILITY WAS EXPEOTEO TO OBSGURE AfúY DIFFEREIIOES lll THIS RELATIOX-

sHlP HHtCÍ rteHT Ertsr BErrEEr l. Eâ4 AilD !o .SI_ât$i. TXeneroRe,
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TxE RATES AT ¡llllcH Tr RADIX AßD !o stnftls ABsoRB RAD|AüT EftERcv HERE

CO}IPARED OIRECTLY ITI THE LAEORATORVO

Sr¡res YERE HELo lI A ctRcuLAR srvRoFoAil rEATt¡tc crAt{BER, 15124 cn

ll olAtlETER AilD 2oS Cü lf, OEPTH, r¡TH A TR¡¡¡SPARE¡T ACETATE LtDr A

TUTGSTEi BULE ¡{AS SUSPEI¡DEO OYER TH|S CHAI{BER AS A LtcHT SOUßCE, pRO-

DUCIilC AII IIITEIISITY OF 3tr/5 UUX AT THE LEVEL OF TIIE CIIA}IBEß LID.

Autxoucr rBE AcETATE LtD rRArsHrrrED sELEcrtvELy tr r¡E ytstBLE REctox

oF TtlE sPEclRullr llucH oF THE lllFRA-RED RAotATto[ pdoDUcED By THE LtcHT

SOURCE },AS ALLOTED TO ßEACH THE SIIAXE åIID ITS SUBSTRAIE¡ SIrce sTYRo-

FOAII REFLEGTS rELL AXD COBDUCTS HEAT pOORLy, silAKES ¡,ERE ASSUäE9 TO

DERIYE LITTLE EoDY IIEAT BY cotlDucTlol FRol{ THE suBsTRATEo Trenmonetgt

) I¡I PLACE AT HEART LEVEL

TIITH TIâSÍIIIC TAPE OYER THE StIOUlo AIN rEupeRATuRE UAó HELD AT IOO C.

Srlres HERE TRATIsFERREo ro rng HEATilrc cHAI{BER AT A Booy rEI{pERATUßE

oF IOO C, equlu To TIIAI oF'THE AIRo BoDY TEHPERATuREs RosE A1 A

OECREASITIC RATE AiIO FIIIALLY STABILIZED. TNE SOOV TEI{PERATURE AT HHICII

EACII SIATE STAEILIZED FOR A PERIOD OF AT LEAST 15 rIilUTEs wAs DEFI¡IEo

AS ITS EQUILIBRIU'I TEIIPERATUREO TTE OIFFEREIICE EETTEEi THIS TEHPERATURE

AXD TTIE IIITIAL TEI{PERATURE OF IOO C HAS DIVIDED BY THE TITTE (¡r

llltluTEs r lO-2) TAKET 1o AcHtEvE EeutLrBRtur{ To cALcuLATE cnuoE wlnËtxe

RATESo

!'lucn or rHE vARtABtLtrv tr rHEsE tdlRt{t¡tc R^TEs wAs ExpEcreo rt¡ BE

OUE TO VARIATIOfl Iì TIIE SIZE AID HEXOE TIIE SURFACE AREA TO YOLUI{E NATIO

oF TlrE S¡AKE8 USEO. TXe SUerecE AREA TO VOLUH€ RATTO yAS ASSUI|ED TO

APPROXII{ATE AI ITVERSE LIXEAR FUICTIOlI OF TOIAL BODY LEIETB ATD THE

LATTER HAS ¡ECOROED FOR EACH'SXAXE AS A COVARIATE SO TIIAT YARIATIOT

!I TH€ TARItIflE RATES DUE TO S¡ZE COULD BE ACCOUIÎED FOR AXD DIFFERETICES
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tlt THESE RATES BETHEET T¡ RADII AilO !o 9J-EIÆ, OETECTEO I'IORE EASILYo

Jr W¡S FELT THAT SPECIES OIFFE¡EIICES I]I RATES OF ABSOßBI16 RADIA¡T

EltERcY ÉleHT BE ATTRIBUÌEO TO DIFFEREXGES lll cOLOUn BETUEEX !o RADIX

AilD T. stRTALtsr To resr rHts HyporHEsts, TFE vtsu^L ALBEDo oF EAc¡l

sÍAßE HAS RECOROEO, ALOTC U|TH TOTAL LENCTHT AS A COVAßIATE SO THAT lT

COULD BE DETER}IIIIED THEÎIIER OR IIOT A¡'Y OIFFEREIICES EETUEET lTE TAßIIIIIC

RArEs (F I. @ Aro !o stRTALrs REHAITEo AFTER vARtATtoi til TrEs€

RATES DUE TO VISUAL ALBEOO TIAO BEE¡I AGGOUIITED FORO VISUIU ALBEOO WAS

I'IEASUÊEO BY DIRECTIIIC A COLLIIIATED 3EAII OF LICIIT AT THE SIIAKEIS OOßAÂL

SuRFACE ArO THEr RECORDTXC tTS REFLECTAflOE ¡llTH lHE PITOTOCRAPHIC LlellT

HETEßo A¡ op¡QuE, FLAT-ftXlSHEo, BLACX CAROEOARO TUEE, 5 Cn ¡ll LEICTHI

HAS PLICED OYER THE APERTURE OF TIIE LICHT I'IETER TO EXCLUDE ETTRâTIEOUS

Lt6HT. s¡rCe rre LICHT I{ETEB USED HAS ItrSEISITlVE TO lI|FRA-RED

RAOtAItOI, ALBEDO wAS ]€ASUREO OYEß A IARROHER RAIICE OF THE SPECTRUII

TNAII TIIAT FROII UHlcn fnE rARmlIC StlAÍES HERE REOElYlf,e EAOlAtlT EltEßGYr

!,J¡NNIT6 RATES OF DEAO S¡âKES ATD OF LIYITIG SIIAKES WERE I{EASUßEOO

Tte oelo silA¡(Es SERVED AS A COI|TROL TO SHOH THE EXTEf,T, lF AllYfTO IJHICH

PHYSIOLOCICAL AfD BEHAVIORAL PßOCESSES AFFECTED TIIE RATE OF HEAÎ 6AIT

II LIVIf,E SNAKES¡ THEXTY LIYI¡C AßD 20 OEAD Si¡AKES OF EACII SPECIES TÚEßE

USEDo

TO OETERHIIIE IHERE OII THE BODY CIRCT'I{FERE¡ICE TIIE GREATEST

DTFFEREilCES ttl ytSUAL ALBEOO OCCURREO, POItT nEFLECTAIICE OF OIFFUSE

oVERHEAD LtcHl (969 UUX) rAS ÈTEASUBED 8y HOLO|Tô LrYrflC SIAßES Or EOTll

spEctEs tl cLAss ruBl¡G oF 2 cH DIAIIETER, ltcLlrED AT 20o rnox rne

ÍoRtzoxrll.r TxE pHoloeRAPlltc LtcHT ËETER rAS HOUXTEO Oll THE CLASS

TUEI¡C AiD ßOTATEO II IOO IflTERYALS AROUiD THE BOOY CIRCUI'FERETCE

AT TIIE HEIRT LEYEL OF TIIE STAXÊ IT A PLATE PERPEXOICULAR TO THE LOiC
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AXIS OF TIIE TUSE UITH A ßADIUS OF 4 CH FRO}I THE TUBÉ ATIS TO TIIE I.ETEB

ArÊRTuRE (Frc. 2). Txe crorcE oF HEART LEvEL ctRcurrEßEttcE uAs

ARBITRARY Sl¡lCEr sUg.rECTlYELY, OOLOURATIOX rAS FAIRLY UXIFOßtl OVER TllE

LE¡GTH OF THE BODY EETHEEI TIIE EASE OF THE SKULL âÎID TIIE VEITO AS

THE LIGHT I'IETEi T{AS ROTATED TOUARDS THE DORSAL SURFACE OF THE CLASS

TUBmtc, lHE REFLECTATCE DETECIED 8V THE LtGIT fiETEn DECREASED OUE TO

A SHADO}|IIIG EF]FECT PßOOUCED 8Y ÎIIE BODY oF TIIE LIGIIT IIETER. As THE

ËAOÈITUOE OF THE REFLECÎA¡CE OECßEâSEO, T¡tE lrAclilTuOE OF DTFFEREXCES

ril SEFLECIAI|CE BETt¡Egil I. W-U, AtO !o STRTA!-lS tAS CORRESpOItDiltCLv

OECREASEO. THE LICIIT I{ETER PARTIALLY COI,IPEflSATED FOR THIS EFFECT 8Y

RECOROIIIC REFLECTAÍICE IlI lHE LOEARITII}IIC EV SCTIE SO THAT OIFFEREIIGES

III REFL€CÎAIICE I{ERE AIIPLIFIED UHET TÍE 
'{TGTITUDE 

OF NEFLECTAIICE T{AS

LOTiO TNIS SCIUE UAS RETAIiEO ITI PRESEIITATIOII OF THE RESULTS SO TTIAT

SPECIES DIFFEßEICES II¡ ALBEOO OVER TIIE DORSAL SURFACE OF T}IE SIIAKE

couLo BE sEE[ ]|ORE cLEARLve TXrnry L. æ.lL A|o 27 fo !l!s!!g UERE

EXAtlltED BY lHlS IIETHODT

THg ru€ oF cApruRE oF srAxEs EilcouilTERED tr rrE FtELo wAs coDED

SO AS TO CORRELATE ROUGHLY TITI DIEL YARIATIOIS IT EÎIYIRO}IH€TIIAL

ÎE¡IIPERATURE ATO LIGHT ITITEIISITY AIID SO AS TO SERYE âS AI ITDICATOR OF

TIIE EXTETÍ TO HHICH STAKES TERE IIAXITC OSE OF TIIESE DIEL YARIATIOIIS IT

SELECTITC EÍIVIROTII{EITAL TEIIPERATURE ATD LICHT I¡ITEÎI9ITY AT CAPTURE

srTES¡ TO Xlre usE oF orEL vAßlATtors tt THts HAY, siAt(Es ilusT BE ABLE

TO ßEGULAÎE TIIEIR DAILY ACTIYITY PATTERÍI SO AS TO BECOûIE }IOST ACTIYE

AT THE PO¡IIÎS OII lHE DIEL OYCLE WHEII EIIVIROI¡HEÍIÎAL TEIIPERATURES ATD

LtcHT rxTEislTtEs ARE oPTtnALo TO OeteRrtxE UHETHET BOTI !o !g AilD

I. slRTALls brEßE ABLE TO Do T$f-t THEIR PROFILES OF DAILY A0TIYITY HEFE

RECORDEO A¡IO COI{PARED I X THE LAEORATORY UIIDER COÈTROLLEO TE}IPERATURE



FIGURE 2. APPINITUS USEO TO HEâSURE ALBEDO AT sELECTED POI¡TS

AROUTD TrE BOOy ctRcuttFEREttCE OF To FADII AilD I. SIRTALIS¡ A

cRoss sEcrror (AsovE) ¡xo 
^ 

L^TERAL VlEl (BELOW) ArE SHOIËo

l4
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ArD LtenT RECII{ES.

A rtcrr TETpERATuRE oF l0o C uAs rrsEo vrrl DAy TExpERATUREs oF

2oo c,32o c nro 4oo c. Llcnr txTEltstry yABtED t[ FtyE EquAL sreps

BETTJEEn 7¡00 A. ilo ArD 9¡00 P. llo pEAKmG AT l7?2 t-vx BETTEET 12¡00

lloor e¡o 4:00 P. M. Srtxes IERE ErcLosED rr A TERRrÈlun Hrtcn coyEREo

3.34 # r¡rr o.28 ,F o, sraoE tl EAcr coRrER, ytrn sAlD Aio sArousr

suBsrRATE o¡r rHE FLooR, ArD A sHALLow pAr oF wATER 0.09 # tr A r{ouro

OF SUBSTRATE IT THE CEIITRE. BOINOS, UTIDER HHICH THE SXAKES COULD HIDE,

UERE PLACEO IX THE SHAOE ANO IT TIÉ OPETI TO PROYIOE COHPLETE COYEß FROI{

TtlE LICHTo

Ter !. RApr¡ (5 nrues rro 5 renl-es) ero l0 T. s¡aur¡s (5 r¡uEs

Ir¡o 5 FEHALES) ùrEßE ErcLosED TocETnEB tt rnE TERRARtuit AT TrE BEcttr¡tc

oF E^cll EIPERtllEtll. O¡e eXpenll€tT UAs RUt AT E^cll oF THE TIIREE DAY-

Ttr,tE TEHPËRAIURES. srlXgS rEßE ACCLTËITEO FOR A pERtOD OF TilREE DAYS,

OBgERVEO FOR THREE DAYS ATD THEI REPLACEO BY IIET STAXES THICH T€RE AGAItr

ACCLIHATEO FOR A PERIOO OF THREE DAYS AÍIO THE¡I OSSERYEO FOR TTREE DAYSO

DuRrtc oBsERvATtof, pERtoDs rnE TorAL túurBER oF Acr¡yE stAKEs gF EAon

spEcres t{As REcoRoED HouRLv. Any s¡tlxg ExposEo ro vtEU RATHER THAr

tttDoEi utoER A BoARD vAs co¡stDEREo ro BE AGTtyEo Trg ru¡.raen oF THEsE

ACTTVE STAKEg EXPOSED lr THE OPEil AS OPPOSED TO SHAOE, AilD TIE XUt{BEr OF

THOSE EXPOSED Ii THE OPEI THICN TERE ¡TI THE WATER PAÈ HERE ALSO RECORDED

FOR EAOH SPEGI€sO A TOTAL OF gIX DAYSI OBSERYATIOilS TAS COLLECTED AT

EACII OAY TE}IPERATUREO

Arruvr¡ceu ltrËoos

FEEatrc HABtrs oF I. E&lJ, ÂrD T. srRTALts vERE coupARED, Bort tr

ALLOPATRIC AID lI SY!{PATRIC RECIOTST UslXe A cH|-SQUARE TEST FOR ASSOC¡e-
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Ttot BETUEE¡. SPECTES AtlD FOOD TYPE Urra'raD. FeeOtlG llAglTS lr

