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Lr\r \c repl i les - \hibi t  . f .cra.ular di-
rFrsib in man) a\fe. l \  of  dreir  reDrnd'r .-
lne hiolo$. hur fe" phenon,-na a" , ,
tuzzl ing as thei ,  mndcs uf .F! ler-rmind-
bon. Many rephl ian tN e\hiLrt  sFnoha](.
se\ determiDaiion-with or *irh;r hrcil\
dillerentiated sex chromos"-es--he;ti
an individual: sex is determined at fcrtil--
iz.1tion. Ir others, however sex is deter
mined by the incubation environment that
an individual eperiences as an embrvo.
Temperatu,e-dependent ser . lererni ;a-
tion (TSD) has or,w beer described as the
norm in crocodilians (Lang and Andrews.
1994), as a common occurence in turttes
(Ewelt and Nelsou, 1991), and an occa
sional occurrence in lizards (Viets et a.t.,
1994). Phylogenetic analyses indicate that
TSD has evolved, or been tost. severat
times during the evolutionary history of
reptiles (lanzen dd Paukstis, 1s91;.r).
Howe\er, thc adaph\e sisnifruance ofreD-
tilian TSD lif dt) re.n,i." r,ncl.*, "4ih
several  compchne hn:otheses (Burke.
r9$r charn;v -a Bu , tszz; n.osen-
burg 1996r. Part of the nrol,Iem hes wirh
too few jndependenr ev;lobonJrt events
tor robust testing using rhe computud\e
merhod (e g., Harve) and Preel, 19-911dJ
part \vitb rhe fdrt tl'at nx,st TSD sDecies
are longlived, and hence poor\ sui6d for

Fqrpr imFnlaJ .hrdrc i  nn the in f luen.-  o,
in . Ibdl 'on lcmpcrdturcs un r rnrv. r ,h iD
and lifetime repnductive success (Buit
and Charno\ 1989). \\re need to know
more abort the distribution of TSD and
al l 'mar ivc sF\  dctcrmin ine s\ . tFm. in  rFD
r i l - .  wi lh  rhe hope , , f . t i . tb .cr tnp r . t i i .
l iunal  FramplFs of  lh is  nhFn,rn.non.  -s .
pc,  id l ly  In  r . lar i \F l )  shod. t iveLt  sp. , ies
lhdt  mighl  t ro\F morn an.nablc ro, r r r r -
imental studies. Ctur work provides m er-
a'nple of just strch J syste;

M TI'TI1nT,S AND ]\,I FJTIIODS

The frillne ck draso\ (Chlatwdostut us
l ,ns i i r  is  a ldge t28.5 . -  sno. t .cnt
lengtb (SVL). 75 cm torrl lenstbl dqamid
Iizard wldcsprerd over xoJthcrn Au;turti'
It rs best k;o\m for its snectacular rhrear
display, in rvhich the larie (to 25 cn &
ameter) +ill" is erected by the hyoid mus-
culature {e.g., Greer, 1989). The clutch
size in this species is between four dd 23
eRgs, witll means of 15 and nine recorded
in two different stLrdies (Bedford et at.,
l99sj Shine and Lambeck, 1989). In the
field, at least some females will multiple-
clutch within a breedinrr season (Bedford
et al., 1993) and longevity has been esti
mated as berrg >6 lr (Critfrths. 199.1).
The large sir. specrac,Llar lPrearance.
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and liiqh abundince of ths ecics have
stimuliied a serlcs of ecological and phvs
iolor{ical sttrdies o\er rccert ycars (Bed-
ford et al., 1993r Chnstian and Bedford,
1995; Christiarl et a1., 1995, 1996i Griffiths
and Christian l996a,b; Shine, 1990i Shine
and Lambeck, 1989) making this species
one ,)f the best known Australiarl lizads.
Howe\€r, the mode of sex determiDation
of C. ktls,, lias ren,ained rrnknom.

