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R. Schwartz-Tzachor I). Eisikowitch . 
A.  Ijafni 

Rece~ved: 8 October 2007 1 Acccptcd. 13 1kll1 11i11.4 2008 / I'~~t-rl~slic.d ~ r l r l ~ r i ~ ~  7 8  . I I I I I C  2OOX 
C: Springel--Vcrlag 2008 

Abstract Cyc,l~mcrr ~ ( ' ) : Y ~ C L I I I I  Mill. in Israel consists ot 
two discrete population types that cliffer in t h e ~ r  t lower~ng 
(fall versus winter) as well as leafing (hysterantho~~s versus 
synanthous) phenology. The two pop~~la t ions  havc. siriiil:~r 
pol len:ov~~le ratios, inclex of self inco~npirt~hility, stig~iia 
receptivity duration, pollen longevity, flower longev~ty. 
floral ~uorphology ~ u i d  seed production ratc. These data 
inclicate no apparent selective pressure o n  Iloral charac- 
teristics or on the breeding system, which may he exe~.ted 
by the pollinators. The two populations retained their 
autonomous blooming rhythm even aftel- transpl:uitation. 
which indicated that this character was genetically detel-- 
mined. There are no genetic ba~riet.s and the pop~~lnt ions 
rnay share some pollinators (Schwartz-'Tzac1io1- ct al. 
1006).  Thus the main potential restriction on gene flow is 
the incomplete phenological barrier. These fi~lclirrgs 111ay 
indirectly support our hypothesis that the phenologic:rl s h ~ f t  
is clue to environmental cues. Thus i t  was concludccl that 
these two typesare 'phenological ecotypes' i l l  the wnse 01' 

Turesson (1922) clue to the ~~nequivoca l  clelineation ot'hoth 
types. as revealed by the timing of Ical' :rppe;uxnce 
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(synanthou4 v c r s u  Iiysteranthous) without any evidence of 
ir~ry ~nte~-rned~atec.  
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Introduction 

('\,c.l~rrrrc,rr pt,t',\rc'lrrri Mill. (Myrsinaceue, formerly Prirnul- 
accue, Kallersjii et al. 1000) is a common geophyte 
?rowing in [he East Mediterranean countries of 1,ebanoli. 
Syria. Turkey. Cyprus, C;recce and Israel with additional 
enclaves in  Nol-th A f r ~ c a  (Grey-Wilson 2003; Yesson and 
C ~ ~ l h a r n  ;100(3). 111 I\rael this species occupies rocky hills of 
(he Metlitel-ra~rean ~.egion with severi~l cnclaves in the 
desert (Zohal-y 1978; I h n i n  1998). 

Mo\t of the C' prr.sic,rrrll populations in Israel have sy- 
~l;rnthou\ Ica\es (1.e. in which flowering and leafing arc 
s i ~ n ~ ~ l t a n e o u s ) .  ant1 these populations bloom t h r o ~ ~ g h o ~ r t  tht' 
u Inter ancl the spiing (rlecemhcr-May ); however, thcl-e arc 
I.are ~ x ) l x ~ l a t ~ o n s  it1 Samaria and the Judcan Desert; (Zotiary 
;rrid I,i\meh 1083) the Goliui Heights. Mt. Carmel, (A.D.  
~ > ~ I . ~ o I ~ ; I I  ohscrv~rtions), and Mt. Gilboa in the IJpper Gal- 
ilee (Ijri I'a7 Per\. Colnm.) that have hysteranthous leaves 
i1.e. pl~111ts 111 which the tlowering periocl is distinct from 
the leaves' aplx;w;Lnce time). These populations flower 
only 111 the autumlr (October-Novenlbel-. Dafni ct al. 1981). 
A l t h o ~ ~ g h  thew t u o  population types may be acl-jacent at 
Mt. Gal-~nel, OLII- p~.eliminary observations showed that each 
population 1s uniform and relains its ow11 bloorning iur~tl 

~egetativt,  phenology from year to year. 
Analy\is of' the flowering periods of 33 species, sub- 

species and L'aricties of the whole genus Cyc,l[~trrotr shows 
the followiag pa[tc.l.~ls of Howering rhythms: four species 
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are summel--llowcri~lg (S i~nc-A~~gu\ t ) .  17 ;I!-(: ; ~ ~ ~ t u ~ i i ~ i -  
flowering (Septemt~el -~Novc~~iber ) .  nine arc wi~~tc .~- - i louc~ . -  
ing ( I l e c e m h e s F e h s ~ ~ a r y )  iuitl nine .;l~.i~ig-llowering 
(March-May) ((irey-Wil\on 2003: 37-381. I!~it'ortunately. 
this author did not mention the t i m ~ n g  of Ici~l' ilpllearance in 
rclatio~l to the time of Howering aniong these g~.oup.;. 

.4ccording to Debussche et ; I ] .  (3004). the conthin:~tion 
01' leafing ;uitl flowering phenology i l l  ('j,c.lrrirrrrr \ho\vs :I 

gradient fro~il 4trictly hystcrantlious specie\ 1e.g. ('. ~r/i.r~ 
( . ~ I I I I ~ I ~ ~ .  C. I ~ i ~ ( ~ ~ ~ r ~ i / i ) l i ~ ~ ~ ~ i  and C'. / - o / i / / ~ ~ i ( r ~ r ~ ~ i ~ .  ; t I l  of wliicli arc 
'autumn flowering' according to Grey-Wil\o~t (7003 ) :  171 

to s11-ictly syna~lthous \pecies (e .g .  ('. l)c,i.\rc.rriir. ('. c.orrrii. 
which arc 'winter tlowc~.ing' 1.c~ ) :uid ( '. r . c ~ ~ ) ~ r r r r i i ~ ~ r r  (wlt1cl1 
IS 'spring f lou~e~. i~tg '  I.c.). while in some s [ > c t . ~ ~ s  It~;r\.cs 
;11y>e;w bef'orc or at the end of' the Hou.e~-in:_! 