ALLOPATRIC AiD sYtlPATßlC RECIOIIS IEßE ALSO COMPAREOT BOTH FOR !o EADTX

AXO Tr StRTILlgr USIilC A CHI-SQU^RE TESÎ FOR ASSOCIATIOt EETHEET

RECIOI AllD FOoO TYPE UTILIzED¡

S¡XPUI'IG EFFORT IN TH€ FIELO UAS ESTI}IâTED FOß EACII SPECIES IÈ

IIOURS SPEIIÎ SEARCHI¡C FOR SIAXES íITIIITI ITS RAIIGEr DAILY PßOFILES OF

oATCH pER Uiltr EFFORI, CALOULATED FOß HOURLV, lI|TEßYALS TI|ROUCHOüT TllE

couRsE oF ÎËE OAY, UERE COHPARED BETHEET T. nlOtX AilO !o Sl!ru, BOTX

IT ALLOPATRIC ÂTID III SYMPATRIC RECIOTIST FON ITTEßVALS Ifl I{HTOH LESS

TIIAX TIIREE SEARCH HOURS IIAO BEEË SPEXT CATCH PEß UHIl EFFORT IJAS TOT

cåLcULATEDo

SU¡CHT 8IASES OFTE¡ DEVELOPEO II THE SAIIPL¡ÉG EFFORT BEFORE TIIEY

UERE TIOTICED AiD CORREOTEO' TXE EFFORT SPETIT SEARCHIÍIê FOR T¡ RADIX

AID T. SIRÎALIS VARIEO SLIEHTLY THßOUCHOUT THE SUI{IIER IT FAVOUR OF EITHEß

OTE SPECIES OR lHE OTIIER. SIÍCE TÍE RATêE OF EIIVIROIII{ETTAL FACTORS AVAIL-

ABLE TO THE SIAKES ALSO YARTED THßOUCHOËT TltE COURSE Or THE SUlr]rER, SgCË

DISPARATE SEASOIIAL ALLOCATIOII OF THE SAITPLIIIC EFFOßT TIAS LIXELY TO PRODUOE

SPURIOUS OIFFEREIICES BETHEET SPECIÉS I¡I THE ¡AIICE OF ETVIßOË}IEIITAL FACTOßS

TEASURED AT CAPTURE StrESo TnenerORe, SEASOXAL TBEIDS ll E¡YlnOilHEßÎAL

FACTOES IERE quAtltFtEO SO TI^T ErytROHtrEflTAL DATA FßOfi CAPTUnE SIlES

couLD BE ADdUSIEO FOß THESE TREIDS By COYAßtAICE, USlf,e POHERS OF TllE OATE

AS COVAßIATES. TXrS XstnOO OF COüPEiSAT|¡IG FOn SEASOHAL EFFECTS lr LOIG

TERI{ OATA HAS USEO 8V GREET (1974} ti A S|HTLAR TyPE OF STUDY. SSCOilO

OROER POLYIIOI{IALS òF CAPTURE DATE TIERE USED TO OESCßIBE 6EASOiIAL TßEIIOS

Ift THE E¡YIRONilEITAL FACTORS AS PARABOLIC CUIVES. OI THE BASIS OF YISUAL

t¡{spEcTtot oF THE SCATTER Or pOtITS 
^BOUT 

T¡|ESE CUßYES, THIS DEgCRIPTIOX

HAS COTSIOEREO TO BE ADEQUATEO

Tne rnEQuEilcy orsTltEurrors oF EivrRo¡lrErTAL F^crots IEEE OFTET
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iotl-lloRltALo ltso¡lus oFTEr DTFFEßED sterttFtc¡tarLv Fnor rHE xEAts

ItlolcATlrc sKErtlESs ano g5$ coi¡FtoE¡cE trrEBvALs oFTEt ExcEEoED oB

FELL SHOnr OF TflE }|EASUREO RAIGE tnDtcATtile xunrosrs (rrc. 3]. hltTl

LAREE SAI{PLES IO¡-iOFI{ALIÌY IIAS LITTLE EFFECT UPoi coHPARtsol|s oF ÎIIE

rlEAlrs E|THEB 8v u[ty^RtATE (SclrerrÉ, lgSgl oß 8v HULltyARtArE (lro lr
Kn¡srr¡tlr, lf)69) rerxoos, /tt.Tnouc¡r tr r{Ay trFLcEicE coupAntsoxs oF

vARlAllcE AxD cOYAnlAilcE lloRE STROIGLYo HerenocetEtTv oF vARtAttcE,

YHIcH oFTEll lccO}{plrlEs rOil-IORHALITYI UAs coltstDERED HoRE OF A pRoBLEltr

ATTTOUC¡T U¡IIYARIATE COIIPARISOiliT OF ilEA¡Is ARE LITTLE AFFEoIEo BY TIETERo-

eEtElrY oF vARlAllcE rHEt sAttPLE STZES ABE LâRCE, HOST ASSERTtoTs ABour

ROBUSTTES9 WITII RESPECT TO THE ASSUI|PTIOII OF IIOHOGEIEITY OF VA¡IAËCE II
ÎIIE HULTIYARIAÎE CASE ARE SPECULATIYE AID CARE SIIOULO BE TAXEX TO

intrtrtzE ytoLATtox oF THts Assultprtor (pness, lglãl.

Tng HE^llS OF EtytRO[]l€llrAL FACÌORS rOe !.8Apt¡, lro !. stRT¡L¡S

HERE EOIIPARED BOÎII BY UIIIYARIATE AXO !{ULTIYARIATE }IETIIODSO L¡NCC SilIPLE

tloRl'l^L DEYIATE TESTS rERE USEO FOR Uf,tvARtAl€ COHPAAISOTS ¡ÎtD TüESE UERE

APPLIEO TO EIYIRO'II{E;TAL OATA THAT IAO XOT BEET AOi'USTED FON SEASOTAL

ltElogo TrE nErsoË Fon lnts vAs rrAT sEAsorAL TnEtDs suour ov rro oF

TIIE E¡IY!ROII€iTAL FACTORS DTFFEREO SIE[IFICATTLY EETTEE¡ SPECIES

(Fre.4). l¡ rxese cAses r¡rE oEscn¡prroi 
^fD 

usg.oF cor{r.or sEAsoxrL

IREflDS TO AOú9ST TIE EtvtROIHEtTAL DATA FOR LOIC TEiH EFFECTS HAg ¡O1

slnlcrLY JusrlF lED. DlscnlxtxA¡T Futcrtor A¡ALysts rAs rrsEo Fof, nt¡LTt-

YAR¡ATE cOtlPARlsol oF ElYlRoxt€iTAL FAcToRs BETHEEI !o RADtx tle
L. gllrâLtjl,o THts ìrErHoe (coouev A¡rD LortEs, lgTl) rrs'Appl.rEo ro

EIYIROi'IETIAL DAÎT TTAT TAD BEEi AD.'USTEO FOß SEASOTI/¡L IBETOSO TIE

ßEASET FOB TIIIS UAS THAT SEASOTIAL ADJUSTT€TT OF THE EIYIRO¡IIE¡TAL OATA

tipRoyEo 
'|uLTtvA¡IATE 

noHocErEtTy or vAßtt¡cE. Alrxouex TIE us€ oF



FtcURE 3. Loclr¡ox oF L. !Åg.!L ( r---r ) e¡o !o slÊråLl9 l m¡rl )

OII CRAO¡EIITS OF THE AIT E¡YIßOüI{EIITAL FICTORS I{€ASURED AT CAPTUSE

strESo Recr¡¡c¡-es mrotcATE 95Ø cosçtoexc€ trrEEyALs or rHE t{€ârs

( o ). i€orers ( o I m¡o 95Í corrroErcE mrERvALs oi rrg

oBsERyATror¡e ( ) ¡ne ALSo a¡olmr Tre exrs of A¡ ErvrnoruEltrtL

FAoTot.ts BRo¡Er (---l BEvo¡E TrE ùrEAsußEo BArcE oF TH^T FACTqRo

St¡r¡srtcs ABovE THE AxlS PEßlAlr ro rHE ALLoPAIßlc REGlor.

Srlr¡srtcs BELor lHE Axls PERTAIT 1o rllE gYtlPâlRlc REe lo¡o

Ttre ¡s HEAsgRED lll 0¡1118 oF roung + 2 P' Ht Queutrertve

FACTORS ARE COOED AS FOLLOTST

Cooe Hls lr¡r Ho I srltn€

I Poro

2 Ope¡ lrr¡sr

3 Cuoseo ËARsH

4

,5

DfY

Dmp

Ul¡e¡uoceEo

St¡xot¡te IATER

Oper rrreR

l9
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FIGT,RE 4. SeesOf,AL TREIIDS Ix ÎIIE EiYIROTHEITAL

AT CAPTURE SITEST F¡CTON UIITS AS IT FICUNE 3.

I. l4U, (----) AflD !o stRrALts (

¡THERE THEv DTFFET sr6rrFrcArrLy (P<.01) rro ARE orrERHrsE pooLeo

(---.-). Stc¡ tF tcaltr rRElros (P < .01) r¡e rrDrcATED Bv A srAR

( * ). TReros rx rHE ALLopATRTc Recroi ARE sroyt or rHE LEFTo

TRETDS tÈ Tr{E syr{pATRtc REêtor tßE sHoHt ox rHE RtcBT.

) r¡e srorr sEPARATELY

FACTORS I{€ASURED

Tneros ron

2t
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SEASOIIALLY AD.'USIED OATA XAY HAYE BEET SO!,IEYIIAT AFTIFICIAL SIIICE TOT ALL

EI¡YIßOil!{ETIÍAL FTCTORS SHOTIED SEASOIIAL TRETIDS TIIAT HEßE CO}'ËOT TO BOTII

spEctEs, uflcERTAtxTY ABOUT THE ROBUSII|ESS OF ITULTTYARI^TE lrETilODS TO

IIOLATIOIIS OF THE TOHOEEIEITY OF YAR¡âICE ASSU¡IPÎIOT I{TOE THE t'SE OF

9EASOTALLY AD.'USIED ETYIROI}IEITâL DATA PREFE¡A8LE FOß }II'LTIVARIATE COH-

pARtsoio lt¡urrvAßttrE coxpARlsoil HAs collstDEßED lroRE ttFoRüAltvE TllAl

U[IVAR¡AÎE CO}IPARISOTI BECAUSE IT TâXES CORRELATIOT9 EETEET TTE €TVIROI-

ËETTAL FACÎOß8 IITO COËSIDEßATlOtlo

TilE 
'IETHOO 

OF OISCRITIIIIATÍ AIIALYSIS AS USED HERE IS A¡IALOCOUS TO A

ISLTIPLE iECSESSIOT OF A OUIIIIY YARIABLE REFLECÎItrG 8PECIES IIEIIBERSHIP

upoi A sET oF €rvtßoiHEtTAL FACIORS. EIV¡RO¡lællTAL F^CTOnS HHICH ÇOITRI-

BUTE STROIÊLY TO DISCßllllllATlOtr BETTEEi THÊ lllOtlEs OF l. RADIX AfD

!c stRTALtg aRE TE|GHTED HEAyrLy tx rHE lruLT¡pLE REÊREsslot EQUåTtotr oR

DtscRll{t¡tAil Fut{crto[, 90 As 10 ]r^rnilzE TÍE i^Tto oF EETU€E|| SPECIES

10 IITHIT SPECIES VAßIASILIIY Ii TIIE PREOICTED VALUES OF THE OUNÉY

VARIABLE. TXESE PREDICTEO YALUEâ ARE CALLEO DISCIIËIiATIT SGOßESO ETCT

STAXE TAS THEREFORE ASSICTED A DISCßIIIITATI SCORE HHIG[ HAS A LITEAR

FU¡CTIOÍI OF TIIE ETVIROT}€TTAL FACTORS IIÈASURED AT ITS CAPTUßE SITEO. TTE

otFFER€rCE SETTEEi lHE r€AI OrSCRlrlËArT SGOßE OF L. Sg AilO !o S!gN,

IS A I{EASURE OF TIIE OYERALL ECOLOGICAL OISTAI.CE BETTIEET ÎtsEIß IIICHESo AT

|ICFEASE tr TntS OtglAlCE ïllEt silAr(ES tRE COLLECIEO FROI{ A RECIOil OF

SYIIPATRY CAII BE TAÍEI AS EYIDETICE OF TIOHE DISPLACEI€ÎIÎo TTE TTCTIÎUOE

oF HEreHlS ASSICËED TO EACfl ErVrROilrErlAL FAOTOß tt TIE OtsC¡rlilrArT

FUiCIIO[ DEPEIDS 1IO1 OILY UPOT I19 I}IPORTATGE 10 SPECIES DISBßIIIITATIOT

BUT ALSO UPol TllE ËAetlTuDE OF THE UIIIS oF ]€AsUREtlEÍT FOn THAT FACTORo

St¡¡onRotzATtot oF rHE rÊt€HTs EeuALtzEs rHE scALE oF irEAsuREirEflT so

THAÎ THE STAÎIDARDIZEO TE¡GHTS REPRESEIT THE RELATIYE PROPORTIOT OF SPEC¡ES

olscRll{ltAllol corrRlBurED To lHE FUiCttOt 8y EICX €iVtßO|HEiTAL FACIOß.



?A

Iî¡I.VIPLICATIOT OF STAIIDAROIZED IEICHTS BY THE DISCBIIIIilATI[O POTER OF

THE ErrtRE Futcrrot ctves Ar t¡DEr oF TIE Ecoloctc¡¡L rrpb¡trtcE oF EAcr

FACTOR HHICII CATI 8E COI{PARED BEÎUEE¡I DIFFEFETT OISCRIIIITAiT FUiGTIOIISO

Txe ue¡sunE oF otscEt!{iltATt[c pouER usEo HEiE tdAs rHE squAREo cArilortcAL

CONRELATIOlI COEFFICIEXT BETTEEN T'I€ DUIII{Y SPECIES YARIABLE AIO THE

EllttRoliliEüTAL FACTORS, ¡rHtCH REPRESETTS THE FRACTIOt OF UARtAltOil til

spEctEE üEHBERSIilP EXPLAtTEO BY llrE OISGß!tilllA¡T FUICTIOllo Tre tIOEI

SO PROOI'CED HAS üSED TO CO'{PARE TIIE ECOLOCICAL IüPOßÎATCE OF EiYIROi-

HE¡TAL FACTOR!¡ BETI'EEII ALLOFATRIC AIID SYãPATRIO REGIOIg¡ TTE S¡GTI OF

TIIIS ITIOEI FOß ATY OIIE FACTOR IñDICATEO lNE RELATIVE POSITIOT Of

!o RAprr AtD !o stLlrLt.s ot IHAT EtvtRorñErrAL cRAotEtrT, â rEcATtyE

Slci IXDICATIßG TIIAT T. nlOtX nAS LOCAT€D AT THE LO¡úEB EID OF THAT

CRADIEIIT AID !e slRTâ,LlS A1 TllE UPPER EIO.