$'e obtained sir clutclies or pat-cluich
es of lrilneck lizard eees ftorn D.nl'jo, in
A u \ l r d l i J '  N o r j l n  r n  T ' r r i r u q  F n r r r  ' , 1

thcse clutches were renn,ved from n.rstiDg
burrows shortty a{icr the fernale lizanl had
been obseneillaying them. one clotch was
n mor. . t  f r "m.  i iz r rd rhar  u:s . ' r rhan"r . r
r l l ,  r  h . r r r e . e r i o u ' l r  i n i u r . J  b t  r  r a r  a n J
n n e , l u r , h  " a s . h i a i n ' J  b )  i n j . . b n g  L

rrar i , l  ur ld-" . rugl r t  ' i , , . rJ  * i lh  s l rd ' - r r
, , \ r , 1 . ,  I n  B . , l l ; r J  - l  J .  l 9 q l l .  E S S ' . . e r -

nJ k"sc, l  i r  Ju, , ,n  .en. i " r l l -  r ,L l  " i r
i r " r s l , r , d  r , '  T l , .  U n i v . . s i b  u l  \ )  l n . )
. r h e r e  r h r l  u - r .  r r r n " l i r r c , l  t "  r r " u b r t o r .
r q r h i r r  2  5  d a r '  o l  I . n i  ' B  F b , l ,  e g g  $ a .
*'eighcd on arn"al then individmly buried
, ,  r l e e l ,  i n  "  n u I r L . r F d  2 i o  m l  p r  o l  m o i .
' e r m i c r r t i r '  ,  l s 0  l . P "  $ J l ' r  p o l e n l i d l  "
t 2 a . ,  u a t e r  b y  , t n  m , *  . f  ' e r r n i " r r l i r .  .
The iu was scaled with plastic sand\fich
*"p. .", "..d wirh u rutl,cr h"nd. l-gg.
f ' , , 'n  e.ch c l r rL.h u. re. l i ' id" , l  1 , .n," " r ,
two incubation tre{tments.

\ \ ;  used a r . id l  . f  fu ' I  in .uhr t i , r r  r reJr-
menl5 l l , r . .  d l  ( " rb l : ,n l  r .ml ]er i tu t -5 26
2v,  , ,n ,1 32 C in ,Ff lgFr . , l .d . ' ,n \ l , r r l - lFrn-
Deraturc incubaton) nnd one designed to
m r m i .  r h . . l r o r 8  L J i u r n a l  r h - n  ' J  F ' , . 1 , r "
r ron.  ry , r i f iJ  ut  n. , r , , rd l  n ' r ts .  l r r  .  rch c" . .
incDbatior tempcrahrres were monitored
.1," .  r , ,  rhF cgg.  rn r  . .a led jdr  ' , t  r - r -
miculite Nith a thefmometer previous\
.J l ihn lF, l  re n. l  a  ' .  r t i f i ' ,1  mereu1 th ' r
mom-r- , .  T;mr. rdru, .s  uerc,  hc" \ "J  J l
l 1  " r  u l r r " h  t i m .  { h ' )  $ e , F  ' p - i d j , r n - L l  r l
they varied more than :t0.2 Cj lrom tlre set
temperature.

To mir ' , i .  nr turJ ne5l  l ,  mferJrure5.  \ \ ,
used a Clq rcn programnable refligerated
in.ubdl . r  . .  I  ru  per lorm l0 . rmperalur .
,  hrrscs in  .a,1,  ,4-h I '  r i ' '1 .  \ "  J : t r  ar"
r : iLb lc  , 'n  rh '  t l runi i l  rang'  u l  t .mpcr
aturcs widtr naturrl nests ofc. ktngii, but

\ \e  kno\v t }at  esqs of  lh is  s l .e . ies xre la i . l
from Irte rn thi-dn sea'.'ri {ortobprl Lo
hte in the lvet season (Apdl: Bedlbrd et
ai., 1993i criffiths, 199'1: Shnre and Lam
beck. 1989). Thc thernal regime withnr
the nest rvill depend not only on air tem
pcrahres Lut dlso on the rrnounl .f s JLu
; a , l i a l i ' , r  r o  s h i . h  t h .  n F \ r  5 i r e  i 5 . \ P n . ' J
rnd the Jeptb ol ti. .l-gs below dr. '.ri
s1, f , . . .  B.afbrd et , l .  (19vi l  Jcscr iheJ a
\ iDLle rLest  o l  C.  / ' r rL i ,  ds being jn  dn .perL,
, I , r r  r reJ v i rh Lh. ;qe.  b ' r r i " ; l  r " .  J ;pr l
of r0O lio mr'. crrii ot tbe rcsts {rom
u 1 , i . 1 , . . "  " l , r r r c J  e g g .  t , r  r r , r \ . l u , l \  $ d '
p , , r r . l h  ' r ' o J ' J  L l , . r n e  r h .  m i J J I .  o l  r q ,
L I J \ .  b r l  i r  r . , ' i \ ' , 1  l u l i , u n  l , , r  r " , ^ r  o l  r h ,
morning and afternoon, s'ith an egg cham
b e r  b c h \ c e n  5 u . m J  9 0 ' n m  J . . p  \ r o { h c '
nest used in tlis study *as tdcfat grorrnd
l . r . l  , ,nJ. ,  ,  2n0 rnm f i l '  o i  ncs\  '  u

