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ABSI'RA(rf: Acurrtlirrg to tlrt'crrl<l-clirnirte rn<>rlel, viviparitv in srlrirrrrate reptilc's t'r'ohes at higlr
clevatiorrs an<l latitrr<lcs. 'fhe lizarrl gerrrrs Sr:r,/oporrrs lrers lreen rrst'rl to srrppoft this nr<xlell viviparorrs
spr:r'it,s itrc filrrrtl at lriglrt:r elevttir>rts thiur oviprtrotts spct'ies. For t'xltrrple, in thc scalztris species
gr()up.  a v iv iparorrs spt '< i t 's  rcplat ' t 's  i ts  ovip l rorrs s istcr  species t t  ekvi r t ior ts i r l rove 3(XX) rr r .  \ \ 'e  r rst '< l
r t ,c 'err t  l i t t ' rat r r re to t 'vr l r r r t t  l i r r r r  : rspec: ts of  t l re errr l r r t i< ln of  v i l ipar i tv  u i t l r i r r  t l re gt ' r r r rs iut<l  crr r r -
c l r r t ler l  t l r r r t  ( l )  r ' iv ipt r l ih  l ras errr lv t '< l  u nr i r r i r r r r r r r r  o l ' l i r r r r  t i r r r t 's  s ' i t l r i r r  t l re genrrs.  (2)  \ ' i r i l rar i tv  l r r rs
rro l  t 'ur l l t ' t l  a t  h ig l r  lat i tu<les.  l r t 'carrst ' t l r t 'ov ip i r r r>rrs species f t r r r r r r l  at  h igh lat i t r r< l t 's  lack t l re r r ror-
p l roLrqi( i r l  r rnr l  physio logic ' i r l  ler t r r res that  l i rc i l i tate prolongc<l  cgg retcr) t i ( )n.  the intcrrnr '< l i r r tL 's tage
bctrvt't'rr oriparity arr<l viviparity. (3) \riviparorrs syrecies have rrot invit<lc<l higlr latitrr<lt's bec:itrrsc
viviparitv irt Sctlopons is irssrx'i:rtt't:l witlr gestation <hrrirtg winter ntlnths. This is a r-ialrle repro-
thrct i r r .  rnor le l t  h ig l r  e levrr t ions at  t ropical  lat i t r r< lc 's ,  bcciurst ,  : r r l l r i t ' r r t  t t 'nrpcratrr res <hrr i r rg t l re
w i r r t t ' r  i r r t ' s i r r r i l a r  t o  t l r os t ' i r t  t l t t , s rn r r r r r e r .  A t  h i g l r  l r L t i t r r r l t s .  i l l  c ( ) n t r i t s t ,  u , i r t t c r s  u rav  l r t ,  t <x r  t r r l r l
l r r  s r r l l l x r r l  l t t r l r r uog l r r t ' s i s .  o r  1 t , ' r l t i r l r s  cv r ' n  \ un  i r i r l  o l  r ' t n l r r uos .  t - l  I  \  i r i l l i r r i t r  e r . , l r r ' , 1  i r o r t t  ov i l l r t r i l r
t l r rorrg l r  t l r ret '  r r r i r jor  t r iurs i t iorrs.  T l rc f i rs t  s  i rs  t l rc  t 'vol r r t iorr  o{  r ' i r  ipar i t r '  l rorrr  ovipar i t r ' ;  th is t r iurs i t i t>rr
* i rs  lssrx i i r l t '< l  u ' i t l r  t l re i r r r r rs iorr  of  l r ig l r  c levl t iorrs.  T l r t '  sccr l r r< l  t l i r r rs i t i ( ) r )  wls i l  shi l i  l rorr  s l l r ) l r )er
t ( )  \ \ ' i r ) l { ' r  gt 's tat io l r  srrch th i r l  I ' i r t l r  r r l i rs  s l r i l ic t l  i ror t r  iu l t l r rn l r  to spr i r rg.  \Vi th b i r t l r  i r r  t l rc  spr ing,
ne()nutrs r r re i r l r lc  to r r r i r t r rn l rv  arr t r r l r r r ,  tnt l  crr r rst ' r l r rent lv  t l rcv c ' t r r  1>rothrce a l i t tcr  u. i th i r t  a vt ' i r r
o l ' t l rc i r  orvrr  l r i r t l r .  T l re t l r i r t l  t r r r r rs i t iorr  rvas i r  shi l i  l r i r r r t  asurc l r ronorr i  r t ' t r rot l rc ' t iv t '  c ' l 'c ' l t 's  o l ' t t l t l t 's
, r r r . l l i . r r l t l , ' s r r r u r t i r [ j i r r s l l r i r r q i r r r r l l i ' r t i l i z r r t i o r r i r r . r t t l t t r r r r r , t , , s . , , , l r r , , r r , , , r s r , ' l r r , u l r r , t i r ' ,  < v < l , s , t r r r l -
i r r g  i r r r r l  l e r t i l i z l l i o r r  i r r  t l r c  i r r r t r r r r r r r ) .

/nJv ' r1 taonl . : :  Srr '1o7r, r r r . r :  l l t 'pror I r rct iv t '  c 'vr ' les:  Errr l r r t iorr  of 'v i r i l lar i tv

Att<lttt' 2Oo/o of the squamate reptiles are
viviparous, an(l viviparity has evolved 100
()r m()re times independently in this t:rron
(Blackburn, 1982; Shine, 1985). Because
<-rf the large number of origins, the power
of c()mparative anall'ses can l)e applied to
the question "what ecological features are
ass()ciate(l with the evohrtion of vivipari-
ty?". Such analyses {bcilitate the rejection
of hlpotheses that relate viviparity to spe-
cies characteristics such as arboreal or
a(luatic habitats and large size or str()ng
defensive capabilities or that relate rivi-
parity to habitat features srrch as aridity or
excessive moisture (Shine, f985). In con-
trast, comparative analyses provide strong
support fcrr the evolution of viviparity at
high elevations and latitucles, that is, in
cold climates (Shine. 1985). The benefit of

extended egg retention and viviparity in
cold climates is thermal; because of the
thermoregulatory capabilities of females,
embrvos in utercl will be wanner thtrn ern-
brvos in nests. Bec2ruse embryonic devel-
()pment is tenrperature dependent, eg4 re-
tention will enhance the rate of embryonic
development or even the sun-ivirl of em-
bryos. One line of support for this hlpoth-
esis is the obsen'ation that vivipirrous spe-
cies comprise a larger proportion of squa-
rnate faunas at high elevations or latittrdes
than at lorv elevations or latitudes (Packard
et al., 1977; Tinkle and Gibbons, 1977;
Weekes, 1935). Even more compelling
support fbr this hypothesis is provided by
the association between recent origins of
viviparity and high elevations and laiitudes
(Gui l le t te,  I982a:  Qual ls  et  a l . ,  1995;
Shine and Bull, 1979).

The geograpliic distribution of vivipariqvrSen< l  r t 'p r i r r t  re ( l l l es ts  to  Ro l r in  Ant l re rvs
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Tru t .e  l . -Spec ics  o f  Sr r ' /oPr rnr . r  rv l rose  nro< lcs  o f  re -

pnr t l r rc t i< ln  i l r c  kn( ) \ \ r l .  Spc-c ics  g ror rps  i r r r t l  spec ies

r r re  l i s tcc l  i r r  t l re  o r tk ' r  i r r  s l r i ch  lhc \  i r l )pear  in  F igs .