SI¡ce HULTIvAnIare rETnoDs rArE coRnELATIols BETHEET FAcroRs lxro

co¡stoERATtOll, GORRELATTOX OOEFFtCtEtrTS AiO iloRËAL OEVTATE TESTS OF

lHEIR SIGTIIFICAIICE HERE CALCULAÎED 8ET¡JEE¡I ALL PAIIS OT EXVIROÍIITEIITAL

FACTORS II OROEß TO EXPLAIII FOSSIBLE OISCREPAICIES EETTEET UIIYAßIATE

AflD IIULTIVARTATE ßESULTSO GORRCUITIOTS UERE COHPUTED SEPARATELY FOR

I. ru.Aro fe 9!!Iât!jl.
To oerentt¡E THE DE.cßEE oF oEpEtDEicÊ oF Booy rE¡{pEßATuREs gpor

lHE ETYIROITIIEITAL FACTORS, T.TULTtPLE REGRESSTOTS OF OR^L AftD CLOACAL

TE!{PERATURES Or THESE FICTORS IERE CALCULAÎED SEPAR¡TELY FOB I. EÂglÄ

AßO I.9SJ&IS. llOnlr¡U DEYTATE TESTS UERE USEO TO COr,rpARE SLOPES ArD

IIIIERCEPTS BETUEEII SPECIESI

SlrceoILYTroFE1l^LEI'.@,IEBEßEo^PTuREo,lloAflALYslsof

IIOYEI€flTS HAS POSSIBLEO

Srepr¡sE FAcroRtAL ArALysts oF covAntArcE v¡s us€D To corp¡ßE TIE



rAnr,ililc RATES OF I. neoi¡, AfD !e s.lRJALls ltr TFE LASoRATORV, FIRST

ELII.IIIIATIiC VARIABILITY OUE 10 TOTAL LETETH AIID THEI ELIHIIIAÎIIIC

YARIABILITY OUE TO VISUAL ALBEDO TO SEE IF AIIY RAÎE DIFFEßEIICES RE-

HAtilEO BETWEEi SpEGtESo srtres (rurVe OR DEAD) A¡D SPECTES UERE U9EO

AS FACTORS. SITCE IflTERACTIOII BETHEET TIIESE FACTORS IIADE IIITEßPRETA-

Ttot oF THE RESULIS O|FFICULT, THE AIALVSIS HAS R€PEÂTEO UStrC OEAD

STAKEA OilLY¡ TXg T¡N||IIC RAÎES OF LIYIIC SIIAKES HAD BEE¡ STNOTCLY

AFFECTED BY ESCAPE BEHAVIOR THICII DIFFERED ITARKEDLY EETUËEI SPEGIESO

COXP¡NISOI BETTEEil Ir RADIT AIIO !O SIRTAL.IS OF YISUAL ALËEDO

PATTERTS AROUTO TíE EOOY CtRCUT{FERETCE FA8 HIOE 8Y CALCULITTTC 95É

COIFIOETCE ITTERYALS FOR EACX SPEGIES OII THE I.IEAX REFLECTAIICE AT EACII

PO I IIT EXAII I TED OX lHE EOOY O I RCUËIFEREIICEO

Comp¡ntsor or rñE DârLy Acrtvtry eATTERTS oF !o E4g!Ä A¡o

L. g-LEå!lS, uiroen co¡TRoLLEo TETeERATURE ArD LreHT REe rilEs r{^s xAoE

By CALCULATiltC 94 CO'ltr|OETCE il|TERYALS FOR EACr SPECtES Or THE ltEAi

oF TIE IOURLY TOIALS FOR HUITBER OF SilAl(ES EIPOSEO TO glEHo B¡HOrllt

COËFIDEIICE IIITERYALS IÚERE USED SITICE TTE EXPOSURE OF A SiAXE TO YIET

lS A BIIOHIAL EYEITo

"5



RES,LTS

Feeorñc Heetrs

Fnom Taaue I IT wAs APPAREIIT THAT THERE IÚERE T¡O DIFFERE'ICES Ifl

rHE FEEortê HABtrs oF !o Fåo¡x nuo !. srßTALts EITHER lr rHE ALL0PATRIG

Rgcrot lrlz" = 9.-66¡ P>.01) on lH THE 5YMPATR lc Rgeror ((oz = 10.47i

P >.Ol). THe F'seotflc HABTTS oF I. EåÐÄ DID $oT DIFFER BETwEEN ALLo-

PATR¡c ArlD sYl{PATRlc REGIO*" ({gZ = ll.68i P).01}. Txs resolt{c tl¡Blrs

oF T. stRTALls otD DIFFER BETÈ'J€EÌ'I

Wf = l3.Qi P < .ol ). Tre cnasee

THE SYHPATRIC REGIOII OF WOOD FROGS

urtLrzArroH oF cnonus FRoGs (PsEuoacn¡s ril-qEElarA).

EHv¡nopxepral FacTong

SEASOIIAL TREHDS ITI THE ENYIROHTIEÈTAL FACTORS WERE ADEQUATELY

DESoRTBED 4s pARABoLtc Furucrloßs oF THE o¡re (Ftc. 41. HABITATT As

RECORDEO AT CApTURE StTES, túAS AFFECTED BY SEASOHAL FOVEB8ßTS OF TllE

sr¡AKES m rHE ALLoeATRt6 Bcêtoto As !. stRTALts ¡toveo BoRTll ll¡ THE

FALL TOI,JARDS ITS DENIHG SITEST lT tÊrAS FOUIID HORE FREQUEiTLY HEAR THE

cLOsED HARs¡{Es oF THE AsPEl{ FoREsT. A sltcnf sHIFT tf !. EÅglÀ TOwÂRos

THE PONos OF TtlE OPEtt PARKLAI¡D TO Tl{E SOUTH HAS HoT SlGHlFlcAtlTt 8UT

rHE TREHos FoR I. Eâ9.LL eno !. stRLALrs DTFFERED slcHlFlcAHlLY FRo!{ ot{E

At{orHER tr rt{E ALLopATRtc REGIortr ln rne RESTRtoTED sYt{PATElc REGIoN

SEASOÎIAL HOVSHEIITS OF T}IE SHAKES HAD LESS EFFECT OB HABITAT CLASSES AÈ¡'

¡¡o stcHtFtcanr sEAsot¡AL TRE$DS I{ERE sHoHHo Molsrune, As REcoRDEo AT

26

ALLOPATRIC AI¡D SYHPATßIC RECIOflS

tSrvoLvED All lI{cREASED UTILIZATIOË ltl

(nanê gYLvArrcA) ano A DEcREAsEo



TABLE l. Fnequercv or occunRErce oF FooD
T. NIOTX AÎID TO SIRTALIS III ALLOPATRIC ATIE

F00Ð

CLASS

RIH¡ SVI.YAT I CA

Rlr¡ prPtEns

Pseuo¡cnrs rRtsERlaTA

-æ

llvu¡ YeRs I coLoR

Euro

T¡opoles

RooErr rl

0u ¡ cocreEt¡

HrRuorrt

GlsrRopool

AuuoperRlc Rgcloræ
T. RADtx T¡ slRTALts
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tlElrs lil SToHâGHS OF

tx 3Y!{PATRlc REC¡OX9

24

4

I
2

3

5
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5

6

0

Svnp¡rntc Recloræ
T. R¡Dtx T. s|RTALls

l5

0

ll
2

3

0

o

2

6

o

%

3

7

t

+

t

t

0

6

2
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+

3

2

o

o

0
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cApTuRE StTES, DECREASED THßOUGHOUÎ THE SUllttER lt THE ALLOPATßlC ßEGlo¡l

As ùúATEß BootEs DRTED up. lr rre syupATßtc Reclotl, Ft.ooDlllc l¡ THE

spRiltc or lç/l4 trcREAsEo Juuv morsruRE LEvELs AT GAPTuRE slrEgo . Tttts

EFFEcT I,As ]IoT APPAREIIT unTIL JuI-v BCCIUSE THE FLOODIIIC ßESTßICTEO

sltAKE coLLecrtoi til JuilEr TNe EFFEoT HAs tloRe PRollourcEo ron !. RAolx

rxAr !r stRT¡Lts BEcAusE TlrE PRoPoRTlor oF T. sIRTAþls TAKEX l¡l TllE

SYiiPÂTRIC RECIOT DURIIC THE SUH}IER Oç ITI4 UAS SEVEßELY REDUCED DUE TO

oRowrtil6 AT oEns tt{ THE spRt¡Go Tnls pnooucEo stctttFlcAf,T olFFEnEr¡cEs

BET¡,EEI¡ I. !¡U. aro !. srRTALt_s rr rHE sEAsoilAL TREilDS sHotlll BY l{olsruRE

ïtlHtlt THE Sy¡fpATRtC REC|Oil, EVEII THOUGH THEIR IXDIV¡OUAL TßEttDS ¡rERÊ

roT sIcfIIFICAf{l¡ LIexr IITETsIlY DECREASED THROUcHOUT THE SU'I}IER AS THE

Azr¡tuTlt oF THE suil D€cREASED¡ A¡n ¡ro suBsrnATE TEIIPERATuRES PEAI(ED lll

HIo-SUHHERo TIile or cAPTURE oF THE SIIAKE9, EXPTESSEO AS A DEYIATIOT

FRO}I lllo-oAYr sllo¡{Eo rO SIG¡llFlcAtlT SEAsotlAL TREIIDS.

Ur¡VERIATE COI{PARtSOTS OF EIVIROITHEIITAL FACÎOR I{EAIIS BE'UEEII TIIE

fltcHEs oF !o RAptx AiD !r stRTALts, AppLrED To Erv¡Rot¡HErrAL DATA THAT

HAO t¡OT BEEI AOJUSTEO FOR SEâSOilAL IREÍDS, SHOHEO HABITAT, I{OISTURE, A¡R

TEHPERATURE AIID SUBSTRATE TE}IPERATURE TO BE .MOST I!'IPORTÂIITO

Ao¿usrmerT oF lHE EivIRonHEIIIAL OATA FOR SEASOTIAL 
'ßE¡IDS 

PRODUCED

LTTTLE EFFECT UpOil THE FREQUETCY OtSTRTBUTIOIS OF E¡VlROl{}lEf{TAL FAGTORS

(Fre. 5). DtscRtllnAltr sconEs oERtvED FRox rHEsE oATA e^YE BETTE¡

otscnllilllATtOß BETTEET THE IilCHES Or !. RAOIX AID !o SIRIAL|S THAI Dlò

Afly sttcLE EiytRO¡HEiTAL FACTOR, BOTH lß ALLOPATRIC ArD lr SYIIPATBIC

REGTO¡|S¡ BUT DtD IOT.6tVE Ailv EYtOEilCE OF lllCllE OISPLACE]|EI|T. o¡ rne

GOiTRARy, OtSCRtH|TAIT SCORES BECAHE I|ORE 8!HILAR lt THE SYI{PATRIC REC|Oll

THAII IlI lHE ALLOPAÎßIC RE6IOT. Ifi¡UT¡YARIATE RESULTS ACREEO TELL HITII

THOSE DERtyEO By UÈtyARtAlE nETHOOS, ALTHOUGH SOIIE OIFFEREICES HERE



FIGIRE 5. Locrr¡or oF I. SU A¡o T. slRTALls or eRADlEllTs oF

rHE SIX EIIYIRO¡}IETTAL FACÎOßS I{EASURED A1 CAPTURE SIÎES AFTEß

ADJUSTTETT OF EtY¡RO[]lEllTAL DAIA FOR SEASOII^L TßEllDSo SYHSOuS

AIO F^CTO¡ UËITS AS lr F¡cune 3. LOC¡rlOtS OF BOTII sPEclEs Oll

THE AxEs oF T¡E otscRlltl¡AflT FgllcTlon3 (0F) oenlYEo Fßoll TllE

SEASOTIALLY ADJUSTEO OATA AiE SHOHi BELOìJE

29
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AppAREltr (T¡eLe 2) . TtrE I rDEx oF EcoLoc I cAL I itpoRTAttce r DER I vco Fnoll

THE UE|CHÍS tr THE DTSCRllil'lA]tT FUtlCTtOfl, hrAS LARGE FOR HABIIAT' BOTH

![ ALLOPATRTO ArO til Syr'tpATRtc REctolts, ALTnoucH lT BEcArlE SHALLER l]l

THE SytlpATß I C RECt Oilr I lr0 I CAT I lrc REOUCEO IHPORTAICE THERE¡ TXe rEC¡-

TtYE slCr OF THIS lllDEX lt¡DICATES THAT l. RAOII OCCUPIEO THE LOIIEß

Ero oF rHE HABtrAr cRADIETT (poilos) Aflo l. Ð¡I45JE THE UPPER Eflo (cLosED

HAR5HE5l. SuesrRlte HotsruRE, m corrnAsT To untvARtATE REsuLTsr ¡lAs

}IOT ECOLOGICALLY IT'IPORTAIIT ti EITIIER RECIO[¡ LIEXT ITTEtlSIIY UAS

INPORTATIT OÍILY II THE SYI{PATRIC RECIOII TdIIERETS AIR TÈUPCN¡TURE I{AS

tl,tPORTAtlT OBLY lll THE ALLOPATRIG REeIOËr HITH !o R^olI occuPYlllc THE

UPPER EËD OF THE GRAOIETIT III BOTH GA6ESO SUSSTN¡TE TE}IPERATURE UAS

tÞtpoRlAltT tr soTH ALLOPATRTC AIO SY]iPATRIC REGlOtlsr ALTHOUGII lT BECAIIE

I4oRE I'IPoRTAIIT IT lHE LATTEß REGIOIIo ASSOC¡ATED HITII THE IÎICREASED

tltpoRTAilCE OF lHlS FACTOR lr ÎÍE SYIIPATRIC REClOll, l¡l COITRAST TO

ulilvARtATE RESULÎS, rAS A REVERSAL t¡ THE RELATIVE SPEGIES POSITIO¡S

oil lHE cR^otEflr, I. EÂg!Å coHlÎrc ro occupy rHE UPPER SATrEi rllAll rHE

LoHER EnDo T¡He or cApruRE, ExpREssEo As A oEvlÂTlox FRol{ tllD-DAYr rAs

rOT AII ECOLOGICALLY I}iPORTA¡IT FACTOß I¡ EITIIER TIIE ALLOPATRIC OR lHE

syr{pATBtc REGtoIr Txese REsuLTs AGREE Htril THosE BAsEo or uËIYARIATE

coHpARtsots, ALTHOUCH tI THE SY|{PATRtC REGIOil TNEY CIVE COIISIOERABLY

LESS IIIPOBTAIGE TO THE llME FACTOR.

