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ABSTRACT

The population dynamics of plants with regarglant-animal interactions is a remarkably complex

topic. To look into how individual life stages andluenced in different directions by various anlma

is beyond the scope of a single paper. For eatheo$tudies described below, | and my co-authors
attempted to collect data that would cover as muoicthe plant life cycle as possible, focusing on

interactions between plants and different animalind the flowering period and their consequences
for the overall dynamics of the spect®rzonera hispanica at the local and landscape scale. Putting
all the studies together allowed me to gain a begitigture of the network of relationships between

plant properties, animal activity and their effeatsoverall plant performance.

In Study 1, we focus on factors influencing germination, garowth and survival. The results
show better performance in seedlings from largedseand from larger populations. Seed weight
affected the germination rate, seedling growth witthe first two months and seedling survival.
Mother plant traits did not affect any of the vaites studied, even though the performance of
seedlings from individual mother plants did diff@ecause the seed mass was the most important
factor affecting germination and seedling growth,further studies we focused our attention on
factors that may affect it.

In Study 2, we discuss the results of a field experiment dimefinding out the preferences of
pollinators. Based on a comparison with open-patéd and supplementally pollinated plants, we
examined whether the plants were pollen-limited. @& not record any significant effects of
pollinators on the reproduction &f hispanica. Seed number, seed mass and ratio of developed seed:s
were connected neither with the floral visitati@aber nor with supplemental pollination. The number
of seeds depended solely on plant height, whichfuriser connected with microsite characteristics,
suggestinghat the plants studied were likely resource-kaitEven if pollen limitation did occur,
none of the flowering traits we measured correlated the rate of pollinator visitation.

In Study 3, we report how by monitoring a population in shiotervals we ascertained the
preferences herbivores and the effect of herbivaryplant reproduction. We found a significant
influence of herbivory on seed production wheregither flowering in the next season nor survival
of flowering plants was affected by the rate oflbneosry. Flowering in the following season
correlated only with plant height, which was furtlbennected with microsite characteristics, which
suggests a tendency towards resource limitatt@nbivores preferred plants with greater numioérs
initial flower buds.

In Study 4, we present a dynamic, spatially explicit modelptedict the prospects of the

species at the landscape scale under various lef/élsrbivory and random population destruction.
The results show that the landscape-level populatimamics under the present rate of herbivory are
approximately in equilibrium allowing fluctuatiorad the rate of herbivory on the order of per cent.
The extent of herbivory plays a large role in laragse-level population dynamics, especially when
combined with disturbance events. The results of nulation also revealed a higher survival
probability of large populations than that of snwaies.
Although we revealed some aspects of plant animatactions driving population dynamics of the
species, there is still room for further researtb little-known processes such pollinator behaviou
at the landscape scale or a direct influence oftgdaimal interactions on germination and seedling
performance regardless of seed mass



ABSTRAKT

Popul&ni dynamika rostlin ve spojeni s interakcemi s &icoy predstavuje nesmiénslozitou
problematiku, kterou lze malokdy shrnout v ramané studie. Ovlivéni riznych Zivotnich fazi
riznymi snéry ze stranidznych Ziv@ichu vyZzaduje sebrani velkého objemu datrekpetuje ramec
béZnéhoclanku. V dikich studiich jsem se pokusila sebrat takova dégaa oy pokryvala co nejisi
¢ast Zivotniho cyklu rostliny a zatiila se na interakce §znymi Zivatichy v dol kveteni a jejich
dusledky pro celkovou dynamiku modelového druBaorzonera hispanica na lokalni i krajinné
Skale. Spojeni dilch studii pak umoznilo celkovy pohled na siouvislosti mezi vlastnostmi
rostliny, ¢innosti Ziva@icht, a jejimi nasledky na overall plant performance.

Ve Studii 1 jsme se ve sklenikovém experimentu 2élnna faktory ovliujici kliceni, rany
rast a ezivani semert&u. Zjistili jsme lepsi kléivost i prezivani u &zSich semen a semen &8ich
populaci. Kladny vliv hmotnosti semena nistr semen&u se projevoval po dobu 2 &siai.
Vlastnosti matiskych rostlin — vySka a et kwti — nengly na kliceni, st a gezivani semertéa
zadny ptikazny vliv, gesto, Zze semetidy od riznych mateskych rostlin se liSily. Jelikoz
nejdilezitjSim faktorem ovliviujicim rist a kiteni semenka se ukazala byt hmotnost seminka,
zan®fili jsme se na ni v dalSich studiich.

Ve Studii 2 jsme terénnim pokusem zj@vali preference opylova a na zakla& srovnani
piirozere opylenych a urle doopylenych rostlin zkoumali, jestli je rostlinenitovana pylem.
Neobjevili jsme Zadny fikazny vliv opylov&i na reprodukci. Re@t, hmotnost, ani podil vyvinutych
semen nebyl zavisly ani na nawgtosti kwta, ani na unilém doopyleni. P&t a hmotnost semen
pozitivneé korelovala s vySkou mateké rostliny, ktera byla dale korelovana s pokrgtheegetace
na mikrostanovisti. Tyto vysledky ukazuji spiSe Imaitaci zdroji nez penosem pylu. Také
navstvnost opyloval nesouvisela s éiienymi vlastnostmi rostlin, ale spiSe s mikrostaggm.

Ve Studii 3 jsme sledovanim populace na lokalit kratkych intervalech zji®vali preference
herbivofii a vliv herbivorie na reprodukci rostliny. Naslime pitikazny vliv herbivorie na produkci
semen, zatimco kveteni v dalSi sezdrebo pezivani herbivorii ovlivéno neni. Kveteni v dalsi
sezor souviselo s vyskou rostliny a mikrostano#ist coz stejs jako v gedchozi studii poukazuje
na limitaci zdroji. Herbivé uprednosiiovali rostliny s ¥tSim p@tem kwtnich pupefi, bez ohledu
na vysku.

Ve Studii 4 jsme pouzili dynamicky, prostoréexplicitni model k odhadu budoucich vyhlidek
populaci modelového druhu na krajinné aroviii iizné mie herbivorie. Vysledky ukazaly, Ze
sowasny stav populaci sfipzenou mirou herbivorie je zhruba v rovnovaze.lig&mi miry
herbivorie vSak hraje v krajinné popétd dynamice druhu idezitou roli, zejména v kombinaci
s nahodnymi disturbancemi. Model také ukazal vggavdpodobnost feziti wtSich populaci.
PrestoZze jsem ve své praci rozkryla mnohé aspektyakci s Zivéichy a jejich vlivu na populani
dynamiku druhu, péd Zistavarada neprozkoumanych proégako nagiklad chovani opylovai na
krajinném ngtitku nebo pimy vliv interakci s Ziveichy na klteni a tist rotliny, bez ohledu na
hnotnost seminka.