9 - l l  in  \ \ / r ' i ns  a r r t l  l l t ' c t le r  (19 !17) .  l \ lode  o l ' repro

<Lrc t ion :  ( )  -  ov iparor rs .  \ '  -  r i v ipar r>r rs .  [ . l r r less  o t l r -

env isc  r to te t l ,  t l re  s r r r rce  l i r r  repr txhrc t i v t  r r ro< l t '  i r r
( l r r i l fe t te  e t  a l .  ( l9 r j0 ) .  \ \ ' h i l t '  ^S .  c r r l l ) l t t s  a r t t l  S .  ,s r r | -

l r i < 1 r s  $ ' r ' r t ' l i s t e < l  l \ ' ( J r r i l l e t t e  e t  i r l .  ( 1 l ) f J O )  a s  ( ) \ ' i P

i t r < l t t s ,  t l t t ' i r  s ( ) r l r ( ( ' s  ( [ , r , r r c l r  u r < l  S r r r i t l r .  1 9 6 5 :  S r r r j t l r

i l l ) ( l  L \ r rc l ) ,  1967)  j r r l i r re r l  th t '  r t l r r rx l r rc t i v t '  rn rx le  r> l

t l rese  sp t ' c i t ' s  l ro r r r  t l r c  r t 'p ro< l r rc t i re  r ro rL 'o l  s r rppos

et l l v  r t ' l i t t t , t l  spe t  i cs :  rv t '  c 'o r rs i r l t ' r  n ' l r ro r l r rc t i vc  r r ro< l t ,

o {  th t ' se  spcc ics  to  l r t ,  ru rk r ro r r r r .

li:n;
r rtirtltili.t

rt l i t:utt,tts

sl)l l l().! i l .s

l i tn ru ts t t :

S. oliutcttts

S  . s 1 , r l t t 0 s t t . r " ' " " " '

S .  l t o r r k l t ;

S .  n t l i l t t r v t t t t

S .  - f i r r r r io r l . s
S. rt l l t 'r i

5. r/r ' ftrglri

5 .  t t t t t t t t , r i

S .  t t t t l t t c l t i l i t ' t t s

( )
( )
( )
( )

Irtttr lt ' l l i

ultttt rrl l trt l lrtr i

t  lu  rk i i

n t ( ! { t s t  ( ' t '

I t t  t  t t t t ' i

i t t l t ' t  t t r t . v t ! i s

t 'r lrnt n lt rr r 1lr t r i

t ' l r r r k i i

r  t t t ' l t t  r  t ,  t  r l t  i  t  t  t  t . s

t , i . , g i s / ( ' t -

I t t u t . v t k r ' r i

I i(.ki

( )
( ,
( )
( )
( )
( )
( )

irr the l izarrl t lr 'r lus Sccl{)/)()rr.,.s sllpports tlre
col(l cl irnate Ino(lel. Irr this genus ()f rrp-
pr()xirnately 70 species, zrpproxirnatelv l3o
nre vivipar()us (Sites et ir l., 1992). The
nurnl)er of Vivipartlr ls speci('s relative t<r
tlre totaf nufnl)er of'spec'ies of Sccltt ltt>nts
increitses rvith elevati(nr. zrn(l viviparih' is
the dorninant Ino(le of' repr<l<luction at
>15(X) rn (Cluil lette et al.. lgfto). More-
over, the genus inchlcles at letrst one c'r-
anrple ()f it re('ent <lrigin o{'rir-iptrritv that
is :rssociatetl rvit l i  high elevation (Ciuil lette,
I9u2rz). The vivipar()us .>-(-'cl()/r()nt.t bico|r-
tluilis replaces its cl()se relative Scclopottts
ocnel^; ()n irn elevation {radient in the
transvolcunic 2l\is (){ celrtrill Mexico: S. ar'-
, ldus is f<lrntl up t() elevations t>f appr()xi-
rnatelv 30(X) m and S. bicotrtltalis is f<xrnrl
Iiorn approximately 2O00 rn to >,1000 nr
(Benabib et al., 1997r Camarilkr, f990).

Since Guil lette et al. (f9fJ0) discussetl
tlre evoluticln ()f viviparitv in Scc/op<)nt.s.
considerabh' rrl()re inlirrrrration on the l)i-
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olog arrd ph1 It.rgenetit. relationships of
Scelttpttrlts have hecome availahle. We use
this information to evaluate four ouestions.
(l) 

-Hou' many times did vin'iparlty evolve
in the genus Sc,-/,, l tttnts? t2) \4'hy'have vl-
viparorr.s species- of Sctlopttnts not evolved
at high latitudes, even though the range of
the genus extends into the'state of Wash-
ington, U.S.A? (3) Whv does the range of
viviparcrrrs-. spec:ies of ScelopLtnts eitend
onI1, 4r tar north as southern Arizona
whereas,the ranges of other ,ri.ripu.,-, t*u
(e.g., Thanr,nophis sirtalis) eitencl into
Canad:r? (4) \ /h)' is the shift from ordpar-
ity -trr riviparity in Scel,,1t,,nt.s irssoc.i ited
wi t l r  s l r i f is  in  the sei rsonal  paf lern of  re-
productiorr, and horv did theie shifts corne
trbout?

M Lr t,t ' t l ,t,!t Ottt t ; l  l l  s ( )1,' VI\jt t,A Ii I.t.y
\/iviparitl. occurs in five species gr()ups

(.sen.su Weins anrl Reerler lg97) (TrJ,le i);
it is apparentlv fixecl in the fonrnsus,
gnt t r t r r ti ctt.s_, t o rt 1 u at u s, and n rc gale p idu nts
gr()ups. wlrereas the srzrlrins gr,, irp c.,rn-
tailrs lr<lt lr oviparorrs and vivipar,ru^r rp.-
cie.s. The olrserwatiorr b1. ()orhnez-Cincr
(  l9r i5)  lhat  S.  t t t t 'g t t l t ' l t i t l r i r r . rs  is  ac. t r ra l ly  v i -
viparnrus, ancl not ovip:trous rrs previtiusly
rlesignatecl (Guil lette et al., 198,{)), resolves
a problern posed lry Sites et al. (19g2).
This problern is the p<lssible rever.sion to
ovipirrih' l-rorrr riviparig that mav have oc.-
<'rrrred i l '  S. ttu'gri lt l i t lr irus *"r" Lr.ipnrc,.rr,
g iverr  i ts  _c. lose re lat i r rn.s l r ip  to t l re  grant-
rrticu.s andtorquatus groups. I{owever, the
more recent analyses of Weins and Reeder
( 1997) sug{est that vivipari\- arose once in
a colrllnon ancestor o{'these lineages, rath_
er  t l rarr  orr  l l r r t -e separate or .<.as iorrs  (F ig.
I ). The st't luris gr.rrrp inclrrdes two vivip-
arorrs spe<,ies. and viviparity apparentlv has
hat l  tu 'o  (Bt 'nabib et  a l . ,  ICST Mirrk  ant l
Sites, 1996) origins in this group. Overall,
viviparity hus :rrisen a rninirnuh of four
tinres in the genus St-eltrytonts, once in the
Jttntltt.su.s. group. orrce in the Iineage in_
( ' lu( turg l l te  gt 'a t t t t t t icus,  I t t t t luu!r r .s .  , rnd rna_
galepidunts groups, and tr.vice in the sca-
ra?-?s group.

Recent suggestions o{' reversals of r.ir{-
parity to oviparit l (Nopali l lo poprrlation)
or of reproduc.tive birnodality (Las Vigas

l -  l ( ; .  L  l l r . l r r t i o r r s l r i l l s  r r r r r o r r g  l l r c  s l ) ( . ( . i ( . \  g r ( , i l 1 ) \
1 1 1  . \ 1 1  / , , 7 r r , r r r r  l i r l l , r r r i r r g  \ \ i , i r r s  ; r r r c l  l | . t r l t , r .  r  l l ) { j i r
(  ) l x ' r r  l r r r r s  r r . l ) r r . \ r . i l 1  ( , \ ' i l ) i r r i t \ '  ; r r r r l  s , r l i r l  l , r r r s  r e p r , . -
st'rrt vivipiLrity. ()rrlv thc s<nluri.s sp<,cir-s grorrp lras
l ro l l r  ov i l ra ror rs  a r r t l  r i r ip i t ro r rs  , r r r , , i r l r t , rs .  i ) r ig i rs  o t
v iv i l t i r r i t v  r r r - re  t l r te r r r r i  r re< l  { io t r  r  t l te  c l ra rar . te r  t rac i  r t t ,
scr.t ion ol t lrt '  N,lac'(l l ir<lt '  13.O2 phrlogenetir. progrrrrl
(N l i x f t l i so r r  , t r r t l  N la t l t l i so r r .  lgg2) .  l l c .s r r l t s  r r i ing  th t ,
l , l r l r r i r< r t .a l  Ovc l i r rg ,  I ) t ' l t r t r r .  i tn r l  Ac . t r : r r r  op t io r rs ' i r t re
i< l t ' r r ( i c rL l .

population) in the S. bicanthall.s comple.x
(Ben.rh ih et  a l . .  1997:  Creer  et  a l . ,  l0g7;
Mink ancl Sites, lgg6), zrlthough tantiliz-
ing.  seem to be premrr lure.  T l re reprot lur . -
t ive c 'ondi t ion o[  vou<.her  spet . imens of  S.
hicail lnli.s <lepositerl in the Mrrserrrn of
Zoology at the Far.ultad de Cienr.ias, Univ-
ersidad Naci<lnal Aut6noma de M6xico
ancl in the Monte L. Bean Life Science

{I usrrem, - prigham Young University, from
the Nopalillo ancl Las Visas sites o'f Mink
and Si tes (1996) . r ,as .e-e*omined br-one
of 'us (M. Vi l lagrr in) .  Reproduct ive fe inales
were either ritellogeni6 or contained re-
cently or..ulated eggi (embryos too small to
stage). These specimens cannot be used to
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group

group

group
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group

group
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evaluate reproductive mode because they
coul<l he eitlrer oviparous or vivipar()us
(Blackburn, f993). More importantlr.. sub-
sequent collections of females of S. bican-
thalis fron these two sites, have all proven
to be viviparous (lalroratorl' observntions of
F. M6ndez and M. Villagrdn, personal
contmunication of N{iriam Bennbib). The
presence of oriparorrs S. bicanthnlis trt the
Noprilillo ancl Las \rigas sites has thus not
been confirmed.

