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“Every species can live, or at least prosper, only in certain localities that bear
specific conditions. ... This local distribution, or topography of plants, could

form a scientific branch that is without doubts less important than botanical

geography.”

(De Candolle 1855, translated from French)

“A better understanding of spatial-temporal population dynamics across species
ranges is urgently needed to address timely questions about population genetics,

habitat conservation, and species responses to climate change.”

(Sagarin & Gaines 2006)
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Summary

In the face of rising human pressure on the environment, we are challenged more than ever to
understand the structure and processes within species’ ranges. The abundant centre model
predicts that a species is most common in the centre of its distribution range, where
environmental conditions for the species are at their optimum. As those conditions change
over geographic space, they become eventually less favorable; leading to lower individual
performance, small population sizes, and strong isolation among populations. The abundant
centre model has important consequences for ecological and evolutionary processes within a
species’ range. In the range core, genetic differentiation among populations is expected to be
low and genetic diversity within populations high. At the range edge, small population size
and spatial isolation are thought to lead to genetic drift, inbreeding and impaired gene flow.
As a result, peripheral populations would be characterized by high genetic differentiation and
low genetic diversity. In addition, the spatial isolation and differing environmental regimes at
the range edge are believed to cause a stronger adaptation in peripheral populations to their

local environment.

This thesis tested predictions of the abundant centre hypothesis in European needle grass,
Stipa capillata (Poaceae), a dry grassland plant native to Eurasia. Study populations were
located in the centre of its distribution range, in Kazakhstan, Asia, where they are large and
abundant, and at the range periphery in Central Europe, where they are rare and spatially
isolated. The thesis presents the results of three separate but complimentary projects that
tested five hypotheses.

(1) The first project tested the assumption that environmental conditions change and that
performance declines at the range edge. Contrary to expectations, the results showed that out
of eleven studied environmental variables, only macroclimate and soil pH differed
significantly at the edge. This result might be explained by the habitat constancy rule that
suggests that a species adjusts to some environmental conditions in order to keep other,
important habitat conditions constant. No performance parameters except local density
showed significant differences between the two regions. It appears that S. capillata is able to
tolerate the change in macroclimate and soil pH at the range periphery by plasticity or

adaptation.



(2) The second project tested whether peripheral populations differ in their genetic diversity
and differentiation from central populations. Genetic differentiation was indeed higher at the
range periphery, probably due to the more pronounced spatial isolation. Genetic diversity
within populations was generally low in the study species but was not lower at the range edge,
despite smaller population sizes and a stronger spatial isolation. This finding might suggest
that population sizes at the range periphery are in fact large enough to buffer against loss of
genetic diversity, or that the longevity of the study species hampers genetic loss at the range

edge.

(3) In the third project, the thesis explored whether local adaptation to soil biota was more
evident in peripheral than in central populations. Soil biota was chosen because it can have
significant effects on plant’s performance. In a greenhouse experiment over nine months,
seedlings from 10 different edge and core populations were grown in their home soil and in
soil from other populations, respectively. Biomass production and growth rate responded
negatively to soil biota. However, local adaptation was absent in peripheral and central
populations, both at the scale of ca. 10 — 80 km and of 3300 km. This result may be due to a
similar soil biota composition among populations, redundancy and diffuse interactions among
soil organisms, or a sufficiently high gene flow that counteracts selection regimes in plant

populations.

In conclusion, this thesis has shown that the emergent hypotheses from an abundant centre
model should be replaced by more nuanced concepts. In particular, future research needs to
focus on the variability and interactions among environmental factors across a species’ range.
Furthermore, it is important to consider habitat availability in addition to physiological effects
as a factor causing range limits. Life history traits deserve increased attention when predicting
intraspecific genetic variation within different regions. This dissertation has shown that plant
populations are not necessarily adapted to their soil biota. However, as this topic has been
little explored in the past, this thesis can be an example for future research. Last but not least,
discussions on the conservation value of peripheral populations should embrace the

importance of non-biological values.



Zusammenfassung

Angesichts des zunehmenden anthropogenen Einflusses auf die Umwelt sind wir mehr denn
je herausgefordert, die Struktur und die Prozesse innerhalb von Artarealen zu verstehen. Das
»abundant centre” Model sagt voraus, dass eine Art am h&ufigsten in ihrem Arealzentrum zu
finden sei, wo Umweltbedingungen fur sie am gunstigsten sind. Mit zunehmender raumlicher
Distanz wurden sich diese Bedingungen andern und fur die Art immer ungunstiger werden,
was dazu fuhrt, dass Individuen eine schlechtere Kondition aufweisen, und dass die
Populationen kleiner und voneinander stark isoliert werden. Das ,,abundant centre* Model hat
wichtige Konsequenzen fir die 6kologischen und evolutiondren Prozesse innerhalb eines
Artareals. Im Arealzentrum erwarten wir eine geringe genetische Differenzierung zwischen
den Populationen und eine hohe genetische Diversitat innerhalb der Populationen. Man geht
davon aus, dass die kleinen Populationsgréf3en und die rdumliche Isolierung am Arealrand zu
genetischer Drift, Inzucht und beeintrachtigten Genfluss fiihren. Folglich sollten
Randpopulationen durch eine hohe genetische Differenzierung und eine geringe Diversitét
gekennzeichnet sein. Ferner sollten die rdumliche Isolierung und ein unterschiedlicher

Umwelteinfluss eine ausgepragte Adaptation an die lokalen Umweltbedingungen bedingen.

Die vorliegende Arbeit testet die VVorhersage der ,,abundant centre* Hypothese am Beispiel
des Pfriemengrases, Stipa capillata (Poaceae), einer Trockenrasen- und Steppenart, die in
Eurasien heimisch vorkommt. Die untersuchten Populationen befanden sich im Zentrum des
Areals, in Kasachstan, Asien, wo sie gro und hdufig waren, und am Arealrand in
Mitteleuropa, wo sie selten und rdumlich isoliert waren. Diese Dissertation stellt die
Ergebnisse von drei getrennten aber aufeinander aufbauenden Projekten vor, die flnf

Hypothesen getestet haben.

(1) Das erste Projekt testete die Annahme, dass sich die Umweltbedingungen am Arealrand
andern, und dass sich die Kondition der Art verschlechtert. Entgegen den Erwartungen haben
die Ergebnisse gezeigt, dass von elf untersuchten Umweltparametern, sich die
Randpopulationen nur durch das Makroklima und den Boden pH unterschieden haben. Dieses
Ergebnis kann durch das Gesetz der Habitatskonstanz erklart werden, welches vorhersagt,

dass eine Art sich an &dndernde Umweltbedingungen anpassen kann, um andere



Umweltbedingungen konstant zu halten. Nur die lokale Dichte der Horste zeigte von allen
erhobenen Konditionsparametern einen Unterschied zwischen den beiden Regionen. Es
scheint, dass S. capillata die Anderung des Makroklimas und Boden pHs durch Plastizitit

oder Adaptation tolerieren kann.

(2) Das zweite Projekt testete, ob sich Randpopulationen in ihrer genetischen Diversitat und
Differenzierung von den Zentrumspopulationen unterscheiden. Die genetische
Differenzierung war in der Tat hoher am Arealrand, was auf die starkere raumliche Isolierung
zuriickzufuhren sein konnte. Die genetische Diversitat in den Populationen war insgesamt
gering, aber sie war nicht geringer am Arealrand, obwohl die Populationen dort kleiner und
starker raumlich isoliert waren. Diese Tatsache konnte darauf hinweisen, dass die
PopulationsgroRen am Arealrand noch groR genug sind, um einen Verlust der genetischen

Diversitat abzumildern, oder dass die Langlebigkeit der Art solch einen Verlust gebremst hat.

(3) Im dritten Projekt untersuchte die Dissertation, ob die lokale Adaptation an
Bodenorganismen am Arealrand starker als im Arealzentrum ist. Die Bodenbiota wurde als
Faktor ausgewahlt, weil sie das Pflanzenwachstum entscheidend beeinflussen kann. In einem
neunmonatigen Gewéchshausversuch wurden Keimlinge von 10 verschiedenen Rand- und
Zentrumspopulationen aufgezogen, jeweils in ihrem lokalen Boden und im Boden von
anderen Populationen. Die Bodenbiota hatte einen negativen Einfluss auf die
Biomassenproduktion und die Wachstumsrate. Jedoch gab es keine Hinweise, dass Rand- und
Zentrumspopulationen an sie angepasst waren, weder im Mal3stab von ca. 10 — 80 km, noch
3300 km. Dieses Ergebnis konnte durch eine &hnliche Bodenbiota erklart werden, oder durch
eine Redundanz und durch diffuse Interaktionen zwischen den Bodenorganismen. Ferner
konnte ein ausreichend hoher Genfluss jeglicher Selektion in den Populationen zuwider

gewirkt haben.

Diese Dissertation hat gezeigt, dass die Hypothesen, die sich vom ,,abundant centre” Model
ableiten, mit weit nuancierteren Auffassungen abgelost werden sollten. Die zukinftige
Forschung sollte sich vor allem auf die Variabilitdt und die Interaktionen der
Umweltvariablen innerhalb von Artarealen fokussieren. Ferner ist wichtig, dass man auller
den physiologischen Effekten Habitatverfiigharkeit als einen Ausloser fur Arealgrenzen
berucksichtigt. Bei der Vorhersage von intraspezifischer genetischer Variation in
verschiedenen Regionen, sollte man Lebensmerkmalen starker Beachtung schenken. Diese
Dissertation hat gezeigt, dass Pflanzenpopulationen nicht unbedingt an ihre Bodenbiota

angepasst sind. Weil jedoch diese Thematik recht wenig in der Vergangenheit erforscht
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wurde, konnte diese Dissertation als ein Beispiel fir zukinftige Forschung dienen. Zum
Abschluss sollte erwéhnt werden, dass die Diskussion um den Naturschutzwert von
Randpopulationen die Bedeutung von nicht-biologischen Werten anerkennen sollte.



