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I )  FI ,PTILI-S ar( '  capabl( '  ( ) l '  pr( ' ( ' is( '  r ( ' l {u lat i ( ) r r

l \  o l  tht ' i r ' lxrc ly tenrp(: r 'at l r r ( 's  wlr i l t '  they anr
acl ivc,  largcly by l ;chavior-a l  changes in thci r  l<r
(at i ( )n re lat ive t ( )  s()u l - ( ' ( 's  an( l  s i l rks o l  therrr ra l

en( ' r l {y  i r r  t } re cnvironrnt , r r t  (Oorvl<:s ancl  Bogert ,

1944; Htrcy,  l9 l i2) .  Regtt l i r t ion int ' l t rdcs f inr ' -

grained : r< l j r rstmt 'nts th: t t  rnat<h b<lr lv  t t ' rnpera-
t l l lc  (Tr , )  to physio logic i i l  s ta l l ls .  For t 'xamplt ' ,
nratrv rep( i les < 'xhib i t  re lat ively h igh T, ,s af i t ' r

eat i t rg,  an( l  re la( ivc ly I r igh T, ,s are ass()c i i r t ( ' ( l
w i t h  cnha r r ccc l  r l i g cs t i on  r : f l i c i t : n t ' y  (H r re1 ,

l9U2).  At  th is t i rne,  the hr 'potht :s is that  c l i f l i ' r ' t 'n t
phvsio logical  pr ' ( )c( 'ss( 's  havt '  r l i l l i ' r 'ent  t l l t : rn l i i l
opt i rn2r is  wel l  supportecl  by cxpel i rnt :nta l  r lata
(St t 'venson et  a l . ,  l9 t i l l ) .  Howevt. r ,  t l re ass<>cia-
t i r>n beNvt ' rn pal t i ( ' r r lar  T, ,s anr l  part icrr lar  phvs-
io logical  pr ' ( )cesscs rnay hi rvc ( ) thcr  explanat i ( )ns

t l r an  t hc  ex i s t cnc t '  o f  n r r r l t i p l e  ( hc rmn l  ( ) p l i l na

(Flr tey,  l t ) l ' |2) .  Tht '  associat i ( )n b( ' tweer)  T, ,  and
reprrrc l t rct ivc st i r tus pr 'ov i< les ; r  good exarnple o l
th is problerrr .

Fernales ol 'marry l izal r l  spccies exlr ib i t  h igher '
or  lower T, ,s when l t :procluct ive (gravid ( ) r  prcg-
nant)  than wht.n r r t l t  |cplorhrct ivc ( l )arr t  ar-rc l
Anr l rcws,  1993).  For ex:rmple,  f t ' rnale Srekf iont :
( )anog?n)\  (Oar l ick,  1971),  Selo|orus i r t r t r t t , i
(Beuchat,  l98t i ) ,  ancl  Sreloporut  u i rgalu.r  (An-

drews and Rose, 1994) havc lowcr T, ,s when re-

procluct ivc tharr  when not  reprodtrct ive,  and fe-
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Thermal Stress or Impaired Mobility?

RoerN M. ANtrnl:'ws, FAuslc) R. MEruorz Dr. r"{ CRUZ, AND
Mlruc:l.rrt VIt.r,rc;nAl Sex'l a CRtrz

Females of some lizard species exhibit lower body temperatures (Tos) when re-

productive (gravid or pregnant) than when not reproductive. Two hypotheses have

been invoked to explain this phenomenon. One, the thermal stress hlpothesis, is

that the thermal optimum for embryos is lower than that of the female, and females

thus actively select relatively low Tos. The other, the encumbrance hJpothesis, is that

females are encumbered by their clutch/litter and thus passively accept relatively

low Tos. We collected field data on the thermal biology of Scelopmus grammians at a

high elevation site in Mexico during two seasons. In March, when thermoregulation

was facilitated by high ambient temperature, lizards had high Tos overall, and re-

productive females had significantly lower Tos than males; these observations were

in accord with the thermal stress hypothesis. In June,zJuly, when thermoregulation

was difficult as a result of low ambient temperatures, lizards had low Tns overall,

and reproductive females had considerably lower Tos than nonreproducfive females.

Thus, when thermal opportunities were limited, reproductive fernales had more

difficulty thermoregulating than did nonreproductive females. These observations
were in accord with the encumbrance hypothesis. The encumbrance hypothesis was

also supported by the observation that females grew more slowly when reproductive

than when nonreproductive, Thus, we suggest that the thermal stress and the en-

cumbrance hypotheses are not alternatives but are complementary explanations for

the thermal behavior of female Sceloborus,

nalt Ohah ide.s orilatu.s (l)aut und Art<lrt'ws.

l \193),  (  )n r lutn.o l .us ntnulru.s (Stcrvart ,  l1) i1,1) ,  and
I I ol t lodar ly lt r..s rrtrtt u kilu.s ( \&t'rnc r an d Wh i takcr'.
l ( )7 l t )  har<'  h ighcr '  1 ' , ,s  wlren r '< 'prorhrct iv t '  t l rarr

when  no t  r cp r r r d r r c t i ve .

T<rrr tpelat t r re shi f is  as a f i rnct ion ol  n 'pror l r r t -
I iv( '  s ta( t rs un'  wel l  rk lcrr rn<'ntecl  an<I c l is t r ibut t ' r l

wir l t ' ly  arnong l izarc l  taxa.  The l i lc t  that  t l r t '  < l i -
r c c t i o r r  o l  t l r c  s l r i l t  d i l l t ' r s  l r n rong  t t r x : r  s lU { l . l ( ' \ l s

th i r t  r ) ) ( ) r ( '  lh i tn 0rr t '  set  ( ) l  t 'ausal  lacto ls r r rat '  l te

opet ' i r t ing.  In th is paper,  wc f i rcrrs ( )n the ! { ( ' r )us
Srektpont..t, u tAX()n in which fe'nralt:s have rela-

t ivc ly low T, ,s <lur- ing f {estat i ( )n.  Two rrr i r jo l  I r r .

p() t l res( 's  have l ;cen i t tvoked f i r l  th is phr:nornt-
r ton.  ( )nc,  thr :  therntal  s t ress hyp<l tht 's is .  posi ts

t l rat  thc t l rerrnal  ( )pt i rnunr f i r r  e l lbryos is  lowcr

lhan that  l i r r  the l 'ernale and that  l 'emalcs al te l

their  therrr ta l  bchavior  drrr ing t {estat i ( ) t r  t ( )  en-

hancc thei l  repnrt luct ivc succcss ol  the r l r ra l in

o l  t hc i r ' o f l i sp r i ng .  Thus ,  Beucha t  ( l 9 t t 6 ,  l 9 t t t t )

srrggt :sted that  S.  Trrr ror i  {ernales reduce t l rc i r  T, ,

when pregrtant  t ( )  av() id therrnal  st rc.ss ( )n en)-
bryos,  and Beuchat providcd erxper imental  data
suguest ing t l rat  h igh terr)peratules catrsecl  r lc i r th

or dcl i r r rn i ty  oI '  errrbryos.

Al ternat ively,  the encrrrnbrance hypothesis,

posi ts that  the rcduct iorr  in bot ly  tcmperaturc
of ' lenrales dur ing gestat i ( )n is  re latcd t ( )  2r  c()st
of  re pnrdrrct i ( )n:  the di rect  physical  impairment

I c l r t h l o L r g i s t s  a n r l  H t  r p c t o l r g i s t si O  I 9 { } 7  l r r  t l t c  A r r r c r r c a n  S r x i c n  o l
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oI ' the female by the mass or  bulk of  the c lutch

or l i t ter  per se.  Reproduct ive females general ly

cann()t rlln as fast as n()nreproductive f-ernales
(Sh inc ,  1980 ;  S ine rvo  e t  a l . ,  1991  ) .  Thus ,  a l l  o t h -

er  th ings being cqual ,  rcprodrrct ivc females

should have a higher r isk of  predat ion than

rvould nonreprodrrct ive fernales.  Fernales o1'

some species,  at  least ,  minimize th is cost  of  le-

product ion by becorning less rnobi lc  ( ) r '  ln() re

secletive cluring gestati()n thirn when n()nrepr()-

drrct ivc (Bauwcns and Thocn, l9t l l ;  Oooper et

a l . ,  1990; Brana, 1993).  As a consequence, r 'e-

productive f'ern:rles nlay n()l bc able to raise

their botly tenlperatru'es as leirclily as rlirles or

nonreproduct ive lernales becatrse they i r re lcss

l ikely to seck otr t  basking oppol t t rn i t ies in the

envlr ( )n l l len t .
( )bselvat ions of  selectcd bot ly  terrrper ' : r tures

in therrnal  gr i rd ients r rndt ' r '  contrr r l l t :c l  labor ' : r -

tot 'y  c<lndi t iot ts  provi<lc ( ) r )e i lvenrre t ( )  crvaluate

thc tw()  hypothcscs.  I r t  th is s i t t rat ion,  lvhert  i r l l

indiv idtra ls can thr : r ' rnorcgrr latc cf  fcct ivc lv,  thc

thelrnal  st ress and thc cnt ' r r rnbranco hyl) ( ) thrscs

rnakt '  d i f l t : rcnt  p lcdict ions aborr(  thc lh<lrnal

behavior '  o l  reproduct ivc l 'e ln:r lcs and ol  nur lcs

anc l  non r t : p r -od r r< ' 1 i v t '  f c rna l cs . ' l ' h t '  t h t : r ' r n : r l

s t ress hypothesis pr-cr l ic ts th:r t  selecter l  T, ,s of  r -c-

plocl r rct iv t '  f i rural t :s  wi l l  l rc  lowt ' r '  than thosc ol '

rnnles or  nonreprr lc l r rct ive Ierrra l t 's  becatrst '  r 'c-

procluct ive l t ' r r ra lcs act ively select  le lat ively krw

T' ,s.  In c()ntr l rs t ,  the t 'ncurr t l r r -ance hvpot l resis

pledicts that  T, ,s o l ' r 'cprodrrct ive ler t t : r lcs and () f '

rnalcs o l  nonrcplor l r rct ivc l i r rnalcs wi l l  bc i r l t 'n-

t ic : r l  becarrse r-eprr lc l r rct ivc Icrr r : r les c i l r r  ther-r1r() -

r t 'grr latc wi lhorr t  cnhancecl  r - isk of  p leclnt ion.

