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ABS'IRACT

variation in ihe rolrodudive rraits of crek populalons of padarcis erhaldii,
P. pebponnesia.a. nd P. taat d tivins jn similar hdbitats alo.g fie same
lalitude {d exanlned. Fenate body size. cturch size, ard egg votumo were
determined.I! all thJee species, cturch size was positilely corelared with
malemal body size. P. c*,/dii appem to nodutare irs reproductive efforl by
means of vdiation in boflr egg sizeandnunber. On ihe otberhand. egg si7_e in
P. pelapannesiacd anrl p. taurica has probabty been optinized. and an
rncrease in .eproductive effort woutd resulr in the prodlcLion of a ldger
number of e$s-

INTRODUCTION

One of the most impoltantchallenges faced by evolutionary ccologists is rbe study ofljfe
hjslory variables (Vi$ and Price. I 982) and \{herher their naturc enhances the survival of
the species. Reproduction nay be considered such a vdiable. Unlil recently, most
studies of European lacertid ljzards have been mainly descdprive and, rhough inforrna-
tive, arelimited tolifehistory theory. Compararive srudjes allow for rhe idenrificatioD of
general pattems among Lizards that live in simi Iff habirats and, jn sorne cases, also revcd
underlying me.hanisms rha! could alf€ot rhe adaplabitity of a species (Vitr. 1986).
RecenLiy.lhere has been an increase in tbe number of comparativc studies in rcproduc_
tive traits (Vit1. 19E6j Wemer, 1989j Pollo ard P6rez Mellado 1990i Franlenberg and
Wemer, 1992;Bauwens and Diaz Uriarte, 1997).

Podarcis erhanlii (Bedriaga, 1882). Podarcis peloponnesiaca (Bibron and Bory,
1833),.d1d Po.Iitcis tdurt.a (Paltas. 1814) de phylogenetica y relalcd (O1no et al.,
1993). A1so. they are similar in body sbape. acrive searchingforaging mode, annrcpod-
based diet and lhemoregulatory behavior (Chondropoutos andLykatjs. l983iValatos.
1 990. Maragou. 1997). Fudhcmore. they ca! be co'sidered rhe most abundant tacertids
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Our goal was !o siudy some reproducrive characredsrics of rhese three species and
cxamine whetber their reproducrive straregy had renrained rhc same. in spire of differ
ences intheirbbtopes. orhadadapted. Morcover, we provide reu, data on rlie reproduc,
ri\e e.dogy of P. erha ii ar,d P. peloponnesiaca.

MATERIALS AND \4ETHODS

Podarcus erhatulii is drstibuted in rhe south of rhe B aikan peninsuta. More specjficitlty. jn
Greece il is found in the easrem Peloponnisos, most of the remainiDg Greek mahland, the
mxjoriry of the Aegean klands, and in Crere (Gruber. 1997). On rhe creek maiDtand,
ho$,eve.. jts range is .atlrer disconfiiuous. lt is a higtrly differenrialed polyypic specics.
especialy in the insular ecosysrems of rhe Acged where il can be found at alritudes up to
1000 m. It typicaly nrhabjts &y. ofren rocky places with ]ow, densc, xercphilous brshy
vegeation. It climbs io some exteni bui nol cxtensively. In P ertaldtj. the D ting season
starts in Febmar] and reaches its peak during April ro mid May. Large oriductal eggs are
present from March to June. The mean clutch size is 2.42 cges. The incubatioD perjod lasrs
about.l0 days and hatchljngs appear ftom mid-June to September (Valakos, 1990).

P. pe loponnesiaca 1s 
^ 

Gteek endcmic species confincd to peloponDjsos. Ir is found
fiom sca level to 1600 m asl in a wide variety of habi1a1s, bu! especia y jn dry. ofien
broken and stony areas (Bdnssoe. 1985. 1986; Butile. 1987i Sofianidou. 1997). Al
thangb P. petoponnesidca is basically a ground dweller, ir is fiequently seen oD stones.
low wnlls. e!c.. and sometimes cljmbs, although rather ctunsjty. published dala on
reproduclion ofthis species arc limited. FiISi copnlations occ|r in March. and berween
one and two clutches of 2-4 eggs ar€ produced annually (Maragou. 1997). Incubatron
period a128 'C lasts 40 days aDd lhe hatchliDgs emerge fron July to the beginning of
August(Bringsgc, 1986).