Pesrome

Ha ¢one Bce Bo3pacTaromiero aHTPONOIEHHOIO BIUSHHMS Ha OKPYXKAlOIIyI Cpeny, Mbl
npU3BaHbl 0oJiee YeM KOTaa-au0o0 MOHUMATh CTPYKTYPY BHAOB M IPOLECCHI, TPOUCXOIAIINE
BHYTpH HX apeaioB. Mojenb neHTpainbHoro oowmms (abundant centre model) monpasymesaer,
4YTO BUJIBl Hambosee OOMJIBHO IPEACTaBIEHbl B LIEHTPE CBOEro apeana, IA€ YCIOBUSA
OKPYXKAIOIE Cpelpl Il HUX ONTHUMaIbHBL. [IOCKONBKY 53THM yCIOBUS MEHSAIOTCS B
COOTBETCTBUH C TeorpauyeckuM IOJIOKEHHEM, OHM CTAHOBATCS MeHee OJaronpHsTHBIMU
BJAJIM OT LIEHTpa apeaja JIAaHHOTO BUIAa. DTO BeAeT K Oojiee HU3KOM HHIMBUAYATbHOU
IPUCIIOCOOJIEHHOCTH, M, KaK CIEICTBHE, K MaJEHbKMM U CHUJIBHO M30JMPOBAHHBIM
nonyasanusaM. MoJenb IEeHTpaJbHOro OOWINs NpPeAyCMAaTPUBAET MPOMCXOIAIINE BHYTPU
apeasoB JKOJOTMYECKHME M SBOJIOLMOHHBIE NIPOLECCH. B IEeHTpe apeana reHeTHYecKas
muddepeHmanus cpein Nomysui mpeanogaracTcsa HU3K0H, a TeHETHUECKOe pa3HooOpasue
BHYTPU MONYJSINUN BbICOKUM. Ha okpamHe apeasa, MajieHbKHE pa3Mepbl MONYISLUNA U
(bparMeHTUPOBAHHOCTh, OYEBUIHO, BEAyT K Jpeddy TEeHOB, OJU3KOPOACTBEHHOMY
CKPELIMBAHUIO M HEMOJHOLEHHOMY IIOTOKY TIe€HOB. B pesynbrate, nepudepudeckue
MOMYJSUN  JTOJDKHBI  XapaKTEPH30BAaThCS BBICOKOM TIeHeTH4YecKol nuddepeHpanueii u
HU3KUM TEHETHYEeCKUM pasHooOpasueM. K Tomy e, NpOCTpaHCTBEHHAs W30JSIUA U
OTIMYAIOIINECS YCIOBHA OKPY)KAIOIIEH CcpeAapl Ha OKpaWHax apeajga, BEpOsTHO,

00ycNoBINUBAIOT 00Jiee CHIIbHYIO aAaNTalHUIO K JIOKATbHBIM YCIOBHSIM CPEbI.

B nmanHO# mauccepTaiyl MpOBEpEeHBbI TUIOTE3bl IEHTPATHHOTO OOMHsS Ha mpumepe ThIpChl
(European needle grass, Stipa capillata, Poaceae) — cremHOro pacreHus C €CTECTBEHHBIM
pacnpoctpanenueM B EBpazuu. [lonmynsanmu 3Toro Buja UCCIeI0BaIUCh B LIEHTPE €ro apeana,
B Kazaxcrane (A3um), rjae OHM KPYIHBIC M C BBICOKOHM TUIOTHOCTHIO; M HA Kparo apeasia, B
LHeHTpanbHOU EBpomne, rae Buj penok, a ero MomyJIsaiud IPOCTPAHCTBEHHO U30JIMPOBaHbL. B
paboTe mpencTaBIeHbl PE3YIbTAThl TPEX OTICIBHBIX, HO CBSI3aHHBIX MEXIY COOOM MPOEKTOB,

B KOTOPBIX IPOBEPEHO MAThH TUIIOTES.

(1) B mepBoM mnpoekTe NpOBEpEeHO NPEANONIOKEHUE, YTO HAa TpaHMLE apeaja YCIOBHUS
OKpY>Kalomiel cpelbl M3MEHSIOTCA, a IMPHCIIOCOOJCHHOCTh BUAA yMEHbIIaeTcs. Bompeku
OXKUJIaHUSM, pE3yJAbTaThl IOKa3ajdM, YTO W3 OJUHHAIIATH HW3YYEHHBIX XapaKTEPUCTHUK

OKpY)Karolllel cpeabl, TOJbKO MaKpOKIMMAaT M KHUCIOTHOCTh MOYBHl (PH) 3HaYMTENnHHO



OTJIMYAIOTCSI Ha TPaHUIAX apeaja. IJTOT pPE3yJbTaT MOXET ObITh OOBSICHEH MPABUIOM
nocrostHcTBa Mecroobutanuit (the habitat constancy rule), mpeamosararomuM, 4To BHIBI
MPUCIIOCA0IMBAIOTCS TOJIBKO K HEKOTOPBIM YCIIOBHSIM OKPYKAIOIIEH CPebl JJIsl TOr0, YTOOBI
JIPYTHUEe BaXKHBIE YCJIOBHS MECTOOOMTAHWUN OCTAaBAJIMCh TMOCTOSHHBIMU. Kpome mokaabHOM
IUIOTHOCTH TOMYJSAIMHA, HH OJWH W3 TapaMeTpOB MPHCIOCOOJICHHOCTH HE IMoKa3ai
3HAYUTEIBHBIX OTIMYANA MEXIy IBYMS H3y4eHHBIMH perdoHamu. OKasbIBaeTcs BHI S.
capillata cnocoOeH BBIHOCHTH HW3MEHEHHsI MAaKpOKIMMaTa M KHCJIOTHOCTH IIOYBBI Ha

nepudepun apeasa nocpeacTBOM (PEHOTUMUUECKONH N3MEHYUBOCTH WM aJalTallHH.

(2) Bo BTOpOM TpOEKTE MPOBEPEHO, NEHCTBUTEIBHO JIM TepudEepUIecKue MOMYJISIUNA
OTJIIMYAIOTCS MO0 MX T€HETHYEeCKOMY pa3zHooOpasuio u auddepeHumanuy oT LEeHTpPaTbHbBIX
nonynsiuil. 'enernyeckas nuddepennunanus Obuta NEHCTBUTENBHO BhINIE Ha nepudepun
apeasna, BEpOSITHO BCIIEJCTBHE Oojee SPKO BBIPAKEHHON NPOCTPAHCTBCHHOM W3OJSINM.
I'eneTnyeckoe pasHOOOpa3ye BHYTPH MOMYJISAHNA U3y9aeMOro BHa ObUTO HU3KOE B IIEJIOM, B
oboux perumoHax. MHTepecHO, 4TO BHYTPHUIONYJISIIMOHHOE I'€HETUYECKOe pazHooOpasue He
ObUIO HMKE Ha TPaHUIE apeaja, BOIPEKHW TOMY, YTO TaM MOMYJSILMUA MajleHbKue U Oosee
M30JIMPOBaHHBIE. DTO OTKPBITHE, OYEBHUIHO, 3HAYNT, YTO HepH(epHyecKrue MOMysIuu B
’Ke 001a7aloT JOCTaTOYHO OOJIBIIMMH pasMepaMu JJIsl TOTO YTOOBI MPENsATCTBOBATH MOTEPE
TEHETHYECKOT0 pa3sHOOOpas3usi, WM e 3TOMY CHOCOOCTBYET IONTUN >KU3HEHHBIA ITHKII

HU3y4acMOro BUJaA.

(3) B Tperbem mpoekTe amMccepTalid OBLIO TOKa3aHO, IEHCTBUTEIBHO JIM JIOKAJbHAsS
ajanTaiys K MOYBCHHOW OMOTe OoJiee BhIpaKeHa Ha mepudepuu apeaia, 4eM y TOMyJIsIni
neHTpa apeana. [louBeHHas OuMoTa, KaK MoKaszareib, ObUIa BRIOpaHa, MOCKOJIBKY OHA MOXET
3HAYUTENBHO BIHUATh HA NPOAYKTHUBHOCTh pAacTeHUU. B TeueHHe AEBATUMECSYHOTO
JKCTepuMeHTa pacTeHuss u3 10 pa3HbIX TOMyAIUd, Kak Mnepudepuyecknx, TaK |
LIEHTPAJIbHBIX, BBIPALIUBAINCH B TeIuIe. PacTeHHs KyIbTHUBHPOBAIMCH Ha CBOEH
IIPUPOJHOM IIOYBE M HA II0YBE M3 JPYIrUX IMONYJSALMM COOTBETCTBEHHO. IIponykuus
O6uomaccel M CKOPOCTb POCTa HAXOJWINCh B OTPHULIATEIILHOW 3aBUCHUMOCTH C COJEpKAHUEM
nmouBeHHON Ouotbl. He cMoTps Ha »53TO, JOKalbHas ajanTanus OTCYTCTBOBaJla B
nepudepruyecKkux U LEeHTPATbHBIX MOMYISIIHIX, B 000MX ciay4asx B macmtadbax okoso 10 —
80 kM 1 3300 kM. DTOT pe3yabTaT MOKHO OOBSICHUTH PsIIOM (DAaKTOPOB, TAKUX KaK, BEPOSITHO,
MOXOKUM COCTaBOM TIOYBEHHOW OHOTBHI Cpeau MOMyNIAUUd, OOJBIION H30BITOYHOCTH

MHKPOOPTraHU3MOB B TIOYBC, paSHOOGPaSHBIMI/I B3aHMO,Z[€I>'ICTBI/I5IMH MCKAY HUMHU, UTIU TCM,



qTO MCXKIAY MNONYJIAIUAMUA paCTeHI/Iﬁ IMPOUCXOAUT AOCTATOYHO BBICOKHUM IIOTOK I'CHOB,

KOTOPBIN MPOTUBOJICHCTBYET peKUMaM 0TOOpa.

