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E\uLUrro\ , \ r l1  t ransi t inns in  rc t l rud ' rL-
tre mocle te.g.. hom egg taung tn li.e-
bearing) have c'ccurretl f{ more lrequcntlv
in snakes an.l lizar.ls th:rn in ,nv oihcr ver
tebrates (e.g. .  B lackburn,  1982,  1985;
Shine, 19E5). Thus, the selcctive forces re-
sponsible for these life history transitions
have attractcd conside.aLle scientiffc atten
tion (e.9., Packard et al., 1977j Shine ancl
Bull, 1979: Tinkle and CiLLons. 1977). Re
cendy, a detailed studv bv de Fraipont et
al. (ies6) ssesscd the frrlquencies of evo
lutionary transitioDs between the thrce re
productve nruJ.' in s.tuamates onDant\,
ovitdrity wjth mften,df rgg grLarlini rnd
vjvinarjrv ( rrvjoxnh nr th's .onte\l in-
auj* ,I ti,. tea,inq species, regJJters r,f
the JegFe ol plucc ntotiopt,' ). T6.".*em
bl.J nrhlishe.l Dhr loeenlei f"L r;nr,drrc
t j \  e l \  

-  
t r jm,  '  la l  iqu.mate }ners." , ' ' . reJ

r ., for rprLlkli\ " m",le. opiimz-l re
productive rturde onto thcsc phvlogenies
usnig pnrsimon): nrld cdculaki ihc lie-
quencics ol each 1p of tmnsition. The
anJvsis yield.al hvo m:r'n results. Loth of

rr :sr:\1 r\lrrrl.tss: /).jn1,n tt t,l h | 1.,lr t. l \ )i
t.^ittt trJ Qrt"\lnrl lti,hntu. Ql,t) lt)7!. At\tnlnt

them in stroDg disagrcement witl conclu
siorrs reached by previous stldies on dlis
topic. (l) Reversals' fton viviparity back
to oviparity are:rlmost a fre.juent as for-
ward iransltlons 

' 
of oviparif. to vivipariq

(a2 ver\u' 50 cascs, rcspectrvel'), su{qe\t
,ng $.t the wtde\ helcl \ie$ of nr;ieLs
ibililv of the ovipang-vivipariq/ transition
is in senous eror This conclusion from de
Fraipont et al.'.s rvork has been cited in
nore recent snrdics (e.9., Creer et a1..
19ei. Gans 1996) ds iltnguirg evidence
li,r dre re\crsibilitv of thc tsv,1,,H.'n of vi
\ipan$'. (2) Egg-guarding ovipdous tara
gi\r rise to viviparous forms in only a very
small number of lineages (r : 4 transi-
tions), ca-stjng doubt on the hy?othesis that
matcrnal nest-attendance facilitates the
evolution of vivipdt_v (Shine and Bull,
1979).

We shorv below that the analysis of de
Fruiport et il- (1996) contains methodo-
logicll prcblems and that, when the datn
are an.rllzed corectly, ncither conclusion
is stDngb. supported. Morc gener: ly, our
stud) rcveals tliat application c,f phyloge
netica y bascd methods car yield spudous
conchNions if the nfe[ecl transitions havc
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liidc cmpidcd s,rppoft and rhe daia base
contains corsisteni bi:rses. In orf paper as
nr that oi de FraiDont et al.  996) and
 ost othcr plrtoq;nctic &alvscs of lr1or
pbolos ic , l  a ; . l . . .k ,g j . r l  d . , t , ,  p"r . i , ro , ,1
b.reJ nr .dFls , , f  . ro l r r t ron " re . rdopt . i
T l re reconstructr ,n o1 t t rarar tcr  i r . , re
chdges wiU iliffer if lcss rvidesprcad mod
els, such as rrairnum likelihood (comiron
in moleorlar malvses). are used.

THFr U\:oLUT()\ ol: OvlpARrTy l.t()\r
\rt\'I],lRIlt

A lcw authors have argued i]lat reptitiaD
phylogeny nrchrdcs occ,'i"",J cases "f ie-
\ .A1lc f rurn , ,v i t r ' l rLh t , ,  \ ' i \ inrnL\ .  cr thc l
rcn." r r l l  rL  dr .  h i ( r ; r  u t  d;  .q ;ax," re"
(e.9., Aoki, 1995j \Vebb dxl Cooper Pres-
ton, 1989) or withiD frnnily levcl srouDs
(e.9., van $')k nnd Mouton. 1996). Hoiv
eved most wor*ers liavc either assuned
that ovipadrr is the aDcestral state, with
little possibilill of reve$al after liliparity
arises, or havc concluled that phvtoicne[-
ic e\idencc gives no clcar evidence oi rrny
such reversal (e.e., tshckbrrrn, 1982, 1985:
Packrud et al., 1977: Sliinc, l9E5; Tinlle
and Gibbo$. 197?) \\'hv docs ihe analvsis
b\' .lc FraiDont i:i al. vieid such a diffeient
rE\dt :  Th;  rppaent ly  l , rqh t l .querLL\  ,n
r.\.L.al" rfr;jn vivinrnri t., ,.'.ir'."t r i,

d're t,, tw. proLrlcms: rl ) frrlure ro dr;ttrL
guish strongly srppofted changcs ftom
tLJrs i t jnn(  $r t l  l i i tL .  ernpLnrJ (upDurt
xrLt  /2) in i , le , lurc i . .  j r r  r l ,J  i r ta  s . r  

- -

(t) Poorla Suppone.! Transitions
The frequcncies of transitioN ieported

by de Fraipont et : . contaln iranv poorh
supported instances because ol four;etii-
odological pl,blcms