S l ~ c i c s  which I>c:II- liystcs;rntho~~s Ica\,c\ i l l  tlic Ea\t 
Meelitel-raneiui o c c ~ ~ r  in .;ever;~l u~nrclatetl gcnel-ir 1c.g. 
Col(.lrii-~rrir (Colc11ic;tceac) ant1 1 1r.girrco ( f  Iyacintl~accuc ). 

C'I.O(.II.Y (Ir idi icc;~~).  P ( I I I ( ~ ~ ~ I / ~ I I I ~ ~  ;111d SICI.II/)('I.RI(I (.A~ii;~rylL 
lic1;lceae). Biirr.r/ri~ (Araccac), all of' which lloucr at the cncl 
01' the summer or the I)egi~tniiig of tlie I'all. helorc the 111-$1 

rains (Dafni et al. I e ) X I ) ] .  Irl none oi'thcsc spcclr\ arc ~IIL'I-e 
any ~ndividuals hearing yn:wthous lca\,es at tlic time of 

flowel-ing. All the specie\ with syn~unthoux Iciivc<. (111 the 
a b o \ c  ~ i ie~ t t io~ ied  gcneri~)  flouer af'tt.1. tlic I . ; I I I~S .  11.0111 

Decemhcr onuard.; uithout itny intlic~tlu;~l\ with hystcr- 
;ut thou~ leaves. 

IDui'ni et al. (19x1) considercci the hyster ;~nt l io~~\  spec,ic\ 
in ('r.oc,rr.\. ant1 C'olrlric~~/r~l as itn :tdapt;tt~on to high elev;~- 
lions in which the flowering wason is at tlie c~ttl  of suntniel- 
;tntl the vegetative season is in the cpring ~1fte1- the snow 
~liclting. None of'tlie three hys te r ;~~l t l io~~s  (~'\.(~ltrr)l('rl \l)ccit,s 
follow this pattern. 

Gscy-Wilson ( 1988: 25)  generaIi/,ed tht. h~.cecli~ig sv\- 
ten1 in the genus ('\'c.lrrrirc~rr: "The cliffcrent levels 01' tlic 
anthers ancl stigma pseclucle sell'-pollini~tion iuitiall!! a~itl 
xcll'-inco~npatibility prevent< self-polli~iatio~i should pol lcrt 
fall from the anllic~rs on Lhe stigma 01' the sxnx I lo~ve~. ' .  In it 

Iatcr cclition ((isey-Wilson 2001: 40). lie consiticrs ( ' \ . ( . / ( I -  

rric~r 'as ba\ically geared to outbreecling.. . howc\,c~. tI1;it I S  

not to say that \ o n e  inbrcecliiig clot.\ occur.. Self-lcrtili~a- 
tion is precluded pririiasily by protanrlry ' In contsat .  At'trc 
uncl his co-worl\-ers \how that v a r l o u  sl>ccics of' ('\,(.liirr~c,rr 
cliffel- in their tlegrec 01' self-incompatil>il~ty. ~ ~ i l ~ r e c d i n g  
ant1 ~po~it ;uieou\  self-pollination (Af'll-e et i l l .  1005. IO97a. 
b: Affre and Thomp\on 1009). 

Thc aim ol' the present p:tpes is to colill>arc tllc 1110s- 
phology. phenology. duration of' stigma ~.eccl,t~\:it!,, pollen 
lo~igc\rity. and breeding systenl of the two poj>~~lation\ 01' 
C. 1)c,r~ic,ririi which differ in flowering ;~ntl 1c;tling plicnol- 
ogies to eluciclate wliethcr these populations ;[re two 
tiistinct pI~enolo~ic; t l  ecot y p e  or onc  vitriahlc taxon u it11 ;I 

co~i t i~iuous var~at  ion. 

Rlaterials and mcthods 

l 'he \tudy w i ~ s  carr~etl out in Riunat-H:u~iacliv, near Zicliron- 
y,, . CLILOV,  ;I ~>~-otcctetI r e s e r ~ e  on the southern slol)es of Mt. 
C'arniel. OXhIhO4 I : .T.M. This r e w v e  is 125-1 5 0  a.s.1. iuitl 
has ir typ~c;rl Mcditcrrune;~n liahitat. Tlie wi~ttt'r is s ; ~ i ~ i y  
~ v i t l i  ca .  500 ( 7 0 0  Inm per :tnnuni. The summer is hot a ~ ~ c l  
tls! with [to rain. (Kaplan 1089). 'The reserve  comprise^ 
I I ; I ~ I I ~ ; I ~  1ilixcc.1 Metliterrancan ~ttacluis cspccl:tlly of f'lr\,lli- 
i./ ' ( i  I(rri/oli(i 1. ~vitlt g a r i g ~ ~ c  i ~ n d  p l i r y g ; ~ ~ ~ ; ~  elenlents. 