l lvaluat ing the tw()  hypotheses rv i th l ie lc l  c lata

i r lone is  r r rorc d i l l icu l t  becir t rsc o l  thc l rc tcrr>

gcnt : i tv  o l  thc tht ' r ' r r ra l  cnvi lonrnt 'nt .  Th( '  avai l -

abi l i ty  o l  thc l rnal  oppol tuni t i t 's  af l i 'c ts thc : rb i l -

i ty  o l  inr l iv ic l r r i r ls  to i r t tzr in pr 'o l i ) r ' r 'cd 
' I ' , ,s  

(Hrrev,

|  97,1) ,  ancl  therrn:r l  opportuni t ics vury 2rs a l i rnc-

t iorr  of  r r r i r : r 'o l rabi tat ,  sc i IS() l l ,  c tc.  H()wcvcr ' ,  lhc

tw()  hyp() thescs c lo rnake c l i l f t ' rent  re l : t t ive pre-

dict ions ab()ut  Tr ,s i ls  th( ' r ' rn()r 'cgrr lat ion bc-

c()n les r l l ( ) r 'c  c l i f f icrr l t  ( : rssrrrn ing th i r t  lherrn()reg-

ulat i ( )n largely involvcs the elevat iorr  o l  T ' ,s  in

re l a t i ve l , v  coo l  env i r ' on rnen t s ) .  T l t e  t l t c r r t t a l

st less hypothesis precl ic ts that  T ' ,s  o l '  r 'eprrrc luc-

t ivc lernales wi l l  bc lowcl  t l ran thosc ol  rna. lcs or '

nonreprodtrct ive I 'ernales under ther-rn: t l  concl i -

t ions wtrere al l  indiv idtra ls can lcadi ly  rcach anr l

maintain their  selected T' .s .  Moreover ' .  when

therrnoregtr lat ion becornes di l l ic t r l t ,  the T' ,s  o l '

these two c l : rsses should bec<>rne rnorc s i rn i lar ,

that  is ,  their  T, ,s wi l l  convcrgc ()ncc at tzr inable

T,,s are below the selected T, ,s of ' r 'epnrc luct ivr :

females.  On the other hand, the encumbr:rnce

hypothesis precl ic ts that  t l re T, ,s o[  r 'eprrrduct ivc

f-ernales and rnales or nonreproductive females

w i l l  be  i den t i ca l  L rnde r  t he r ' r na l  cond i t i ons

whele all indivicluals can readily reach and

rnaintain their selectecl T,.s. Moreover', ns ther.

rnoregulat ion becornes nrore di f l icul t ,  that  is ,  as

indiv iduals havc to move f i r ther or  become

rnore act ive to thelrnoregulatc,  thermolegula-

tion bv leproductive f'ernales will becorne in-

creasinuly l i rn i tet l ,  and bodl '  ternpelatures of '

the trvo classes will diverge . Thrrs, a L-()nl.rilst ()f'

T, .s exhib i ted t rnder ic leal  t t rerrnal  condi t ions

with those exhibi tecl  when thermoregulat ion

becornes c l i f f icul t  provides a nlcAr ls 1()  assess (he

tlvo hvpotheses.

Such a c()ntrast  c i rn be nr i rde at  h igh eleva-

ti()ns at tropical latitucles. l,izirrcls are active l'ear-

r 'o l rncl  cvcn at  r 'c lat ivc lv krw T, ,s (Via l ,  l9 l l ,1;

Ma rq r re t  e t  a l . ,  19139 ) ,  and  a rnb ien t  t e rnpe ra -

t r r r t :s  (T. ,s)  valy sc:r .s()nal lv .  Tvpical ly ,  "wint t ' r ' "

< l r -  rh 'v-seas<ln rr t< lnths ale le lat ively w:unl  l )e-

c i r r rse <l l '  in l r -eqrrent  c lorr t l  c<lver ' ,  ancl  "st r r r rnter ' "

( ) r '  wert-sc:rs() l )  r t tor t t l ts  r r lc  lc lat i l 'c lv  c<lo l  be c i t t rsc

t l rc  srrn is  o l icn obsr: r r rcd lx  c lorrds (Janzcn,

l9( i7) .  \At '  uso( l  th is s i t t rat ion to t 'v ; r l r r ; r t t '  tht '

p ledict ions ol  the therrnul  st less i r r rd enctrr r r -

b lant : t :  hvpothcscs.  To rkr  so,  wt '  <:xarrr inccl  the

t l rer-r r ra l  l r i<r lot tv <>t  Sehlxt lu.s {n m mi.r ' tL.s c l t r r ing

thc tw()  scas() l ls  at  a h ig l l  c lcvat ion s i tc  in Mex-

ico.  We rnar lc obscrvut i ( )ns in Mar-ch,  wht 'n ther.

rnorcgrr lat ion was le lat ively e:rsv l )e( 'ause ol  h ig l r

iunbient  te n lpcratules and in l i 'equcnt  ck l r r l

covcr ' .  We also l r rat le observut ions in . f  t rne/ .July,

wh<'n t l r<rrrnol t 'g t r lar t ion was lc lat iv t '11 '  d i l f i<: r r l t

becarrser of  low iurrb ic l l t  tenlper- i r t r l res lurr l  I i 'e-

qtr t :nt  <:kr t rc l  <:ovt ' r ' .
( )ur  object ive wirs t ( )  c lete lnr ine whet l rer  t l re

tcrnpelatulc shi l is  r l r r l ing g( 's tat i ( )n p lcv iotrs lv

<rlrst:r'vt'rl lir tt:rnpclatc r()llo Suloponts spet:ies

r :otr ld bc cxtcndcd to th is spccics and,  i l  s() ,  t ( )

i rsscss thc theIrn i r l  s t ress lurc l  encrrrnbrance hy.

pothr :scs.  Iv \ re a lso tcster l  a corol lary o l  t l tc  t ' r t -

crr rnblant ' t :  hypothcsis.  I1 '  r 'cpnrdrrct ive l i ln i r les

rrr t rst  sear-ch I i l l  p ley lv i th in : r  srrut l ler-  l r rca () r '

a le lcss cf f ic ien( at  ( 'a t ( 'h ing prev than nrales or '

non rep r ' oc l uc t i ve  I e rna l cs ,  t hen  t hev  sho t r l c l

gr 'ow relat ively s lowl ,v.  The ntr l l  hvpothesis was

that  both c lasses ol  f i ' rnales ar)d r r ) : r lcs shoulr l

{ - r I )w 2r t  the sarrre r ' : r te;  gr ' ( )wt l l  rates () {  le l r l r les

and rnalt's irrc thc sarnt' lir sprcies srrch ars ̂ 1.

{rrt.nt.nti.ttts in w}rich acltrlt lernales ancl rnalcs irlc

s i rn i lar  in s izc (Andrcws, l9f l2) .

The restr l ts  o l '  ot r r  s t t rc l ies sug!{ested that  the

therr t ta l  s t r -ess ancl  enctrr t tbrance hvpothcscs

werc l lot  exclusivc cxplanat ions f i r r  t l rc  rc lat ivc-

lv l<rw T,,s ol lcrnale S. grurnunitu.st'then thev were

leprocluctivc. Ratlrcr, thc appropriate hvpothc-

s is was c()nt ingent ( )n the envir '< lnrnental  c<ln-

text .  Wlen therrnoregulat ion was casv,  our o l>
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servat ions supported the t .herrnal  st ress hvpoth-

esis,  and when therm<>regulat ion was di f f icul t ,
t l ley supp()r ' ted the encurnbrancer hvpothesis.

