
ABSTRACT

, "Wc 
nudied hahitat seleclion hy .".?zd ht da in an oEn. deSradcd Medil€rranean Orelcrr i/a.foresr using rwo

t,rsq the trequency ot lir rd observatjons in dinincl habihr ryr,es was compared with habitat
availabilirv Although lizards were s€en in a wide ranse of häbirars. a prcfe,".ce i;r sires wirh ; complex venicnl
legetation slructur€_was_evid€nt. we also qunntilied srruclüral fcarures oi the habitar al sighling spols of adull li?ards.
Bolh univärialc and mullivariale analyses indicälcd rhat lizards preferred sires with a rclatively hish coverage of high
(>2 m) vegehlion. but 'rith some lor' (<50 cm) vegetalion, ard where some rocks were Dres€nr.
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MATERIALS AND METHODS

Thc study was conducted bctwe€n Mrrch and
Seplember 1985-1986 in sn arca of degrad€d oak
woodland ('encinar adchcsado ) ncar Navas dct R€y
(40'23 N.4" l5'W, provinc€ ofMadrid. Spain). Thc study
sile consisls of several w€)l-recognisable habitats,
shapcd mainly th.ough varying degrces of tasr and
currcrl human cxf'loirarion {sheen and curtl€ grazing.
burning).

HABITAT CATE(X)RIEs
Obs€rvations on habilar ulilisation w€re rnad€ while

onc of us w3lkcd along a fix€d 3700 n rransecr, which
cross€d all hBbita( categories.lhc route was walked 125
iimes b€tween 07.ü)-22.00 hr (M€an European Time).
covenng lhe enlir€ daily a€riviry period oflizards. Upon
sighling of a lizard, we .ccordedr da1c. time. size (tuage)
class Ljuvenile: < 70 mm snoul-vcrr lengrh (SVL):
subadulr :  7 l - l l9 mm SVL| adulr :  SvI_ > 140 lnf t l .  and
habiul carcgory.

We established l2 .cpresentdrivc habitat caregories: l)
Dry, homosc'rcous grassland: 2) low (<50 cm). mixcd
shrubland *ith young oäk (Qrcl.!r t/d.f). dsarf.shrubs
and grassesi 3) dry arcrs with a lrätchy covüing of
dwarl:shruhs (mainly /-avd,d,/, jkJ..rdr)i 4) noist areas
with rbundanl cove. ol rushes (,I!,(!s l7.)r 5) sircs silh
a pätchy covering ofbroorr bushcs (rl,aor qrdd&ry)r) j
6) dense bushes of brambles (Äüä!r s,,.)j 7) slmond
\Ptunus duli\l orchardt 8) riverside arcas wirh dslres
(Fruinus dnsustifolid): 9) riverside areas wirh willows
(Sdlir atrc.ikerca): l0) isolated J!n?.zr ox)c?,rnr t.ees
with dense grasv unde.growihi Il) open. deSraded oak
foresl (Qzeras i/er) wirh srasy undersro*,rhi 12) open
evergreen ro.est ol mixed comtosirjon (Quütus it.r.
JunirJehts a\.t,ftlrus) and with a heteroscDeous
ündcrg'oMh ol slüübs and gfasses.

INTRODUCTION

Iacena leti.la, th3 largesr Europ€an lacertid lizard
(adulr SvLr 140.230 mn), is disrributed rhroughout most
of SDain and Portugal. southern France and cxlremc
north-wesl ltaly (BischolT €r al, 1984). It is a diumal,
heliothermic. ground-dwclling lizard thar forages
actively on a larg€ variety of mainly arthropod prey
(Casrill !l al, l99l). This lizard occuß ffom scatev€l
up lo ca. 2m0 m (Seva, l9ti2i Filella. 1983). and is
found in a wide varicly ofborh unculrivared and man-
made habilats, including coasral sand-plains ü,rd dunes.
arahle Iand. olive grovei orchards, vineyards. grrsltand.
\hrut\land. erc. rArnold & Budon. I976r Se!d. l9x2;
BischolT et al, 1984i Barbadillo. 1987). Due to rrs
seemirgly ubiquitous presenc€ in di'Ierenl habr(ats, n rs
generally considcrcd as not erhibiting s(rong habilal
pr€fer€nccs. Howevcr, quanrila(ive data otr hao!@r use
are very scarce. Onl) Busack & Visnaw (t989) provide
quanlitalive inforrnation oD the presence of 1- @idd in
differcnl habirals wirhin the province ofCädiz (sourhern
SpsiD). These dulhors concluded thal lizards inhal,ited
diifercnr habi(at typ€s in dirccl prof'onior to lhcir
availability (but s€e Discuslion).

