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ABSTRAKT
Ke spravnému zhodnoceni stavu vzacnych druhti je nutné nejprve porozumeét faktoriim které

ovliviyji velikost populaci a jejich pocet. V této préaci jsem studovala procesy pusobici na
urovni populaci jednotlivych druhii (¢lanek 1), faktory ovlivitujici rozsifeni druhli v krajiné a
schopnost obsazeni novych stanovist’ (Clanek 2) a vlastnosti druhti zodpovédné za genovy tok
mezi existujicimi populacemi (¢lanek 3). Jelikoz pracuji se vzacnymi druhy, soustfedila jsem
se také na pfevedeni védeckych teoretickych poznatkli do praxe ochrany pfirody (clanek 4),
abych tak napomohla efektivni druhové ochrané.

V prvnich 3 ¢lancich jsem pracovala se 2 vzacnymi druhy kapradin vazanymi striktné
na hadcové skalky, Asplenium adulterinum a A. cuneifolium, v modelovém tizemi o velikosti
10 x 10 km. Zjistila jsem, Ze oba druhy jsou dlouhoveké (n¢kolik desitek let) a ve studovaném
regionu jsou populace v dobrém stavu a mirn€ rostou. Dokonce velmi malé populace (ca 10
jedincti) maji relativné dobrou Sanci piezit (¢lanek 1). U obou druhti jsem zjistila, Ze jsou ve
svém rozsifeni omezeny schopnosti Sifeni, coZ mize byt u kapradin prekvapivé (Clanek 2).
Studované druhy se li§i ploidni Grovni a tudiz také systémem reprodukce. A. adulterinum je
allotetraploid jeho hlavnim systémem reprodukce je vnitrogametofytické samooplozeni.
A.cuniefolium je diploid a preferuje mezigametofytické oplozeni (Clanek 3). Systém
reprodukce ovliviiuje schopnost kolonizovat novad stanovist¢ — vnitrogametofytické
samooplozeni je vyhodné pro koloniza¢ni schopnost, protoZze umoziiuje kolonizaci jednou
sporou (¢lanek 2). Vysledkem je rychlejsi metapopulac¢ni dynamika samooplozujiciho druhu
A. adulterinum. U A. cuneifolium, u kterého prevazuje mezigametofytick¢é oplozeni, je
efektivnési genovy tok mezi existujicimi populacemi.

Oba druhy kapradin jsou vzicné, ale nejsou ohrozené v ramci studovaného uzemi,
proto nebylo tfeba pievadét teoretické védecké poznatky do praxe ochrany ptirody. To jsem
provedla na jiném druhu, Gentianella praecox subsp. bohemica, endemickém druhu
poloptirozenych travnikl stfedni Evropy. Pocet a poetnost populaci tohoto druhu jiz delsi
dobu rychle klesa vlivem zmén obhospodarovani krajiny. Obhospodafovani polopfirozenych
travnikl je pro preziti tohoto druhu naprosto kli¢ové. Dokonce i velmi malé populace (10
kvetoucich jedincti) jsou schopné prezit. Klimatické zmény (simulované jako zvysujici se
frekvence extrémné suchych let) budou mit relativné maly vliv na pteziti populaci. Na druhou
stranu, neobhospodafované populace nejsou schopné z dlouhodobého hlediska prezit. Témer
vymfielé populace je mozné obnovit ze semenné banky zavedenim managementu. Vysledky

studie byly za¢lenény do zachranného planu pro tento druh v Ceské Republice.



Dynamics of rare and threatened species on local and regional scale — from theory to practice
Anna Lampei Bucharova

ABSTRACT
To assess the status of a rare plant species, we must first understand the factors that affect the

size of populations and their numbers. In this thesis, I study processes affecting plant species
prosperity on local scale (paper 1), factors influencing species distribution in landscape and
ability of species to colonize new habitats (paper 2) and species traits responsible for gene
flow between established populations (paper 3). Since I work with rare plants, I also aim to
turn theoretical knowledge into practical recommendations for nature conservation (paper 4)
to help effectively preserve rare and endangered species.

