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Introduction

Introduction

Closely related (sub)species are suitable objemtsdmparative studies and
experiments in plant ecology (Krahulec 1994, Krabuét al. 1999): because
they share majority of their evolutionary histodyfferences in their traits are
more likely caused by ecological adaptation to edéht habitats and
environmental conditions. Comparison of habitatfgmences and traits (and
ecophysiology) of related species helps us to @wtaled processes that led to
their speciation. Understanding the relationshipveen the traits of species
and their habitat preferences is one of the morgoitant goals of present
ecological research (Lavorel & Garnier 2002). Clpselated species have
been studied from various aspects, with regard heirt taxonomy,
(eco)physiology, ecology and phytosociology. But foll understanding of
adaptation mechanisms, we need to combine fielckergagons of species
habitat and phytosociological preferences with expental studies of their
ecology. Unfortunately, such complex studies ofated species are not
common (e.g. (Wallossek 1999; Eckstein et al. 2Q006).

In the present study we focus on three taxa fidgosotis palustris
group: M. caespitosaC.F.Schultz M. palustrissubsp.laxiflora (Rchb.) Schubl
& Mart. andM. nemorosaBesser (the taxonomic concept adopted in the Flora
of the Czech Republic, §tankova 2000). Ecological studies of individual
species are rare and their interpretation is camapd by the changing
taxonomy and nomenclature within tihdyosotis palustrisgroup; it differs
among individual taxonomic classifications in vaisacountries and times (e. g.
Hegi 1979, Schuster 1967 ¢Bénkova 2000). No comparative ecological study
of more species within thilyosotis palustriggroup is available. Phylogenetic
study of the complex based on molecular data is awaiilable. However,
differences in morphological characteristics sefeakh caespitosaspecies as
the most different from the rest ofl. palustris group (S&pankova 2002,
Stépankova 2000) and in some floras it is separattmGaespitosagroup (e.

g. Adler et al. 1994). The three species studiéi@rdirom each other in their
ploidy level, and with some experience may be yafdntified (Sépankova
2000).

All three Myosotisspecies prefer wet habitats (various types of wet
meadows and forests and banks of running and signsaters), but rarely
share a locality. Moreover, they differ in themits, such as life span, intensity
of clonal growth, or seed germination, althoughadabout some of their traits
differ according to source and have high width afiability. For example,
comparison of published data about life strategg alonality of the three
Myosotisshows considerable differencéé: caespitosas usually considered to
be an annual (Grime et al. 1981&g&inkova 2000), non-clonal annual to
biennial without clonal potential (KlimeSova & Kles 1998) or biennial
semirosette hemicryptophyte (Klotz et al. 2002)jokhis non-clonal and does
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not form vegetative lateral shoots (KlimeSova & riéiS 1998);M. paustris.
subsp.laxiflora is long-lived perennial hemicryptophyte speciessg&hkova
2000, Klotz et al. 2002), strongly clonal, formibgth the below-ground and
above-ground rooting lateral shoots of stem or{§ttpankova 2000, Klotz et
al. 2002);M. nemorosas considered to be annual to biennial with no iy o
low clonal potential (KlimeSova & Klimes 1998), baiso long-lived perennial
hemicryptophyte (Spankova 2000, Klotz et al. 2002, Chaloupecka & Lep$
2004), and clonal, with forming of short below-gnoushoots of stem origin
(Sttpankova 2000, Chaloupeckd & Lep$ 2004). All thrgecges all are
sufficiently common in the study area of southeoh@&nmia.

Plant species, but also individual populations inith species are expected to
be adapted to local conditions (including both, psical environment, and
the biotic interactions in the surrounding commynitReciprocal transplant
experiments are often used to quantify this admptabnd so deduce the
intensity of selection of genotypes (Silvertown &atlesworth 2001). Plants
are sessile organisms, with individual populatiomsre or less isolated from
each other; therefore we can expect differencesethby local adaptation also
among populations within individual species (Lemsseal. 2004). Should the
closely related species have an ecological sigmfie, than their ecological
differentiation should be greater than ecologicdflecentiation of individual
populations within a species. Howevere are not aware of any study, which
combines transplanting of related plant speciesimvmlving more populations
of each species and comparing variation betweeseblaelated species with
variation of populations within individual species.

Germination behaviour is an important part of acggse regeneration
strategy (Baskin & Baskin 1998, Fenner 1992, GriBB7). The germination
stage is very sensitive to external conditiongg.eamount and quality of light
(red/far red ratio), or temperature (Baskin & BaskbB98, Fenner). Dormancy
and its interruption are possible mechanisms oluleggpn and timing of
germination. Closely related species have been showdiffer in reproductive
strategy (Karlsson & Milberg 2008; Moravcova et2001), or effects of some
factor on survival, growth and reproduction (e.@cRlin 1999).

The potential for clonal growth is an importantittravhich is connected
with life strategy and influences the competitiviality of individual species
(Herben et al. 1994, van Groenendael et al. 199668 et al. 1997). Both, the
relative representation of clonal species in a comity and also the clonal
behaviour of individual species differ accordingemvironmental conditions,
including competitive pressure from neighbouringetation.

Competition of surrounding vegetation is one of thest important
micro—scale factors in the field. Mostly, negatetect of competition from
surrounding plants on growth of target plants hasnbdocumented under
various nutrient conditions (Wilson & Tilman 1991Ghaps are places with
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reduced competition in plant communitie, which es@nt suitable micro-sites
for seedling germination and establishment andjfowth of young plants (e.g.

Mehrhoff & Turkington 1996; Morgan 1997; Stk@va et al. 1998). On the

other hand, seedlings and young plants can benatgse exposed to negative
conditions there, e.g. drought, standing watereexé temperatures, herbivores
(Kotorova & Leps 1999).

To reveal the relationship between traits of theeehclosely related
species and their ecological and phytosociolodiedlaviour, we have carried
out three manipulative experinets (sensitivity eéd germination to selected
factors, greenhouse pot experiment, and field plans experiment), and
compared their results with results of analysisac$et of phytosociological
relevés from southern part of Bohemia, containivggthree studied species.

Aims of the thesis

The main objectives of the thesis are:

* to verify experimentally the published data abalested functional traits
of threeMyosotisspecies

* to compare the differences between closely reldgdsotisspecies with
the variability among populations within individugtbecies in all the three
experiments.

* to compare, how is germination of three experinmespacies influenced by
selected external factors (soil moisture, lightensity and quality, low
temperatures) and by age of seeds in the greenhouse

* to compare germination of several populations tddhexperimental species
in several field localities.

» to evaluate the role of microsite type, representiifferent competitive
pressure from surrounding vegetation, on survigadwth and flowering of
experimental plants of threklyosotis species in pot and in reciprocal
transplant field experiments.

* to quantify, if ecological differences between ttieee closely related
Myosotis taxa revealed experimentally are reflected in thleabitat
preferences and phytosociological affinity, chasdged by plant
community composition of their respective habitats.

References

Adler, W., Oswald, K. & Fischer, R. 199&xkursionsflora von Osterreichverlag Eugen
Ulmer, Stuttgart und Wien, pp. 705 — 708.

Baskin C. C. & Baskin J. M. (1998): Seeds: ecoldgggeography, and evolution of dormancy
and germinationAcademic Press, San Diego.

Chaloupecka E. & Lep$S J. (2004): Equivalence of petitor effects and tradeoff between
vegetative multiplication and generative reprodarcticase study withychnis flos-cuculi
andMyosotis nemorosa.Flora 199: 157-167.



Chapter |

Eckstein R. L., Danihelka J., Holzel N. & Otte f£004): The effects of management and
environmental variation on population stage stmectin three river-corridor violetdcta
Oecologica - International Journal of Ecolo@: 83-91.

Eckstein R. L., Holzel N. & Danihelka J. (2006):0Rigical Flora of Central Europ&/iola
elatior, V. pumila and V. stagnina Perspectives in Plant Ecology, Evolution and
Systematic8: 45-66.

Fenner M. (1992): Seeds: The ecology of regenaratigplant communities. Redwood Books,
Trowbridge.

Grime J. P., Mason G., Curtis A. V., Rodman J.,dB8nR., Mowforth M. A. G., Neal A. M. &
Shaw S. (1981): A comparative study of germinatbaracteristics in a local flora. - J.
Ecol. 69: 1017-1059.

Grubb P. J. (1977): The maintenance of speciesesh in plant communities: the importance
of the regeneration niche. Biol. Rev. 52: 107-145.

Hegi, G. 1979lllustrierte Flora von Mittel-europa Band lll, Ti&. Berlin, Hamburg.

Herben T., Hara T., Marshall C. & Soukupova L. (4p%lant clonality: biology and diversity.
— Folia Geobot. Phytotax. 29: 113-122.

Karlsson L. M. & Milberg P. (2008): Variation withispecies and inter-species comparison of
seed dormancy and germination of four anruzathiumspecies. Flora 203: 409-420.

Klimes L., KlimeSova J., Hendriks R. & van GroenaatJ. (1997): Clonal plant architecture: a
comparative analysis of form and function. — In:Kteon H. & van Groenendael J. (eds),
The ecology and evolution of clonal plants, p. 1-B&ckbuys Publishers, Leiden, The
Netherlands.

KlimeSova J. & Klime$ L. (1998): CLOPLA1 (CLOnal Rhts, version 1) - a database of
clonal growth in plants of central Europe. —URLitfh/www.butbn.cas.cz/klimes/].

Klotz S., Kihn I. & Durka W. (2002): BIOLFLOR — EinDatenbank mit biologisch-
Okologischen Merkmalen zur Flora von DeutschlammhridBad, Godesberg.

Kotorova |. & LepS J. (1999): Comparative ecolodyseedling recruitment in an oligotrophic
wet meadow. — J. Veg. Sdi0: 175-186.

Krahulec F. (1994): Clonal behaviour in closelyatetl plants. — Folia Geobot. Phytotax. 29:
277-289.

Krahulec F., Marhold K. & Schmid B. (1999): Ecology closely related plant species: An
introduction. Folia Geobot. 34-5.

Lavorel S. & Garnier E. (2002): Predicting changesommunity composition and ecosystem
functioning from plant traits: revisiting the HoGrail. Funct. Ecol. 16: 545-556.

Lenssen J. P. M., Menting F. B. J. & Van der Putt¥n H. (2003): Plant responses to
simultaneous stress of waterlogging and shade: ifimaplof hierarchical effects? New
Phytol. 157281-290.

Mehrhoff, L. A. & Turkington, R. (1996): Growth ansurvival of white clover Trifolium
repen$ transplanted into patches of different grassigge€anad. J. Bot. 74; 1243-1247.

Moravcova, L., Zakravsky, P. & Hroudova Z. (200Germination and seedling establishment
in Alisma gramineum, A. plantago-aquaticand A. lanceolatum under different
environmental condition$-olia geobotanica 36.31-146.

Morgan, J. W. (1997): The effect of gap size oraldithment, growth and flowering of the
endangeretRutidosis leptorrhynchoidd#é\steraceae). J. Appl. Ecol. 34: 566-576.

Schuster, R. 1967. Taxonomische Untersuchungendib&erie Palustres M. Pop. der Gattung
MyosotisL. Feddes Repertorium4: pp. 39-98.

Silvertown J. W. & Charlesworth D. (2001): Introdionn to plant population biology.
Blackwell, Oxford.

Stocklin, J. 1999. Differences in life history tsabf relatedEpilobiumspecies: clonality, seed
size and seed numbérlia Geobotanica & Phytotaxonomi&t: 7-18.



Introduction

Spakova, 1., Kotorova, I. & Lep$, J. (1998): Sensiybf seedling recruitment to moss, litter
and dominant removal in an oligotrophic wet meadBealia Geobot. 33: 17-30.

Stspankova J. (2000): 184yosotisL. — pomrénka. - In: Slavik B. (ed.), KtenaCR 6. [Flora
of the Czech Republic, vol. 6], p. 216-234, AcaderRiraha.

Stspankova J. (2002): 14MyosotisL. — pomrénka (Boraginaceae Juss.). In: Kubat K., Hrouda
L., Chrtek J. jun., Kaplan Z., Kirschner, J. &anek J. (eds.), Kike kwters Ceské
republiky, p. 526-530. (Key to the flora of the €keRepublic, in Czech). Academia,
Praha.

van Groenendael J. M., Klime§ L., KlimeSova J. & Hecks R. J. J. (1996): Comparative
ecology of clonal plants. — Phil. Trans. Royal Samdon, Series B 351: 1331-1339.

Wallossek, C. 1999. The acidophilous taxa offfkstuca variagroup in the Alps: new studies
on taxonomy and phytosociolodyolia Geobotanica & Phytotaxonomi@&: 47-75.

Wilson, S. & Tilman, D. (1991): Components of plaasdimpetition along an experimental
gradient of nitrogen availability. Ecology 72: 105065.






CHAPTER I

Ekologické porovnani ti blizce pribuznych
druhua Myosotisze skupinyM. palustris






Porovnaniit druhi ze skupinyMyosotis palustris

Ekologické porovnani t Fi blizce pFibuznych druh a ze
skupiny Myosotis palustris

Pro¢

Jednim z dlezitych z4jni sowasné ekologie rostlin je studium vztah mezi
druhovymi charakteristikami rostlintréits) a preferovanymi vlastnostmi
prostedi, a dale mozny adaptivni charakt@hto vztali (Lavorel & Garnier
2002), a dale nakolik maji tyto vztahy adaptivnamekter. Vhodnou cestou je
studium blizce pbuznych druli, neba tyto maji spolénou W&tSi ¢ast své
evolwni historie, nez druhy néjpuzneé (Krahulec 1994, Krahulec et al. 1999).
Nekteré shodné druhové vilastnosti jsou dany spiske@pmu evoléni historii
piibuznych druli (evolutionary constrain)sa nemaji nutéh adaptivni vyznam
(Silvertown & Charlesworth 2001). Naopak rozdilnkarakteristiky blizce
piibuznych druli ve vztahu ke konkrétnim rozdih v charakteristikach jejich
prostedi vznikly mnohem prawgodobrji piizpusobenim ke konkrétnim
podminkdm stanovi&t takzvanou ekologickou adaptaci, a budou rfeéjnas i
funkeéni vyznam pro rozdily v jejich ekologickém chovani.

Prikladové studie blizce pibuznych druha

Studium blizce fbuznych drufh se zamsiuje na jejich taxonomii,
(eko)fysiologii, ekologii¢i fytocenologii. Ristup nmize byt bd’ popisny —
shrnujici Udaje o druhovych vlastnosteghvztazich mezi fbuznymi druhy,
nebo experimentalni. Bohuzel, komplépgn studie vice fistupi porovnani
blizce gibuznych drufi jsou vzacné.