(a) First. tlie maxnrnrm nurnber of oan-
sitiorls possible in erch oDiinrization was
u, ,Lnte, l  r  r ther  thdn t t re n iLmhcr ur . , l r r i r
, 'ua l l )  s ' ipp, , r i .d  F.r  err r rp le,  thc
Nlacclade prosnnr (I,laddison a;d \,ra(t
dison, 19901 ured bv de Fr{iDont ct al. oD
h ize\  r . t ,oJuct j \e  m^. le o the I ' fun '
es of  th .  c l . rLJoqr ru , ) f  Un, lerr t  { '  I  (  l9 ;1)
i,r fotrL c,trall) pJr\imnnio'rs \\ i}\ l.litlirr-
erLre\  LE\ t r i . te i l  t , ,  chznges $ Lt l ,nr  icrmn,J
tnxa are not coNidercd different" opti
mizations by lvlaccladi). One of thc {bur

optir zations is shown in Fig. i: ovilJdilv
l o  \ i \ i l l r i r \  I | , n . i l i o | .  u , r '  r  o n  t l r -
l , r r r r '  h - r  l " . r J r . r g  t , ,  i l l i r , r r J '  r n d  t h e  , r r
, , , e 1 | i , , ,  \ . n o . J U ; J  , l " d ,  H u \ - , c r  c . e
o  '  r h r .  . I  { 1 .  o p r L , i / , h n r '  , 1 , ,  I n d ' m u r l
. n , l  I n , n ,  n i , , .  ; , '  , h . . .  o I  u d . i t i o , , s  , , , -
l ; r , F i t  , , ,  \ " ! .  o , , , , n " , 1  , t . r , - , , , t  n n  h o \ ,
one irtteryrcts tr.nsitidis within trimod.i
tcnninal tda. Up io nine ovipdit\ \\ithout
egg-gultrding (h;redter simp-\ rcfencd to
as oviprritv ) to vivirrafitv transitiois
, , , r l r ,  t ; . n ,  ; , , , , t r . , t  i , ;  f . \ t i n i , , l . .  , , ,  $ ,
a niellinc-xerrosaDrid clade. and withil
g . l } , ,n i , l . ,  rs , tmr, { ,  ,  hr , ,  J .  I " . , , id . .  . ,  In
i id" .  c" .c t ' l id ' .  laccr t ids.  ancl  ansunls
H u $ . \ . r  u r h  \ i l  n t  J l , r . .  , , 4 . /  h  t r r  , "
,  u r , . , |  / d s . '  n i r (  t l ' i s  l ' . u t r ,  u l d r . l t i n , r / J
l i o n  i .  , . r r a , 1  n .  n . \ t  I , u r n i )  t l , e  t , , , n
i r run.  in  l ;v l  ,dL l .  in  lhF : 'nr i . l l inF- \F
n . s " , , a , l  , l b , l .  r r r J  r v i r h , r  r q r r n , , t s  c h  r
n . r "  e o r r r l ,  I . ' " .  r r l l . ,  r n d  r o r t l r l i J .  T t , -
f , r J I l " l , J , l i r F c t  t r - t n . r r r , , n .  t r o r ; r , ^  r n . , r i t \
r ' ,  v iv i t . rnq \v i th i r ,  repr ,  "  l , r ,  r i .  eh r r i r ; , ,d . i
r F r n  i r , J  t , a d  . ,  i r " r l . .  , i . l . t . o ' , r i . , . , r , 1  " n -
L , r i J .  r n r q h r  n o r  1 , . d ,  , ( r I " r . d  r f  " n F  1 . -
. r m . .  , 1 , , n  i n  . r , 1 ,  , , a , i '  r . t , , u J , r ' t i \ , .
n , , 1 .  . l , . d , L , d  , r o r r r  , " i p " r i , j  r , ,  , g g
gl : , ' . l i "g  Jn, l  th- r '  l ior ,  - {q gur , l r , ! l  to
\ r q p : ' r i h  5 i r n r l : , , 1 )  r ' 1 ,  ' "  . i r  r r . ' n . r r r u r ' .
l ror ,  , 'v i l '1r ib  lu  rLL e lurJhE micr l  hr \ r
n . . I n - , j   n L J p r  ' l r i .  n " f i i . u l : , ,  , , n t i n i ,  I
l i .n  $rrh in ierr . ,nrJ,  enkkonrJ.  re i id .
\ . 'n .  i , l \  nn, l  . rn tur l \ .  TTo\F\- r  , ,n lv  r ' .u
or '  r l , ' . ,  ,ar r /  h" ' -  , , ,  cLrre. l ,  d , .  r r . ,n , , -
t i o r D  . . r r h i , ,  i g ' ,  U U , l .  J , , , 1  t . i i d . .  T h -  o r \ .
' r J r - i f i u n r  , l n  , ' o ,  , , ,  ' r r   , , l e . 5  n i  i . r l J r
palterns of changes \'ithin trnnirdal tara
are assumed. Ifwc $e to Drakc roh,,si in
l c  F , , . . '  J L , , r r  , h " r r g , .  r n  r c t , , o d u , r i . "
r , u J '  . \ .  s l r . u l , l , , , , r ' r  o r r l r  r t I  r r " u t r u n .
thJt  are , rDequi \ , ( i lh  sqrp l , r tcd,  rs  uD
p , ^ - , 1  , o  I n F , .  \  a l l o " " , i  h r  r h e  J , r l ,
Howevcr de Fraipont et .rl. r$e the lafter
. , p p r , , , . h  ! n , l  t h , r , . ! . F p r  m " . , 1  p o u r l l
5 u p p " r l . , l  l ,  u ' . r t r , , " .  a .  " - l l  " .  r o t " s r l i

T o  , l , , r ' b  l h .  r , : , q n i t , ! d .  o J  r l  .  e t t . . l
w .  ' F p . J r - J  l l , .  l u , , i h  l e \ .  J n J ) . , .  o l  J ,
F m i t o n r  - r  J .  U 5 r 1 e  t h ,  , 1 r  e  l r , , r  r \ " 1
they used (their Table 3). s,ith ttre fotto\.
ing erceptions: (1) NlcDo\.cll (19E7) did
not publish a cladoqram. and we \ere un-
a l , n  t o  p \ r r n , r  b  w e l l  r , . , , 1 . . , 1  p ] , \ l , , g , r \
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]ltc l.-Relrodncdve modc optimi,tal ont tlie .ladog.an of Unde^rood, (l97lj as dram ly schrvent,
1988). Tlis is;nc o{ tl,e ft,ur eq,;Ur panimo ous opttmizitions,dnrhF.d L) rh' -,t''\ {,|6.llng .Phon
i. iracclade. Note, l,.s eve.. dut even nr &is particnlJ ' ophmr?.,t,n tl - n,", i'.r ofe.rll tJPe oll.JnsttioD
(c.g., oviF.iq to vniparity) delends hea\ily_oD bos saiinte.p,et.l,arges *ithnr bhod.l and trinodal
tennnul fia ('lable t): see tct lor li,rthc. disdnsn',. Alrl,revidtions: O = olilrrc$ sthont cgs grardnrg.
C = oviparous rvith egt gu.{ling, \i = \ivipann*