M,r'r'p,tlt.tt.s .\ND MIlflt()DS

Subjerl arul tlulj sitc.-()ur subject was the vivip-

arcr t rs l izarc l  S.  gnunmit : rLs,  a rnernber 'of  the.garn-
nt i r r r . r  species glotrp (Si tcs et  a l . .  1992).  \AIe ol>

set 'ved S.  gntmmit 'us at  l )a lque Nacional  Zoquia-

pan (Estat lo c le M6xico),  at  an elevat ion of 'ap-

prrrx i rnately i l4(X) rn.  The str rc ly s i te had an open

rrnt lerstr>r ' \ ,  anr i  arr  ( )verst( ) r ' \ '  o1.  large,  lv idely

spacerl, pirrr: trees. Suklxtru:; grttntmirus wAs Ar'-

boteal irnd rvas largely associated with trees ancl

w<r<rrlv clehlis. ()bsclvati<)lls ()n S. guunrnitu.s
I t i tve bet ' l t  r rurdr  at  th is s i te l l '  l \ ' l i ' l rc lez l tnr i  Vi l -

l ag l i n  s i ncc . J t r ne  l 9 ! ) l  ( r r npub l .  r l a t : r ) .
' l i r  

r locunter t t  seasonal  changcs in tcrnpera-

t t t r t '  i rnr l  r ' : t in la l l ,  we <lbta inecl  c l i rnat i r :  < lata
h or t t  the St ' r 'v i t : io  Metcr() l ( ' )g ic()  i l l rx icano,  (  l i r r -

r lad de Mcxico,  f i r l  t l re to lvn of  Rio Fr io,  the

neal 'cst  rveatheI  stat i ( )n t ( )  the stu( ly  s i te.  Rir r

l ' r ' io  rvas l ( ) ( 'ntc( l  apprrrx i lnat t : ly  l l - r  krn l iorn t l r t :

s t t r< lv s i l t '  arr r l  a l>otr t  5(X) rn lorvel  i l r  e levi r t ion.
I r t  Malch 199,1,  we also rneasulcr i  i t rn l t icrr t  tern-

peratur 'os in tht '  sh:rde 20 crn above the grr lurd
evt ' r 'y  30 rn i r t  f i r '5  c l  wi t l r  an () rnega ()M-5()  c lata
loggt'r'.

Wt '  t r t : rde obser-vat ions ()n t l rc  t l rerrnal  b io lo-

g-"- of arftrlt S. gtrt,nt.mitu.s <lur-ing tw() peri()(1s: ()n

n i r r e  days  l i o rn  l 7  Ma r ' <h  t l r r r r t r gh  2  Ap l i l  l ! ) 94
(N {a rch )  an< l  o r r  n i nc  < l i r 1 ' s  f i r r r r r  2 { }  [ \ l a y  t l r n r r r g l r

22 . l r r l y  l - 91 )2  ( J t r ne , z f  r r l v ) .  
' I hesc  

pe l i ods  co r l e -
sport<led to t l i l lercnt  stages in t l re rcpror l t rc t ive

< r ' < l c .  l l r  Ma t< :h ,  a l l  a r l t r l t  l e rna les  we rc  p l e ! { -
l r : u r t . ' l ' h ( '  r r r od : t l  Du fa t t t t '  anc l  F l ube r t  ( l 9 t i I )

s lage () l  crn l>r 'yorr ic  t l t 've loprncnt  at  th is t i r r rc is

37 (Vi l lagr i r r -Santa ( lnrz,  l^9t19).  I 'ar t t r r i t iorr  oc-

<rt ts  rhu' ing May thr 'ough.f r r ly  ( \ ' i l lagr '1t r r -Santa
( ) . r rz,  l  - ( ) t l l )  )  .  (  ) r r r ' .1 une / . f  r r l t  obselv:r t ions in< l  r rc l -

ct l  lcrnalcs rv i th wcl l< levelopt ' t l  ernbrvos and l i : -

nrales that  hat l  recent lv  g iven bi r th.  
' I 'est icular '

gr ' ( )wt l l  Occtrrs in March,  and utales have en-

la lgrd tesrcs t l r lough . f  t r lv  ( ( i r r i l le t te nnd (  jas:rs-

, { r t r l le t r ,  l913{)) ;  eggs alc l 'er t i l izet l  wi th sto led

spt ' rnr  i r r  Septcrrrber (Vi l lagr '6n-Santa ( l ruz et

a l . .  l 9 -92 ) .

F ieli obserutt I i.)ir.!.-\\Ie lcpolt bocll ternper-attu es

t l rat  wer ' ( '  rneasured I iom 0-()00- l i i (X)  h,  the pe-

riod of highest lizard activitv. We captured liz-

arr ls  wi th a no()se or  l r t  hand, and rneasrrrecl

t l re i r  both (c loacal)  ter ! )pelatures (T, , )  e i ther

ui th a Shul t l re is quick-r 'eacl ing thermorneter '  (+

0.2 O) or  rv i th a ther lnocouple thermonreter  ( -1:

0.5 ( l ) .  Becarrsc l izarr ls  rvele easy to capture,  l i t -

t le  t i rnc c lapsed bct lveen s ight ing anr l  nreasru 'e-

nrent  ( ) f  body ternperatr l re.  We dic l  rot  measule

the T'*, of indivicluals tlrat were not capturecl

qui(k ly.  ln March,  we measuled sha<lccl  a i r  tcnl -

per i t t t r res I  nr  (T. , . , , , , )  arrr {  I  crn (T. , . r , , , , )  abovc

the perch of  t -ach l izalc l .  In.Jt rne/ fu l r ' ,  wcr lneu-

sured shaded air  tempelatures 20 crn ( ' f  , . , , , , . , , , )
above the perch () f  each l izard.

\4Ie rneasurer l  sn()ut-vent  length (S\ ' [ , )  to t l re
nealest  r l r rn arr( l  weigl r t ' t l  each i r rd iv idual  wi t l t  a
Pesola spr ing balance t ( )  the ne2lrest  0.2 g.  We
detelr t r ined repnrchrct ive condi t ion of  f 'ernal< 's

by  pa lpa t i on .  (Xe ra l l ,  r ' ep roc l uc t i ve  f e rna l cs  ( n
:  49) l tad nrear)  SVl ,s of  50 (44- l - r ( i )  rnrn arrr l
r r tc i lu l  l l lAsses of  4.0 (2.1-r-5.11) g,  norrreprrrdtrc-

t ive fernales (n :  I  I  )  hacl  nrean SVLs of  ,17 (4.1-

53 )  r r r r n  an< l  n rean  n l asses  o l  3 . I  ( 2 . 1 -4 . ( i )  g ,

and t r ta lcs ( r r  :  .1f t )  l rar l  r r r t ' : tn SVLs o1 50 (-14-

r5f l )  r r r rn ar)( l  nrear)  rnasses of  4.  I  (2. f t - t i .2)  g.
Wc usecl  rnark-and-r 'ccaptr l r ( '  < lat : r  to <leter .

rn ine thc gr  ( ) !v th rates ol  ar l t r l (  f i ' r r ra les i r r r< l
I r t i r l e s .  ( ) bse rva t i o t r s  r na r l t '  l i r r r n  No r t ' l r l r t ' r '  l - ( ) l )  |

to lVlarch l^994 welc t l iv i r l t : r l  i r r to ucl iot ls  wlr t ' r r

I e r r l r l t ' s  w t ' r ' t  r e p r r r r l l r (  l i \ ( '  ( (  i r l ) t i u ( ' - r ( ' (  : r J ) l u r ( '

i n t e  l va l s  o f  Nove rn l r t ' r '  l ! ) 91  t o  Mav  a r rd . f  r r r r t '
l 1 )1 )2 ,  Novc r r r l ) c l  l 1 )92  t o . ) r r r r c  191 ) l l ,  a r r< l  l ) t ' r ' t ' r r r -

ber '  l99lJ to N' larch l9t) .1)  and u,herr  thr : r ,  wt 'n '
nonreprt<l r l r rct ivc (c: rpt tnr ' - r 'ec l rptur 'o i r r tc lv : r ls  oI

Mav  a r t t l . Ju r r c '  l ! ) 92  t o  N ( ) \ ' e rn l ) c r  l 1 )1 )2  an r l . f  r r r r t '
l ! )1)11 to L)eterr i l r t : r  l1)1) i i ) .  We cxt l r r r lcr l  l i ' r r r ; r l t ,s

t ha t  hac l  r e ( ' e r ) t l y  g i ven  b i r  t h  (Mav  u r r r l . f  t r nc  o l>

servt t ior ts)  l i r r r t t  gt rxvt l r  :uralvst 's  I i r r  thc 1-rcr io<l
wlrer t  f i ' t r ta les i (e lcr  le l r r r r< l r rc t iv t ' .  

' f  
l r t '  norrr  t ' -

p t o t l t t t t i ve  pe r i o< l  i r r c l r r r l t t l  t l r t '  2 - - 1  r r r o l r l l r s

wlrcr t  l i ' rnales eu( '  r r ( ) t  pr( ' l {nant :  sorrre f  t ' r r ra l t 's

wo r r k l  l t a ve  bccn  p reg r ra r r l  a t  t l l e  beg in r r i r r g  o f '

t l r is  per iocl ,  anr l  i r l l  Ienral t 's  rvorr l< l  l rave l r t ' t ' r r  in

c a t h  s t a g c s  o l  p t r g n a r r < r ' f i r r  2 - l l  r r r o r r ( l r s : r t  i t s

en r l .

^S/rz l i . r1 i rs. - \Ve condrrctcr l  P:rrunrt ' t r  ic  sta( is t i (u l

analvses wi th Stat is t ic i t l  Anirh 's is St 's(crns sol i -

wa rc  ( r ' e r s .  5 ,  ( l i r r v ,  N ( i ,  t r r r p t r b l . ,  l - ( ) l l i r ) .  We  n '

p()r ' tec l  tesrr l ts  o l  AN(l ( ) \ 'As ol r l !  rv l rcn i r r t t ' r ' : r<-

t i ( ) n  t c r ' n l s  w ( f l c  n ( ) t  s i g r r i f i can t  ( / ' >  0 .0 i r ) .