P. rd!/ica shows the broadest range, occurring from creece norrb to Hung?ry and the
nothem coasts of the Black Sea. In C-reece, it is distribured oD the mainland and ftc
Ionian ishnds (Chon&opoulos, 1986, 1997). Thc main habllals of p. taurica arc
typicall)r flat, open areas wilh low vegeraiion rhat receive a lor ofsunshine. The species
is found at altitudes of 0 2000 m or e\en higher. Ir is a ground dweliing tiz:ud wjth
limitcd chnbing ability, and is usually secD nr mral areas. forest ctearings. salr flats,
gi.dens, olive groves, countrf road sides. erc.j it is atways cterrty assocjated wirh
vegelated areas. Its reproductive period srarts ar the end of March wir*r the nrajorjry of
copulations occxning frorn mid,Apil1o early May. The firsroviduciat eggs are presenr
in mid April and last unril mid,July, wirb the peak from nid-May ro mid June. The
mean clutch size is 5.6 e8gs. The incubalion period inP. /a,.t.d tasts:l-6 weeks, and tbe
halchlilgs emerge from mid July ro early September (Chondropoutos and Lykikis,
1983; Chondropoulos, 1984).

The lhree ex:lnined species are heljorhermic lacenids that feed nainly on afihropods
and are chdacterized as themoregulators. AI three species are prorecred by Direciive
92l.13,€EC (Annex IV). lhe Intemational Convertion of Bem (ADnex X), and, in
Greece. by Presideniixl Dccree 67n981.
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The authors collecred all natedal drring spdng. A rotal oI81 atcohol-presene.l
specimens of female lizards w$ examlned: 33 p. ertd.dll from Naxos Isl. (Aegean
Isla,s) ,19P.peloponneJrc4frontheareaofSr)rmfal iaLrte(peloponnisos).and29
P. rarli.4 from westem Peloponnjsos aDd Zakynrhos Isl.ltonirn Islands). p.1ar, t.a ard
afew P. peloponnesiaca tpecimens were deposited in the Zoologicat Museum of lhe
Univerciry ofParns. P. €r-rrldtt and the remajnirg p. peloponnesidra specimensbelong
to ihe Hepetological Collection ofthe Section ofAninal and Human ptrysiology oftbe
University of Alhens.

Lace.tid eggs are Dot complelely cleidoic and, depending on environmeDral condi
tions, thet mass and dimensions may ciange quire mpidty afier oviposirion (Frank
enberg and Werner. I 992), thus afTec$rg lhe resxtts of comparalive siudies. Thercfore
we exctusively used large ovjductal eggs, Jarger than 8 nrm, from atready,presened
fenales (Frankenberg and \4'emer, 1992). This action is also sound for conseNation
rcasons. All epecimens had been unifbmly stored in 70qo erhanot for periods usualty
longcr than one year. The eggs had not been previously removed fron the oviducrs.

For each ljzard fie fbllowing data wefe noted: (a) body tengrh (snour_vent, SVL)
la ken with a vemier cdliper ro ilre nearesl 0. 1 lnln, (b) nunrber and rypc of eggs in each
o\Jiduct, (c) length and widrlr of all oviductal eggs ro the nearest 0.01 mm by mexns ofa
micrometer scale in dre stereoscope objecrive lerN and (d) dare and place ofcapruLe.

Minimum SVL at sexnal naturitj, was assessed by the preseDce of entargcd ovarian
follicles (>3 mn jn diamelcr) or oviducrdl csss (vltt. 1983; Castilta er al., 1992).

The volume of each egg was calcrlatcd using rhe equadon: V = 4/3r(LW:/8). where
V js the egg volume, and L and W afe rhe lengrh and widLh of rhe egg, respectively, in
mm. The average vollne of all shclled eggs nieasurcd in a fcmale consijrured the
characieristic egg \rolume for rhat nrdivjdual. These individuat averuges werc rhen used
Lo cxlculate the egg volune for each species (Fraikenberg and Werner, 1992). ESg
voluneis less susceplible dun eggrnass ro rhe possibte disroningeffects of fixarion and
storage in alcohol (Guillete et al., 1988). Morcover. our rnalerial $,as uDiformly pre
seNedi thereforc, we believc rhat storage aDd fixarion did not afiect rire resulis of
nxraspecific compa.ison.