from either his text or his proposed Lin
nean classificationi (2) de Fraipont et al.
used two squamate trees in Schwenk
(1988): the Dibamidae exduded" pLylog-
eny (schrvenks Fig. t2) and the lepido'
s,rur'pbyloseny (Sch\uenk:s Fi,j. 1.1). How-
erer. these ph1'logenles are iLlenhcdl (tle
onlv djfferencc is that nDc m{'re outqroup
is shown in the latter). Acardingly, we use
only a single phylogeny from Schwenk
(1988): and (3) cl:dogram C' in Presch
( 1988) rcpresents the scincomoryh portion
of "Cladosram B" and is thus totalv in
cluded in"th{t cladogram. We ther;fore
use "Cladoer.im B" but not Cladosram
c". Presch 11988) converted the pliy,ioge
netic discussions in Camp (1923), North
cutt (1978). and Undem'ood (1957. 1971)
into explicit dichotomous cladr4{rams, tnd
we have used these cladograms (as did,
presumabll. de Frdpnnt et J.). Althouqh
aadie i1988r pnviJieJ 5e\e'dl  t rees. t6e
onlv one relerant to this analvsis (and pre-
surirably the one used by di n.a;pont et
al.) is the shotest fltmily-level tree that

does not involve a nesative nnmunoloqical
bmncb lh,s Fig. 2A).  We simi lar\ '  used dle
most,esohed tree rn Cadle (1987),  bis
Fig. 3-1A.

Our Table 1 compares the madmtrm
mrnber of each qpe of transition allo*-ed
L\ each ootimization .n a paticular phr-
l6geny lthi.number rcc-osniied by J. Fr;r
pont et al ) alonq wjth the Dumbcr un-
iquivocally srpp6rted (the number that
we believe should be accepted); these
numbos re usuJly very dilTerent. ln par
ticular in most phylogenies manl' hetero
dox transitions (from viviprriq/ to egl-
guarding. "r 6ob \ruparib'to oviparity)
are allo" ed but none rre uneq,rivocaly
supported. Thrs trend js very consistentl
tle areruges for each rype of transition
over all possible cladogr;;s *" .h"* fo.
lizards an.l snakes in our Table l� For in-
stance, the vadous 'lizard cladograms and
optimizations imply an ;Nerage of 8.8 pos-
sible transitions from ovipanry to vivipa -
q'. of which 5.4 are well supported (617o).
Conversely, they imply an average ofthree
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T^Bljlr l.-Tnes aDd trequencies of changes nr repr..h.tive nxL nnpled on tl,e cladograms qamincd by
& FRilont ct al. (1996). nr some cladognns. reprod(ctne mode .ould optirrid h rnnltiple alullr pas'
nolious wqs. TIE .lHng* iml]nal on cac,! of tlcsc oltnnizations ( opts') are iDdjcated. I-lE lrst rnnber
represents dF number ure.l,nvo.dly stPp.fted nnnrr .d + [n'mF,,fr!n ir. \crcnd I'n parentheset €p-
rcsen ts |l1e nrdinun Dunber that miy hi\€ o..ufeJ g^ en d 'e , , 't fr,,irrl- ' Lt-Trrtdhnn L\f t.'tof
.l,angcs rvitlin tcrminal tau /\bbreri.tions O : o\iparotrs \yidout egg-Cuardrng. C = oviparous widr egg

gua,rling, V = vilip.rols.

, - : , , ,1f  ler: .^-_

tltYsrs A

0 ( 6 ) 0
o ( 5 ) 0
o ( 5 ) 0
0 (,1) 0
0 (,1) 0

0 (5) 0
0 (5) 0
0 (6)  0
0 (6)  0

4
3
I
J

2
5

6
5

0 (6) 0 (6)
0 {61 0 (5)
il 1.1J 3 (4)
0 (4) 0 (,1)
0 (6)  0 (6)

I
2

2

I
I

I
I

2

L
l
I

s (r2)
6 (10)
6 (9)
6  (1o)
6  (9 )
6 (9)
6  (8 )
6  ( l l )

7  ( r3 )
6  ( r r )

5 { r2 l
5  ( 1 1 )
5  1 r 0 )
5  ( r 0 )
6 ( r2)

6  ( r r )
6  ( r0 )
5 (9)

6 (10)
6 (e)

I i )
6  (9)
6  ( r 2 )
2 l5)
5..1 (9.9)

r (7)
I (6)
1 (6)
I (5)
1 (5)
r  (5)
r  (5)
r  16)
r (6)
r  (71
I (?)

I  (? )
r (r)
I  (5 )
I  (5 )
r (t)

0 1 1 )
0  ( r )
0 (r)
0 (0)
0  ( r )
0  ( 1 1
0 (2)
0 (0)
0  ( r )
0 ( o )
0 (1)

0  ( r )
0 (0)
0 (0)
0 ( )

0  ( r )
o  ( t )

0 (0)
o  ( t )
o  ( t )
0 (2)
0 (0)
0 (r)

I  (2 )

o (o)
o  ( r )
0 (0)
0 (0)

0 (0) 0 (51
o ( r )  0  (5)
0 (0) 0 (3)
0 (5) 0 (5)
o ( ,  o(3)
0 (,1) 0 (,1)
0 ( r .7)  0 (42)

o (51

o ('1)
o (,1)
0 (3)
o (3)
o (3)

0 (6)
0 (3)
0 , 1 r  ( , 1 r  )

0 (0)
0 (1)
0 (0)

0 (0)
0 (,1)

r (6) 0
r (6) 0
r (6) 0
r (6) o
r (5) 0
) (5) 0
I  (5 )  O
1 ( s )  0
r (5) 0
r ( t )  o
0 (3) o
1 ( 5 . 7 )  0

r)
0 (0) 0
0  ( r )  0
r (2) 0
9 (3 )  0

0  ( r )  0
r  (2)  0
2 ( 3 ) 0
0 (0)  0
0 (0)  0

5
5
I
I

1
6
3

0 (5)  r  (6)

0 (3)  r  (4)
0 (0)  0 (0)
0 (3)  r  (4)

0 (2.5) 0.66 (3.2)

0 (5)
0 (5)
o (3)
o (5)
0 (3)
o (,1)
o (4.2)

poslbJe rerersals fiom vjvjnanb to eRe-
iuarding. ofwhjch on\ n.rr arF ivel s;p-
ported (<47o). No clear pattems are ob-
ierable in the snalte d.eta: for reasons dis

Many of the genus- and species level
phylogenetic studies used by de Fraipont
et al. (their Table 1) contain several clad-
ograms. Information on which cladognms
n'ere used from each reference was not
provided (unlike the case for family-level

references: their T.rble 3). For this reason,
we did not attempt reanalyses of the ge-
nus- and specieslevel data at this staqe.