In the first 3 papers, I work with two rare fern species restricted to serpentine rocks,
Asplenium adulterinum and A. cuneifolium, in a study system covering 10 x 10 km. I found
that both species are long living (several decades) and in the study region, populations are in a
good state and slowly growing. Even very small populations (10 individuals) have quite high
chance to survive. In both fern species, I found dispersal limitation, which might be surprising
regarding huge production of small spores in ferns (paper 2). The species differ in ploidy and
thus, also mating system. A. adulterinum is tetraploid and its main breeding system is
intragametophytic selfing. 4. cuneifolium is diploid and is mainly outcrossing (paper 3). The
breeding system has vast influence on colonization ability — the selfing species is better
colonist of empty habitats, since it is able of single spore colonization (paper 2), resulting into
faster metapopulation dynamics in this species. In the outcrossing species, there is more
effective gene flow between already established populations (paper 3).

The two fern species are rare, but since they are not endangered within the study
region, there was no need to transfer theoretical knowledge to the conservation practice. This
I performed on another species, Gentianella praecox subsp. bohemica, endemic species of
Central European seminatural grasslands with rapidly declining number of populations due to
the management change. I carried out population viability analysis using matrix model. |
found that management of seminatural grasslands is of crucial importance for survival of this
species. If management is performed, even small populations (10 individuals) of this species
are able to survive. Climate change (simulated as increased frequency of dry years) will have
small impact on the populations. However, unmanaged populations are not able to survive in
long-term period (several decades). Extremely small populations may be recovered from the
seed bank by management induction (paper 4). Results of the study were implemented into

recently prepared action plan for this species in the Czech Republic.
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CESKA CAST

Uvobp

Abychom pochopili pro¢ jsou druhy vzacné, musime nejprve porozumét faktorim, které
ovlivityji velikost populaci druhil a jejich pocet. VétSina druhti rostlin je na néjaké prostorové
Skale fragmentdrné rozSifena (Schemske et al., 1994). Fragmentace populaci je nadale
zhorSovana vlivem clov€ka, zejména diky destrukci biotopli. Abychom ohodnotili stav
vzacného rostlinného druhu, potiebujeme ekologickou a evolucni informaci na vice nez jedné

prostorové Skale.

Populacni dynamika na lokdlni urovni

Na lokélni urovni je dulezité, zda pocet jedincti v populaci roste nebo klesa a jak se
tyto procesy méni v Case. Uzitecné informace o stavu populace je mozné ziskat sebranim
detailnich informaci o vSech fazich Zivotniho cyklu rostliny a nakalibrovat model Zivotniho
cyklu. NejpouzivanéjsSim typem modell je projekéni maticovy model (Caswell, 2001). Byl
pouzit ve vyzkumu mnoha vzacnych druht cévnatych rostlin (Pino et al., 2007, Garcia, 2003,
Garcia et al., 2008, Griffith and Forseth, 2005, Jongejans et al., 2008). Dokonce byl pouzit i
pro mechorosty (Okland, 1995). Je piekvapivé, ze tento pfistup nebyl nikdy pouzit pro
kapradiny nebo plavuné. JelikoZ je mnoho kapradin vzacnych a jsou ve stiedu zadjmu ochrany

ptirody (webl), znalosti o populacni dynamice kapradin jsou velmi potitebné.

Populacni dynamika na krajinné urovni

U mnoha druhti rostlin mohou byt faktory ovliviiujici pocet populaci v ramci krajiny stejné
dalezité¢ pro pteziti druhu jako vnitropopulacni dynamika. Dynamika takovéto ,,populace
populaci je popsana klasickym metapopulacnim modelem, ktery vyvinul Ilkka Hanski (e.g.
Hanski, 1991, Hanski, 1994). JelikoZ hovofime o vzacnych rostlinach, nabizeji se nasledujici
otazky: Proc je druh vzacny? Co omezuje jeho rozsifeni? Z pohledu metapopulacni teorie jsou
pro roz$ifeni druhu v podstaté 2 limitujici faktory, které se mohou kombinovat: 1. druh nema
dostatek vhodnych stanovist’, 2. je zde dostatek stanovist, ale druh se na né€ neni schopny
roziifit — je omezen schopnosti Sifeni (Miinzbergovd and Herben, 2005). Mnoho praci

studovalo typy omezeni rozSifeni u riznych rostlinnych druhti a dospély k zavéru, ze velka
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vétsSina rostlin je omezena obojim — nedostatkem vhodnych stanovist’ 1 schopnosti se na
vhodna stanovisté rozsitit (ptehled v Turnbull et al., 2000, Clark et al., 2007, Moles and
Westoby, 2002). Problematickd zlstdva definice vhodného neobsazené¢ho stanovisté.
Existence vhodnych neobsazenych stanovist' ukazuje, ze druh je do n¢jaké miry omezen
schopnosti Sifeni.