D¡¡uv TEIIPERATURE PRoFILES oERIvED F¡OII RECORDITIGS AT THE STATIOIS

SET UP lr THE CLOSED l{AßSllr ADJAcElll ASPE¡ FORESTT POilO ArO AO.TACEXT

HEIIOOU, SHOI{ED THAT THE CLOSEO HAßSH HABITAÎ CLASS AI0 THE FOREST IlTn

HHICH IT TEiDS 10 BE ASSOCIATED EXIIIBITEO EREAÎER DIFFEßETCESBEIHEEI

AIR ATO SUBSTRATE TEI{PERATURE THAII D¡O THE POTD HABITAT CLâgS A]IO THE

t€ADOt{ ItTl IHTCH tT TETDS TO BE ISSOC¡AIED. TneSE PROFIIES yERE



TABLE 2. Orecntrtr^ilT Furcrror coEFFrcrE¡rrs Aflo rioroEs oF DtsonmrtlTmtc ytLUE o€RlyEo FRor rltElt tfl
TLLOPATRTC rilo gYt'tPATntC REC|OTS

ALLOPATR]C Hls r rrr

Coerr tc re¡rl -30.729

I roer .502

I roer ol63

l{o r sluRE Lrerr ArR Tenp. Su¡. Terpr Trre 2]

-1.703

- o069

-0.661 &5

- .055

o54

SYIPATRIC Hls rtrr Mororune Lrcnr Aln Terp. Suso Teüp¡ T¡ru Rr2 r

Cos¡r tc tErr - 6.1l7

-2.92

- ¡066

-0.243

- .010

2.021

o085

1.660

.14€.

l.ll0
.l l7

- 0.105

'.0?2.

-1.æ7

- ¡103

o.ll7

.l 04

. Raa ¡ Squ¡ngo cAirorrclL ooRRELATTo¡ coEFFrcrcrr (rnrcrto¡r oF vARrlTrot rt SpEcrEs rcrlBEßsrrp
ACCOU¡ÌEO FOR BY lltE DtSCßllllt^rl fU¡tCTtO¡)

ß
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PARTICuLARLY SETISITIVE TO YARIATIOTS III CLOUD COVER AIIO HITD VELOCITYO

Slilpus pRoFtLEs FRori IE,IeERATURES rAKEtt or 25 JULYr lfil4. A¡ utlusuALLV

SI¡LL AltD rARH DAY IITH tlo CLOIID COVER, ARE SllOt{X lI FIGURE 6r

SUgSrNrrg üOISTUR€ AT CAPTURE SITES PROVED TO BE HIG}ILY CORRELATEO

rtlH suBsTRATE TEIpERATURET TXtS f¡s PARTIoULARLY TRUE HlfHlI TtlE

lirERLAxE ßAlrcE oF To stRTAL¡s { f = 0.f}4}.

Tgsnrlr Reulr¡o¡s

On¡U ¡rO cLoAcAL lE¡tP€ßAlUREs oF !o $p!! wERE 6lclllFlcAtlTLY

HtcHER (P<.01) rx¡r rttosE oF !o srnlAt-rs rr rHE ALLopATRtc Reetoil oit.Yo

Boov renpERATuREs oF !o sIFTALrs rt¡cREAsEo stcrrFtcAltrLv (on* p <.05)¡

cLoAcaL P<,OlI lr rne syilpATRrc REctot. FnequeicY otsrnlBuTlotls oF

BOOY IE!{PEBATURES rEßE XEGATIVELY STEHEO (FrC. 7}.

!fuurlpLE REcREsslof, sHollEo oRAL TEIIPEBATuRES oF l. EêgLL TO oEPEtlo

HOST STROiCLY UPOI LtenT tiTESSrlY, AIB TEITPERATURE AIO SUBSTRATE

IEIIPERAIuRE (F¡c. 8). CLOAcAL TEI.IPEßAIURES OF I. !ås, OEPEXOEO HOST

SÎßOñELY UPOI THE SAI{E THRE€ ETYINOTI{EIITAL FACTORSO OT TNESE THßEE

FACTORS AIR TE}TPERATUßE UAS I{OST II{PORTAIIT. OAAL TEI{PERATUNES OF

I. g!.@. ALSO ÞEPEilDEO 
'IOST 

SIROiCLY UPOX LlCllT l¡TEf,SlTYr AIR

TE}IPEBATURE AxD SUBSTRATE TE||PERATURE. HIETT¡T EXERTEO NI ADOITIO¡AL

EFFEoT Upor OFAL TETeERATUREs OF I. .U4Ug, OYEn AHo AEoYE IHAT PRO-

DUCED By THE OÎHER EtytROI!€iTAL FACTORS, ORAL TEI.PERATUßES EEIIO LOïER lI TllE

cLosED I{ARSH¡ Cr-otclu IE}TeERATURES oF l.'gLE-I4lJg DErEnDED lrosr srRotlGLY

uPOII AIR TEI.PERATURE ATO SUBSTBATE TE¡.IPERAIURE ATD T€RE I¡IDEPEIIDETTT OF

LteHT ntrEistw¡ Cuorcll rErpERATtrREs, LtrE oRAL TEIIPERATuREST rEßE

LorER t¡t THE CLOSED itARSH, OTHER.EtVtROTT€¡TAL FACTORS BEIIC EQUAL. Al

TOOITIOIIAL EFFECT SEETIEO TO BE EXERTED UPOT TIIE CLOACAL TEIIPERATUEES OF



FlerRE 6o Srnple DAILY TEtlPERATune pnorlLEs oERtYEO Floll

RECOROTTCS AT 9TATIOTS LOCATÊO lI CLOSEo ltARSllr ASPET FOßESTt

POrD, AllO ñE^OOro

4
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FIGURE 7r Reur¡tve

TEHPERATURES FOR T.

SY}IPâTR IC REGIOIS.

ARRor t | ).

FREQUETGY DtSTn tsUT I Or8

RAorI 
^rD 

T. .g.LEIêllS tr

Tne xEer TEIIPERATURE ts

OF ORAL TTD CLOACAL

ALLOPATRIC ATO

lflotcATEo 8Y At
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FIGURE 8. Pr¡T¡AL REERESSIO[ OF OßAL A¡ID CLOACAL TEIIPEßATURE$

Oi EACII OF THE SII EIIYIROT||EilIAL FACTORS I{EAgU¡EO AT GAPTI'RE

srr6s ron !. R¡olx (----) AflD !r slßTAlts (""'). Frcron urlrs

As ti FtcuBE 3, Slcrtrtcl¡tr pARTIAL ßEcREssto¡s (P ( .01) rne

ntDrcATEDavrsrln( * ).
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l. gL@ç, BY suBsTRAlE l{OISTURE AllD TIHE OF CAPTURET CLOACAL

IEI{PERATURES BEITE FIEHEN AT HOIET CAPTURE SITES âTID LOTdER IIEAB }IID-

DAy, OÎHER FACTORS BEIÍe EQUALo TXe reUrrlOrSHlPS OF OßAL AtlO CLOACAL

TE}IPEßATuRE TO rHE HABITAT FAoTOR DIFFERED SIGlIIFICôTTLY (P < .OI.)

BErr{EEll L. !4g!å ^i0 
T. glSMLgr BEr]rc ¡EcArt.YE FoR I.sl!!ê!E olLYr

Txe RsulrtorsHtPg oF cLoAcAL TEHPERATURE TO SUSSTRATE HOTSTURE¡ SU8-

STRATE rEHpE¡^TuRE A¡D TrltE oF cApruRE oTFFERED stetrrFrcAirLy (P <.01)

BErrEEr To ßAOrX AflD To :M3!jgr BEr¡c HORE PoslrrVE FOR T' Srntlt-lS¡

A¡¡uvs¡s oF THE wARHrtc RATEs FoR !o RAo,tx Atro !o srßTALrs ulrDER

RAD I AIIT EIIERCY I TI THE LABORATORY STIOTdEO II I CHLY SI Etl IF I CAËT I TTERACT I O¡

(p <.ol) aerweet rHE spEcrEs Aro arATE EFFEcrs (T¡ar-e g). Tre oTFFEREToE

I'I HARHI]IG RATES EETTEET SPECIES DEPETOEO STROIGLY UPEI IHETHEB TIIE

STIAI(ES I{ERE ALIYE OR OEåD. .TTIS MIOE ITTEßPRETATIO¡ OF THE ËAIT EFFECTS'

ouE To spEctEs oß sfATEs ALo¡tE, OlFFlcuLlo Tlle rHTEßACTlOl SEE!{ED TO 8E

oUE 10 A DIFFEREIICE lt THE ESCAPE BEñAYIOR OF LIYIIG STAKES¡ !o slgTA\lS

túRtrflttc HoRE vteoRousLv tr THE HEAT|ile CHAHBEB AilO FREqUEITLY TURI¡ltC

EELLY UP ll AX EFFOßT TO rlD ITSELF oF TllE lHERtlotlETER PFoBEo T. nfO¡f

EEHAVED HORE SEOATELY, ESPECTâLLY AT THE BECliln¡IG OF EACII EXPERIHStl

EEFORE ¡T ltAO HARITEO UP. ltJrErrER THIS HAS DUE TO lHERlr^L ¡tHlBlTlOt OF

ilOlOR ACTI'ITY OR TO A 
'{ORE 

DOCILE TEIIPERXETÎ ilORE TIIIE TAS SPEXT IT' I

POSTURE COTOUCIYE TO BÂSXIXCO TO CT¡X¡[E SPECIES OIFFERETCES II UARXITE

RATE t¡ TIE ABS€ICE OF IIIEßACTIO¡, TIE FAGTO¡lAL DESIGI¡ HAS ABAXDOTEDT

ArO THE DATA FRO}I OEAO SIIAKES OHLY HEßE REAIALYZEDO T¡IUTOPT¡S SIRTALI$'-
SHoHED A SrertFtcAITLy fl¡CHER (P<.01) RATE OF ABSORBTile ßADrArT EtEßeY

THri !r EAptx BEFonE vABtABtLtry tt RATES DUE To rorâL LErert oR ulsuAL

ALBEDO ||AO BEEi REüOVEO. venlrAtLtrv tr H/tß}ilt6 RAIES rlTll ToIAL LErefl



TABLE 3. A¡I¡I-VSIS OF COVARIAHCE FOR WARMIHG RATES

Two-È{AY ocs I Gn

Spec les
Sreres
I r¡renacr r ou
EnRoR

Spec tgs
Srares
I r¡enaor r o¡
EnRon

0¡¡e-wav ogs,l ctl

I
I
I

75

60500
00535
'1"&8

35.656

4l

l
I
I

74

Spec les
EnnoR

o.7æ
0.138
?.309

33.882

60500
00535
7 

"Æ80"476

Spec res
LRROR

t F srosuFrcAnr (P<.Ot)

I 3n67f
l.l3

15"?lt

o"7æ
0.138
?.309
0c458

12n698
100705

l
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9.317

12.698
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300y/
9.2S9

4f¡u888t

I I o967*
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oF rHE snAKË otFFEREo stclllFlcAllTLY (.OOS< P<.01) eerweer !o !!!l! AtlD

I. g-J-@g, RATES DEpEilDiltc ilORE STROilCLY UPOII TOIAL LEllGTtl FOR

!r stRTALtE. NgventHELEss, A coHt{oil RELAIIOf{StllP BETUEEII t{ARl{lllc RATE

Alto rorAL uËrcrx wAs usEo ro REHovE vARtABtLtrY tr RATEs DUE To LEIIGTHo

THts senvEo ro I¡oREASE THE DTFFEßEncEs BETt{EEll tlARlilrc RATES oF !o ßA0lx

IND T. STRTAL¡S, BUT IAS SOHEIIHAT ARTtFICTAL SrilCE RATE-LEIIGTH RELAllOll-

sHtps til !o RADTX ArD f. SIRIAL¡S PROBABLY oIFFERED¡ REHOvAL OF

AOOtTtOflAL VARTAStLtTy tr wtRnlilG RATES ouE To vlsuAL ALBEOOT ALTHOUGII

tT REDUCED lFE OTFFEREICE BETtdEÉil SPECIEÊ ]il RATES OF t{ARl{liler OID roT

REoucE TllE RATE olFFEREllcE To llslclllFlcArcE (F¡c' 9)t Tne neurloÑsntP

BETHEEtr t{ARHiltc ßATE AltD VTSUAL ALBEOO, AS lT UAS |€ASURED ltl THIS

EXpERtr{E[T AT A SttcLE polltl ot lHE DORSAL SURFACE Or TXE SllAKEr rAS POOR

FoR Borñ L. &{91! AiD !o slRrÂLls (.lS> p >.10) AiD DID lor oIFFER

BETTEEÉ sPEctEs (P > .ol ).