B 3aKIIIOYCHHUEC, NaHHad JUCCCPTAlUA IMOKa3ajia, 4YTO NPCAIOJIOKCHHUA MOACIIN LICHTPAJIBHOI'O
OoOWIMs W TUIOTE3bl, OCHOBaHHBbIE HAa HEH, JOHKHBI OBITH 3aMelIeHbl Oosiee JeTalbHO
UCCIIEIOBAaHHBIMU ~ KOHIENIMSIMHU. byaymiye wuccienoBaHusi AOKHBI  YAETUTh 0coboe
BHUMaHHE HW3MEHUMBOCTU M B3aUMOJIEHCTBHIO (DaKTOPOB OKpPYKAIOLIEH Cpeasl BHYTPHU
apeasioB. bonee Toro, npu n3ydeHun $akTopoB, 00yCIaBIUBAIOLINX IPAHUIIBI APETIOB, BAXKHO
YYHUTBIBaTh HE TOJBKO (pusnonormdeckue 3P¢GeKkTsl, HO U cCaMO HAIMYWE MECTOOOMTaHUH.
[Ipy npOrHO3MpPOBaHWHM BHYTPHBUIOBOM T€HETHYECKOW BapHaOEIbHOCTH Pa3IUYHBIX
PEruoHOB HGOGXOZ[I/IMO CTaBUTHh AKIICHTHI Ha OCOGGHHOCTI/I JKU3HCHHOI'O IUKJIA PpaCTCHUA. B
AUCCCpTAllH TI0KAa3aHO, 4YTO IIOIMYJIAIUU paCTeHI/II\/'I HE 06}I3aT€.HBHO agalTUPOBAHblI K HUX
nouBeHHOl Ouote. Ilockoiabky 3Ta Tema ObUIa Malo OCBEUIEHa B MPOLUIOM, JaHHAas
JUccepTals MOXKET OBIThb MNpuMepoM Juisl OyAaymux wucciaenoBaHuid. B wurore crout
MOJYEPKHYTh, YTO MPHU OOCYXKJIEHUM BAKHOCTU COXPAHEHHS NMEPUPEPUUECKUX MOMYISIUN
HYXHO 06pamaTL BHUMAHHUEC TAKXEC Ha HX HGGHOHOFI/I‘IGCKOG 3HAYCHUC (I[J'DI 3CTCTHUKMU,

IKOTypU3Ma U T.11.)
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1 General introduction

1.1 The abundant centre model

Understanding the distribution and abundance of species is one of the most essential goals in
ecology (Lévéque 2003, Begon et al. 2006). Never before has this task been as important as
today, in the face of global environmental change (Gaston 2003, Holt & Keitt 2005, Gaston
2009). Ecologists are challenged to make predictions on how globalization, land-use change
and global warming will affect the distribution and abundance of species. Some urgent
questions concern, for example, the spread of pests, diseases, and invasive species (Mooney
& Hobbs 2000, Rogers and Randolph 2000), and the abundance and distribution of
economically important (lverson & Prasad 1998) and endangered taxa (Wilcove et al. 1998).
In order to make accurate predictions, however, we need to understand the ecological and

evolutionary processes within species’ ranges (Gaston 2003).

Ecologists agree that a species’ abundance within its geographic distribution range varies
spatially (Hengeveld & Haeck 1982, Brown et al. 1995, Gaston 2003). It is less well known
whether this variation follows a predictable pattern. A widely-believed concept is that a
species’ abundance is highest in the geographic core of its distribution range and declining
towards the geographic periphery, where its individuals finally disappear (Wulff 1950,
Tolmachev 1962, Hengeveld & Heack 1982, Brown 1984, Lawton 1993, Garcia-Ramos &
Kirkpatrick 1997, Sagarin et al. 2006). As with many other theories in ecology, this concept is
built on observations of early ecologists and biogeographers. For example, Carl Ludwig von
Willdenow (1792) already noted in the eighteenth century, that some trees and shrubs of
Eurasia become more rarely towards their geographic distribution limits. Similar perceptions
can be found throughout the scientific literature of the nineteenth and early twentieth century
(Grisebach 1847, Diels 1908, Shelford 1911, Grinnell 1922).

This simplified pattern is known today as the abundant centre model (ACM, or abundant
centre hypothesis, Sagarin & Gaines 2002, Sagarin et al. 2006, Eckert et al. 2008). It is most
frequently explained with reference to ecological conditions. Generally, environmental
conditions are thought to vary throughout a species’ range but to be at their optimum in the

distribution core. With increasing distance from the core, habitat conditions change gradually
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1. General introduction

and eventually become so stressful for a species that population size and abundance decline
(Shelford 1911, Tomachev 1962, Brown 1984, Brussard 1984). Such abiotic and biotic
constraints at the range edge are thought to directly impair individuals at different life stages
and lead to lower performance (Stott 1981, Brown 1984, Hoffmann and Blows 1994, Lesica
& Allendorf 1995, Gaston 2009). So far, the abundant centre model has proved to accurately
describe the abundance structure in a variety of different taxa, including carabid beetles,
plants and birds in north-western Europe (Hengeveld & Haeck 1982), birds (Brown et al.
1995), and Drosophila flies (Brussard 1984) in North America. However, numerous counter-
examples show that it should not be regarded as a general principle among organisms
(Sagarin & Gaines 2002, Fuller et al. 2009).

The abundant centre model has been used as a base line for establishing hypotheses on
ecological and evolutionary processes across a species’ range (Garcia-Ramos & Kirkpatrick
1997, Sagarin & Gaines 2002, Gaston 2003). However, its assumptions have rarely been
tested empirically. Specifically, few studies have investigated what environmental conditions
differ between the range core and edge and whether such a change would lead to a decline in
performance in peripheral populations (Geber 2008). Most studies inspecting environmental
conditions across a species’ range have focused on macroclimatic properties; an approach
with a long tradition in ecology (Salisbury 1926, Woodward 1987, Sykes et al. 1996, Gaston
2003). In contrast, empirical studies on topographic and edaphic habitat conditions are still
scarce (but see recent advances by Hajkova et al. 2008, Leuschner et al. 2009, Eckhart et al.
2010). Although some studies have assessed a species’ performance across its range their
results have so far been mixed, as reviewed by Sexton et al. (2009). Thus, we lack a clear
understanding of the variability of both environmental conditions and performance in central

and edge populations.

1.2 Genetic diversity and structure in peripheral vs. central populations

The protection of genetic diversity has high priority for conservation (Bowman 1996,
Frankham et al. 2009). Genetic diversity has been shown to positively influence individual
fitness and reproduction (Leimu et al. 2006, Crawford & Whitney 2010, Kotowska et al.
2010), and is considered as a prerequisite for evolutionary change (Blows & Hoffmann 2005).
The ultimate strategy for the conservation of genetic diversity depends on its partitioning

among hierarchical levels. High among population genetic diversity calls for the protection of
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1. General introduction

all respective populations, whereas high within population diversity requires only some
populations to be protected (Gibbs 2008).

The variation in genetic diversity and genetic differentiation across species’ ranges is not well
understood. Theoretically, small populations should be subject to enhanced genetic drift and
inbreeding, which in turn lower genetic diversity and increase genetic differentiation
(Ellstrand & Elam 1993). Under the isolation by distance model, pronounced spatial isolation
should also cause high genetic differentiation among populations. If we apply these basic
genetic principles to the abundant centre model, we would expect genetic diversity to be
lower and genetic differentiation to be higher at the range edge than in the core (Hoffmann &
Blows 1994, Eckert et al. 2008).

Although peripheral populations of many species have been found to show the expected
decline in genetic diversity and increase in genetic differentiation (e.g. Lammi et al. 1999,
Jump et al. 2003, Eckstein et al. 2006, Michalski & Durka 2007), there is increasing doubt to
what extent this correlation is a general rule. In a review by Eckert et al. (2008), 36% of
considered studies did not find the expected decline in genetic diversity at the range edge, and
30% failed to detect higher genetic differentiation. Notwithstanding the ambiguities, the
assumption that peripheral populations are genetically more depauperate and differentiated
than central populations can be frequently found across the conservation literature (Safriel et
al. 1994, Fraser 2000, Channell 2004). In fact, high genetic differentiation at the range edge
has been used as a justification for the conservation of peripheral populations (Lesica &
Allendorf 1995). Resolving patterns of genetic diversity and structure across distribution
ranges would thus not only benefit our basic understanding of evolutionary processes but

would also have important implications for conservation.

1.3 Local adaptation at the range edge

Local adaptation is the process and result in which resident genotypes are favored by selection
in their local habitat conditions over non-local genotypes (Kawecki & Ebert 2004). Locally
adapted populations are considered to have a high potential for evolutionary divergence
(Channell 2004) and are thus regarded as important units for conservation (Crandall et al.
2000, McKay et al. 2001). Local adaption has important consequences for restoration
practice, as well. It requires that for a successful transplantation, reintroduced material is
derived primarily from nearby sites (Hufford & Mazer 2003, Bischoff et al. 2010).
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1. General introduction

A common perception is that local adaptation is particularly high at the range periphery
(Levin 1970, Lesica & Allendorf 1995, Channell 2004). This claim has been justified based
on the assumptions of the abundant centre model. The higher spatial isolation among
populations, low gene flow and different environmental selection regimes are thought to favor
local adaptation at the range edge (Levin 1970). In addition, it has been suggested that
because peripheral populations are potentially more adapted to stressful conditions than
central populations, they can enable the species to respond to future environmental change
(Fraser 2000, Channell 2004). Both arguments have been used to justify the conservation of

peripheral populations (Lesica & Allendorf 1995).

Generally, local adaptation seems to be moderately common in plant species but constrained
by population size, as shown in a meta-analysis (n = 35 published studies) by Leimu &
Fischer (2008). However, there are few comparative studies on local adaptation specifically at
the range edge and in the range centre (Geber 2008, Kawecki 2008). In a study on Opuntia
fragilis, Loik & Nobel (1993) have shown that populations at the northern distribution
periphery are locally more adapted to climate than range central populations from more
southern latitudes. By contrast, Santamaria et al. (2003) failed to detect adaptation to local
climatic conditions in central and peripheral populations of Potamogeton pectinatus, whereas
Mimura & Aitken (2010) have shown that adaptation was equally present among populations

of Picea sitchensis throughout its range.