1b) Seco;d. for a particutar phyloge netrc
hlr.thesis. it js olien possible ro oprimjze
changes along the ctadngram branches ras
opposed to within terminal taxa see
above) in several equally pdsimonious
u-ays. For example. in Schwenk'.s (1988)
cldogram, the &stribution of oviparity,
egg-guarding, and vivipadiy in terminal
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FIc. 2.jl{o eqnall}, ps^n.ornD \ays rl'at repr.dnLtiv. tu.de .in b. oprimired on tlr€ dadognrn d
Schwenl (198s). Ea.h nrvJr.s tlfte .lunges, (A) entdls three fo^!.rd" (ori!r.ib/ to \iviparfty) transitions,
n.t ..nnting .hanges \ritl,nr ten nal tda: (B) entails tso fonvdd' inxitioDs aDd one rc\€nal (vi\ipaiq
to oviparity). Abbreviarions as in Fig. L

ing changes $'ithin terminal taxa), while
the second implil:s a minimum of ffve tran
sitions trom ovipanq to viviparity. two
from oviparity to egg gudding and one
from yivipa ty to oviparity (Table I).
ClearlX only one of these scenarios can
have happened, md one should ask re-
gardless of which scenario is corect. what

taxa can be e\?lained by assuming either
three transitions from ovipariq' to vivipar-
iq' along the cladogram branches (our Fig.
2A), or by assuming two such transitions
and a reversal lour Fig. 2B). The-ffrst op
timiz:tjon imlles r mjnimum 01 si{ ovj-
narity to viviparitu rransitions and two ovj
parity to egg-guarding bansitions (count



trdrsitions uzs. have occurrcd? In this
case, tLe data proucle compelling c\idence
for only five trmsitions ffom oviparitv to
\i\ipJnt) JnLl tuo fr,,m r^ilrauq to .gg,
gu. : r rd ing \ \hether  a s i \ t l  hd,s i t i , ,n  fn.m
ovipariq' to vivipaity, or a reversrl' Irom
viviparitv to ovipariq', occurred depends
on which optimization we accept (Fi:1. 9).
Ilowever instead of only considering ro
bustly supported transitioN (i.e.. those
common to all mosi-parsimo ous optnni
zations). (Ie FraipoDt ci al. counted the
mdirrium number of eacli typc of trinsi-
tion.lcross all optimizations. Thus, thct
u,ould have counied thi: numbcr ol rran-
sitions from ovipadry to livipariq that oc-
curred under the firt <)ptimization (s'hich

lximises the nunl)er of su.h transiiions),
and counted the nunber of rerersals
lrom viv\rarif to ovipadty under the sec
ond optimization (which ndimises the
Dumber of such tra'rsitions). Furtherrrrore,
{s disd$red uDder (a) ibove. ihe}'counted
n'n i , rs t  the nDmber uncquiror . r t t r  sup-
p, , r te , l  hv th"  m.d - t ; \or ib le 

opi imrz i
tion, but the ma\imum nunber possible.
They would thus ha\c interpreted these
data as proriding evidencc l;r ll tr:rnsi-
tions trom oliparity to vivipari!, scvcn
transitio from or+adq; to egg grarding,
otrc transition fro egg-gu{rdnig to ovi
panty, o'rc traDsiiiol trom \i+dit/ to ovi
parity, fivc transitioN liom vivipadty k)
egq-guarding, and fi\€ trdrsitions from
egg guarding to viviparity (Table 1). hr re
atity, tbis paffcular tree, with its two op
timizatioDs, provides compelhrg evidence
fbr only f e transftions {;om ov+arif, to
viyiplity and two ftom olipariq/ to egg-

(c) 'r'he 
third problen is rclated to the

previous one. ancl invoh'es tireir use ol
multiple pLylogenetic h)'potheses tbr rlic
sarne (or verr sirilar) sets of taa. Thcsc
diferent phytogenetic trllotheses can ob
viously result in dilTerent nrferred patterns
ofcharactcr changes.'fhus, de Fraipont et
al. optimizcd char:rcters on alterrative
trees for the same tda. Again, only one
tree can be correct. and o;e shouid ask
''rega less ofihat phylogcny is cofiect,
what  t ransi t iors rmsl  havc occrr r red?'
Ho\rever instead of counling onh \vell

supported transitions (commoD to all or
most tree topologies), drey again countcd
the rnr-\imurn nurrLer of each transition
rt?e across aI phylogerfes. They thus firr
thcr inllate the number of possible tran
sitions bv includnrg poorly srpportecl tran
sitions which occur on only one or a ferv

$crhaps dLtbious) trees, .,s lvell ns lletter
supportcd transitions.

These thrcc problems considerablv in
flate the nrnbers ol transitions i.leitified
l,J de Fraipont et a]. Ior crample, for the
''lizard (squamate) data. the maximum
nurnber of each qpe of transition, ass,rm-
nrg the most favorable interyretation ol a
particular optimiz{tion, the most favoratrle
opinnization, a d dre most favorable phy-
logeD),, is as follorvs (?LbIe 1): l1 transi-
tions from ovipariq' to viviparity, sel.en
transitions from oviparit) to egg-guading,
two transitions liom egg-gua(ting to oli
padty, three transiiions (rom viviDarity to
;\ipdt_v. ffve tmnsitions from riripariiy to
egg guarding, aDd ffve transitions from
egg guarding to viviparily. These arc the
nurnl'ers of nrpliecl transitions that one
obtaiDs using ile Fraipont ct al.s rrethod.
However, r"Len oDe counts onlv dic trRn-
sitions thnt must have occurred (i.e., corr
mon to all interyr€tatiors of all optimiza
tions ol aU possible trees), one gets a niuch
more consen'ativc rcsult. These data iinply
only four transitions liom ovipanq to;
vipdig and t\lo transitiorN lion ovip{ntv
b '  cgg gurdine Gr. . rs  l le89l  ph\ log. lv
enta i l \  teser  t ransi l i .ns bec,use i t  i rLLor
porates fe$'er tda (rnainly those th:rt occlu
h Australia, and that happen to bc either
unifonnly, or p{rtial\'. ovipdous). How-
ever the abserce of iDterfamilial traDsi
tions in Grcer: tree is an atifact of the
limited selection ofsquanate tda. aDal the
consenative numbers irnplied lry this tree
can be disregarded. When dl the other
trccs are considered, only four tr{nsitions
f(rn oviparily io riviparity alrd two trdr
'ln:": 1..1 

"yr.rri1 r. .qe-qurrdirLe .d e
oennrrerf rnrfne.r.