Drrrenerces lü vlsuAL âLBEoO BElrEEu l. 3.å,9!L AiD !c glElåt$l rERE

GREATEST ALoË6 tÍE EocEs oF THE VETTRAL scurEs (eeuow THE lloRlzotlTAL)

ÂrD tÍ THE ßEGtO¡t OF TIE LATERAL STR¡PES (30o eeOVE TtlE HORIZO'iTAL)I

I. !.g, rlvrlc A cREATER vtsuAL ALEEDo rHAx !o slnllLls (Flc. l0).

SIt{ILAR DIFFEREÍICES IERE SOHEIJNAT OBSCUREO OVER THE REOIOTI OF THg OORSAL

srRtpE (g0o reove xoRtzorrru) By A sHADoHrrc EFFEcT FRot{ THE LIGHT }tETERo

âcIl vrrv

A AIXOOTI. PATTERII OF DAILY ACTIYITY TA9 SUECESTEO BY DAILY PROFILES

oF cArcn pEn sEARcx HouR tI rHE FIELD FoR Eortl I. !4Jå AID !o gLEIALtg,

It rllE ALLOPATRIC RECTOT (FtC. ll). ErroRr lË THls BEÊloll RAfleED rROr 3

tg 22 SEARCII HouRs PER HoURLY TIIIE IIITERVAL. IN TUE SY}IPATRIC REGIOÎI THE

HoRrtflc Aflo EvEit¡e pEAßs oF AcTtYITY FoR I. slRTALlg IIERE FARTHER APART



F¡GURE 9.

AL I vE (nn)

(so) uroen A nADrArr ErERcy souRc€ er l0o C. l¡J¡nm¡ñc RATEs oF

DEAO STIAKES ARE SNOIJX AFTER AD.'USTI'IETII FOR TOTAL L€ËCTII OIILY AIID

AFTER ADJUSTIETT FOß BOTH TOTAL LEiGTH AIID ALBEDOO REG¡E6S¡OTS

oF H^ßr{rr6 RATE or rHEsE covAßrATEs ARE sHot{}¡ FoR 0EAD I. !.&.!.L

Aro oEAo I. 9!EBL!S,. StcrtFrcArr REcRessto¡s (p <.01) ene

rrDrcATEDevrsren( * ).

l,E¡r rlnnrr¡c RArEs ( o c/x¡¡ lo-2] or
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FIGURE IO. POIrr REFLECTAXCE AROUflD THE BODY CIRCUIIFEREICE OF

st{At(ESo oper crRcLEs ( o ) s¡row sAmpLE vALUEs oF REFLEcIA¡oE

AT POIIITS OII THE CIRCUI'IFERETCE OF T}IE E'IPTY 6LâS3 TUBIXE HHICH

rAs usED To cot{Ft¡E sl¡res FoR ExAnttATtoto Sot-¡o syËBoLs HtrH

95S cotrlDErcE mrERyALs sHgH t{EA[ yALUEs oF ßEFLEoTA¡GE AT PotttlÊ

OII THE CIRCU}TFEREIIGE OF SIIAKES YITIII'I TIIE ELASS TUEIHGT TXI¡TY

T. Flo¡x ( { } ¡ro ?l !. stRrALts ( + } wenr EXAtttltEDo

/$
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FIG1JRE II. PROTTICS OF CATCH PER SEARCII-HOUR

HOURLY IIITERYALS THROUcHOUT THE COURSE OF TIIE

sxour ron !o &g.tl ( . ) ¡ro I. slnr¡lri (

ALLOPATRIC AtlO SYI{PATRlc tEGIOISo

CALGULATED FOR

DAYo PnOrtlgs lne

r ) tr
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TttAF lll ltlE ALLOPATRIo BEGIO¡r túllll-E I. FA.DI¡l ELll{lllATED lTs HORÎllllc

PEAK AIID BEGA}IE I'IORE ACÎIVE TOUARDS IIIO-DAYO ETTONT IT TIITS REOIOII

RAIcEo FßOlr 4 ro 4l sEARctr NouBs pER HOußLY ilITERVAL AtlD C¡rCíeS wE¡e

GETERALLY LOù,|ER FOR SOTH SPEGIES ÏHAll lr THE ALLOPATß|C REGIOi¡

A EI!{OoIU PAÎTERII OF OAILY ACT¡VITY UAS ALSO SUGGESÎED IT TNE

LABORATOßV, UTDER COBTROLLEO IEI'IPERATURE âllo LIGHT RECIt{ES, BY BOTII

I. Eg (F.tc. 12) ero I. gJEJ&$i (Ftc. lgl. Txe rtHE EErHEEtt

AClIVITY P€AKS IIAS CR€ATEST AT TIICIIER IEI'IPEßATU8ES FOR 9OTII SPEGIEST

AITNOUCR LAR6E COIIFIDETCE IÎITERVALS }IAKE EXACT DESCRIPTIOT OF TIIE

TE!{PERATURE EFFECÍ O|FFtCULT, THE CilAXCE lil ACTIVITY PATTERII ¡ltTll A

TEI{PERATURE G¡IAßCE APPEARED TO 8E GREATEST AT LOT TEIIPERATUßE9 FOR

I. Eê.U AiD cREArEsr Ar ntcH rEt{PERATuREs Fon !o 9M!!-$1.

THAHTIOPHIS SIRTALIS USEO TËE IÚAÎER AS A COOLAXÎ AT HIGII TE}IPERATURE

ËuGr HORE BEADILY THAII DID !r *ADlIo

49



FlqrRE 12. Acr¡vrrv pRoFrLEs FoR I. Eê9!.L THROUGHOUT THE COUßSE

oF lHE Ölv úroen co¡trnot-t.Eo LIcHT ArD TEITpERATUnE REGtlrEso Ltctr

AtD TEITpERATußE REG¡lrEs ARE sxort AgovE EAox cRApxo Vent¡rlot ur

TI{E INTEIISITY OF STIPLIXG SHOUS T'IE VAßIATIOT OF LIEHT T¡TETISITV

ti FtvE EQTTAL STEPS EETUÉEr ËAlllrulr |iTEüSITY AËD COilpLETE DAßK-

IIESSo TCxpEnITuRE cIIAIGES BECAI AT lxc f It'Es IToIGATEo BUT TooI(

APPRoTII{AIELY Tyo Houns TO REAcT GOIIPLETto¡o NT¡Erv-rIYE PERoEIIT

COllFlDEtlCE IiTERYALS ARE SHOII ol THE HEA¡ tlUtlsEn OF SIIAKES EI-

PosED tr EtcH rtttE oF DAY ( l'ì = 6 DAvs). SoLto ctncues ( o )

TITHOUT COXFTDE¡CE ITÎERYALS 9HOT ÎilE IIUIIBER E¡POSE9 III THE OPET

AS OPPOSEO TO THE SIIADE ATD X SHOTS THE iU}TEER OF THESE EÍPOSEO

IT THE HATERO

50
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F|ÊURE 13. Acrrvrly pRoFrLEs FoR To slRTALrs rnnouexour rlrE

coURSE OF TtlE DAY UiDER OOIITROLLED LIeHT AtlD TEIIPERATURE RECltlESo

SvreoLs As r¡ Flcune ll.
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DI SCUSSI ON

Feeorne Heerrs

Borr !. RAolx lro !o 9.I-EIAL.!g APPEAREO rO FEED OppoRrufilsrtcALLy,

TAXITC A YIOE VARIETY OF FOOD ITEIIS III ROUCH PßOPOßTIOf, TO THEIR

APPAREI{T ABUT¡DATCET THIS UAS PROBABLY AII ADAPTATIoT To THE sHoRT

cRo¡{IHG sEAsoIÚ EHcoUIIIERED Ix THE TEÈIPERATE ZoflEo Itr coI¡TRAST To THE

sruDtEs oF Crnpe¡rea (1952), Fouquerre (l9Sa) AilD FLE$Anrv (t96Zl,

HHO IORKED IlTll OIFFEßE!|T gPECTES CO)rBtflAltOils, ilO D|FFEREilCES ïEßE

Fouxo EETHEE¡ THE FEEoltc llABlTs oF L. t4!Ä AID Io stßTALt,s ti sy]tpATRyo

A¡-rrouctt !o slRlALls 
^LTEREo 

rls FEEotËc HAEtTs tf{ THE SVr{pATRtC nECtOt,

11 olD llor oo so lll sucr A rAY As ro DtspLAcE trs rtctlE FRoË TíAT oF

I. E!1!,L!' Tne ul.¡on cuAtlcEs tilYoLvED At txcßEAsED urtLtzATtot oF rooo

FROES AiID A DECREASEO UIILIzATIOlI OF cHoßUs FRoGS¡ Txesg cHAreES HAv

HAYE BEEX TIIE RESULÎ OF CHA'ICES I¡I THE RELATIYE AVAILâBILITY OF UOOD

FROCS ATD CHORUS FROOSo STTCE THERE TAS TO rICHE oISPLAoEI{EIT IT

sYllPAlRY rlrH RESPEOÎ TO FEEOIlle HABtlS, THE CHATCES CATIOT BE ATl8t-

EurEo To sPEclEs ltlrERAcTtoll. hlH¡re A[o KLoB (lyf4], tt THETR sTUDy

oF lro GARIER SllâßE SPECIES lr cALtFORttA, S[ltLARLv RE.TECTED TllE HvpO-

ÎHES18 OF COIIPEÎITIYE DISPLâCEI{ETT SITCE CIIATCES I¡I THE FEEDIXC IIABITS

oF I. srRTALts Ftrcrt, HHEI t¡ syr{pATny r¡TH l. El,Eg4!.g,, UERE lor tr

TIIE DIßÉCTIOT OF llICIIE DISPLACE},IEIITO TXEV TEUT THAT FEEDITE HABITS UESE

OETERIIITIEO LARGELY BY AVAILAB¡LITY AS APPEARED TO BE THE CASE II TËE

PRESEIT STUOYT
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E¡rv ¡ normr¡r¡l Flcrong

Ir rxe ALLoPATRlc REetoil, HABtr¡T, AtR TEneERATuRE AID sugsrnârE

IEI{PERATURE coÌtrnIEufsD t{osr srnorcLv ro rrcHE otscnIrIr{ATtot (Trale 2).

Alrxoucx uiltvAR|ATE coHpARtsors EEÎHEEi !r RAOtr AiD !o glglug ALSO

ATÎR I EUTED IHPORTAflCE TO SUB6IßATE r,tO r SIURE, HULT I V^R |ATE RESULTS I i-

olcATEo THAT THls FACToi u^s REoUTDAiTo lrs sTRoxc GORRELATto¡ ytTl

SUBSÍRATÉ TE'IPERATURE EXPLAIIS THIS REOUiDAÍICYO

Tilg ecoLoctclt- trpo¡Tt¡tce oF rABrrAT cAt BE REL¡TEo ro rlrE THERITAL

RELATIO¡S OF lHE STAI(ES. H¡A¡T¡T EXERTEO Afl ¡¡DEPEIIoEIIT EFFEoT UPoñ

BOTH ORAL AtD'CLOACAL TEIIPEßATURES OF I. 8lßTALl9¡ TH¡S UAs PROBABLY

DUE TO fHE SIIAOE PßOYIDEO BY TIIE SEDCE IIAT |ft TTIE CLOSÊD IIARSIIT TNr

CLOSEO fiIANSil AIID IS9OCIATEO ASPET FOßEST OFFEREO A rIDE RAtrEE OF

Eivllolll,lErlaL TEIIPEnATUßES ro TrE S¡At(E6i Tnts ts pRoEABLy |IIPOßTA¡|T TO

A SPECIES SUCII AS T¡ SIRTALIS THAi ABSORBS ßAgIAIIT EXENCV QUICÍLYO

Aspecrs oF t¡A6trAT RELEvA¡T ro BETAvToRAL TE¡pERATuRE corrnol- yERE

SI'IILAFLY I}IPORTATT TO IICHE DI9CRII{I¡IATIOI IT THE 9TUDIES OF

Cenperren (1952) 
^¡o 

FLEüAnry (196?).

Tne lilPoRTAtcE oF AtR ArD suBsr¡ATE TEripEß^TutE To rtcrE DtscnulrA-

l|Ofl IT THE ALLOPATRIC RECIO¡ CAI ALSO 6E NELATEO 10 lTE THEN||AL

RELATlolls oF TllE sIArEs. Bort rlctong EXERTED A stRoxc EFFEGT upoi

oRAL ArD CLOAoAL TE¡rlpERAlURES OF Ie RAptr AilD I. stRTALtSr Slrce I. Etg.|.l

H^o A fltcrER ytsuaL rLsEoo rrAr I: t** or], 
"u., 

o, trs BoDy suRFAcE,

IT TAS PROBABLY BETT€R ADAPÎED TO TTIE IIICHER AIN ÎEËPENAIURES TIIAT

CHARACIEßIZEO IlS RAiCE AilD IT TÚAS ABLE TO TOLEßAT€ TIIEII BY SEErI¡C OUT

Lor suesrnATE TEIIPERAIUßESr Tï¡nropxts stRIALts HAs AppARETTLy uiABLE

TO IOLEßA1E TIET AI¡ IE'IPENAÎURES TITHOUT A THERIIAL TEFUEE Ii TIIE FORII

oF GLOSED tlARgll OR ASPEr FD8ESÎ AtO, pßOg^ELv FOR TrtS nEASO¡, tT DtO
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Hart, D.R., 1975. A quantitative nlche coÍ1oarison of the
l,Iestern Plains Garter Snake (Thamnophís radíx havdeni) and
the Red-SÍded Garter Snake (Thamnophis sirtalis parietalís)
in allopatric and sympatric regíons of Manitobar s Interlake
District. MSc. ThesÍs, UniversiÈy of Manitoba.

Pa¿c 56. An important Þhrase has been omítted and
should be inserted between lines 13 and 14 as follows:

line 13 ..... regÍon
' and T. sirtalis seeking out lower 1-íght

fntensitíes and substraËe temperatures to
compensate for hígher avaílable air Eem-
peratures in the synnpatric regíon

line 14 and



¡or occun irucn BEyoiDi rr€ RAltcE oF THESE rABtrAT Typ€s. Fugx¡Rrv (1962)

SIIIILARLY FOU¡IO AIR AIID SUBSTßATE TEIIPERATURES TO BE USEFUL IT DEFTTIIIIG

THE TIICHES OF EARÎER SIIAXE SPEGIES¡

lr rHe RESTRtcTED sympATRrc REe lor, T¡rE AvAILABLE RAÈeE oF Ervtßo¡-

ilEITAL FAcroRs wAs PRoBABLY REoucEo. As I ResuLT, TIE iltpoRTAf,cE oF

l{ABlrAl Allo AIR TEI{PERATURE TO ËtCHE DtSCßtHiltATtOt ¡tAs ALSO ¡EDUCED,

THE LArrEß BEco¡tÈc trstGttF¡cAtr. Ho¡reyeR, TrE ntpoßTa¡cE oF .sUBsrRATs

TEI{eERATURE AllD LIeHT t¡trEr¡srry AT cAprußE strEs r^s trcßEAsED (T¡eLe 2).