sras. cltpprrqs rn an uer of frll srrn Fr
n a l r r .  l .  l r l o r r i ,  ' p r . u , , a l  , o n m , r n i ' J l r u n
h : ' \ ' . r r l n i n . d  , e i - r r l  n e ' t .  n t . .  L i ' 4 t i  i n
L h i s  u e "  " n d  i { , n J  r h , r  " l l  r e r .  , L o u '
120 l3u r rm in , l 'p t l '  . rnd .no ' t l  i r  f r r l l
sull. !'rom these { servations, we sunnise
that frllneck tizod eggs arc gpically lalcl
rn .hr l los hrr r ro" .  rn otF, ,  {u, , , ' )  4r .a\ .
T l r e  l . r " | ] F r a r u r F  r . g i m "  i n  u , , , . ' " l n B
l . r  , r \erarur .  rncubator  r , .  L , :s . ,1 on th.  r
mal reginies that s.e recorded hourt at
soll rlenths of lrtweeri 50 and 100 mn ni
. " '  ' , r ' i , . t " . t .  er . ' ' . " ' l  d , .  J  In  D, tNin '^ ,  I
a  n 'n. ,1 uf  36 da1.  Jr rnng O. lohFr \u-
..-i"t,.' roso (n,n ruptL,lished rLatat.

Thc r ,me.L l  uhi .h se recor . le , l  r l ' ' *
* , i i  l r rnper , t t l r .  s  , tnJ t l ,c  c , ,ns-quent
thermal rcgiDre urder \\.hich we inctbated
t l r .  ess.  c , ,n ' .punJ" to t -he la t ,  ,11 s.  r
. o n  r i , i '  i ,  r  r i m e  o t  h o r  J ' 9 .  " r r h  . l c a r
.h. .  $h 'n J ! \  \o l , r  rdJ i , ' t iun ,pa.h. \  i r '
annual maimtm (Bureau of Meteorologr
recor , l .  .  Thrr . .  o ' r r  ch ' r ' r r  re 'nferdrr r r .
r e g i m .  $ d '  . r ' n r l , r  { o  t h -  r ' } r m u r n  l . n

t . r . , r I r ' \  r l , r ,  f ie ld nc ' t .  ' rou ld e: rpcr i .  n ,  .
; r  rh-  L 'sL, , ing of  th .  breeding ' . * , ' r r .
bei re rhe on\ct  , , f  t l , , . .e l  .c . ,s , ,n  in  Lr ,  -
'  . rnL ' r - l .u"rary \v idr  r ls  .o i l . ,  no l in{  |  'or ' -
*,onal 'ai"s a"il .ssociatcd heary clouds.

l l , F r m a l  '  r r i a r ' o r  $ i l h i n  t h i .  ,  ) , l i n e  i r ,
cuLator lbllorved a daily sinusoidd cun'c
with a mean of 33 :t 5.0 C. Ternperatures
h the incubator 1verc measured every 30
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min inside a jar of vemiculite by a cati-
brated temperature probe conneited to a
drta logger. Sub.equ;nr datysis of the re-
sulting datr coDffrmed rhdt this rncuharor
maintained a mean temperature of33_t C
(1 SD a 3.62 C) over the incubation De-
riod. using ceorges' (1989) modet foisi-
nusoidal temperature vaiation lfor incu
bation wherelhe temperature does not eo
below the minimum for embryonic devei-
opment), this cycle translates into a 'con-
stant tempemturc equivalent" of 34.6 C.

we moved the i; within and amone
shelves in the incub.rtors trvice each rvee[
to decrease any effects of thermal hetero-
geneity within each incubator Day of
hatching \vrs recorded $hen the e{E $as
pipped. hatcbLngs usualll emergeJ-o ra
h atter this tjne. Edcb harchinq sas
brushed to remove adhedng ver-rrliculite,
wergned, measured (5vL rnd toral IenfLh)
and then sexed by hemipene evenion
(llarlorv. 1s96) under a lorv power dis
sectinq microscope. Anv eee rhat collxDseJ
at tilf tem and dd ;t f;t.b hv dlJ tot
lowing day was opened and the aead em-
bryo remored. iJerrrol,,{icallv d,mased
hatchlings $ere euthrn.sid, aira t,,q.rhe,
with dead full term embryos, thev-rvere
dissected to verily sex. Most other hatch-

Iings were released nt the sites where the
eggs rvere collected.