U kapradin lze oc¢ekavat, Ze schopnost Sifeni je ovlivnéna rozmnozovacim systémem,
protoze k oplozeni dochazi az po rozsifeni spor. U druhli neschopnych vnitrogametofytického
oplozeni to znamena, Ze na nové stanoviste¢ musi do tésné vzajemné blizkosti dopadnout 2
spory, ob& se musi vyvinout v gametofyt a teprve potom muze dojit k oplozeni. Na druhou
stranu, pokud je druh schopen vnitrogametofytického oplozeni, jedna spora, ktera se vyvine
v gametofyt staci, aby vznikl sporofyt a tudiZ nova populace.

Naprosto jiné procesy ovliviiuji genovy tok mezi populacemi kapradin. Zatimco
schopnost samooplozeni umoziiuje kolonizaci novych stanovist, kiizeni mezi gametofyty je
vyhodnéjsi pro genovy tok mezi existujicimi populacemi, protoze umoziuje zahrnuti nové
genetické informace do genového poolu dané populace. Obvyklym pfistupem ke studiu
genového toku mezi populacemi je analyza genetické struktury populaci. Tento pfistup vSak
nemuZe rozliSit mezi genovym tokem a kolonizaéni schopnosti, k tomu jsou potieba dalsi

informace.

Aplikace do praxe

Pokud mame dostatek informaci o vzacném duhu a druh je skute¢né ohrozen, spolecnost
muze pozadovat pievedeni védeckych poznatkli do praxe. Proces odhadu Zivotaschopnosti
populaci druhu a analyza rizik byl pojmenovan analyza Zivotaschopnosti populaci,
,Population viability analysis* (Gilpin and Soulé, 1986). Praktick4 ochrana ptirody poZaduje
ohodnoceni stavu populaci a pravdépodobnost jejich pteziti/vymieni, protoze praktické
rozhodovani musi byt podpofeno objektivni informaci. Pravdépodobnost vymfieni, zejména
odli$né scénafe za riznych podminek (napf. planovani managementu) mohou mit vysokou

praktickou hodnotu.

CiLE STUDIE
V této studii jsem se zaméfila na lokdlni a regionédlni dynamiku populaci dvou vzacnych

kapradin, Asplenium adulterinum a A. cuneifolium. U téchto druhl jsem zkoumala lokalni

(¢lanek 1) a regionalni dynamiku (¢lanek 2), spolu genetickou diverzitou populaci (¢lanek 3).
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Jelikoz jsem zjistila ze tyto druhy jsou sice vzacné, ale nejsou ohrozené, nebylo tfeba
poznatky pievadét do praxe. To jsem provedla na jiném modelovém druhu, Gentianella
praecox subsp. bohemica, kde jsem se zaméfila na pravdépodobnost preziti malych populaci

pod vlivem rtizného managementu (¢lanek 4).

MATERIAL A METODIKA
Modelovy systém pro A. adulterinum a A. cuneifolium (¢lanek 1,2,3)

Studované druhy
Studovala jsem 2 druhy kapradin, Asplenium adulterinum Milde a Asplenium cuneifolium
Viv. (Aspleniaceae), oba se vyskytuji pouze na hadcich v Evropé (Tutin et al., 1980). V Ceské
republice se druhy vyskytuji zejména v zapadnich Cechach, v oblasti Slavkovského lesa.

Oba druhy jsou vzéacné a ve stiedu zajmu ochrany piirody v celé Evropé (Tutin et al.,
1980). A. adulterinum je dokonce zajmovym druhem NATURA 2000 (webl). Druhy se lisi
ploidii — A. adulterinum je allotetraploid (domnéli rodice 4. viride L. a A. trichomanes Huds.
subsp. Trichomanes; Lovis, 1955), zatimco A. cuneifolium je diploid (Hejny and Slavik,
1980).