Means rvere pl t 'sentecl  p l r rs an<l  r r r int rs ( l r r . i r

s tarrr latd err ' ( ) r 's .  Nr>npalar t tetr ic  arr i r lvses tvt ' r ' t '
f i on r  S iege l  ( l 95 t i ) .  Reca r r se  t he  r l i s t l i b r r t i on  o l
' I , ,s  

was t tot  nor t t ta l ,  we use( l  r t redians i rs <lescl i l . r -

t ive stat is t ics an<l  cornprare '<[  c l is t r ibrr t ions ol  T, ,s

wi th r ronparanlet f i ( '  tests.
' f i r t te 

of  capture was n() t  consir le led in : rnv ol '

the analyses.  Visual  insue< 1ion ol  t l re data c l i r l

not  reveal  any obviotrs re lat ionship betveen 
- I , ,

and t i r t re o l  c : rpture,  p lobablv bec:urse lve dic l

n() t  r l rake ()bscl 'vat i ( )ns cat . l ) '  in  tht :  nrorrr ing or '

la te in the af te lnoon rvhen borh '  tenrpcl i r tures

woulc l  have beetr  te lat ivc l t  kxv.  Mort 'over ' ,  t l r t '
t i r le  o l  captur ' ( .  expla int ' t l  verv l i t t lc  vur iar t iorr  in
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Fig.  L Means ol  r t torr th lv la i r r {a l l  ( top) arrr l  n l rx-
i tnt t tn i r i r  tcnrpclature (bot tonr)  at  Rio l - r io,  Est : r r lo
r lc  lVl i : r ico,  Mix i t  o.  Nl t 'arrs a l t '  l i r r  29 t r  (  l9 l ' r l - l9 f l0) .

-1, , .  
l r r  Nlar  c l r ,  1 , ,  wirs r )cgat i \ ' ( 'h '  l  e late( l  t ( )  t i r r r ( '

< r f  t ' a rp t t t l e  (F , , , , :  =  1 .6 ,  I ' <  0 .05 ,  R?  - -  0 . 07 ) ,

a l t l rouglr  <nt l , -  7"1,  o l  the var iat iorr  in T ' , ,  rvz ls ex-

pla i r re<l  lx '  th is var ia l ) le.  I r r . f  t rne/ . l t r l r ' ,  
' l ' ' ,s  

wete

r ) ( ) t  l e l a l r ' ( l  l ( )  t i l ne  ( ) l  caP t r r l e  (F r . r , ,  :  2 . 1 ,  l t  >

0 .01 ' r ,  R :  -  0 . (X i ,  r t ' g r t ' s s i o r t  a r r : r hscs ,  sexcs  ( ( ) r r -

b i r r e r l  i r r  l r o t h  scaso r r s ) .

R l : s t ' l .  l  s

Olinut.le.-Atr ten)p('r'atrrre ur Rio F-r'io v?uie(l sea-

sonal lv .  l ,o l rg- lerrn rneans ol  u laxi r r )urr l  c la i ly  a i r '

tenlper i r tu lc lv t : r 'c  20.0-?() . . ,1 ( I  f i r l  lV la l t  h to l \ la l '

and  17 .  l - l l l . 7  ( l  r l u r i ng  t l r ( '  r ' ( ' s t  o f  t he  I ' ea r  (F i g .

l ) .  
' I ' he  

r r r e tn  r r r ; l x i r n t r r n  a i r  t e rnpc la tu re  t l l a t

wc observed at  ( )ur  stu( lv  s i tc  in Malch 1994 (n
:  5 d)  was s i rn i la l  t ( )  the l ( ) r )g- terrr r  March nrearr

Io l  Rio Fr i r> (22.1 ' r  ( l  vs 20.  I  O,  r ' t :spect ively) .  Air

ten)pc|atul 'cs l r reasurt ' r l  wlr t 'D l izards \ ,vele cal) -

tu le( l  2r ls()  i l l r rs t ratet l  sei tsot t i t l  < l i f ferenr:es i r r  c l i -

rnate (Fig.  2) .  F 'or  exatr tp l t ' ,  rnean ai r  ternper ' : r -

t r r rcs observed in NIalch were higher '  (T. , . , , , ,  anr l
' I ' . , , , , , ,  :  17 .3  an< l  21 .6  ( 1 ,  r ' e spec t i ve l v )  t l r an

those  obse l ved  i n  June / . l uh  (T , . : u , , , ,  :  l 4 . t t  ( l ) .

Low  a r t t l > i e r ) t  t c r l l pe ra t r r l c s  i n  r r r i ds r r r r r r r t t ' r '

{ . func, / . l r r l r ' )  r 'e l lected high r-a in la l l  (F ig.  I  )  be-

cause c lorr<l  <ovt : r  rer lu< ecl  sol : r l  radiat ion.

liekl bo$ Lentpnttures.-C)r'erall, field borlv tern-

peratrr res paral le ler l  arnbient  tenlper: r t ru 'es (Fig.

3) .  In Mal  c l r ,  the rnedian 
- I ' ' ,  

rvas 32.3 (1,  lvhel t 'as

+ .run€,,tily ta.zocm

a March  Ta. tcm

O March  ra  1m
' a . ? 0 c u

o

. l '

5 1 0 1 5 2 0 2 5 3 0

AN,4BIFNT TEMPEFAlUFE (C)

Fig. 2. Bodv te nrperatrrles ol ,\rcloltortL.s gnnnnitut

e xpr e sset l  as i r  f i rnt  t iorr  o l  ar l rb ierr l  lernper:r tur  r ' .
N Ia r ch :  so l i r l  c i r r l es  -  T . , . , , , , ,  ( sha r l c r l : r i l  t eu ) l ) e l a l . u l e
I  <tn : thot 'e each l izard)  l r r r t l  operr  c i lc l t 's  -  ' l ' . , . r , , ,

(shaded : t i r  t r rnper:r t r l re I  tn i tbore tach l iz : r t< l ) :

. f  urre/ . lu l r ' :  c l  ( )sses : ' I ' . , , , , , , , ,  lshat l t , r t  : r i r  tenrpt ' ratr r r  t .
20 ctr t  above cat  h l izarr l ) .  Ihe r tasher l  l inc rcpreserr ts
isolherrnv;  sol i t l  l in t -s lepresenl  t l r t '  r ' t 'g lessiorrs bt '
t lvcCn bodv ter))p( ' ra lure and arrrb ierr t  ter l l l )efatu l  ( '  as
indicat t 'd.

,al

TEMPEFATURE (C)

l ' ig .  3.  t te<lucncv dist r ibt r t iorrs of  bodv tenr l ) r ' ra-
trrres ol SuluportLs gntnLmints irr March and in .f rrrrer'

J t r l1.  Aclu l t  t r ta les -  sol ic l  bals,  teploduct ive fernales
-  ( )pen bars,  arrr l  norrreprodut t i re fernales = hat t  l r t 'c l
bars.
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inJune{rr lv the rnedian T,, tvas 2.1.0 O. T,,s rvele
also less variable in Malr:h than in . fune,zfuly
with respcctive interquart i le rangcs <>f 2.9 and
13.0  c .

Within each season, T, .s val ier i  as a f i lnct ion
of  scx or  leproduct ive st : l lus ( ) r  both.  In March,
repr 'oduct ive fcnrales (n :  13.1)  had s igni f icant lv
I t>wcl  T, ,s thrrn r r ra les (r r  -  30) rv i t l r  lnedian T, ,s
ol  31.9 arrd 33.0 () ,  resper: t ively (X'  :  9.0,  / '  <

0.(X)2,  2 X 2 chi-s<l t rarecl  test) .  In. f t rne/ . fu l1 ' ,  T, ,s
o{ r 'eplor l r r r : t ive ferrra les (n :  l l - r )  i r r r r l  rnalcs (n
= I ( r )  wel t '  s i rn i lar  lv i th rnedian T, ,s of  20.0 and

21 .5  ( 1 ,  r t ' spec t i ve l v  (X t  -  1 . 3 ,  I ' >  0 .05 ,  2  X  2
clr i -sqrr : r rer l  tcst) .  wlrerei rs the rnecl ian T, ,  o(  29.0
( l  l i r r  no r r t cp r -oduc t i v c  l e rna les  ( r r  -  l l )  was
highel  thun that  t ix  leprrrdrrct ive f r r rn:r les : rncl
r t r a l t ' s  ( 1 : :  l - r . f l ,  / ' <  O .05 ,2  X  2  ch i - s< l t r a | t ' t l

t ( 's t ,  an( i  / '  < 0.(X)5,  Fisher '  ! -x i rct  tcst .  r ' ( 'sDe(-
t i v c l v ) .

l*il1 len.prntlure r rrrl a.nt.ltirtrt tenltnttl utt'.-Tt> <l<:-
I t ' t ' t r t in t :  l r rxv se:rson:r l  c l i l l 'erenccs in arnbien(
tenlpera(rue al fL '<t t 'c l  T, , ,  wt '  c 'ornpir | t 'd  T, ,s rv i th
- l ' , s  

r r r eus r r l e r l  w l r e r r  l i za l r l s  r ve l c  t up t r r r c r l .  We