RESULTS

The descriprive sraristics of ihe rep.oductive charac€dstics for rhe species examined are
sunmarizcd in Table 1 In the case ofP. rd&ricd, rhe females from pcloponDisos have
djfiben! mean clurch size r (r tesr I = 3.9, dI:27, t < 0 05) Lhan those fronr rhe lonian
( inPeloponnisosr=577:t2. i6,rangef10,aDdir l rheIoninIs landsx=j .55r09,1,
runge 2-5).

The smallesl P /elrpo,nestd.a female wirh ovjductai eggs hrd an SVL of 60 Inm.
This figwe is taken as an estimatc of rhe minimum size fot sexual lnaturiry. The smallesl
reproductive females of P. erhaftlii and P /dr,"tca had SVLS of 48 mm and 55 n1m,

Analysis olcovaiance (ANCOVA), wirh SVL as a covariate lo cljminare side effccts
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Table 1
Dcsdiptive statislics of rcprcdlcdve pdueter for rhe e)ramined species

MinN SD

svl- 33

Egg lengt'r 87
Ege width 87

SVL ]9

Egg lengLh 6E
Egg wjdth 68

svl- 29

Egg length 126
EgB width 126

59.11
2.64
8.47
5.99

69.58

9.62
1.t2

4.24
12.32
6.E7

48
I

3
2.5

60
2
3.28
3.8

55
2

t0
5.1

5
18.3
10.6

82
5

16.56
l0

79.5
t0

7.9

r.08
226
162

4.54
0.96
3.78
1.61

5.01
1.74
0.83
0.47

a

N-sample size. SD stalddd deviarior

N = -5.595 + 0.139 sVL
r= 0.557

SVL

Fig. 1. ar: Reldrionsfip of clutch size (N) to snolt-venrle\Eh (SyL-) (.t Pad'rcis erhardii
(Slanddd ercr of esdmate: 0.9 l4r Inrercepr 1 .69: Slole: 0. 119); (b) Prda rcis pelopahnesiae
(SLddrd eror of estimals 0.774; Iirercepr: 2 79i Slope:0.13)t (c) PDldl.tr rdr.i.a (Standdd
eroi ofestinaLe: ] 533j Intercept: 1.98; Sloper0.l94). Dotted lines:95% confidence i.rerlal.
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tr
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SVL

c
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46 50 54 53 62 66 7A 74 7A a2 s6
SVL

from differcnces in &e mean SVL of rhe rhree species, was used ro derermine whether
clutch size was related ro body size. Ctutch size was correlaled with SVL instead of body
mass because it is a less variable measure of body size tban nlass and unaffecled by
s.odns conditions (Ramirez-Bautisra er al., I 995).

Podarcis peloponnesiaca
N= -5.712 + 0.133 SVL

r= 0 625

N=-8.436+0194SV1
rr 0.506
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Table 2
PdLirl corelations belween .e|roductne dala for lbe rhree exaniied spoies. Tte vanable in

pdenthesis js thc one held constanr

N-SVL(V) SVL V (NJ N V (S\'L)

0.43+
0.78+
0.63+

0.06
0 r8
0.03

0.47*
0.1: l
{.09

R {oefficjenr ofpudal coftladon: svl snour venllength, N clurch size, V+gg volume,
: slatsrically signilcatrt coretadon (, < 0.05): orhes-ne rhe corclation is lot si.snificanl.

Ihe comparison NonE P. erhdftlii. P. peloponnesiaca, and P. rauicd revealed
sigtrificant differences in the clutch size IANCOVA (with SVL as a covariate), p <0.05]-
However, posthocanalysis showed that this dlfference wasdue totlreP. rarlicasample
ftom the Greek mainland (Tukey's-!esl,p < 0.05).