Studované vizemi

Studii jsem provedla v oblasti Slavkovského lesa v Zapadnich Cechach, Ceska Republika.
V této oblasti jsou hadcové skalky relativné hojné a jsou roztrousené v krajiné, kde ptrevladaji
smrkové a borové lesy a intenzivné obhospodatované louky. Oba druhy, 4. adulterinum a

v

A. cuneifolium jsou v oblasti relativné hojné, A. adulterinum je hojn&j$i nez A. cuneifolium.

Sbér a analyza dat

Lokalni populacni dynamika kapradin (¢lanek 1)

Demografické data byla sebrana béhem 4 let (2004-2007) v 6 populacich 4. adulterinum a v 4
populacich A. cuneifolium. Pouzili jsme projekéni maticovy model a zjistili jsme
stochastickou populaéni rastovou rychlost, ur¢ili kritické faze zivotniho cyklu a dalsi

charakteristiky populaci.
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Regiondalni dynamika kapradin — obsazenost stanovist' (clanek 2)
Na zéakladé biotickych a abiotickych charakteristik hadcovych skalek jsme identifikovali
vhodna neobsazena stanovisté druhu v rdmci modelového tuzemi. Poté jsme testovali, zda

obsazenost vhodnych stanovist’ zavisi na izolovanosti stanovisté od ostatnich stanovist'.

Regionalni dynamika kapradin — geneticka struktura populaci (clanek 3)
Pomoci isoenzymii jsme analyzovali genetickou strukturu populaci obou druhli v rdmci

modelového tizemi.

Analyza Zivotaschopnosti populaci Gentianella praecox subsp. bohemica (¢lanek 4)

Demograficka data jsme sbirali 8 let na 4 lokalitach. Pouzili jsme periodicky maticovy model
a spocitali jsme pravdépodobnosti extinkce malych populaci za riiznych managementovych
podminek — absence managementu, pouze koseni a koseni a naruSeni drnu (jako simulace
branovani). Déle jsme studovali vliv klimatickych zmén (simulované jako zvySena
pravdépodobnost vyskytu extrémné suchych let) a pravdépodobnost znovuobnoveni populace

ze semenné banky.

VYSLEDKY A DISKUZE
Lokalni populacni dynamika Asplenium adulterinum a A. cuneifolium (¢ldanek 1)

Vsechny studované populace mirn€ rostou. Stabilni velikostni sloZzeni zaloZené na
stochastickych simulacich odpovida aktualnimu velikostnimu slozeni, dynamika populaci je
tudiz dlouhodobé¢ stabilni. Kritickou fazi zivotniho cyklu je pfezivani velkych dospélych
rostlin. Reprodukce je pro dynamiku populaci méné dilezita. Pravdépodobnost extinkce
malych populaci je relativné nizkd. Primérny vék rostlin obou druht je 30-50 let. Pii
porovnani predikci s redlnymi daty o poctu jedincii v populacich model Gspesné piedpoveédél
velikost populaci za 10 let. A. adulterinum a A. cuneifolium jsou vzéacné, ale ne ohroZené

v rdmci studovaného regionu.
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Regionalni dynamika Asplenium adulterinum a A. cuneifolium — obsazenost stanovist

(¢lanek 2)

Vhodna stanovi§t¢ pro oba druhy jsou definovdna zejména pifitomnosti vhodnych

mikrostanovist’ a vySkou nejvyssi skalky, kterd reprezentuje velikost prostoru se snizenou
konkurenci ostatnich druht. Dalsi faktory urcujici vhodnost stanovisté se 1iSily mezi druhy.
Ani jeden ze studovanych druhti nerostl na v§ech vhodnych lokalitach, coZ indikuje omezenou
schopnost S$ifeni. Izolovanost stanovist¢ vyznamné ovliviiovala obsazenost stanovist
A. adulterinum, ale ne A. cuneifolium. A. adulterinum roste na vétSim podilu vhodnych
stanovist’ nez A. cuneifolium, coz naznacuje ze A. adulterinum je schopno lépe kolonizovat

nova stanovisté.