( " .  ~ ~ ~ i ' . \ r ~ ~ i r r i r  pliints :Ire spseacl all over thc reserve pla-- 
tcall. Tlie most common synartthous winter polx~lation 
c ~ ~ u ~ l ) i c \  rna111l~ liglit c.alcarcous Kentlri~ia soil and usually 
g~'o\v\ 111 (lit, \/lade. The l e a  comlnon hysterantho~~s fall 
~ x ) p i ~ l ; ~ t i o ~ r  I \  ~.cst~-~ctecl 10 ~io~~tI i -wc\t  I ' L I C I I I ~  cliffs o n  n o n -  
~.cr lcarco~~s Tc.r~.;~-l<oss~ soil pocket\ (Kapl~ui  I989i. 'This 
~.ocky I~al>itat is c\posed to direct sun and to wintls from the 
4leditcrsiuic;111 Sea ;11lc1 thus has more scvel-c tcmperattirc 
fluctuation\ than the habitat of the s y n i ~ t l i o i ~  winter 
~>o~>~lliltlolt  

I;~-om 40 ~-;t~ido~iily-colIcct~(l h.csln Howcrs. each fro111 a 
tlil'tcrent pli~nt. in c ~ ~ c l i  pol>uli~tion, we mensurcd the fol- 
lowing niorl~liolog~c;~I floral parameters: petal length. p e t ~ ~ l  
wltlth. the tli\tnncc hetween the inner corolla a ~ i d  the 
;111rhc1-~. and the ilist;~nce bctwcc~i the stigma 2und the 
i~ritlicr\. The nica.;ilrement\ were carried out usirtg an 
elcctro~tic c :~ l~pcr  (Motlel CU-6°K by Mitutoyo Corpora- 
I I O I I ) .  The t l ; ~ l ; r  were co11np;tretl w ~ t h  two-sample t rest. 
as.;Lllnlng unecl~1;iI \;;lrlances (Solial irnd Rohlf 1095). 

I o tlcre~ n i ~ n r  the ~ n c l ~ \  ~clu,~l I l o u e ~  longe\ ~ t y ,  the ,1\el,lge 
numbc~ of flowel\ p c ~  pl'tnt ,~nd  the h loom~ng t iu~,~t~oin ot 

c.,~cli ~ x ~ l ~ u l . ~ t ~ o ~ i .  u e  ~ ~ i c l ~ \ ~ ~ d u , ~ l l y  t,rggcd 20 Iiystc~:uitlio~~\ 
1,111 131~111t\ I 111 1006) ci~i(l 20 \) ~ i ~ i n t l i o t ~ \  u Intel 17l~11it\ (111 

I007 ). 'lll(i lll~Illltolccl l l l t~ l l l  tl ' l ll) 

fo  tc\l 1 0 1  c ~ t \ ~ ~ o r i r n c ~ i t ~ t l  dctc~rn~n, t t~ori  ol flowes~ng 
t111lc L\C> tluy ,111tl ~ c c ~ l ~ ~ o c , ~ l l y  t~,~n\l>l;lntctl ~ n t o  thc' otlie~ 
~ ~ o ~ L I I , I I I ( ~ I ~ ' \  \ I t ?  70  (01111\ ot C'ICII P O ~ X I I ~ ~ I O I I  (111 ~ L I I ~  
1007) Mc c l ~ ~ g  ,untl ~epl,uite(l 111 the11 o ~ ~ g ~ n ' l l  IiCth~tclt\ 
.~nollre~ I0 c o ~ ~ n \  01 c ~ c h  popul,ll~o~i a\  ,I control to ~ n l e  out 
~ u i y  ~ x ) \ \ ~ h ~ l l t >  111,tt ~ I ~ ~ I I I F  'rntl ~1171uot111g hq 1t5clf ~ l i ~ g l i t  
'~llcct tlic pl,tnt\' h l o o r n ~ n ~  ~ b y t h m  

Ilie I I L I I I ~ ~ > ~ I  of I10ue1\ pel pl,lnr ,nitl ~ncI~v~clu ,~ l  f lowc~ 
I o ~ i y c \ ~ t >  \\elt. c \ ,~rn~net l  by \,lmpling 20 I iq \ te~~~nt l tou \ ,  
1'111 ~ > l ' t l l t \  ( l09(>) 'lli(l 20 \I ll'llltlloll\ u llltel pl'lllts ( 1'197) 
1 lie ~ > l , ~ n t $  uc.lt3 t,iggc(l ,tnel mo~ii to~ct l  c l ,~~ly f o ~  the ,rvcrq,e 
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the h loom~ng longev~tq of edch popul,ltlon ,I\ ucll  ,I\ 01 
t h ~ t  of the lntli\ ldu'll flowel 

I'he d ~ t f c ~ e n c e i  hctuccn the t \ ~ o  pol,ul,~t~on\ lo1 ,111 
\,rl~,lble\ u e l e  \ t c ~ t ~ i t ~ c , ~ l l y  <lnaly/ed u\lnr! t n o  \,~rnple / 
te\t\ 

Stlglll'l l c ~ e p t l \ i t )  of tll? t10L&ei\ 01 tl1c tulo ~ 3 0 ~ ) ~ l 1 ' 1 t 1 0 1 1 \  