UvoD

Zadna rostlina neni ostrov sam pro sebe. Osud Kazétlivé rostliny je pewhpropleten s celym
jejim biotickym a abiotickym okolim. Abychom pochlbppro¢ rostlina roste zrovna tak, jak roste, je
potreba pontit se do slozitéhoiediva vztaki s celym jejim okolim. Od prvniho okamziku, kdy na
povrch pidy dopadlo seminko. Nebo ggiduz od okamziku, kdy seminko uzralo na nigke
rostline? Co dovolilo tomu seminku uzrat, jakym nastrahaoseto odolat? A kter4 shoda nahod
zpasobila, Zze se seminko&do vyvijet? Pro zrovna tohle vagko v tomhle k¢tu bylo oplozeno a
dalo vyvinout Zivotaschopnému seminku. A co dowoldra¥ této rostlii vykvést a vyplodit
semena, ve slozitych podminkach bojefezii s konkurenty, predatory, parazity i mutugfsA tak
se kruhem ocitdme zaseézpu kliciciho seminka, u Zivotniho cyklu rostlin a jejichtarakce
s ostatnimi organismy. A kdyZz potom o krok ustougimpatime rostlinu jako saiést populace
jednoho druhu, vé&mz vSichni jedinci bojuji své drobné boje.

Text disertani prace nema ambice obsahnout celdupgdblematiky zivotniho cyklu rostlin a
jejich interakci s okolim. Na danou problematikudéeam prizmatem naSeho modelového systému.
Proto rekteré aspekty rozvedu vic a o jinych, které jsaurmas systém nepodstatné, se zminim jen ve
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v textu dostanu. Zmu totiz trochu ze Siroka a hlaynd z&atku — od seminka.

Seminko a jeho vlastnosti

Semena umaillji rostlindm realizovatizné strategieiZiti a Steni. Tyto strategie by &y vést k co
nejmensim ztratam semen a send&hdpod seleknim tlakem prosedi. U vytrvalych rostlin je navic
nutno brat v tvahu i trade-off mezi moZnostmi rejukce te’ a v budoucnu (Obeso 2002).

Semena se mohou liSit v mnoha aspektech — schogirersi, eziti v semenné bance, nebo ta
nejsnadgji metitelna —hmotnost seminka(ktera navic s atma dive zmirgnymi aspekty souvisi).
Asi nejzasadgsSim jevem spojenym s hmotnosti seminka, kde npeaituje vSeobecna shoda, je
pozitivni korelace hmotnosti s kivosti, platna jak mezidruhév(Moles & Westoby 2006), tak
v ramci druhu (Counts & Lee 1991, Castro 1999, Khetr al. 2004, Lehtila & Ehrlen 2005, Van
Molken et al. 2005, Benard & Toft 2007). Na zaklagthto pongrné dokre prostudovanych korelaci
mezi hmotnosti seminka a jeho persistenténdin nebo kiiivosti mizeme zhruba odhadovat, co se
seminkem bude. Proto pathmotnost seminka ke kbvym prongénnym g zkoumani viiva
pusobicich na rostliny a jejich dalSich konsekveAtd.krom evoluci dote zajeté strategie ireme
hledat jest dalSi hybatele variability v hmotnosti semen.

Hmotnost seminek v rdamci druhu semi na mnoha hierarchickych arovnich. Na nejhrubsim
metitku se iSi mezi jednotlivymi populacendiasto v souvislosti jejich vlastnostmi jako stantwiis
podminky, izolovanost nebo velikost populace (HeséhPaige 1995, Ouborg & Vantreuren 1995,
Munzbergova & Pléova 2010b).

Na arovni populace mohou byt rozdily mezi jedngtiine mateéskymi rostlinami (Ouborg &
Vantreuren 1995, Weiner et al. 1997, Hereford & Mchi 2005), #kdy spojené s jejich aitelnymi
vlastnostmi (nab suchou biomasou viz (Sletvold 2002).

Hmotnost seminek kolisa také v rdmci relté rostliny, & uz v pabehu ¢asu v rdmci sezony
(Cavers & Steel 1984, Wolfe 1992), \vip&éhu Zivota vytrvalé rostliny (Herrera 1991a) neb@amci
pozice na rostlid (Herrera 1991b, Diggle 1997, Ehlers 1999, Diggl®2 Buide 2004). Pro nas
systém zajimava je i heterokarpi€eledi Asteraceae (Gibson & Tomlinson 2002, De Gta2D05,
Van Molken et al. 2005, Torices & Mendez 2010).

Dale se hmotnosti semen liSi i v zavislosti nguaki situaci, ve které se rostlina pfav
nachaziExperimentalni studie ukazuji pozitivni souvislbstiotnosti semen s dostupnosti Zivin nebo
vody pro mategskou rostlinu (Gianoli 2002, Drenovsky & Richard¥08, Valencia-Diaz & Montana
2005, Breen & Richards 2008). A mohou hmotnost I&iddastnosti semen ovlivnit i interakce s
Zivocichy? Prosimgtéte dal!



Kli ¢eni

Kliceni a fist semené&i, jeho rychlost a n@asovani, je wwujici pro cely dalSi Zivot rostliny.
Rychlejsi klteni mize gedstavovat konkuréni vyhodu (Castro 2006, De Luis et al. 2008), stejn
jako wtSi velikost (Wulff 1986b, Ortmans et al. 2016) adimotnost semetiéu (Benard & Toft
2007) and mze tak ovlivnit dalSi stadia a tim i celkovou fisse(Wulff 1986a, De Luis et al. 2008,
Mercer et al. 2011, Cogoni et al. 2013). Toto awivi Zivotniho cyklu se jeStvyrazrgji projevuje u
vytrvalych nez monokarpickych rostlin (Verdu & Teset 2005). Prauyto vyhody byvaji pozitivé
korelovany s hmotnosti semen (Wulff 1986a, Benardoft 2007, Ortmans et al. 2016). To uz je
druhy padny dvod - krom souvislosti s vysSi Eivosti - pra: se seed mass zabyvat.