Amlyses of tLe snaLe phylogenies gcn-
erate alr eren more conseNative res t. No
type of transitior, ()t eren the Dniversally
.rccepted olipantl vivipadq/ transition, is
cornrnon to {ll trees .nd all optimizations
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Frc. 3 (,\) Onc of tl,e tso  ost equally parsimodoos \r.16 that rcproduchve nnxle .N be optimize.l oD
thc cladogram of rtage 11987). !'iipirtl, is prnnitivc fo. snak.s. la snlgle re'en^l (to o\aPadry) n rcquircd
{not .oDtnrs t.dsjtioDs rvidnr tcrminal tnu). Aean' tri,sltio'a sid i" po\'no,dr c ic.n'n.l tr. Jr. not
connt€d .  (B)_^ l tem.hrc  n r t , , , t r . . t " tn " '  d ' " t  does ;o t ,n 'ohF F \p  sns  o l r |anh \ tn ' , i tn . r r i ' Jkes .and
t$o lbnrd" t.rnsitn'is (to \ivipadly) are rcquncd (not conn6,g trunsitnrns within remin.l tda). Abb.c

(Tabb r). This is because most of the ter-
rninal ta-xa ('families") in these phyloge-
nies arc bimodnl or tnmodal, permitting
ve^ di{Tereot oDtimjzations on eaclr phy
l.einr. Tbus, th" snake ph)losenie\ aathis
le"el do not proude compelJing ."iJen.e
for the exisience nf an) partjcular t)?e of

Thus, our reanalysis of the familyJevel
data reveals strong evidence for only sn
transitions in reproductive mode, .rll in
"tizards , four tn;sitions ftom ovip.riq' to
viviparity and two ftom oviparity to egll-
guarding. There is no eompeJJrng evidence
for any other ttansitrons. This conclusion
stands in st k contrast to de Flaipont et
al.t repot that these same data provide
evidence for 38 transitions (15 transitions
from oqprity wtbout egg-guarding to vi
vipdiq, 10 from oviparitv wjihouL egg
gudding to egg-guarding. ejght reversals
hon eMparity to ovjparity without egg-
guarding. and ffve rere6als 1r')m vivjpanty
to o\.Daritv vith elII {u dixe).

\\'hy. th;'. di.l J; F "iponi et d.r mal-
lsis identif' so many rcverse" transitions?
As discussed above. they counted dubioN
-reversals'' rvhich only occured on cetain

interyretations of certain optimizations on
certain ph\Lqenies: n,ant ofthese \ill not
""".' ."i.' otbe' inteipretations ot the
same optimizltion, or on other (equall_ y
Darsimonious) oDnmizations, or on other
iroposed nhvloienles 'rf the \dme t.xa
iFi[. lt. Eurtherm.'1., the polanty of
many of the apparent reverse ' trnnsitions
coula be unre;ersed by allowing a single
additional step (i.e., one more change in a
character state at some point in the tree).
For example, not counting changes \\,ithin
terminal tua, the phylogenetic hwoth€sis
of Rage (19s7) implies a single viviparity
ovipdity rcversal" under either of the two
most-parsimonious optimizations lFig. 3A.
Table 1). Howeve! it takes only one extra
stcp (tuu oqprity-\.r\rpariD changes) to
m{kc  thc  hee.ons is te . t  w i th  u1e common
;ew that reversals are unlikely (Fig. 3B).
We do not consider this compelling evi-
dence for the occurrence of such revenals
(Lee and Doughly, 1997: Lee and Shine,
1998).

Our reanalysis of the farnily level data
shorved that d]e majority of reversals ac-
cepted h) de Ftuipont et al are poorJy
qupFrted: on\ transrtons from ovitaity
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to viviDan\ drd from ' 'viDrjb tn c{L
c''",J"iu "re c.mm.n tu af oprimizat,, ris
,nJ phl loecni" .  Eteu on the lc t  pb;J.g
.u1."  thar  uncqnn, ' .d l r  l rph (as, 'np.seJ
tu me, . \  J I  ^ i  r  ,  ,e ' ;^a l - " r ,1 . ,  , , l l I  most
p.trsimoDiorrs optimizatiors (Table 1: Ca-
.lte. ree;. R"i.. I987i Rieptrcl. 198si
JJkes ), thes. re\ersxls "Jn he clirtrnJt-

eLl br lssLrmin{ a srnqle c\lra ri.p. lf tbe
re 'erak r .n, ' r t .J  Ln t lc  g." ' , r  - , .1spe.rc.
lcre l  "nal1 i .s  r , .  s i 'n i i ;Ly *e. , l ly  . ' j

l).rteJ, tILe breh iie.l'reno.s of r"rcrsals
i.p',rte.J rn d" Praip;tut et rl inclrrde su
" ' rur  poor l r  s , rFn,r teLl  r .6 .s  lhat  tbc l  Jre
",,til:.ir to h. neanr,stul.

(d) Finallr', the to[ats repoti:d in de
Fraiport ei A. are i!flated try pseudorep-
lication. Chanses counted in hisher level
ural'ses are;unted €dn duing lc,rver
level analvses. For example. reprodl,ctivc
modc transitiors with genhonoti e anguid
lizarrls rvere included in the studv rs (1)

Dolmorrhism \\'ithin a telninal ta\on (m

i,nilt in the family level analyscs. (z)
chanses between inclividul gerrhoDotine
seneir in the ecnus level analvses, and (3)
ch"ng." l , . tu"cn spet ies rr  E/gana tager
rhurLobne) rn the spetLes ]F\d andh6rs.
TLe simc shifts are. thercfbre. couted
three limes and cortributc to the totnls re-
podcd in the famill', genus, ard sPecies