We here repon on a sludy of rhe habilat seledroD
fatlerns of l. le da in äi open Mediierrancan oak
woodland in cetrtral Sprin. Very high densilics are
usually attained in this mrcrohabital. which is ofien
iontNscd of  d i l t 'ncr hzhirdr r) tcs.  wr (ornhin( rw.
complemeDtary approaches ro the study ol habirat
frererencc. fiß1. we examiDe lizaril sighting trcqucncy

'n 
the dilTerenl habital calego.ies in relalion ro tnerr

ävailabilily. Second. wc atempi to idenrify ihe cues ibar
guidc babilat oc.cupalion rhrough a coftpanson ol'
quanrilative leatures ot the habitar structure beteeen
rtes occutied by lizards and avaihblc babitärs.



28

We eslimrled rhe availability of the distincr habitat
caleSones by recording iheir tresence ar 25 m rnl€rvals
along the tansect lire These lreqücncy counrs were
converted to the expected oumher ol lizad obsenationr
under lhe nul l -h)norhr\r '  rhal  \ iShr inB l r fqdenc) In
each habirat was direclly proponioDal to irs availabiliry.

SELE(-IIoN olj HABITAT FEATURES
We quantified srrucrural fealures of lhe habität ar

sigh&rg spols of 66 adull lizards. Habilat availabilily
was estimated through sampling 5l sites thar we.e
situated al70 m interv.ls along the lransecr line.

Fo. each habilat sample we located 5 points: the spoi
where lhe lizärd was fißr sighied, and the endpoints of
lwo orthogonal 6 m lines thar intersected a he sighling
spot. The direction of th€se lin€, was determined
haphazardly by rhrowing a pen oo rhe ground. Each of
th€se point! serv€d as the centre of a circle wirh I m
radius. Within each €ircle we cstimated thc followin8 ll
variables: l-3) percenlage colrr al ground level of rocld
ston€. sand and littert 4-8) percenraSe cover of the
!€getation layen with heighrs <25 cm. 25"50 cm. 5G100
cm. lm-200 cm B d >200cm:9) maximum heighrofrhe
vegetationi l0) distance bwards the nearesr rock and ll)
distance towards the nearegt patch of vegetarion thsl
would potentially provide shelier ro predators. Three
additional vanables *ere calculare4 l2) loral v€geration
covefr summation of the vegetation covcr ov€r the 5
laycrsl 13) venical diversiiy: calculated ovcr rh€ 5
vegeßlion layers with the Shannon-Wiener formulai l4)
horizontal diveßity: calculared over the habirat
variables that cov€r the ground (rocUsronc, sand, litter.
vegetation <25 cm)with th€ Shannon-Wiener formula.
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We calculated the meaD value for each variahle in the
5 samtling poiDts. This value esrimales rhe avcras!
habital ltruclure wilhin a circüla. area wirh 4 m radius.
sürrounding the s[)ot whe.e the lizad was seen. Our
data hence provide ä description of habilat sltucture for
aD area. ralher than for a panicula. point, that is a
portion of the lizardt home range.

We perforned a principal componenr analysis on tbe
conelation matrix ot the habitat variables ro .educe thc
dimensiotrality oftbe habilal space. We use f-tests. and
r'tests (equal va.iances) or Mnno'Whitrey tltests
(uneqüäl variances) to evalunte the stalisr;cal
s igni f icance ot  d i rerences i .  lar iances and,neans
aftong lizard observation sites aod availability sämfles.
both for the o;ginal lariablcs and the scores on the
principal conponents.

RESULTS

HABfAT CarEc,oRrEs
Lizard rize class€q \lid nor differ !n rshrinE frequ,rn.)

in lhe distinct habital caregorica (X: = 14.99, 22 dl
P>0.80). We did nor dcrccr se$onal tlifferencer in
habitat occupation lX, = 29.01,33 df. P>0.10). and
lh€refore lumped all data for further analysis.

Lizards were observed in äll habitols. Sighring
fr€quency in the distinct habitat rategori€s was not
direcdy proporlional to their availabiliry (Xr = 327.97,
ll d( P<0.001r Fig. l). We saw more lizaftls thün
expcctcd in the mixed foresl. in mixed shrublano, ano
near bramblc bushes. Lizards se€mcd to avoid
grasslands and, to a lesser ertenl vegetations dominated
by rush€s. pal,ches of broom büshes, and oak forests
(F 's.1).
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Fig L Obsefred {N = 50))and expated sishtinB frequcncics olL /.Itd, in distircr hlbirar calesories.
Gi gra$land: Sh mired lhrublandi L!: vegerärbns Nith lryun.lula stoeüas: Ru: noist areäs wirh rusl$r Ls !il$ wnh trs,s
tl,&o.,r,',; Br: dense bushes ofbranhlcst Al: almond {rchärd: Fx: rileßide ar€as wirh rshesi Si: riveßide arcas with silkr*s: Ju:
isol-tted Jühiperu\ otr.d|ru*trccs wnh dcnscgmssy undersrc$lhiQu: olen o.t foresr Mx mixed elersreen fo.esr.