N¢kdy ale vySe zmiiné konkuretini vyhody s velikosti seminka nesouvisi (Castro9)99
nebo ovliauji jen kratké obdobi kieni a s dalSimiastem rostliny uz neexistujejkazna souvislost
(El-Keblawy & Lovett-Doust 1998, Meyer & Carlson@D). Struktura dalSich faktbovliviujicich
rast mladé rostliny je podobna jako u seminek: jgorozdily mezi mateskymi rostlinami & uz dané
geneticky (Lacey 1996, Weiner et al. 198@po epigenetickou cestoiep vlastnosti matky a jejiho
prostedi (Ouborg & Vantreuren 1995, Galloway 2001, dfierd & Moriuchi 2005, Latzel et al.
2009, Cendan et al. 2013); nebo zZivotni osud (Hit#ey & Lovett-Doust 1998, Steets & Ashman
2010). Stejn jako hmotnost semen, i Eéni se liSi mezi populacemi (Lamont et al. 1993 dHel &
Paige 1995, Fischer et al. 2000, Miinzbergova &Kkehea 2010a).

Pro kliceni a dalSitrst rostliny samazjme dulezity i vliv prostedi (Breen & Richards 2008,
Cogoni et al. 2013) . Zarowemisto, kde seminka vykii miZze mit pak vliv na plant-animal
interakce (Benard & Toft 2008, Cogoni et al. 20¥8}ak to, co bylo fedtim ovliviovano, nadale
ovlinuje dalSi interakce. Ale tim uZ se dostdvame di&i &apitoly Zivota rostliny.

Zivotni cyklus rostliny aneb Skepticka vsuvka

Ackoliv se ve své disertai praci snazim ti#, Ze mezi vykléenim semerku a vykvetenim
dosglé rostliny se nic nege, opak je pravdou. Ve skuteosti jsou samadejme déje v jednotlivych
stadiich Zivota vzajeminprovadzané. A tak napvlastnosti kvetouci rostliny @iou byt vysledkem
seleknich tlaki v n¢jakém gredchozim stadiu, jak revidoval riajkhrlén (2015) pro obdobi kveteni.
Z popula&ni biologie rostlin je znamo, Ze sensitivita jedivgth prechodi mezi Zivotnimi stadii k
zasahu zveii se liSi. Pipadna zmina gezivani v nenapadném obdobs$tu vegetativnich rostlin tak
muze mit mnohem &Si dopad na celkovy Zivotni cyklus nez redukc&ypeyprodukovanych semen
(Silvertown et al. 1993) A to se tyka jak biotickymterakci, tak i stanoviStnich naigkkteré se
mohou také v gibéhu zivota nénit.

Z vySe zmignych divodi je proto idealni ve studiich pouzivat dlouhogjdbdemograficka
data. Ja jsem nebyla schopna takova data sebravé/@raci vychazim z dlouholeté zkuSenosti s
modelovym druhem, na jejimz zakta@me vlivy v rekterych stadiich Zivota zanedbal
Dospéla rostlina a jeji vlastnosti
ProtoZze v naSem modelovém systému neni v ohleduakidi zajimava — nepozorovali jsme zZadné
interakce s zivéichy mimo dobu kveteni , podivame se blize az mege plozeni, v ramci plant life
cycle nejnapadySi. Vlastnosti kvetouci rostliny,¢asto v kombinaci s vlastnostmi jejiho
mikrostanovi®t, mohou jak pimo tak nepimo ovlivnit budoucnost potonik Nékteré z &chto
vlastnosti totiz hraji roli jako kritérium pro imkce s Zivéichy. Pro naS modelovy systém jsem
povaZovala za relevant&s kvetenj vysku rostliny apocet avelikost kvéti.

Interakce

Interakce s zZivéichy jsou nedilnou sawsti Zivota rostliny a jako takové i hejrstudovanym
fenoménem. Pro ziskani pmlomi o jejich vlivu na Zivotni cyklus rostliny jéeba podchytit co
nejvic interakci a zjistit jejich dopady a vzajemmdiviiovani. Takto komplexni studie jsou zatim
pomérné vzacné (Ehrlén et al. 2016).



Interagujici organismy fizeme klasicky roz#lit na mutualistické — sem pat nag. opylovai a
Sifi¢ci semen aantagonistické — v SirSim smyslu herbivb Tyto 2 typy interakci &kdy vytv&i na
rostlinu protictidné sele&ni tlaky (Brody 1997, Herrera et al. 2002).

Opylovaé¢i umoziuji pienos pylu a tim i @é@ni mezi nefilbuznymi rostlinami. Mezi
nepostradatelnosti a nepatinosti se rozpina cela skatdeditosti opylovau pro rostlinu. Ke snadno
sledovatelnym finosim opyleni cizim pylem pé&thlavre vy$Si mnozstvi a hmotnost semen (ale viz
Lloyd 1992, Ashman et al. 2004 pro mozny neg.vataézi p&tem a hmotnosti semen) nebo
piezivani u potomk (Colling et al. 2004b). Nedostaipklovaii, potazmo penosu pylu, zfisobuje
rostlinamlimitaci pylem (Ashman et al. 2004, Knight et al. 2005fickhy této nerovnovahy mezi
potenciadlem rostliny produkovat semena a omezenkgngsem pylu vinou nedostatku opyléira
mohou byt @zné, a vzhledem ke zmam ve struktte krajiny a i druhového zastoupeni
interagujicich Zivéichu Ize limitaci pylem v naSem systéméesdvat.

Limitace pylem niZe veést u rostlin k selekci na vlastnosti kvetedshiman et al. 2004),
protoze zvyhotluje rostliny, které viceijtahuji opylova&e (Haig & Westoby 1988). K podchyceni
takovych sele&nich tlaki musime nejtlv zjistit, jestli jsou populace limitovany pylenio se
standarda déla srovnanim firozere opylenych a urle doopylenych rostlin (Garcia & Ehrlén 2002,
Pflugshaupt et al. 2002, Andrieu et al. 2007). Délgpoteba najit souvislost mezi nagéhosti
opylovati a vlastnostmi kveteni, jako je velikost ¢k nebo ketenstvi, vySka rostliny nebo
natasovani kveteni. OvSem jako kritérium volby oplfvamiazou fungovat i vlastnosti
mikrostanovi&t (Caruso 2002, Ghazoul 2005, Torang et al. 2008)$0a2002). Protoze v naSem
modelovém systému maji opylayasvé nenahraditelné misto, je fmiia se ptat, jakou roli
v reprodukci rostliny hraji vSechny tyto aspekty.