DIsrnt tJur t ( )N ( ) t '  \ / tv t1, , \ t i I i ' \ '  RELAt ' tv t r .
T() L1\TITUI)l,t ANI) Et.Et"q,t 'tOl

Vivipar<rrrs species <tf Sccloponr.s are
{irrrncl frorn 

"r'esterr 
Panamzr in Cle'ntral

Arnerica to southern Arizonir. New Mexi-
co, and Texas in the Unitecl States. The
highest nulnller of r.4r'iparorrs species. 13,
is found l>etween lfJo zrnd 20o north lzrti-
tude (clata frorn range maps of Sites e.t al.,
f992). Viviparity in this genus is thus
strongly associate<l rvith the high rnoun-
tains <lf the Transvolcanic a-xis of' Central
Mexico. In c<lntrast. '"vhile the rzrnge of
<lvipurrous species extencls into (losta llica,
. r lnrost  i rs  f i r r  sorr t l r  i rs  v i r ip ; r rorrs  sper ' ies.
the range ()f ()vipzrr()us species extends
n<lrtl'r alrnost t<l the (lanaclian b<lrcler of
tl're Unitecl States. at '19" n<lrth Iatitrrde.
The range o1'viviparr>us spec'ies is t lrus nl-
most completell' restricterl to tropicirl lat-
itrrdes whereas the rirnge of oviprrrotrs spe-
cies exterrrls l irr into temnerate latiturles.

The observ:rti<ln that rir.ipor,r.,s; species
of Sr:clt4xtnl,s <lo not <lccur at high lati-
trr<les lras trv<l cornponents. Tlre first is why
viviparity has not er<>lvecl at high latitudes.
Guil lette et al. (l9lt0) suggestecl that "se-

lective pressrrres associate<l with hif{h lati-
tucle have n<>t resrrlterl in a preponderzrnce
of placental viviparous species because
embryos of'high latittrcle, egg retainine f-e-
males clo not suf'{!r gas diffrrsion prr>blerns
as rruch trs do those at hi{h altitudes."
While this explanation could be correct for
Sceloponrs, it is not in nccor<l u.ith the oc-
currance of viviparous species at high lat-
i tudes in  many other  scpamate taxa
(Shine. 1985). At least two alternative ex-
plirnations ure lrlore plausible. One is that
the selective pressures at high latitudes are
not the sAmc' as thclse at high elevations at

low latitudes. For exarnple, cold tempera-
ture per se mav not favor the transition t<r
viviparitl' unless associated with particular
seasonal changes in temperature, mois-
ture, or food availabiliry

Another erplanation for the absence of
r.iviparous species at high latitudes is that
tlre particular groups of oviparous Scelop-
onr.s thtrt invaclecl high latltudes of North
America did not have rnorphological or
physiological fetrtures that would facilitate
the evolution of viviparity. For exarnple, S.
trcidentalis, the species rvith the nofthern-
rnrrst range, is a member of the unchilatus
species group.  Most  members of  th is
gr()up lav eggs irt approxirlratelv stage 30
(hatching or birth occurs at stage 40:
stages of Dufirure and Hubert, 1961) re-
girrdless of envir<lnmental conditi<lns (T.
Mathies, personal c<lmrnunication: Sexton
:rnc l  Mnr i< ln,  1974).  Moreover,  even
tlr<rrrgl'r fernales of S. airgafu,s can support
enr l r rvonic devel< lpment  in  utero past
stirge 30. embry-onic development is re-
tardecl (Anclrer,vs ancl Rose, 1994). Suc-
cessfirl egg retention beyncl stage 130, the
transitional stage l>etween oviparitv and vi-
viparity, is thus not obserwecl in the un-
rlulahrs gr()up. Extention <lf egg retenticln
that does rrot imptrir embryonic clevelop-
rnent has thus far been obser-ved only in
the scaLtris group (Mathies and Andrews,
f995, 1996), an<l this is the onh' {roup
within Sceloporus with .r con'rparartively re-
cent evolution of viviparitv.

The other comp()nent t<l the obse-rvation
tlrat viviparous species <>f Scelopt>tz.s d()
not occur at high latitucles is why' vivipa-
rous species have not extended their rang-
es further into North America. We suggest
that the particular reprocluctive phenolog'
associatecl with viviparily in Scclopctrus is
ecologicallv incornpatable with reproduc-
tive success at hieh latitucles. All r.iviparotrs
species <t[ Sceloporu,s except S. bicanthrilis
ovulate in the rruturnn and gestation con-
t inr res over  the r r in ter .  At  t ropical  la t i -
tudes, "u.inter" is not particularly cold; the
mean temperature of the coldest and
warmest nronth <-,f the year differs bv only
a ferr t legrees at all elevations (Janzeri.
1967), and lizards are active year round.
The dif{'erence between sllmmer and win-
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ter temperatures increases with latitude,
and most temperate zone lizards hibernate
during the winter. The northern limits of
viviparous species of Sceloporus (southern
Arizona, New Merico, and Texas) mal
tlrus coincide with clirnates mild errorrgh
for pregnarrt females lo bask. at least oc-
casionally, during the winter (Ruby, 7977).
At even more northerly latitudes, low bodv
temperatures of hibeinatirrg lemalet rttni '
preclude development, or even survivnl, of
embryos over the winter.

A thermal limit to the nr>fthward invir-
sion of viviparous species of Scekrytttrtts is
supported by observations on the repro-
ductive cycles of other r.rviparous liztrrcl
taxa in North America. Frlr examnle. the
ranges of the vivipirrous Pltrqirosottra
rLtuglassi and, Gerrhonotus coenileus ex-
tend into Canada. Unlike SccloTtotus,how-
ever, viviparous f'emales of these species
nre not pregnant over the rvinter monthst
gestation ()ccurs during surnnrer, ancl birth
()cc ' r l rs  in  the i ruturnn.

Etro lu. t toru ( )F-  Rul , l t ( ) l ) t r ( ; ' f tvE Cyt ; t ,us

Oviparous and viviparous species of Scc-
loponrs exhibit different se.:rsonal patterns
of reproduction. The repr<lcluctive activib'
of all ovip:rr<us species is restricte<l t<r
spring ancl summer, :rnrl this ternporal
span is independent of latitude. For ex-
ample, the oviparous S. tx:neus at 19o N,
S. scalaris at 32' N, ancl S. occiclcntalis and
S. graciosrts :rt ll4o N latitucle all exhibit
essentially the s:rme repr()(luctive phen<ll-
ogy.  Vi te l logenesis is  in i t ia ted in  the
spring, ovipr>sition of'one ()r Inore clutches
occurs during late spring trrrd surnmeq ancl
eggs hatch in late sulnmer and rrutumn
(Fig. 2A). At temperate latitr.rcles, the tirner
of reproductive :rctivity corresponds t<t the
warm season, whereas nt tropical latitucles,
where seasonality reflects the :rlternation
of wet (summer) and dry (winter) seasons,
the period of reproductive activity corre-
sponds to the wet season. At both tem-
perate and tropical latitudes, however, re-
productive irctivity is associated with the
time of n.rost abundant tbod resources fbr
lizards (Levings and Windsor, 1982; M6n-
dez-de la Crui et al., 1992).