HABITA'T SF,I-ACTION BY LIZARDS

Ohse^cd Arai lahtc a I

l t  t1t52 2?5Jt5.4 NS NS
rr 11168 i551t26 r i  N(
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0r4t0.22 0.79102t Ns NS
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0.09+1.44 0. t?t t75 . !  Ns
l)4lr t l .9 l  - .061+16.1 NS i .
0 r9lr?7 -025i : l  t9 Ns 0.06

regf l .  L s""r . , ' , )  rn l rJr  - -  I  : \ t ) ,  , , '  . , . . , * . , ,  f , , r , " ,
r i . , r . r ( :  s l i r r rJ nt- \ , rkuon . i l$ hn,t  .n. i t , rh i t r [  . . ,nu.cr
i0J f r 'hrhr l i l r  i l  J i f f rh\r .  l .dq(o lh. i r  rJ,r . ,n.c j , / : r . \U
rnd n' ns (r-r$r or Mann.whir cj, (/-rcsr). N = 66 ti)r tiz{ld
ohseNitnrn s i tcsi  N = 5t  for  ! !a i t !b i l i ry srnnl .s!  P<0.05i  ' r 'P<0.01 r .1 f>0.001: Nsr I>0os

A principal compnenl anütysis was used to oblain a
rnorc inlegrared piclurc of thc habitar allributes.,t.hc
lirst thrce principsl componenr\ accounred resfectrvcry
lbr 31, 24 and l0% oi thc rotat variance of re raw oaLa.
'Ihe firsr principal componenr (pCl) was stfongly
fosilively correlrrcd with tcrcent cover oithe legcration
lrycß <25 cn).25-50 c sDd 50-t()() .m. btat  legcrdl ion
covcr. vcaicül divcrsity. aftl dislancc b rirc trr,arcsr roc(.

PC:

Sfl rr(r k)N or. HaBrrAt FI,alURrs
Slructural  lcarures ol  s i res oc.upicd b),  adut l  l izards

ad( l  o l  Nv. i lablc micdrabi lars are summ!r iscd in lable
l .  NoLe thI  |n.  nrany !är iabtes rh.  obscrat ion s i tes had
a higher rar ian.e,  but  a s imi la.  nrcan valuc üran rnc
avaihbi l i t )  srnrptes Ih js iDdicatcs thal  l i2ards werc
seen nrorc otLen than erpccre(l at sites with tow values.
lDd nl  t l r .es wi th high scores krr  thcse l rabirrr
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ll was ncSarilely cor.elarcd with percenr cove. by
sloDev.ocks aDd h) 1i f ter  ! l  Sround level  (Tabte 2).  This
r t  ( .c 

' r .  
,  pr . ,d i -nr  f i . i ,  h. t .  ar ,  q t  ( \ rer . i \ ( .u\r l

b)  stoncyrocks and l i r (cr .  and spa.se rcSetal ion ne.. lhc
groun{t lowatuls sites wilh abundant vcgetalion at < lLu
i ,n J\^\(  droJn,r  tc\" t  Ih.  .p.u1.t  t . . . , . . to i r r .  $. , .
tosrtrlely corelatcd with fcrceDl covcr by vcgclation
>200 cm high. maximum vceerat joD heiSbt.  venical
dr!crsrt) and perccnl cover of lirrer. and cxbibilcd a
stong negative corelation wilh percenr covcr hy sand al
ground level. Ihus. PC2 desfibcs a gradient t.un, opeD.
sandy siles to locarions wirh upright hushes or lrces. Thc
lhird principal componenr showed a strong fosrve
corelation with percenr cove. by rocts (hble 2r.