Regionalni dynamika Asplenium adulterinum a A. cuneifolium — geneticka struktura populaci
(¢lanek 3)

U A. adulterinum je genetickd diverzita soustiedéna spiSe mezi populace nez v ramci
populaci, u A. cuneifolium je tomu piesné opacné. To potvrzuje, ze u A. adulterinum
pievazuje gametofytické samoopyleni a u A. cuneifolium oplozeni z jiného gametofytu.
U A. adulterinum byla nalezena korelace mezi genetickou a geografickou vzdalenosti, ale u
A. cuneifolium ne. To ukazuje na znacny geneticky tok mezi populacemi A. cuneifolium
v ramci regionu. Schopnost kolonizace novych stanovist’ (lepsi A. adulterinum) a genovy tok
mezi existujicimi populacemi (lepsi u 4. cuneifolium) jsou ovlivnény systémem reprodukce,

ale v opacném smeéru.

Analyza Zivotaschopnosti populace Gentianella praecox subsp. bohemica (¢ldanek 4)

Populace taxonu nejsou schopny prezit bez obhospodatfovani. Kvetouci jedinci se mohou
objevovat relativné dlouhou dobu po upusténi od managementu ptivodné obhospodatovanych
lokalit, ale extinkce je v dlouhodobém horizontu nevyhnutelnd. Bez managementu vyhynou
do 50ti let i velmi velké populace (1000 kvetoucich jedincil). K Gplnému vymfieni (véetné
semenné banky) dojde za nékolik let poté, co se piestanou objevovat kvetouci jedinci.
Nejvhodnéjsi management je koseni a naruseni drnu (simulace branovani), tento management
je také nejlepsi pro obnovu populaci ze semenné banky. Pouhé koseni je méné vhodné, ale pro
udrzeni velkych prosperujicich populaci je dostatecné. Dokonce i velmi malé populace (10-15
kvetoucich jedincil) jsou schopné prezit, pokud jsou obhospodafované. Budouci klimatické

zmény budou mit spiSe maly dopad na pravdépodobnost pteziti druhu, pokud budou jeho
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populace soustavné obhospodafované. U malych populaci klimatickd zména zvysi riziko

vymieni.

ZAVER

V této praci jsem zkoumala populacni dynamiku v rémci populaci a na Urovni krajiny
(10 x 10 km) dvou druht vzécnych kapradin vazanych na hadcovy substrat, Asplenium
adulterinum a A. cuneifolium. Dale jsem pievedla teoretické védecké poznatky do praktickych
doporuceni pro ochranu pfirody.

Obéma studovanym druhtm kapradin se ve studovaném tzemi dafi dobie. VSechny
studované populace mirné¢ rostou a i pomérné¢ malé populace (10 jedincli) maji relativné
vysokou Sanci piezit. Popula¢ni dynamika obou druhtl je stabilni a druhy jsou dlouhovéké —
nékolik desitek let. Na krajinné urovni je rozsifeni obou druhli limitovano spiSe schopnosti
Siteni a uchyceni, nez dostupnosti vhodnych stanovist. 4. adulterinum ma lepsi schopnosti
kolonizace novych stanovist nez A. cuneifolium, protoze roste na vétSim podilu vhodnych
stanovist. To je v souladu sna$im ocekavanim, protoze u A. adulterinum pievlada
gametofytické samooplozeni a je tudiZ schopné kolonizace jednou sporou. To miZze byt
problematické u A. cuneifolium, u kterého prevlada oplozeni mezi gametofyty. Na druhou
stranu, genovy tok mezi existujicimi populacemi je vyS$i u A. cuneifolium nez u
samoolozujiciho A. adulterinum, protoze oplozeni mezi gametofyty umozituje vyménu gentl.
To ukazuje, Ze kolonizace novych stanovist’ a genovy tok mezi existujicimi populacemi zavisi
na rozmnozovacim systému, ale v opacném smeéru.