Trls cr¡ orLY BE tflTERpRETED As A BErAvroR^L ReAcrtofl oF TltE st{AxEs, BuT

HEEO IIOT BE EXPLAITED AS A SEACTIOT TO THE PRESETICE OF AIIOTHER SPEGIEg¡

lT HAY REPRESEIIT oot{PErsATrox FoR cHAilcEs ilt rxE AVA|LABLE ¡tc}tE, I. lgl¡
.SEEXIXE OUT HIEHER LICIII IIITEHSITIES ATIO SUBSTRATE TETIPEßATUBES TO

COIIPEXSAÎE FOß LOHEN AVAILABLE AIR TEüPENATURES IT THE SYIIPATRIG REEIOfl

AID FOR TTE SCARCITY OF SHADE ¡OBIIALLY AFFORDEO 3Y lTE CLOSÊO IIARSII âTIO

FOREST OF IlS ALLOPAIRIC HTBITATO

ore oF TttE urys tt ¡{HrcE THrg sgLecrrox yA6 Accor{pLtsxEo 19 succEsrED

8v rLE oAILY PRoFILES oF cATcll PER sEAßclt ltouR¡ lr rxe ALLop^TRtc REcloI,

BorH spEcrgs sroùúEo A RoucRLV BmoÞAL Acrtytry r¡rrÉ¡r rrrfi lronilt¡c Aro

EvE¡ltlc PEAËE¡ lr THE SyltpATRtC RECtOi, UOreven, !o ßAD|I IAS ||OST

AcTlvE OURllC rllO-AFTEn!¡OO¡l CLosE TO TllE HOÍ,TEST PAßT oF TIE DAv, ârO

L.9.!,!IA!!-9, HAs AcTlvE EARLIER ll THE llgßtlllc Alo LAïER li TnE EYEI|Ie,

APPAFE;ILY ATOIDIIC TllE HEAI OF HIT-AFlENflOOll. TnIs I¡rcnEAsED DIFFETEilGE

BEIhEET THE ACÎIYITY PATÎERTS OF TO EAOI¡ ÀiD TO SIRTALIS II TTE

SYIIPATRIC REEIOfl TAS ILLUSTTATED BY UHIVARIâTE GOHPARISOf,S OF TIIIE

OF GAPTURET CoDED TO ßEFLEGT BIIIODALITY OF AGT|ytTv¡ Tte O¡rreFEtcE

lll Tllls FAcTon BErEEll L. Eê9lÃ AID I. SI&.!E, rAs trcREAsEo tx TltE

syrpATRtc nEctot, tur ïAs tor srnofle (.05>p >.ol). lfuLTlvARtATE

¡ESULÎS VISTUALLY ELIIIIIIATEO TIIIS IIICREASE IT IüPO¡TATCE IT TTE SYTIPATRIC
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REôIOII I¡IDICATIXE THAT THE ACTTVITY SHIFl I{AS COI,IPLEIELY EXPLAII¡ED 8Y

CHAI¡êES II THE SELÉCTIOII OF LICHT ItlTENSITY AI¡O SUBSTRATE ÍEHPERATUREE

TxE cn¡tces tlt sELEcrtoft oF LtcHT rrrErsrry Aito suBsrRATE TEI{pERATURE

UHICII OCCURREO IfI THE SYHPATRIC RECIOII IIUST BE EXPLAIflEO 8Y BEHAVIORAL

ADJUSTT,IETTS OTHEß TiAil THOSE ßEFLECÎEO III TXE oAILY AcTIYITY PATTEßÍI.

H¡cAnrnun AilD LEvtrs (1967) sHotJEo THAT uHEr Ecol.octcAL smILARtrv

SuRPASSES â nlXlËAL LEVEL, l¡TERSPEGTF¡C SELECTTVE FORCES ACT TO pRO-

oucE Gol{PETlrlvE lllcHE DlsPLAcEllE¡T. Hrtue THE RELATtvE ñtcltE postTtois

OF !r RAO-IX AilO !e SIRTALIS CHAIICED ltl THE SYHPATBIC REClOt, THERE HAs

io tET otspLAcEltExl oF THE itcHEs occuptED (Flc.5). T¡ls ooes ¡or

PRECLUOE A COI{PETITIYE IHTEEACTIOII SIIICE THERE TTS PROSABLY AT IXCREASEO

slHlLARllY oF THE AvAiLABLE ltlcltEs¡ lT goEs, HohrEvER, oEÉotsTRATE Til^T

coHPEllTlVE l¡lERAcTlox, lF SlclllFlcAllT AT ALL, yAS rOT LAneEo ltEAsune-

ITEIIT OF TIICHE SEPAßATIOT RELATIYE TO THE AVAILABLE TICIIE BREADTH rAS ilOT

ATTETIPÎED DUE 10 T¡lE OIFFICULTY OF qUAXT¡Fytilc A¡ AVATLABLE AS OPPOSEO

TO OCCUPIED ¡lCHEo

Txenr¡t Reurr¡ors

Tne ¡IeIIEß BoDY IE,IPEnATuREs oF !o RâDII IT THE ALL0PATRIC REcIoT

(Fle. ?) sueeesr rHAT THrs spEcrEs raas A sLreHTLv HrcrER pREFERRED TEnpE-

RATURE THA¡ I. gtFTlLtSr hlrlUe CLOAGAL BODY rE}|PERATURES OF L. åSI&!.g
uPo[ oAPTuRE HERE sLteHTLv LoHER TtAr rxosE REIoRTED By Fttctt {1965) rs

PREFERBEDT BODY TEI{PERâTURES Or ßEPtILES OAPTUREO lfl TllE FIELO ¡RE OFTEX

FOUXO 10 BE LOHER THATI TIIO3E PREFE¡BED (LICHT Er AL., 1966} OUC.

PERHAPS' TO.TREATER CATCHABILITY AT SUB-OPTIIIAL TEI{PERATUIESo IT gpITe

oF TllE ECOLOCICAL ADJUSTI|ETTS ¡|ADE By BOÎR SPEC|ES tt rIE Syt{pATRtC ßEctoil,

ll APPAng¡1 COTPETSATIOt FOR ¡r^RettAL AtR TETPERATUÊE8! BOOY TEIiPERATURES



BECAI,I€ HORE SIT.IILAF THEßE¡ TXIS WTS PRIHARILY DUE TO AI ITCREASE IT T

BOOY rEr{pERArUßE OF !o STRTALIS rHtor{ ilrDtcATES rnAr lo g!!.u!.!g HAo

PASSED ITS LITIIT OF BEHAVIORAL THERI{AL AOúUST}IEiT AIIO EXPLAII¡S ¡'TY IT

rúAs UIABLE TO PEilETRATE FURTHER I ñTO TltE ßAIGE OF !r !ågLå. BOOY

TEITPERATUßES OF l. @jå IdERE ltOT ALTEREO APPREC|ABLY tll THE Syt{pATRtC

REetoil, AilD l¡ FACÎ SHOHEO A YERY SLTCHT |ICR€ASE tI SptrE OF THE FACT

THAT !r RAptX TllERE ¡rts AT THE taORTt{Eß¡ pERlphERy OF tTs RArcEo

Tn¡mopnrs l¡g¡År TI{ÊREFoRE, HAo ror þAssÊD rrs Lt}lr or BEHAvtoR^L

THERÈIAL AOJUST'IEIITI BUl HAS PROBAELY AT OR YEßY OLOSE TO THIS LIIIIT II,.,

IHE SYI{PAIR|C REÊlOllo NEtrXen T-. !4!I XOR !o STRTAL|S YOULD HAVE BEEI

ABLE TO ALTER THETR ACltVtlv PâTTERiS MUCH FURTHEß St¡tCE !o !S!! rAS

ALREAOY COIICETTRATITIC ITS ACTIYITY Iil TTE HOTTEST PAßT TT TNE DAY ATD

I. g!EÂ!LÊ, HAD v¡RTUALLY ELilililATED tTs lilo-D^v AcTtytTYo'

Nee¡rl vE srerttcss r¡ THE FREquE¡cy orsrntBUTtors æ REprtLtA¡t soov

TEI'IPERATURES l6 oFTEx REPoRTED (Corr.es AID EoeEE:. ¡ 19/p¡3 BnArrsrnon,

1965). As HE¡rn (le6+¡ potflTs ouT, ALTHoucH Trts pATrERx ts oFTEr

ITITERPRETED AS IIOIRECT EYIDETCE FOR â PNOTOPHOBIC NEACTIOT AT BODY

TEITPERATURES HlGlrER TllAll TUE lrOO/lL OtE, Sil'ilLAn pAllERf,S AtE PßOOUCEO Bv

llAÈlrATE OB.TEGTS lt{cAPABLE Or nOÍEllgfTr AND IEEO llOT BE âTTiIBUTEO TO

BEHAVIORAL ÎHERXONECULATIOËE TTE SIGilIF ICAilCE OF TIIE PATTEN¡ IT ÎIIE

BODV rE¡,rpERAlURE DrSlRtBUrtO¡S F I. Elg!Ä ArO L. E!.L4.!!, ts¡ TI|ERE-

FORE UIICEß1A I T¡

Txeon¡uA¡DcLo^cAL8ooYTExPEnATußEsorI.!4!Ãrxo!rro,

DEPEf,EED IIOST STRO"ELY UPOT AIR TEËPETATUßE (FIE. 8} rrO TEXT IIOST

srRoreLY uPof suBsrRATE TEIPEßATURE. FleX¡nry (196?) RELATED GLOAGAL

rEllPERArUtEs oF l. SlE-cAnsr I. gLES-Eå!ê ÂìO !. nurlpurçreros PR¡llân|LY

IO SOSSINATE TEIIPERAÎURE ATD FOUflD LIÎTLE EFFEGT OUE IO AI¡ TE}IP€RATUREO
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HoweveR, Fuex¡Rry lrEAsuREo Atß TEHeEFATURE 24 cn AgovE cRourD LEvEL

RATHER THAII Ii||€DIATELY AEOVE cRoUtlO LEYEL AS lt THE PREs€lT STUDYo

HE TæTSURED SUBSTßATE TEIIPERATUßE RI6HT A1 CROUNO LEVEL SO THAT 11

REPRESETTED THE CO}I8IIIEO EFFECTS OF A¡¡ AIID SUBSTRATE TEI,IPERAIURE AS

|IEASUREO lr IHE PRESEIIT STUDYo

OR¡u reHpERATuREs oF Borr L. E¡p.lll AttD !o sIRTALrs DEpErgEo srRoBeLY

Upor LtcHT tf,TErstrVo L'Jtrtle THE cLoAcAL TExpERATURES oF I. EÂg!å ALso

ÞEpEltDEO UPO| rHlS FACTORT TíOSE OF I. SIFIALIS OIO ttOT. TnlS U¡Y

BE ExPLtltlED BV TtlE FAGT ÎHAT !o SIRTALIS HAS OFTET GAPTUREO OI THE

sEoeE nAT oF A cLosED HâREí, H|TH trs HEAO ABOYE THE üAT AllD ITS TAIL

8ELOH, SHADEO FROH THE SUilo L¡e¡r lilTErSlrY HAS ¡OT HEASUßEO Uf,OEß

TllE SEDGE llATo

Onru A¡ID cLoAcAL TE}IPEFATURES oF T. sISlALIs TERE ¡rFLuEicEO sY

.

HABITâ1O TTg PNOTECT¡O¡I FßOM THE SUf, OTFEREO THE SÈATE 8Y THE SEDCE

HâÎ AtlO FoREsT OF TrE CLosEo llAßsH TABITAT PROBABLY EXFLA¡||S Tlll8 EFFEGTo

TnE o|necr EFFEcT OF su8slR^lE IIOISTURE UPOË TIIE CLOAGAL ÌEIIPESA-

fuREs F I.gj!I&!g¡ OTÍEn FACTOßS 8El¡6 EqUALT llAY HAVE BEEI DUE TO

ßELAT|VE HUr{tDtTy tEtR THE SUBSTRAIEq rñlCH HAS XOT }€ASUREOT A OtnEOr

EFFECÎ OF ßELATIYE HUIiIEIlY UPOI BODY TEI{PERATURE6 OF NEPT¡LES, DUE TO

iltÍtBtltoË oF EyApoRATtvE cooLtrc, tas succEsrED BY cord-86 A¡D BocEnT

(1944). ReLtrlyE xuntotrv r^s pRoB^BLy ttcn utrDER THE sEocE t{AT oF 
^

CLOSEO I{ARSHO SUCN Ail EFFECT TOULO TIOÎ 9E ETPECTED TO 9E OOIIPLETELY

EXPLAIXED BY lHE HAgITAT FACTOß SI¡CE TIIERE TAS COTSIOERABLE YARIABILITY

tr rHE lrotsTun€ oF 
^ 

cLosEo ålRsH, BoTH BETTEET TIC EDCES ArD GEITTE OF

lIE r{ RSn lùO rX¡OUGllOUl THE SEASOI AS lHE }lARSll BEGAfIE DRYr

Tre otnecr EFFEGT oF ÎtüE oF cAprußED coDED As A oEytATto¡ FRolt

]tlD-DAYr UPOI TllE OLOAGAL lEtiPER^TUßEg oF l. S-L4.!S, ls olFFlcULT TO
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trr¡TERPRETo DtEL vARIATIO¡S lt OTHEß I{EASUREO EllVlRorHEilTAL FACTORS