Nekolik praci se zabyva studienti tvzacnych drut Viola, nag.
souhrnem a srovnanim jejitAxonomie, morfologie, Zivotniho cyklu, ekologie
a stanovistnich nardk¢i jejich experimentalni poputai biologii (Eckstein et
al. 2006; Eckstein et al. 2004). Vysledkichto praci shrnuji vlastnosti a
pozadavky jednotlivych druh na jejich Gspsné pezivani, mimo jiné
vyzdvihuji dilezitost positivniho vlivu managementu stanéwi& uchycovani a
rast semenga. Muzeme najit dalSi obsahlejSi studie blizédywznych druf,
kombinujici fytocenologicky fistup s dalSimi. Nafklad spiSe souhrin
popisné studie dvojic druhz nichZ jedene k&Zny a druhy vzacny: Daskobler
et al. (1999) se za#ili na morfologii, roz&feni a fytocenologické vazby dvou
druhi Stellarigz Boscaiu et al. (1997) na rogmi a dalSi druhove
charakteristiky u dvojice druhCerastium Hoélzel (2003) demonstroval na
piikladové studiiiti vzacnych drut Viola uzitetnost vyuziti fytocenologickych
snimki a udaj o druhovych charakteristikach z elektronické fyoalogickeé
databdze. Druhy se tu debrozliSily podle druhovych vazeb i gradientu
vihkosti a chemismugaly.
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Pokusné studie (Harper & Chancellor 1958kaiika blizce pibuznych
druhi rodu Rumex(které mohou st pohromad na stejnych stanovistich)
dolozila, Ze pokud byly tyto druhy vysévany jedinat] pak reagovaly obdobn
(svou Klkivosti, mistem a dalSi produkci semen) na stejné vihkostmidai
podminky. Naopak ip sowasném vysevu dvojicuenych druli Rumex
dochéazelo k vzajemné interakci a odez¢lterych druli na vodni rezinti
pudni typ se zrnila.

Taxonomické studie (morfologicke, cytologické,...blizce gibuznych
druhi jsou pondrn¢ ¢asté, neb® mivaji za cil owfit a porovnati now rozlisit
jednotlivé taxony. Naiklad prace Wallossek (1999) w@Spe potvrzuje
rozliSeni druli ze skupiny Festuca varia a to pomoci morfologie,
fytocenologie a dalSich ekologickych charakteris8kudie skupinyAsplenium
trichomanesse zabyva fedevsim jejich cytologii a morfometrikou (Ekrt &
Stech 2008). Studie blizcéipuznych drub ze skupinyCentaurea phrygise
zabyva jejich morfologii a cytologii, ale je dopiha i fytocenologickymi
snimky a udaji o roz&ni drulii (Koutecky 2007).

Mnohé prace se zafhji na zkoumdani regenersd niky blizce
piibuznych drub. Napgiklad Peti & LepS (2000) srovnavali populai
dynamiku druli Pedicularis sylvaticaa P. palustris,a mimo jiné potvrdili
dilezitost obhospodavani Iw&niho porostu, $ kterém zde vznikaji mista se
snizenou konkurenci gépy), vhodna pro as@né klteni a pezivani
semendéki. DalSi studie gbuznych druf se zabyvaly reprodghki strategii
piibuznych drufi. Napiklad porovnanim kéivosti semen wtyt druhi rodu
Lamium byl zaznamenany rozdil v sile dormance mezi jdoyoti druhy,
ackoliv vSechny druhy reagovaly podabma tizné teplotni stratifikace i na
raizné teplotni podminky p vlastnim klEeni. Navic zde byla zkoumana i
vnitrodruhova variabilita v ktivosti, kterd byla vysoka (Karlsson & Milberg
2008). Obsahlejsi experimentalni studie se zabyvém riznych faktofi na
kliceni a nasledné uchyceni a vyvoj semdgfiatii druhi rodu Alisma
(Moravcova et al. 2001). Mezimito druhy byly zaznamenany rozdily v
dormanci i klgivosti semen, ale i v odolnosti vegetativnich ofg&nraznych
piirodnich podminkach. Porovnanim dilosti ¢tyi druhi Impatiens v
laboratornich podminkach i v &naovém pokusu bylo zji§ho, Ze domaci
druh 1. noli-tangere ma ve srovnani s ostatnimi invazivnimi druhy mensi
kli¢ivost, a k tomu jen kratkodobou banku semen (Peégtd al. 2009). Studie
dvou druli Viola se zabyvala jejich Wlivosti, ale i naslednou plodnosti a
piezivanim (Moora et al. 2003). Bylo zfifb, Ze vzac¥Si druhV. elatior je
vice zavisly na obhospoitevani lokalit, které umaitije vznik mikrostanovis
vhodnych ke kifeni i naslednémuipziti mladych rostlin.

Vlivem vybranych charakteristik prdasdi na pezivani, @st a
reprodukci blizce fibuznych drubh se zabyvala ndp jiz zmiiovana studie
druhi Rumex(Harper & Chancellor 1959)%i prace zkoumajictrade-off v
alokaci mezi klonalni a sexualni reprodukcidkaiika piibuznych drufi rodu
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Epilobium (Stécklin 1999), kde bylo zji&ho, Ze i klonélni druhy investu;ji
znanou ¢ast svych zdragj do semen, ktera slouzi ke kolonizaci novych naist,
ackoliv jsou semena mensi nez u diuheklonalnich, je jich naopak hatin
Dorman et al. (2009) experimentélakoumali, nakolik se viznych typech
prostedi projevuje lokalni adaptacectyi pribuznych drufi Iris. Ackoliv se
druhy mezi sebou liSily, lokalni adaptace genétypebyla nepotvrzen&tudie
Wu et al. (2010) se zabyvala tim, jak jsowjgfmi podminkami (vlhkosti,
typem mdy) ovliviiovany Gzné druhové charakteristiky & pribuznych drufi
Mimulus. Zjistili, Ze u jednoho ze sledovanych diulvyznami klesla
produkce semen s niZSi dostupnosti vody. Fytocegieida a ekologicka studie
¢tyi taxom BolboschoenugHroudova et al. 1999) ukazuje, Z&aliv jsou si
tyto druhy morfologicky podobné, jsou rozliSitelakologicky, neb6 rostou v
jinych typech prosedi a rostlinnych spotenstvech. DalSi studie Diekmann &
Lawesson (1999) porovnavalaldi nik uctyi dvojic blizce pibuznych lesnich
druhi pomoci fytocenologickych dat a charakteristik piedi (zji¥ovanych
pomoci EllenbergovycRisel). Zjistili, ze tSi Stku niky nely rostliny ze
severu Evropy (okraje aredlu vyskytu) oproti cdnfr&vrop, a to zejme
proto, Ze je tu mendruhi, a tudiz i nizSi konkurence.

Mnoho studii se zabyva polyploidnimi komplexy rstl nag. Flegrova
& Krahulec (1999) u dvou fibuznych drufi Anthoxanthum odoratuma A.
alpinum kde zkouSeli reciproké vysadby. Vyznamnym faktore €chto druti
se ukazala byt nadrreka vyska, nelibA. odoratumve vysSich nadniskych
vySkadch méa kvetla, zatimcoA. alpinumbyla v nizSich polohach vyidana
konkurenci. Urbanska-Worytkiewicz (1980) porovnavedprodukci a klonalni
rast u rékolika druhi Cardamine,dvou diploidnich druth a jejich KiZzend.
Ukazalo se, Ze triploidni hybri@. insuetasice produkuje malo semen a t#m
nekli¢i, zato se usgre Sii klonalrg. Zato amfidiploid (allohexaploid)C.
schulzii ke svému $éni Gspsre vyuziva jak generativni reprodukci, tak
klonalni rast.

Studium roz&eni blizce pibuznych drui dohromady s porovnanim
jejich druhovych charakteristik nAmue pomoci nalézt odpési na mnoho
dalezitych otazek v rostlinné ekologii. Nidklad srovnavaci studie (rosni,
fytocenologie, druhovych charakteristik) pati skupin blizce fbuznych
druhi, kde jeden je vzacny a druhgZmy, nam nize pomoci vys#tlit jejich
vzacnost. Doklada to n#pglad obséahlejsi studie dvou difuhBanksia
(Witkowski & Lamont 1997), které maji velmi podobwi@stnosti, ale vzacnost
jednoho z nich je Zisobena nejspis jeho ekologickou vazbou na spegifigk
prostedi, ktery ubyva kii fragmetaci krajiny. Studie dvojice dratSolidago
(Walck et al. 2001) ukazala, ZeéZmy druhS. altissimaje oproti vzacnému
produkci semen). Také jiztide zmiované studie(Boscaiu et al. 1997;
Daskobler et al. 1999; Eckstein et al. 2004; Moetral. 2003) se zabyvaji
studiem dvojicii trojice blizce pibuznych aiizré vzacnych drutl. Prace Rink

11



Chapter II

et al. (2004, 2010) a Runk & Zobel (2009) doloZikg rozdily v éstovych
charakteristikach mezigmi pribuznymi druhyDryopteris vyswtluji i jejich
lokélni rozsteni.

DalSi moznost ekologickych studii se nabizi u dvafi skupin)
piibuznych drufi, kde jeden je {vodni, a druhy najvodni ¢asto Uspsnsjsi,
invazni), kde vzajemnym porovnanim abeme zjistit, které druhoveé
charakteristiky maji nejtSi vliv na &tSi Usgsnost invazniho druhu (nagiz
zminovana studie Perglova et al. (2009) zabyvajici I§&vhksti ¢tyi druhi
Impatien3. Vysledky mohou mit praktické vyuZiti v restatmaekologii ¢i v
ochrar prirody.

Dilezitost porovnani vnitrodruhové x mezidruhova varability

Pfi porovnavani druln v ekologickych studiich se té&invyhradré pouziva k
porovnani pouze jedna populace od kazdého druhudid se uplad pomiji
vnitrodruhova variabilita. Vzaeén se porovnavaji genotypy v ramci jedné
populace. Rtom vysoka variabilita mezi populacemi studovanélnohu byla
prokazana v mnoha studiich (siaghen et al. 2009 u druRumex palustris
van Tienderen & van der Porn 1991 u driHantago lanceolath To doklada
potrebu, aby byla vnitrodruhovym rozdih (reprezentovanym variabilitou
mezi populacemi, ne pouze variabilitou mezi individ ramci jedné kazdé
populace) ¥novana nalezita pozornost. Rozdily mezi populacgnriamci
druhu jsou zpisobeny mimo jiné i fragmentaci krajiny, kdy jsounetlivé
populace izolované od ostatnich — protoZze genetigkdna @ene floy mezi
populacemi je pak zkaé omezena, 1ive snadno dojit k diferenciaci
jednotlivych populaci. Navic, ke speciaci mezi dapami dochazi i v malém
metitku (coz zde znamena vzdalenost otkalika cm do ®kolika stovek
metni), jak doklada nap souhrnna studie na rostlinnych druzichignou
Zivotni strategii, dstovou formou aiizreé vzacnych (inhart & Grant 1996).

O studovanych druzich roduMyosotis

Na swté existuje okolo 80 (100) druihrodu Myosotis Jedna se o byliny z
¢elediBoraginaceagz nichz se fevazna wtSina vyskytuje v temperatni oblasti
v Eurasii, ale i na jizni polokouli (bohaté zastenp ma tento rod hla¥nv
oblasti Nového Zélandu)¢kolik zastupé rodu dale mizeme nalézt v horach
tropické jizni Afriky, na Nové Guineji a v Austrél{Stpankova 2000).
Fylogeneticky pochazi cely rodegfmeé ze severni polokoule (Winkworth et al.
2002).

Tato prace se zaffuje na ekologické porovnanii blizce gibuznych
(pod)druhi ze skupinyMyosotis palustris SkupinaMyosotisser. Myosotis—
takzvanych ,bahennich poremek” (Syn.: Myosotisser. PalustresM. PopPoy,
M. palustrisagg.) je taxonomicky obtizna. Od ostatnich drtdduMyosotisse
skupina liSi charakterem kalisSni trubky, ktera getrousen chlupata, pouze s
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rovnymi (nikoliv hakovitymi) pritisklymi chlupy a kalisni cipy dosahuji

nanejvys poloviny délky celého kalichd.Kvéters CR (Stpankova2000) a v

Klici ke Kwstens CR (Stpankova 2002) jsou podle s@sného éleneni

rozliSovany nasledujici taxony ze skupirMlyosotis palustris Myosotis

palustris se d¥ma poddruhy subsp.palustris a subsp. laxiflora, M.

brevisetacea, M. nemorosaM. caespitosa.

BohuZel, neexistuje fylogeneticka studie kompleMyosotis palustris
zaloZzend na molekularnich datech. Na zakladzdili v morfologickych
charakteristikach (n&ppritomnost a orientace chlama lodyze a spodni stran
lista, hloubka dleni kaliSni trubky, charakter lodyznih@tveni, schopnost a
tvar vytv&eni klonélnich vybzki, velikost a barva kit a semen — tvrdek) je
vSak druhM. caespitosanejvice odliSny od ostatnich driutze skupinyM.
palustris (S&pankova 2002, $pankova 2000), a v &kterych florach je
dokonce odctlovan do samostatné skupiryaespitosag(nag. Adler et al.
1994). Existuje &kolik taxonomickych studii, které se zabyvaji kdogickym
vyzkumem druli skupinyMyosotis palustrisa ukazuji, Ze druhy z této skupiny
maji mizné ploidni Urové od diploidni M. nemorosaaZz po oktoploidniM.
caespitosgPrzywara 1983, $pankova 1993).

Neexistuje ekologicka studie, ktera by vzajémmporovnavala druhy
komplexu Myosotis palustrismezi sebou. Vzaégnmiazeme najit ekologické
prace, které se zabyvaji jen jednim druhem ze skupl. palustris nebo
nektery z druli okrajow zminuji (nag. studie Albrecht et al. (1997) a Lenssen
et al. (2003) zabyvajici se vlivem vybranych ekat&gch charakteristik na
kliceni M. palustris (presrgji M. scorpioidey). Interpretace jejich vysledkje
ale ¢asto komplikovana, nebone vzdy se rizeme spolehnout na spravné
taxonomické uteni jednotlivych druth Myosotis.