1.4 Study objectives

The aim of this dissertation was to evaluate five hypotheses that are based on the abundant
centre model. | chose populations of the European needle grass, Stipa capillata L. (Poaceae,
grass family), as my study objects. This species was well suited for my aims as it is one of the
most important species of Eurasian dry grasslands and its distribution in Europe and Asia is
well known (Lavrenko 1970). In addition, S. capillata is red listed in many European
countries (see chapter 1.6 below) and thus is of high interest for conservation. My approach
was a comparative one, in which I contrasted populations in the range centre, in Kazakhstan,

Asia, with those at the range periphery, in Central Europe.

The first project examined whether populations at the range edge differed in their
environmental conditions from those in the range centre. Furthermore, this project tested the

assumption that individual performance and local density decline in peripheral populations in
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1. General introduction

comparison to central populations. The second project inspected whether genetic
differentiation was higher and genetic diversity lower in peripheral than in central
populations. The third project investigated whether plants in populations at the range edge
were locally more adapted to their soil biota than plants from populations in the range core.
The results of this thesis will increase our understanding about ecological and evolutionary

processes across a species’ range.

1.5 Study species

The study species, Stipa capillata, was described by Linneus (von Linné 1762) from Central
Europe (“in Germania, Gallia”, p. 116). It is the type species for the section Leiostipa
(Dumortier 1823). Like all members of the Stipa genus, S. capillata is characterized by an
inflorescence with single flowers in a stalked floret, and an awn attached to the lemma
(Tsvelev 1976). A conspicuous character of the species is the glabrous and long (10 - 20 cm)
awn (Komarov 1934, Tsvelev 1976). In its vegetative form, S. capillata can be distinguished
from other members of the Leiostipa section by the fact that its lower most nodes are always
enclosed in a leaf sheath and that the ventral leaf surface is not covered by hairs (Komarov
1934, Tsvelev 1976).

This perennial plant forms tussocks, in which individual shoots are tightly arranged (Tsvelev
1976). As clonal growth by spreading tillers is not known for this species, it can be assumed
that each individual represents a genet. Its leaves are complanate to involute, with continuous
sclerenchyma on the dorsal side (Florineth 1974). Flowers are pollinated by wind from the
end of June to the beginning of August. The species is also known to be facultatively
cleistogamous, meaning that its flowers can be self-pollinated in its sheath. Seeds are
enclosed in the lemma, ripen at the beginning of August and September and are dispersed by
wind, in animal fur and in clothes. S. capillata was reported to be tetraploid (2n = 44,
Skalinska et al. 1968).

Stipa capillata is native to large areas of Asia and Europe (see also distribution maps in
chapters 2-4). Its native westernmost occurrences are found in Spain (Tutin et al. 1980). Its
eastern distribution reaches Yakutia, in Russia (Tolmachev 1974). The northernmost
populations are located in the Upper Yenisei region, in the Krasnoyarskiy Kray, Siberia,
Russia (Malysheva & Peshkova 1990). The southernmost distribution extends to Pakistan
(Cope 1982) and Nepal (Press et al. 2000).

15



1. General introduction

The study species grows in nutrient-poor dry grasslands of the temperate climate zone. This
habitat is characterized by high insolation, strong daily temperature amplitudes, and low water
availability, especially in summer (Medwecka-Korna§ & Kornas 1966, Hensen 1995,
Ellenberg 1996). Stipa capillata can grow on a variety of different substrates. In Asia, it has
been reported from tschernozem and sandy to loamy castonozem soils (Walter 1974,
Dieterich 2000, Perezhogin 2007, Schwahn 2007). In Central Europe, it can occur on
carbonate rich marls and rendzina soils over limestone (Krausch 1955, Medwecka-Korna$ &
Korna$ 1966, Becker 1999), carbonate rich sand deposits (Walter 1974, Mucina & Kolbek
1993), and gypsum outcrops (Medwecka-Kornas & Kornas 1966).

Fig. 1.1. Stipa capillata growing in the steppe of the Naurzum region, Kazakhstan (July 2007),
and in a preserved dry grassland fragment around Freyburg, eastern Germany (July 2010).

Eurasian dry grasslands have been classified by different approaches in the past (Gibson
2009). In the framework of the phytosociological vegetation classification, S. capillata is
known from different orders of the Festuco-Brometea Br.-Bl. & Tx. class. Near the
northwestern edge of its range in Europe, it occurs foremost in the continental dry grasslands,
Festucetalia valesiacae Klika, and the continental sand grasslands Festucetalia vaginatae So6
(Mahn 1965, Mucina & Kolbek 1993, Ellenberg 1996, Chytry et al. 2007). In Asia, dry
grasslands have not been thoroughly classified using the phytosociological approach but it can
be assumed that S. capillata is a typical species of the continental steppes, the Helictotricho-

Stipetalia Toman (Mirkin & Naumova 1998). In the framework of the dominant vegetation
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classification approach of Karamysheva & Rachkovskaya (1973), this species forms different

communities of its own steppe formation.

In the moist climate of Central Europe, forests are the dominant natural vegetation (Ellenberg
1996). Natural dry grasslands are rare and confined to xeric habitats, such as rock outcrops
(Medwecka-Kornas & Kornas 1966, Ellenberg 1996). In the warm Atlantic period, shortly
after the Pleistocene (ca 7500-3000 BP) natural dry grasslands were more widespread in
Europe (Hensen 1995, Ellenberg 1996). As climate turned cooler and moister, dry grasslands
were replaced by more mesic vegetation and retreated to naturally xeric sites, such as rock
outcrops (Ellenberg 1996). However, large scale deforestation in the Medieval Ages and
human land use by mowing and livestock grazing enabled dry grasslands to expand and
become established as semi-natural vegetation. These anthropogenic dry grasslands became
more frequent than natural dry grasslands in Central Europe but their area declined in the last
century owing to the abandonment of traditional land use (Poschlod et al. 2005). Today,
succession by scrub and tress and eutrophication are the main threats to dry grasslands in
Central Europe (Hillebrand 2008). In the European Union, dry grasslands are an endangered
habitat and under legal protection (referred to as Sub-Pannonic steppic grasslands, Natura
2000 code 6240, Annex I, Council Directive 92/43/EEC of 21 May 1992 on the Conservation
of natural habitats and of wild fauna and flora).

In Kazakhstan, dry grasslands (or more commonly referred to as steppe in this region) are a
natural vegetation type as the climate is too dry to support forest vegetation (Karamysheva &
Rachkovskaya 1973, Walter 1974). The history of steppe in this region is less well known
than in Europe. Presumably, steppes date back to the Pliocene and have experienced little
transformation during the ice age (Frenzel 1968). Over many centuries, steppes have been
grazed with moderate intensity by the livestock of nomadic Kazakhs. It is only during the
Soviet period of the last century that large areas of steppes began to be converted into
agricultural land (Dieterich 2000). Since the breakup of the Soviet Union, large scale state
farming was abandoned and fields started to undergo succession (reversion) to steppe
vegetation (Schwahn 2007).

The detailed abundance structure within the range of S. capillata has never been studied.
However, we know that in its range core, in the steppes of Asia, it is one of the most common
plant species (Lavrenko 1970, Walter 1974, Fig. 1.1A) and is not categorized as rare in Russia
(Golovanov et al. 1988) or Kazakhstan (Bykov 1981). In contrast, at its north-western

distribution edge in Central Europe, it is confined to small and scattered dry grassland patches
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1. General introduction

(Fig. 1.1B), and is red-listed in Austria (Niklfeld et al. 1999), the Czech Republic (Holub &
Prochazka 2000), Germany (Ludwig & Schnittler 1996), Poland (Mirek et al. 2006), and
Switzerland (Moser et al. 2002). Thus, the populations at the distribution periphery in central
Europe and in the distribution core in Kazakhstan offered an ideal framework to study the

ecological and genetic predictions of the abundant centre hypothesis.
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2 Similar performance in central and range-edge populations
of a Eurasian steppe grass under different climate and soil

PH regimes

- Ecography (In Press) —

Viktoria Wagner (University of Halle, Germany), Henrik von Wehrden (Leuphana
University Luneburg, Germany), Karsten Wesche (Senckenberg Museum of Natural History,
Gorlitz, Germany), Alexandr Fedulin, Tatyana Sidorova (Korgalzhinskiy Zapovednik,

Kazakhstan), Isabell Hensen (University of Halle, Germany)

2.1 Abstract

The abundant-centre hypothesis predicts that changing environmental conditions are
detrimental to a species’ abundance and performance toward the periphery of its range. We
tested these predictions for the perennial grass Stipa capillata L., a species that is commonly
found in steppes of Asia but is rare at its north-western range edge, in Central Europe. We
compared 21 populations in dry grassland fragments in Central Europe and 20 populations in
steppe habitats of Kazakhstan. We studied 15 plant performance traits both in situ and under
laboratory and common greenhouse conditions, including local density, plant size and
biomass production, seed size, weight and viability. To assess environmental conditions, we
assembled data on topography, soil properties and climatic parameters. Using variance
components analysis and multivariate methods we analyzed whether plant performance and
environmental attributes differed more, as predicted, between the core and peripheral regions
or whether they differed more among their subregions or populations. Additionally, we tested
whether performance was affected by the same set of environmental predictors in each region.
As expected, macroclimatic conditions showed a significant difference between the two
regions (annual mean temperature, annual precipitation). The only other measured

environmental variable that differed significantly between the two regions was soil pH, which
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2. Performance at the range edge and centre

was lower in core-range populations. Contrary to our expectations, plant performance traits
were virtually unchanged between the range periphery and centre. Our findings thus do not
support the notion of reduced performance at the range edge. Instead, our data lend support to

earlier theories of relative habitat constancy, suggesting that peripheral populations can shift
to other habitats through plasticity or adaptation.