Herbivorie ma obvykle negativni dinky na fitness rostliny (Belsky 1986, Hawkes &
Sullivan 2001, Russell et al. 2001, Maron & Cror@®@). V dolg kveteni fisobi nejvic pes
produkci semen (Augustine & Frelich 1998, Maron &@e 2006, Lin & Galloway 2009), ale
ovliviuje i prezivani dosglych rostlin (Brys et al. 2011) a prasgbdobnost kveteni (Ehrlén & Van
Groenendael 2001, Knight 2003, Ehrléen & Minzbergd089, Brys et al. 2011) a produkci semen
(Puentes & Agren 2012) v dalSi sezoRredpokladame, Ze mohou ovlivnit i vliastnosti senadw jje
pramérna hmotnost (Meyer 2000, Pilson & Decker 2002)onkliivost (Aikens & Roach 2015).

V naSem systémuiighazeji z Sirokého spektra herbitov Uvahu pouze velci herbikip
ukusujici pednosti kvetouci rostliny (Augustine & Frelich 1998, Boe§eMarquis 2005, Lin &
Galloway 2009, Davalos et al. 2014)asto si vybiraji podle podle vlastnosti rostlin apn vysky
(Freeman et al. 2003, Koh et al. 2010, Fujita & K@D15, Prendeville et al. 2015) nebdtpkweta
(Ehrlén 1997, Gomez 2005).

Ackoliv patfi mezi nejzkoumat)Si hybatele Zivotniho cyklu rostlin (Ehrlén et aD16), ve
studiu vlivii herbivorie se najde i¢kolik mezer v naSich dosavadnich znalostech. Jedniich je
studium detailnich aspeakherbivorie, jako je fesné n&asovani nebo mira poskozeni a jejich vlivu
na rostlinu. Malo studii se také zabyva propojetoho vieho: preference herbiipmiry herbivorie
a jejim &inkem zarové. Prag toto propojeni je fitom klicové pro pochopeni role vzajeinse
ovlivaujicich vlastnosti kvetoucich rostlin a interagigjiczivatichu.

Vlastnosti kveteni jsou s reproditkm usgchem rostliny spojenyipmo i negimo (Obeso
2002), na jedné stranako korelat dostupnosti zdfop ges interakce s ziwichy na druhé stran
Jak uz bylareceno, interakce s Ziwichy mohou ovlivnit i viastnosti semen a reprodikvlastnosti
rostliny do dalSich let. Tim navazujeme zase zpatyvodni problematiku vztahu mezi niak®u
rostlinou a jejimi seminky a semeRg.

Krajinné m éritko, populace a jejich vlastnosti

Sit' vztahi, pricin a nasledi v rdmci lokality a kratkéh@asoveho Useku je velmi slozita. Ale ani
lokalita nebyva ostrovem, ale s@sti metapopulace (Freckleton & Watkinson 2002).dbkledky
interakci se méa proto pohlizet i na SirSirritku.



Jako jednotlivé rostliny, i populace maji svoje rethkderistiky. Pro nasS systém jsou z hlediska
interakci s Ziveichy a ovlivreni prospivani a produkce rostlin podstatné zejnmétiiost populace
avlastnosti stanovist jako jeho vhodnost pro dany druh, vegefgpokryv nebo poloha v kragn

ProtoZe jednotlivé populace seéehto vliastnostech lisi, je lepSi nezakladat stpdiize na
znalosti jedné populace. Zkoumartsiho p@tu populaci po delsfasovy Usek je jednou z dalSich
mezer ve studiich o hybatelich poguiademografie rostlin (Ehrlén et al. 2016). Struftlurajiny se
v poslednich letech &ni, stejié jako pa@ty herbivofi. Nicmérg, u druhi, které na zrny krajiny
reaguji pomalu, se tyto Zmy nemusi na jejich populai dynamice fimo projevovat . NlZou vSak
hrat vyznamnou roli v kombinaci s faktory owliyjicimi popul&ni dynamiku na malém &itku.
Krajinny pohled na interakce takire poznatky ziskané detailnim studiem populacediada
SirSiho kontextu a umoznit Iépe uchopit jejich vgampro dynamiku celého druhu.

Modelovy systém
Jako modelovy druh pro studii jsme vybrali vytrualoostlinu suchych travnik - hadi mord
Sparglsky - Scorzonera hispanica L. (Asteraceae). Druh je povaZovan za samospragieyneni
schopen samoopyleni bezasti opylovaa (Banga 1961, Miinzbergova & Rkova 2010b).

Kvetouci lodyhy hadiho mordu jsou na lokalitachridajkusovany sparkatou &t (Hemrova
et al. 2012). Zadny jiny typ herbivorie vimzeném prosedi jsme nepozorovali. Populace ale
mohou byt nieny grerytim divokymi prasaty,igoranim nebo stavbou solarnich elektraren. Detailni
popis populaci viz Munzbergové (2006).

Druh se na studovaném Uzemi vyskytuje nagagmezenych plochach.i€sto, Ze je u nas
povazovan za ohrozeny, na studovaném Uzemi - sh¢h§enicich svazu Bromion na Lit@iicku -
je pontrné hojny. &tSina lokalit je neobhospottavana a travniky zéstaji devinami. Detailni
popis studovaného Uzemi viz (Chylova & Miinzbergp0@as).

CILE

Cilem prace bylo prostudovaniéitztahi mezi modelovym druhem a interagujicimi ety jak
na lokalnim, tak i krajinném #&itku, a definovat jejich vliv na Zivot rostlin odykliceni az po
reprodukci.

Hlavni otazky stoji takto: (1) Jakou roli pro ddhi a fist semen&i hraji vlastnosti seminek,
matdskych rostlin a populaci? (2) Které interakce ®&ishy jsou pro rostlinu relevantni a jak
ovliviuji jeji okamzitou a budouci reprodukci? (3) Podého si ziva@ichové vybiraji konkrétni
rostliny pro své zamy? (4) Jaké jsou vyhlidky populaci hadiho mordsowasné krajig a jak
muzou byt ovlivrény ¢innosti herbivoir?

SEZNAM A POPIS DiL CiCH PRACI

VlIiv hmotnosti semene a velikosti populace na Kiéni druhu Scorzonera hispanica
Studovali jsme kliivost seminek a vyvoj semefkd v zavislosti na vlastnostech seminka, rfeké
rostliny a populace. Srovhanim seméanych hmotnosti, odiznych matéskych rostlin z skolika
populaci ve studovaném Uzemi a z nich pochazejssntenéku ve sklenikovém pokusu jsme &lt
pozorovat tyto 3 vlivy navzajem oélér¢. Data jsme analyzovali pomoci mixed effects madel
NejvyznamujSi faktor ovliviiujici kliceni a fist semeng&i byla hmotnost semen.¢Zsi
semena rda vysSi ki€ivost, usgsSnost peziti, a semeri&y z ttchto semen byly &Si (tento efekt
pietrval po 2 nisice) a vice z nichipZilo po dobu 6 ®siai.
Dale jsme vySSi kiivost a ezivani semerliia pozorovali u semen zétSich populaci.
Nicmére ani sodasnd, ani fiv¢jSi studie na modelovém druhu nepotvrdily souvisheslikosti
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populace s genetickou diverzitou nebo jinymi biofimi ¢i abiotickymi faktory, ¥etrg interakci
s zivaichy.