1-rool t 'd  t l r t '  r l i r tu Io l  a l l  ar l t r l ts  wi th i l r  s t ' : rsons l r t -
c 'ut tsc t l r t '  s lopt '  o l  t l rc  |c l : r t iOnshipr  l r t ' twt 'en T, ,

a r r r I  T ,  c l i r l  no t  r l i l l i ' r  u r r l ong  l i z i u ' c l  r ' ] a ss t ' s
(N ' l a l c l r :  T . , , r , , , , ,  F r . r ; , r  :  0 . ( i ,  / '  >  0 .05 ;  

' I . , . , , , , ,  
F , . n , ,

-  0 . 1 i ,  / ' >  0 .01 - r ; . f  r r n t : / . J r r 11 :  T . , . " , , , , , , ,  F - " . , , ,  :  3 . 0 ,  1 ,
, : '  O.0l ' r ,  l rorrrogclr t ' i lv  o l  s lopt 's  t rsts) .  T l r r rs,
sort t t '  o l  t l t t :  var i i t r rce rv i t l r i r r  sc l r .sorrs was thc r 'c-
s t r l t  o f  r l i l i i ' r ' cnccs  i n  i r r t c r c r : p t s  a rnong  l i z ru - r l
< l l tsscs,  i r l t l rot rg l r  ( l r t '  r lv t . r 'a l l  pt \ l t ( . l r )  r ,vas i r r r lc-
pendcnt o l  s t 'x  o l  r t 'p lor luct ive t lass.

' f l te 
r t ' l i r t iorrship bctwcen T, ,  an<l  

' l ' . ,  
d i l fe lc<l

sc : t so r t a l l v  (F - i g .  2 ) .  l n  Ma tch .  T , ,  was  l e l : r ( r . < l  t o
' f . ,  

a s ' f , ,  -  2 5 . 3  +  0 . 2 9  T . , , , , , ,  ( F ,  , , . ,  :  l J . l ,  / ' <

0 . 0 1 ,  R :  =  0 .  l l ) ,  a n r l ' l ' , , :  2 ( i . 1 ' r  +  0 . 2 9 ' I . , r , , ,
(F r , , r  -  5 . 3 ,  / ' (  0 . 01 - r .  R :  =  0 .01J ) .  I , i r l  l r o t l r  s c t s

ol  r l l r ta,  t l r t '  s lopcs : r lc  low, arr<l  
' I . ,  

cxpla i r rs only

abotr t  l0%, o l  tht :  v : r l i : r t ion i r r  
'1 i , , .  

Thrrs,  in

M:trch,  T, ,s rvt ' r 'c  la lgcly inr lcpenr lcnt  o l  T. ,s,  i r r -

r l i t  u t i ng  l l l ; r t  t h t ' r ' r r r o l cg r r l i r t i on  uas  re l a t i v c l y

e1ISy.

I r r  . f r rnt '7/ f t r ly ,  T, ,  was le latc<l  to T, ,  i rs  T, ,  :
- ? . 1 )  +  1 . 7 3  T , . " , , , , , ,  ( F r . r , ,  -  7 ( 1 . 0 ,  l '  <  0 . 0 0 1 ,  R ?
: 0.( ;3) .  1 'hc stecp s lopc i rncl  the c lcpenclcnce
o f  

- f , , s  
on ' f  , s  ( 1 ' . ,  ( ' xp l a i ns  n l ( ) r c  t h t n  ha l l  o f  t he

val i i r t iorr  i r r ' I ' , , )  inc l i r :ated l l r l t  thelr r ro lcgul i t t iorr

was di l f ic t r l t .  Mol t :over,  l izarc ls hacl  consic leral ; ly

lorvel  T, ,s in. f  une/ . f  r r ly  than in Malch,  a l i r r t l rcr
i r r r l ic i r t iorr  t l rat  l izalc ls l rad di l l i<: r r l ty  la is i r rg

their  T, ,s lo "pref t  l lec l"  levels in . l r r r rc/ . f  r r l r ' .

(iraar1ft.-pr.,,'inu tht: plerio<l rvhcn Ienratles rvt:r'c
rcpt'otluctive, l'ernalcs f{retv rn()rc slowly in both
SVL ancl irt rnass thirn rnales, at least Llp t() as-
vr t rptot ic  s izt 's  wht ' r t  detcctable gronth ceuses
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F ig .  . 1 .  ( l ow th  l u (es  o f  l e  r na l r  ( op t ' r r  c i t c l r s )  a r r r l
rrraf t' (solirl cilclt's) 5rr,/a1o r t t.s tlnt nt n i r u.s rlrrrirra peli-
o<ls rvht 'n f i ' rnales rvclc r t ' l t r r r t l r r< l iv t '  (Novt ' rnbcl  to

l u n (  l  i u r ( l  r r l r t  r r  t l r c r  \ \ ' ( ' r ( '  n o n r (  l ) r o r l r r r  t i r t  t \ l . r r  t o
l ) t ' t t ' r r r l x ' r ) .  [ ) a l : r  I o r  g row l l r  i r r  r ] ) : r s s  i l l c  r r o t  i l l r r s t l a t -
c<1 .

(F i g .  4 ) .  Fo r -  t he  s ta t i s t i c i r l  r ' on rpa r i so r r ,  s l ( )w t l l
rutc wirs t l re c l t 'pcndcnt  val iabl<. .  sex wirs (he

t l ass  va r i i r l > l t ' ,  un r l  i r r i t i a l  s r ) ( ) r r 1 - \ ' c r ) l  l cnu t l l  t hc
tov;rr iut t '  i r r  an r \N( l ( )VA. The i t r tera<' t ion l lc-

t lvce n l to<I1 '  s ize ; r t  in i t ia l  captule unt l  scx was
s ign i l i can t  l o l  l x r t h  SV l ,  a r r< l  r t r : r s s  (SV l , :  F ,  , , , ,  :

1 2 . 2 ,  l '  <  0 . ( X ) l ; r t a s s :  F ,  - , ; : 9 . ( i , , 1 ) {  0 . 0 1 ,  h o -
r r t ogene i t v  o l  s l opcs  t cs t s ) ,  i nd i ca t i r r g  t ha t  t he
l e l u t i o r r s l r i p  be (w t ' r r r  g l ( )w th  t ' a t e  l r r ( l  i n i t i a l  s i ze
di f  f 'ercd bctwecrr  rnales anr l  lernales.  The s igni l :
ic : rnt ly  lowt: r '  s lopes t  orresponclcd to lower '
g r< rw th  | a tes  l o r '  [ l ' r r r a l es  t han  r r r a l es -

ln c()nt l : Is t ,  wht 'n Ierrra les wcr-e t ) ( ) t  r -eplo<l t r t : -

t ive,  Iern: t les anr l  rnzr les glew i i t  t l le  sarnc l ' : r te
(SVL :  F , . , , ,  -  0 . 1 ,  / '  )  0 . 01 - r :  r n : l s s :  F ,  , , ,  :  0 . ( i ,  1 '
> 0.05.  AN(lO\ ' , . \s  wi th in i t ia l  SVL oI  in i t ia l

r t tass usccl  as thc c()v:u ' iate anr l  sex r is  lhc c lass
viu ' i : tb le.

For l t ' r rur lcs,  sr ' ( )wt l l  in  SVl .  r l id  not  d i l lc l  be-
trveetr thc periods when they were lt.pnrclrrctivc

n t t c l  w l t en  t hcv  wc t ' c  r r on rep loduc t i v c  ( 1 , . r , ,  -

0.O2, I '> O.0l- r ,  ANO()\A),  a l thorrgh thev grew

rt tot 'c  s lorv ly in nrass when t l rc t ,wclc reprr>dtrc-

t ive than rvhcn thev werc rr ( )n leprocluct ive (F, . . "
= l - r .1) ,  / ' )< 0.05,  AN(lO\A).  Ar l i r rster l  rnean
gr()wlh rates in r i l i rss f i r |  the tw()  per iods werc
3-4 and 5.1 rnsr /c l ,  respect ively.  F<l l  rnales,
gr ' ( ) !v th in SVL an( l  in rn i tss c l i< l  not  c l i f ler  l te-
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tween the per iods when fenrales were reproduc-
t ive and when they were n() t  (SVL: F, . , , ,  -  l . l ,
P  >  0 .05 ;  mass :  F , , , *  -  3 . 3 ,  P  >  0 . ( ) 5 ,  ANCO-
VAs). A caveat- fbr this comparis()n was lhat no
relat ively smal l  males were represented in the
samples fol the periocl when f'ernales were non-
reprcduct ive (F ' ig.  a) .

I ) tsr ; t rss loN

C)ur obser-vat ions,  taken in conjunct ion rv i t l r
observal ions ()n the thcrrn i r l  b io log- o l  other '
species ot Srehlnnt1 suggested that the T,,s ex-
l r i l r i t e c l  by  I en ta l e  . \ .  { r ( t nm i t  u \  we re  c ( )n t i l l t l en l
( )n the intc lact ion bctwccn the thcr tnal  envi-
r r )nnlent  and thci r  repr 'ocl r rct ive status.  M()r 'e
speci f ical ly ,  when thcl r r ror-egtr lat ion w2rs easy,
T, ,s o l  repnldtrct ive fenralcs wcre in i rccolr l  lv i th
the pledict iorrs of  t l r t :  thcrrnal  st l 'css l lyp() thesis.
In c()ntrast ,  whcrr  ther-rnolcgul i r t ion was r l i f  { i -
c t t l t ,  T, ,s of  lcploduct ive l i ' r t ra lcs were in ar :corr l
wi th the pr-ecl i<: t ions ol  thc t 'ncurnlr rancc l rv-
po I  l t c s i s .