Hlavni divody nedisledného a népsného utovani jednotlivych taxain
Myosotisze skupinypalustrisjsou nasleduijici:

o Taxonomickéc¢leréni rodu Myosotis ser. Myosotisje v riznych florach
rozdilné a Bhemc¢asu u ®j doSlo i k mnoha vyraznym zmam z hlediska
chapani jednotlivych taxan(nag. u vymezeni (pod)drdhM. brevisetacea
a M. pal. subsp.laxiflora) (Adler et. al. 1994; Dostal 1950; Dostal 1989;
Grau & Merxmiiller 1972; Hegi 1979; Holub 1966; Kkak SipoSovéa
1993; Rothmaler 1976; Schuster 196 Zp&nkova 2000).

e Zastupci skupinyMyosotis palustrigsou si morfologicky velice podobni a
jednotlivé taxony se proto nesnadno rozliSuji. Hiautovaci znaky se
nalézaji na kvetoucich rostlinach, na pohlavniaanechéi na spodnich
listech, které jiz byvaji v druhétfrte sezény odumelé. Proto jsou sterilni
rostliny ¢asto utovany pouze jakdlyosotis palustriagg. €i M. palustris
sensu latoM. nemorosaensu lato), jak dokladaji niap snimky z Narodni
fytocenologické databaze (Chytry & Rafajova 2003).
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» Situaci navic komplikuje i vysokd fenotypova vaiig® a morfologicka
plasticita jak mezi, tak i v ramci populaci.

Pro tuto ekologickou studii byly vybrany {pod)druhyMyosotis M.
caespitosaC. F. ScHuLTz — pomrenka trsnata M. pal. subsp. laxiflora
(REICHENB.) SCHUBLER ET MARTENS — pomrenka bahenni volnoki¥a a M.
nemorosaBESSER— pomrenka hajni, nebatkoliv se jedna o druhy podobné a
vazané na vlhka stanowstsou mezi nimi rozdily jak v jejich vlastnosteah
chovani (nap v ploidii, ve vegetativnimiistu - klonali¢, délce Zivota a Zivotni
strategii, v kveteni), tak zarovel v ekologickych vazbach na dité typy
rostlinnych spoléenstev a vlastnosti stanowi§(nag. vlhkost, zastiéni,
nadmdska vyska, hustota a sukcesni faze vegetace). Nadchnyi druhy
Myosotisjsou pondrné hojré zastoupeny v cilovém Gzemi (JiXbéchy acast
Vysainy), kde byly provadné i fytocenologické snimky, a bylo tudiz mozné
nasbirat dostatay paiet semen poebnych ke vSem pokias, a to z gkolika
raznych populaci od kazdého druhu

Prehled druhovych charakteristik u zkoumanych druhi Myosotis

Zivotni strategie je u v3echi fporovnavanych druhMyosotispodle literatury
stejna, a to CSR (konkuré&m — stres-tolerantni — ruderal; Klotz et al. 2082)
kdy v sol¢ druh spojuje vlastnosti vSectii tzakladnich strategii, jak jsou
definovany podle Grima (1977)ré%to se ale jednotlivé druhy podle uda;
literature 1iSi svoji vytrvalosti i charakterem klonalnihé@stu. Za druh s
nejkratSi zZivotnosti je povazovaia caespitosakde se nejasgji udava, ze je
to druh jednolety (Grime et al. 1981 gfénkova 2000§i maximalre dvoulety
polorizicovy hemikryptofyt bez klonalnihaistu (KlimeSova & Klimes 1998,
Klotz et al. 2002). Naproti tomu drullyosotis palustrissubsp.laxiflora je
jasre dlouhowky vytrvaly hemikryptofyt, je siléa klonalni a vytvéi podzemni i
nadzemni kenujici vylgZky stonkového fovodu — takzvané rhizomy a stolony
(Stepankova 2000, Klotz et al. 2002). Nginorod;jsi jsou Udaje o vytrvalosti
druhuM. nemorosaktery je povazovan jednak za jednolety az dvoutktih s
malym potencialem klonalnihoistu (KlimeSova & Klime$ 1998) ale i za
vytrvaly hemikryptofyt (Stpankova 2000, Klotz et al. 2002, Chaloupecka &
Leps 2004).

VSechny & druhy jsou #%ejm¢ zastoupeny v semenné bance
(pravctpodobrg pirechodnd semenna banka transient seed bapk na
stanovistich, kde rostou, a maji i velmi dobrowikbst. Ale konkrétni Udaje
jsou vzacne.

14



Porovnaniiti druhi ze skupinyMyosotis palustris

Tab. 1.— Pehled publikovanych Gd&jo druhovych vlastnostechi blizce gibuznych druh Myosotis které jsou pedntem této studie.

Druhova vlastnost M. caespitosa CF. SCHULTZ M. pal. subsp. laxiflora (REICHENB.) M. nemorosa BESSER
SCHUBLER ET MARTENS

Ploidie Oktoploid (2n=88) Hexaploid (2n=66) Dipdoi2n= 22)

Délka Zivota Jednolety druh (Grime et al. 198Ep&hkova Vytrvaly hemikryptofyt (Stpankova 2000, Jedno- az dvoulety druh bez klonalnihist
2000) Klotz et al. 2002) (KlimeSova & Klimes 1998), vytrvaly
Jedno- az dvoulety druh (KlimeSova & Klime$ hemikryptofyt (S&pankova 2000, Klotz et al.
1998), dvoulety hemikryptofyt (Klotz et al. 2002, Chaloupecka & Leps 2004)
2002)

Klonalita Bez klonalniho ustu, netvéi postranni Silng klonalni, vytv& podzemni rhizomy iKlonalni, vytv&i kratké podzemni rhizomy

vegetativni vyhony (KlimeSova & Klimes 1998phadzemni kenujici stolony (Spankova 2000, (Stpankova 2000, Chaloupecka & Leps 2004)
Klotz et al. 2002)

Zivotni strategie podle GrimaCSR (Klotz et al. 2002) CSR (Klotz et al. 2002); CSR (Klotz et al. 2002)
(Grime 1977) CR (Grime et al. 1987, pod jménemM.
scorpioide}
Vyskové stups ve stedni Od niZin do hor (do 630 m n.m.) QOd nizin do hor 86 m n.m.) QOd nizin do hor (az 1400 m n.m.)
Evrops (Stpankova 2000)
Floristické zony (Klotz et al. Meridionalni, submeridionalni, J a S temperatBubmeridionalni, J a S temperatni a borealni fJeanBeratni
2002) a borealni
Oceanita (Klotz et al. 2002) Skabceanicky druh Slasuboceanicky druh Suboceanicky druh
Habitat preferences Bahnitéieby tekoucich i stojatych vodMokiady, naplavy ek a potok, druh je VIhké louky, ndplavy potok pramenné oblasti,

mokiady, okraje rybnikk a obnaZzena rybéni schopny @ist i pod hladinou vody (Grime et alvinké lesy, vinké tikopy (Stpankova 2000)
dna, naplavy okolo tekoucich vod, vIhk&987, Klotz et al. 2002, Lenssen et al. 2003),

piikopy, pramenné oblasti, okraje rakosin réplavyiek a potok (S&pankova 2000)

osticovych porosi (Grime et al. 1981,

Stepankova 2000)
Kveteni Od kétna docervna (Stpankova 2000) _Od kena do z& (Grime et al. 1987,0d kwtna do srpna (8pankova 2000)
Stpankova 2000, Klotz et al. 2002)
Semenna banka Neexistuji data fe¢hodnd a dlouhodoba (Thompson et &. semenné bance ma Jené zastoupeni
1997, Jensen 1998) (Weiterova 2008)
Kli ¢ivost Dosahuje az 100% (Grime et al. 1981) Dolhir&vost (52-96%; Grime et al. 1981) Dobra dbst (65% v terénu a 80% ve

skleniku; Kotorova & Leps 1999)
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Vybrané dulezité druhové charakteristiky, na které se zarmé&uje tato
srovnavaci studie

Regenerani nika — kiéeni

Diferenciace regenetaich nik je jednim z hlavnich mechanisrkoexistence
druhi v rostlinnych spokenstvech (Grubb 1977). Rozdily ve fenologii a v
kliceni semen hraji vyznamnou roli v regerefsstrategii drufi, a mohou byt
také zasadnimi druhovymi charakteristikami, kteryaiodliSuji druhy blizce
piibuzné (Petr & LepS 2000, Baskin & Baskin 1998, Fenner 1992ulibr
1977). Klgeni je citliva faze, kdy velmi zalezi na spravnémasovaniCasto
je obdobi dozravani semen nevhodné pro okamzitdiceyk — byva jiz
relativné sucho, casto nasleduje i obdobi nevhodné pro naslede&iyani
semendki. Pozdrzeni klieni na obdobi s vhodj$imi podminkami umatuje
takzvana semenna dormance. Jsou-li semena dormapttdm nekki
okamzi€ po dozrani a opudti matéské rostliny, ale az po delSitasovém
intervalu. Ten nZe byt dlouhy par tydn mesial, ale i let¢i desetileti. \tasné
pieruseni dormance zalezi na fyziologickych mechagténuvnit semene, ale
hlavre na vrgjSich podminkach (ndpmusi byt semena nejprveitou ¢asovou
periodu vystavena nizkym teplotam, a teprve pot& jschopna vykdit,
nastanou-li vhodné 8i podminky (jaro). Existuje tu ale trade-off v
naasovani kideni, neb6 ¢ekani na vhodny okamzik seuge vyplatit, ale
promeskani vhodného okamziku naopakZzenvést k zaniku semene. Semena
mohou snhadno tprist okolni vegetacig¢i jinymi semenéky, mohou byt
srédenaci jinak znikena. U ¥tSiny semen navic jejich Zivotnost kles&ase
(nap. Leck et al. 1989), a opo&ae kliceni ze starSich semenibe mit navic
za nasledek i redukovangst rostlin a jejich nizSi finalni biomasu v konknce

s okolnimi rostlinami, jak ukazuji nap Rice & Dyer (2001) ve své studii s
druhem Bromus tectorumAby bylo riziko nevhodného ®asovani kkeni
minimalni, maji rostliny (i jejich semena) mechanys kterymi vnimaji své
okoli, aby mohly reagovat na vhodné externi podmidané nap mnoZzstvim
a kvalitou s¥tla (pontrem red/far red Zéni), vlihkosti¢i okolni teplotou
(Baskin & Baskin 1998, Fenner 1992; Pons 1992). dfidokombinacegthto
faktoni se u jednotlivych druh obvykle liSi, a souvisi s jejich ekologickym
chovanim a nikou. Druhy rostouci na naruSovangictio¢asnych stanovistich
jsou ¢asto kratkowke, bez¢i s limitovanym klonalnim istem, zato jsodasto
schopné vyklit velmi rychle, jakmile k tomu nastanou vhodné paaky. Tyto
druhy ¢asto maji mald semena, ktera jsou ve srovnani leymelsemeny
mnohem citligjSi na slunéni z&eni (Milberg et al. 2000). ProtoZze jsou
populace &chto druti na semenech Zivatrzavislé, probiha u nich pozitivni
selekce genotyps vysokou kifivosti. Rezivani drubi naruSovanych stanovis
je také zavislé na semenech ze semenné banky,ekdéezité, aby dobra
klicivost pretrvala i u starSich semen (maRitland 1983, Venable & Brown
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1988, Grime 2001). | tady vSak existuje u rostliade-off v investicich do
mnoZstvi, velikosti a kvality (n&ptrvanlivosti) semen. Variabilita v Kivosti
obecr zvySuje pravépodobnost usgEnosti jednotlivych populaci a dnith
piestoZze mnoho jedificnegezije (Silvertown 1997).

Klicivost semen pokusnych dnubMyosotis byla sledovana ve dvou
sklenikovych pokusech a v &tim pokusu v terénu nagkolika raiznych
lokalitach.

Konkurenceschopnost, konkurence a konkimerasahy v pokusech — gapy

Konkurence v rostlinném spalenstvu probihd mezi sousednimi rostlinami, a
to jak mezi #znymi druhy, tak mezi jedinci stejného druhu. Epost
piezivani, dstu a reprodukce rostlin je ovlisvana vlastnostmi nejblizsiho
okoli, a zélezi zde opravdu i na velmi malénsithu (Bischoff et al. 2006).
Vzdyt k adaptivni genetické diferenciaci mezi rostlinmypupulacemi dochazi
také i v malém r¥itku (vzdalenosti pouhychékolika centimeté az rekolika
mettt), coZz bylo UspdSné potvrzeno na rostlindch siaznou Zivotni formou,
délkou ZzZivota a uzr¢ vzacnych (Linhart & Grant 1996). V rostlinném
spolg&enstvu je z hlediska konkurenceulefitd pedevsim velikost
konkurujicich rostlin, proto byvaji rostliny se jsteu Zivotni formou
povaZzované za ekvivalentni konkurenty (Goldb&ryVerner 1983). Sledovani
vlivu konkurence v rostlinném spgalenstvu je dlezitou sowasti rostlinné
ekologie. \tSina tchto sledovani potvrzuje negativni vliv konkurenca
piezivani, @st i reprodukci sledovanych rostlin, coZ bylo prod@do i @i razné
dostupnosti zivin (Wilson & Tilman 1991). V malénefiiku Ize v rostlinném
spolg&enstvu najit i mista se snizenou konkurenci odnikblrostlin gap9,
kterd reprezentuji vhodna mikrostano¥igro kliceni semengki a dalsi dst
mladych rostlin (nap Spakova et al. 1998; Mehrhoff & Turkington 1996;
Morgan 1997). Na druhou stranu, tato mista mohawigg vystavena Spatnym
vngjSim podminkam (ndp suchu,c¢i naopak zaplaveni, extrémnim teplotam,
napadeni herbivory; Kotorova & Leps 1999). Kepivé podminky mohou
nastat v dsledku extrémni zegmy vrgjSi situace, ale mohou byt také gasti
typické sezonni variability (n&pletni vysychani).

Pomoci transplantaich pokud byva studovana lokalni adaptace
populaci¢i druhi. Ze lokalni adaptace existuje, potvrzuje mnohousbKna.
Joshi et al. 2001; Knight & Miller 2004; Rice & Kpga 2008). Zname jsou vSak
i pripady, kdy byly na pokusné lokalitisgsngjSi populace cizi, ve srovnani s
domaci, jak ukazuje naéprecipr@ni vysevovy pokus s populacemi druhu
Bromus tectorunRice & Mack 1991). Jak silny je vliv rozdilnyclippdnich
podminek ve srovnani s geografickou a genetickaukdsti rostlinnych
populaci, dokazuje také mapstudie Montalvo & Ellstrand (2000). Existuje
piekvapiv malo experimentalnich studii, které by zkoumaly bnkurence v
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rostlinnych spoléenstvech pomoci reciptoi vysadby (p. Reader et al. 1994;
Rice & Knapp 2008).