Presto, Ze seist semengi se mezi jednotlivymi maiskymi rostlinami liSily, tento jev se
nepodéilo vyswétlit meérenymi vlastnostmi rostlin (vySkou ani giem kwta).

Limitace prenosem pylu a preference opylovd u druhu Scorzonera hispanica

Na jedné modelové lokatitisme zji§ovali, jestli je produkce semen limitovanégeposem pylu a
podle jakych vlastnosti kvetouci rostliny (vySkaaget kwta) ¢i jejiho mikrostanovist si opylovai
vybiraji. Limitaci pylem jsme sledovali na zakéestovnani urdle doopylenych rostlin s kontrolnimi,
piirozere opylenymi ve dvou po seébjdoucich cyklech. Zarowejsme utili druhy opylovaa na
lokalité. Pomoci path-analyz jsme zjgvali vzajemné souvislosti mezi vlastnostmi rostlin
mikrostanovi&, navsévnosti opylovéa a produkci semen.

Opylovai se @i vybéru vice fidili mikrostanovis¢ém rostliny, nez jejimi vlastnostmi.
Preferovali osamocené rostliny (s nizSinttee kvetoucich ,sousét) v blizkosti stromi. V prvnim
cyklu jsme pozorovali 2x vySSi nawghost opylovaid. | pres velky pdet nevyvinutych semen
v kvétech se ndm rimim doopylenim nepodigo prokazat limitaci pylem. Produkce semen &iln
pozitivné korelovala s vySkou a ptem kwta rostliny, jako je vySka a get kwta. Tyto vlastnosti
zase korelovaly s vegeét@m pokryvem na mikrostanovisti, coZ ukazuje s@dimitaci dostupnosti
zdroja, nez genosem pylu. Rmérna hmotnost semen nebyla ovima Zadnou ze zkoumanych
promennych.

Vliv velkych herbivor @ na reprodukci druhu Scorzonera hispanica

Podobnym zfisobem jako v fedchozi studii jsme sledovali vlivy a preferencékyeh herbivo.
Pomoci pravidelného &eni v 1-tydennich intervalech jsme monitorovakgmé n&sovani a miru
poSkozeni herbivorem. Pomoci path-analyz jsme pe¥orali vztah mezi vlastnostmi rostlin,
vybérem herbivol v¢. miry a ngasovani atrznymi aspekty reprodukce.

Herbivai konzistent® uprednosiiovali rostliny v hustSi vegetaci a s vySSinttem kwtnich
pupeni, zatimco vySka rostlin nefla prikazny vliv. Herbivorie Bkolikanasob#s snizila produkci
semen u ukousnutych rostlin oproti netknutym. KmétedalSi sezGnhnebylo incidenci herbivorie
ovlivnéno (coz bylo v souladu se srovnanitfirgzere okusovanych a klecemi chrémych rostlin
v posledni studii), ale souviselo staaovanim a mirou posSkozeni. Rostliny, které bylguskuté
diive a \tSi proporce, rély vysSi pravdpodobnost kveteni v dalSim roce.

NejvyznamijSim faktorem ovliviujicim kveteni v dalSim roce vSak nebyla herbivoeake
vySka lodyhy na zgtku sezony, korelovana s veggtin pokryvem mikrostanovi&t Souvislost
pocateini vysky lodyhy s p&tem semen nebyla {kaznd, na rozdil od vysletikv Chapter 2, kde
jsme vSak analyzovali jen neukousané rostliny. Yikwvbivorie tedy tuto souvislost zjevrusi, i kdyz
vySka rostliny pitkazre neovlivnila preference herbivir

Experimenty v prvni a druhé studii byly zajimairé,tZe sledovaly pouze neukousané rostliny,
piicemz zjiStn& mira herbivorie n&fg vSemi populacemi postihuje kolem 60 % kvetoucédtirjai.
(Studie 4). \étSina rostlin — d&ch okousanych — tedy hraje podle jinych pravideatizico
v neokousaném souboru ve 2. studitgtovyvinutych semen pkazreé koreloval s vyskou rostliny,
pii pfirozené mie herbivorie (viz studie 3) uz se tato souvislosid.

Vliv velkych herbivor @ na krajinnou dynamiku vytrvalé rostliny

Modelovali jsme dinky herbivorie a filezitostnych disturbanci populaci modelového drutau
krajinné arovni, pouzivSe dynamicky, prostotosxplicitni model.Model vychazel z informaci o
rozmiséni lokalit vhodnych pro druh ve studovaném uzerkiy@nich velkosti populaci druhu na
jejich stanovistich, zjsobu Sieni a lokalni populmi dynamiky. Lokalni poputai dynamiku jsme
modelovali na zakladprechodovych poputaich matic, kde jsme manipulovaligthody ovliviené
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herbivorii. Bi manipulaci jsme vychazeli ze srovnani reprodukak¢ okusovanych a kontrolnich
(zaklecovanych) rostlin. Rozdily mezi nimi $pealy hlavre v produkci semen Rozdily sgigaly ve
snizené produkci semen a sniZzené wovbgetativnich ramet u ukousanych jedinSimulace
piedpovidaly vyhlidky populaci v nasledujicich 30etdt i rizné mie herbivorie a tznych
frekvencich disturbanci.

Pfes vysokou firozenou miru herbivorie je krajinna popéhé dynamika druhu iiblizné
v rovnovaze. Narust nebo snizeni herbivorie o 202by vedlo k rapidnimu snizeni, resp. expanzi
populaci. Efekt vymirani populaci je mnohem &#npxi zaclenéni ¢astych disturbanci. @odem je
pravdEpodobrt to, Ze herbivorie ovliwuje jen okrajo¢ nebo vibec gezivani rostlin — vyznamné to
faze Zivotniho cyklu ve stabilnich podminkach. Dibance ale mohou tyto radikalmenit
dulezitost jednotlivych fazi pro celkovou fitness ttws Herbivorii snizena produkce semen tak
muze znesnadnit regeneraci populace fipguné destrukci.