W ' I \  es,im~rled In the I~elcl hy p o l l ~ ~ i , ~ t ~ o ~ i  oi I l o u c ~ s  01 
dl1 teleli~ S ~ x t c e ~ i  1 3 l ~ u i t \  ol the 11) \ ~ c ~ . ~ l ~ t t i c i u \  1,111  
polx~l'ltlon ( 19%)) 'lnd 30 1)1<11it\ ol the \)n,nllllol~\ M 111tc1 
pop~~l ,~r ion  (1947). u c l c  t.~ggctt ,~ntl h'lgged. h e f o ~ c  .Inthe- 
\ I \ .  w~t l i  flne me\h h,ig\ th,~t excluclCd ' 1 1 1 ~  ~ ) o \ \ ~ b l e  
~ x ) l l ~ n , l t o ~ i  111 , ~ d ( l ~ t ~ o ~ i .  e~gllt  ope11 Homc~\ ( 1 1  d ~ l l c ~ e u t  '1ge4 
( 1  1 6  cl<~y\ olcl) 111 e,lch p o p ~ ~ l , ~ t l o ~ l  u e l c  I~,~rrcl pollr11,1tcd 
u ~ t h  ~-it ,~q-ol(I pollen ( p ~ e v l c ~ ~ \ l )  iound to I)c tllc pc,~l\ ot 
\r~,rhll~t)) All pollen w , ~ \  t,lhe~i t1(111l o t h e ~  pl.unts ol tllc 
\,]me pol>ul,~t~on I~rl~ncdi ,~tel)  . ~ t t c ~  the 11'111(I poll~li,it~on 
w , ~ \  c , u ~  let1 out, the po l l~~~, r te t l  flowel s \vc~ ~c>h,lggctl 41 
the erlcl ot the sc'lson, f ~ u ~ t  \ct u , ~ \  ,~\ \e \ \c t l  ,I\ '111 I I ~ L ~ I L ' I ~ O I  

01 itlf 111'1 le"~~llvl1q 

Pollen viability 

Pollen \ ~ a b ~ l l l )  ( ' I \  '~ \ \c \ ie t l  hy 111 \ ~ t ~ o  ~ ~ I I I I I I ~ ~ I ~ I ~ I ~ )  i ~ ~ 1 4  

es,~minetl In thc two p o p l ~ l ' ~ t ~ o n \  1)) L I \ I I I ~  .I ~ r l o c l ~ t ~ c , ~ l ~ o ~ ~  ol 
tlw 'Ii,~ngiiig dl 01) methotl' (St'tnleq ' ~ n d  L111\1\e11\ I074 
f'ollen ~ I . I I I I \  t ~ o ~ n  4 1 1  f l o u e ~ \  01 .~gc\  I .  4, S, 17. It>. <11ic1 

70 d,~y\  u e l e  ~ncub,~ted In 2 111 of 100f \ I I ~  ro\c s o l ~ i t ~ o n  111 

3 i m  f ' c t ~ ~  d ~ s h e \  Pollen \va\ s t ~ ~ i e t l  lrito the \ u i ~ o s e  
\olut~oll u ~ t h  ,I t o o t h l ~ ~ k  ,~ncl lelt f o ~  I I I C U ~ ~ , I I I O I I  ~t 12 (' to1 
4 h  h Pollen 111 e,li11 dl op \L,I \  \ t ,~~ l~ee l  I I I  111ctliyl 
gleen i phlos~nc  (I),I~III 1092) ,111cl \colecl f o ~  gel lnln'itloll 
(only LIio\e pollen p,ilns t11~1t h,~d t ~ ~ l ? e \  Io~iger 1 1 1 ~ 1 1  llie 
~x)llell dl~rnetel  wele io~i i~t lelecl)  111 p,11,1llel to r l 1 1 \  tr\L 16 
~x) t tu I  pl,~nt\ of thc liy\te~.intllous 1,111 l x ) p ~ ~ l , ~ r ~ o n  (1006) 
.11ic1 20 1x)tted pl,lnt\ of the \ l n , ~ n t l ~ o ~ ~ \  ulntel l)ol)ul<lt~on 
(10071 ~ e ~ c  r,lhel) Inlo the I'ib ~ I I O I  to hloo~nlng .inil li,~ntl 
~ ~ o l l i ~ i ~ ~ t e d  111 g1o111)\ 01 \ I X  p1,11it$ ol t l ~  \ C I I I ~ < ,  C I ~ L ~  t b 1 t I 1  

~)ollcri ol clille~cnt , ~ g c \  11-20 tl,r)\ old)  S I \ ~ L  tl,~v\ 1'1le1 
the ~)oll~n,lted f lowc~s  u e l e  c u , ~ ~ n ~ ~ l e t l  lo1 t1111t ,111tl \ezd \ct 

( ' l o \ \ , ~ l ~ ~ l i t j ~  bctuecn thc two po17~11:1t1011\ 

7'\%elit) 131,1111s ol the \) 11,1nttio11\ m i l l t r l  17011~11~1t1011 \ ~ C ' I C  

i,~ncloliily cho\en 'lntl like H O M  el bud\ 01 e,lch 1)1.1111 M t ~ c  
b'lgged p ~ i o ~  to ,lllthc\~\ lmniccl~~rtely '11 t C l  tlic\~t Ilou el \ 
ol3clictl (hetween 20 Decelnbel IOc)O .lntl 5 I ~ I I L I , I I >  1997). 
they u e l c  Ii ,~nd-poll~n,~trd w ~ t h  I ~ e \ h  polle11 t.lhe11 t1o111 
pl,~nt\ 01 the hyste~,lnthor~i 1,111 p o l ~ u l , ~ t ~ o ~ i  ,111tl leh,lggetl 
A \  ,I c o n t ~ o l  thc \dmc pioce(luie u,r\ pello~lnrtl  \ + ~ t I i  e ~ g h t  

Ilowci\ of tlic \ )n ,~n tho~l \  wllltei p o l ~ u l , ~ t ~ o ~ r  ,rntl pollln,~tetI 
w~tl i  13ollel) f ~ o n l  d ~ l l e ~ c n r  pl,rnt\ of ~ h t .  s,lrne p o l x ~ l ~ i t ~ o ~ ~  
Tor,~l n(11n13c.1 ot t~ 111t \et tl oln cncli p ro~edure  w'ls 
e \ , u i ~ ~ ~ l e t i  