In contrast, fbr all vivipar<lus species of

Sceloponts except S. bicanthalls (see be-
low), vitellogenesis is initiated in late surn-
mer or  autumn, gestat ion cont inues
throughout the winter, and parturition oc-
curs in sprine (Figs. 2C,D). Females of vi-
viparous species are nctuirlly reproductive
(vitellogenic or pregnant) during 9-10 rnc>
of the year! The long reprocluctive cycle of
viviparous species is related, in part, t<t
their hieh elevation habitats where rnearr
body temper:rtures of females itre relative-
ly lor,v (Andrews et rrl., 1997; Anclrervs et
al., unpublished data). The conse<luerlce
of reducecl rates of vitellogenesis and ern-
hryoni t '  developmenl  at  low lernperal r r res
(e.g., Muth. 1980) is th:rt the reproductive
cycle is pr<ltrzrcted at high elevations; all
vivipirrorrs species of Sccloporu,s are single-
brooded. This seasonal pattern of repn>-
clucti<ln is also characteristic of othervivip-
rur()us s(luamate taxa at high elevati<tns irr
Mexic<r (()uil lette, I982b: Guil lette an<l
(lasas-Andreu, 1987)

The evt>ltrtion of viviparity in the genus
SceloTtortts is thus trssoci:rterl with :r. m:{or
shift in the phenology of reproduction. \\ie
suggest that the rnain selective f<lrce lte-
hind the shifi in the perio<l of gestation
frorn surnrrrer to winter is that birth f<lr
r.iviparorrs species ()cclrrs in the spring.
Birth in the spring provides twrl rel:rted
benefits. C)ne benefit is that birth occurs
nt the heginning of the wet se:rson, when
f<rod for neonntes is most abundant :rnrl
ambient terrrperatures are relatively high
(M6nclez-cle l ir Cruz et al., 1992). The sec,-
ond, :rncl relzrtecl benefit, is that neonates
at tropicrrl latitudes are trl>le t<t reach sex-
ual maturity and mrrte in the auturnn fill-
lowing birth (Clonzirlez-F.viz, 1991; Guil-
lette and M6nclez-de la (lruz. l99ll; M6n-
clez-de la Cruz et al.. 1995). Age at f irst
reproductir-rn affects the intrinsic rate of
increase rnore than the total number of'
progeny (Cole, 1954); early reproductiorl
would thus cornpensate viviparous {'e-
rntrles, at least in part, for the reduction irr
nurnbers of clutches producecl per vear
(=1 for or.iparclus species and one for vi-
viparous species). In southern Arizona,
where relatively cold 'uvinters reduce
growth rates of embryos in utero, the re-
productive c1'cle of viviparorrs spec.ies min'
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A Sceloporus aen eus'. oviparous

B. Sceloporus bicanthali s: viviparous

- sM _ B _

Sceloporus mucronatus: viviparous / asynchronous

D. Sceloporus to rquatu s: viviparous / synchronous

- B -

MSM

o

M

SMM

l ' t r : .  2 . l leprer | rc t i y t '  I ) r r t t ( , r1s  9 l  (A)  Sr r , [ rpp lB  d(pd ts ,  t> r ' iparg t ts_( ( i t t i l l e t te .  l9 l t2a :  l \ la r t r i r l r rez-NIor i i r r '

l gg5) ,  ( l l )  Scd i ,1 t , ,n ts  ! fu .u l t lu t l i s ,  v i r . ipar r>r rs  ( ( ) r r i l l e t t t ' .  l9 fJ2a :  I le rn i i r r< lez- (J r t l legos .  1995:  IV la r r r i t l r rez- ,Mon i t r .

lg95) .  (c )  Sr rk ' ry t r t r t t . s  nuur (n t ( r l r r . \ .  r ' i v ipar< , , ,s /asvr rc l r ro r ro r rs  ( l l l ( ' r r r l t ' z -< le  l i t  ( l r t t z  t ' t  a l . .  l9 t i t j ) .  r r r r t l  ( l ) )  Sr r ' -

l t 4 l t l n s | o r t 1 t t u t i t ' s ' r . i r i P l r r t l t t s / s v r t < , l t r . , , t t l t t s i ( i r r i l i e t t e i r n t l N | ( ' r r r l e z - t l t ' l a ( ] r r r z ' l 9 9 3 ) . I i t l r

repro<lrrc,tivc c.yclt 's o{'^[errrir lt 's' iurrl rrrrrles rrre reprcscrttc<l lrv t lre rrppcr itrtt l  lou'er-ltores rt 's1lc't ' t ivt ' l tr For

{ r . r 'na les ,  l r r r tcher l  i r re i i s  rcpreser r t  t l re  p ropor t i , , , i s  o1 '  ,u l r r l t  f i r r r t l t ' s  t l t l t  r t re  repr tx l r_ r<  t i v t ' :  r ' i t c l loge l tcs is  i s

represelterl lr1, |rrc,k slinlrt i<l lratclrir.6 gr"ti, l i tn'_,1' gestatiorr is rqrreserltetI lrv l irnvard sliLsltetl lratti irrg_. rurrl

th l  per io i l  o l  i r v r r la t io r r  i s  rcprcse 'n te i l  i i v  cn ,s i - l ,a tc 'h ing .For . rna les . ,  thc  s t ipp le t l  r t rea  rc [ ] rcs ( ' r l t s  t l re  re l r t i r t

s ize 'o l ' th t ' t cs t t ' s .  I I ,  11 ,  SNi .  anr l  \ l  i r r< l i c r r te  l i r r res  o l  l ra tc l r i r rg .  l r i r lh .  i t t t i t i r t r t t t ' t t t  o f ' ser t ta l  t t l t t t t t r i t t .  i l t l t l

mirti l lg, respectivelv.
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be even Inore protracted. For example,
607o of fernale neonates in S. jarroai at
1700 m rnatlrred 2rn(l mated dr-rring their
f i r s t  a r r l r r r n n ,  i u r t l  i r t  a  l r i q l r e r  e l e v : r t i o n
(25(X) rn). maturi ty <l{ 'al l  neonates was de-
la1'ecl to the fbilorving \/ear (Ballinger,

r 973).
Alrnost all vivip:trous s(luamates pro-

tluce onll' <lne chrtch per year, :rnd this re-
procluctive rtrode is o{ien ass<tciated r,r.ith
relatively large btxly size and rlel:wed ma-
trrrity (Drrnharn et al., 19fJ8). These latter
traits presrrnrably provide c()rnpensation in
terrrrs <lf errhancerl srrrvival l irr the low re-
prothrctive orrtprrt o{'viviparous species. In
Sct' ltryxtnts. h<lwever, t lr is potential hanrli-
c'irp o{' ririparitl lras been overc<>rne br-
prr :cociot rs  rnatr r r i ty ;  f 'ernales pr<lduce
their f irst l i tters within a vear of their own
l r i r t l r .  l ) r r r r l r : r r r r  e t  : r l .  t  l g r i $ )  po i r r t e< l  o r r t
thirt {ernalt 's of S..jarnni u'ere pnrticrrlarl} '
earlv In2rtrrring within viviparous lizards irr
t leneral; <xrr o}rsenrrti<lns orr <lther species
ol' Sccltryx,nr,s sug{est that t'arly rrrirtrrriq,
rnitv be associaterl with the evolutirln of vi-
v i p : r r i $  i r r  t l r i s  genus .

Evor, tn ' toN (  ) t , '  t ' r  i l . t  Ft ; l . r , t t . t i
Rt i  t , r roI  r r r r  ; ' r IVU ( , ' \ ' (  l l . l , l  r  N \ / rv t  t ,At i< l t rs

5 l ' l , l (  l l l i s

Ilow rlot's the slrifi frorn oviparity to vi-
viparit l '  occrrr? (lhres to this phenornenon
rnav be l i l .rrrrl irr the rurprorluctive bii lklgy
o1' rrrenrbers of t lre scaktfis species {r()up.
Tlre piv<ltal species :rrt' S. acncttr; anrl S.
lticttriluili,s. These c'loselv relate<l snecies
r l Je r r i r l r i l r  t ' t  i r l . ,  l 9g7 ;  l \ l i r r k  i r r r r l  

^S i l es .