Z hlediska krajinné dynamiky druhu takige mit okusovani velkymi herbivory na budouci
vyhlidky druhu dramaticky vliv, ktery bychom nembotietekovat pouze na zakkasdtudie lokalni
populani dynamiky jedné neboskolika malo populaci.



INTRODUCTION

Plant-animal interactions in the population dynamic of Scorzonera hispanica

No plant is an island, entire of it selfe. The dgstof each plant is tightly linked with its entire
environment. To understand why a plant grows thg waloes, it is necessary to delve into the
complex web of relationships with the entire enmim@ent from the moment the seed fell on to the
surface of the soil, or better, from the momeftas matured on the mother plant. Why did that very
egg get fertilized and give rise to a viable seathat allowed it to develop and mature? What
hardships did it have to endure? How was this ygant able to flower and produce seeds under
pressure from competitors, predators, parasitesemeth mutualists? This brings us back to the
germinating seed, the plant life cycle and inteosst between plants and other organisms. We must
take a step back to view the plant as a comporfempopulation, in which all individuals fight thiei
own little battles.

The following text does not aspire to cover thererbreadth of the topics of the plant life cycle
and plant-animal interactions. As | am lookingragrh through the prism of my model system, | will
cover some of their aspects in more depth tharr®that are not as important. The main topic of thi
thesis are plant-animal interactions, but it vaké me quite a while to get to it, as | have tot $tam
a general perspective and, more importantly, froenlteginning — the seed.

The seed and its properties

The seed is where everything starts. Different tglamave different strategies for survival and
dispersal. These strategies come as a responskettian pressures and lead to the least possibée |
to the seed set and during consequent seedlingrggrom. In polycarpic plants, it is also necessary
to consider the trade-off between current and &taproductive output (Obeso 2002).

Seeds can differ in numerous aspects such asrsigprits, persistence or the one that is the
most easy to measure seed mass (which is

also associated with dispersal and persistenodaBly the most fundamental, and generally
acknowledged, phenomenon related to seed masse @o#itive relationship between seed mass and
the rate of germination, which applies both betwgeand within species (Counts & Lee 1991, Castro
1999, Khera et al. 2004, Lehtila & Ehrlen 2005, Walken et al. 2005, Benard & Toft 2007). On
the basis of all these well studied correlationsvben the seed mass and its persistence, disgersal
germination we are able to approximately guess witilahappen to the seed. Seed mass is therefore
one of the key variables used when studying howowuarfactors affect plants. But besides strategies
that are well tested by evolution, there are suoéher drivers of seed mass variability that deseov
be looked into.

Seed mass varies at many hierarchical levelsh®gdarsest scale, studies deal with variability
among populations. Variability in seed weight amgugulations may be a result of differences in
habitat conditions such as habitat productivitypydation size or isolation of populations (Heschel
& Paige 1995, Ouborg & Vantreuren 1995, Minzberg&\ackova 2010a).

At the within-population level, differences in seagight may be caused by differences
between individual mother plants . This variatisroften related to the traits of the mother plang.(
depending on maternal plant biomass in Sletvol®p00

Seed weight can vary within a single plant overdburse of the season as well as over the life
of the plant in polycarpic perennials (Herrera 1891t also depends on the position of the seed on
the plant (Herrera 1991b, Diggle 1997, Ehlers 1#88gle 2003, Buide 2004). Within the subfamily
Cichorioideae of the family Asteraceae, heterocaspy known phenomenon (Gibson & Tomlinson
2002, De Clavijo 2005, Van Molken et al. 2005, Tes & Mendez 2010).

Seed mass variability, of course, also respomdshé current situation the plant is in.
Experimental studies have revealed a positive adiore betweerseed mass and the resource or
water status of the maternal plant . The quest&omains whether seed mass and other properties of
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seeds have any influence on plant-animal interasti®o please bear with me, | have yet to develop
my story.

Germination

Seedling establishment, its rate and timing deteenthe entire remaining life of the plant. More
rapid germination can bring a competitive advant@gastro 2006, De Luis et al. 2008), as is also
true in the case of larger leaf area (Wulff 198Bkimans et al. 2016), and seedling weight (Benard &
Toft 2007) can have an impact on later life stagéfecting overall fithess (Wulff 1986a, De Luis et
al. 2008, Mercer et al. 2011, Cogoni et al. 2011B)s these beneficial traits that tend to be posly
correlated with seed mass (Wulff 1986a, Benard & Z607, Ortmans et al. 2016). And this is the
second good reason — besides the connection vgtiehgermination rates — why to pay attention to
seed mass.

Sometimes, however, the competitive advantagesnedtlabove are not related to seed size
(Castro 1999) or affect only the short germinatstéige without a clear connection with the future
growth of the plant (El-Keblawy & Lovett-Doust 1998eyer & Carlson 2001). The structure of the
other factors affecting germination is similar likkee drivers of seed mass — it differs among
populations ( Lamont et al. 1993, Heschel & Pai§@®51 Fischer et al. 2000, Miinzbergova &
Platkova 2010b), maternal plants both determined geailt or by other, possibly epigenetic,
maternal effects related to conditions of the mothlant’'s microhabitat (Ouborg and Vantreuren
1995; Hereford and Moriuchi 2005; Lacey 1996; GaHdy 2001; Cendan 2013) or to what happened
to it during its life (El-Keblawy & Lovett-Doust B8, Steets & Ashman 2010 ).

There is, of course, one additional factor thabisicantly affects seedling establishment — the
environment (Breen & Richards 2008, Cogoni et 8lL3). At the same time, even the place where
seeds germinate can influence plant-animal intenast(Benard & Toft 2008, Cogoni et al. 2013 ).
And so, what was once influenced by various factanstinues to affect further interactions. This,
however, takes us to the next chapter in the fithe plant.

The plant life cycle and demography: a sceptical terlude

Although in the present theses | am trying to preétehat nothing happens between seedling
germination and plant maturity, the opposite i tim fact, processes taking place in individufali
cycle stages are, of course, interconnected. S@xample, plant flowering traits can be a resiilt o
selection pressures in some previous life stage flowering phenology rewiewed in Ehrlen 2015).

As we know from plant population biology, the systdality to external stress differs among
the single life-stages. Altered survival during theonspicuous stages of vegetative growth can thus
have a much larger effect on the whole life cydi@ @erennial plant than reduced seed production
(Silwertown 1993).

For the reasons outlined above, it is ideal tolaeg-term demographic data. Unfortunately, |
myself was unable to collect such data, but lomgrtexperience with the model species allowed me
to neglect the effects of certain life-stages. Ofirse, they might still play a role, but more data
would be necessary examine it closely.