(2) IiaAlquacies in Patts of the DaIa Set

Familr i.".1 nhyL.qenies are unlik"l) to
r , rov ic le,n a. 'ur ie  n ic ture ot  s lof ts  in  re

f'"d".ti". mode, 6ecause reproductive
traits are very labile. Thoe hwe bce.n oer
100 sepante traDsitiors ol rcProcrtrctive
mode ;thin squamrtes alonc, and in se"-
eral liLrc.re"r inJependenl con\erfext traL)-
. i h u n .  h  .  n c ,  , , ; ' L l  "  i l h r ' '  ,  l . ' e h  r ' 1 , . r . ' .
t u r  c g  R l a c l h u r r .  l v e 2 .  1 9 9 5  Q u J I s e l
al.. 1905t Lee ancl Shnre, 1998r SLine,
1985i  Smith,  1996r Sni th a ld Shine,
I99l  Th ' r r  , , 'u . l  o f  rh.  hmi l i 's  u,pJ r r
de Fraipont et al.s analysjs (Figs. 1, 2)
r 'on l . in  . .  nr ' .en l . r l r \ .s  \v i lh  h\o or  lha
refL".lu.tLie no,le.. m.Jc,,g Lt roru rlffi
. u l t  t , ,  u n t i m r T .  r e p n , L l u ,  r i \ F  n  o , 1 . .  , r ,
fnmily levll trecs rviih ary degrec of con
f i d c n , . .  I u r r h e r m o F  r l ' - r e  a r ,  o r r h F
t"rn i l .  J ,u\ .  on.  mod-.  " r ' .1  r ' .  mo' l  '  l "s-

lv related family arother, thc {liver!(ence is
tikely to be relatively ancicnt. and numer-
ous intermediate forms extinct. Betwccn
fimilics. ilrerefore, thcre is likely to have
hcen ,  t . rg .urd c"rnnl r \  Lrstory o{  chan*
"*  i "  ' ' " ' , , ,1 ' , . l ivc - , ,d .  " l ' .hr rc  c . "n. t
dis."-'.'rhis is wh) there arc often so
manv altemativc oDtimiz{tions ol reDro
.lDctrr buLle ror ramLrv re\er cnlogenres
( la i ' le  11.  > l r r r rs  rn Lcpruouctr \ - .  nrooe Jt
the generic a",l ,p"iific loels offer a
rr rur l r  s t ronseL "ppurturr i t )  l .  ' l i \ccru i lLe
Llirp.tion anJ pt,ii"sen"tic JistriLuhon .L
cvohtionarv t;iitions. Table 2 lists all of
the s.luarnate Iineaees in $-hich reproduc
tn'c bimodalit! has been rcpofteci at the
intraqenedc o; intra-spe.ific [vel, in \\.hich
s.c cin co identlv diicem the direction of
the transition h reproductive mode li.e..
we Lave reliablc data or phr'losenetic af-
{irfties ancl rcprorluctire modcs of all ttre
relevaDt trrxa). In e{ch ol these 19 cases,
u\ rprr i i f  hr \  t r \cx f lse to uupruLh This
l r . is ,s  not  an arref rc t  o l  case . ' f  detect ion
of one directiini of tr:usilion ve us aioth-
e, F nr crample, .r srrglc .Sl layiuq spF.iFs
rLested .le.Dt\ wtldn J lrrq" viviparous lin-
",;g. l. g.. ,A.i".,,.,. glter qLrkes (-fhanr

n. / ) r^r  ' r  r r t t lesnak"\  LCrdni l , i (  f l rs  Si r -
r r q n r *  " o u l L l  t a ' v i J '  J n  , r n . t , r i \ ' '  a
, 1 . m , , " \ r , . J i o ! '  o l  a  r e \ e r . J  T h c  " h s - r r ' ,
, ,  r r  docum"nt .J  - r rmnl .  . f  rh i '  n l re-
n i ' , , , F n o n  s u g g c \ r .  r l ' , r  . u c h  r ' ' - ' ' '
r i ' r . r l r o r \  J r .  i n , ' . , J  r r F  l l t l , r  l i . , l r r e r r
,  r  . f  t o r ' " " 1  ' r J  r a \ F ^ .  { r d t ' ' i r r o n .
$" '  ,ur r ror in  ' r . l r  .  oual  " .  . r rc i - . t 'J  bv
.1.  - l , i ipont  et  . l .s  . , r i . l )s isr .  th .  pr"bJbi i '
r h  o  . , l l  l 9  , , '  l l r e 5 F  l r a n . j l i o r .  u ' ,  u r f l n q
nl the 

"fbN2rd' dircction (?rlne 2) would
L .  v " -  l , , u  . 1  12 l  I  J t .  t  o .oons ,

NIATER\AI, E(;(; CT]ARDT\i] AS A
TTIANs]TIoNAL SI.ACE TO \TI\1PANT'I!

sh in.  , r r rd Bul l  leTLt  suggp. l .d  drdr
"sL L:u{Jrnq mal  la .  r l t r r .  l l ,e  . \n l , r l i " r l
, ' f \  iq l r  i fv  h. ,  " '4 .  - {e-Ru"rd inS f ' r , " i ' .
- \p 'n ;n" ;  man) , ' l  rh ;  ;o . { .  , , f  v i \ , f  , r -
i b  s  r r l r o , , l  . ! r .  r i - r r ,  r r r g . o r n " . f  $ .  L e r r -
' h t .  T h .  a n , r ] \ . . .  o I  d .  F r : d p u  , r  F r  J l .
jer  our  ln  l r . r  i l r i .  hrnorh ' . r ' .  rh . '  "on
, l u d n r l  r h a r  r l r ,  f r r q , r . r ' . ) , , l r \ u l u r r o n u ^
UJ. ls i l ioas f i "n "gB-g,rardrnA r , '  q" i t 'c r in

$ 's  lo$cr  ihx .Le Lr"n\ i l i , 'n  r r  l l ,e  r .
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TADrx 2. Squa rte lnk,.qcs in wlnch reDrodncrivc m!{1. h.6 chrne.d. r,.l ',, \h'ch 't is Dosible b n,fe,
onffdcntly tll; directior of ihat change. criLerin f.r in!t,,! ,' ul cne5i\ere: rir rerF r,r+trr binodxLr\ oc.u^
at eithr thc specjes or generi. Idcl, and (,i) inform.ti." n ,\rl.$lc on rie ide,'tih ,,t ,''r{,,/'Ds rnJ or
. F T o J , ' a n F  1 , , , , ,  . o J \ p F . a . ^ , 1 , ,  ' , t , r h ,  r s r o , , f ,  1 , .  , r J , , , , t ,  r , ,  l i " T , b " - o , , i .  t i , , - . , ; , ,
qh.rp rl,e putJtn,,r'tg,urfs J'€ u"clE.r ,r,,r'tain both oviprrcus rd viviDarous slecies (so dnr rt,e
rl 'r' rr, n ol ile trJ'tr'ti { i,, ',ftuJ .n\e mode s ,ur.ler) For rcfereDces to dj*. .,";, "cc Shine 1t98S)
rd  B l r l r r  m {1952.  l r85) , ' t - ^ . f rhproqdere f€rencesk ,n*ormat ion thar I$been l [b l i shcdsubse-

qucnr to these revrervs.

