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that post-glacial recolonization of h igh altitude habitats has probably been 
achieved separately by eac h ecocype. 

Tests of Pleist oc ene speciation among alpine and montane specie s of Globu-

lar/a (Globul ariaceae) from the Eu ropean high mountains Hans Peter Comes 

and Joachim W. Kadereit 

There has heen a resurgence of dehatl:' among zoolog ists on whether the 
Pleistocene glaciations inhibited speciation . H ere we test the hypothes is of 
Pleistocene speciat.ion by focusing on tbe phylogenetic relationships and 
divergence times of various alpine and montane p lant species of the genus 
Globularia L. (mm the European high mountains. 

Parsimony ana lyses of nrDNA (ITS) sequences for the entire genus sugges t 
a near simu ltaneous origin nf altogether three alpint.'lmontane clades , and two 
Mediterran ean clades, all of which form a basal polytomy in the st rict consensus 
tree . Such a branching pattern would be expected if these clades arose from the 
fragmentation of a widespread - most likely Mediterranean - ancestor. Under 
this hypothesi s t he three European alpine/montane lineages identified I (i) 
G. m1dica11/is, G. graci/is: (ii) G. neapo/itana, G. stygia, G. cordifo/ia, G. rq,ms : and 
(iii) G. p1111ctata, G. trichosa11tha] arose independently , mos t likely in the western , 
central, and easte rn parts of the Mediterranean region, re spect ively . 

All these European high mountain species appear to haw originated 
within the Ple istocene. ln gene ral, sequence d ivergence among specks within 
lineages is less than 1.9% , correspond ing to d ivngence rimes less than 2.4 
million years ago (assuming a conservative divergence rat e of 0. 79% per Myr) . 
However , com parisons of sequence divergence across lineages or sister taxa 
suggest that speciation events were associated with different glacia l- interglacial 
cycles. 

The three European alpine/montane lineages identified (i-iii) are rather 
a ncient and differ in their ecological requirements . growth form and/or 
chromosome number. Tn accordance with o n e of th e major criteria for adap tive 
radiat ion. they «pass the test of sympatry» in areas of range ove rlap. 
Contrastingly , sister species wi1hi11 lineages, with their recent Pkistocene 
origins, are ecologically and morph olog ically very simi lar . differ ing prima rily in 
leaf shape and minute flora l characteristics, or - rarely - ploidy level (o nly G. 
cordifolia!G. repens). In view of th e pronounced vicariant pattern of distribution 
within line ages, it is posited that morpho logical character differences simply 
accumulated as a consi:q u e n ce of geographic isolat ion and allopatric divergence 
among sister species maintaining similar ecological niches. 

De spite per iod ic glacial cycles, associated distributional shifts of taxon 
ranges, and possibly amp le (1pportunit ies for populat ion mixing, the dynamic 
hist ory of the Pleistocene apparently did not p reclude spccia tio n within 
G/obularia. Rather . by fostering geographic isolation, these climatic fluctuations 
may have incr eased the initiation of species. This is in accordance with our 
recent mo lecular-systematic studies on o ther European high mounta in taxa 
(e .g ., Gentia11a sect. Ciminalis. Soldanella. Pri11111/a sect. Auricula). 

Genetic diver s ity, biogeography, and evolution of a pomix is in Nort h American 

Arabis holboel/ii Hornem . and Arabis drummondii Gray (Brassicaceae ) . Expe -

rimental appr oa ch. Christoph Dobes and Marcus Koch 

Taxa o f No rt h American Arabis, t reated as genus Boechera, are of a Pleisto -
cenic origin, Th ey are not rela ted to Eurasian Arabis or taxa such as A.g/abra . A. 
pauciflora or A. turrita. The genus Boechera consists of more than 70 specie s. Po-
lyploidy and even aneuploidy is widespread, and apomixis is thought to repr e-
sent one m ajor force which is driving the evolution of the species comp lex . 

Arabis !tolboellii in severa l respects is a remarkable sp e cies . ( 1) Th e spec ies 
is highly polymorphic, consisting of a number of var ieties or microspecies with 
various chromosome numbers. (2) It has a disrupted range, being an American-
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Greenlandic ,pc cics with it, main dist rihution in West Amnica . It ic; abwnt from 
arctic Northeast America. bu1 is found on the Gulr of St. Lawrence . which migh1 
indicate pcriglacial survival. ( 3) Apomixis i~ wilk· -spre<1d. In contras 1. .4. dr11111 -

111011dii is clearly defined morphologically . Its dislributinn arl·a ma tches those of 
A. hofb(ld/ii , and, throughou t the sympatric range or both specie s the pu tative 
hybrid A. Xdivnncarpn occurs more frequently . 