111 ol.dcl. to il\\e\\ the b r e e d ~ ~ l g  system o f  the two p o p ~ ~ l a -  
[Ions. I6 ~ ~ o l l c i l  plants of the I iys tc ran t l io~~~ f'i1I1 pop~~la t ion  
in 1006 :~ntl 20 potted plilnts ol' the syn:tntl~ous winter 
~x)lxllatio~l i l l  1007 wt.rc transfixred into :I g r e c n h o ~ ~ s c  prior 
to t l ie i~ 13100111111g. Sixteen I tl;~y old Howel.,, were polli- 
ni~tccl as tollow\: eight Ilowers wcr-e hcll'ecl hy 11ollcll taken 
I'rolrl f l o ~ e r h  ol the .;awe plant, another eight flowers were 
ciutcroxsc\ 17) l)ollerl taken ti-0111 flowers of  another pl;rllt of 
tile \:111lc ~ x ) l ~ l l : ~ ~ ~ o n .  All pollen ~ ~ s c d  I'or pollinations w;~\ 
taken fl-oll) 5-cl;~y-olcl flo\vzr\. 'l'tlis procedure was contill- 
ilecl cvcl-y 2 (lily\ l ~ ~ l r i l  the twelftli tI:~y. 1oi. ;I t o ~ i ~ l  of 56 
flowers i l l  each polliliatio~l t~.eatlnent. 

A.; a eo1ltr01. 40 Howers il l  each populi~tion were left 
covel.etl to c l~eck  the po\.;ibility of s l )ontaneo~~s selting. 
S ~ x t y  c1:1y\ later. 1'1.11its were examined for seetl number alltl 
~ , c i g l l t  'I'hcse (I:~ta were uietl to evaluate the IS1 (indcx 01' 
.;ell' ~ ~ l c o ~ i i p a t i h i l i t y ~  ; I \  follows: 

IS1 = I ) C I . C C I I ~  Iruit \el (Iel.iveil 1'1-om sell'-l)ollinatio~i/ 
~,crco~rt f rn~t  \c,t ~lc1-1vct1 from croa-l,ollinatio~i. The result\ 
wel-c ~,oml>a~-etl to key v ~ ~ l u e s  presentetl hy ZapaLa and 
:ll-l~Oyo ( 1 07s  ) 

I'\ve1\e Ilo\\e1\ t10111 ~ ' 1 ~ 1 1  ~~0~7~11'1ti011. e'lc tl tl01~1 'I ~ l l l~e le l l t  
111,1111, u c ~ c  cl~\\c~cteil ;~ncl the n111nl3c1 ot o v ~ ~ l c \  co~wtcd  
L I I I ~ I ~ I  .I \ tc .~coscop~i  ullL1o\cope FOI counting pollen 
g1'1111s the tell . ~ l ~ t h c ~ \  o1 eL~cIi l1ouc1 u e ~ e  i lnmc~\ed  \ep 
,~~; l tc ly 111 1 nil tl~l)e\ In 70% cth'lnol ~ ~ t h  thlee d101)\ of 
tl'te~gel~t ,111tl onc t l ~ o p  ol \ c ~ f ~ c ~ ~ i ~ ~ l  ' I I I C I  K C I C  \ o ~ i ~ i ~ ~ t e i l  101 
7 mill I l r  35 k11/ f+~olri e,lch tube, \ls c l l ~ q ~ ~ o t \  ot 2 111 
\,1111l>lc L ~ C I ?  t'1ke11 to CX'IIIIIIIL' ;111d C ~ I I C U ~ ~ I ~ C  n ~ u u h e ~  pollen 
~ I C I I I ~ \  ~ C I  f lo\$c~ Tlic pollell O L L I I C  (F' 0) 1 ~ 1 t 1 0 \  of the two 
P ~ ~ ) L I I ~ I ~ I O I ~ \  01 W L . I C  <~\ \e \ \ cd  L ~ ~ ~ ~ > ~ c l ~ ~ ~ g  to C I L I ~ ~ C I ~  (10771 
.111(I \ l ' l t l \ t l c ' l l l \  ~ O l l l l ) < l l ~ ~ I  LI\IIlg 'I ~) ' l l l t ' i l  1 te\t 

Iri yi11c1,11 the flouels of the t u o  p o l l ~ ~ l a l ~ o n \  u e l e  
1 1 1 0 1 ~ ~ l 1 0 l 0 ~ 1 ~ ' 1 l 1 >  \ e l )  \ l l l l l l ' l l ,  l loue\~el ,  \0111e l l l l l l ~ l l  dl1 
telCnce\ u c ~ c  fonlltl bcts+ccu tIle111 (T'~17le I )  In tlic 
\! n,rntlror~\ wlntel p o l ~ i l ~ ~ t ~ o ~ l .  hot11 Ilo\vc~ pet,~l length ,~nd  
tI1e tl~\l ,ulte l ~ c l u c e ~ i  tllc \ l ~ y n i , ~  , I I I L ~  the st,lmcn\ wcle 
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signil~icantly longer than in the hysteranthous f:ril flowers 
( P  < 0.05). On the other hand petal width iuld the cl~stance 
between stamens and the inner side of the corolla were the 
sxi1e. 