Klonalita

Vyznamnou druhovou charakteristikou rostlinnychhdrye klonalita, ktera je
spojena s jejich tustovou formou a Zivotni strategii. Klonalita vyznam
ovliviiuje pezivani a konkurenceschopnost daného druhu v roéth
spol&enstvu (Herben et al. 1994, van Groenendael €196, Klimes et al.
1997). Klonalni st rostlin byva pimo ovlivieny konkuregnim tlakem od
okolnich druli rostlinného spolenstva, ale i konkurenci od ostatnich jedinc
stejného druhu. NaStgdchozi terénni pokus s druhevlyosotis nemorosa
(Chaloupecka & LepS 2004) ukazuje, Ze tento dragaeal vySSi intenzitou
klonalniho fistu na snizenou okolni konkurencigr v ,gapech®), a Zze mezi
investicemi do klonalniho &ni a kveteni nebyl zaznamenany zadny trade-off
(Chaloupecka & Leps 2004).

Jednim z dlezitych ciii mé prace bylo sledovani charakteru a intenzity
klonalniho dstu jednotlivych druh. U druhu M. caespitosabylo zajimavé
owvéieni, zda jde opravdu o druh kratk&y — jedno az dvoulety (Grime et al.
1981, KlimeSova & Klimes 1998, Gtankova 2000, Klotz et al. 2002)aké u
druhuM. nemorosaylo zajimavé potvrditi vyvratit idaje o jeho vytrvalosti a
intenzie klonality, které se tzni (KlimeSova & Klimes 1998, &bankova
2000, Klotz et al. 2002, Chaloupecka & Leps 20Q4ySech iti druhi Myosotis
Slo i o owieni podoby vytvéenych klonalnich orgdn(stolony, rhizomygi
dcdiné nizice), o jejich poetnost a o intenzitu roastani a §eni jednotlivych
klong.

Vlivu konkurence na i@zivani, @st a kveteniif druhi Myosotis, a
zarovei i klonalit¢ sledovanych druhMyosotis,byla wnovana pozornost ve
dvou experimentélnich studiich: filétém zahradnim K&inaovém pokusu a
ve tiletém terénnim pokusu, kde byly pouzity reciprakéadby sledovanych
druhi na rékolika lokalitach.

Cile prace

Hlavnimi cily mé disert&ni prace bylo:

* pokusrk owiit, nakolik vybrané fun&ni druhové vlastnosti (traits)it
sledovanych druinh Myosotis odpovidaji publikovanym adan o €chto
druzich

» porovnat rozdily mezi blizceffpuznymi druhyMyosotiss variabilitou mezi
populacemi v ramci jednotlivych driih

* porovnat ve sklenikovém pokusudiiost ti sledovanych druhMyosotis
za fiznych vrgjSich podminek (vihkosttay, intenzita a kvalita Zéni,
vystaveni nizkeé tepl®) a @i raizném sté semen
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e porovnat kléeni vice populaci od kazdého #edruhi Myosotisna rékolika
raznych lokalitach

* zhodnotit vliv mikrostanovis na gezivani, @st a kveteni if druhi
Myosotis,a to v k¥tin&ovém i v terénnim pokusu (kde byly pouzity
reciproké vysadby sledovanych déuma rékolika lokalitach)

» shrnout, nakolik ekologické rozdily a rozdilné dvué viastnosti (zjigne v
nasich pokusech) meziemi blizce pibuznymi druhyMyosotisodpovidaji
jejich poZzadavikm na vlastnosti charakteristickych tygorostedi, kde
rostou (vyjadeno zastoupenim typickych rostlinnych sgelestev a dalSimi
ekologickymi vlastnostmi proistdi)

Shrnuti a vysledky jednotlivych pokugi:

Kli¢eni — dva sklenikové pokusy
Viz kapitolu¢. 3:

Koutecka E. & Lep$ J. (2009): Effect of light andisture conditions and seed age on
germination of three closely relat®dti/osotisspecies. — Folia Geobot. 44: 109-130.

Klicivost i blizce gibuznych drufh Myosotis byla porovnana ve dvou
sklenikovych pokusech. V prvnim pokusu bylo zkoumajek Kklivost
ovliviiuji dva externi faktory — vlhkost (byly pouzity 4oirn¢ zasahu od
suchého, fes vihky, stidaw zaplavovany az po trvale zaplaveny) a&tlev
(byly pouzity 3 typy zasahu: bez zastinu, &tinzelenou folii a stimi
nepropustnym Stitem); pokus byl v kompletnim fail@oim uspsadani. V
druhém pokusu bylo studovano, jaky vliv ma nagiktist stdi pouzitych semen
(Cerstva a 3 roky stara semena) asgb jejich skladovani (jestliipd klicenim
byla ¢i nebyla semena vystavena nizkym teplotam). V opolusech bylo
sledované konmé procento vykéienych semen a zarave rychlost klceni
reprezentovana veélnou Tso (Cas, kdy vykléila polovina z vysetych semen,
udavany pétem dni). V obou pokusech byla pouzita semena z vice papul
od kazdého druhu, proto mohly byt vzajenmporovnany nejeniit sledované
druhyMyosotisale i mezipopuléni variabilita v rdmci jednotlivych druin

Hlavni cile a gekavani

Pti porovnani vlivu tizné intenzity dvou externich faktor vihkosti a s¥tla —
na kli¢ivost jsme ¢ekavali, Ze citlivost jednotlivych driahMyosotisk témto
faktorim bude odpovidat jejich nardk na podminky prosedi, ve kterém
bézré rostou. B testovani kifivosti rizné starych semenyitdruhi Myosotis
(vystavenych navic idznym teplotnim podminkam fip skladovani ped
vlastnim klgenim) jsme pedpokladali, Ze nejlepsi klvost by mohla #stat
zachovana u kratkékého a neklonalniho druhd. caespitosaneba’ tento ze
sledovanych druhmusi nejvice spoléhat na zachovanirar8ipomoci semen a
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semenné banky. V tomto &cim pokusu jsme porovnavali i mezidruhovou a
mezipopuléani variabilitu u fi druhi Myosotis. Predpokladali jsme, zéVl.
caespitosgakozto druh kratkosky a z nejvice naruSovanych standvigde je
nej\etsSi selekni tlak na aspsné uchyceni semetid) by mohl mit nejlepsi
klicivost u &tSiny populaci.

Vysledky sklenikovych pokus klicenim

VSechny i druhy Myosotis pottebovaly ke kideni vihkost a byly negatien
ovlivnény suchem. Zastémi mélo na klivost druhi pouze nizky vliv, ktery se
projevil malym zpomalenim Kéni pod zelenou félii simulujici zménou
kvalitou s\wtelného zéeni vegeténi pokryv. Vystaveni semen nizkym teplotam
pii skladovani nerlo na kli¢eni vliv, coz ukazuje, Zze semeklyosotisz velké
¢asti nejsou dormantniysledky sklenikového pokusu s d¢nim # druhi
Myosotisukazuji na rozdily mezi druhy, ale zaréwekazuji i na to, Ze byly tyto
rozdily relativie malé ve srovnani s vysokou variabilitou mezi papami.
Srovnani kléivosti jednotlivych drufi Myosotis pievazié potvrdilo naSe
piedpoklady ve vztahu k charakteru jejiatrgzenych stanovis Konkrétrg, M.
caespitosa(kratkowky druh rostouci na @gasnych stanovistich) byl druh s
nejvyssi (dosahujiciasto i 100%) a nejrychlejSi kivosti v obou pokusech ve
srovnani s ostatnimi dwma druhy Myosotis, a to nagi¢ vSemi svymi
populacemi.Navic, konéna klivost tohoto druhu jeStnepatrd vzrostla s
rostoucim ¥kem semen, zatimco u ostatnich dvou drsikem klesla (jak je
u wtSiny semen &né). | silrt klonalni druhMyosotis palustrisubsplaxiflora
dosahoval v obou pokusech vysok&ikibsti, variabilita mezi jeho populacemi
byla stedni. U druhuM. nemorosayla v obou pokusech zaznamenana &sjv
mezipopuléni variabilita. Zajimavé je i to, Ze kivost M. nemorosabyla ve
srovnani s okma ostatnimi druhy zpomalena v trvale zaplavenymngnkach
pokusu (to se shoduje i s poZzadavky na charaktestedi, neb6é tento druh
roste ve srovnani s éima ostatnimi i v sussSich typech stantyjgko jsou nap
lu¢ni spoléenstvati vysychavé pikopy).

Zkoumani vegetativnihodstu v nizném substratu a konkurenci - Btinac¢ovy
pokus

Viz kapitolu¢. 4:

Koutecka E. & LepS J. (2011): Performance of theksely relatedMlyosotis species in an
experiment in which substrate quality and compmtitivere manipulated. — Preslia 83: xx—xx
[in press]

Trilety kwétinatovy pokus se zabyval odezvoii blizce gibuznych drufi
pomreének ze skupiny Myosotis palustrisna konkurenci a typ substratu
Rostliny ze ¢tyt populaci od kazdého druhu byly¥stovany ve faktoriakn
uspdadanych kombinacich dvou tysubstratu (Zivinami bohaty zahradnicky
substrat a jeho sta s piskem) a konkurenced{sez konkuretni travyHolcus
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lanatug. Bylo sledovano fgzivani, klonalnitst a rkteré dalSi charakteristiky
jednotlivych druli. ProtoZe pokusné rostliny byly &z vice populaci, mohly
byt i v této pokusné praci navic sledovany nejerdily mezi druhy ale i
mezipopul&ni variabilita v ramci druin

Hlavni cile a gekavani

Hlavnim cilem prace bylo porovnat, zda se rozdibzimdruhy shoduji s nasSimi
ocekavanimi, kterd mame na zakiathSich znalosti jejich druhovych viastnosti
a stanovistnich preferenci.c€kavali jsme, Ze druhy rostouci nacdsnych
stanovistich (v naSentipadt hlavné M. caespitosamozna iMyosotis palustris
subsp. laxiflora) budou peZivat nejkratSi dobu, a zardvéoudou nejvice
ovlivnény kompetici. VSechny druhy budou pozittvrovlivnény vySSim
obsahem Zivin v substratu, ale tento efekt by} byt mnohem vyraz¥jsi v
kvétin&ich bez konkureimiho druhuHolcus lanatusktery je Iépe adaptovany
na zivinami bohaté podminky, a¢hby tudiz jakozto silny kompetitor (Lep$
1999) oderpat ¢ast Zivin a vyrusit tim jejich pozitivni vliv. Zagialo nas,
objevi-li se trade-off v alokaci zdiiojmezi klonalnim (vegetativnim)istem a
kvetenim (reprezentujicim generativriesii). Ackoliv tento trade-off v alokaci
nebyl zaznamenan v pokusné studii u drithunemorosgChaloupecka & Leps
2004), mohl by se vyskytnout viipadt omezenych zdréj nebo u
kratkowkého druhuM. caespitosaktery je podle udaj v literatue jedno- az
dvoulety (Grime et al. 1981, KlimeSova & KlimeS B9XKlotz et al. 2002,
Stspankova 2000).

Vysledky ke&tindcového pokusu

VSechny ti druhy Myosotis se shod& ukazaly jako konkuremé slabe,
negativni vliv kompetice byl velmi silny. Pragt a gezivani vSech druhse
jako vhodrjSi jevi Zivinami chudsSi péga snes; podobs i pro kliceni
semendki, které probihalo ve dvou vinach: naga(kwten) a na podzim
(fijen/listopad). Naproti tomu vyska rostlin bylat$i v Zivinami bohatSi jmié.
Chovani pokusnych drihdokie odpovidalo jejich preferencim pro jednotlivé
typy stanovig. V rad pripadi se ukazalo, Ze rostliny Ziji déle, nez je wramlv
literature.

Druh M. caespitosge povazovan za kratkéky, omezeny na dasna
stanovi& typu obnazenych ryb&mich den. V naSem Kktin&ovém pokusu
tento druh reagoval na konkurenci nejciffiva do konce druhé sezoény v
konkurernich zasazich vSechny rostliny zahynuly. V étkva&ich bez
konkurence vSakdkolik rostlin grezilo i do teti sezony aigkvapiw Usgsns
se klonalg roznistaly pomoci dagnych nizic ¢i kratkych stolofi. Typickym
stanovis¢m druhuM. palustrissubsp.laxiflora jsou Gehyiek a rybniki, které
jsou ¢asto naruSované proudici vodou. V naSem pokusdiyaly rostliny
tohoto druhu nejlépe agtsina se jich zarovei nejlépe klonald roznistala
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pomoci vysokého ptu vytvaenych rhizomi i stoloni, schopnych praist
plochu i obvod celého Rtin&e. Tim druh M. palustris subsp. laxiflora
potvrdil swij velky potencial k rychlé vegetativni kolonizacamSovanych a
dosud neobsazenych stanaoviBruh M. nemorosase ve srovnani s ostatnimi
dvéma druhy vyskytuje narpvazr stabilrgjSich typech progedi, napiklad na
loukach, které jsou ale zarave prostedim s nejutSi konkurenci od okolnich
druhi rostlin. V naSem pokusu byly rostlilW. nemorosalruhé nejusgsrejsi v
piezivani i v klonalnim irstu, kdy vytvéely bud’ velmi kratké nektenujici
stolony¢i kratké rhizomy.

Mezipopul&ni variabilita byla v ramci jednotlivych drahtzna, neb6
zatimco mezi populacenM. nemorosabyla variabilita ve vSech sledovanych
charakteristikach nef{Si (coz ¥ejm¢ souvisi s lokalni adaptaci tohoto druhu k
podminkdm na velmiiznych typech stanowiy odezvy populadil. caespitosa
byly naopak v ramci druhu velmi podobné.

Zkoumani vegetativnihodstu v mizné konkurenci na #ékolika lokalitach -
reciprocni prFesazovaci pokus

Viz kapitolu¢. 5:
Koutecka E. & Leps J.: Growth and survival of thodesely relatedMyosotisspecies in a three
years transplant experiment [manuscript]

Reciprani transplanténi pokus byl provath se femi blizce pibuznymi druhy
pomreénekze skupinyMyosotis palustri:ia @ti pokusnych lokalitach, na kazde
Z nich se jeden z pokusnych déuh ptirozere vyskytuje K vysadbam byly
pouzity d¥ rizné populace od kazdého druhu. Mladé pokusné mgsiiyly
vysazované dofit typd mikrostanovi§ s riznou intenzitou konkurence od
okolni vegetace: ,gap“ (misto bez nadzemni konkceemejméd 15 cm v
praméru), ,sttedni konkurence" (misto s mg&rhustou vegetaci) a ,silna
konkurence” (husta vegetace nebo trs travitgz®Rani rostlin bylo sledovano
po ti roky, nékteré klondlni aistové charakteristiky byly &tieny 7x Ehem
dvou vegeténich sezon. Pomoci kontragstatistickd metoda) bylo porovnano,
jestli je na stanovistijvodni druhMyosotisve srovnani s ostatnimi &wa na

i pokus zkoumajici ktivost & pribuznych drubi Myosotis,a to celkem s
dvanécti tiznymi populacemi. V obou pokusech byly porovnargdity mezi
jednotlivymi druhy, ale i mezipopuiai variabilita v ramci jednotlivych druih

Hlavni cile a gekavani

V naSem pokusu jsme ¢lit porovnat rozdily meziiemi blizce pibuznymi
druhy Myosaotis,i rozdily mezi populacemi v ramci drithZajimalo nas, jestli
budou mit domaci druhiyosotisna svych lokalitach vyhodu vigzivani,
rastu, Kkleni., Dale nas zajimalo, jak budou jednotlivé drukggovat na
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raiznou urové konkurence. @ekavali jsme, Ze vliv konkurence na vSechny
sledované druhy bude negativni, a to nejvice u wWrivh caespitosa,ma
nejkratSi délku Zivota, a roste pouze ndadmych a naruSovanych stanovistich.
U tohoto druhu jsme tak&ekavali nejlepsi kéivost.