Tbe three species examired shoscd significantly positive colrelations between
clutch size and matenal SVL (Fig. l). Regression slopes for all species werc parallel
(ANCOVA. F..6, = 1 7't.p > 0 05)

Mean egg volume for a female's clutch did not increase significantly with SVL. We
used ANCOVA, witlr species as the grouping rariable, to detennine which of the three
variables (SVL. clutch size, egg rolunc) actudly corelared in each species. In P. pelo-
pokne\iaca and P. td,rt.d. no significant parLial co[elation between egg vo]ume and
cluLch size or SVL was fo.JJld. ht P. erhdrdii, the panial conelation was sigDificaDt
benveen egg volumc and clutoh sizebutirsigniicant belween egg volume and S\rL. Tlre
relation betw@n the three variables is presented for cach species in Table 2 and suggests
lwo caiegories of rcproductive stmtegy: (1) jn response to increasing body size rhe
number of eggs. bui not rheir volume, increases (e.g.. P. pelopannesiaca and P. tautna),
and (2) with increasing matemal size, both the iotal nunber and the volume of eggs
rDcrease (e.9., P. drrafdti).

DtscussloN

Our resulls regarding smallesi SVL at sexual maturity are similar to those rcponed for
P. erhardii and P. taurica of 50 nrm and 52.8 mm. respectively, (Chondropoulos and
Lykakis. i 98 3; Chon&opoulos, 198,1; Valakos. 1 990). Data on this reproductive lrait for
P. peloponnesiaca arc preseDied here for rhe firs1time.

Significant differences tu the clutch size of differert populations ofP. ra,ri.a have
been fbund Feviously (Chondropoulos and Lykakis, 1983) and have been atbibuted
manly to respective body size differences. Howerer, onr data indicare that clutch
volume is independert of charges in popuiationSVL, and the observed difference could
be dre to varialion in climate. Clutch size is a reFoduciive irait that has been sho'l|n 10



v.l. 45, 1999 COMPARATI\E REpRODLICTION 1N THREE pOD,4,eClS SPECIES

b€ coffelated with envjrcnmenrat conditions, resoxrce availabitilv. and ciranses in
lau| |Je, \ i  lob{:  l r ) tore d1..  too2 \ l i .  t  bLd and Ecnr( f i  a.  f , .  1 i95 

"

In rhc three specics examincd, clutch size js rctabd ro fenmtc bodv slze_ Since the
'cr  eSoion .rop.\  uefe \  nr lJr .  v e,d8ge .  rha rL ' l luee .ne. ie5 to l tou r le . r r le Dd(.ern
o' , ,J^Irrx/  ng.  lLrc l  i /e u r l  SVl.  - .do non t . rafd.  ; i rh \ f f idb.  ctr  cne, "ooned,o r tu,Tir  I  le er dl  o /1, :  CJJ tb rnd Bduien. to8oi  F"Jn(er L,  rp Jnd u e, , ,er .  -992 .A, rhe d\r i ldole r l  our ot  pnerg) or rp!-oaucr oni . t rJnirFd,:rc.ea.cirol  ,o. i  s
' i /e,  d, ,  omp.n.ed b\  J dec.ea c i l  c tu,ch. i ,p Bdu*er 1no D:a L,nrne. 99 and
references therein), alld a balance is nornally esrablished berwcen egg number and the
general energy expendi(ure per olTspdng. Neveflheless, more than onc combination of
egg nunber and cgg volumccan be consjdercd optilnal, even within aspecjes (Tinkleer
j l  .  lo-0.  .d. I l ld dnd B,Lqen,.  o8o MichrJd Jnd F, \  erna-h, .  .oo\r  I r  Ld.  feel
shown that in rcptile populations a number of tife history characredstics mav varv iD
re.Doane ru d ' r  cr ,1r  e. l  r^nner at  r"c lof ,  r fergu.o,r  e.  d. ,  roao rrr t  -ererencc,
therein). It is interesring ro Dote that v.Iiation in rcproducrivc oulpul is due moslly ro
changes iu clutch size and number of ciutches per season, and not in egg size and egg
lolu e. Grockelmar 19751.