sucl As LtcHT trTEflsllY, Aln ÍEHPERATURE AtO SUBSTßATE TEHPERAÎUßE

cAXltoT, ilt A HULttPLE REeRESgtOfl, EXPLAIt A¡l lllDEPEl{OEIT EFFECT 9UE IO

TulE oF cApruRE. Suctt vAntartols HouLof tr A s¡ltpLE REcREsstor, BE

EXPECTED TO RESULT Ii ATI .IIIYERSE RATHER TTIAT OIRECÎ RELATIOßSHIP BETHEÉX

BODY TEñPERAÎURE AIO TlllE OF CAPTURE¡ llTtl HICHER BODY TE]IPERATUßES

CLOSER TO I{ID-OAYO THC OASENYEO EFFECT OF 1II'IE OF CAPTURE UPOII TIIE

cLoAcrL TEITPERåïURES OF L. gLELåL!9 OvEß ArD ABOyE THOSE PRODUCEO BY

VARIATIOX ITI OTHER IIEASUR€O FAOÎORS SUEGESTS EIÏHER THE IXFLUETICE OF

UTËEASUREO EÍIYIROTHETIAL FACTOR9 EXHIBITIIIC A OIEL CYCLE OR AII IIlRIIISIC

otEL cycl-E lx cLoAcAL TETPEnATUREa

Tne oppsstrc EcoLoGtcAL AEJugTHErrs IIADE Bv !o !4gll ^ilo I. 
srRTâL¡s

TO THE SYÍIPATRIC EIIVIROTI€IÎ SUCEEgTEO THAT lHE FOiIIER IÚAS COHPEÎISATIf,G

FOR A OECREASE II AYAILABILITY Of IIICTI AIR TE}IPEßATURES A¡O THE LATTEN

FOR AfI IICNEASE I¡I AYAILABILITY OF HIEN AIR TEI{PERATUREgO TTIS TTIPLIEO

THAT !o SplÄ IAS SETTEß AOAPÍEO 1O ÍrOH SUlrr€R AtR TEüPSRATURES THAI

I. gMlLLg. T¡E GREATER ßATE oF ABsoRprroi oF RADrA¡rr EilERcy sv DEAo

!. g.¡.ry rrm By oEAD L. Eâg.!Ä (Frc. 9) ExpurrËs rnEse REsuLrsr

SIIGE REI,IoVAL OF YARIA8ILITY II TAßËIrc RâTES DuE To vIsUTL ALBEDo RE-

orrcEo lxE DTFFERE||GE BEI|EEI TüE rAßHttC RATES OF l. lAptI AtD !o WSr
IIIE DIFFEßEIICE }IAY BE ATTRIBUTED PARTLV 10 ÎIIE HIETER VISUAL ALBEDO OF

L. !4, (Fre. lOt. HovEvER, srioe A LAn€E DIFFERETcE BETTEET rHE rARH-

ric RArEg F L. ru. ArO I. EIS4bE REI{A|IEO AFTER ßEI{OVAL OF rHE

vtsuAL ALBEOO EFFECT, OÎHER FACTORS HUSÎ GOiTRtBUTe TO THE RATE

DIFFERETCEO 
. 

If,FRA-RED ßADIATIOII, UIIIGII HAS AT UTI{EASUßED VARIAELE IT

ÎHESE ETPERIHETÎS HAY HAVE IEET RESPOIISIBLE FOR TIIE RESIOUAL OIFFEBEICES

til rAR¡¡ilIC ßATE EETEEI L. !Ælå AID'I. STRTAT-tS, TSE L^TTEi ASSOßE|IG
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IflFRA-REO I'IORE EFFECÍIVELYO BOTH VISIELE AIID ¡IIFRA-REO RAOIAlIO[ ARE

pRoBABLy t¡'tpoRTArT TO THE THERHAL RELATTOHS OF REPTtLESo cOt-E (194¡t)

IIAS SflOtdI TIIAT LIZARDS ÂRE ABLE TO ABSORB NADIA}IT EIIERGY TIELL FROII

YISIBLE LIGHT AHD lhAT HA,RHIIIG RATES UNOER YISIBLE LICITT CORßELAÎE

I{ELL HITH COLORAT|Oflo POnren (l%?} HAS SHOH¡| t¡r A VARTETy OF L|ZAßDS

Aflo silAKEs lHAr ErERÊy ABsoRpTtoi FRoü THE vts|BLE sPEcrßu,l (4OO - ?00 nu]

ts sLtcHTLy EETTER THAX ÎHAT FROI{ TflE rEAR |I{FRA-REO (zoo - 1000 XU)r

Howeven, THE RELåT|VE rHpoRTAilcE To TEHPERATUßE coilTRoL ti rttE sltAKE oF

VISIELE AS OPPOSED 10 II{FRA-RED LIENT HUST ALSO DEPEIIO UPOI THE RELATIVE

PROPOBTIOTIS OF THESE HAVELEIIGTHS ßEACHI!16 THE SIAXE IB TIIE TATURâL

Erlvtßoxt{EltTo Tnese PßoPoRTto¡ts VARY HITH LATtTUDE, SEASOI| å¡D HEATHEß

coñotrtols¡ Fno¡r olr¡ pREsElrrEE 8y GATES (t966), tr wAs DETEßH|xED THAT

lr sEA LEVEL Or A CLEAR oAv, SETHEET 48s rrO 5A% a¡ TnE TOTAL RADTAIT

EIIERCV R€ACHITC THE EARTHIS 9URFAGE AT TIIE LâTIÎUDE OF THE STUOY AßEA

DuRtflC TH€ ÊUHHEß !{OITHS FALLS WrTnrr rHE V|STBLE SPECTRUHo Bemeet 27fi

lro 29$ FALts rrrrr¡r rHE nEAF IHFRA-RED REe ro¡r oF THE specrnux, rtrfl THE

REHAINDEß FALLIIIC PRIHARILY II THE FAR ITIFRT-RED. Oi Afl OYEßCAST DAY TBE

PROPORÎIOI OF FAR IIIFRA-RED IOULD BE ETPECTED TO BE IIICßEISED OUE TO TIIE

GREEnHOUSE EFFECT OF THE CLOUOS, AiO Y|S|BLE LICHT HteHT 8E OF LESS

I !{POBTAilCE.

ALseoo orFFEREncEs BET¡EEI I. EÂÐ¡ aro I. srBTâLrs ooRRELATE rútrr

otFFERErcEs tfl TTERITAL ToLERAxcE. Txlxlop¡rts stRTALts ts REponrED To

HAVE ¡ SLteHlLv LObTER cRtrtC/¡L TEÉPERATURE rmrr !. RApIX (FrrCr, 1965).

V¡icerr (lytl) rou¡o I..g¡'EIAS, IrBER¡Arrrc AT BoDv rEr{pERAruREs As LoH

As -3o G rr¡le Brrlev (1949) DtD ßor rrno !. Rlorr ro sunvryE HTBERTA-

Tro[ AT TExpERATuREs LoHER rxr¡ -2o c.
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Acr ¡ v ¡tY

THg OSCNCE OF BIHODALITY IN TTE DAILY ACTIVITY PATTERII oF T. nao¡x

¡tAs FoufiD eY llecrnotre (ls6e¡ To BE TETIPERATURE DEpEfrDEilTo A slrluln

IET,|PERATURE DEPEIOEI|CE ll rHE D^ILY ACTIVtTy pATTERf{s OF BOTfl !r RAptX

tlAIlDEt¡l Ailo !o slnTALls PAFIETALIS ¡{As suGcEsTED li T}lE PRESETT STUDY

8Y THEIR OAILY ACTIYITY PROFILES UI¡DER COIITROLLEO T€IIPERATUßE ArO

Ltcrr ßEGulEs (Flcs. 12 Ato i3). T¡ts TErlpERÂTuRE oEpErDErcE ErpLAtrs

T'{E OPPOSITE AOJUSÎ}.IEIIÎS IT ACTIYITY PATTERil IIADE 8Y !O RAOIT A¡IE

I.9]LgI4Ujg TO rHE sYtlPArRlc ExvlRoxt{EnT (Ftc. ll) lro rxe trcREAsEo

I}IPORTATCE OF TII{E OF CAPTURE II DISCRIIIIÈAIIXC EETIíEET THE TICHES OF

I. Eå9.!å AIo !o slSTALls ltl THIS ßEcloflr BY aecoutlc r{oET AcTtvE rEAß

lillD-DAYr L. EÂllå ¡{AS ABLE 10 sELEcT HIGHEF LICHT ltlTEttslTlEs ArD sUB-

STRATE TEHPERAI0RES. By rvOtDttc THE HEAr OF t{tD-oAy¡ l. SIE4L!g rAE

ABLE TO SELECT LOIER LICHT IüTETISIÎIES AIID SUBSTRATE TETIPERATURESE

JoßDAr (196?), oì l¡tE 8ASt6 OF A SHALL SAltpLE OF SIAKES FROit ROAOS

rtrHtt ¡ REGrox oF syt{pÀTRy tr MtÈxEsoTA, suilLARLy Foulto L. EL@ljl
TO BE ACTIVE EARLIER lñ THE r{OR¡rrtlc AflD LATER tr TïE EVEllt¡tG THAI I. EAgL!.



COI4PETITI VE INTERACTION AND OENSITY-DEPENDENCE

Tne pntHARy tHpoRTArcE oF pxysrcAL As opposeo. To Btortc FAcroRs

III lHE ECOLOGY AIID EVOLUTIOII OF TEI{PERATE ZOTIE A¡IIT{ALS ATIE PLAIITS

t{As BEEI¡ srREssED ev Doszxn¡sxv (1950) l¡o FtscHER (196l}.

Bsoenr (t%9) suGcEsrED THâT THrs ¡As EspEcr^LLy rRuE oF ¡oRTHERlr

POIKILOIHERI|S AfiO IOT€O THAT STRIIGEÈT TFERI{AL FEQUIRE}rEilTS }ltcíT

PREVEIIT SPEGtALIZATIOt ¡rlTll RESPEGT TO DEßSITY-DEPEI|DEI|T ECOLOcTCAL

FAcroRso TxE IHPoRT^tlcE oF THERT¡tAL FAcroRs ro ¡oRTHERn REprtLEs HAs

BEEI| ILLUSTRATED Br GnecoaY (lg7gl wns ATTRTBUTED THE DtsAppEARAltcE

oF THE YoutlcEsr YEAR cLAss AT A coilHulAL oEt oF !. slnr¡lls ro

REPRooucrlvE FAILURE BRøucHT oil By A cool., cLouoy suHHERo ¡T ls

ILLUSTRATED li lllE PRESETII STUOY BY THE FAOT TllâT EcOLOcICAL ADTIUST-

ÞtEtTS HADE BY EOTH l. RAOII A¡D T. SIRTÂL|S AT TNEIR ßAtlCE PERIPHERIES

ITVOLVEO THOSE ilICHE PAßAHETERS 
'{OST 

NELEVAIT TO BODY TEI{PERATURE

coilrRoL¡ Mlnxeo REoucltol tr THE RELAT|VE FREQUEflCY OF L. glgt$,

CAPTURES FOLLOIIItlc SPRITE FLOOOITC óF HAflY OF ITS OETS DURIIC TIIE

PRESETT STUOY FUBTHEB ET.IPIIASIZES THE SIC¡IFICA¡ICE OF CLIIIATIC FACTOBS

tr REGuLATtttc PoPULATto¡s oF ToRTHER¡ nepflugs. Tlese Flcro¡s Acr

TIIOEPETDEilTLY OF OEISITY A'O O"" CATASTßOPIIIGALLYO TNE SIHILAR

FEEolltc HABlrs oF !r RAOII AtD I. stRTALls ArD THE LAct( oF EvtDEtcE

FOR T¡CHE DISPLACEHEÎIT BETUEETI TIIEII SUCGEST TIIAT OEIISITY-DEPETOE¡T

FACÎORS SUCH AS COI{PEIITIYE IIITERÂGTIOf{ AR€ PROBABLY ¡OT I}IPORTAIIT AT

¡oRTHERÎ| LAT|TUOES. Pll¡r¡ (lyl4) potirs our rHAT TÍE Lrttrtxc

SIII!LARITY REQUIREO TO PROOUCE GOIIPETITIYE IICHE OISPLACE'IEflT OEPETIDS

63



uPot THE DEHAIIO/SUPPLY RAT¡O OF RESOURCES. lX GEflERAL, rORT!{ERX

POIXILOTHERT.IS ARE PROBABLY FAR TOO VULflERABLE TO CLIHATIC FLUCTUATIOIIS

To AcHlEvE POPULATloll slzEs ArlD DEI{A¡ID/SUPPLY RATtos 5UFFtctEtrTLv

L^RcE THAT oEtls ITY-DEPEllDExT FACTORS cA¡ BEcol{E s I ctt tF I CAiTo
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APPENDIX A. SUTISTICS FOR EIIYIBOHHEIITIL FAcToRs BEFoßE ADOU9TIiEiT
FOR SEASOTAL TRE'IDS

ALLOPATR¡C H¡aIr¡r MoISTURE LIcrr AIR Terp. Sua. TeHp. TIHE
I. Eâ91Ä

r'rEAx (a)
IIEDI Ail
VAR I A}'GE

n
Tr S IRTAL lS- ;E/ñïãI

HEO I A¡I
YAR I AIICE

1.419
1.000
01323

t06_

?.æl
3.000
0.320

92
I 5.lO3rz(n-s)

1.32+
1.000
0.471

105

l.gg0
2,000
0.834

92
4.?85t

¡ RADIXffi(n)
A

HED I Ai
VAR IAIICE

n
T. stRTALts--ffiIãÏ

irED I Ail
VAR I AIICE

n
z (r-s¡

12.665
13.000
?.Q5

105

12.506
l2.5oo
2.453

æ
0.710

2.1 14
2.000
O.Zfl

105

2./T85
2.000
0.2*

68
4.7%.

24r555
25.000
13.575

l05

æ..0*
21.25O
I I .95¡s

%2

4.912*

1.448
l.ooo
0.450
t05

1.632
1.000
0.564

63
l.6l?

* Z stcntFtcArr (P <.0¡)

21.379 1.781
2l.7OO 2.500
90760 l.æ3
105 105

19.024 ?.044
l9.O5O 3o500
14.353 2.¿S60

E¿ 92
4.720t 1.308

12.912
13.¡t00
e.698

105

I l.ggt
l2.oôo
2.819

68
3.?65.