1996) renlacc each other orr an elevrrtional
grirrl ient'(():rnraril lo. I 990); rve :rsstrrne that
vivipirritv errllverl in those plac,es rr4rere
tfre viviparr>vs S. lt icnrft luil i ,s n()w ()ccurs.
Tlre repro<hrctive cvcle of S. ar:neus is t1p-
icrrl <rf tlrat of oviprtrous spec'ies of Scclop-
{)/ 'rrs; repr()(lucti<ln is init iatetl in the spring
anrl hatching ()cclrrs irr the arrttrrnn (Fig.
2A). Irr c<rntrast, t'or S. bicarftholi,s. vitel-
logenesis c'()l) l l ttences in tlre autultn (Fig.
2B). Ovulatiort occ'urs rts ezrrll' as lanuary
antl pregnant f'ern:rles ,rre foi ncl ih.,r.,git
the surnrne'r, rvith rnost births concentrat-
etl in surnmer iu)d 2ruturnn (Guil lette.
I9E2n; Manrfrpez-Morfn, 1995). The re-
nr<lchrctive cvcles of inrlividual f'emales are

not u'ell s)rrchronized so that there is con-
siderable overlap in reproductive classes
( non- reprocluctive, witc.llogenic, preenant ) .
For example, at least zr f'ew pregntrnt f'e-
males can be found from January through
Septen' rber  (Manrfquez-Moruin,  1995).
Despite the c'omparntively u,'eak reprr>drrc-
tive seasonaliw exhibitecl bv S. bicantluli,s.
the coincicleni e crf the period of hatching
I'or S. actrcrr.r iu)d l>irth {r>r S. bicrntlnli.s
suggests thtrt the transition frorrr owiparity
to viviparity w:ls :rssocintecl with early ini-
t iation of'the reprodtrctive cvcle in poprr-
lzrti<rns of the oviparotrs itncestor <tf S. hi-
cantlmli.s (Fig. 2,A. vs. 2I}). A shift to earlier
vitellogenesis irtr<l :r longer period of' eqtl
retention at hiqlr elevations rvould have
rnaintirinecl lratching (or birth) in tl 're au-
turnn.

The .S. hicutftluilis rnotlel is srrpporterl
by observations on the ovipirrous lizirr<l
Sr:clopt>nts suilaris in Arizorrtt; f'ernales
frorn high elevrrtion poptrlations initiate ri-
tellogenesis arrd <lvulirt ion earlier in the
spring :rn<l ret:rin eggs krnger than f'ernrrles
{iorn l<lw elevirt ion poprrlations (Mathies
irn<i Arrtlrews. 1995). (lxl ler ternperatrrres
are thus rrssociatecl lvith a pr<>tracted re-
pr<l<hrctive seas()n for lt igh elevati<lrr p<lp-
rrlrrt ions. Nonetheless, lrecirtrse o{' the eirr-
l ier init i:rt ion o1'reprotlrrction :rt high than
krw elevatiorrs, hatchirrg in both poptrla-
tions <rf' S. sculufis ()ccul's :rborrt the srrrrre
time in tlte iurturnn. l 'resumalrly, the errrly
initiation of reprorhrction by f'ernirles fiorn
lriglr elevati<ln poprrlations of' S. scalafis
corttpensates firr relativelv krrr' lrodv terri-
per:rtures of' fr'mitles ancl crlrresponclingly
slowecl ernbryonic devel<lprnent at higlr el-
evatiorrs. Sirnilarl l ' ,  the increasingly eirrl ier
init i irt i t>n <ll '  reproduction an<l a continue<l
increase in the length of egg retention as
tlre <rvipar<rrrs rurcestor of S. bicrttiltr-rll,s in-
va<lerl higher anrl higher elevations u'oul<l
produce the reproductive p:rttem seen to-
d:rr'. An imnortant <lif{ 'erence betrve'en
Mexicrr and Arizontr is, horver.'er, that nrean
daily ternperatures of'rvinter trnd surnrner
months at hir:h elevations in Mexico cliffer
onlv tlv a {'erv clegrees, ilnd *.inter is not ir
thermal barrier to vitellogenesis ancl ges-
taticln.

Assrrrrring that S. bicantlrulis represents
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TABLE 2.-Rcprodllctive cycles of viviparous species oi st:elopttnts. ()r'ipilrons species arc not liste(l beciluse
they all hile swrchronous reprorhrctive cvcles. Motle : vir.iparorrs ancl asrlrchronorrs (\7A) or viviparorrs arrrl
svnchrortorrs (\'/S) rcpro<hrctive cycles (see text fbr cletails). Latitude ('N) uncl iiltitu(le (rn) arc for the refc.r-

errcetl str rdv poprrlittions.

l \ lx lc Lrt i tu( le

Jon l ios t rs

gr0ttutLi(t t.\

sutltris

t0r( lu( t lu\

r t tL 'gu l rT t i l l r tn ts 5

Jit rnutstts
ttuilaclitictt.s
grarrnriuts

S. lttu:ntttlruli.s

t t ) r ( lu ( tu . \

(:t lu I t()g(,ntl,

.10 rrot)t

Inu(  r0 t t i l | t t s

l t r t i t t s c l t i
( lug( ' s i

trttgaltltfu lt t n n

\7A l?-20"
\,'/A 10"
v/s 26"
\//s 21"
v/s l9'
\7A 19"
\7A l9'
\7A t9"
\7S M"
\ ' /s 19"

\'/s lfl"
\'/s ltf
v/s lt(f
v/s it2"
\//s il2"
\'/s :)2"
\'/s rl2"
\ ' /s 19"
\ ' /A l9'
\'/s :12"
v/s llf
vis l9'

- I 6(X)
s00-:t2(x)

50
2.1fi0
2500
320()
i1200

ll2(x) rl.t(x)
ll(xx) rtriso

rt2(x)

2250 2rl5o
26(X)

.- I  (XX)
1520 2 l r ]4

| 825
lsJr jo  215( )
1675 25(X)

26(X)
rl2(x) r l .1(x)

I ( X X )
20-lo
25(X)

)
s
,s

( i r i l le t te anr l  Srr l l iyarr  (  M85)
Mirr ion ancl  Sext t r r  (  l97l  )
( l t r i l le t te ant l  Bt ' i r rcc '  (1986)
()r tega an<l  I lar l )Lur l t  (19E,1)
Mart inez- lsac ( I9t j5)
Murt inez-Isac ( I985)
(hi l le t te iur( l  ( l iNas-An( l r t ' r r  (  l9E0)
lVl6n<l t 'z-<le h ( lnrz ( l l lE9)
( J r r i l l e t t c  ( l 9 t t 2a )
l \ l rurr i r l r rez-Morarr  (  |  995);

I I enriirttL'z-( lallegos ( I !-)95)
l , 'cr ia ( ) r t iz  1 l ! ) t i6)
( } r i l le t te ; rn<l  Nl f r r r lez-r l t '  la  ( jnrz (  l99i l )
Or isp (196,1)
( l o l d l r t ' r g  ( l 97 l )
I t r r l r v  ( 1977 )
( l r i l l t ' t te et  a l .  (  I  S) t i  |  )
l la l l i r rgt ' r  (  I  9713)
N I t l r r < l ez - r l t ' l a  ( j r r r z  e t  : L l .  ( l l J9 -1 )
l \ 11 ' r r< l t ' z - r l e  l u  ( i r r r z  c t  r L l .  (  1988 )
l l l l l i r rgt , r  (  M7l i )
( )<>rrz l lcz l l r r l  ! ispi r rosrr  (  I  1) l l7)
(  ) rx l i r rcz (  ) ruro (  Ml i ,5)

an interme(liate stage in the evolution of
viviparity, the {irrther transitiorr to the re-
productive cvcles tlpical ()f vivipar()us spe-
cies worrlcl inr'<llve the shift fr<lnr birtlr in
the surnrner and autumn to birth in the
spring (Fis. 28 vs. 2C an(l 2D). As we
pointecl out earlier, the selective benefit of
this reprocluctive pattern is that neonates
rrre able t() gr()w to adult size by autumn
(Figs.  2C,D).

O t t t< ; tN  ( )1 , '  AsyNcu l r ( )N ( ) [ / s  r \N t )
St 'Nr  ; r  I  t toNr l I . rs  RF), t t ( ) t )u(  r r t (  )N

For liviparr)us species, the reproductive
cycles of f'ernales and males of a given spe-
cies ()r poplllati()n can be as),.'nchronous ()r
s)'nchronous. When reproduction is asln-
chronous (5. -fonnosus, S. ftwlachiticus,
:rnd some populations of S. grartttn icrr.s and
S. ntucronnfrzs). testicular mass, and pre-
sumal)h' the number of mature sperm, is
greatest in the spring, mating presumably
occurs at this time, and fer-nales store
sperm until omlation in autumn or winter
(Table 2, Fig. 2C). Mating thus occurs well
before fertilization. For species or popu-
lations with syrchronous reproduction (S.

cqutogenqs, S. dtgesi, S. jarroai, S. nw-
galeTtklurus, S. Ttttirtsetti, S. torguatus, irn(l
s()rne p()pulations of' S. granttictrs an(l S.
i lt.1tct-ortotus), testicrrlar rlrass, ar)(l f)resurt-
ably rruml>er of mature sperm is 

^grentest

in the iurtumn, and mntirlfl and f-ertilizatirtn
coinci(le (Table 2, Fig. 2D).