Oba druhy kapradin jsou vzacné, ale nejsou ohrozené v ramci studovaného uzemi,
proto nebylo tfeba pievadét teoretické védecké poznatky do praxe ochrany ptirody. To jsem
provedla na jiném druhu, Gentianella praecox subsp. bohemica, endemickém druhu
poloptirozenych travnikl stiedni Evropy. Pocdet a pocetnost populaci tohoto druhu rychle
klesd vlivem zmén obhospodafovani krajiny. Zjistila jsem, Ze obhospodafovani
poloptirozenych travnikl je pro pfeziti tohoto druhu naprosto kli¢ové. Pokud jsou travniky
obhospodatovany, dokonce i velmi malé populace (10 kvetoucich jedincil) jsou schopné
prezit, klimatické zmény (simulované jako zvySujici se frekvence extrémné suchych let)
budou mit relativné maly vliv na pfeziti populaci. Na druhou stranu, neobhospodafované
populace nejsou schopné z dlouhodobého hlediska piezit. Témét vymielé populace je mozné
obnovit ze semenné banky zavedenim managementu. Vysledky studie byly zaclenény do

zachranného planu pro tento druh v Ceské Republice.
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ENGLISH PART

INTRODUCTION
To assess the status of a rare plant species, we must first understand the factors that affect the

size of populations and their numbers. At some spatial scale, most plant species are patchily
distributed due to their sedentary lifestyle and the spatial heterogeneity of the environment
(Schemske et al., 1994). Patchy distributions have been further exaggerated by the activities
of humans through habitat destruction and fragmentation. Therefore, assessment of status of a
rare plant species requires ecological and evolutionary information on more that one spatial

scale.

Population dynamics on local scale

On the local scale, important information on population status is if the number of
individuals in a population is increasing or decreasing and how are these processes changing
over time. Useful insight into the population dynamics can be obtained only by collecting
detailed information on all phases of the life cycle of a plant and integrating them in models
of the whole life cycle of the species. The most commonly used type of models are projection
matrix models (Caswell, 2001). It was employed in research of population dynamics of wide
selection of rare vascular plants (Pino et al., 2007, Garcia, 2003, Garcia et al., 2008, Griffith
and Forseth, 2005, Jongejans et al., 2008). It was also even used for bryophytes (Okland,
1995). Surprisingly, this approach was never used for ferns or lycophytes. Since many ferns
are subject of interest of nature conservation (webl), detailed information on population

dynamics of ferns is strongly needed.

Population dynamics on landscape scale

In many plants, the factors influencing the number of populations on the regional scale may
be as important for determining its fate as within-population dynamics. Dynamics of such
“population of populations” is described by classical metapopulation model developed by
Ilkka Hanski e.g. (Hanski, 1991, Hanski, 1994). Since we are talking about rare plants, a
question arises: Why is this species rare? What is limiting its distribution? In the light of

metapopulation concept, there are basically 2 limiting factors, which may combine: 1. species
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has not enough habitats, 2. there is enough habitats, but the species is not able to colonize
them — it is dispersal limited (Munzbergova and Herben, 2005). Different types of distribution
limitations for plant species in various systems were studied by many recent studies and they
concluded that large majority of plant species is limited by both seed availability and/or
dispersal ability and by availability of suitable habitats (reviewed in Turnbull et al., 2000,
Clark et al., 2007, Moles and Westoby, 2002). Problematic issue is the definition of suitable
but unoccupied habitats. Existence of suitable unoccupied habitats implies that the species is
dispersal limited to some degree.

In ferns, dispersal abilities can be expected to be affected by breeding system, since
fertilization is post dispersal process. For strictly outcrossing species, post dispersal
fertilization means that on a new habitat, two spores have to fall in close proximity in
favorable conditions; gametophyte has to develop from both of them with
archegonia/anteridia and only than fertilization can occur. On the other hand, if the species is
able of an intragametophytic selfing, one spore which develops in a hermaphroditic
gametophyte is enough to establish a new population.

Totally different processes, however, influence gene flow among already established
populations of fern species. While selfing should facilitate colonization of new habitats,
outcrossing is more advantageous for enhancing gene flow between already established
populations as it facilitates implementation of new genetic information into gene pool of the
given population. Common approach to investigate gene flow between populations is to
analyze genetic structure of populations. It alone, however, cannot differentiate gene flow
among existing populations and colonization potential. For this, additional information is

necessary.