Keywords: Abundant centre hypothesis, distribution edge, geographic distribution range,
macroclimate, niche, soil pH, Stipa.
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3 Increased genetic differentiation but no reduced genetic

diversity in peripheral vs. central populations of a steppe grass

- American Journal of Botany (Minor revision) -

Viktoria Wagner (University of Halle, Germany), Walter Durka (UFZ-Helmholtz Centre for

Environmental Research, Halle, Germany), Isabell Hensen (University of Halle, Germany)

3.1 Abstract

Intraspecific genetic diversity is essential for the performance and evolution of species.
Populations at a species’ range periphery receive considerable attention in biogeography and
conservation because they are smaller and spatially more isolated than central populations, a
pattern expected to lead to higher genetic differentiation and lower within population genetic
diversity. We tested these predictions in central and peripheral populations of the Eurasian
steppe grass Stipa capillata. We analyzed AFLP fingerprint patterns in 319 individuals from
20 large and abundant populations in the core, in Kazakhstan, and 23 small and isolated
populations at the periphery, in Central Europe. We employed a band-based approach to
obtain genetic diversity estimates and to assess genetic differentiation among populations by
examining Fst values, a neighbor-net network and an AMOVA. As expected, genetic
differentiation among populations was significantly larger at the range periphery (Fst =
0.415) than in the range core (Fst = 0.164). In contrast to predictions, however, we found
similarly low genetic diversity within central (proportion of polymorphic bands = 21.9%) and
peripheral (20%) populations. Higher genetic differentiation in the small and spatially isolated
peripheral populations is likely driven by genetic drift and reduced gene flow due to a
complex landscape structure and the abandonment of traditional management regimes. With
regard to unchanged genetic diversity, it appears that life history traits like longevity or still
sufficiently large population sizes could allow S. capillata to escape deleterious effects at the

range edge.
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Keywords: Abundant center hypothesis, AFLP, dry grassland, fragmentation, genetic
differentiation, genetic diversity, Poaceae, range periphery, steppe, Stipa.
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4 Prevailing negative soil biota effect and no evidence for

local adaptation in a widespread Eurasian grass

- PLoS ONE (Minor revision) -

Viktoria Wagner (University of Halle, Germany), Pedro M. Antunes (Algoma University,
Canada), Michael Ristow (University of Potsdam, Germany), Ute Lechner, Isabell Hensen

(University of Halle, Germany)

4.1 Abstract

Soil biota effects are increasingly accepted as an important driver of the abundance and
distribution of plants. While biogeographical studies on alien invasive plant species have
indicated coevolution with soil biota in their native distribution range, it is unknown whether
adaptation to soil biota varies among populations within the native distribution range. The
question of local adaptation between plants and their soil biota has important implications for
conservation of biodiversity and may justify the use of seed material from local provenances
in restoration campaigns. We studied soil biota effects in ten populations of the steppe grass
Stipa capillata from two distinct regions, Europe and Asia. We tested for local adaptation at
two different scales, both within (ca. 10-80 km) and between (ca. 3300 km) regions, using a
reciprocal inoculation experiment in the greenhouse for nine months. Generally, negative soil
biota effects were consistent. However, we did not find evidence for local adaptation: both
within and between regions, growth of plants in their *home soil” was not significantly larger
relative to that in soil from other, more distant, populations. Our study suggests that negative
soil biota effects can prevail in different parts of a plant species’ range. Absence of local
adaptation points to the possibility of similar rhizosphere biota composition across
populations and regions, sufficient gene flow to prevent coevolution, selection in favor of
plasticity, or functional redundancy among different soil biota. From the point of view of
plant - soil biota interactions, our findings indicate that the current practice of using seeds

exclusively from local provenances in ecosystem restoration campaigns may not be justified.
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Keywords: Dry grassland, geographic distribution range, plant-soil feedback, range edge, soil

organisms, soil sterilization, Stipa.
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5 Synthesis

5.1 General discussion

This dissertation used populations of a Eurasian steppe plant as study objects to test five
ecological and genetic hypotheses for the core and edge of a species’ distribution range (Table
5.1). Only one hypothesis was fully verified (higher genetic differentiation at the range edge).
The perceptions that environmental variables generally change and that performance declines
at the range periphery was only partially substantiated. The study rejected the hypotheses that
genetic diversity is lower and local adaptation higher in peripheral populations (Table 5.1).
Thus, this dissertation has shown that the abundant centre model and the hypotheses that are
built on it must be treated with caution (Sagarin & Gaines 2002).

Table 5.1. Overview of the hypotheses and results of this dissertation.

Hypothesis Hypothesis verified?

- Environmental conditions in peripheral populations differ from Partially (only
those in the centre. macroclimate and soil pH)

. . . ] . Partially
- Performance is lower in peripheral than in central populations. .
(only local density)

- Genetic diversity is lower in peripheral than in central

. No
populations.
- Genetic differentiation is higher among peripheral populations v
es
than among central populations.
- Local adaptation is higher in peripheral populations than in N
0

central populations.

A fundamental assumption of the abundant centre model is that environmental conditions
change from the geographic distribution centre to the periphery. Although this notion can be
frequently found across the scientific literature, our knowledge on this subject is still
insufficient and mainly limited by the lack of large scale environmental data. In the last

decades, digitized data has become available on species occurrences (e.g. Global Biodiversity
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Information Facility, www.gbif.org, accessed on January, 20 2011; Edwards et al. 2000),
macroclimate (e.g. Hijmans et al. 2005), and GIS-based topography. However, information on
other environmental variables, such as on microclimate and soil edaphic properties, is
missing, remains unavailable in digitized form for most regions, or is only available at a
coarse scale for well-studied countries (e.g. for Germany: Kihn 2007). One solution to this
problem is the use of indicator values, expert based estimations of a species’ response to
environmental gradients, such as developed by Ramensky et al. (1956) for Russia, Ellenberg
(1974) for Central Europe, Landolt (1977) for Switzerland, and Hodgson et al. (1995) for
Great Britain. Prinzing et al. (2002) have used this approach to examine the behaviour of
species’ ecological niches in different regions. However, these indices are available only for
some (mostly European) countries, and have furthermore been criticized as being circular and
as having been rarely substantiated with measurements (Rydin & Jeglum 2006). Thus, in
order to accurately describe the environmental variation within species ranges, we still rely on

field studies.

Studying only parts of a species’ range always bears the risk that results represent only
sampling artifacts. One might argue, for instance, that S. capillata occurs indeed on higher
soil pH in steppes of Kazakhstan but that the relevant study populations were not included in
the sampling scheme. However, the studies by Karamysheva & Rachkovskaya (1973) on
steppe vegetation in Central Kazakhstan indicate that S. capillata does not grow on carbonate
rich soils in this region. In order to thoroughly investigate environmental variability across the
range of S. capillata it is necessary to compare its niche optimum and breadth along the entire
gradient (see Hajkova et al. 2008). This method would require extensive sampling, including
on sites where the species is not present. In Europe, large vegetation data bases (see
http://www.iavs.org/ResourcesDatabases.aspx, accessed on January, 20 2011) would facilitate
such comparisons, at least for some variables that are commonly measured, but such data

bases have yet to be compiled for Asia.

If one seeks to find direct mechanisms causing range limits, documenting environmental
shifts at the range limit will not be sufficient. First of all, this approach runs the risk that the
respective environmental variable simply correlates with the unknown causal factor
(Parmesan et al. 2005). In addition, this dissertation has shown that a change in macroclimate
and soil pH at the range periphery does not necessarily translate into direct effects on a
species’ performance; most studied performance traits in peripheral populations of S.
capillata did not differ from those in central populations — a finding that contradicts the

expectations of the abundant centre hypothesis. Certainly, it is possible that differences are
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manifested in other, unstudied traits, such as in more variable birth and mortality rates, or
more variable seed bank dynamics (Gaston 2009, Kluth & Bruehlheide 2005). However, a
review by Sexton et al. (2009) suggests that only 60% of all considered studies (n = 26) have

found population dynamics to be more variable at the range edge.

Contrary to the abundant centre hypothesis, Holt & Keitt (2000) have proposed that range
limits can evolve without any ecophysiological stress. Such a scenario would occur if local
conditions in patches are still favorable but habitat patches scarce. In the case of S. capillata,
two reasons speak in favor of habitat limitation as a more important factor than
ecophysiological stress in determining its north-western distribution limit. First, this
dissertation has indicated that environmental conditions are generally favorable within Central
European dry grassland patches. Second, the surrounding matrix of unsuitable habitats, such
as forests and agricultural fields, precludes theoretically any expansion. As most dry
grasslands in Central Europe are semi-natural, habitat availability ultimately also depends on

human intervention.

The deleterious effects of small population size and high spatial isolation on genetic diversity
are well-known problems in population genetics and conservation (Ellstrand & Elam 1993).
This danger has been pointed out for dry grassland plants in Europe by Pic6 & van
Groenendael (2007). Using AFLP fingerprint data in 40 populations of S. capillata, this study
confirmed the prediction of higher genetic differentiation among peripheral populations but it
contradicted the expectations of lower genetic diversity at the range edge. In fact, peripheral
populations had the same genetic diversity as the larger and spatially better connected central
populations. These findings show that small population sizes and spatial isolation alone are
insufficient predictors of within-population genetic diversity. Instead, they stress the
importance of other factors in shaping genetic diversity across the range. In the case of S.
capillata, it is likely that contemporary or past population sizes at the range periphery
are/were large enough, and/or that the longevity of the species counteracts any loss of genetic

diversity.

This study explored genetic diversity and differentiation at the northwestern distribution range
of S. capillata. One should be careful not to apply these findings to range limits of other
regions, as these might be characterized by different population structures, topography and
landscape. For example, the southern range limit of S. capillata in deserts of Central Asia is
characterized by an open landscape matrix, which should potentially facilitate gene flow and
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lower genetic differentiation. Studies covering all range limits are laborious but will provide a

more accurate understanding of genetic processes across a species’ range.