Vysledky recipréniho p‘esazovaciho pokusu

Byly zaznamenany velké rozdily mezi drulMyosotis, stejre jako mezi
populacemi drui. Jednotlivé druhyMyosotis byly na svych ,domacich”
piezivani a vySka klan zatimco v klonallt, kveteni a kiieni nebyly ,doméci*
druhy na svych lokalitach fkazre lepSi. Jedina lokalita, kde byl domacim
druh M. caespitosapyla zaplavena hned po prvni sezdén ol lokality s
domacim druhemM. palustris subsp. laxiflora byly znieny kthem druhé
sezbony. Tato skuteost ilustruje, Ze lokality obou driihmaji pouze deasny
charakter a byvajtasto naruSované (ndklad byvaji zaplavenyi splachnuty
povodni).

V naSem pokusu & druh M. caespitosanejvyssi umrtnost klan a
nejcitliveji reagoval na okolni konkurenci, coz odpovida jaldavané délce
Zivota (jedno-¢i dvoulety druh) a také charakteru ptesti, ve kterém dxne
roste (naruSovana a kratkodoba stansiiztarovei ale tento druh, ve srovnani
s okkma dalSimi, vytvéel bkthem prvni sezony nejtsi mnozstvi dagnych
razic a vyhori v gapech, a #kolik jeho kloni Usgsre prezilo az do feti
sezony. DruhM. pal. subsp.laxiflora ptezival nejlépe na svych domacich
lokalitach, kde byly Bhem prvni sezény jeho klony i né&jgi. Tento druh
reagoval svymirstem nejcitligji na konkurenci, a proto se nejlépe risstal v
gapech, zatimco jeho klonalnigdii bylo omezené se vstajici konkurenci.
To odpovida jeho schopnosti rychlé kolonizace #ensi podél vod na
naruSovanych mistech bez vegetace, ale zaroaé&zké konkurenceschopnosti
v pozajSich fazich sukcese vegetace. DMihnemorosanél nejvyssi klony na
svych domécich lokalitdch v {®hu celého pokusu. Rostliny tohoto druhu
navic nejlépe fezivaly, a to naréch lokalitach z i prvni sezénu, a na vSech
zbyvajicich lokalitach &hem druhé aréti sezény, coz ukazuje na vysokou
schopnost adaptace kibmM. nemorosak dlouhodobému gzivani v éznych
typech progsedi.

Samotnd intenzita konkurence trznych typech mikrostanovisméla
jen slaby vliv na fezivani pokusnych drih(jako hlavni efekt), ale vhodnost
raznych tym mikrostanovis se liSila mezi jednotlivymi lokalitami a také v
¢ase. V obou dvou experimentech (transplarita i vysevovém) se ukazalo, ze
zde jsou pedevsSim velké rozdily mezi pokusnymi lokalitami. sigdky
vysevového pokusu ukazaly, Ze jsou velké rozdiigivosti mezi populacemi
v ramci jednotlivych druth Myosotis a to gedevSim u druhuM. nemorosa,
zatimco rozdily mezi druhy nebylyikazné.
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Porovnani mezidruhovych vazeb a vybranych charalgigk stanovig’ u tFi
blizce gibuznych druhi bahennich pomének — fytocenologické snimky

Viz kapitolu¢. 6:

Koutecka E., Koutecky P. & Lep$ J.: Comparison ofmmunity composition and site
conditions between three closely relakdylosotisspecies [manuscript]

Paiizovani fytocenologickych sniniktéi blizce gibuznych drufi Myosotis
slouzilo gedevSim k seznameni se s charakterem a ekoldgozenych
stanovi$, kde se cilové druhlylyosotisvyskytuji, a také k zmapovani vazeb na
okolni rostlinna spolenstva. Zarove byla @i této ¢innosti shirana semena a
byly hledany pokusné lokality pro dalSi pokusy.rSky byly paizovany v jizni
tastiCeské republiky na lokalitach, kde sérpzert vyskytoval alespi jeden z
cilovych drulii. Zarover byly na mistech sniniksubjektivieé zaznamenavany
(krome zakladnich uddj jako nap. pokryvnosti jednotlivych pater, nadiis&a
vySka, sklon,...) #které dalSi charakteristiky stanoviako vihkost, zastin. V
nasledné analyze ziskanych date(@zre pomoci mnohorozemnych metod)
byly jednotlivé snimky krom téchto zaznamenanych Udagharakterizovany i
pramérnymi hodnotami Ellenbergovyadiisel.

Prestoze vSechnyitdruhy rostou ve vihkém prasdi, jen velmi vzach
rostou pohromatina jedné lokali, a i jejich fytocenologické snimky se svym
druhovym sloZenim zga¢ liSi. KdyZz porovname pozZadavky sledovanyth t
druhi Myosotis na vlastnosti progdi, kde rostou, s vysledky naSich
piedchozich experimeinikli¢eni, kwtinaéovy a recipréni presazovaci pokus),
muzeme ukazat, Ze ¢které dilezité funkni vlastnosti vybranych drdh
Myosotis jsou vhod® vyuzity k peziti, mistu a reprodukci v jejich
charakteristickych typech présti, a odpovidaji i typickym rostlinnym
spol&enstuim, ve kterych rostou.

Druh M. caespitosarostl na obnazenych rylmich dnech a jejich
okrajich. Jeho vyskyt byl pozitigrkorelovany s intenzitou ¥@ni a negativa s
hustotou pokryvnosti bylinného patra, coz odpovid&ialnim sukcesnim
stadiim vegetace a &asnosti tohoto typu prdsidi. Také to odpovida
vysledkim nasSich pedchozich pokus kde byl druhM. caespitosanejslabsi v
konkurenceschopnosti a dlouhodobéifezivani, ale ®l nejlepSi kléivost
(ktera byla vysoka, nejrychlejsi, a také konstantmribéhu rekolika let a u
mnoha tiznych populaci).

Vyskyt druhuM. palustrissubsp.laxiflora byl pozitivreé korelovany s
Gzivnosti stanovigt negativié s dostupnosti ¥ani a mirg negativié s
pokryvnosti bylinného patra. To odpovida i jehaidiggm stanovistim, coz jsou
Zivinami bohaté a vlhkérbhy tekoucich vod nebo olSiny (oboji gtié stromy,
ale s nizSi pokryvnosti ostatni vegetace). Takédiy naSich pokussouhlasi,
Ze dilezité druhové vlastnosi. palustrissubsp.laxiflora se hodi do tohoto
typu prostedi: druh je sil& klonalni, se schopnostiitise pomoci nhadzemnich
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stoloni a podzemnich rhizoim ale edevSim v prosedi bez konkurence.
Pritom mgl tento druh i porérné dobrou kl€éivost. Druh M. palustris subsp.

laxiflora je prav@podobr zavisly gedevsim naychlé vegetativni kolonizaci
mist, ktera jsou naruSegiav rané fazi sukcese vegetace.

Ve srovnani s ostatnimi &ma druhy byl vyskytM. nemorosgozitivre
korelovany s vysSi vegetai pokryvnosti a negati¢éns vlhkosti. Jeho
typickymi stanovisti byly louky, raelin&t gikopy s velmi variabilni vihkosti
(od zamokenych po térr sucha stanovig), a s pevazre hustSim a stabilnim
veget&nim pokryvem. S tim souhlasily i jeho fumk druhové vlastnosti,
potvrzené v naSichipdchozich experimentech: relativislobré dlouhodobé
piezivani klori, a to dokonce i ve&Si konkurenci, relativhnizk4 a pomala
klicivost ve srovnani s ostatnimi @aa druhy (kterd byla jeStzpomalena
dlouhodobym zaplavenim) a vysoka vnitrodruhova aldlita ve vSech
charakteristikach. Zda se, Ze stratdgiinemorosge bezpéné rezivani klor
na os¥déeném mist kombinovano s regeneraci pomoci semen.

Celkové shrnuti vysledia

Kdyz shrneme vysledky naSich pokua fytocenologického snimkovanii t
blizce gibuznych drufh Myosotisze skupinyPalustris pak mizemefici, Ze
kombinace druhovych vlastnosti jednotlivych drwddpovida jejich ekologii a
chovani.

V naSich pokusech byl dru¥l. caespitosanejvice citlivy ke konkurenci
a jeho rostliny nmly zietelre nejkratSi délku Zivota. Jeho &hlost byla na
druhou stranu excelentni — konstantrysoka, rychld a stabilni i u starSich
semen, a to navic st&jm niznych populaci. V naSich pokuseatkalik rostlin
tohoto druhu pezilo prekvapiv dlouho dokonce i ve stalejSich typech predi
(druhow bohata louka, zarostla lesni cesta), ktera nepourgj typicka, a
dokonce se tu jeho rostliny Gspe klonalre rozristaly nejméa tii veget&ni
sezony pomoci postrannich #dicgch mizic nebo kratkych vy¥ka — stolori.
Typickymi prostedimi vyskytu tohoto druhu jsou spiSe kratkodolzdn@tise
vystavena slunmimu svitu a dostate¢ zavodrna, jako jsou obnazena dna
rybniki a jejich okraje. VSechny naSe vysledky ukazuji,hf@vni strategii
pieziti u druhuM. caespitosaje produkce doie Klicicich semen a také
existence fetrvavajici semenné banky.

Vysledky nasich pokuspotvrdily, Ze druhMl. palustrissubsplaxiflora
je z nasich#fi druhi nejlépe pizptisoben k &eni pomoci klonalnihoustu,
neba’ vytvéi dva typy dlouhych vy¥kia — stolony a rhizomy. Klonalni
rozristani tohoto druhu bylo nejvice ovlsmou okolni Urovni konkurence —
rostliny se §ily velice intenzivié a rychle v mistech s omezenou konkurenci
(gapy), ale v konkureénim prostedi bylo toto §eni Zetelrt omezené. #tom
byla u tohoto druhu s@asré zjiSttna i relativie dobra kléivost. Typickym
prostedim, kde tento druh roste, jsou Zivinami bohash®tist, vihka, a s
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nizs§im veget&nim pokryvem, konkréth biehy tekoucich vod nebo olSiny.
Hlavni strategii druhuM. palustris subsp.laxiflora je pravépodobr rychla
vegetativni kolonizace mist, ktera jsou narusgmnarané fazi sukcese vegetace,
doplntnd generativnim #&nim pomoci semen. Navic je u tohoto druhu
podpdeno i Sfteni na dlouhé vzdalenosti podél tekouci viekya potok, ato i
pomoci kdenujicich vegetativnich fragmeint

V naSich pokusech byl drul. nemorosavelmi Usg@sny v gezivani, a
to predevSim na terénnich lokalitach. Tento drulll mejwtSi toleranci ke
konkurenci a byl schopny sefigpusobit podminkdm ve vSech typech
konkurergnich mikrostanovi§ na fiznych lokalitach, pestoze je schopny
vegetativ se Sfit pouze na kratké vzdalenosti (cca 5 cm za rokp hlavré
pomoci kratkych rhizoin Klicivost u M. nemorosabyla nejvice variabilni,
zpomaleno p dlouhotrvajicim zaplaveni. Typickymi stanoviStrutiu M.
nemorosajsou vihké louky, mokady a vihké fikopy, s fizr¢ variabilni
vihkosti (ale ¢casto suSSi ve srovnani se stanovisti ostatnich cdiroini
Myosotig a s mnohem hustSim a stabjfiim vegetanim pokryvem. Zda se, Ze
strategii druhuM. nemorosaje hlavre Usgsné petrvani na stanovisti (v
menSim nafitku i na vhodnych mistech v porostu), a to dokonhee husté
vegetaci, pomoci dlouhodobéhdepivani individui (jako individuum je zde
brany klon — geneta, kteryrgriva, &koliv jednotlivé nadzemni lodyhy po
odkwtu oduntou), spoléné¢ s regeneraci pomoci semen, které zavisi na
vyskytu vhodnych mikrostanovigovlivnénych ¢asoprostorovou variabilitou).

Ve vSech naSich pokusech jsme zjistili velké rozdikezi populacemi v rdmci
jednotlivych druld, coZz ukazuje, jak je pro vSechna mezidruhova stoviv

ekologickych studiich @ezité, aby nezapominala brat v potaz i vnitrodsuduw
variabilitu!
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Effect of light and moisture conditions and seed ag e on
germination of three closely related = Myosotis species

Eva Koutecka & Jan LepS

Abstract

Germination of three closely related species fromMyosotis palustriggroup M. nemorosa

M. palustrissubsp.laxiflora, M. caespitospdiffering in their habitats and capacity for cébn
growth, was compared in two greenhouse experimé&otgvaluate both inter- and intraspecific
variation, each species was represented by seensdeveral populations. Final germination
percentage and germination rateg Were compared both between species and populations
within species. In the first experiment, we studih@ influence of two external factors,
moisture and light. Four moisture levels (dry, wpgriodically flooded and permanently
flooded soil) and three types of shading (withchading, shaded with green foil, shaded with
solid paper sheet) were combined in a completeofiattdesgn. In all three species, total
germination percentage was the same in the thréestéreatments, and decreased in the dry
treatment. Germination in the treatments shadel giigéen foil (simulating vegetation cover,
which changed light quality) was significantly slemthan in treatments without shading and
treatments shaded with a solid paper sheet. There significant differences among species,
but we also found very pronounced differences ampaogulations within a speciedd.
caespitosahad the uniformly highest germination percentagadhing in some cases 100%)
and also fastest germinatio@ermination ofM. palustris subsp.laxiflora populations was
slower and reached lower final proportions, and iomadvariability among populations. Inter-
population variability in the final germination pentage was highest, and the final germination
the lowest inM. nemorosaln addition,M. nemorosaa species typical for permanent meadow
communities was delayed by permanent flooding.hin $econdexperiment, we studied the
effects of seed age and storage conditions. Thoa®inations of seed age and storage were
used: younger seeds (hgHar old) with no-chilling, younger seeds with thiy and old seeds
(three years old) with chilling\. caespitosdad again the highest final germination percentage
and fastest germination ratesoTIn addition, final germination percentage of tsisecies
slightly increased with seed age, whereas it dsexkan the other two species. The germination
behaviour corresponded well to expectation basedspecies life histories and habitat
preferences. Remarkably stable and high germingtgmoentages and fastest germination rates
Tso Were ascertained M. caespitosaa species of disturbed habitats, with lowest ciypdor
clonal spreadM. palustris subsp.laxiflora (species with highest clonal capacity) akd
nemorosa(species with medium clonal potential) achievedidg but still very high final
germination percentage. In additioh. nemorosashowed the highest inter-populations
variability in our experiments.