Arnl t i t :nt  ternpcl i l t r l les welc th( '  h i r thcst  in
M:r lch,  : rncl  ar lu l ts  had re lat ivr ' ly  h iuh bor ly t t : rn-
perat l r rcs ovcr: r l l .  Mt ' r l ian T, ,s o l  r t :prrr r l r rct iv t :
Icrr ra les nrrr l  of  rnales wcr '< '  l l2  arrc l  l ]3 (1.  r ' r :soec-
t i v t ' 11 .  : u r r l  T , , s  we r  t  l t ' l l t t i u . l v  i n< l< .p t . r r r l r . r r t  o l
T,s, . j t rdginu by the krw l t :grcssiorr  s lopcs ol  t l r t '
re lat ionships l ;etween 

' l ' , ,  
anr l  T, , .  Aclr r l ts  a lso ex-

hib i ter l  low var iancc in T, ,  ovt : r 'a l l ;  thc intcr .
qual t i le  rang( 'w:rs onlv iJ  (1.  Tl rcsc obsclv:r t iorrs
indicatcr l  th i r t  thc l r r rorcgul : r t ion was casy anr l
T, ,s wer-e at  "p lcf i : r - r -er l "  levcls.

' l 'hc 
T, ,s o l  reprrrc l r rct ivc lL ' rnales wr:r ' t :  s i rn i lar

l() tlr()se ol arrotlrcl vivipalorrs Sreltltonr.s; 1trcg-
nirrrt ^\. .jrtrrrni. also lrave rnean T,,s of 32 O (Bt:tr-
chat ,  l9t l6) .  Moleovcr ' ,  p lesnanl  ^S. .7arrru l  selcct
T, ,s that  avera!{c 32 ( l  when tes(cd on a labol i r -
t ( ) rv thcrrr )u l  g lacl i t 'n t  (T.  Mathics,  unptrb l .
data) .  Assurning that  t l rc  t l r t . r ' r r ra l  b iokrgl ,  of  . t .
grturt.rniat,s was sinrilirl t() tllat ol S. Tannzrl, thest:
obscrvat ions srrggcstccl  that  p lcgnant S.  .gzrz-
zr i ru.r  i rc t ively selectcd lowcr T1,s than rr ra les in
March,  as plecl ic ted l tv  thc therrnal  st lcss l ly-
p() thesis.  This i rssurnpt ion was strppo| ted by the:
thet ' r r ta l  c()nservatncy ol  the qcntrs.  Typi<:al  f ic ld
(Bogert ,  19,19;  Brat tst r r r rn,  l9(r5;  Ar lo lph,  l9^()0)
anc l  se r l ec tec l  (McO in r r i s ,  1966 ;  ( ) r ' cenbe l s ,

1976) 
' f , ,s  

o l  rnales ancl  nonrcprrrduct ivc fL-
malcs f  a l l  wi th in a narr ' ( )w range (134-36 O),  ancl
sclected T, ,s c lo r ) ( ) t  vary seirsonal ly  (Mc() innis,

r  966) .
Arnbient tempcratrlrcs were l<lw in.f trne/.fuly,

and l izalds had low T, ,s overal l .  Mecl ian T, ,s were

29.0,  20.0,  ancl  21.5 O l i r r  nonreproduct ive f 'e-
rnales, reprocluctive f'entales, ancl malcs, r'espec-
t ivc ly.  The T, ,s were hiehly dependent on T,s;

the regression slope \\'as greater than l, and T,
expf ained rnore than 6OVo of the variance in T,,.
Adul ts a lso exhib i ted a high var iance in T, , ;  the
interquart i le  rangc was 13 (1.  These obsen'a-
t ions incl icated that  l izards not  onlv hacl  c l i fh-
t  t r l r y  r ' a i s i r r g  t he i r  T , , s  a l l ovc  a rnb i cn l  l en tpc t : t -
t r l re but  that  the therrnal  environment was
r l l ( ) r 'e  hcter ' ( )gene()us th i rn i t  was in March.

()bservat ions in . fune/ . fu ly werc in accor-d
with the prcr l ic t ion o1' tht- .  encumbrancc hypoth-
esis that  leproduct ive f 'ernales shoulc l  becomc
rrrore imper i rcc l  in their -  abi l i ty  to ra ise thci r  T, ,s
as thermorert tu lat ion bccornes r t ror-c d i l l ic t r l t .
Thc T, ,s of  lepnrdtrct ive f 'ernalcs were 9 ( l  lower '
t l r : rn those ol  nonrepr 'oduct ive I 'emir lcs and 12
( l  lowcr than thosct  o l  reor 'ocl r rct ive lernalcs in
M : t r  c l r .  f l r r r s .  i l r . l t r t r c  . f  r r l 1 .  n , p r r , < l r r r ' t i v t .  l i . r n u l e s
actcd as i l  tht :y  lvere encrrrn l te ler l  r -e lat ivc t<r
nonreprrrdrrct ive fenralcs but  l tot  t 'e lat ive t ( )
r r r  a l  t :s .

I f  r ronreprrrdrrr : t ivc l 'ernalcs r :oulr l  r -a ise tht ' i r
T, ,s consi t le lu l t ly  above those ol  rcploduct iv t ' f i '
t t ta les i t r  . f  t rne/ f  r r l1 ' ,  why di r l  rnal t 's ,  lv l r ic l r  wert '
equal ly  r rncrrcurnbe r 'cd,  l rave 

' l - , ,s  
s i rn i l lu-  to

thos<'  of '  r 'eprrr rhrr : t ivc Ienral t :s? \4I t :  c iurnot  An-
swer th is qrr t 's t ion,  a l thorrgl )  t l te obscr-vat iorr  i t -
s t ' l l  srrggestcr l  th i r t  rn:r lcs r r rat '  l r i rv t :  c() t ls t ra ints
() l l  t l lc i l  t l rc l r r robio logl '  t l r : t t  i r lc  inr l t  pcnr l t : r r t  o l '
thosc act ing on Ie,rn:r les.  In i t r rv r ' : rsc,  lh( '  l r r ( )st
appnrpr iatc t 'ornpiu ison f i r l  T, ,s of  reprrrdrrr : t ivc
l b t r t i r l c s  w i l s  non rep lo r l t r r ' l i v c  l e r r r a l cs .  I r r
Mar '< 'h,  we (  ( )n lp:u 'c( l  re:prrrc l t rct iv<r f i ' r r ra lcs rv i th
r t ta lcs bt ' r 'arrs( '  n() l l l ' ( 'pr ' ( )< l r rct ive I i : r r rat l t :s  wcrt '
I rot  i l , i r i la l t lc .  Howt 'vt ' r ' ,  cven wi(horr t  r lata on
t t ta les,  t l r t '  h igh T, ,s of  lcprrr r t rct ivc f i ' r r r : r l t 's ,  an<l
t . l rc i r  s i r r r i lar i tv  t ( )  (h()s( '  o l  r - t ' l . r ror l t rc t ivc l i ' rnal t '
S.  . jonoui ,  pr<rv i< l t 'c l  supp() l t  l i r r  t l rc  t l re lnral
st rcss hypol l r r :s is .

( ) r r r  c lata i r lso strppol t r : r l  anothcr p l t ' r l ic t ion
ol  thc encrrnrblance h1'potht 's is ,  t l tat  is ,  lhat  lc-
prrr r l r r<t ivc Icrnales shotrk l  gnrrv skrwlv n: lat ive
to rn:r les arnd nonleproclr r t ' t ivc l i ' rnales bcc:r t rse
redtr t : t ' r l  rnobi l i ty  ( ) r '  act iv i ty  shorr l r l  l inr i t  f i ' rna-
kr 's  access to f i rod.  f )u l ing tht '  pc l iod lvht :n f i '
rna. lcs wele lcpror luct ive,  f i :nralcs { r rcw ln()r ( l
s lowly i r r  both length and rnass than rnalcs.  Tht '
s low grrrwt l r  i r r  r rurss i rs wcl l  as in SVl ,  wzls sru:
pr is ing l t t :cause gl ' ( )wth in rnass ol  l i r rnales in-
c l r r t led thc growth ol  enrbrvos.  The p<:r ' iod
r vhen  I i ' r na l cs  we re  re  p r ' od t r c t i v c  i nc l r r de  d
Mirrch to May, thc war l l lest  t i rnt :  o l  the ,vear ' .  Ftr
r t ra les were t l rus appar-ent ly  less able than rnales
to take advantage of thc favolable thermal con-
di t ions f i l 'growth.