Populations at the periphery of a species’ distribution range receive extensive attention in
conservation due to their potential significance for divergent evolution (Levin 1970, Lesica &
Allendorf 1995). Their pronounced spatial isolation is believed to lead to a stronger
adaptation to local environmental conditions than in central populations. However, this study
found no evidence that peripheral populations of S. capillata were locally more adapted to
their soil biota than central populations, despite a stronger spatial isolation at the range edge.

Thus, spatial isolation alone is an insufficient predictor for local adaptation.

One the one hand, the absence of local adaptation in S. capillata can be accredited to the soil
biota. A homogeneous soil biota composition, redundancy and diffuse interactions among soil
organisms could account for a lack of adaptation. Our knowledge on the geographical
variation in soil biota effects will benefit from an identification of all members of a soil
community. In the past, such identifications were restricted only to those organisms that could
be cultured (Osborn & Smith 2005). The development of high throughput molecular tools,
such as microarrays (Andersen et al. 2010) will provide valuable insights in that respect, in
the future. On the other hand, the lack of local adaptation can potentially also be attributed to
the plant populations. Theoretical models in evolutionary biology have shown that local
adaptation at the range edge can be prevented by gene flow among populations (Garcia-
Ramos & Kirkpatrick 1997, Kirkpatrick & Barton 1997, Bridle & Vines 2007, Kawecki
2008). The fingerprint analysis of S. capillata showed that its populations at the north-western
distribution edge are genetically more isolated. However, direct measures of gene flow
through paternity or maternity analysis would provide a more accurate assessment of gene
flow (Lowe et al. 2004, Hamilton 2009). However, one should bear in mind that gene flow is
not the only key to our understanding of local adaptation. Local adaptation can establish even

if gene flow is high provided that selection is strong enough (Mimura & Aitken 2010).

5.2 Implications for conservation

In most parts of the world, threatened species receive legal protection under international and
domestic laws that prohibit their exploitation, trade and destruction (van Heijnsbergen 1997).
Unlike globally rare species, peripherally rare species can be scarce only within the political
boundaries they occur in and be much more common outside the border. The conservation of

such peripherally rare species has been the subject of intense debates (Hunter & Hutchinson
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1994, Lesica & Allendorf 1995, Fraser 2000). On the one hand, the practice of conserving
peripherally rare species has been accused of being parochial (meaning disproportionately
local in its aims; Hunter & Hutchinson 1994, Wells et al. 2010). The most frequent argument
against conservation of peripheral populations leveled by opponents is the waste of resources
at the expense of globally rare species (Hunter & Hutchinson 1994, Dudley 1995, Rodrigues
& Gaston 2002, Channell 2004). On the other hand, proponents have argued that
geographically peripheral populations are important from an evolutionary perspective.
Assuming an abundant centre model, they have claimed that the high genetic differentiation
and different selection regimes at the range edge make peripheral populations important units
for the persistence and evolution of a species, especially in the face of future global warming
(Lesica & Allendorf 1995, Fraser 2000, Hampe & Petit 2005, Kawecki 2008).

At first glance, the high genetic differentiation among peripheral populations of S. capillata
may seem to speak in favor of their conservation. However, it is unclear to what extent neutral
genetic differentiation translates into meaningful effects for future speciation processes. There
was no indication that S. capillata populations at their range periphery in Central Europe
suffer from the genetic consequences of small population size and spatial isolation. As the
species is likely limited by habitat availability, habitat loss might pose a more important risk
for this species in Central Europe. The lack of stronger local adaptation to soil biota at the
range periphery should not be equated with the general absence of stronger evolutionary
dynamics at the range periphery. It is possible that peripheral populations are locally adapted
to other environmental factors, for example to local climate (Macel et al. 2007), or leaf

pathogens and seed predators (Alexander et al. 2007, Laine 2007).

When discussing the biological value of peripherally rare species one needs to bear in mind
that these taxa can have important services for other organisms, including those at other
trophic levels. For example, it is possible that S. capillata serves as a mutualist for the
establishment of other plants species (Callaway 2007), and that its leaves and caryopses offer
nourishment for birds and mammals. Insect pollinated dry grassland plants have also an
important role for pollinators (Goverde et al. 2002, Steffan-Dewenter & Tscharntke 2002).
Peripherally rare species can also make up a large portion of all rare species in a country. For
example, in Germany, peripherally rare species make up 70% (832 species) of all rare plant
species (Welk 2001). If peripherally rare species were no longer to be accorded conservation
status, this would endanger a large portion of Germany’s biodiversity. Furthermore, the
protection of single species is tightly connected with the protection of its habitat.

Consequently, conserving peripherally rare species means also maintaining habitat diversity.
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5. Synthesis

Biological arguments have dominated the discussion on the conservation of peripherally rare
species but non-biological arguments can be equally meaningful. In this respect, one can think
of several additional arguments in favor of the conservation of peripheral populations. First,
peripherally rare species can be beneficial for humans (or have “instrumental” values, see van
Heijnsbergen 1997, Alexander 2008). Using the example of dry grassland plants in Central
Europe, these rare species can have aesthetic value for local human populations and spur eco-
tourism in the region. This is probably best exemplified by the showy plant Adonis vernalis
which year by year during its flowering time draws admirers to the “Adonis” trails in north-
eastern Germany. Another important argument is the intrinsic value of peripherally rare
species. Loosely speaking, conserving peripherally rare species based on their intrinsic value
means to conserve them for their own sake and acknowledging their right to persist (Elliot
1997). Last but not least, conserving peripheral populations can be valuable because nature
conservation has a high moral esteem among humans (Elliot 1997). The variety of these
reasons should not be overlooked in the discussion on the conservation of peripherally rare

species.

In conclusion, this dissertation has shown that the hypotheses based on the abundant centre
model are in parts too general and too simplistic to accurately predict ecological and genetic
patterns across a species’ range. Detecting simple rules in nature is a holy grail in science, but

nature, it seems, is more complex than we sometimes like to think.

30



Appendix

6 Literature

Note: The transliteration of Russian titles into English follows the BGN/PCGN romanization system.

Alexander, H. M. et al M. 2007. Is there reduction in disease and pre-dispersal seed predation
at the border of a host plant's range? Field and herbarium studies of Carex blanda. —
Journal of Ecology 95: 446-457.

Alexander, M. 2008. Management planning for nature conservation. A theoretical basis &
practical guide. — Springer.

Andersen, G. L. et al. 2010. The use of microarrays in microbial ecology. — In: Lui, W.-T.
and Jansson, J. K. (eds), Environmental molecular microbiology. Caister Academic
Press, pp. 87-109.

Becker, T. 1999. Die Xerothermrasen-Gesellschaften des unteren Unstruttales und einige
Okologische Griinde fir ihre Verteilung im Raum. — Mitteilungen der Floristischen
Kartierung Sachsen-Anhalts 4: 3-29.

Begon, M. et al. 2006. Ecology. From individuals to ecosystems. — Blackwell Publishing.

Bischoff, A. et al. 2010. The importance of plant provenance and genotypic diversity of seed
material used for ecological restoration. — Restoration Ecology 18: 338-348.

Blows, M. W. and Hoffmann, A. A. 2005. A reassessment of genetic limits to evolutionary
change. — Ecology 86: 1371-1384.

Bowman, M. 1996. The nature, development and philosophical foundations of the
biodiversity concept in international law. — In: Bowman, M. and Redgwell, C. (eds),
International law and the conservation of biological diversity. Kluwer Law
International, pp. 5-31.

Bridle, J. R. and Vines, T. H. 2007. Limits to evolution at range margins: when and why does
adaptation fail? — Trends in Ecology and Evolution 22: 140-147.

Brown, J. H. 1984. On the relationship between abundance and distribution of species. — The
American Naturalist 124: 255-279.

Brown, J. H. et al. 1995. Spatial variation in abundance. — Ecology 76: 2028-2043.

Brussard, P. F. 1984. Geographic patterns and environmental gradients: the central-marginal
model in Drosophila revisited. — Annual Review of Ecology and Systematics. 15: 25-
64.

Bykov, B. A. (ed) 1981. Krasnaya kniga Kazakhskoy SSR. (Red book of the Kazakh SSR) —
Nauka.

Callaway, R. 2007. Positive interactions and interdependence in plant communities. —
Springer.

Channell, R. 2004. The conservation value of peripheral populations: the supporting science.
— In: Hooper, T. D. (ed), Proceedings of the species at risk 2004 pathways to recovery
conference. March 2-6, 2004, Victoria, B.C. Species at Risk 2004 Pathways to
Recovery Conference Organizing Committee.

31



Appendix

Chytry, M. et al. 2007. Suché travniky (Festuco-Brometea). Dry grasslands. — In: Chytry, M.
(ed), Vegetace Ceské republiky. 1. Travinna a kefickova vegetace. - Vegetation of the
Czech Republic. 1. Grassland and heathland vegetation. Academia, p. 371-470.

Cope, T. A. 1982. Flora of Pakistan VVol. 143: Poaceae. — University of Karachi.

Crandall, K. A. et al. 2000. Considering evolutionary processes in conservation biology. —
Trends in Ecology and Evolution 15: 290-295.

Crawford, K. M. and Whitney, K. D. 2010. Population genetic diversity influences
colonization success. — Molecular Ecology 19: 1253-1263.

de Candolle, A. 1855. Géographie botanique raisonnée: ou, Exposition des faits principaux et
des lois concernant la distribution géographique des plantes de I'époque actuelle. —
Librairie de Victor Masson.

Diels, L. 1908. Pflanzengeographie. — Gdschen'sche Verlagsbuchhandlung.

Dieterich, T. 2000. Landschafts6kologische Untersuchungen an Ackerbrachen im zukinftigen
Biosphérenreservat ,, Tengis See* in Zentralkasachstan und ihr Regenerierungsvermagen
zur Steppe. — Thesis. Ernst-Moritz Arndt-Universitat Greifswald.

