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1 Introduction

S ecig d{e‘l 5 ace a‘ he 'ye i eco‘o ceePa @ 1962; MacA W ad
Wike 1967 Nag a 1988; Ridlef a d Sehb ¢ 1993; Rec g eig 1995), b
s _€cig d esi, i dica aese a 1cal ceceuall,ads ai 1cat 1ob[e -
alc(Hl be P971)Thelﬁ da e al obe iéla1§1gco u i sua e
3 ha oe\,alab[edoa o adguael cau eace la. hee co SQ,ea
faces dee iece u i ,sutu e he U be .fs ema hei ea{eah -
da ca, he u be ofidlvldat,ad hes ize of heaea‘a !ed(Ja ¢ ad
Rahh 1981). Te ce bi e hae\alabes i eecs ak icebhuo @ hei ela-

ei e aceaddicad uchife aie (Ja ¢ a dRahb 1981;Mag a

1988)

ies ecm d\ esi, 1 dice ,s ecw. ich as dea e ce fa d heu be eof
s ecnsw ihhei ab dd cedi ib ie ;a dse ehg eaged has_ecia ich as
be e i dicag ce u i, suo e(Mag a 1988;Bg e a dWlﬁla so 1994).
He q,e,becu.se he u ~be eofs ecm iceas, ihsa ‘esl.e adiec ce a-
o ofs fCiQ ich as b%‘ €e y ®sa 13 e be ecologlcatg ea 1 giﬁ [;
diffee ca i coe. u i,sua e beco fa de%lhdlffeecal<a li g
iesi,.O e.so‘l ie ‘@ hi ~ob‘e i aefacie (A__e dk A),a ech jue ha
ae s oc¢ e he effec ofsa ‘1 gdiffee ca a o gco“ec io s of diffe e
size (Si be Lff 1979;Ja & a dRa hb 1981; Mag a 1988).Ra efacie us g
ace u i ss ecig ab da cedi ib ie ocuaeau\eofheex eced
u be ofs” ecie s . uba lesize.ls cadefce ai g heu be ofs ecis i
as a“co“ec ie® .fnsl dJs mi at e heu be i a a ge cellec io ofn| i d’s id-
uak,eecce as heu be ofs ecis fo hes alle cellecie  heu be
&, ecedl aca ‘eofnsldkldal ° heiage e ¢. Afe a efacie , diffe -
eca is_ecia ich as @5 gcia diesi, ca beacibed o eal diffe e ca i
ce u iy suc e @sa Je‘s ize diffe € ca .

1.1 Asqu Mio ofs .a ial a de as

A doa“co oimed eau ¢ ofce u i s ua e he aefacie _eced e
(A_ edix A) & heeasu 10‘.1)Theconecu b as aklcag aduae,
€. e.e a{esa le of he ce u  (Ti__e 1979),2) Ces ecific den ife -
a do ds _es ed ad3)S_ ecm aeds _€s edl de e de Tha i,hei a-ad
i es ecfl0< _aialdi esio a e s acbehce lee ado .1 ace u i,
1hcu chadx _esie ae (og _aiala ece eialo) a efac i@ aco ael, 331-

assmecms 1ch 8s a, awcsa ‘651"3

W
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, ¢ e, o ade salaldx _esie  ae s i,ecoio (Ca_ e e ad
Cha ¢, 1983; Pal e 1988 Lege dea dFe i 1989? Mee e ¢'e 1989:]3 ille
a d Lege de 1993; Legedel993);[oco e o ade aes,c‘l dg

w 1hi as ecie a dsegegaie a @ gs ecig,ca cuse he ameda i ac o
o ceed he acu QOQ,C'deallasa lefe as alle ce iues aea
(Fage 1972; Hedl e al. 1975; Si be loff 1979; Kebg a hi 1981, 1982, 1983) The
eae®igisi lerasa 1efo o clecaie ighy elli o de y i id a
fe afg s 6013 (e.g., ag*eof ea ).I ce a , aefacie ceec‘ld aL
ade [ fe hg, heles a e‘o‘et601 ge ie s ofces ecifia iu el .
Ths , heseco o di eslo _ae s cuse aefacio eqca i ae hes ecis
ich as ef as a“e coﬁec io .