Each population retained its original blooming sea\on after 
transplantation into thc other's habitat (Fig. I ). l'llc inter 
1x)pulation bloomed Sol. a longer period (70.0 t. 3.4 dahla) 
than the fr~ll population (55.0 1 4. I d a y  ) ; I I I ~  tlie average 
ni~rnber of flowers per plant was higher t h a ~ ~  i n  the fall 
1x)pulntion (38.3 5 4.6 versus 18.5 4~ 7.0. ~.expccti\lely. 
1' < 0.05). Longevity of intlividual ~~npollinatetl  f owcr\ 
was also longer in the winter population than In the f'all 
(110.1 i 0.6 versus 18.4 i 0.5 .  respectively. 1' -- 0.05). 

b -  . . 
80 - I 

5 ro l  . .;\. 

70 1 - -  a -- -- - - - - 

0 4 8 12 16 

Age at Poll~natron (days) 

Fig. 2 Sl~grn;~ ~ c c e p t ~ v ~ t y  a \  cxpre\sccl by f r r ~ i t  set a u ~.esr~lt of  
~x)l l inat~o~~ ol ii1llrren1 age\ ol i1out.1-s I I I  k ~ l l  (hyctel-a~~thous) and 

\villrc1 ( \ ~ I I ~ I ~ ~ ~ I I I I I S )  popul :~l~ons  o f  C'. l ~ o s t ~ ~ ~ r i r i  

Stigma ~.eczl>livity 

The pe,lh of ~ e c e l ~ t ~ v ~ t \ .  w,l\ on the t h ~ ~ d  01 t o ~ ~ ~ t h  d.11 rn the 
f , r l l  Iiystcr~~nthous p o l x ~ l ~ r t t o ~ ~  'lnd 011 the e ~ g h t  01 illnth ci'ry 
111 tllc syn.lntIious pop111.1t1on ti ow eve^. the lc~l l  ~ O ~ L I I ~ I ~ I O I I  
~ t ~ t , r ~ r l c ~ l  \t12n1,1 teceptlvlty to1 ,I longel p e ~ i o d  ( b ~ g  2) 

111 hoth population>. pollell \.iability, as i n f e ~ ~ e d  fro111 
1x.rlle11 g e r ~ i ~ i r l a t ~ o ~ ~  in v i t ~ u ,  h o w e d  similar longevity: 
~ ) o l l c ~ ~  retainctl rel~itively high gcrlninability for up to 
10 days (Fig. 3). Similar ~.esulfs were obtained by  sing 
I'ri~it set as an i11dic:rtol- 01' pollen viability (Fig. 4j. 

Date ( ' toss  pol l~n:~t~on hctween the two popi~l:rt~ons 

Fig. 1 Hlooming 1x1-iod of two p o p ~ ~ l a l i o l i ~  of (' ~ I ( , I  \ : I , I I I I I  111 K ; I I I I ~ I ~ -  , 
t lanndiv undcl. orlgin:rl (ulrtl.ea(ed) dncl I I ~ ~ I I S ~ ~ ~ ; I I I ~ I I I ~  L O I I C ~ I I I O I I \  Therc was r ~ o  significant diff'crence il l  I'ruit set in winter 
( IL)96-~ 1 OC)7 j \yn:rntho~~s flowers pollinated by Tall, hyster;ir~thous pollerr 
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Fig. 3 C;crri~~nat~on ol pollen a1 i l ~ l t c ~ c n l    IF^.\ I I I  10'; h ~ ~ c . r i ~ s e ,  

si>llltlilll I11 ILVO ~loplll~ltloll\ of c / IC i . \ l i  i l l l i  

WINTER 1 L 

-- - - 1, 1 

0 4 8 12 16 20 

Pollen Age (days) 

li'ig. 4 1;r1111 set as ,I result of tllc J,ly (11 c ~ i ~ \ \  poll~li,rt~on l>el\\:c.cn Inl l  
ih )  \Ierantt~ou< a rd  willte~ ( ~ y ~ l a n t l i c ~ r ~ \ l  pi~pr~l,rt~i~~i\ of i ' /ici ~ i l  r ~ i r i  

No seeds were f o ~ ~ ~ l c l  from sponta~lcous \clli~lg. iuncl very 
low yield of seeds was found from :~rtitici;~l \elfing Only 
el-oss-polliti:~tio~i ~'csultcd in high seed set ill each 13op~1li1tion 
(fall x winter. 11 = 8, f ru~t  set -- 5 0 % :  \vintcl * winter. 
I I  = 100, fruit set = S S ' X ,  fall x f'all. 11 - 24. 1'1-uit 
set = OO'% ). 

The IS1 ca lcu l ;~ t~o~l$  rcst~lted i l l  tlaluei of 0.075 l.or tllc 
fall polx~l;~tion ; ~ n d  O.Ot>X for the wi~itcs. Both population<. 
thi~s. were '~nost ly self'-incot1lpi1til3Ie' accol-ding to the 
scale in Zaputa and Arroyo (1078) 

~ : \ < I I I I I I I ~ ~ I O I I  01 tlnc 1 ' 0  I J ~ I O \  (1 '111  I7.JLO \ C I \ L I \  L \ I I I ~ ~ I  

l0.5(34. poI1c11 I ~ L I I I I I ) C I  = I 4 4 2 . 4 4  3 440. Ji 3 ~ C I  \ L I \  

1 ,50l.33? t 478.416, o\ule  numI7i.1 - Xh 0 i I I i? \ e l  
\ L I \  87 + 1 2 0 ,  ~e\pcctr \c ly)  \ l l o ~ c d  no \ ~ g ~ l ~ l t ~ , r n t  
c l~ t le~encc  bctqeen the t ~ o  ~ O ~ ~ L I I ~ I I I O I I \  Rot11 1)01)i11'111011\ 