Dudley, J. P. 1995. Bioregional parochialism and global activism. — Conservation Biology 9:
1332-1334.

Dumortier, B. C. 1823. Observations sur les graminées de la flora Belgique. — Imprimerie de
J. Castermann.

Eckert, C. G. et al. 2008. Genetic variation across species' geographical ranges: the central-
marginal hypothesis and beyond. — Molecular Ecology 17: 1170-1188.

Eckhart, V. M. et al. 2010. Plant-soil water relations and species border of Clarkia xantiana
ssp. xantiana (Onagraceae). — International Journal of Plant Sciences 171: 749-760.

Eckstein, R. L. et al. 2006. Genetic structure among and within peripheral and central
populations of three endangered floodplain violets. — Molecular Ecology 15: 2367-
2379.

Edwards, J. L. et al. 2000. Interoperability of biodiversity databases: Biodiversity information
on every desktop. — Science 289: 2312-2314.

Ellenberg, H. 1974. Zeigerwerte der GefaRpflanzen Mitteleuropas. — Scripta Geobotanica 9:
1-97.

Ellenberg, H. 1996. Vegetation Mitteleuropas mit den Alpen: in 6kologischer, dynamischer
und historischer Sicht. — Ulmer.

Elliot, R. 1997. Faking nature. The ethics of environmental restoration. — Routledge.

Ellstrand, N. C. and Elam, D. R. 1993. Population genetic consequences of small population
size: implications for plant conservation. — Annual Review of Ecology and
Systematics 24: 217-242.

Florineth, F. 1974. Wasserhaushalt von Stipa pennata ssp. eriocaulis, Stipa capillata und
Festuca vallesiaca im Steppengebiet des oberen Vinschgaus. — Oecologia Plantarum 9:

295-314.

Frankham, R. et al. 2009. Introduction to conservation genetics. — Cambridge University
Press.

Fraser, D. F. 2000. Species at the edge: the case for listing of "peripheral” species. — In:

Darling, L. M. (ed), Proceedings of a conference on the biology and management of
species and habitats at risk, Kamloops, B.C., 15 - 19 Feb.,1999. BC Ministry of

32



Appendix

Environment, Lands and Parks, Victoria, B.C. and University College of the Cariboo,
Kamloops, B.C.

Frenzel, B. 1968. The pleistocene vegetation of northern Eurasia. — Science 161: 637-649.

Fuller, H. L. et al. 2009. Does the population density of primate species decline from centre to
edge of their geographic ranges? — Journal of Tropical Ecology 25: 387-392.

Garcia-Ramos, G. and Kirkpatrick, M. 1997. Genetic models of adaptation and gene flow in
peripheral populations. — Evolution 51: 21-28.

Gaston, K. J. 2003. The structure and dynamics of geographic ranges. — Oxford University
Press.

Gaston, K. J. 2009. Geographic range limits: achieving synthesis. — Proceedings of the Royal
Society B - Biological Sciences 276: 1395-1406.

Geber, M. A. 2008. To the edge: studies of species' range limits. — New Phytologist 178:
228-230.

Gibbs, J. P. 2008. Population genetics: diversity within versus diversity among populations.
— In: Gibbs, J. P. et al. (eds), Problem-solving in conservation biology and wildlife
management. Blackwell, pp. 31-35.

Gibson, D. J. 2009. Grasses and grassland ecology. — Oxford University Press.

Golovanov, V. D. et al. (ed) 1988. Krasnaya kniga RSFSR. Tom 2: Rasteniya (Red book of
the USSR. Volume 2: Plants) — Rosagropromizdat.

Goverde, M. et al. 2002. Small-scale habitat fragmentation effects on pollinator behaviour:
experimental evidence from the bumblebee Bombus veteranus on calcareous grasslands.
— Biological Conservation 104: 293-299.

Grinnell, J. 1922. The role of the "Accidental”. — The Auk 39: 373-380.

Grisebach, A. 1847. Ueber die Vegetationslinien des nordwestlichen Deutschlands. Ein
Beitrag zur Geographie der Pflanzen. — Vandenhoeck und Ruprecht.

Hajkova, P. et al. 2008. Shifts in the ecological behaviour of plant species between two
distant regions: evidence from the base richness gradient in mires. — Journal of
Biogeography 35: 282-294.

Hamilton, M. B. 2009. Population genetics. — Wiley-Blackwell.

Hampe, A. and Petit, R. J. 2005. Conserving biodiversity under climate change: the rear edge
matters. — Ecology Letters 8: 461-467.

Hengeveld, R. and Haeck, J. 1982. The distribution of abundance. 1. Measurements. —
Journal of Biogeography 9: 303-316.

Hensen, 1. 1995. Die kontinentalen Stipa-Steppenrasen der mittel- und nordostdeutschen
Trockengebiete. — Gleditschia 23: 3-24.

Hijmans, R.J. et al. 2005. Very high resolution interpolated climate surfaces for global land
areas. — International Journal of Climatology 25: 1965-1978.

Hillebrand, K. 2008. Pannonische Trockenrasen in Osterreich. Ausbreitung und Geféhrdung
durch den Menschen. Thesis. — GRIN Verlag.

Hodgson, J. G. et al. 1995. Electronic comparative plant ecology. — Chapman & Hall.

Hoffmann, A. A. and Blows, M. W. 1994. Species borders: ecological and evolutionary
perspectives. — Trends in Ecology and Evolution 9: 223-227.

Holt, R. D. and Keitt, T. H. 2000. Alternative causes for range limits: a metapopulation
perspective. — Ecology Letters 3: 41-47.

33



Appendix

Holt, R. D. and Keitt, T. H. 2005. Species' borders: a unifying theme in ecology. — Qikos
108: 3-6.

Holub, J. and Prochazka, F. 2000. Red list of vascular plants of the Czech Republic. —
Preslia 72: 187-230.

Hufford, K. M. and Mazer, S. J. 2003. Plant ecotypes: genetic differentiation in the age of
ecological restoration. — Trends in Ecology and Evolution 18: 147-155.

Hunter, M. L. and Hutchinson, A. 1994. The virtues and shortcomings of parochialism:
conserving species that are locally rare, but globally common. — Conservation Biology
8:1163-1165.

Iverson, L. R. and Prasad, A. M. 1998. Predicting abundance of 80 tree species following
climate change in the eastern United States. — Ecological Monographs 68: 465-485.

Jump, A. S. et al. 2003. Cirsium species show disparity in patterns of genetic variation at their
range-edge, despite similar patterns of reproduction and isolation. — New Phytologist
160: 359-370.

Karamysheva, Z. V. and Rachkovskaya, E. I. 1973. Botanicheskaya geografiya stepnoy chasti
central'nogo Kazakhstana. (Botanical geography of the Central Kazakhstan steppe
region) — Nauka.

Kawecki, T. J. 2008. Adaptation to marginal habitats. — Annual Review of Ecology,
Evolution and Systematics 39: 321-342.

Kawecki, T. J. and Ebert, D. 2004. Conceptual issues in local adaptation. — Ecology Letters
7:1225-1241.

Kirkpatrick, M. and Barton, N. H. 1997. Evolution of a species' range. — The American
Naturalist 150: 1-23.

Komarov, V. L. 1934. Flora SSSR. II. (Flora of the USSR. Il.) — lzdatelstvo Akademii Nauk
SSSR.

Kotowska, A. M. et al. 2010. Plant genetic diversity yields increased plant productivity and
herbivore performance. — Journal of Ecology 98: 237-245.

Krausch, D. 1955. Steppenpflanzen und Steppenrasen. — In: Miiller-Stoll, W. R. (ed), Die
Pflanzenwelt Brandenburgs. Gartenverlag, pp. 88-106.

Kihn, 1. 2007. Incorporating spatial autocorrelation may invert observed patterns. —
Diversity and Distributions 13: 66-69.

Laine, A.-L. 2007. Detecting local adaptation in a natural plant-pathogen metapopulation: a
laboratory vs. field transplant approach. — Evolutionary Ecology 20: 1665-1673.

Lammi, A. et al. 1999. Genetic diversity, population size, and fitness in central and peripheral
populations of a rare plant Lychnis viscaria. — Conservation Biology 13: 1069-1078.

Landolt, E. 1977. Okologische Zeigerwerte zur Schweizer Flora. — Ver6ffentlichungen des
Geobotanischen Institutes der Eidgendssischen Technischen Hochschule in Zirich,
Stiftung Ribel 64: 1-208.

Lavrenko, E. M. 1970. Provinzial'noe razdelenie prichernomorsko-kazakhstanskoy podoblasti
stepnoy oblasti evrazii. (The provinces of the Black Sea — Kazakhstan subregion, in the
Eurasian steppe region) — Botanicheskiy Zhurnal 55: 609-625.

Lawton, J. H. 1993. Range, population abundance and conservation. — Trends in Ecology
and Evolution 8: 409-413.

34



Appendix

Leimu, R. et al. 2006. How general are positive relationships between plant population size,
fitness and genetic variation? — Journal of Ecology 94: 942-952.

Leimu, R. and Fischer, M. 2008. A meta-analysis of local adaptation in plants. — PLoS ONE
3: e4010.

Lesica, P. and Allendorf, F. W. 1995. When are peripheral populations valuable for
conservation? — Conservation Biology 9: 753-760.

Leuschner, C. et al. 2009. Abundance, niche breadth, and niche occupation of Central
European tree species in the centre and at the margin of their distribution range. —
Forest Ecology and Management 258: 1248-1259.

Lévéque, C. 2003. Ecology. From ecosystem to biosphere. — Science Publishers.

Levin, D. A. 1970. Developmental instability and evolution in peripheral isolates. — The
American Naturalist 104: 343-353.

Loik, M. E. and Nobel, P. S. 1993. Freezing tolerance and water relations of Opuntia fragilis
from Canada and the United States. — Ecology 74: 1722-1732.

Lowe, A. et al. 2004. Ecological genetics: design, analysis and application. — Blackwell
Science.