Dru' ing the pcr iocl  when f 'ernalcs were not  rc-
productive, thcil gr()wth ratcs did not diflcr'
f i r rm th<>se ol '  males,  a l t l rough nonreprodtrct ive
le rnales gr-ew fastcr  in mass than when they wcle
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repr()duct ive.  l -hc abi l i t l '  o f  fenrales to increase

their  ratc of 'grrxvth in rnass dur ing the coolest

tirne of the year, anrl rvhen 
'I,,s 

rvere lclatively

Io lv (otr r '  . f t rneT' f  u lv obselvat ions).  suggested

that  fcrnales cotr ld f i r rage more el tect ively whcn

t l rev rvcr-c norr leprrrc i r r<: t ive lh; i l r  rv l terr  t l rev lvere

repr 'oduct iv t ' .  The abi l i ty  o l  lerr ra les to I i r rage

el lect ivc ly p| i ( ) r '  t ( )  ovtr lat ion rvas i r t rportant  be-

carrsc S.  granmitr r . .s  is  la lgcly l t 'c i t l rot r r rphic (Vi l -

lagr ' : in-Santa ( l r - t rz and Mt inde'z-c le la ( l r t rz ,

l9-93);  ernbryos i l lc  nour ishe<l  pr i rnar i ly  by crr-

er ' ! {y  st ( ) r ' ( ' ( l  in  or ' : r  < l ru- ing v i t ( ' l l ( )g( 'nesis.
(  ) r r r '  <rbselv i r t i r>ns rrn Sul t lnru.s indicated t . l rat

t l re thcl rn:r l  s l r  css iu l ( l  the errct t t t tbt  at tce hv-

p ( ) ( hes ( ' s  we rc  n ( ) t .  a l t t ' r ' na l i v cs  b r t t  co rnp le rnen -

ta lv explarr : r t iot ts  lot  the t l rernral  l r t ' l t i rv ior  o l

l t :prrr<l t rct ive Icrnales.  
' I 'wo 

st ' ts  o l  d:r t l r  supp()r ' t -

t '< l  tht '  < 'ncr . rnr l l l i t r rce l rypot l r t 's is :  t  t 'pr  o<luc t ive

l i ' r r r t k ' s  l r a r l  pu l t i t  r r l i r l l v  l ow  
' f , , s  

r v l r en  t he rn r<>

r t ' g r r l a t i o r r  r vas  r l i l l i t t r l t ;  a r r r l  l l t t ' v  l r a r l  l o r v

grrrwth lat< 's l t ' la t ivc to r r ra l t 's  : r r r< l  to l r ( ) ru 'epr ' ( ) -

<hrct iv t '  I i ' r r rak 's.  I  lowt ' r 'er ' ,  wlren I I rct  r t tot t 'grr l i r -

t ion rv i rs ( ' l rs \ ' ,  r ' ( 'pr ' (x l r t t  t iv t '  Ibrrra les ( l i ( l  I l ( ) t  ap-

p( '1 i l  1()  l r t ' t ' r r t  r r t t tb<' t t '< l ;  t l rcy ha<l  l r igh 1 '1,s <l r , r : r .

l r l l .  brr t  t l r< ' i r ' - I ' , .s  lv t ' r ' t '  lower lharr  t l rost '  o l  r r ra les

i r r r< l  s i r r r i l u l  t ( )  t h ( ) s ( ' o l  a  s1 - r cc i es  i t t  r v l r i <h  1< ' -

t t l r l< 's  r r lc  krrorvrr  to t  t '< l t t< t '  t l r< ' i l  T ' ,s  wl tct t  1r t ' t 'g-
l r i t r r l .  I . 'or  S.  prrr l r r r icu.r ,  at  lcasl ,  c t tv i totut t t 'n t i r l

co l r< l i t i o r r s  r l t ' t t ' r ' n t i t r t ' r l  w l r t ' t l r e r  r cp r ' o r l t r <  t i v c  f i '

r r rak 's act iv t ' ly  sr ' l t ' r ' tcr l  c()nrpiu at i \ ' ( ' ly  low' l - , ,s  t<r

i tvoi r l  t l r t ' r ' r rur l  s(r ' t 'ss orr  crr r l ) r ' r 'os or  wlret l r r : r '

l l r t 'v  p i rss iv<' lv  i r< r ' t '1 l t t ' r l  t 'v t ' r r  lorv<' r ' - f , ,s  ls  a l t 'sr r l t

o I  t ' n t ' t t t t t l t t  : u t c r ' .

,.\r :xxOI't't.l:t r< ;tt t.:x I s

Rcs<' l l t 'h  wi ls  supp()r ' t ( '< l  bv NSF gtar) t  # l l : iR-

lX)22.125 to RM,\ .  
' [ 'h t '  

I is taci t i r r  lot t 's ta l  l lxpt ' r ' -

i r r r t ' r r t a l  Zoc l r r i : r l l i r r r  p r  r r v i < l e< [  l og i s t i t  s t t l ) l x ) r ' t  I i ) r

o l r sc r  vu t i o r r s  l r l  I I ) ( '  I ) l l  qu ( '  N i r t  i o r r : t l  Zo r l t t i : r pa t r .

\ \ ' t '  lvorr l r l  : r lso l ik t  to t l rarrk ( ) .  F l t ' r ' r r i rnr l< '2,  N.

Mirrr r i r l r r t '2 ,  an<l  l - .  RorL igrr t 'z  lor  l l t t ' i t  l rss ista l r< t '
i r r  t l r c  f i t ' l r l  : r r r r l  T .  Ma th i cs  un r l  ( 1 .  Q r ra l l s  I o r '
( l r < ' i l  co r r r r r r r : l l ( s  ( ) n  t l l ( '  r r r an t t sc l i l r t .  T l r i s  s t r r c l y

rv l rs i rppr ' ( ) \ , ( ' ( l  l l  t l r t '  \ / i lg in ia Polvtct  l rn ic Inst i -

t r . l ( ( '  i r n ( l  S t : t t < '  L l r r i v t ' r ' s i t v  An i r na l  (  l i t t  t '  (  l r l r r r r r r i t -

I  ( ' ( ' .

L l i l . R A l t r R u  ( l t I ! . 1 )

A t x r t , r , t  t ,  S .  ( 1 .  l 1 )110 .  l r r l l t r e r r ce  o f  l r ehav io ra l  t he r
rrr r r reutr l : r ( iorr  orr  rn icnrhabi tat  us( '  [ ) \  t t ro Stc l t l tot t ts
l izards.  l . t  okrgr '  7 I  : l l l  i> l ]27.

A\ t )Rl$s,  R.  Nl .  I l )1J2.  Pir t t t ' r 'ns o l  grr lv th i r r  rept i les,
p.  27: l -320.  1r i ;  Bio logv ol  the Rept i l ia  (Phvsio logr

L):  phvsiokruic: t l  ecologl ' ) .  \ t r l .  l1 ] .  (1.  ( ians ant l  l ' .
H.  Pouuh (e<ls.) .  Acadt ' rn i t '  Pr t :ss,  New Vr lk.

, rNn B. R.  Rosr: .  1994. l l r r rh.r t ion ol  v iv ipar i t l :

constraints ou egg retention. Pht'siol. Zool. 67l-
100(;1024.

B,tun' r ,Ns,  D. ,  .cxD (1.  TH(xrN. 19t31.  Escape tact ics and
vulnerabilit,v to pledation associated t,ith reproduc-
t i<rrr  i r r  the l i t .arc l  Lat t r ta a i t ipnra. . f .  Aninral  Ecol .
:10:733-7.14.

Bt :ur .n,q. t ,  C.  A.  l9 lJ6.  Reproduct ive i r r f luences orr
thernroregulator ' "  bchavior  o l  a l ive-be:r l ing l izard.
( i rpcia 19136:^971 -979.

I1)1313. Tenrperatule eflects during gestatiorr
i t t  a  v i v i pa rous  l i za r c l . . f .  T l t e r r t t .  l l i o l .  l i i : 135 -142 .

Bo<;t :nt ,  ( j .  M. 1949. Thermorcgulat iorr  i r r  r -ept i les,  a
f i c t o l  i n  evo lu t i on .  Evo lu t i on  3 : t 95 -21 l .

l lp , rN,r ,  F.  l99l l .  Sl r i l is  i r r  l>odv ler)rpelature and es-
cape lrchavioul ol Iernale l\xktni.s litrtzrlls dttt'irtg
plegnarrc\'. ()ikos (i6:2 I (i-222.

l ln. , t l ts tn()vt ,  B.  H.  1965. Bo<ly ternper-atures ol  re1>
tiles. Arrr. Micll. Net. 1-lJ:376-422.

( i ) ( ) p r :R ,  W.  l i . , . f n . .  L . . f .  \ ' t  t " r ' ,  R .  Hnx ;1 . s , . \N t )  R .  B .
Htr ! t \ ' .  1990. [ , (x ] ( )n)() t ( ) r  i rnpairnrerr t  arrd de fense
itt gtrrvitl lizar<ls (lir.orrrrts lalirr,fts\'. lrchaviolal shifi
i r r  act iv i tv  nrav ol lsct  costs o(  rcprodtr t ' t ion in a l r
r tc t ivc I r r lagcr.  Bt 'har ' .  F l to l .  Sor: iobio l .  27: I i t3- | i t7.

( l ( ) $ t . r . s ,  R .8 . , . r no  (1 .  M .  Bo t ; r : n t .  191 .1 .  A  p l e l i r n i -
r taty st r r<h ol  tht '  t l te l t r t : t l  ler l r r i rernct t ts  o l  desel t
r ( 'pt i les.  Brr l l .  Arrr .  N{us.  Nat.  Hist .  Ul t :2( i l -29( i .