The adult plant and its flowering traits

Our model system does not consider this stageestiag with regard to interactions, as we did not
observe any plant-animal interactions outside anghéet us look closer at the flowering and fruit-
bearing period, the most conspicuous of the plénti/cle.

The flowering traits in connection with the micnbes characteristics are connected both
directly and indirectly with the offspring performze. Some of them can play an important role as a
criterion for plant-animal interactions. The tralitam interested in were flowering phenology, plant
height and size and number of flowerheads.
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Interactions

Plant-animal interactions are an integral parteflife of each plant as well as an extensivelgistl
phenomenon. To gain insight into their effect oa gtant life cycle, it is necessary to capture and
examine as many interactions as possible. Compledies are still relatively rare (Ehrlén et al.
2016).

Interactions between organisms are either muti@(isa. involving pollinators or dispersers)
or antagonistic (e.g. involving herbivores in thelevsense). These two kinds of interactions exert
conflicting selective pressures (Brody 1997, Herretral. 2002)

Pollinators facilitate pollen transport and thereby mating kesw outbreeding plants. For self-
incompatible species, they are indispensable, vwdalecompatible species do not depend on them.
Between these extremes is a whole spectrum of hgeortant pollinators are to plants. One of the
most easily observable benefits of cross-pollimateoa larger seed set and greater seed mass (Lloyd
1992, but see Ashman 2004 for a possible negatitrelation between the number of seeds and seed
mass ) or the survival of offspring (Colling et28l04b). Lack of pollinators and pollen transport
causegollen limitation in plants (reviewed in Ashman et al. 2004; Knighal. 2005). The causes
of this imbalance between the potential of plaotgroduce seeds and limited pollen transport caused
by a lack of pollinators can differ. Considering tlecent changes of the landscape, climate andtinse
species composition, we expected to find pollentéition in our model system.

Pollen limitation can lead to selection for flotedits (Ashman et al. 2004) because it gives an
advantage to plants bearing traits that enhandmatar attraction (Haig & Westoby 1988). To detect
such selection pressures, it is first necessafintbout whether populations are pollen-limited.isrh
is usually achieved by comparing open-pollinated supplement-pollinated plants (Garcia & Ehrlén
2002, Pflugshaupt et al. 2002, Andrieu et al. 2D07t is also necessary to look for connections
between pollinator abundance and plant floweriragtdrsuch as flower display, plant height or
flowering phenology. However, conditions of the roltabitat may also work as selection criteria for
pollinators (Caruso 2002, Ghazoul 2005, Torang let2806 ) Because pollinators play an
irreplaceable role in our model system, it is neaggto ask what roles all these aspects playantpl
reproduction.

Herbivory usually adversely affects plant performance (Bel$R86, Hawkes & Sullivan
2001, Russell et al. 2001, Maron & Crone 2006)amthesis, it has the strongest direct effect on
fitness via the seed set (Augustine & Frelich 19@8ron & Crone 2006, Lin & Galloway 2009), but
it also affects the survival of adult plants (Bmetsal. 2011), flowering probability (Ehrlén & Van
Groenendael 2001, Knight 2003, Ehrlén & Minzberg@d9, Brys et al. 2011 ) and seed
production in the following season (Puentes & Ag&i2 ). We assume that they can also affect
seed properties such as mean seed mass (Meyer R, & Decker 2002 ) or germinability
(Aikens & Roach 2015).

There are several types of herbivory, however|dlge herbivores are the only relevant for our
model system.Browsers preferentially feed on flomgeplants (Augustine & Frelich 1998, Boege &
Marquis 2005, Lin & Galloway 2009, Davalos et ab12 ). They can choose depending on plant
traits such as plant height (Freeman et al. 20@® &t al. 2010, Fujita & Koda 2015, Prendeville et
al. 2015 ) or number of flowers (Ehrlén 1997, Gor2ea5s).

Although herbivory is one of the most studied drs/ of the plant life cycle (Ehrlén et al.
2016), there are still notable knowledge gaps & gtudy of its effects. One of them concerns the
detailed aspects of herbivory such as the timingher rate of damage and the effect on plant
performance. Few studies have also attempted tk &ioherbivore preferences, the extent of
herbivory and its effects on plant performance tioge Yet this very connection is crucial for bette
understanding the role of plant flowering traitsdaplant-animal interactions, which mutually
influence each other.

Flowering traits are related to reproduction sgedmoth directly and indirectly (Obeso 2002) as
a proxy of resource limitation on the one hand @adanimal-plant interactions on the other. As said
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above, plant-animal interactions can also affeetlggroperties and plant reproductive traits foryea
to come. This brings us back to the relationshigvben the maternal plant, seed traits and seedling
performance.

Populations and their properties at the landscapecsile

The network of relationships, causes and effecthimvia locality, even over a short time frame, is
exceedingly complex. Not even a locality is anndlabut part of a metapopulation (Freckleton &
Watkinson 2002 ).

Just like individual plants, populations have thmivn characteristics, to@hose relevant for
our model system in the view of plant-animal intéi@s arepopulation size and thesite
characteristics(e.g habitat suitability, vegetation cover or itsation within the landscape).

Because the individual populations can differ ias aspects it is better not to base a study
merely on knowledge of one population. The numiepapulations and the length of the study
period are additional shortcomings of studies dfeds of plant demography (Ehrlén et al. 2016).
The structure of the landscape has been changiregémt years, as has the abundance of herbivores.
However, for species that respond slowly to landeczhange , changes in landscape structure may
not be the most important factor influencing speaiynamics. They can, however, also play a
significant role when combined with factors thateef local populations in the short term. The
landscape perspective of interactions can thusinings obtained by studying populations in detail
into a wider context and help better grasp thepanance for the dynamics of the whole species.

Model system

As the model species for our study, we selectedptitgcarpic perennial grassland he&dmrzonera
hispanica L. (Asteraceae). The species can thus be clagsafeself-compatible but not capable of
spontaneous selfing, so a pollinator is neededl inages (Banga 1961; Minzbergova & dRtava
2010).

Flowering stalks ofS. hispanica are often browsed by ungulates (Hemrova et all2R0ONo
other type of herbivory has been observed. We lada@ observed the destruction of habitatsS.of
hispanica within the study region, primarily due to plougbinthe construction of solar power
stations and rooting by wild boai=or detailed information on the populations undedg, see Table
1 in Munzbergova (2006).

In the area, the species occurs on clearly delthptdches.

Although S hispanica is considered endangered in the Czech Repubigsttll common in the
study area of dry grasslands in northern BohemiastMf the localities are now abandoned, covered
with a mosaic of grasslands and expanding shruthsraas (Chylova & Miinzbergova 2008 ).