Although there are some significant morphological dift'er- 
ellce\ betuzccn the two populatiotls of C. J)CY.\ICLLIII, it secnls 
thi~t tilt, only one that may have ally biological signiticance 
is the sliorter tlist;~ncc between the stigma and the anthers 
in rhe I'all population. Ai't're ancl Thompson (IO90) founcl 
1l121t thc p r o x i r n ~ t ~  of the stigma to the anthers in C'. 1x11- 
(,ilr-ic.11111 co11lt.1.s a high degree of sel l -pol l i~lat io~~.  I11 

contrasl. our tlat:~ show ~ i o  spontaneous self-pollinatio~i ill 
either 1 y 1 ~  of ('. / U , I ' , Y ~ ~ ' U I ~ I .  

'rhe two p o p ~ ~ l i ~ t i o ~ ~ s  of C. / ) ( , t - , s i c~~~i~  ;I[-c cssc~~t i :~ l ly  
\ ! ; I I I~ ; I I I . IC .  olten 2s closc as I00 111 (Sch~jartz-Tzacl101- 
I0C)X). tlo\vever. the two populi~tiotis occl~py dit'f'erc~lt 
ecological h;~bitat\. which have clifferetit soil types (Kapla~l  
1980) ; I I I C ~  ;~se 1oc;ltecI or) clifferent aspects (north-west 
I'acing \lope\ \rel.su\ h o r i ~ o n t i ~ l  plateau iu-ea), which have 
tlil'i'crent tclnperatilre ft~ctuations as well as difl'erenl light 
;ultl wintl r c g i ~ ~ l c \ .  According to Sagiv (2001), the in-ncli- 
;itio~l 011 tllc \out11 facing ilsl3ect. at the research area, is I .i 
linie\ that O I I  Ilir north facing aspect. 

Ilespitc5 tlir clo\e ~)hysicul proximity, the population\ 
rctuin their own vegetative and blooniing pllenologies 
(Fig. I) cven when tr;~nsplnntecl between populations. Our 
r c \ ~ ~ l t s  \hou t l l i ~ t  there i x  110 genetic hal-sier hetwecn the 
I L I O  poj)~~l;~tioils. which ;11\o share some conlmon poll in;^- 
tors (Schw:~r~/-T/acIlor 1008; Schwartr-Trachor ct al. 
2 0 0 h ) .  'I'hu\. the 1nai11 restt.~ction (311 gene flo\xl is the 
~ ~ i c o ~ i l p l e t c  phenologic:~l barrier. lieciprocal transplallta- 
tions (Fig.  I )  s h o ~ . e d  that l>Iiunts 01' each habitat retained 
their Howc~.ing reg1111c \\~1ie11 pli~~ltecl in the other Iiahiti~t. 
u h ~ c ~ l i  con\titutea ~ndircct evide~lce that the phcnolog~cal 
~ \ i p c s  ; I I ~  ge11c11c i111~1 not c~nvi~-o~lrnent:~lly dctcr~ninccl. 

'The phcnological .;tiil't from :I synantho~ls wintel- blooln 
to :I I lystera~itllo~~a fall hloonl is likely related to ~ e r i ~ p e r i ~ t ~ l r e  
f l t ~ c t r ~ a t i o ~ ~ s  111 ~iorth-west I';~cillg \lopes, the 11;ihltat of the 
1';1I1 ~ ~ o l x ~ l a t i o n .  The change in  the Iclnpc~.atul-t: ~.cginne inay 
~ I I ~ I  tlower~ilg earlier (I)al'lli et i l l .  1081 i, cven lo the point 
of' ecotypic ~l~l't'e~.entiiltion ol ' hy \ tes :~~l tho~~\ '  versu.; ' ~ y -  
1 1 i i 1 i t l 1 0 ~ 1 ~ '  I >  ~ C S  :I> 111 N(/r-i,i,\.s~~,\ /(i:iJrti1 111 I S I . X I  ( w h i ~ l i  L I I S O  
ti~l'ler in ~~ol l i~ la tors :  ?-\r~.oyo iuid Daflli 1995). In N.  rtr:c,f/(~ 

tlie two ccotyl~cs are scpiu-aletl s[);~tii~lly (hills \eraus vi~lley 
r ~ ~ a r s h c ~ \ )  a \  \veil a \  teniporally ( ~ I O L L . C I - ~ I I ~  Octobe~. 
iLo\i~tilhc~. L C I . \ L I \  I)ccc~ilhe~- Sanuary, rc.specti\ely) \vhile 
1 1 1  ('. / ) ( ' I ' \ ~ ~ , ~ I I I  ho t l~  17ol~1lalio1is are ncliirccril ;uncl the flow 
cr i~lg .;ra\oll I S  >o~iiewh:rt overlapping (Fig. I ).  If wc 
(.oll\itler the winter ~ y p c  \ 4 i t t 1  b ~ l l i l l l ( l l O l 1 ~  Ic ;~\~cs ;IS 111~' 

ancestral 1 )  l't' c I ) ;~ln~ i.t :\I. I OX I ). one Inay r c c o n \ t ~ - ~ ~ c t  the 
t.\'cnt\ leacl~liy to ~ l i c '  clifi'crcntiation of the phenological sliif't 
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ol'the hysteranthous types in ('. l)c,r,rrcrr~rr. In Isl.ael, as l'ol- 
lows: temperature fluctuations or1 tlie ~iorthwcst I'acing slope 
at the microclil?iate level earllel. flowering rccruiti~lg of any 
available unspeciali~ed I'all pollinators partial replacc~rient 
of winter pollinators hy fall pollinators 1.cstriction5 on gene 
flow (also by the incori~plete l lower~ng \casori overlapi 
genetic establishment of the two phenologie.al t!,pc. 