Egg volume and SVL did not )ield srarisljcally sjgnitrcanr conelarions jn rhe three
species examined.InP eridrdil, egg volune was nor significanrly corretared with SVL.
since small females were able ro produce large eggs. bnr it conetated sir$ificantlv with
clur. l - . i /e. inojca in"rhJ, .d\dr. .pon.e o r . ! r roody,r  e,ru,ndt , ,1 io, . , . "" . .oorr
ihe nu'nber and the volume of their eggs. The Mediteranean-rype ecosystcms in rhe
rslands whcre P. ..rdrdtl has been nainly differenriated are palchy and characterized by
flucluating. unpredictable condirions, timired resources, and pemir a.alhertonp rctivirv
pe. ioJ iu l  l f - .pe ie,  lhe.per\ ' rurrnef ld l r rc lor  .  t .o intrr ln et teJ. . to p.rhardt t .
$ hrLh l  }  been .hui  l  ro di f ter  , igr  .  .and)berreenrhedr j .ur-xre-dnarheqerulnref
as a result of disiinct variations in avajtable prey (Valakos, 1990) Moreover, p. ?, ftaldtt
has a comparatively longer annnal and daity acrjv;ty penod rhdn p. petoponnesiaca.
which is oDly partia y activc during wjnter (Maragou. 1997), and p tdurica. whi.h
hibernates from mrly Novernber to late Fcbruary (Chondropoulos and Lykatis. 1983).

Proportionally ldrger eggs,reed a tonger incubarion period al a given renpe.ature, bxt
rcsult in larger offspring rhat are borh faster (Sinervo. 1990) and abte to DEv uDon a
$ide'  \a i .a o,  p.e) ,hJn .md l .  nne..  maung nFm .onpe, r , !e )  I ,ore U,<t l  r"
snn ivc ro 

'natuit], 
(CoDgdon et al., I 978 i Michaud and Echremacht. 1 9951.

On the other hand. in P. peloponnesiacd dnd p. raurtca, egg votume * not signif.i
cantly co[elated wjth both SVL and clulch size; larger females produce more, rather
rhan larger. eggs. It scems thar egg size has been oplimized by narural selecdon
(Congdon etal.. 1978), andan increasein energy expenditure oD repro.lucrion, resultiDg
fron lrger female body size, would rcsull in rhe prodrction ofmore eggs of abour th;
same size. This strategy could also be advantageous in rerns ofprcdaror inrensity: if we
use the number ofindividuals wilh broken or regeneraled rails as an jndex, thepercent,
age in P- ra&r,.d rises to 43E (Chondropoulos and Lykatis, i983) $,hereas in p. z/,
/7ddti it is lower tlran 109. (Valakos, 1990). Another exptanation is relaie.l ro ihe
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ircreased incubation period of larger eggs (Sinefr'o, 1990). This could resutt in
halchljngs rhat emerge vcry lare in the reproductive period, thus counterbatancing atl
possible benefits associated with incressed egg size (Bauwe.s and Diaz-Uiane, 1997).
Published data on nating, the appearance of oliducrat eggs. and hatchting emergence
show that P. peloponnesiaca nd P. taurica ha\te shorter acriviry and reproducrive
pedods ihan P. erftddii. Finrlly, bodl species are found in areas wirh more prediclable
clinatic condilions, as well as higher hunidity (Mauromatis, 1978). where Deonares can
easily encounter food (e.9., see Karamaouna. 1987) regardless of their size. This prey
abundance is depictcd in the Crtetof P. peloponnesia.r, which does not differ among rhe
seasons and neither does the percentage of the commoDest arrhropods in the biolope.
which are also the main prey groups. Also, in agreemenl wirh rhe rheory tharpredicts an
expansion of the trophic niche in drier and hotter ecosysrems, nsing ihe Levins index, rhe
mrrinum niche breadth ot P. tdurica iizakynrhas 1s 4.12, wrtereas in P. erhardii it
variesfrom5.55inlhedry seasonto 6.42 in the wet season (Chondropoutos er al.. 1993).

It seems that P €.r.rdlt has eirher not yet esrablished a batancc betw@n optimal
clutch size and the desimble hatchling size, or has selecred an opporrunisric approach, in
contrast to the olher two spe,ries. Hou,cver. furrher srudy is neccssrry to elucidare fiis
aspect of their reproducrion.
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