As we anticipated that a constant tem-
perature of 26 C would be too cool for
successli completion ofincubation in this
tropical lizarJ. three eggs trom this incu-
bator were move.l to the 29 C mcubaror
on day 60, one on dry 73. and :nother sir
on day 98 of incubation. For the momho-
logical analyses, data for hatchtinss from
these shified ess\ are conbined \viih tho\e
for the i$o h,tchljngs th"t rvere left ro
complete full incubation at 26 C.

REsuLr's

Sex Ratio oJ Hatchlings

Table I shows the incubation penods,
sex mtios, rates of mortalitv, and hitchtine
sizes from eggs allocated to each ol thi
lirur heitments. Atl Izards 6om eess thar
$ere incuhated at 26 C for >60 davi ".,e
female, a sieniffcmt departure fr6m the
mrll erpectation of a 50/E0 sex ratio (xr :
12.0, P : 0.0005, df : t). Likewise, the
e'ght hatcblngs frofl tbe hor cyclng in-
cubdtor were arso ternute (t: : 8.0, P :
0.005, df: l), althoush $'e crrnot elimi
nrte the possibitjty ofse\-\pecific morralih
f,r *e elgs thdr died at t-his temFerature
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duine nnbatiorr. In cortrast, eggs inou-

bated 
-at 

intcrnediate temPemiures (29

anLl l2 Cl proJu(e.l apprn{DrdtFl\ cqu'tl

nunhen oI m.le rnd f.,nrle .ftspring (Ta

Lte l). Ovcrall. tcmPerature signitic:mily
affected hatchling sex rntios across the tour

i cuhation tre{tments (x2 = 190, P -

0.0003, df : 3).

bLcubatiotr Penod:;

Temperature also inf|renced nlcubatidr
pcriodi (one-factor ,\NOVA, F".. = 137'1,

? '< 0.o0o1).  Poschoc (F isher 's  PLSD)
L . s t r  J I x r e d  r h J r  l l l  r l , r e .  '  ! ' n \ r a r ' l  l F m
perature ircubation tre.rtmcnts Produced
;Lf fFr .n l  In . ' rhdrron f -nod'  /  I )0s r r

cn l r  ,  a . '  but  Grr  r l ' . r ' . rJ '  r , '  c ieni t i '  : ,n l
(Ltter.nce rn mean rnctLJtinn Periods Le'

h{een F;g5 in  l l 'e  c"n ' l  r ' l  J2 C in '  r . l 'd

t j o .  a n J  t l , "  3 J  5 . U  r ' . \ , 1 , , 9 l r c J l r , . n l .

vi1bility of Ilatchlings

\ l r n \  , , 1  r l ' c  t i z , r , l .  l r ' , r n  2 6  I  r n ' r r l t r -
r i "n " r jn , . r . r l  l ' ,  I rF n.uro loFi ,  ' l lv  ' la ' r .

ae.d it h.tchinsr thcse lizards had poor

m"t . r  c . , ' r . l rnai i " " ,  c , , r r ld  n ' , t  run nur-

r r , l l r .  an ' l  " " r "  , ,or  cafJ l  l ,  ' ,1  l . ' ,LnB
The;e efects did rot improve after reveml

t l  s .  { r r  r n J r . r .  n f  l , ' r l . h l i r r q  " i ' r l J i h

" ,  lo*  aU r  rcarr l r ' "nr '  i r r ' I r r r t ing lza l '  t lu t

e iLh. ,  d ,Fd ru l l - r " rm o"  h,J  o l ' . i , 'u '  nc"

rological danage. sho\\'ed no significant

d iar ' r ,Fn.c.  :unon' j  inc, r l  t l ion lemlr 'J-
s . J l  / -  o . l s .  d f  I  q " -

th. ' r l jh  .  l " r ,J  or  lu  f . la i l - .ee '  Jrer l  du ' -

t , e  r i ' . ' r b  ' i i " n  d r ' r e  s P r F  n '  j { n i l i ' i r ' l

d i l l ' r .n , . .  urong rh.  in . ' rhrhurr  l rFt r ' -

mF c in  rJ lec n l  - r r ly  'gq 'n"r t " l t t '  /1  -

6 . 2 1 ,  P  0 l o  J f  3  o "  r : t r e \  o l  e e e

nrod.J i t \  Ior  inLL\ id, rd l  lemJ' .  1^ -  4 26

/ '  o  5 i .  d f  -  s  Fr \c  n l  rhF e ighr  Lz"rd '

from the hot cvcljnq inrcubation had extcr

r r r l i z r , l  r o l k  ' J , s  a l r r h , d  ' r  h a l , l r i n g  "