otlEr .hrma.lconi.l s xnn

I?riria llus Crdn,t, - md

OplrdnA and rehti\€s

Pvrdlr:his, Psedonaja

Other scole.ophmi.ns

Phntn oc.pl nl6 rh..b.lr li
viviparrs chanaeleons

C a tu ta p I n"e s p rca rinn h I

\,iriP!.ons ^r/qJn"tus

viviparons /- roqainlirl-
Li\

viviparous Arn?rtryz

viviparors P oaria,,fts

H.iv.lnts hndtuLltun6
P s.L( la :his p oryh lJ I i d. I s

Oviparous t(r virip,rons
Oriparous to \iviparous
(\'iparous to vjvip.rous

Oltp.rous to viviprms
{niparcxs to viviprtus

Ovipar s to 1i\iparous

(n:ipros to virbrons

oviParms ro rivilarcus

()vi!.rcus to rivi!&nts

oviParcd ro viriPrdN

()riparons to vivrpmus
()viFruns to viriparous
O\,+mn: k, rivjparons
()upafo$ to viwipdnx
(Jviparcns to viriparous
O\ipdons to riviparous
Ovipa.ous to vnipr.onr
()ripirous to \iviparous

Ovipdob t,, ri\ip.,ous
rr ah re!3 ouils * er . re5l

verse direction. Although this compadson
is not direcdy relevant to the hvpothesis of
shine md B;ll (1979). the conciusion that
the transition from egg-guarding b wi!i-
pariry is very rare (in absolute terms) does
cast &,ubt on tle idea. Unfortunately, the
estimates by de Fraipont et .rt. mav be in
serlous en6r. for sevi:ral reasons. some ol:
these are discNsed above! their comts in
clude many poo+ supported transitions,
are inflated by pseudoreDljcation. and tbc
l,bitity of repr;d .h.e mode \ill often
make polarities difficult to infer (Darticr!
Iarly on fimrly-le..I ph\k'eenies): Thesc
*ili simply rntro.luc.;;.h .a.dom er'",
into the analysis. In addition, however

their study incorDorates a consistent bias.
because ;ne of ihe character states (ovi-
pJng withort esg-quanlng).rs Jeffned by
me aDsence or pnsrnve recolds oi matemal
attend.rnce. mther &an by any infomation
to suggcst that egg-euarding Jocs ,,,r oc-
cur. UllseNations of mrtemrL pust ovjpo-
sitional behavior are much rnore di{Ecrnt
to make thm rdentii,ins simolv whetlrer
eggs or live )"..s;. ihpos'j6d. Fo. "
hiql' Dronoftjun .f squamate tr{a. Dub-
li":b.d rccords of repro-.lu.ti"e mo.le i e
been based on diisection of presened
st]ccim_ens in
recent l)  -caftureci  temdte\ in sj tuat ions
(e.g.. in collecting brgs) $-here egg-guard-
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nrg l,eluvior could rot possibly be e:hib-
ited. ,{dditiond\, captivity stress often in-
cluces nest deseftior evelr ilr taxa that nor-
mallv guard their eggs (e.g., Itoss and lvlar-
zcc, i99o).  In somc cgg guarders,
matern:rl attendaDce is iacultativc, in rc-
sporlsc io cn\ironmcntal condiiions (c.g.,
Shinc et al., 1997). A11 ol thcsc Icaiurcs
mcan that a high propodioD ol egg guard
iDg tla\a will be scored as being "oviparous

widloui egg guar&ng "
It is dif{icult to estim{te the nagnitude

of this underestnnation, but it n like\ to
be rery lar.-e tor c\ l l1 l t lF r .  plr  oi
research prograrn or Austrdi.u snakes,
r1,F .e. l |or , , , rhor ha. t , ,bl , . l ,Fd ,  mtir i , . ,
reports of reproductive ode in '16 ovip-
arous species (see references in Shine,
l99l). IIc hrs rccordcd cgelal'ing in cap
tivily, or fornd nahnal nests ni die field,
' i . r  . r r l )  e j g h r  , , i , 1 , , , , -  r " \ , .  T h ' , .  . \ . , ,  i t
all of the species recorded as owiprrous
rvere acttally egg-guuders, tre hrs liad tLe
oppoltunig to discover this fitct for <2ool.
.I Ll'. t,u" f,,r slrh h. L"..nalrli'l^.
rcproductive rnode. Inspection of pub
lishetl references shorvs that .r snnild pro
poftion (<20%) of the repots of repro-
d,r . l i ! .  r ,o, l .  lo" o\ i t 'Jrous nor,-euJrd-
i n g  , I c c i c \  s . r .  n , , n r ' , t ' 1 n i . , l  h \  i n h r
Inal inq s,rgge.r.rS dr"r  dre aI lh.r  l '1,1 lh
, , I , f , , r r , , r i F  r , ,  , .  ,  , , r , 1  F ; g  g ' r , n l i I g h - h , , .
ior elen if it occurred.

Thrr , '  'nsi . r .  nr .  r '  ' r  i r r  -  '  ' r ing rvi l l  ha.
a  . r r h . t a n r i r i  r n f a ,  |  , , n  , ' ' n , l , r . r , , n \  d h , , r l
r r a n \ r r i , ' n d ' l " r l d r i r i F s .  f \ - r  r t  q u t  r i h  i n
\  d i , , l , h  . \ , , l F J  f r , , r n .  g g  9 r , . . l i " s  , l , r g 1
p r o p " n r " r r . f  r l , F . -  r , r , , . , , , u , , .  \ u , . l , l  b ,
, , , , ! n r F T , F , F d  "  r r r r n g  f r o m  t " r r  t h : t , o -
outaro,r .  . \ i lh.r l  gurr, l ing r ' ,  cru."  t l ,

matcrnal brooding bcha\ior has not bccn
r. t 'or l . , l  Th. c: \1 1 l r ls : r ,  . . l imJl ine
transition h-equcDcics [i11 dcpcnd upon
l l ' "  lot 'o lnev nI lh.  l r" .  . 'n, l  r \ .  I ' l ' \ ln
g . n . t i c  t r n \ i r i n n  o l  r h . . f . . i . .  r h a t  l ' 1 \ ,
h ,  . r  r r , . ' r r . , i l )  , - , i ,  S , , r i l . d .  \ \  i { h  |  , i m
t l -  r r . .  r , , t r . , l , , S \ .  f i d l , I .  t , ,  r ' , , , r J  . g g
<uJr, l i rg i r  \u.o u rh. .p ' ,  i ' .  i r  $\ i ,1,  r l