?.4.æ2
24.600
15.r3p2

105

24.W
24.000
12.905

68
2.449

20.966 2.154
20.600 2.500
ll.l4g l.g6l

t05 105

19.263 2.783
19.500 3.500
10.261 3.2fl

68 68
3.161* ?.446

68



APPEND¡X B.
FACTORS IT

ReeRrssto[ srarr$Ttcs FoR
THE âLLoPATRtc REctor (Y =

1. nrorÃ (n)
A

z(Bl)
cR

z(cn)

T. st¡tALts
A
Bo

z(B;)
c-

z(c:)

Corpln r so¡
---z(6;ã's)

z (cn-cs)

Pooleq
A

B
z(B)

c
(c)

Ys Hrs trÁr Mo! sru¡E Lrerr-_ ¡[!E_TEË?¡ 
-_Êuar_Te 

xe. - TjHE

1.704
-0o032

0.353
-o.003

0ô355

(s)
2.564

-9.294
4.675]
0.025
4',417t

2.392.
2.æ4*

2.*4
-0.199
3.724.
0.015
3.066*

SEASOtrAL TNENDS
e+(exo¡v)+

1.810
-0.1 00

0.915
0.002
0.207

?.%
-0.@1
3'128*
0.020
2.145*

1.480
1..325

2.383
-0.241
3.269*
0.013
2.O28

l4.gll
-0.685
2.914*
0.04e
7.yi6

1 g.9ol
-0o361
2.1æ
0.010
0.66e

l.l2l
1.216

14.353
-0.4?g
3.460f
o.oæ
l.?+o

OF ETIVI8OUI{EHTAL

¡c x oeÉ) ¡

20.049
,1.459
2.æ6

-0.1 0l
I fg42

20.913
0.628
1.489

-00062
l.6lg

l.l6l
o.6vl

2l.o8g
0.929
2.692+

-oofl5
2.¿t0l

+ Z s¡elrFtctrr (P <.01)

14.7oT
2.3?2
5.e30t

-0.174
4.365t

15.5y/
3.026
8.856*

-Or?ß6
8.40t

2.73o
l+().548
3.055*
0.058
3.603*

1.051
-0oû78
o.N2
0.012
0.692

1.787
1.940

2.1 96
-Q.2ß
1.878
0.0e9
2.&9

1.257
1.834

13.746
2.T12

10.14,1..
-0.2€

9.423+
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APPENDIX Ce Recnessroil srârrsrrcs
FAcroRs m rHE svÉpATRtc REclot (Y

I. !æ.1Ä (n)
A

B¡
z(Bnl

C¡
z(cß)

T. s¡Rtltls
A

Bg
z(Bsl

cs
z(cs)

Cotr¡Pln t SOtl
--æã'6)

Z(Gn-Cs)

Pooueo
A
B

z(Bl
c

z(c)

20060
-0.031
or35g
0,007
0.?93

(s)
2.&3

-0.014
I o20l
0.018
l.8gl

0.654
o.wI

2.206
-0.05e
l.oæ.

-0.010
l.gal

FOR

=A
SEASOI¡AL TREIDS OF ETYIROII}IEI{TAL
+ (a x orvl + (c x oAf))

l.l2l
o.257
1.924

-0.031
-2.1?;6

2.1æ
-0.194

1.450
0.015
0.993

2.712
2.5fî6

1.559
0.0'78
l.0lg

-0.014
7.'lß

14.554
-0.490
|,710
0.025
Q.TT8

13.557
-0.484

1.69¡
0oO2Ií
0.869

0.01 5
0.0?g

l4.l¿16
-0.¡S80
2.930*
0.0e5
11446

2l.w
1.705
2.&l+

-0.168
2.æ?

2.*9
1.033
l.600

-0.120
1.68e

0.790
00533

?2.Ogl
l.3q?
3.535*

-0-144
3r504f

* Z srerrFrcârr (P<.ol)

16.266
2.122
4.013t

-0.193
3.310*

15.166
l.yl6
3.736*

-0.190
3.263*

0.2¡ I
0.03r

l5.gl4
2.038
6.418*

-0.189
51684t

2.043
-o-155
0"488
0.0e9
0.841

1.738
0.149
0.4?0
0.o09
O.?46

0.816
0.519

1.877
-0.012
o.o72
0.019
.l.l?2
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APPENDIX 0. Sr¡rlsrtcs Fot
FACTORS AFTER ADJU9THEilÎ FOR

Ale
Al I OPATRIC Ha¡rr¡r l4orsruRe LrêxT TEHP.

I. SÐf
HEAr (n)
ËEO tAn
vAR r ArcE

n

!o SlßTALl.A
t{EAi (e)
HED I AII
YAR I AIICE

n
z1n-s)

SYMPATRIC

DtscRrlilflAtT scoREs Ano €iYlRoillrEtTAL
SEASoI¡AL TREIIDSo

1.4Æ,2,
l.l3l
0.318

t05

2$92
2.799
o.269

92
14.649+

1.386
1.2+7
o.&7

105

1.810
1.590
0o691

9?
3.909+

I. 3Â9lA
HEAi (r)
HED I 

^llVAR I AIICE
n

L. s,!E-s-us,
rce¡ (s)
I,TEDIAT
vln rAf,cE

n
z(¡-s)

12.799 24.%T
l2.9gl 2+.7W
2.o70 l2.zgl
105 105

Hrerrrr Horsrune

12.353
12.497

I ¡866
92

2.2W

Lrent

SuBo
TEHP.

2.OW
l.yfg
0.455

105

2.513
2.%6
0.481

68
3.894t

20.939
20.616
7.627

105

æ..269
22.OÆ
I 1.965

92
4.196ü

A¡T
TeHP.

1.42
1.158
o.ß2

105

1.641
l.2S
0.564

68
1.762

T ¡xe

Z slcrrFtcA¡r (P<.01)

I o792 -24.392
1.835 -30.445
1.233 274.171
105 lo5

¡9.639 2ooo9
19.304 1.499
?.8Ê. 2.449

92 9?
3.020r l.l0g

SüBo
TErp. TrHs

12.880 24.9n 20.913
l3.l?o 25.Ogl 20.849
2.261 14.094 9.014
105 105 105

Sconr

I I .987
¡ I .gse
2.æ7

68
3c728+

-62.808
-5l.l99
290.631,

92
I 5.95?r

ScoRe

24.016
23.769
12.513

68
l.5zl

2.172 16.205
2.219 150475
l.T& 26.?39
105 105

19.190
19.170
8.334

68
3.T12]

2.735
2.519
3.0æ

68
2.281

10.855
10.7?;0
?]8.6?l

68
6o533r
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APPEI'¡DIX E. REERESSIOTI STATISTICS FOR DEPEIIDEBCE OF

TEr.rpERAruRE or E¡yrRoÈt{EttrAL FAcroRs (Y = I t' (x x
(tt x uorsrußE) + (t- ¡ L¡enr) t (A x Atn Texpr) + (S
(t ¡ trxe) )

T. @.1l (n) I. g]ru, (sl

Y: 0nru Clo¡cru Onrl Ct.otql!-

I 6.941
H 0.259

z(H) l.ol9
M -0.485

z(m) 2.130
L 0.æ6

z(L) 5.914t
A 0.¿148

z(A) 9.216*
s 0.165

z(s) 2.960r
T -0o2g9

z(T) 1.886

n 201

-1.620
o.2æ
0.955

-0.525
2.93
0.358
3.TQT]
0.513

I I .550+
0.164
3c224+

-0.210
l.8l?

201

+.4?.0
-1.081
2.996f,
1.460
l.&38
0.¡148
3.809+
0.536
9.7ß*
o.2Tg
6rl 55+
0.029
0.205

155

ORAL AIID CLOACâL
nlerrer) +

x Suse TEHP.) +

-0.1 I 3
-1.090

3.040+
3.048
3.8An*
0.073
0.6e1
o.635

I I .697*
0.382
8.655*
0.333
3.gl8r

155

+ Z stcxtFtcA¡T (P < .01)

ztt R-t s)

z(HR-HS)

z(HR-MS)

z(Ln-Lsl

z(AR-AS)

Z(Sn-ss)

z(TR-TS)

Yc

Cgr.rp¡t I sor

oafficru
o.780

3.036f

2.355

1.126

l.l96

1.517

l.6ll

2.492

3.071 *

4.390*

1.885

l.T2l

3.æ6+

3o574*

'12



APPENOIX F. CONNELTTIOflS BEIUEEI E¡VIROII}IETITAL FACTORS I€ASURED A1

cApruRE strEs (Conneurtrox coEFFrctErTs BELor rHE DtAcottAL¡ Z v¡uues
AEovE rHE o¡eeor¡u)

201 T. RAorx

Hla lr¡r
Motsrune
Llexr
Aln TErp¡
Sug. TEtlPt
T ¡rg

155 T. sIßTALt9

ÞlABlrAT
l,lo lsrune
Llerr
AIR Terpo
Suao TerPt
Tlxs

H¡e ¡r¡r

0.180
oolTg
0.040
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0.052

ll¡a ¡rrr
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0.168

-0.014
-0.3r4
-0.106

l'lo I sruRE

20583+

0,002
-0.155
-0.19+
-0.165

!1o rs¡une

l5,FT5r

Q..?26
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-0.938
-0.738

Ltc¡rr

2.ffi6
0a025

0¡30?
-0.158
-0.090

Llenr
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l3.33ar
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At¡ Tgnpo
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2.2O7
4.55?t

0.44
-0¿03

Ar¡ Terpr

00¡ 80
3.524t
2.æ7

0.268
-0.155

+ Z stc¡rFrclrr (P (.01)

Sugr Tempo

2.435
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2.251
6.610*

-0.143

Trile

OCTST
2.361
1.275
2.920+
2.035

Sua. Texp. Tlr€

5.0ylf lo344
94.416+lgrg35*
0.901 5.16e+
30510+ l.w

0.1€i7
o.0l I
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APPENDIX G. BOXIS TEST FOR I{ULTIYARIAÎE HOI{OCEflEITY OF VARIAHCE

APPLIED TO EIIVIßOII}iETTAL ÐATA

D¡re

Urlo.rusreo
Ar-t-oplrn I c
SvnplrR t c

Ag.¡usreo
Aur-optrR tc
SYnp¡rR I c

Vnn rercE-CovaR târcE
Detenmt rerr

T¡RADIT T.SINTâLI8 POOUEO

26.?;96T 135.7395 73.3695
54.9118 58.2309 65r3f193

19.7526 53.4P¿66 34.8000
30.0906 36.6361 gfo9683

+ F stci¡FtcArr (P <.01)

At

0.02193 0.00107
o.ot7?2 0100165

00033+9 0.00130
0.040686 0.00198

Az M

50.T¿5 Z.æl]
250904 1.199

4€..2!1 2c982+
26.æl' 1.189

F

7+



APPEIIDIX ll. Blnrrtgrra rEBr FoR HoHoeEilErry or yAßt^rcE rr rARmrtlc ßATEsr

Tyo-¡ltv
T. Rlotr (ß)
T. ffir-rs (s)

Srep l. X, =

Tro-uv
ãi.iFT¡l
osro (o)

Sre¡ I . T,=
Two-mv
RA+SO
RD+84

Srep I . X,=

0rE-urv
Î. RAorx (no)

I. Ëiffiuis (so)

21.50
.3435
.581 I

o46?3
?,.492

ssoeY df siz tn si2
23.65 g7 .6392 -0.4ryt6
10.70 st .?,892 -!--?19!

-1.6883
T4 .46P, -0o7675

5a+51

nror¡ (ß)
ffiurs (8)

tr.l vz (A)
oero (0)

Srep 2o T,=

SleP 2. Tr. 2.lg+

SSoEv

df
E
36

df

72 .4485

s¡2 [n siZ

To
1.

df
gt
gt

74

-1.0695
-0.54€9

-

-1.6114
-0.7715

?;0.v|
o3.394
.5575

-1.0804
-0.5843
-l.6u.T
-0.8019

36
36

T2

df
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36

RA+SÐ
RO+SA

23.05
9.30

6o887f

o6403 -0.4.+59
.e583 -1.3535

-l 07994
.¡14$3 -00800¡

lg.3r

01612

6.39

.4A27
$23õ

74 .4ó31

olllT
.3550

.2333

-0.9096
-0.6472
-1.5568
-0.7698

-2.1922
-1.0356
-3.?2T9.
-1.4553

.3894
o&17

-0.fn30
-0.65û7

-

:1.5997
-0o?86?

df
s7
gt

d
T
I

36

f
ã
I

18078

T2
Srep 2. Xtz O.T%

SSoev df

.4556

s¡2 tn si2
I.
T.

nmrA (RD)
glggL rs (sD)

l.7l 17 .1006
5.54 n .&47

34 .?126

-2.2%7
-l.lw
-3.4e15
-1.5481

srepl.X,=5.2'll SteP 2. X,- 5.OAl

-l('l

* 'L stc¡íFtclrr (P<.011



APPENDIX l. Tgsr ron rolrooErErry oF Recnesgtglr oF rAnntuc RATEs or covAnt^TEs

TÍo-rAY
Tr ßÂErx (R)

!. ffir-r! (s)

Pooleo

Two-rlvffilAl
oero (o)

Pooueo

Tuo-r¡v
RA+SD
RD+SA

Poor.Eo

0¡e-.lrl¡v
T. nrolx (R0)
1. ãiïîir-is (so)

Pooueo

47.70 4.S0
?4.21

?3.45 35.65
1.44

36
36
7?
74
2

df

df
n
g7
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T6

I

97
37
T+
T5

t

36
36
7?
7+

2

IT
l7
34
36
?

df

SqnEe .Ssoev df f grep 2.
?7.68 12.æ. 36
49.13 20.07- 36
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?5.23 33.87 7+

3.1 I 1.58 2

SSnec SSoev df

I o?6

F Srep 2-
43.00
31.75

T3rß

.65
10.70
34.35
35.65
1.30

43.60 23.05
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75.?g 33.97

1.47

SS¡qc SSsev

2.80

Ssnee ssoev df E sr.ep l.
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31.33 lg.g/ gr

æ.2T T+
73r+5 35.65 T5
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SSnS.o SSoFv df-- f grep l.
9.92 e.ol lg
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8.40 36
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2.20 I 7.671

l.5g
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31.9e 18.7_8
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l.w
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o
6.5e
7.?3
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l.l7

4o00
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r F ¡tcfltFtolxr (P(.01)