AIMS

The aim of this thesis was to explore the netwdrlromal-plant interactions both at the local and
landscape scale, and to define its effects on glarfbrmance from the seed to reproduction. My
main questions were: (1) What is the role of mothmpulations, mother plants and seed traits in the
germination and growth of offspring? (2) Which glamimal interactions are relevant and how do
they affect present and future reproductionSohispanica? (3) How is the choice of interacting
animals related to individual plant traits? (4) Wlae the future prospects 8f hispanica in the
current landscape, and how are they likely to bectdd by herbivory?
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LIST OF THE STUDIES

Cervenkova Z & Miinzbergova Zranuscript. Seed mass and population size affect germination
and seedling performance irScorzonera hispanica.

We studied how properties of the seed, the motlaait and the mother population affect germination
and subsequent plant performance. By comparingssekdifferent weights and seedlings coming
from these seeds from different mother plants gngwn several populations within the study area,
we aimed to observe these three influences sepaiata greenhouse experiment. The data were
analyzed using the mixed effect models.

The most important factor affecting seedling perfance was seed weight. Heavier seeds had
a higher germination rate, seedling survival witeix months, and the seedlings that emerged from
these seeds were larger. This influence was ohlislerf@ two months.

We also observed a higher germination rate andlisgedurvival in seeds from larger
populations. Neither this or our previous studywbaeer, confirmed a connection between population
size and genetic diversity or any other biotic bioic factor such as habitat suitability or plant-
animal interactions.

Even though seedling performance differed betwadividual mother plants, this effect, could
not be explained by mother plant traits (height tiomter number).

Seed weight was not provably influenced by anyhefpgopulation or mother plant traits under
study, and none of the factors we studied had mmyficant effect on the time to germination.

Cervenkova Z & Miinzbergova Z. 2014Rollen limitation and pollinator preferences in
Scorzonera hispanica. Plant biology 16(5): 967-972

We examined at the model locality whett&rispanica suffers from pollen limitation and which
flowering traits and environmental variables pdtiors base their choice on. We assessed pollen
limitation by comparing the seed set of supplenignpollinated plants with that of open-pollinated
ones in two consecutive experimental runs. At tmestime, we identified all floral visitors at the
model locality. Using path analyses, we attemptedntravel the interconnections between properties
of plants, the microhabitat and pollinator visibatirates.

Pollinator choice was governed more by the mictessof plants than their flowering traits.
Pollinators preferred solitary plants (with a smalhumber of co-flowering neighbours) in the
vicinity of trees. During the first experimentalntuwe observed two-fold greater visitation rates.
Despite the large number of undeveloped seeds,ewe unable to prove pollen limitation by manual
supplemental pollination. Instead, the seed setvegight of seeds were correlated with plant size
traits (height and flowerhead number), as largeangsl produced more seeds with a higher
viable/aborted seed ratio. These traits were idstearelated with micro-site characteristics sush a
the cover of woody species in the vegetation. Bhiggests that the plants under study were likely
resource-limited. Mean seed mass per plant wasetaied to any of the variables studied.

Cervenkovéa Z & Miinzbergova Fnanuscript. Effect of ungulate herbivory on reproduction of
Scorzonera hispanica

We monitored the effects and preferences of ungtlateivores at the same model locality like in
the previous study. By taking regular measuremeéumtsig weekly censuses, we monitored the exact
timing and extent of herbivore damage. Using patiyses, we then assessed the effects of plant
flowering traits, herbivore choice and intensityhefrbivory on various aspects of plant reprodunctio

Herbivores consistently preferred plants growingdenser vegetation and with a greater
number of flower buds. Plant height was not a $icgmt factor. The impact of herbivory on seed
production was quite high; browsed plants prodwusmceral-fold fewer seeds than untouched plants.
Flowering in the following season was not affedbdgcherbivory as a factor (which is in line with the
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results of comparing browsed and caged plants ep@h 4), but instead with the timing and extent
of browsing. Plants that were browsed earlier amatemseverely had a higher probability of
flowering in the following season.

However, the most important factor affecting thelability of flowering in the following
season was not herbivory, but initial stalk heig¥tjch was correlated with site characteristiche- t
vegetation cover. The connection between initialksheight and seed number was never significant,
in contrast to the results presented in Chapteih2re we, however, analysed only untouched plants.
The influence of herbivory therefore obviously calsahis relationship, even though plant height did
not demonstrably affect herbivore choice.

Experiments described in Chapters 1 and 2 weregestiag in that they dealt only with
unbrowsed plants whereas herbivory affected arod@d% of flowering individuals across all
populations (Chapter 4). Most plants that fall mcto herbivores therefore seem to play according t
different rules. While in the intact set of plarftem Chapter 2, the number of developed seeds
significantly correlated with plant height, undeatural herbivore pressure, this connection
disappeared.

Hemrova L, Cervenkova Z, Miinzbergova Z. 201Zhe effects of large herbivores on the
landscape dynamics of a perennial herbAnnals of Botany 110:1411-1421
We modelled the effects of herbivognd occasional destruction of species’ populatianshe
landscape-level using a dynamic, spatially exptiwitdel. The model was based on information about
the locations of patches suitable farhispanica within the study area, initial population sizese t
dispersal rate of the species and local populatisramics. We modelled local population dynamics
using transition matrices and manipulated transstjoincluding the impact of herbivores. We
manipulated these transitions based on a compaatdhe reproduction of browsed and control
(caged) flowering plants. These differences resioedlecreased seed production and decreased
production of clonal vegetative ramets in browsedlividuals. Simulations were performed
pertaining to the prospects 8f hispanica over the next 30 years under different rates obikery
(browsing intensity) and varying frequencies of plaion destruction (e.g. by human activity).

Although a high rate of herbivory was detected wstrpopulations o. hispanica,

the landscape-level dynamics &fhispanica were approximately in equilibrium. Any decline
or increase of over 20% in the rate of herbivorysealS. hispanica to rapidly expand or decline,
respectively. This effect was much stronger ingresence of population

destruction. The probable reason is that herbivamly marginally affects the survival of
vegetative plants and seedlings — important tremstin the plant life cycle under stable condision
Disturbances, however, can radically alter thesdgritutions to changes in total fithess. Decreased
seed production due to herbivory can thus com@idhe regeneration of a population after its
destruction.

Therefore, from the perspective of the species’adyies in the landscape, browsing by
ungulate herbivores can have a dramatic effectofuture prospects that would be impossible to
predict by studying local dynamics in one or a fepulations.
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