Wi examined habitat occupalion by considering rh€
projecuoos (= scores) oi the dillerenr samples on rne
component axes. Th€ .ange of rhe scores for lirard
sighling spols was similar lo that oi the avaitabte sites
on th. lhree first principal componcnrs. Companson of
the distribulion of scorcs on pcl rcveals a hiSh€r
qrian"cc. bur s similar av.ra8c. for lizard sighring snol!
rnan ror al8rlatttc s'tcs (Ibblc l). This indicarcs that
more lizards lhan cxpectcd wrrc sccn it both e rcmc,
of rhe gradicnt rcprescnred by pcl, i.€. at sitcs with fc*
row ve8€taion and many rocks on thc onc hand, änd at
places wirh much tow vcSclation on ü. orhcr hand.
Scores on PC2 were srgnificsnrly highcr for obscrvadon
sile-i (Table lj. indilaring rhat luards treferrcd habirats
$rrn uprrghr rrcer or hu.hcs. .nd lhsl  th€y a!oidcd
oten \anü) drcas. LizarJ sighting sFrs had a
!nar$natl) nonnignificanl h;gher average score on pC3,
suggeslrng a tendency for lizards to sclec( sit€s with
oruch cov€r by rocks at grouDCllevel.

DISCUSSION

Our dara, collected wilhin a reslricred area ol
degraded Mcdirerranean woodland. iDdjcarc thar l.
klir.L used the enlire range of avaiiabte habirdts.
Nevenheless, lizards exhibircd a p.eference for ceria,n
babitai rypes. They were obsened more oflcr rhrtr
expecled iD the nix€d forest in mixcd shrubldDd and
near bramhle bushes, atrd rhey avoided qrasslands.
ßusack & VisDaw (1989) reporred dal l  . "  h"" ,* ,  , r "
col le,rcd in d Idrgc geoprrnhi .dt  arcr  (nrov,nce 

^rC: ld i r .  Srdinr.  dnd Ji \ r ingxi .hed hcrsern s;v<r/ t  l . r ,JJ
habital categories. bascd on lheir tyte of land use. ,
/.1d, wns lbund in nrosr of thcse biotopes and it wls
concluded that ir did nor exhihir any habitdt Drercrence
{Busack & vis.aw, 19891. Rean! lysis of their  dara.  üsing
an appropriate tiequency-dcteDdc.l srärisrical
p.o.edu.e. in(licales thar tizards do Dot itrhabjr rhe
dilTerent h.bitar ryl1es prol)onioral) to thei. abun.lance
(X: = 76.12. l2 df .  p <0.1)Ul)  Mofc t i ra.ds rnan
cxpecred se.e see. jn sclerofhyllous rhruD aDd
grasdand. sherers s ighl ing l iequcncy qds tower rrn
cxpecrcd 

'n 
rgdcuhu.ally nDnroductivc a.eas lsee Trble

4 in Busdck & visnas (1989)1.  Hcnce. alr l rougl i r .  i .p, . /d
should be coDsi. lercd as.  habirar 8c;eral ist .  i ts
f re lcrenc. Ior  cc.rain bioroFs is evnlcDr borh on ä rocal
rn( l  I  regb.r lscrte.

Our srud) of  the quanl i ta l ive l iatures 01 hrbi t r t
stnr.1ur.  i rd ic e\  thrr  l i2drds $ere scen lh.oughort  lhe
range ol  a l i ihble s i tcs This asai .  sho{s thrr  ITards

tüt:rl).!r
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occufied all structural habirats tbat wer€ available nl
tbe studr area Ho*ever. sighting liequency was higher
than expected ar sircs with Lrprisht (>2 m) lrees ind
busbes- at plsces with nraoy stones o. rocks and at
habnaß with much low (<l  m) vegclar ion.  L iz ids
ten'ied to avoid open. sandy areas wiih litlle veSelrtiotr.
Th€se resulls poinl io a prefe.ence ior sites with a ralhcr
complex habitar siructure, allhough lizards a.e
definirely nor resticted lo such ptaces.

Several factoß might invoke a pr€fe.ence for habitats
*ith a high sirucrurat djv€ßity. The presence or rrees or
busnes creales a sun-shade gradient. This shoüld
iacililate the shu(ling b€rween sutrlit and shaded sites, a
consprcuous aspect of lhe thermoregularory behaviou.
ol Lacertid lizards (Avery, 19?6; Arnotd, l9E7i Van
Damme e, dl, 1987). Rocks atrd/o. srones mighl also
serve a ft€rmoreSularory function. on repeared
occäsions w€ obsened lizards basking on rocks or
stones n€ar abundant low vegetarion. The variabte
odeolatio of stony surfaces should facilitatc posNrsr
djustmenß thar increasc net radialion inrake, and a

clos€ contacl with rheir sun"warmed substrares enhanc€s
hear gain throu8h conduction. Ar rh€ same rim€, rocx-
crevices and holes between piled slones provid€ shelter
to prcdators. ln addilion, it mighr b€ hypothcsiscd rhar
the number of invertebrat€ prey might be highcsi in
nructurauycomtlex habirarr{Srrijbosch. 1988).
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