This chapter was published in Folia Geobotanicduivie 44, Pages: 109-130.
Published online: June 2009.
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Jaky vliv maji razné s¥telné a vihkostni podminky a izné st&i semen na
Kli ¢ivost tFi blizce pribuznych druhia Myosotis

Abstrakt:

Kli¢ivost ti blizce gibuznych drub ze skupinyMyosotis palustriggroup M. nemorosaM.
palustris subsp.laxiflora, M. caespitosp které rostou viznych typech progtdi a liSi se
v klonalnim Kistu, byla porovnana ve dvou sklenikovych pokusketzdy druh byl zastoupeny
semeny z &olika riznych populaci, aby mohly byt porovnany mezidruhoozdily, ale i
mezipopul&ni variabilita v ramci jednotlivych druh, a to jak u dosazeného kéného podilu
vyklicenych semen, tak u rychlosti déni (Tso: ¢as, kdy vykléila polovina z vysetych semen,
udavany potem dni). V prvnim pokusu bylo zkoumano, jak ddiost ovliviiuji dva externi
faktory — vihkost (byly pouzity 4 Gro¥nzdsahu od suchéhoigs vihky, stidaw zaplavovany
az po trvale zaplaveny) a&lo (byly pouzity 3 typy zasahu: bez zéastinu, &tirzelenou folii a
stintni nepropustnym Stitem); pokus byl v kompletnimtdaié&lnim uspeédani. VSechnyxit
druhy Myosotispotrebovaly ke kiéeni vihkost a byly negati¥novlivnény suchem. Zastémi
mélo na klgivost druhii pouze nizky vliv, ktery se projevil malym zpomdlenkliceni pod
zelenou félii simulujici zrnénou kvalitou s¥telného z#éeni vegeténi pokryv. Byly
zaznamenané ftkazné rozdily mezi jednotlivymi druhylyosotis,ale zarova i veliké rozdily
mezi populacemi vramci drih Druh M. caespitosadosahoval nejvySsi Kiivosti (asto i
100%) a sotasre klicil nejrychleji, a to nafi¢ vSemi svymi populacemi. Ki&ni populaciM.
palustrissubsp.laxiflora jiz bylo mirrg variabilni mezi populacemi, a celkow nsco nizsi. U
druhuM. nemorosayla mezipopuléni variabilita nejétsi, a dosazena Elizost nejnizsi. Navic
bylo u tohoto druhu (typického prodciui spol€enstva) v trvale zaplaveném substratgedi
zpomalenoVe druhém pokusu bylo studovano, jaky vliv mé rigikbst st&i pouzitych semen
a zpisob jejich skladovani. Byly pouzityi tkombinace #izného sté semen a zjsobu jejich
skladovani: mladSi semena (stara % roku) bez wgstamizkym teplotam, mladSi semena
vystavena nizkym teplotam, a starSi semefiadky stard) vystavena nizkym teplotdm. Druh
M. caespitosanél opet nejvyssi a nejrychlejSi Klivost. Navic konéna klkivost tohoto druhu
jeS€ nepatr@ vzrostla s rostoucimékem semen, zatimco u ostatnich dvou drshwkem
klesla (jak je u ¥tSiny semen &né).Srovnani kléivosti jednotlivych drufi Myosotisprevazr
potvrdilo naSe fedpoklady ve vztahu k charakteru jejictirgzenych stanoviS Konkrétrg, M.
caespitosakratkowky druh rostouci na dasnych stanovistich, s nejmensim potencialem pro
klonalni rist) byl druh s nejvysSsi (dosahujighsto i 100%) a nejrychlejSi Elvosti v obou
pokusech ve srovnani s ostatniménha druhyMyosotis,ato nagi¢ vSemi svymi populacemi.
Silng klonalni druhMyosotis palustrisubsp.laxiflora a druhM. nemorosaktery méa stedni
klonalni potenciél), dosahovali sice nizsi, alelestaelmi vysoké kifivosti. U druhu M.
nemorosébyla v obou pokusech zaznamenana &gjymezipopuléni variabilita.

Zbytek této kapitoly byl uvejrén v éasopise: Folia Geobotanica, Volume 44, Pages: 109
130.
Publikovano onlinegerven 2010.
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Performance of three closely related Myosotis speci es in
an experiment in which substrate quality and compet ition
were manipulated

Eva Koutecka & Jan LepSs

Abstract

Closely related species can be used for studyiagetological significance of their traits. The
response in terms of survival, clonal growth andetative and generative characteristics of
three relatedMyosotisspecies to competition and soil characteristicsewstudied in a three
year pot experiment. Plants from four populatioes gpecies were cultivated in a factorial
combination of substrate (nutrient rich soil andktunies with sand) and competition (with or
without Holcus lanatu} treatments. Survival, clonal growth and the méajoof the growth
characteristics of all thredlyosotis species were reduced by competition. The effect of
substrate was less pronounced, and variable féougtraits: the soil with sand mixture was
more suitable for survival, clonal growth and sgedmination whereas in the soil plants were
taller, but this effect was modified by competitidime differences among species corresponded
well to expectation based on their known habitatferencesMyosotis caespitosaa species
typical of short term habitats such as emergedbwttof ponds, exhibited the shortest life span
and was also the most sensitive to competitiorplathts of this species died in the competition
treatment before the end of the second season.rtleless, the surviving plants (in the no
competition treatment) were able to form severalgiiéer rosettes or stolons; some of them
spread clonally till the third yeakyosotis palustrisubsp.laxiflora, which inhabits the banks

of rivers and brooks often disturbed by torrenflabds, survived best and had the highest
potential for clonal growth and spreading. Mostnpdaof this species produced rhizomes and
stolons and spread the furthest of all the threeisg.Myosotis nemorosayhich lives mostly

in meadows, the most stable habitat of the studiedjeners, but also a habitat with a strongly
competitive matrix of speciesyas intermediate in terms of survival, and clonabvgh,
forming mainly short rhizomes. This species exkihithe highest among-population variability
in all recorded characteristics, which might be tlués local adaptation to a wide spectrum of
habitats. We argue that the details of prevailirgjutbance regime, rather than some general
disturbance intensity explain the clonal behavioiuthe species compared.

This chapter will be published in Presh&lume 83, 18 pages.
Accepted: May 2011, in press.
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Reakce ¥ blizce pfibuznych druha Myosotis v experimentu
s manipulovanou kvalitou substratu a konkurenci

Abstrakt:

Blizce gibuzné druhy jsou vhodnym objektem studii, nakggjich druhové vikastnosti souvisi
s jejich ekologickym chovanim. flfety kwtin&ovy pokus se zabyval odezvoii blizce
pribuznych drufi pomrének ze skupinyMyosotis palustrigreprezentovanou jejichr@zivanim,
klonalnim fistem, a dalSimi vegetativnimi a generativnimi cki@réstikami) na konkurenci a
typ substratu Rostliny ze ¢tyt populaci od kazdého druhu bylyggtovany ve faktoriak
uspdadanych kombinacich dvou tysubstratu (zivinami bohaty zahradnicky substrghe
smes s piskem) a konkurence qshez konkure#ni travy Holcus lanatus Prezivani, klonalni
rast, i WtSina fistovych charakteristik vSechi druhi Myosotisbyly shodr shod®# negativi
ovlivnény konkurenci. Vliv substratu byl mé&wnyrazny, a liSil se proizné druhové vlastnosti.
Pro fist, pezivani a pro kéieni semenka vSech drub se jako vhod§si jevila zivinami
chudsi pigita snmés. Naproti tomu vyska rostlin byl&tsi v Zivinami bohatSi @, ale zarove
zde byla i vice ovlivéina konkurenci. Chovéani pokusnych diutlobre odpovidalo jejich
preferencim pro jednotlivé typy stanai®Druh M. caespitosge povazovan za kratkeky,
omezeny na dmasna stanovi§ttypu obnazenych rybemich den. V naSem Ktin&ovém
pokusu ndly rostliny tohoto druhu jagnnejkratSi délku Zivota, a navic reagovaly nejaijlina
konkurenci: do konce druhé sezény v konkdrdoch zasazich vSechny rostliny zahynuly. V
kvétin&ich bez konkurence vSakkolik rostlin prezilo i do teti sezony afgkvapiv Usg@Esre
se klonalg rozristaly pomoci dagnych nizic ¢i kratkych stoloi. Typickym stanovi&m
druhu M. palustris subsp. laxiflora jsou krehy ek a rybnil, které jsoucasto naruSované
proudici vodou. V naSem pokustiepivaly rostliny tohoto druhu nejlépe &tSina se jich
zarovei i nejlépe klonald roznistala pomoci vysokého @i vytvaenych rhizon i stoloni,
schopnych prdrst plochu i obvod celého ktindse. Druh M. nemorosase ve srovnani s
ostatnimi d¥ma druhy vyskytuje natpvazr stabilrgjSich typech progedi, napiklad na
loukach, které jsou ale zaraveprostedim s nej¥tSi konkurenci od okolnich dratrostlin. V
nasem pokusu byly rostlinyl. nemorosadruhé nejusgsrejsi v prezivani i v klonalnimstu,
kdy vytvaely hlavre kratké rhizomy. Mezi populacenM. nemoroséayla variabilita ve vSech
sledovanych charakteristikach n&fi (coz #ejme souvisi s lokalni adaptaci tohoto druhu k
podminkam na velmiiznych typech stanouis NaSe pozorovani nasiuji tomu, ze klonalni
chovani jednotlivych druh Myosotis mize byt ovliviovano vice vgsimi faktory, které se
navzajem ovliviuji.

Zbytek této kapitoly bude uvejnén v ¢asopise: Presliad/olume 83, 18 pages.
Prijato: kwéten 2011, v tisku.
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Growth and survival of three closely related Myosotis
species in a three years transplant experiment

Eva Koutecka & Jan Leps

Abstract

We have studied the growth and survival of threesely related species fromyosotis
palustrisgroup Myosotis caespitosa, M. palustssbsp laxiflora andM. nemorosgin a three
year reciprocal transplant experiment. Plants fromo populations of each species were
transplanted into five experimental localities whame of the thredlyosotis species was
resident. Young plants were planted into three sypcompetitive microsites: gap (without
above-ground vegetation, at least 15 cm in diarphetaiddle competition (less dense
vegetation) and high competition (dense vegetatiohick tussock). Survival, and selected
clonal and growth characteristics were measuredhif@e years. Germination experiment with
seeds from twelve populations of the savh@sotisspecies was conducted on six experimental
localities.

The experiment demonstrated differences among epduit also large differences
among populations within a species in many chariatites consistent over the localities.
However, the relative success of the species diffexamong individual localities, and also
according to the competition treatment. The contaamlysis has shown that on average, the
Myosotisspecies had advantage on localities where theiespe@s resident (significant for
survival, plant height). The only locality 8. caespitosavas flooded after the first season, the
two localities ofM. palustrissubsp.laxiflora were destroyed during the second season. This
corresponds well to the permanence of typical hébitf the species.

M. caespitosaexhibited the highest mortality of its clones, whiwas particularly
pronounced under competition, which correspond$ tevets habitat preferences (disturbed and
short-term sites), but this species produced thhdst amount of secondary rosettes and shoots
in gaps (in comparison with other two species)hia first season, and some clones persisted
successful till the third seasoM. palustrisl subsp.laxiflora survived best on its original
localities and its clones were highest there. Ipsgéhe species spread best clonaly, but also, its
clonal spread was most suppressed by competitibis d@orresponds well to its ability to
colonize fast vegetation-free sites along watet, Wweak competitiveness in later stages of
vegetation successioMl. nemorosaclones were highesin their original localities, . The
species survived best on three localities (frore)fiduring the first season, and on all persisting
localities the second and the third seasons, wslidws the best adaptability bf. nemorosa
clones for long-term surviving on different habitgpes.

Influence of competitive treatment (as main effamt) surviving of plants was weak,
but suitability of individual types of microsite fiired among localities, among species and
changed in time. In the sowing experiment, we hdemonstrated large differences among
individual populations within all three speciespesially atM. nemorosawhile differences
among species were not significant.

Keywords

competition, field experiment, gap, home-site adage, intraspecific
variability, reciprocal transplanting



Chapter V

Introduction

Closely related (sub)species share evolutionaryotyis therefore they also
share many characters and traits. Comparisonenf étology and adaptation
to environment helps to understand and explain gges that led to their
separation. Moreover, the comparison of (sub)specmorphological,
physiological and ecological differentiation codidip to disentangle the effect
of phylogenetic constraints, and adaptive evolutan(sub)species ecological
behavior (Krahulec 1994; Krahulec et al. 1999).

Related species can be investigated with regarthéo taxonomy,
(eco)physiology, ecology and phytosociology, butptex studies of more
than one aspect are rare and are frequently irviaweform (e.g. Wallossek
1999; Walck et al. 2001; Eckstein et al. 2006). @arisons of related species
have been focused, e.g. on reproductive strategyl{gon & Milberg 2008;
Moravcova et al. 2001; Moora et al. 2003; Pergla@9); on relationship of
species to habitat-types and characteristics, septed among others by
affinities to plant communities (Diekmann & Lawesst®99; Hroudova et al.
1999). Taxonomical studies of closely related gspeci(morfological,
cytological) are often focused on comparison, comdtion or identification of
individual taxa (e.g. Koutecky 2007; Ekrt L. & Sked. 2008). Relatively
common are studies of various growth characteristicphytosociological
affinities of pairs or groups of closely relateédm species, which should help
to explain their rarity or local abundance (e.gs&uu et al. 1997; Daskobler et
al. 1999; Eckstein et al. 2004; Runk et al. 20@L,®and Runk & Zobel 2009).
Useful connection of phytosociological comparisard draits of species with
using of relevés from electronic database was dstreted by Holzel (2003).
Other studies investigated effects of selectedbféex on survival, growth and
reproduction of closely related plant species (klgrper & Chancellor 1959;
Stocklin 1999; Dorman et al. 2009; Wu et al. 200¥ew studies investigated
tradeoff between vegetative and generative reptamtuof related species (e.g.
Stocklin & Zoller 1992). Special attention has alseen paid to polyploid
complexes (e.g. Urbanska-Worytkiewicz 1980; Flegra&& Krahulec 1999;
Duchoslav et al. 2010).