condition not seer at aay odrer incub.ltion

BodlJ Sizc oJ Hatchlitlgs

\\'e userl tNo factor ANO\A to ewlurte

the inltlence of ser and incub{tion tem-

nrr f , l t r r '  un l t ' r  ' i l .s  '  Inr \s  \ \  L  1nJ I  r i l

i . rs lhr  ' ,1  rhc I r , r t , t ' l ing l izarJ.  \ \ i  'J '^

ner lorn-J . ,  m' r l r iv , r inr"  A\ t  ) \  {  '  \4  \N

brA) corlbining information on all tlrec

deDcndent vdirblcs, to rvoid sprtrious ni
f lJ i .n, ' t  s ib.ni f ic.nt  rerLLt.  thi 'ugl ,  n 'r l
trplc n.rrincl.pendent t.ci\' Thc irLterat
tiirn betrvcen ser and nrcubrtion trettment
s'as not signific$ni for any ot these traits
(P > 0.59 in dt casesi liom MANOVA: r"g
: 0.61, P = 0.62), but the ANOVAS
showed sbong mair cffects of nrcubation
trcatnent or all tluee vanrblcs (on SVL:
r t .12. |  0.00q ' rr  rs i l  lFrrah: f
7.81. P < 0.001: ' ' r  hatchl ing nos F :

7 42. P < 0.001: MANOV,\I a.* : 5 25. r
0.oOl, .  tn '  unlr  Lr l ,  .c\  'J le. le. l  I  r i

I -nqrLi  -  lo. \1.  /  L, .oot l 'u l  ,1i ,1

r r o r  ' l l - ,  1  . i t h - r  5 \ L  f  -  l 0 3  P  -

0 . J 2  ' , ,  l u r , h l r n e  n J 5 '  / :  .  -  o 0 9  P  -

0.76). Nonetheleii, the MANO\A showed
J hichh . , j1r ' i t i ,  rnl  ' .  \  .1h, I  on har,hlnq
.no.Fh;Ioe. (-F r  = 927 P < ol '0u1)

Tir . .e ,1"r,  . l ' "*  . rronL r, , .ubi t iun anJ
.. \  - f ip.r .  , ,n h"r, t ,Jrnq:"or1h' ,1.o hur
dn e \  en  \ l runs . r  ,  o rnnd i .un  hFt$  ' r '  l l re

r . r . .  ,s p"s, l '1.  r l  ""  i " l . '  inr. '  . tur,  h . l i f
f - r .ncc ,  i r r  r ;g . rze  in lu  T . . , 'u , ,1  dn l l  rF -
. f n . l  a l l r n l r n n  r o . A l i \  I n . r r l ' J l F ' l  d l  l r i

ternDcratures (29 or 52 C) that pvoduced
"rfs i , r inq ot b, ' tJ$cr. .  \na|ts ol  Fr: t
alc€ ( \ \CO\ ' { )  s iu,  .  gq m b\  J \  Lnr  ' r '

\ J r i d r .  r o  , .  " ' o ' "  '  o n t o i r " J i r r g  . f r - c t '  " f

in tcr  c lutch d i f (erenccs i  cgg lnass)

shorvecl that at both incubation temPera-

tures. male hatchlinss Nerc heavicr md

had tonger SVLs drd tail tengilN thaD did

their siste (hatchling n.lss, F,,6 : 7 48,

P  0 0 2  \ \  L :  / -  , .  -  l l  l l  /  0 . 0 u 5

r r l  l F n e t h :  L  l i . l l  P  u 0 o l  ' , o n -

. i ( n i f i ,  I n l  l n l '  r J , l i n n  l e " m \  J ,  k  l B l  r n

Dlscussl ( )N

our laborator-v ircubation eperiments
sho$ that nrcubation iemperat;es affect

a .pn-5 . l  l , io l . : r ,  J l r  import rn l  l rJ i l \  in

I r i U r , . l  l i l J r d ,  l r  r  r r n r r i r l r i ' r r e  r o  f i r ' d