We suggest  that  r rsyrc 'hr( )n()us rn i r t ing
was :Nsociated with the initial stages of the
evolut i ( )n of  v iv ipar i ty  i r r  l r igh e leval ion
habitats, ancl th:lt s).'nchr()rx)us mating was
a Iater c()nse(luence ()f ' the invasit>n o{' ltxv-
er and In()re arid habitats. In support,
as)ilchr()nous repro(hlction is characteris-
tic of populati()ns of S. grarrurriczs :rnd S.
nntcron(ftus at 3000 m or m()re whereas
conspecific populations <11000 m exhibit
s)'nchrorlous repr()duction (Table 2). Se-
lectiorr on females fcrr earlier and earlier
vitelloqenesis a,ncl ovulatiorl (nroved back
fiom spring to autunrn or winter) and an
increase in the length of egg retention may
not have afl'ected the gonadal cycle of
males, at least initially; mating would still
have occurred in the spring, but with post-
partum rather than with late vitell<tgenic
f'emales.
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The above scenario is complicated by
the timing of maturation of iuvenile fe-
males. Ali-females of S. granunicus from
an asymchronous pclpulation at Parque Zo-
quiapan (3200 m) are pregnant in Novem-
ber (Cuellar et al., 1996). Females that
would have been adults in June and July
presumably mate at that time and store
sperm until November when olulation and
fertilization occur (Villagrdn-Santa Cruz et
a l . .  1992).  Females horn in  June and July .
h<-rwever, have sperm in their reproductive
tracts by October (Villagr6n-Santa Cruz,
unpublished data). This means that the re-
productive activities of males must extend
into late summer and autumn. Perhaps
testicular rnaturation and mating by males
become at  least  par t ia l ly  c l isassociated
(e.g., Crews, 1985) so that males are able
to inseminate mature post-partum females
in June ancl July and to inseminate newly
mature females in the autumn.

Sl.nchronous reproduction, in which go-
nadal activity of both sexes occurs in the
autumn, is associated with populations or
species :rt low to intermediate elevations
(Table 2). Ollserwations on two species
with wide elevational ranges in Mexico
suggest that the shift from high to low el-
evation habitats was associated with the
shift frorn rn:rting in the spring to mating
in errrttrmn. Populations of both S. grrnn-
lticus an<l S. ntucronatu,s at 3000 m or
higher have as).rrchronclus reproduction
and populations <3000 m have s),nchro-
nous reproducti()n. For these species, the
shift in the time of testicular maturation
may have occurred when climatic condi-
tions becarne m()re arid and the oak-savan-
nah forests of the Central Plateau were re-
placed by more xeric vegetation tlpes in
the Pleistocene (Martin. 1958). Males of
high elevation (asyerchronous) populations
currently appear to be reproductively ac-
tive from spring, when they mate with one
year ancl older females, to autumn, when
they mate with newly matured females. As
a consequence of the rnore xeric condi-
tions and relativelv low food availabilitv
now prevalent at low elevations (M6ndez-
de la Cruz et al., 1994), selection may have
lavored males with a delayed onset of re-
productive actiwity, and the concentration

of reproduction in the autumn when all
females would be receptive rather than the
energetically more costly protracted repro-
ductive season of males at high elevations.

Suvlr,te,ny: Evot-u.rtoN op
Rgptt<tnur;.t.I\/E CyCLES

Viviparity in the genus Scelrtpot"us in-
volves three evolutionary transitions. The
first is the transition of oviparity to vivi-
parity. Species in the scalaris group pro-
vide a model for this transition. The re-
productive cycles of the oviparous S. ae-
neus arnd the viviparous S. bicanthalis drf-
fer primarily in the degree of slnchony
among individuals and in when vitellogen-
esis is initiated. Reproduction in popula-
tions of S. bicanthalis is much less sr..n-
chonizecl (antl males show no seirsonal pat-
tern at all) than in populations of S. ae-
rlets. Vitellogenic females in populations
of S. bicarfthalis increase in frequency
stafting in January while vitellogenesis is
initiated in March in populations of S. ac-
neus. The earlier initiation of reonrduction
of S. bicanthalis compensate.'fb. lo*.,
ambient temperatures, and, as a conse-
quence, peak of hatching and birth frrr the
two species ()ccurs in the auturnn. Presum-
ably, the shift to earlier reproduction by
the oviparcrus ancester of S. bicorftlvilis
was associated with an increase in the
length of egg retention ancl, ultimately, vi-
viparity.

The second evolutionary transiti<tn wrrs
from viviparify wilh Lrirth ln the arrtrrrnn to
viviparity with birth in the spring: thirt is,
a shifi in the fernale reorocluctive cvcle
from sumrner to winter glstation. Birtir in
the spring provides an imporlanl ht'nefit:
neonates are born at the time of maximum
fbod abundance and relatively high ambi-
ent temperatures. As a c<tnsequence, ne-
onates become sexual ly  mature wi th in
months of birth. A parallel shift from sum-
mer to winter gestation has occurred in
two other families <-rf Mexican lizards fBar-
isia in the Anguidae (Guillette and Casas-
Andreu. 1987) and Eunrcces in the Scin-
cidae (Guillette, 1982b)1, suggesting that
the selective forces acting on Sceloponts
affected other taxa as well.

The third evolutionary transition was
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fron.r vivip:rrity with as)'nchonous repro-
cluctive cvcles of r.nales ancl fernales to vi-
viparity #th sprchronous clcles of rnales
and femtrles. As1'nchronous reproduction
for nrales apparentlf inv<llves continrrous
reproductive activity {rom spring to au-
tumn, which accomocltrtes receptivity of
old females in the spring nrrcl nervly rna-
tured fenrales in the auturnn. Stmchront>us
reorocluctive cvcles are associatlcl rvith low
to'motlerate ellvation habitnts that are less
procluctive thirn the high elevati<ln habitzrts
u4rere viviparity evolved. S1'nchrony of
m:rles ancl f'emales sr-rch th:rt rnating oc-
crr r rer l  in  t l re  inr t t r r r tn  r rurv thrrs  h i rve re-
sulted fronr selection {ilr ii sliorter period
of rnirle reprocluctive nctivitr'.

l l  us t t l t  u  x

I)e acuerdo con el rnr>tlelr del clima
{rfil, la viviparirlacl en reptiles escirrn()s()s
ha evolrrcion:rclo en elevaciones y latitrrt les
altas. Las lagartijas <lel g6ner<l Sccl<rytortts
han sirl<l uti l izarlas para ap()var este rno-
<lelo ya rlre lus especies vivfparas se en-
crrentrarr en lugrrres rn:is elevatl<ls <1ue las
r>r' ipirrrrs. Pr>r e.jerrrpl<1, en el qrlrp() s(olarif;
rrna especie ovfpar:r es reempl:rza(la p()r su
especie herrnirna vivipara en elevaci<tnes
rnir\/()res rle l l(X)O rrr. I-Jti l iztrrrros la l i ter:r-
trrr:r reciente para evahr:rr c'rr:rtro aspectos
cle la evoluci<in <le la viviparicl:rtl rlentro del
g6rrero y conclrrirn<)s (lue (l) La vivipari-
t l irt l  lra evolucir>nrrrlr p<lr lo l lrr)r)()s c'rt i l tro
veces. (2) t,a vivipari<lacl no hir evoluc'i<ln-
a<l<l en latitucles brlreirles p()r (lue las es-
pecies rlre las habitan crrrecen <le, las c'ar-
acteristicas nr<lrlirlr'rgicas y fisiolrigicirs (lue
flrc'ilitan la retenci(lrr pnrlongarla clel hue-
vo. kr cual es el estadio interrneclio e'ntre
la <lr-iptrridird 1' lrt .,'ivipirri<lacl. (i3) Las es-
pecies viviparas no lran invaclickr las lati-
tucles boreales por rltre la viviparirlacl en
Scdopont.s esta nsoc'iatla cort la gestaci<in
rlurante el irtvierno. Este es rrn tipo rle re-
produccirin viable t,'n elevaci<lnes alttrs a
latitu<les tropicales clebirlo ir rlre en estos
sitios las temperaturirs de inriern() v ver2t-
no son sir.nilares. En latitucles boreales los
inviernos son clemasia<kr frios para per-
mitir In emllriog6nesis e incluscl rpizh para
la sobrerivencitr cle l<>s er-rrbriones. (.1) La
vir,ipariclacl evohrcion(r de lir oviparitlacl a