He e, eea iehg ebs aefacio i o 1oia1o of heauw _ies ha ce -
s ecific aal ife -ade | adideede | di eseda ds ec1e aedx _esed
i de e de | .Fe ¢ 'le[dsu dig,, ¢ ecau ¢ hebla i aefac ie ¢ 1 as fe

diffe e sizés a i . We hesluvraeco u iigy ihdiffee deges ad, &

ofs aiala ece e‘alo Gig ll'l leli ea egasio ,®o beh heveldsu dig

ad henu[aedco U iy edee ig hehesi ‘ec alatﬂ ece e‘alo
eau & haca bea i aedi he% etd(e.g., eaa elghbo d; acaa e g he
ecce o ccig)ca _edic bia i aefacie ¢ i as.

2 Methods

2.1E ! 1cata a{,‘sa ‘
The 10 da as es diffe ed a\edlg i u be eofi di\ id at co“ec ed, u be eof
s _ecis _@ae “ § aea(A__e dk B;a__e dics BEaekocaedohea
h /i 3105 blcu / a efac ie /) Eachdaase ide fed hes ecig a ds _a-
1anoca10 ef cachi d]\ id ali ace iu s aea Fe cachcelle ecie  ece a ed
he aefacie « e ece & e di gs_eccia acu ulaie @ &, hich [0 he
a u[a{eu be ofs _ecia dxcxeeda ali cie ef heu be of1d ‘i ak
co“ec ed (CQ,!. eﬂa d Ceddi ge 1994). A acu ulaie @ edlffe‘ fe aa-
efac ie @ Vebecuse hela e s fe edh a de <ub;a aiofaco“ecm
w heea as _ecig aco ulaie @ \,e's ceaedh addi gi d]\ i@ a ds ecig i
he @ de iy, hich hg, aeobeved.Th.s,ac eCig aca u [aie @« \ei;.se.si'\,e
eace U i,;‘s\‘ai di ‘(?si. ae ,aia aefacie 0 _es eo.
Becas es ecig acu ulaie @ & acliel o a dee di gey hee he
celleci g begis,, e ce _aed each aefac e u c’e he ea of 1,000s _e-
cig acuo u laie u\ﬁ Ifaco u ss ala dx 6510 ae i a de , he
3 e ages ecig act U laie ©  eshe id acha aecfacie o y& Wih dg
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e Mi icat daase:a @ es Necis bece @ oedl Med, he e he |, ® bece ¢

oc eda dsegegaio bg, ee s _ecig iceas.l he hiddaase, he
eigh & ab da s Mecie, hq,e a de ds _€s i® aes i eachce u i_,ad
@s ab da s _ecie a i i esi of iga egce u iig.l heTe h
siulaeddaase,each'of heeeighs ecis ai ais @eec ade e _ace
i allce u iia,adla_.s abh da smecis\,a),i i e.siy of iga eg
ce u iig.

24 Meau i gs_a ialn ece claie
‘ \

Te a_\ls iulaie au '5 ° co“ec ios foW hich ii le ';\ ) abe di _€s ie ,

w eused ea eas eighbe di a ce e eau g ihis_ecig dgad
w €a al zeds aiala ece claie o | fo he hee & coe o ecia.Wes a -
da dized a“.s a iat g ece e‘a ie ¢cau & b hedi acea ecedfe an ife

ade s aialdi esie ae (A_edx C). Tha eas eighbe di a ce de
e chaaceizes aialdi _esie aesce leel acu ael eed o ea h%,
ca e _edic aefacie bia: hi 5 a e _iic ae.