L l , d l  r r r ' r r h d l i u n  l . m n e r a l r r r H c  i r ' i l u e n " ' l - -
veloomcntrJ rates lan{I. thus, inc bation

n..it'ds). l,ecau.. such effects are ptobablv

irbiquitous in reptilcs (r'ackard anrl Pack

rd,'lgEs). IIo;eve! our data also sho\-

thrt inctbati()n temperatures inlhrence the

'nornh" loo I 'or l1  t rue "nt l  "or  of  th '

h , , l . h l i , ' :  r i l o r J .  l r  r .  .  v i , l - r l  l h d r  s . \  i '

detcrm;ed L)' inctb.rrion icmPerature
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{Table l )  rnahne Cl ldmt iosautus Ainei i
on.  o l  u . , l )  | . rnrJ l  nuI  h-r  o i .pe,  r -*  f . r
$hi , l ,  .u ,1,  in  . t l i ' ,  r  l , r ,  b(c ' ,  d . , . r ibe.
in.lctail (see Vii:ts ct rl., 199,1, {br.eview).
Ho$e\'or. tenryeralure-dependent sex de
termination (TSD) undoulrterllv occurs in
other lizard species as we , in..i,rding oth
er. but not rll, arraDid t:rxa le.e.. see Hd
lc^!. 1991, lot Plrasisnltlus les;;affiL Lan
genvert, 1983, f<r'Asatut curcasia). It
deed. thc fi$t repod of TSD in any ver
tebrate spccies sas Cliarnieri (1966) note
on tl,e Afncrn tpette\ A€ann dpm.

The prttern ni uoul Jnrl Lot ;dLluti.,n
i .mperatures pro, luJng i l l  le 'nJe\ ,  wi t l '
mJcs hr tch ing I ro 'n r rLtermel l i . r te  temner
aiures, is t",Dical of other TSD lizud sne
cics t4rere 

-thc 
firll range ol incubadon

temperatures has beell examincd (Harl(^!
and Sbine, unpubtlshect data: Tokunasa.
19E5: Viets et al.. l99u). Tliere may be iio
.oxstaDt inuubrt i , ,n  tenl |Fraturr  r t  whrr l r
100r. ,'f hai"hljngs arc mrtei tl,is Lq ihe
case dso nr other TSD lizt1rds for q'hi.h
good data arc availaLle (\ricts et at.. 199,1,
l)or Eubbpharis nrcuLrriu' ar.a H.nithe-
congr .au.licint-tus\ Ha o\. and Shine, un-
prrblished data, tor ],Ilysignathus l6ueu

Alilotrgli our coolest {nd hoitest tucr
bation trc;tments \r'crc choser to h. with
h tlie estimated all firmale producing tem-
perahnr r .$mes l i , r  a  t ropLUJl  TSD spe-
rics. h.nh ULesc E\ir.,ire tcmncr,itures
pruJuc. , l  l .ss t lLdn onhn,J t r ; tch l ines
Coul rnclhired lLza,ds \\ere si{nili.rnity
more likely to hale serious neuroloeicil
problens. and hatcuings Iiom tLe hoi:cy-
clins treatment were nr.omDletelv devcl-
opcd at Liatching (i.e., had cxtJrMtised
) ' , lk  s , .s)  The , rn" \peteLl lv  lone i r ru l )a
ti,,n frjod ,,{ eggs rt the ldgh.si temper
r t , rJF l re i r rn,ent  m. i \  J ! ,  ref lF" t  t lLe;nJ
stress. The developmentrJ rares of squa
mate eggs nrcrease linearl)' with incre;nlg
ternperailre over ihe middle rangc ofcon-
stant incubation tenpcratures, but de-
crear mdkedly (i.e.. incubatbn periods
iDcrease) *.hcD the eqqs arc incuLited at
ncar- le that  h igh te; iera lures (Muth.
1980i Viets .rt al., 1993). Tlic predicted in
cubaiior Deriod lbr the 3il r 5.0 C nrcrts
hator (ta;d on the rieaD ofs3 C) \1o d

L , '  6 t t  ' l a ) s  , r r t h , r  r h . n  ' h F  7 2  J d l s  r h J l
u.  r . r , ' r , lnd)  , f  dr {  dc 'e lop, , , -nrh l  r " r .
wls within the hied scction of the re.