l , r e J \ .  , f  \ 1 u , , . .  o s n  F \ f r a -
en.e r .  t lprcJ .e. . ,1,o\F $, l l  neJl  rhJ.
b 0  j  o f  r l r .  - \ u l u r r o n J D  r r : . n . r l r u r .  f r , ' , , .
e q q - g r r , ,  J r r r q  r u  q q f J , r ^  $ r l l  L '  r , r . '  l $
si f i . , l  ls l ,  Jn.r l ion. i ,om o'  r l ' . ,nr)  ( \  i r l rou

egg-gu:rdirg) to vivipan9. Hence, most
attempts to quaDtili iransition lfeiluen
cies, inclu.ling de Fraipont et al.i arl:
strcng\, binsed against detecting trunsi-
tions nlvohing egg gulLrdilg species.

This bias also aficcts thc allocation of
arcestral versus derived character states.
Evcn a singlc rcport of eg{ guarding wi{h
h a lineage sill reveal a transition. but al-
rnst alwrys ir tLe directn'r of tLe egg
guarding b.rnrg a deriverl radrer than an
ccstral trait. This is bccausc thc othcr rc-
producti\e odes wil snnp\' be ore
widely distributed on the tree, and thus
\\ill be intcrprctcd as primitivc. Ilowcvcr
as rnore ard more instaDces of i,lipdry
witho,rt egg Flarding becone rcscored
correctly as instmces of egg-gunrdnrg, the
situatior Nill chuge. Egg gurding Nill
change from optimizing as a single spe
cialization, to multiplc corNcrgcnt spccial-
izatioN, to 6r.rlly (if radespread enough)
behg pdmitive lbr the entire lin.ragi: (and
thos incestral to the orher modes). This
factor furtLer biases such dnllses fren
dctccting transitions lrom cgg-guarding to
viviparity Hence. phylogenetic an.r\'ses
will alwals be strorgll biased {gdrnt de
tecti(,r of chaDges awq trom egg gnrrring
(c.g., to viviparily). In oxlcr to corrccl lbr
this, ore needs to accuruhte detailed
e.ological informarion on eacli poorl1
kro\\,,ll oviparous ta\on (to determine cor-
rect\ the prcsence or tl,sence of egg
g,nrding), or io rcdrrc. ihc data sct io in-
clude only tala w'Lere such obseNations

Althougli.Ic I'raipoDt ct al. disputcd tlic
dircciion oi iransitions, thcy accepted ear-
lier conclusions (e.9., Shine, l9E5; Sline
an(l Br 1, 1979)that egg guarding bchavior
is disproportionate\' commor in squlmnte
lineages in shich \iviparilv has arisen.
They atlributc this paticrn io thc possibil-
it_y tlHt Loth egg gua(ling ard viriparig-
reprcscnt adaptaiions to particular kiDds ol
eNirorrnextal conditioris: i.e.. those thrt
lavor high levels of matcrnal nrvcstmcnt.
Ths LpotLesis hu rJso been proposed by
Shine (1985), as ln altermtive to the prc-
a(Iaptation h}?othcsis (Sline and Bull,
r979).
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C()NcLUsIoNs

$'e agree with de Fraipont et al. (1996)
th i t  dnr \ses uf  reprr , 'Lrct i rc  chrnqes
wjdlin sq,,.]rnrtes st,u;tJ be in\erligar..i irL
d nqor.',s nhylo8cxetjc 6*r."..r1..,n or-
c ler  to  l .sr  se ler t jorL is t  arSoment(  thr t
transitions can olllv occur in paticular di-
rections. However, as a result ofthe prob-
lems discusscd abo"e, we dispute hvo ma-
jor corclusions of their stu& A\ailable c!.
iderce suggests that the tra sittun from
ovDarity to livipadtv occurs far more fre
qucnt\ than the revene iransition, and
data on the distribution of egg-guarcling
are too liagmertary to allow any firm con-
clusions to be rcached rcgarding the rcla
t ionshrp beh\eerL egg grardrng rnt l  uu-
far ih  Nlore gercrJL.  \ \e  s ,Lggcst  thJt . , t -
temtts tn .Tt\ the ruupLrati\ e m.thod
h' iJentii ;\;iutLons tidl\,t!.ns sh^,,1d
rvaid the problems.rncountered in the
stuJl b) tle Frait.nr cl nl \\e rrreE that
d lL Lnost-pars im. f l in , r (  n  imrzJtrorL\  ( i la l l
proposed phylogenics shodd be irrvesti
gated when interyreting cvolutiorury tran
sitions. Ho\-evea we thiDk that the onl)
transitions tllat should bc accepted are
those that are conrnln to all (oi at least
most) s.cll supported phylogenctic ar-
rmgements lbr a given clade. and alt (or
at least most) possible optirnizations lbr
erch .f the'. ihylosen'e;. Furth.rn"r".
$ o r k e , \  s h . I l . l  r e p o r t , n . r " u r . ' , ' f  r h "
conffdence s,ith \\+ich they cdn assiqn po
larities iD srrch transitions. If the rlircction
of a pdticular erohtionnry trdsition can
be ctrarrged by assunring vel] few extra
steps (a single step in drc case of the re
Ir.rlFd \r\rpant)-napantv re\ersals r, it
i '  d i f l lc t | l i  to  har .  uuch conl i . lcnre in
thesc transitions. CoNistent biases in scor
ins.haracters ( . . ( . ,  r . } "nce on nesJb\e
e\i.l"n." to ass.rt th. "hrr'"" ot- eqq
grarding) can also conf<nnd such analyses.
\\'e tlius stroDglv concur with de FraiDont
ei al. that mori work is required to ciuci-
Jrte tbc cnmt)lc\ inten.l tti, DsJrip' arnonq
Lfe-h js t .n . ; r iah l " .  in  s . luaxrd ie rept i jes

1.,ktud.ak,p"rs We durk iu .1. Fniponr and
D Ula.kl)nm lor d.triled dis.ussn[ ard..mnr.nrs
on tliis nurnviript, l creer to. di\.nssi(n,, and
.nonur.us relie.rers of c.rlicr rcrsions ofdln man
ns.riii for he\,ful..i ' ia,ts Fn,,n.irr plo.r lio'i

lt,. *"l,,.l", Rcsearch couril is gran:ftrrr r.
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