Plant species, but also individual populations imitla species are
expected to be adapted to local conditions (indgdboth, the physical
environment, and the biotic interactions in theraunding community). The
Home-site advantage hypothesis has important coeseg@s also for
restoration ecology (e.g. Montalvo & Ellstrand 2DOReciprocal transplant
experiments are often used to quantify this admptabnd so deduce the
intensity of selection of genotypes (Silvertown &atlesworth 2001). Plants
are sessile organisms, with individual populatiomsre or less isolated from
each other; therefore we can expect differencesethby local adaptation also
among populations within individual species (Lemssat al. 2004). Field
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reciprocal transplant experiments studying locahpaation of populations,
genotypes or ecotypes are more frequent (e.g. Bowehal. 2008; Kindell et
al. 1996; Knight & Miller 2004; Platenkamp 1990,cRi& Knapp 2008; Rice &
Mack 1991, van Tienderen & van der Toorn 1991) ttransplant studies with
related (sub)species (e.g. Flegrova & Krahulec 1€8uthier et al. 1998; Nagy
et al. 1997). Some transplant studies involved re¢\spatial scales, but also
these compared populations within individual spe¢eg. Becker et al. 2006;
Becker et al. 2008; Bischoff et al.2006; Joshile2801). Should the closely
related species have an ecological significancan ttitheir ecological
differentiation should be higher than ecologicaffedentiation of individual
populations within species. However, we are notrawa any study, which
combines transplanting of related plant speciesiavmlving more populations
of each species and comparing variation betweeselylaelated species with
variation of populations within individual species.

The well known trade-off between realisms and #bitio control
independent variables in ecological manipulativpeginents is reflected also
in comparative studies of species or populationsnyof them have been done
under (more or less) controlled condition, e.g.pots, in greenhouse, or in
experimental gardens. These enable to study tlp®mes, e.g. to competition
(Linhart 1988), to allelopathic activity of compagi species (e.g. Grgndahl &
Ehlers 2008), to flooding (Lenssen et al. 2004)cdmpetition and substrate
(Prati & Schmid 2000), or other abiotic or biotactors or their combinations
(e.g. Harper & Chancellor 1959). Similarly, we hatedied the response of our
species in a pot experiment (Koutecka & LepS 20NBvertheless, the real
plants live in a variable natural environmental ditions - temperature, light,
precipitation, nutrients, competition and predatiaic., all undergo both,
seasonal cycles and random variability (Aarssen @ B990). These are
reflected in manipulative field experiments, whéhne individual populations
are transplanted into field conditions; these showre realistic reactions of
experimental plants, because their survival, growtid reproduction are
restricted by natural combinations of studied fesstand these are reflected in
differences between individual experimental locedit

The other important factor in transplant experimetgpends on micro-
scale level, because the microhabitat in the ctaa@sounding of a transplant
could play major role for surviving and reproduati{Bischoff et al. 2006).
Adaptive genetic differentiation among plant popiolas over small scales (a
few cm to a few hundred cm) has been documentgdiats of different life
history, life forms and rarity (Linhart & Grant 18P

Competition of surrounding vegetation is one of thest important
micro—scale factors in the field. Surprisingly, quetition has rarely been
experimentally manipulated within a reciprocal splant design (but see
Reader et al. 1994; Rice & Knapp 2008). Mostly,aieg effect of competition
from surrounding plants on growth of target plamis been documented under
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various nutrient conditions (Wilson & Tilman 1991Gaps are places with
reduced competition, which represent suitable msties for seedling
germination and establishment and for growth ofngpplants (e.g. Mehrhoff &
Turkington 1996; Morgan 1997; Spava et al. 1998). On the other hand,
seedlings and young plants can be also more exposadgative conditions
there, e.g. drought, standing water, extreme teatyess, herbivores (Kotorova
& Leps 1999). This usually happens in a type ofexe situation but might be
also part of seasonal variation (e.g. summer droagthe locality).

For our comparative study, we used plants fromgiap of closely
related species of swamp forget-me-nots flyesotis palustricomplex), from
different populations. Although the whole group itglly occurs in wet
habitats, the individual species differ in theirbhat preferences. For our
comparative study we have selected populations exqetrimental localities
from south-west part of the Czech Republic. Thiansarea where all the three
species frequently occur (although they rarely stardocality). We selected
area including South Bohemia aggskomoravska vrchovina highlands (cca
150 x 100 km, with altitude of seed collection angberimental localities from
380 to 640 a. s. |.). Because we expected somabikiy among populations of
individual species, we used two populations of species in our comparative
study.

In our previous greenhouse and pot studies witlsdmee thredlyosotis
species (each represented by more populationd)awe shown that short-lived
M. caespitosdad highest final germination percentages andsagrmination
rates in all cases and uniformly at all populatidvis palustrissubsp laxiflora
was species with slower germination and lower fpralportions, and medium
variability among populationsM. nemorosa showed the highest inter-
population variability and lowest, but still verygh final germination in our
experiments, delayed by permanent flooding treatn{&outeckd & Lep$
2009).

In a pot experiment focused on survival and claralvth of the three
Myosotisspecies in competitive and non-competitive neighbood (Koutecka
& Leps 2011),M. caespitosaexhibited the shortest life span and was also the
most sensitive to competition. Nevertheless, thwigng plants were able to
form several secondary rosettes or shoots, witresgmneading clonally till the
third year.M. palustrissubsp.laxiflora was the best survivor with the highest
production of shoots and spreading for the longegancesM. nemorosavas
intermediate in survival and in clonal growth, andhibited the highest among-
population variability. However, in both the exmpeents, we have
demonstrated large differences among individualufains within a species
in all the studies species.

For our reciprocal transplanting experiment we usedpopulations,
two of each of the thredyosotis species studied. On five experimental
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localities we followed survival and growth of tratented young plants in
different types of competitive microsites. Sowingperiment at six localities
investigated germination ability of seeds of tweldifferent Myosotis
populations on field (four populations per eadWlyosotis species).
Supplementary experiment and measurements investigaed bank, biomass
and soil nutrients.

Our first aim was to compare the differences betwelesely related
species with the variability among populations wtlspecies. We have
hypothesized that the species should be more sfates their original
localities.

Our second aim was to evaluate the role of micedste, representing
different competitive pressure from surrounding etagjon, on survival and
growth of experimental plants. Our experiences @bgkrvations show, that all
three experimentalMyosotis species are competitively weak in dense
vegetation. We hypothesized that the negative effecompetition on survival
and growth should be greatestMyosotiscaespitosathe species of disturbed
habitats and with the shortest life span. In additithreeMyosotis species
differ in their clonal potential and their clongiread should be influenced by
type of microsite.

Our third aim was to compare germination of sev@@bulations of
experimental species in several field localitisk. caespitosads a short-lived
species with sensitivity to competition, restricted temporary habitats and
vitally dependent on successful seedling estabkstintherefore we expected
highest overall germination with small inter-pogida variability in our
experiment.

Studied species

Individual species oMyosotis palustriscomplex are very similar, with the
species within this group often not being correctlistinguished. The
taxonomic concept of thBlyosotis palustriggroup has been changed several
times in the last decades and is presented diffgriendifferent floras. Here we
adopt the classification and nomenclature used oth the Czech Flora
(Sepankovéa 2000) and in the recent key to the CzeotaRBS¢pankova 2002).
For our study, we have selected the speMegpalustris subsp.laxiflora, M.
nemorosaand M. caespitosalother (sub)species in the Czech Republic are
Myosotis palustris subsp.palustris and M. brevisetacep The species were
selected because they are known to differ in thabitat preferences, but also
because they are sufficiently common in the studied. Species of this group
are considered to be annual or perennial with bhiaability of forming
stolons, rhizomes or daughter rosettes. The thpeeies studied differ from
each other in their ploidy level, and with some engnce may be safely
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identified. In addition, all characteristics varyotb among and within
populations of the same species. Although all ef species grow in more or
less wet sites (wet meadows, springs, river baskempy soils, etc.), they
prefer different habitats and it is rare to meeb species growing together in
one locality.

Ecological studies of individual species are ramé #eir interpretation is
complicated by the changing taxonomy and nomendatuthin theMyosotis
palustrisgroup; it differs among individual taxonomic cldigstions in various
countries and times (e. g. Hegi 1979, Schuster 1$&pankova 2000). No
comparative ecological study of more species witiie Myosotis palustris
group is available.

There are ecological studies investigating ecoklgaeterminants oM.
palustris (M. scorpioidey germination (e. g. Albrecht et al. 1997, Lensseal et
2003). Unfortunately, identity of species is notngetely clear there.

Phylogenetic study of the complex based on molecd&a is not
available. However, differences in morphologicahmtteristics separatd.
caespitosaspecies as the most different from the restVofpalustris group
(Stepankova 2002, Spankova 2000) and in some floras it is separatéal in
Caespitosagroup (e. g. Adler et al. 1994).

Materials and methods

Reciprocal transplant experiment design

Seeds for the reciprocal transplant experiment webected from six natural

populations (two populations of each investigaitsotisspecies) during the

2002 season. The locality characteristics of eagulation are in the Appendix
1. In each population, seeds were collected onmoe thundreds of mother
plants. Fruits in each helicoids cyme mature grligutherefore only a very

low number of seeds were collected from each iddiai mother plant. Only

visually matured, dark seeds, falling spontaneoudsbyn the calyces, were
collected. Seeds were stored under dry conditiodsraom temperature (about
20°C) during the winter. Plants for experiment wepee-planted in a

greenhouse in starter (Jiffy) pots. Youxgosotisplants were planted into field
when they contained about 4 to 6 leaves.

The field experiment was established in May 2003emv young
Myosotisplants were transplanted into the field within ameek period. Five
experimental localities were chosen as typical tagbiwith natural occurrence
of one of the three experimenddijosotisspecies (two localities dfl. palustris
subsplaxiflora andM. nemorosaone locality ofM. caespitospa Localities are
referred further by the first letter of the sperifname, i.e. L1, L2 for
M. palustrissubsp.laxiflora etc.. Characteristics of experimental localities ar
summarized in Appendix 2.
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Young Myosotisplants of all six populations were transplantecach
from the five experimental localities in the followg design. Each locality
contained five 4 rirandomized blocks in homogenous vegetation. Eactkbl
contained microsites of three types (treatment Witee competition levels),
each type in six replicates (one replicate for eaxperimental population).
One young experimental plant was transplanted per microsite, so each
block contained 18 transplants (6 populations x Rraesite types). The
microsite types were: 1) Gap in the vegetationgafter Gap) of at least 15 cm
in diameter (natural or artificially cleared fregase in the vegetation)
represented a treatment with the lowest above-grazompetition 2) Less
dense vegetation in the site (hereafter Middle cstitipn) represented
treatment with normal competition from surroundinggetation, and 3)
planting into dense vegetation or thick tussockgater High competition).
Vegetation on experimental localities was left porstaneous dynamics and
treatments were not re-established during the @xpet. After transplanting on
localities, plants were watered just ones and ti@iowing survival was
influenced just by natural conditions — spontanepregipitation, fluctuations
of temperature and radiance, predations from herbs:

Survival and selected growth characteristics wexmnded four times
over the 2003 growing season (May, 3-4 weeks afilanting, June,
July/August and September), three times over the@se2004 (May, June and
July) and survival was observed ones in 2005 (JUlge following vegetative
and reproductive characteristics were recorded:beunof shoots (stolons or
rhizomes) or secondary rosettes (type of clonalamsgdiffered between
Myosotisspecies), height of the standing above-ground stemresenting the
height of plant or clone (mm) and number of flowees clone.

The habitat conditions on individual experimentalcdlities were
characterized by their above-ground biomass, salestil characteristics, and
seed bank.

The biomass was collected ones, on June 2004,uinldzalities (L1,
L2, N1 and N2; C1 locality was flooded by waterrifore it was not possible
to collect biomass here). On each locality, thevalgoound biomass was cut at
surface from five quadrants 20 cm x 20 cm eachetivas present on N1
locality only and was collected separately. Thentases was dried at 80°C for
24 hours, and weighted. The amount of dry biomasdonir experimental
localities was following: the highest and most deh&rb vegetation was on
locality L1, followed by N1, than L2 and lowest &tgtion was on N2 locality.
(Appendix 3).

The soil samples were collected on November, 2@% compound
sample composed of five cores at each localitye€avere 5cm in diameter,
from surface 5cm soil layer, and, where the sgitdgoermitted, also 5-10 cm.
Sub-samples were dried and percentages of nitrogesh carbon were
determined (results are summarised in AppendixN\4).locality, species rich
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meadow, is the most nutrient rich, followed By palustris subsp.laxiflora
localities (L1 and L2), which the both are on ttak of flowing water, and the
most nutrient poor is N2 locality, woody path witeak and skeletal soil
profile.

Germination experiment design

Seeds for the germination experiment were colledtedch twelve natural
populations (four populations of each investigdiymsotisspecies) during the
2005 season (in the same manner as for the tramispigperiment, locality
characteristics are in Appendix 1. Seeds were dtar¢éemperature 4 — 6 °C for
four months before sowing, which should break skwdhancy, if there is any.

The germination experiment was established in M2306, on six
experimental localities, which were chosen as Biplabitats where studied
species grow, with natural occurrence of one frored experimentdflyosotis
species on each locality. These localities were sime, close or similar to
localities, where reciprocal transplanting expenin@as done. Characteristics
of experimental localities are summarized in Apperi On each of the six
experimental localities seeds of twelve populatiohghree Myosotisspecies
were sown in following design: each population weyresented by 30 seeds,
which were sown into natural 20 x 20 cm gap in hgammus vegetation on
locality. Gaps were chosen, because they are hanicaosites suitable for
establishment of seeds. Vegetation on experimelotdlities was left to
spontaneous succession and gaps were not re-sk&btiuring the experiment.
Numbers of established seedlings were counted ime Jand July 2006.
Established seedlings were left in situ, to avaig soil surface damage. Total
number of recruited seedlings was used for stedistinalysis.

In these localities, we have estimated the natsedd bank of a
Myosotisspecies original at the locality. At each expentaé locality, three
sub-samples of soil were taken by soil corer, anfesample was mixture of
three cores from soil surface (5 cm in diameter aran from surface of the
soil). Collected soil was displayed in thin layeta dishes with sand substrate,
each sub-sample per one dish. Dishes were platedreenhouse and watered
regularly. Spontaneous germination of tigosotisseedlings from seed bank
was observed for two months.