Tr  rarurF Ih.  ne5r .  , r [  (  Arngn a l r ,^ ,
"cr lJn l )  , l i 'p lJ)  r  l , r {h , l i r r rn r l , . r ,nal
v r r i r r r , ,  r l r r "  I , r i ' n J , , l t  r , ,  . o t " r  r r t t i a r i . n .
I n  . o r , l , i r r l i o r ,  $ i , 1 , , , d r e r  r e c e n l  \ r ' r l i . \
or ,  repl l idn d.vFlot ,  r rnt  o[ r  Jr tu.uee.s
lhJ l  Fr ' l 'D"g.rx  s ic  I r ' l , r . l ing 'er  L l , t " r
m i n . ' l r o r  i n  t h i s  1 r e ,  r , .  m " 1  I , n  , . 1 ' . ; 1 ; r ,
r "  r l ' .  \  m:dr1 as $el l  b  lhe mc.n,  , ,1  in
,  u l , b l i o ' ,  , F n  p F r b t , r r . s  . n u t e  d r d r  l h e  . e )
rJ l iu .  Jn"n our  h\ , ,  hotrest  t redtm.nl5
were very dilTerent, dcspite the similarib
i r  i r ' , r h l h o r  n , , r . ' '  T 1 b l .  l r .  s h J l o . .
rests Gnd indindual eggs withh a nest)
taid in areas receiviDg solar racliation ex-
perrtrue,a lareer Jdl) t.mperaturr ranse
miI  r lu  cLrefcr  nests at  thc srme louJt inn,
dcspite their sn.ilnity in ncan tempera
ture (J , ,n et  a l . .  lgqr)  I f  lngh rempera
turrs grcr tL)  arcer . r . : r te  cxrbJ logcne5rs,
therm.ll vrdaLrl'h mrv nLtreas. tho or errtl
rate of cmbry(rnc dcrelopment. Thus, the'ef fectn.  

rLest  temncrdt ; re mar hc sru
xiffrantlt hiqlLeL tn I sh.rltor nest th.r[ ir
a deep ircst-\'ith the sane mean temDer-
ature l)ut a smaller diel therni:rl r;ge
(Georges. 1989j SI$ie and IIarlow, t996).
Tlic potential for thennal variance b in
flucnce hatchling ser rrtios has bee ele
gantly shorn in a laboratory studv of the
ldrtlc Caretta.dr€fta (ceorges et a1.,
legr)  }L drb st r rdr  -17 , ' f  "ees lL . i t rbed
ds rcmdles at  a.nnst  r t  tEmperat ' r re u l  26
C shi lc  l00ab temal .s  br tche. l  ar  r  c) r lxg
temperature ot 26 I 7.0 C. Reccnt work
or scincicl lizuds has showr that thcnn:tt
variance per se (in{lcpendent of mean
tcmperrture) can nfiuencc not only incu-
batior Dedods but also scverJt asDects of
rhe p l ; t r ,gTcs rsz.  ' l ' rpe,  t .c . ,m"ror
fcr forbdncc)  of  tLe ha ' ;b lLns l izardr
(Shnre and Ilarlow 1996). liemar*abt1
such effects may differ bets.ecn male and
fenalc hatctrlnrgs (Shine et a1., 1997).

our study provirlcd no evi{lencc of suctl''ser x incubrti()n temperrture jDterac-
tiorts in C. knrgi, that is, incubation te -
perahrres in f l ' ie lccd moThol"s in  a sr , , -
ilJl wa\ in ]nJe an,l iemale }utchlines-
but our rcsults do indicate th{t incubalion
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rcgimes influenced hatchling moryholog'
rs rvell as sex. Plausibly, thcsc phenoq?ic
modi{ications might afect lifetime repro-
ductive success rliffercndy in mlle ard fe-
male lizards. All ol thc traits that we rnea
sured in hrtchlings (mass, SVL, tail lcngth)
appcar to be sexually dimoryhic (at least
at intermeainte incubation teirperaturcs ),
as well as benrg influenced b)' incubation
tempelature. Thcsc traits also slios. con
sideraLle sexual dnnoryhism in adults o1'
C. A,ngti (Chnstiar et al., 1995). ln keep-
ing witli tliis dimoryhism, available datr
suggest that body size inllucnccs repro
rluctive success botL in rrrales (.ia male-
male ageression) ard fcmales lvia fecun
ditv advaDtages of ldger size: Shine and
Lambeck, 1989). Thus. some lnikage be-
tNeen incubltion-induced phcnot)'pic
modi{ications and incut ation-iniluced sex
determination seems plausible for diis tru-
on. Such a linkage is predicted b' sorne
(but not rtll) tLeoretical moilels fbr thc
adaptive signiffcance of reptilian TSD
(Bull and Chamort 1989). Rccc'rt stlt(lies
on North Ameican snrppiDg turt les
showed that nedium temperature incu
batior prc'duced mostl) ,nales that had a
higher nte of surival .urd gro$tL after
hatching than did rvarmer nrcul'ated fe-
males (Bobyn and Brooks, 1994i Nlc
Krfglrt ard c]utzke, 1993). ltesearch on
crocodilians has also in{licated that incu-
bation temperature can exet long-tcrn ef
fects on organismal gr(^rth (Hutton. 1987j
Joanen ct al.. 1e87).