25Sas icata a{,sa_

Fe hee _iicaldaase, ihl10ce u iis a dfe siulacddaases, ih60
ce u iiQ'eachw aised u [ime iea egasie odee iehgy, ens g ¢ al
si le eau & ofs _a ial n ece eclaie _.edic aefacie bia.Fe eachce u -
i)er" ecalu aed ece aefacie bia a d12 eau & ofs a iala oce ela ie :
€a eae eighbe di a cefe eachef he hee e ab da s _ecis ( AA,
BB, CC),segegaie a e g hae hees Meci@ ( AB, AC, BA, BC,
CA,ad CB),a dq, eage( ® eas ) eighbe di a cefe ces ecifia of he
hee & ce o s _ecis (q, gA, g gB, q gC). Whe ecas ay e asfe ed
yaiabls e ee au _ies ofli ea egasie .

w

3 Results

3.1 Diffe e cebg, ee squ aea dcia ta s Necic aco u taio o8

4

~

Fe he e velddaases, heeae egtigibte diffe e ce bg, ee cia la a d’ql] ae

s pcis aco ulaie @ V8- Whe a diffe e ce des e & ,squ a € _los ceo ai

s ighg, ecs _ccig o 3 e age. Fe he ¢ of hea alsa, eCe _ae aefacio
U & e ccig acu uiaio o 6 haaddidiidaki a iceaigsguae
aces e\,ai‘,echoice foe @xa iig aefacie bia cased 13 e ade s aia
aes.

~

3.2 Raefacie bia i e Mi icalcc u iie

Ra efac ie Qca i ag aw at s _ecig ich as fe eigh of e co“ec i® s
( ea bia =14.1%, a ge 4.4 34.2%; Aw‘e dx. D). Fig e lashe s ha he
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ae he hee & ab da swe,cies & hibi i gg,ed's _€s edi a_smeci'l caes
ad eijei es_echcaseociaios Eagg egaie ).

Thel2 eau @ ofs aiala ece claie achighl ce e‘a ed.Te ed ce u iicot—
ieai,y eceollaged he12 eau @ ofs aiala ece claie i o hee\,aiabe_,.
Wece” bi ed he hee eag eighbe di aca i eee ecau e, ea g
Weakece bi ed hes ksegegaie eau @ 1 e® es ai ic,q,eage.s eg ega ie
di a ce. Wece bi ed he heeg eage ecighbe di a ca i eees ak ic, ea
g ¢ age cighbe di a ce. Thae hee ecau a aes ills o gl ceo elaed: ea

dgad ea geage cighbe di aceac eijel ce ela ed (0.92),ad
3 cagesegegaie § egaj e% ce elaed, ih e o‘l dig(=068)ad, ih

ca g ¢ age cighbe di a ce{—0.77).Whe e cef ha e hee ecau @ cha ga e
i ceae aefacie bia,ce ela edcha ga i heehe v iab[a.s he [dak_s eiceace
acfacie bia .Fe ea lg; he he eaa ecighbe di a ca fall, g e age eigh-
be di a ce akefall,a dsegegaie bg, ee s _ecia i ceas.Theece elaios
s het Idi ceae heabili, ofe ¢ eau ¢ @ edic hea @ of aefacie bia.
A egasio of aecfacie bia @ ea B! gecJais 37% of he aiaie b
i ol agial sigifica (R = 0.373; Fig = 4.75; p = 0.061). A ega -
sie of aefacie bia e eae cighbe di a cefe he e ab da s ecis
( AA) eLJai s ol 17% of he‘, aiaie i aefacie bia a di esig ifica
(R2=0.174; p = 0:23).

3.4 Raefacie bia a d e a de ‘Sﬂﬁial\? e s:siulaeddaases
Thei a-adi esﬂ‘cci‘ccs“giatdiﬁ‘f’:sio aes of he hee & ab da

s ecie aa ce elaedac @s ce u iis i hevs daase (A_e di E).Thae
ce u iig echibi g ide a geof aefacie bia (3.1 27.6%, ea 13.3%). We
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42 Pedici g aefacio bia:e i ical da ase

Weu s ed u[iJeti ea egasie @ ‘oeh@w e“ e‘eal eau a eofs aiah
u ece claie of hecah da s ecis ca edic bia i aefacie ¢ i ag.
Ten da _ac ica‘s Jl ie ha ce fd beus ed ‘leld & ea chesy, eche e as a“
u be eofsi le ecau ¢ adfensede de s of he ecab da s _ecig.
Becasefg @ eaches conec ays. a ial da an etd bl.h.gk sca ea_ g ec
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616 i omiycai feas (H bbe“ e at. 1999; Chazde ¢ at. 1999; Va de ee e ak
2000).