O L I ~  resi~lts are not consistent with the rt5lllts of 
Debussche et al. (2004), who grew I0 spp. of ( ' \ ' ( , / ~ i / i i ( , / i  

~ ~ n d c r  uniform condition in southern France and colicludecl 
that 'the lnajor phenological shifts in tlie genus C:vc~/(ol~r,l~ 
occurred prior to the cliversification of specie\ i n  each 
suhgeiius and that the species are nlol-c sen\itive to selcc- 
tion pressure on morphological traits than o n  phenologici~l 
traits'. Thompson (2005: 171) s u m ~ n a r i ~ c s  this point: 
'tlowerilig phenology ( in  this genus) n o  tlouht c v o l ~ e t l  
prior to onset of the Mediterranean cli~iiittc'. 

In the two populations of C. /~rr:c.ic.~r//l thcrt. \\ax a 
complete lack of spontaneous self-pollination. The LSI 
inclices of the hysteranthous polx~latioll (0 .025)  ant1 the 
synaritlious pol'ulati(j~r (0.068) were in the range of' 'mostly 
self-incompatil>le' (Zapata ancl Arroyo 1078). The I':O 
ratios of 17.340 l o l -  the l'all population and 1(~.5(>4 f'or the 
winter population were not significantly dil'f'crcnt; 
r -- 0 . 5 4 9 .  1' > 0.05). This P:O ratios titx a srtuation of' 
obligate xenogamy (Cruden 1076). 

Affre and his co-wo~kers  have studied four species of' 
C:\c,ltri71011 in relation to floral ~norphology. P:O ri~tios. 
inbreeding, self-pollination zund ch~mccs  of polliui~tio~l.  0 1 '  
these four, only C. bulcclric~rii~ Willk. showecl sporltaneous 
self-pollination (79.4%) and i i  high index 0 1  self-polli~ia- 
tion (0.72) (Affre atid Thornpson 1009). Relative to ~ h c  
other three species stuclied, i t  alio hacl a low P:O I-atio (ca  

6000. Affve and Tho~npson,  1998) and a liigll level of' 

~~i l)rcet l i~lg ~u liatural populations (Affre ct al. 1097b). 'fhe 
~ x ) l l t ~ ~ i  lol ige~it)  ancl stigliintic receptivity duratio~i 
(Figx. 2.  3, rcspcctively) were low in co~nparison to the 
1111-ec 11o1l-selting species (Aff1.e and Thompson 1998). 
Moreo\,c~., the sligrna of C'. I I ~ ~ / P U ~ ~ ( ~ L ~ I I I  is close to the 
stamell\ to allou. \polltallcolls se l l ' -~~ol l ina t io~~ (Afl're ant1 
7'liompsoti lCjOO) me1 the specie\ is sul?jectetl lo scarcity of 
~x)llillators (AI'Fre ct t r l .  1005). 

I(oilc,/i lictlc,/-ifoli'i Kotshy 1s closel- to ('. ht~l~a~. i i . r r r~i  
i l l  its l':O values (5000) arrci in the stig~nir receptivity 
clu~.;ttion (Affrc ancl 'Tho~npson 1998). but like C,'. c.rrtrc,ir/ri 
aritl ( ' , r c , l ) ( ~ t i ~ l ~ ~  (Atfre 1996), i t  irppro:~ches herkoga~ny. 
uhicli niay account For the low self-pollination in all three 
specie\ ( Al'fl-e 2 n d  Tli(~liipson I 99c)). 

C\.c,lri/ric,/l c ~ t - c , / i c . i r t r ~  (Diirllct-) Hildebr. and ('. r.c~/~rrrrtl~i/r~ 
Sm.  lra\~c. lo11gt.1. \tigma receptivity durations anci pollc~l 
longe\ity a\ uell as higher F':O ratios than the f'ol.mer two 
species ( AI'I'I-e LIIICI Thonipson 1998). Aft'se and 'l'hompson 
(I9c)X. 19C)9) interprelctl t h e ~ r  results. especially the 
occul.t.clice ot' sl,otit:lncou\ sel1'-l~ollin:1tion, in terms of 
~ c p o d ~ ~ c t i \ . i .  i s i ~ ~ i r i c  L I I I ~ C S  Iluctuati~ig pollinator 
a\'ailubililq. 

In the p~.eselit case (11' ( ' .  pc~r.sir.rr/ii, the two popul:t- 
tions ha\,e sinrilar F':O ~.atios; IS1 values, stigma 
recept~\~i ty clurat~oll (Fig. 2) .  pollen longevity (Fig. 3 ) ,  
flower longevity ('Table 31, some o f  the Horal morphol-- 
ogy measures (Table I )  iind seed 171-oduction rate and irlso 
similar pollin:~tion success (Schwartz-T/acliw 1998). 111 
adclitional, the rcl;~tive repl-oductive success (RRS)  o f  the 
two p o p ~ ~ l a t ~ o n i  \\;:is similar :tncl typical 01' l>crcrinial 
plant species (1.c. ) .  

All these data indicate n o  :lpparcn( selective pressure on 

floral cl~ari~ctcl-istics or on the breedirrg system, which 
nliglit lii~vc I7ee1i e~c.r ted 1'4. the polli~ii~tors. These findings 

~ ~ ~- - 
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