$/hy do ftllneck lizards display TSD?
Sevcral adaptive scenados ue plausible.
For example, TSD might enhdce mater-
n. fihress h C. kingii by Jinking sex de
terrnination to tine of Latching (because
soil te rpcratures change predictably *'itL
the onset ofwet season rains), or to incu-
bation-ind,rced modifications of the off
spd g phenob?e that affect subscqucnt
gro\'!th rates, body sizes. or behavior Un-
foftun.rtely, these possibilities remdn en-
tirely spccr ative. It is difffcult to e\trap-
olrte a latoratory study such as ours to the
field, particularly bccausc rve lnorv rela
tively little alx'rt nrhrral i cubntion envi-
tunmerts or nbout the \\'ays iD whicli ni

cubation effects might inlluence individrDl
ffrness in thcsc lizar.ls.

Our studv sueecsis, nonetheless, that C.
ftingi, miglii be ; s table model organisn
lbr stx.lies of this question. on { purely
logistical basis, ii has serenl advantages
ovir the crocodilians, turtles, and gekkon-
id lizards that have been the focts of most
prcvious research in this fielcl. First, C.
*ingti is a fast glowirg, early-maturing t:r\-
on (our captive lntchlirgs reached matu-
dty iD <12 no), unlike ost crococliliaDs
drd turtles. Second, sex is casily dcter
mined at hatching, \\ithout the need to
sacifice the arimal or to trc Jabodorrs lap
aLosLopic techniqucs Thi rd\ .  r l 'c  s fec ie\
r "  "L,und. ,nt  in  r r . , rFr  thr t  i (  lnFst jca lh
suitable for field studies. Fourthly, clutch
sizes are much hiqhcr than in eekkonid liz
ards. Fijihlv, tlic ienerai biol<ig ofC. nir-
gii is now rclatively well knom (Bedforcl
ct al.. 1993: ChristiaD and Bedford. I995r
Chdstian et al., 1996; Criffiths and Chris-
tiaD l996u,rj Shnie and Lanbeck, 1989).
Sixthly. the considerable phenoq?ic plas-
ticig in respo$e to incubation tempera-
tures in ou erperimental rvork (Table 1)
suggests thit longtenn effects of incuba-
tior conditions on o€anismal litDess-may
b .  p u r i ,  r r l . u l l  . l e , r . ' , 1  i n l h i \ l . d o a  \ 4 o n
of  i l ,e . .  a , l fJnras.s " r .  sha.J 1,1 , ' rh-r
\ u r r J l i " n  " g " r n i ' l  l i z " n l .  a l . , '  . u B g ' s t r r ' r
that this gro,rp may have considerdrle po-
tcntial to clarify ihe intriguing phenorne-
non of temperature dependent sex deter-

A&u oul,.k,,.nrs. \\ie rhrnk c. Eedford ror nn
i ' r  J  , b l ,  l ' , o \ 1 " 1 , ,  '  , j  '  , r ' ,  " 1 "  { ' ; 1 , 1 . 1  , .
projc.t, B. cant,:ll, G. Ilusl)rd. P l.ish€r, drl S
Tdrplet{n' f('r .ollednig guvi.l fenal€s rnd eggs on
^  - l ' . l t  , r l  l .  \ l o  f o '  , . n " \ . l l , l u ' "
\aLions \ril[ ns.llrc.ni gr.t(]i,l k) \1. Elpln+. V. A
1 . , ' r  P  l  \ '  . ' ' l  . ' , . . ' , r , " ^ '  i " " "  1

' " r . f  l i '  . l . u l o r r . '
t.o\ided l,) tl,c Aust.iliD lteserr.h Coucil

LnliIt{TUR]t ClTnD

B  ' r , r  a \ . K \ . r r P  \ \  t \ n \ l r r : : l
.  .  1  ' , , , n

r " r r '  , r r l ,  '  l ' .  
-  

1 . . - 1 ,  h . ,  ' 1  . " ,  ' .
i,,gii in ile \o hcm Tcr,ito,t rp 127 l3l L
n  L . ' , ) , r l r  \ , ,  r '  l , T ,  4  i
^nstklit: . Di(,ii l)is.idire. su.Fr lrerttr :ud
Sons, SInr,\: Art.dir

r1^o \ r  I  t \L  r .  J .  r r '  uvr  .  . .  r , ,  ,  n- , ,  .  \
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rnd interpopuhin'' vn.i.rion ir rle effecis of in,
cub:rti.n (r(Itun on sex. su^i\21, dxl gro\,th of
rr^t rrhrg sn,plt)pins ntnes rch.h rd vryonnnt).
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