trar'6s de tres grandes carnbios. El primero
lue la evt)luci6n cle la oviparidacl ir la vi-
r'iparidad; este cambio estuvo asocirrclo con
la invasi6n a lns elevaciones altas. El se-
qundo fire el camlrio cle Ia gestacirin del
verAno trl invierno, de tal nl:lnera rpe el
nacirniento pas6 clel otoflo ir la prirn:rvera.
C<ln el nac'irniento en prirnin'era, los neo-
natos pucl ieron nratlurar elr el otoi lo v con-
secuentenrente proclucir unil cama(lir <ler-r-
tro clel primer :rii() de vicla. El tercero fle

el cambio <le los c' iclos reprothrctores as-
incr<inicos de rnirchos v hembras (:rpa-

re:rmiento en la prirnavera v f'ertilizacirin
en el otofr<l) a krs cic' los reprocltrctores sin-
c'rr inicr ls ( irp:rrearniento v f 'ert i I izacit irr  err el
<>tofro).

, . \ t  k t t t t r r l t ' t l g t t t ,  t t t . s .  \ \ i  t l r r r r r k  (  ) .  I I c r r r i i r r < l t ' 2 .  N .

N l i r r r r i t l r r t ' 2 .  
' l - .  

N l i L t l r i l s .  L .  ( J r r i l l t ' l t r ' .  
. 1 r . .  r r r r r l  I .  S i t c s .

. l r .  l i r r  t l r t ' i r  t r r r r r n r t ' r r t s  o r r  l l r c  r r r r r r r r r s c r i p t .  r r r r t l  
' l - .  

N l r r

t l r i cs  l i r r  l ) r ( ' l ) i r r i r t i ( ) r )  o l  l " ig .  l .  
- l ' l t c  

r t ' sc r r r t l t  t r t s

l i  r r r t l t ' r l  l r r '  (  j (  ) N , \ (  l \ - l '  1  F .  N l  i ' r r r L . z  r u r t l  \ 1 .  \ ' i l l r L g r i r r .
g r i r r r t s  1 | 5 I r  N 1 ) : l O 2  ; r r r r l  t  | ? I - N 9 { 1 ) l - ) )  r t r r t l  I I r t '  \ ' r t i o r r

; r l  S c i c r r r t  I ; o r r r r t l r r t i o r r  ( l l .  N l .  A r r r l r c u s :  g n r r r t  l l S l l

9( )22-l2,rr).

Ln'r,.rr,.t ' tt t rr t,t ( l r ' t ' t .t I )

A \ r ) r { r , r \ \ s .  I t .  N l . .  I r .  l l .  N l r ; t \ r ) r , . 2  r ) l , r  t , \  ( l r t r r z .  \ \ r )
\ ' 1 .  \ ' r . r , ^ ( ; R , i N - S . \ \ ' r ' \  ( i l t t r z .  l i ) f ) 7 .  l i x l r  t c r r r P c r

r L t r r r t ' s  < r l  l t ' r r u r l t '  5 r r ' / r r l r r t n t s  y t t t t t D t r i ( t r r ,  t l r c r r r r i r l

s l r ( ' s s  ( ) r  i r r r l > i r i t ' r l  r r r o l r i l i t r  ?  (  ) o p c i r r  l ! ) ! ) T :  l { )  l  l , - r .

/ \ N r ) r u , r \ \ ' s ,  l i .  N l . . , r x n  l l .  l l .  l l ( ) s t . : .  l 1 ) ! ) . 1 .  I - r o l r r t i o r r

o l  v i v i l l r r i t r ' :  ( r ) n s t l l r i n t s  o r r  c g g  l ' l t ' r r t i o r r .  l ) l r r s i o

k r g i c u l  Z r x r l o g r '  ( i 7 :  l ( X X i  l O l - 1 .

l J . \ t . t . t  \ (  ; 1 , : t i .  l l .  l , l .  l  1 ) 7 : 1 .  (  l  r r r  r P r r n r l  i v l  r k ' r  r r o q r r P l r r  o l

l r r r r  v i v i l l r r o r r s  i g r u r r r i r l  I i z r r r r l s  i S t ' / r , 1 r o n t s  j t t t ' n r i

iL r r t I  Sr r ' /opo i t rs  1 t r t i r t x ' t  t  i ) .  l . l t r r lo ! ' r '  5 .1 :2 ( i1 )  2 f , :1 .

l J r , r N , \ r j i l i .  \ 1 . .  K .  N l .  K l r , . r t .  \ \ r ) . 1 .  \ \ :  S r ' r ' l , r s . . J r r .  l l X ) 7 .

l \ l i t o t  l r o r r t l r i r r l  l ) \ r \  s t ' r l r r c r r t  r . - l , , r s , ' r l  p l r v l o g c r r r
i r r r r l  t l r c  t ' r ' r r l r r t i o r r  o l  r i r i l r i r r i l r  i t t  t l t c  S r r ' / r r l l r i r t s
. w  r r l t r r i :  g r o r r p  (  I l r ' p t i l i r r .  S r l r l r r r r i r t r r ) .  l ' l r r r l r r t i o r r  l - r  l :

1262 127, " r .

l i t . \ ( ; K l ' i t r t t \ .  | ) .  ( 1 .  l 9 t l .  l ' l r r r l r r t i o r r L r l  o r i g i r r s  r r l  r i

r i p i L r i t r  i r r  t l r c  l l t ' p l i l i r r .  l .  S r u r r i r . . . \ r n p l r i l r i r  l l t p t i -

l i r r .  l l : I ,S ,=r  20 , " r .

I l l . , \ c K l J t r t . t N .  l ) .  ( 1 .  1 9 9 : 1 .  S t r r r r t l r r r r l i z t ' r l  t  r i t t ' r i r r  I o r

t l r t '  r c r r r g r r i t i o r r  o l  r r ' l r r r x l r r c t i v c  r r t o t k ' s  i r  r  s <  l t  t r r t t l L t r '

r r ' p t i l t ' s .  I I t r p c t o l o g i t  r r  1 1 ) :  l  l $  l : l l .
(  i . \ \ t \ t t t l , t , ( ) - 1 . l . .  . 1 .  1 , .  1 9 9 O .  l i l ' l l t i o r r s l r i p  l r c t l t  o r  r t

p r o r l r r <  t i v t '  r r r o t l r r l i t v  r r r r r l  t ' l t ' r  i r t i o r u r l  r l i s t  r i l r r r t i o r  r  o l

t l r c  S r r , / o l r , r r r r s  a , , r i , , r r t  r r r r r r l r l t , r  (  S l L r r r i l r :  I  g r r L r r i t l l r '  )

i r r  t l r t .  s t r r t t  o { '  \ l c x i t  o .  N l i  r i t o .  l l r r l l c t i r r  o l  t l r '

N l ; tn la r r r l  I I c rpc to log i t i r l  S tx  i c t r  2 ( i : l l l )  , - ;0 .
( . ( ) l . l , t .  [ , .  l S ) 5 - 1 .  

- f l r r '  
l r o p r r l r L t i o r r  c r r r r s t ' r l r r c r r c t ' s  o 1  l i l i '

I t i s ton '  p l rc t to r r t t ' ru r .  Qt l t r l t ' r l r  l l t ' r ' i t ' r l  o l  l l i o logr

29 :  lO l l  I  r l? .
( 1 r i l . ) . r r t .  I ) .  . . \ . .  K .  \ 1 .  K l r . : r ( .  l ) .  1 , .  S r \ r \ l ( ) \ s . . \ \ l ) . 1 .

\ \ :  S IT l . t s .  JH.  191)7 .  l ' l r v loq t ' r r t t i t  r t ' l l t i o r rs l r ips  o l
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the .Scalo2onzs .yttloris specit's grorrp. Jorrrrral of
I  l r . r y r . l , r l og r  3  | : ; | 5 ; ]  36 - { .