Ludwig, G. and Schnittler, M. 1996. Rote Liste gefahrdeter Pflanzen Deutschlands. —
Bundesamt fiir Naturschutz.

Macel, M. et al. 2007. Climate vs. soil factors in local adaptation of two common plant
species. — Ecology 88: 424-433.

Mahn, E.-G. 1965. Vegetationsaufbau und Standortsverhaltnisse der kontinental beeinflussten

Xerothermrasengesellschaften Mitteldeutschlands. — Abhandlungen der S&chsischen
Akademie der Wissenschaften Leipzig, Mathematisch-Naturwissenschaftliche Klasse
49: 1-128.

Malysheva, L. I. and Peshkova, G. A. 1990. Flora Sibiri. Tom 2: Poaceae (Gramineae). (Flora
of Siberia. Volume 2.) — Nauka, Sibirskoe Otdelenie.

McKay, J. K. et al. 2001. Local adaptation across a climatic gradient despite small effective
population size in the rare sapphire rockcress. — Proceedings of the Royal Society B -
Biological Sciences 268: 1715-1721.

Medwecka-Kornas, A. and Kornas, J. 1966. Associations of steppes and dry grasslands. — In:
Szafer, W. (ed), The vegetation of Poland. Pergamon Press. PWN - Polish Scientific
Publishers.

Michalski, S. G. and Durka, W. 2007. High selfing and high inbreeding depression in
peripheral populations of Juncus atratus. — Molecular Ecology 16: 4715-4727.

Mimura, M. and Aitken, S. N. 2010. Local adaptation at the range peripheries of Sitka spruce.
— Journal of Evolutionary Biology 23: 249-258.

Mirek, Z. et al. 2006. Red list of plants and fungi in Poland. — W. Szafer Institute of Botany,
Polska Akademia Nauk.

Mirkin, B. M. and Naumova, L. G. 1998. Nauka o rastitel'nosti. (Vegetation Science) —

Gilem.

Mooney, H. A. and Hobbs, R. J. (eds) 2000. Invasive species in a changing world. — Island
Press.

Moser, D. M. et al. 2002. Rote Liste der gefahrdeten Arten der Schweiz. Farn- und
Blutenpflanzen. — Bundesamt fur Umwelt, Wald und Landschaft; Zentrum des

35



Appendix

Datenverbundnetzes der Schweizer Flora; Conservatoire et Jardin Botaniques de la Ville
de Genéve.

Mucina, L. and Kolbek, J. 1993. Festuco-Brometea. — In: Mucina, L. et al. (eds), Die
Pflanzengesellschaften Osterreichs. Teil 1. Anthropogene Vegetation. Gustav Fischer
Verlag, pp. 420-492.

Osborn, A. M. and Smith, C. J. (eds) 2005. Molecular microbial ecology. — Taylor & Francis
Group.

Parmesan, C. et al. 2005. Empirical perspectives on species borders: from traditional
biogeography to global change. — Oikos 108: 58-75.

Perezhogin, Yu. V. 2007. Botaniko-geograficheskoe rayonirovanie i sostav flory
Kustanayskoy Oblasti (Severnyy Kazakhstan). (Botanical-geographical zones and flora
of the Kostanayskaya Oblast) — lIzvestiya Chelyabinskogo Nauchnogo Zentra 1: 117-
122.

Picd, F. X. and van Groenendael, J. 2007. Large-scale plant conservation in European semi-
natural grasslands: a population genetic perspective. — Diversity and Distributions 13:
920-926.

Poschlod, P. et al. 2005. Changing land use and its impact on biodiversity. — Basic and
Applied Ecology 6: 93-98.

Press, J. R. et al. 2000. Annotated Checklist of the Flowering Plants of Nepal. Updated
version on: http://www.efloras.org/flora_page.aspx?flora_id=110 (accessed on 27th Jan
2011). — The Natural History Museum.

Prinzing, A. et al. 2002. Geographic variability of ecological niches of plant species: are
competition and stress relevant? — Ecography 25: 721-729.

Ramensky, L. G. et al. 1956. Ekologicheskaya ozenka kormovykh ugodiy po rastitelnomu
pokrovu. (Ecological assessment of forage in the vegetation cover) — Selchozgiz.
Rodrigues, A. S. L. and Gaston, K. J. 2002. Rarity and conservation planning across

geopolitical units. — Conservation Biology 16: 674-682.

Rogers, D. J. and Randolph, S. E. 2000. The global spread of Malaria in a future, warmer
world. — Science 289: 1763-1766.

Rydin, H. and Jeglum, J. 2006. The biology of peatlands. — Oxford University Press.

Safriel, U. N. et al. 1994. Core and peripheral populations and global climate change. —
Israel Journal of Plant Sciences 42: 331-345.

Sagarin, R. D. and Gaines, S. D. 2002. The 'abundant centre' distribution: to what extent is it a
biogeographical rule? — Ecology Letters 5: 137-147.

Sagarin, R. D. and Gaines, S. D. 2006. Recent studies improve understanding of population
dynamics across species ranges. — Oikos 115: 386-388.

Sagarin, R. D. et al. 2006. Moving beyond assumptions to understand abundance distributions
across the ranges of species. — Trends in Ecology and Evolution 21: 524-530.

Salisbury, E. J. 1926. The geographical distribution of plants in relation to climatic factors. —
The Geographical Journal 67: 312-335.

Santamaria, L., et al. 2003. Plant performance across latitude: the role of plasticity and local
adaptation in an aquatic plant. — Ecology 84: 2454-2461.

Schwahn, F. 2007. Monitoring of abandoned fields in Central Kazakhstan. — Thesis. Ernst-
Moritz-Arndt-Universitat Greifswald.

36



Appendix

Sexton, J. P. et al. 2009. Evolution and ecology of species range limits. — Annual Review of
Ecology, Evolution and Systematics 40: 415-436.

Shelford, V. E. 1911. Physiological animal geography. — Journal of Morphology 22: 551-
618.

Skalinska, M. et al. 1968. Further studies in chromosome numbers of Polish angiosperms.
Seventh Contribution. — Acta Biologica Cracoviensia, Series: Botanica XI: 199-224,

Steffan-Dewenter, I. and Tscharntke, T. 2002. Insect communities and biotic interactions on
fragmented calcareous grasslands — a mini review. — Biological Conservation 104:
275-284.

Stott, P. A. 1981. Historical plant geography: an introduction. — Allen & Unwin.

Sykes, M. T. et al. 1996. A bioclimatic model for the potential distributions of north European
tree species under present and future climates. — Journal of Biogeography 23: 203-233.

Tolmachev, A. 1. 1962. Osnovy ucheniya ob arealakh. (Teaching foundations on distribution
ranges) — lzdatelstvo Leningradskogo Universiteta.

Tolmachev, A. I. 1974. Opredelitel' vysshikh rasteniy Yakutii. (Key to the higher plants of
Yakutia) — lzdatelstvo Nauka, Sibirskoe Otdelenie.

Tsvelev, N. N. 1976. Zlaki SSSR (Poaceae of the USSR). — Nauka.

Tutin, T. G. et al. 1980. Flora Europaea 5: Alismataceae to Orchidaceae (Monocotyledones).
— Cambridge University Press.

van Heijnsbergen, P. 1997. International legal protection of wild fauna and flora. — los Press.

von Linngé, C. 1762. Species plantarum, exhibentes plantas rite cognitas, ad genera relatas (ed.
2). — Salvius.

von Willdenow, C. L. 1792. Grundriss der Kréuterkunde. — Haude und Spener.

Walter, H. 1974. Die Vegetation Osteuropas, Nord- und Zentralasiens. — Gustav Fischer
Verlag.

Welk, E. 2001. Arealkundliche Analyse und Bewertung der Schutzrelevanz seltener und
gefahrdeter Gefal3pflanzen Deutschlands. Thesis. — Martin-Luther-Universitat Halle-
Wittenberg.

Wells, J. V. et al. 2010. Global versus local conservation focus of U.S. State Agency
Endangered Bird Species Lists. — PL0oS ONE 5: e8608.

Wilcove, D. S. et al. 1998. Quantifying threats to imperiled species in the United States. —
BioScience 48: 607-615.

Woodward, F. I. 1987. Climate and plant distribution. — Cambridge University Press.

Wulff, E. W. 1950. An introduction to historical plant geography. — Chronica Botanica Co.

37



Appendix

Angaben zur Person und zum Bildungsgang

Name:

geboren am:

zur Zeit wohnhaft in:
Fachgebiet der Promotion:
Studium der Biologie:
Abschluss:
Promotionsstudium:

Betreuerin:

Thema:

Graz, 28.01.2011
Viktoria Wagner

Viktoria Wagner, Diplom-Biologin

15.07.1981 in Kaskelen, Kasachstan

Neubaugasse 42A/24

8020 Graz, Osterreich

Biologie

SS 2002-WS 2006/07 an der Universitat Gottingen
Diplom-Biologin

SS 2007 - fortlaufend

Martin-Luther-Universitat Halle Wittenberg

Prof. Dr. Isabell Hensen

Institut fur Geobotanik/Botanischer Garten

"Testing the ecological and genetic predictions of an abundant

centre distribution in a Eurasian steppe plant”

38



Appendix

Erklarung

Hiermit erklare ich, dass die vorliegende Arbeit von mir bisher weder der
Naturwissenschaftlichen Fakultat | — Biowissenschaften der Martin-Luther-Universitat Halle-
Wittenberg noch einer anderen wissenschaftlichen Einrichtung zum Zweck der Promotion

vorgelegt wurde.
Ich erklare, dass ich mich bisher noch nicht um einen Doktorgrad beworben habe.

Ferner erklare ich, dass ich diese Arbeit selbstdndig und nur unter Zuhilfenahme der
angegebenen Hilfsmittel und Literatur angefertigt habe. Wortlich oder inhaltlich

entnommenen Stellen aus den benutzen Werken sind als solche kenntlich gekennzeichnet.

Viktoria Wagner

Halle, den 28.01.2011

39