[ ) . r t  t ,  l ] .  l ' . , . rNn R. \ { .  Ar t rnr : t , l 's .  191) l t .  
' f l re 

c l l l 'c t  o l

[ ) r ' ( ' l {n lu)( \ 'orr  s t t t 'c t t ' r [  bor lv tetnprratr t tes o l  the v i
v i1;arr>rrs l i t ' l  t l  (  )h u l  t  i  l  t  s  t  x  e l . l  a lu : .  .1.  I lcryr t ' to l .  27:(>
t . ) -

l ) t rF , \ t  R r . , . l .  I ' . , , tNu . J .  l l t ' u rn t .  1961 .  hb le  r l c  r l i ' r ' c l -
( ) l )pernent r l r r  lczalr l  v iv ipalc:  Lutnlu (T, txt leta\  u i t i -

/nrr . f : r r :<1uirr .  Alch.  Anat.  NI i< ' r r rst :op.  Nlolphol .  i rO:
3(X)-328.

( ; , \RR l (  K ,  1 . .  t ) .  1971 .  Rep r r rd t r<  t i v r  i r r f l ue  r r t t ' s  on  be
I l rv i r r ra l  t l rc lnrolegt t la l iorr  i r r  t l re l izard,  . \ t  chlxnu. t
.1nnog"rrt.\. Pln siol. llch:rr'. I 2:ll5-1) L

( ;Rr. l .Nl l lR(; ,  N.  197{; .  T 'helrnorcgulat( ) r 'v  aspects ( ) l

lrt'lravior in the bltrc spin1, lizald Sttktltnus oanoe"n
1.s (Saul ia,  Iguanir lae).  l lehaviour '  59:  [ -21.

( ; r  n.r . r r ' l  lL ,  L. . l . , . l r . . , , r ru ( i .  ( l , rs , rs-ANnnr. t .  l9 f l0.  Fal l
l t 'p lot luct ivc a( t iv i ( \ '  i r r  the high al t i t tu l t '  N{<'x ican
lititrd, Srrklm u: gttttrtutitrts mirxtltltidoltrs..l. Hclpt-
r o l .  l 4 : l 4 i ] - l - 17 .

Ht t : r ' ,  R.  B.  197,+.  Bclravioral  thelr r ro legrr lut ion in l iz-
: r l t ls :  inrportanct '  o l  l tssot ' ia t t ' t l  costs.  St ' i t ' r t t :e 184:
l (x) l - l (x)2.

10132. Tenrprratu le,  Jrhvsio logv,  : t t tc l  the ecol-
ogv ol  r 'ept i les,  p.  2f1)1.  1rr :  Biokrgv ol  t l re Rcpt i l ia
( l 'hvsiokrg,v (  i :  phvsio logical  ccolog"-) .  \ i r l .  12.  (  l .
( i l r r rs nn<l  l - .  H.  l )ough (ecls. ) .  Arar le l r r ic  l ) tess,  Nerv
Vrt 'k .

. f . . \NZE\,  I ) .  H.  1967. \ { 'h l '  rnorrnta in passt 's  arc h igher '
in thc t ropics.  Anr.  Nat.  l0 l :233-2,19.

N l , r nqu l : r ' ,  P .A . , . f . ( 1 .  On r r z ,  F .  Boz r r - ov r t . . lNu  F .  N l .

. f . r rsu; .  l9 l l9.  E<:okrgical  : rspects o{  thcr tnoregula-
t i r r r r  at  h igh : r l t i tu<lrs:  the casc of  An<lcan Lio la.enu.s
l izal r ls  in r ror tht ' r - r r  ( lh i le.  ( )ecokrs ia l t l : I ( l_2{) .

Nlt:OtsNts, S. Nl. l1Xi6. Srz/o/orus tnid.nttuli.s: pre-
fc l rcd bodl ' tcnrpcfatule of  the lvesteln fence l iz-
a l d .  Sc ience  I 52 :1090 -1091 .

Stt t t t l . ,  R.  I91J0.  " ( i rs ts"  o l  leptr<luct iorr  i r r  rept i les.
( )ecokrgia,16:92- I  (X),



{NDR-EWS ET AI,.-THERMAL BIOI,OGY oF S.]})LqPORI]S

SIct;rr-, S. 1956. Norrpararnetric statistics. McGraw-
Hi l l .  New Vrrk.

SIxt 'eno.  8. .  R.  Hr: l t ; r :s .  , r l -D S.  (1.  Aor.u.prr .  1991. De-
creased spr int  speed as a cost  o1' reproduct ion i l r
tlre lizard .\rrlr4tortts otridcnkilis: r,ariation alnong
poprr lat ions.  J.  Exp.  Bio l .  155:1123-1336.

St I rs,J.  ! \ ' . ,  J .  W. Anr:r r r r ,  ( i . . f .  (krr . rs,  AND O. [ 'L()Rr:s.
1992. A revierv oi phylogenetic hypotheses firl liz-
ards ol the genus Sreloporu.s (Phrvnosornatidae).
Bu l l .  Am.  Mr r s .  Na t .  H i s t .  213 : l - l 10 .

S r r . t ! :Nsox ,  R .  D . ,  ( 1 .  R .  [ ' ! . r r : nsoN ,  , rNn . f .  S .  
' I su1 l .

l9t t5.  The therrnal  c leoerrdance ot  locornot ion.
t o t t l l r t r  I l i r  L i r r g .  r l i t e s t i r , r r .  a r r t l  oxvgc r r  co l l \ ump-
t ion i r r  thc \ r : rn( lcr ing { : r r t t t  srr : rkc.  Phvsio l .  Zool .
l ) 4 1 : + t F : )  /

Str :n,rn l , . f  .  R.  19U4. I 'herrnal  b io logl  o l  the l ive l>ear-
irrg lizarrl Orrrlnnoltt.t urntktt.t. Herpetologica 40:
349-31'rir.

Vt , r t . , . l .  1. .  l l )1t4.  ( iorrrpalat ivc f ick l  resJrorrses to r l ie l
a r t t l  a t t t t t u r l  t l r t ' r r r r a l  r cg i r r r c l r s  l r l r o r r g  sce lop , r r i r r e
l iz ; r r  t ls .  r l i t l r  s ; rcc i f i< r 'c ler  errr  e l t> . \ tdolxtr  nt  ntn lnr l t
i / i ra. r .  Rt ' r .  Bio l .  Trop.  l l2 : l - !1.

Vt t . t " r t :n, r r -S.rN r , \  ( lRr z,  Nl .  l l l l l - t l .  l )esarrrr l lo  r rn-
b l i o r t : r l i o  p l ace r r l : r c i o r r  y  s r r  r c l a r i r i l r  t o r r  t - l  cuc r l t r r
Irrtco l f a atrt'sia Iirlir rrlar ttt .\tthiltoru.s rtuttnrrttt.lttst'

Steloporus gru mmicu1 (Sauria: Iguanidae). Unpubl-
Ph. D. diss.. Llniversidad Nacional Autonorna de
Mexico.  M6xico.

ANr) F. R. M[:Nnez-lu L,\ (-]RLrz. 1993. Scelopc
rus grammirus iEspecie lecitotrofica estricta? Rer'.
Z o o l . 4 : l - 6 .

AND O. ( lutLL. \R.  1992. Obl ieator l
sperrn st()rir!{e in t}re lizard Srekporus granLmi(us.
Acta Zool. N'lcx. 49:23-31

WnnNl:n, Y L., rNn A. H. Wsrr.qxrR. 197t3. Observa-
tiorrs and c()lnnlents ()n the bodv temperatures ()l
sorne New Zt 'a land rept i les.  NZ.. l .  Zool .  5:375-393.

(RMA) f ) t : t , , rn l t t -N r  (  )F Br(  ) t . ( ) ( ; \ ,  \ ' rn<;rNr,r  Pot- t ,
' r 'Ecl lNr( :  INsr[ r r rTl .  ANI)  STAT[. .  [JNr. , 'EnsrTr ' ,
BtAr;KsBLrn<:,  VrncrNre 240t i l ;  (FRM) Dl : r 'an-
' IAMENI ( )  t )E  Z ( ) ( ) t . ( x ; iA .  INs . r l . r t ' t r r  t )F t  B I ( ) 1 . ( ) -
( ; iA ,  UNANI  A .P .  70 -153  ( l . L l  ,  ( 1 .P .  04510 ,
Ml:xr t ;o 20,  l ) rs lnrr 'o Ft :nt :H,rr - ,  M[:xrrr t ;  . rNn
(MVS) Dl . : r , . , \Rl , \Nlr , rN'r ' ( )  l )E Br()1.(x; iA,  F.qt : r , r . -
' L \ r )  t ) r  ( l l ! :N< ; r , r s ,  t ]NANI  ( 1 .P .04 i r l 0 .  N l r : s r r r r

20 ,  D t s t t t ' t r r  F l - u r . : n r r . .  M l : x r< r r .  S r rb rn i t t t : d :  27
May l1)9,1.  r \ r :cept t . r l :  l l l  . f r rnc l { )9( i .  St 'c t ion

t : < l i t o r ' :  . f  .  R .  Spo t i l a .