Practical applications

When there is already enough information on species status and the species is really
threatened or endangered, there may be a social request on turning scientific knowledge to
practice. Process of assessing population viability and risks for the species existence was
named “population viability analysis” (Gilpin and Soulé, 1986). Practical conservation and
policy require evaluation state of the populations and probability of their survival/extinction,
because the decision making needs to be supported by objective information. Thus,
probability of extinction, especially under different conditions (e.g. case of management

planning) is of a great value.
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AIMS OF THE STUDY
In this study, I focused on local and regional dynamics of two rare ferns, Asplenium

adulterinum and A. cuneifolium. In these species, I assessed local (paper 1) and regional
dynamics (paper 2), together with genetic diversity of its populations (paper 3). Since we
found these species naturally rare, but not threatened, there was no need to transfer our
knowledge to practice. This I did with other species, Gentianella praecox subsp. bohemica,

where | aimed on probability of population survival under different management regimes

(paper 4).

MATERIAL AND METHODS
Study system for A. adulterinum and A. cuneifolium (Paper 1,2,3)

Study species

I study two fern species, Asplenium adulterinum Milde and Asplenium cuneifolium
Viv. (Aspleniaceae), both restricted to serpentine substrates in Europe (Tutin et al., 1980). In
the Czech Republic, the species occur mainly in western Bohemia (in the region of
Slavkovsky les).

Both species are rare and of conservation concern throughout Europe (Tutin et al.,
1980). A. adulterinum is also a species of interest in the European ecological network Natura
2000 (webl). The species differ in ploidy levels — Asplenium adulterinum is an allotetraploid
(hypothesized parental species are 4. viride L. and A. trichomanes Huds. subsp. trichomanes;

Lovis, 1955) whereas A. cuneifolium is a diploid (Hejny and Slavik, 1980).

Study site description

We conducted the study in the region of Slavkovsky les, Western Bohemia, Czech Republic.
In this region, serpentine rocks are scattered in the landscape dominated by pine and spruce
forests and mown grasslands. Both A. adulterinum and A. cuneifolium are quite common in

the area, Asplenium adulterinum is more frequent than 4. cuneifolium.

Study system for Gentianella praecox subsp. bohemica (Paper 4)

Gentianella praecox subsp. bohemica is a small, strictly biennial plant. It used to commonly
grow on wet pastures and meadows in Central Europe. With increasing intensification of
agriculture, extensive pastures were often either abandoned, or changed into (sometimes)

mown meadows. It led to considerable decrease of number populations of Gentianella in its
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whole distribution range. Nowadays, the species has in total approximately 110 populations of
the size from several individuals to several thousands. However, sizes of individual
populations highly vary from year to year. The plant is currently of great interest of nature
conservation (webl) and recently, action plan for restoration of this plant have been

developed in the Czech Republic.

Data collection and analysis

Local dynamics of ferns (Paper 1)

Demographic data were collected within 4 years (2004-2007) at 6 localities of 4. adulterinum
and 4 localities A. cuneifolium. We employed population matrix models to assess stochastic
population growth rate, determining critical phases of the life cycle, estimate mean life span

and other characteristics of the populations.

Regional dynamics of ferns — habitat occupancy (Paper 2)
We identified suitable unoccupied habitats based on various biotic and abiotic characteristics
of serpentine rocks within the study region. Then we tested, if locality occupancy by given

species is dependent on isolation of the locality from other localities.

Regional dynamics of ferns — genetic structure (Paper 3)
We analyzed genetic structure of populations of both species within the study region using

isoenzymes.

Population viability analysis of Gentianella praecox subsp. bohemica (Paper 4)

We collected demographic data over 8 years at 4 localities. We employed periodic matrix
model to calculate extinction probabilities of small population under different management
regimes — no management, mowing only and mowing plus disturbance (simulation of
disturbance by harrow). Further, we studied impact of the future climatic change (as increased
probability of extremely dry years) and probability of restoration of almost extinct population

from a seed bank.
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RESULTS AND DISCUSSION
Local dynamics of Asplenium adulterinum and A. cuneifolium(Paper 1)

All populations of both species are growing. Stable stage distribution based on stochastic
simulation corresponds to the current stage distribution, population dynamics is thus stable.
The most critical phase of the life cycle is stasis of large adult plants. Reproduction is of low
importance. Extinction probability of small populations is low. Mean life span of individuals
of both species is 30-50 of years. When compared with real data, the model successfully
predicted population performance over 10 years. 4. adulterinum and A. cuneifolium are rare,

but they are not endangered within the study region.