4.5 Sa Jl gfe s a iatt, hee ege cois co u iig

The & e ceefs a ial he e ege ei , ce hcaa deck ie s abe sa h g ehed.

Ra eache< chdid( lece u iis Te g%lagnedae&v' he mlbte °
adiec co aie eofs ecig desi ;s ecia ich s ca bece aed]u g

a efac i@ . Thes ize of he a easa e(i U< be adjs ed fe he x e a d he

ug ie .

* Whe ce u iig aesa Jyedfo diffee sizedaeay e eco e dusi g
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cub[os (if co@di ag ae o\@ Ju i[ he e ieconecio Fsa Jed Oe
chu debai asa [eofca 1,000 o V8> he ce aehe ea u be of; ema
adhecevde cei e, a fe heu be ofs _ecis ‘ebai ed f ® hes ake co-
ecie . Alhe ghusi gs ecig acu ulaie @ (&b i ccoul igadguia
s_aialdaa, g i as ef e_eceds ecig ich 3.5 aclg e ha heege caed
fe aefacie ,eofe¢ uchle e¢.Whehe o es a da dize colecio« baede
acae @ U bes ofld\miat de e d @ hegue io ,adse esUdIQW e ld
be & b e&a iighe aecchagq:,' iheach e ic.

Wehq e edee iedcia s acsu de, hich aefacie il} e be etl-
ab‘e ° hqu,' e o\ldeda ce ccie , fos ala‘ 4 ece eiaed aa Si _le

eau o ofs ala a ece claie ,su ch a eaa elghbo di ace of he ec¢
ab da s ec131 ace u ,ca e edic hea @ eof aecfacie bia.

w 1h eese hi icaed eau g eofs alatu eoce etam heabiiy efdaae he

e CO o ecm o edlc aefac ie bia i li ied.

Ce c‘luo‘ of‘o e‘u dig ha he} eused aefacie s he tdbe 1‘9 e({& ih
cu ie . Su dis ha hg eshe alle cellec io co allgﬁg e‘mccm. ha
& _eced fe asa efo a age cellecie aci geas jee dyd . Su dig i
- h1chaiageco“ec1o 5 aeved ®a ey ajsa [eu.eaeaj; ‘he, o & hibi
high a efacie bia a daewus ec.
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Appendix A: Description of rarefaction

Raefacie & i ag he u be ofs ecis e ecedi asa te of i dkml a‘s
setec eda ade fe ala ge co“ec i® (Sa dec 1968; Hu Ibe ~ 1971 Si be toff
1972). Ge enla dGq 8 (1996)dis bss u @ i@s add esedusi g aefacie .Ra -
efacie _ed ca ah cbelicu  ceof heaw ecedu be eofs ccia fo agje
sa esue Ce 1 de ce li is ca be calo [acd fo eachs a es ize (F1g A.l).
H fbe (1971)a d Si be ‘off(1972)1 de_e de d eko ed ide 1c uaies
diecl calolai g he aefacie o  aisi g obab11 hee &e al> (1975)
Mg,i eda & _lici eas of calu a1 g‘ala cei a i aa ot}heex ecedu  be
ofs _ecig .

Ifau ae’ledconecio cosisyef Ni d'\,idal adSs _ecig,ad heab -
da ceefeachs ec1atg1\e ~ he a\ah da cea ga, —{N1,N2, N3, ..., Ng},
hee eced ea u be ofs ecig, E(S),i a ade sa ieofnl d\ 1dajs

S
E(&):S—(E)m\jlz(N;N') (A1)
i=1
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