The hybrid status ol some;: A. Xdirnricarpt1 accessions have bt't'l1 demon -
strated by ITS sequence analysis. Chloroplast DNA sequenccs (lml intron and 
tmL -F spacer) should provide information about the distribution and spatial 
transmission or maternal inhc:>rited genetic varia1ion within A. hofht,i!ffii. wilhin 
A. dm11111111/ldii. within A. Xdimrirnrpn and between these taxa . Sequencing of 
the ITS region will provide additional information abou1 multiple hybridisation 
and rl·ticulation . 

Thl' an alysis or ITS sl'quencl's is biased by a mechanism called concerted 
evolution. In order to analyse an independl'nt. biparentally inherited marker . 
microsatdlites will be analysed. The information or the total Ar.ibidopsis genome 
sequence ha~ bl't'l1 successf'ully used 111 idcntiry numerous Amhis microsatdlitl' 
loci with defined genomic positions (in Arnbid,,psis). Using a synteny approach 
micro~atdlites will be selected covering thl' tota l genome . This procedure 
shou ld provide additional inlormation about .. genom -wide" genetic diflert·n -
tiation. Tht> initial study is hased 011 .1pproxima1ely 800 Spl'cimens covering 1hc 
total distribution area and morphological variation . Tn get further information 
about the ploidy kvels of thl· specimen, pollen size measurements have been 
tested a~ indicator . 

Do refugial populations exhibit greater genetic diversity? Rene Fiichter, Alex 
Widmer and Matthias Baltisberge r 

Abb. 6: Arobis xdivaricarpa 

Thl · generi c consequences of till' ~urvival of plant populatiom in glacial Address of the authors: 
rdugia are contradictory . Many authors suggest that putative rdugial Geobotanisches lnstitut, ETH ZUrich 
populations harbour higher levels nf genetic diversity relative to their likely Zollikerstrasse 107 

descendant populations . Ollwr~ assume a massiw luss of allelic variability in 8008 ZUrich/Switzerland 
refugial populations through inbrt·t •ding. founder events and population fuechter@geobot.umnw.ethz.ch 
bottlenecks, at least ii rcfugial areas .111d population size, are small. 

Considering tlw glacial relugia llf tret· specics the situatio n appl·ars tu be 
dear : .i decline in 1he numbe r nl hilplolypl·~ wi1h incrl·a sini; dislann· from n 
refugium is consistl'lll with theoretical models nf postglacial migration in 
species undergoing lcptocurtic dispersal. Howl'Vt•r. much 11:ss is known ahou1 
illpim· plilnts whl·re the situation may be <lilforent (e .g . gem·rally smaller 
rdugial areas and a fragment«:d distrihution t·wn during interglacial stagl'S ). 

In ordt'r to formulate hyputhl'Sl'~ concerning the distribution of gl'lll'tic 
diversity in rerugial versus 11011-rdugial populations . the mocte nr prcglacial 
retreat and postglacial re -dispersal needs to be considered . Many author s impl y 
that plant population s contract into small rdugial areas . which suggests an 
active n•t reat from tht· forward pushing glaciers. In this caSl\ rd ugi al 
populations might harbour great genetic diversity . Ahernatively . one may 
assume that only plants which were already growing in a later rdugial area 
wt're able to sur vive Lht· ice age in situ. which implies a loss of most or the 
diversity at the beginning ol thl' ict' age. In this case. thl' initial genl·tic diversity 
of the rdugial population is restricted. Depending on 1he mode or postglacial 
colonisation, nnn -refugial populations may show higher diversity today if 
recolonisation from sewral refugia has occ urr ed . 

With regard to postglacial expansion. it is crucial to consider the widely 
differing abilities of taxa for dispersal and gem : Oow, facrnrs which depcmd on 
traits such as the mode of seed dispersal and the pollination system . These are 
likely to have an impact on the genetic diversity or the descendent populations 
and thcrdore inOuencc ou r ability to dett:ct diffcrcnces between rcfugial and 
non -refugial populations. 
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