(lRE\\'s, I). 19u5. Effccts of early sex stt'roi<l horrnone
treartntt'nt on corrrtship ltcliavior iurcl serrr:tl itttrac-
tiritv irr tlre rt'<l-sitle<l qarter snirkc. Tluttrtttopltis
.si rl u I i s 1 t t t ric t t t1ir. l ' l rvsiolog, alrr I Rrlrirvior il5 :569-
576.

( lRrsP, T.  M. 196,1.  Strx l ies of  reprothrct ion i r r  the
{e rrr irle r>rovir.i1)ar() | rs li zar(l S celo p ( ) n ̂  c q a I r (, g( n qs
(Oopt ' ) .  T 'exus . [orrr r r :L l  of  Scient t '  l ( i : ,1fJ l .

( luEr.r . .^r i ,  ( ) . ,  F.  l t .  JVIE\ l ) r . .7. - l )E 1. , \  ( lRrJZ.  Nl .  \ i i l . -
I ,A( ;H, \N-SANI.A ( ;RT]2,  r \ \ I )  I i ,  SiN(r I IEZ-TREJO.
199( i .  Prcgrrarr t l '< loes rro l  i r rc. rease t l rc  r isk o l  uror-
tafitv irr rr.iltl r.ivipiLrorrs lizarrls (SctLoponrs grutrtt-
, r l . r r . r ) .  . { . rnPlr i l r i } l l t ' l l t i l ia  I  7:77-f jo.

l ) ( ' r , { ( ' r . u , r .  J .  l ' . .  . lNu  . 1 .  I  I r iB r , l t r .  1961 .  Ta l r l e  r l t '  r l e -
vt'f o1>pcnte rtt tlrr ltlzirnl r.ivillitt,; I ttr:t,11rt (Zrxrtoca)
r : i r i1xtnt  Jat<1rr i r r .  Arc l r iv t 's  Anir torrr ie Mir . roscopi t '
Morplrokrgie Expt . r i r r rental  5O: l l09 l l2fJ.

I ) ux r r , r r r .  A .  E . .  l ) .  l l .  M i l .Es ,  / \N r )  l ) .  N .  l i l , t sN rcK .
l9tJ6.  t , i l i '  l r is torr  Pir t t t 'nrs in sr l ruLrnir t t .  rept i l t 's .
l ' p .  . 1 . t 1 -522 .  1 r r  ( 1 .  ( l a r r s  an r l  l l .  I l .  l l r r t ' r '  ( I i r l s . ) ,
l l ioLrw r>l  thc l iept i l i r r ,  \ /o l .  l ( i ,  E<rrLrg, '  l ) ;  I ) t ' -
{ i ' r rsc arr<l  L i l i '  I I is t ( ) ry- .  Alarr  l , iss.  Neu' \ 'ork.  Nt 'u '
V r r k .  I I . S . A .

l , - l , l t t t { ( ) l i ' t  t Z .M .  lS ) t i 6 . ( i o r r t r i l r r r t , i r i r r  i r l  c r r r r oc i r r r i c r r t < r
<lcf  t  i t  f0 r l t '  r ' i r l ; t  <10 Srt ' l t lx t ru.s l ( ) t ' ( ln i l tus lor( lu i l l l t . \
( l . rLr t r l i l i i r ,  Igrurrr i r l i r ' )  l l  srr r  r l t ' l  \ /a l le r le l \ l i 'x icrr .
-li 'sis 

rlt' Lic't'rrc iatr r ra t'rr Iliologfa. Ii N Ill l) Zrrrrg( )zir,
LI  r r iv .  rs i< l r r t l  Nirc, ior  r i r l  Ar  r t t i r rorni r  r l t '  Nl i 'x icrr .  Nl i 'x
i t r  l .

(  ; (  ) l ) iN  t . .Z  (  1 , \N( ) .  l . l .  1  9E5.  (  l i t  L r  r r ' l r r rx l r r t  t i r r r  r l t ,  Sr r , -

I  r , T r t t r r t s  t t t t ' g t t  I  t , l t i r l r r  n t . s  S r r r i t l r  (  l l t ' p t i l i l :  S : r r r r i r r :

Ig r rLn i t l i x , ) .  t ' r r  la  p r r r tc  o r i t ' r r t r r l  r l t 'T l i x t .a la ,  N{ t1x i
t r r .  

- l i ' s i s  
t l t '  L ic ' t ' t r c  i rL t ru ' tL  en  l l i o log i l ,  EN E l '  I z ta

c r r l r r .  (  l r r i v t ' r s i r l r r l  N r r <  i o r r a l  A r r t < i r r o r r r a  r l t '  M t i r i r r r .
N l  i ' x i r r r .

( l ( ) t . l ) l J l . ; t . t ( ; ,  S .  I t .  1 9 7 1 .  I l t ' p r o r l r r c l i v t '  c , v c . l c  , r f  t l r c
ov iv iv i l l r r ro r rs  ig r ra r r i< l  l i z t r< l  S , t ' l t t l to r r t . s  . ja rn t r i
( l r 1 x ' .  I l t . r l x ' t o k r g i c . r r  2 7 : l 2 l l  l i l l .

( ; ( ) \ z , i r , r , : z  l l l f z ,  ( 1 .  A .  1 9 9 1 .  A s p c t . t o s  r l e  l a  c r . o l o g i i r

1 r<r l r l r rc i r r r r i r l  <k .  Sr r , /o ; ro r r rs  t r t t ' g r t l r '1 t i t ! r tn ts  t r r  c l  r> r -
i t ' r r t t '  rL '  

' l -LLxc l l r r .  
N l i ' x i co .  

' l i ' s i s  
r l t '  l , i c ' t ' r r t . ia t r r r i r  c r r

l l i ok rg i i r ,  ENLI I '  I z t l ca la .  I i r r i v t ' r s i t la r l  N iLc . io r r i r l

A r r t r i r ro r t t i r  r l t ,  N I i ' x i c r r .  N l ( ' x ic r r .
( )o ) ,JZ I r , l , z - l lUL Es t , r \ ( )s , \ ,  N l .  lg t i? .  Anr i l i s i s  <k '  k rs

l l i l r i t r r s  r L l i r n t ' r r t i c i o s  r l t '  S r t ' l , t l x t n t s  ( l n * ( \ i  i u l ( t ' n t (
r 1 l r u s  ( l ) r r g t ' s  l S 7 7 ) .  ( l , a c t ' r l i l i a .  I g r r a r r i < L u ' ) .  t ' r r  l r r
( 'u ( 'nc i r  ( l ( ' l  l a {o  rk '  l ' a tz<r ra ro ,  N l i choacr i r r .  T t ' s is  < le
L ic ' r ' r r t i i t t r r r i r  t , r r  I l i o log i r r .  l . ' ac . r r l t rx l  t l t '  ( l i cnc . ias ,

Ur r iv ' rs i r l iu l  Nr rc io r r i r l  Ar r l r i r ro r r r r r  < le  \ l i ' x i r r r ,  \16x-
t ( t  ) .

( ; t r l l , t ,u ' t ' t ' I . t ,  1 , .  .1 . ,  l t t .  l9 l i2 r r .  
' l ' he  

evo l r r t io r r  o l ' r i v i -

par i t v  r r r t< l  I ) l r ( r ' r ) ta t i ( )n  in  th t ' l r ig l r  t ' l t ' t ' a t ion .  N lcx-
i t  a r r  f  i z r r r r l  S(? l ( ,p ( )n ts  r r | r t . r r . s .  I  Ie rpc to log i t  a  l l t i :

9 .1  lOr t .

|9 l l2 f .  Not t ' s  cor r tc r r r i r rg  r tp ro th rc t ion  o{  t l re

r r r r> r r t r r r r t  sk i r rk ,  F lu r r r r r , . s  a4x , [ .  Jor rn ra l  o f  l Ie rp t ' -
tokrg' I 7: 1.1-1 1.18.

l9 f i5 .  T l re  c ro l r r t io r r  o l  egg rc t t l t ion  in  l i z -

ru r t l s :  u  p l tvs io log icL l  rn<x le l .  I ' p .  379 : l f J6 .  l r r  (1 .
( ) r i g g .  R .  S l r i r r e ,  u r r < l  I L  E h r n i u r r r  i E d s . ) .  B i o l o g ' r ' o { '

Ar is t r i r l i r r r r  F rogs  ru r t l  l l cp t i les .  l l r la l  Soc ie t ' "  o l '
Ncrv  Sot r th  \ \ 'a les .  . { r rs t ra l ia .
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