Regional dynamics of ferns Asplenium adulterinum and A. cuneifolium — habitat occupancy
(Paper 2)

Suitable habitats were positively defined mainly by the presence of appropriate microhabitats
and the height of the highest rock, which represents the size of space with lowered
competition. Other determinants of habitat suitability differed between the species. None of
the species occupied all suitable localities, indicating dispersal limitation. Locality isolation
significantly affected habitat occupancy in A. adulterinum but not in A. cuneifolium.
A. adulterinum occupied higher percentage of suitable habitats than 4. cuneifolium,

suggesting that 4. adulterinum is better colonist of empty habitats.

Regional dynamics of ferns Asplenium adulterinum and A. cuneifolium — genetic structure
(Paper 3)

In A. adulterinum, genetic diversity is partitioned among populations rather than within
populations, in 4. cuneifolium other way around. It confirms, that in 4. adulterinum prevails
gametophytic selfing and in A. cuneifolium outcrossing. In. A. adulterinum, there was
correlation of geographic and genetic distance observed, in 4. cuneifolium was no such a
relationship detected. It suggests extensive gene flow among populations of A. cuneifolium on
the landscape scale. Ability of colonization of new habitats (better in 4. adulterinum) and
gene flow between established populations (better in 4. cuneifolium) are both driven by

mating system, but in opposite directions.
Population viability analysis of Gentianella praecox subsp. bohemica (Paper 4)

Populations of the species without management are not able to survive. Flowering individuals

can occur for long time after management cessation, but the extinction of the population is
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inevitable in several decades. Even very large populations (1000 flowering individuals) will
go extinct within less than 50 years without management. Total extinction (including seed
bank) follows several years after last flowering plant have been observed. The most suitable
management is mowing and disturbance (by harrow), which is also the best one for restoration
of populations in bad state. Mowing is less suitable, but it is fully sufficient for large
prospering populations. Even small populations (10-15 flowering individuals) are able to
survive, when managed. Future climate change may have rather small impact on probability
of survival of the species, when management is continuously applied. It will, however,

increase the extinction probability of very small populations.

CONCLUSIONS
In this thesis I investigated population dynamics on local and regional scale (area 10x10 km)

in two rare fern species restricted to serpentine rocks, Asplenium adulterinum and
A. cuneifolium. Further, 1 attempted to transfer the theoretical knowledge to nature
conservation to practice.

The two fern species are well prospering in the study region. All study populations are
slowly growing and even very small populations (10 individuals) have quite high chance to
survive. The dynamics of the populations is stable in both species and the species are long
living — several decades. On the regional scale, distribution of both species is rather limited by
dispersal and establishment abilities of the species than by availability of suitable habitats.
A. adulterinum has better colonization abilities of new habitats than A. cuneifolium, since it
occupies higher percentage of available suitable habitats. It is in concordance with
expectations, since A. adulterinum is species with predominant intragametophytic selfing and
thus, it is able of single spore colonization, which may be problematic in outcrossing
A. cuneifolium. On the other hand, gene flow between already established populations is
higher in outcrossing A. cuneifolium than in selfing A. adulterinum, since outcrossing
facilitates gene exchange. It illustrates that colonization of new habitats and gene flow
between already established populations both depend on breeding system but in opposite
direction.

The two fern species are rare, but since they are not endangered within the study
region, there was no need to transfer theoretical knowledge to the conservation practice. This
I performed on another species, Gentianella praecox subsp. bohemica, endemic species of

Central European seminatural grasslands with rapidly declining number of populations due to

-16 -



Dynamics of rare and threatened species on local and regional scale — from theory to practice
Anna Lampei Bucharova

management change. I found that management of seminatural grasslands is of crucial
importance for survival of this species. If management is performed, even small populations
(10 individuals) of this species are able to survive, climate change (simulated as increased
frequency of dry years) will have small impact on populations. However, unmanaged
populations are not able to survive in long-term (several decades). Almost extinct populations
may be recovered from the seed bank by management induction. Results of the study were

implemented into the recently prepared action plan for this species in the Czech Republic.
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