Statistical analyses

The data were evaluated using various ANOVA modetsng the Statistica
package (StatSoft, Inc. 1998; StatSoft, Inc. 20@&king into account the
repeated observations of individual plants (repkateasurements ANOVA)
and the hierarchical nature of the experiments.rdgiprocal transplant
experiment individual source populations are casrgid as a random factor,
nested in the planted species, while the locality aompetition are fixed
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factors, not nested; in the sowing experiment iwdial populations are
considered as a random factor, nested within thexiep, and locality are
considered as a random factor, nested within thginat species. After
ANOVA, specific hypotheses were tested using catdra Specifically,
contrasts defined on interaction Locality*Plantgque@es were used to test
whether the individuaWlyosotisspecies grow better in localities where they are
native than in localities of the other two species.

We were able to compute repeated measures ANOVA dibr
experimental localities during the first seasorioi@ated using Statistica ver. 5)
and for four localities during the first and secosehson (C1 locality was
flooded and therefore excluded from the analysisfause of balanced design
of experiment. In the analysis of humber of shaid rosettes, dead plants
were considered in two ways; either as missing masens (to individual
dates), or as zeroes (in repeated measures). Infitkte case (missing
observations), we compared the state of surviviagtp. Assigning zero to the
dead plants was for comparing all plants. We udad approach when
considering, e.g. the clonal potential of a plahtwe ask, how many shoots
originating from a single seedling are alive onagtipular date, then zero is the
correct answer for a dead plant, and inclusioneafddindividuals characterized
by zero shoots leads to a correct estimate of vieeage number of surviving
shoots per single planted seedling. In this case,design was balanced and
complete, and enabled the use of repeated measureAMOVA, with
individual populations being a random factor, néstethin the planted species,
while locality and competition were fixed factorspt nested. We used this
analogical approach to also evaluate survivalhis ¢ase, live individuals were
assigned a value of 1, and the dead individualala@ewvof 0. We are aware that
the Bernoulli distribution of ones and zeroes da&$er from normality.
Nevertheless, the tests that are of interest argetlon the averages of survival
of individual populations and particularly aboutdivmidual species. For
individual populations, the estimatesm{proportion of surviving individuals)
are closer to normality (thanks to the Central tiffheorem); further averaging
of population means within a species leads to &rimprovement of normality
(and tests on species averages are the most imporias in the experiment).
Consequently, we believe that the results of tls ¢an be considered as a
reasonable approximation in this case. (We aream@re of software which
would enable the proper testing of complicated drehical mixed effect
designs explicitly for zero/one data.)

In the case where we were interested in the pregedf surviving
plants (height of above-ground stem, number of &y number of produced
shoots or rosettes) we conducted tests for (selpatelividual observational
dates, and all surviving individuals were includedhe analyses. In this case,
the design was necessarily unbalanced, and wetaat®d using Statistica 7.
Note that Statistica 7 uses a method which finds lthear combinations of
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sources of random variation that serve as appiepeiaor terms for testing the
significance of the respective effect of interest mixed-model ANOVA
designs (accounting for varying variability of meatalculated from differing
numbers of observations in unbalanced hierarchiseded models). As a
consequence of this approach, the “Denominatohsyictdegrees of freedom”
(Den.Syn.DF) need not necessarily be an integethdf main effects were
significant, the Tukey test at= 0.05 (with the mean square corresponding to
the denominator MS for the test of correspondinfecef used for s.e.
estimation) was used for post-hoc comparisons etisp. The numbers of
shoots was subjected to square root transformatimariable + 0.5) for
analyses, but all figures show the original nomdfarmed values. The
percentages of established seedlings in seed saxjmgriment were subjected
to angular transformation (arcsifcount/30) for analyses. Further, we used
planned contrast (on the locality * species effetd¥ting the hypothesis that
individuals will perform better on a locality whetke species is resident in
comparison with other twhlyosotisspecies.

Results

Reciprocal transplant experiment

Plants of bothM. caespitosgpopulations had the highest mortality during the
experiment, whereas plants of other two speciegiv&d significantly better.
Survival of bothM. palustrissubsp.laxiflora populations was similar, but we
observed large differences between the two popuiatfM. nemorosgFig. 1,
Table 1 and 2). Some individuals of all the spedreduding theM. caespitosa
survived till the end of the third season.

There were (not surprisingly) large differencesimvival also between
experimental localities. Competition treatmentseetiéd consistently plant
survival (i.e. Competition * Time effect is sigraéint, i.e. there is some
consistent but weak effect across the localitiesl @pecies). Significant
interactions show that relative performance of vidlial Myosotis species
differed according to the locality (particularlyetiighly significant interaction
Locality*Planted Species*Time) (Fig. 2). This sifies that the relative success
in survival differed among the species, but théed&énces were dependent on
the locality. The contrast analysis for the end®2003 (September) shows that
on average thélyosotisspecies survived better on locality(-ies) whereythe
were resident in comparison with other two speffesioz)= 24.01; p < 0.001).
M. caespitosavas the most successful on its original locality &id the worst
in surviving on other localitiesVl. palustrissubsplaxiflora was surviving best
on its original L2 locality and/. nemorosasurvived the best on the N1 in the
end. Both specieBl. nemorosaand M. palustrissubsp.laxiflora were equally
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Table 1.: Significance of effects and their intéicats for variables: survival of plants and numbgsecondary shoots or rosettes of clones on five
localities during the 2003 season (3 dates) anfbonlocalities during 2003+2004 seasons (6 dafRepeated measures. Dead plants are counted
as clones with 0 shoots. Summary of all Effectdyrabiations of design of experiment: Loc- LOCALITSpe-PLANTED SPECIES, Pop-
POPULATION, Comp-COMPETITION, Time-TIME, * meanst@naction. The POPULATION factor was nested in FHEANTED SPECIES
factor. The POPULATION factor was random factoatiStically significant results (p < 0.05) are ioldb.

Survival Shoots Survival Shoots or

3 dates or 6 dates rosettes

2003 rosettes 2003+ 6 dates

3 dates 2004 2003 +
2003 2004
Effec Den.Syn. F p-level F p-level  [Effect Den.Syn. F p-level F p-level
tdf. df d.f. d.f.

Loc 4 12 8.527 0.002 29.621  <0.001 3 9 7.466 0.008 20.848 <0.001
Spe 2 3 1.133 0.430 1.550 0.345 2 3 7.832 0.064 3.294 0.175
Pop 3 360 3.248 0.022 1.659 0.175 3 288 3.294 0.021 2.549 0.056
Comp 2 6 1.477 0.301 36.645  <0.001 2 6 2.896 0.132 29.663 0.001
Time 2 6 39.090 <0.001 11.291 0.009 5 15 156.101 <0.001 22.825 <0.001
Loc * Spe 8 12 3.379 0.029 1.879 0.157 6 9 2.706 0.087 2.274 0.129
Loc * Pop 12 360 0.780 0.671 1.039 0.412 9 288 0.843 0.577 0.912 0.515
Loc * Comp 8 24 3.690 0.006 3.248 0.012 6 18 5.763 0.002 6.398 0.001
Spe * Comp 4 6 5.194 0.037 5.003 0.041 4 6 7.295 0.017 6.211 0.025
Pop * Comp 6 360 0.577 0.748 0.484 0.820 6 288 0.263 0.954 0.396 0.881
Loc * Time 8 24 8.728 <0.001 6.850 <0.001 15 45 11.586 <0.001 25.031 <0.001
Spe * Time 4 6 3.567 0.081 5.475 0.033 10 15 10.162 <0.001 10.417 <0.001
Pop * Time 6 720 3.267 0.004 4913 <0.001 15 1440 1.565 0.076 2.069 0.009
Comp * Time 4 12 3.644 0.036 3.950 0.029 10 30 1.877 0.089 3.494 0.004
Loc * Spe * Comp 16 24 1.333 0.256 0.796 0.677 12 18 0.939 0.533 1.403 0.250
Loc * Pop * Comp 24 360 0.959 0.521 0.716 0.836 18 288 1.034 0.421 0.867 0.619
Loc * Spe * Time 16 24 4.947 <0.001 4.805 <0.001 30 45 3.265 <0.001 4116 <0.001
Loc * Pop * Time 24 720 0.883 0.626 0.715 0.839 45 1440 0.839 0.768 0.574 0.990
Loc * Comp * Time 16 48 2.300 0.013 3.833 <0.001 30 90 1.918 0.010 2.810 <0.001
Spe * Comp * Time 8 12 4,938 0.007 3.649 0.022 20 30 3.867 <0.001 2.761 0.006
Pop * Comp * Time 12 720 0.487 0.923 0.734 0.718 30 1440 0.298 1.000 0.554 0.976
Loc * Spe * Comp * Time 32 48 0.919 0.594 1.421 0.133 60 90 1.111 0.322 1.851 0.004
Loc * Pop * Comp * Time 48 720 1.028 0.423 0.768 0.873 90 1440 0.938 0.643 0.733 0.970
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Table 2.: Significance of effects and their int¢i@ts for variables: survival of plants on five #ities in the end of 2003 season (July/August +
September), on four localities in the end of 20D4y) and on two localities in the end of 2005 yMligust). Summary of all Effects; abbreviations
of design of experiment: Loc- LOCALITY, Spe-PLANTEBPECIES, Pop-POPULATION, Comp-COMPETITION, * mednteraction. The
POPULATION factor was nested in the PLANTED SPECfB&or. The POPULATION factor was random factdatiStically significant results (p

< 0.05) are in bold.

Survival Survival Survival
July/ Survival July July/
August Septem- August
2003 ber 2003 2004 2005
Effect  Den.Syn. - Effect  Den.Syn. - Effect  Den.Syn. -
d.f. d.f. F level F p-level | d.f. d.f. F level |d.f. d.f. F level
Loc 4 12 3.739 0.034 11.340 <0.001 3 9 11.699 0.002 1 3 150.000 0.001
Spe 2 3 0844 0.512 2.470 0.232 2 3 9.769 0.049 2 3 14.233 0.029
Pop 3 360 2.542 0.056 4.367 0.005 3 288 2.364 0.071 3 144  0.896 0.445
Comp 2 6 3.219 0.112 0.619 0.570 2 6 5.615 0.042 2 6 0.667 0.548
Loc * Spe 8 12 2.370 0.086 4.871 0.007 6 9 2.460 0.109 2 3 12,500 0.035
Loc * Pop 12 360 0.719 0.733 1.000 0.448 9 288 0.760 0.654 3 144  0.179 0.910
Loc * Comp 8 24  2.864 0.022 3.573 0.007 6 18 5.000 0.004 2 6 1.750 0.252
Spe * Comp 4 6 4.578 0.049 10.619 0.007 4 6 4.000 0.065 4 6 0.667 0.638
Pop * Comp 6 360 0.667 0.677 0.286 0.944 6 288 0.182 0.982 6 144  0.716 0.637
Loc * Spe * Comp 16 24 1.659 0.127 0.885 0.592 12 18 1.134 0.393 4 6 0.875 0.530
Loc * Pop * Comp 24 360 1.031 0.424 0.949 0.535 18 288 0.872 0.613 6 144  1.433 0.206
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Table. 3: Significance of effects and their interactions f@riables: Number of secondary shoots or rosdttediving plants (dead plants are
ommited from analysis, therefor the design is inptate) on five localities in 2003 (July/August aBdptember) and on four localities in 2004 season
(July). Summary of all Effects; abbreviations ofidm of experiment: Loc- LOCALITY, Spe-PLANTED SPHES, Pop-POPULATION, Comp-
COMPETITION, * means interaction. The POPULATIONctiar was nested in the PLANTED SPECIES factor. P@PULATION factor was

random factor. Statistically significant results<{}8.05) are in bold.

July/August 2003 September 2003 ;L(;I())/4
Effect Den.Syn. F p Effect Den.Syn. F p Effect Den.Syn. F p
d.f. d.f. d.f. d.f. d.f. d.f.
Loc 4 333.00 18.818 <0.001 4 239.00 10.455 <0.001 3 120.00 4.848 0.003
Spe 2 3.20 6.680 0.072 2 8.69 1.602 0.256 2 15.09 9.259 0.002
Pop 3 333.00 1.201 0.310 3 239.00 0.315 0.814 3 120.00 0.222 0.881
Comp 2 333.00 16.688 <0.001 2 239.00 4.392 0.013 2 120.00 3.207 0.044
Loc * Spe 8 333.00 1.501 0.155 8 239.00 1.701 0.099 6 120.00 1.147 0.340
Loc * Pop 8 333.00 0.751 0.646 8 239.00 0.544 0.823 6 120.00 1.727 0.120
Loc * Comp 4 333.00 1.212 0.306 4 239.00 2.589 0.038 4 120.00 1.696 0.155
Spe * Comp 16 333.00 0.520 0.937 14 239.00 1.151 0.315 10 120.00 1.551 0.130




Table 4: Significance of effects and their interactionsariable: The mean height of clones on five lo@iin three dates of 2003 season and on
four localities in three dates of 2004 season. O®adts are omitted from analysis. Summary of #iéé&s; abbreviations of design of experiment:
Loc- LOCALITY, Spe-PLANTED SPECIES, Pop-POPULATIORomp-COMPETITION, * means interaction. The POPULAN factor was
nested in the PLANTED SPECIES factor. The POPULANIfactor was random factor. Statistically signifitaesults (p < 0.05) are in bold.

May 2003 June 2003 July/August 2003
Effect Den.Syn. F p Den.Syn. F p Den.Syn. F p
d.f. d.f. d.f. d.f.
Loc 4 402.00 31.040 <0.001 378.00 24.235 <0.001 333.00 35.881 <0.001
Spe 2 3.00 0.576 0.614 3.00 0.531 0.635 3.02 0.568 0.617
Pop 3 402.00 109.269  <0.001 378.00 20.839 <0.001 333.00 10.215 <0.001
Comp 2 402.00 0.521 0.594 378.00 2.323 0.099 333.00 11.352 <0.001
Loc * Spe 8 402.00 5.387  <0.001 378.00 4.903 <0.001 333.00 4.357 <0.001
Loc * Pop 8 402.00 0.559 0.812 378.00 3.879 <0.001 333.00 4.987 <0.001
Loc * Comp 4 402.00 2.529 0.040 378.00 3.397 0.010 333.00 1.389 0.237
Spe * Comp 16 402.00 0.479 0.957 378.00 1.097 0.356 333.00 1.046 0.407
May 2004 June 2004 July 2004
Effect Den.Syn. F p Den.Syn. F p Den.Syn. F p
d.f. d.f. d.f. d.f.
Loc 3 161.00 38.538 <0.001 130.00 12.362 <0.001 120.00 6.331 0.001
Spe 2 3.53 4.462 0.108 3.35 1.852 0.287 3.68 1.275 0.380
Pop 3 161.00 2.371 0.073 130.00 5.181 0.002 120.00 2.673 0.050
Comp 2 161.00 0.422 0.657 130.00 0.292 0.747 120.00 0.249 0.780
Loc * Spe 6 161.00 0.611 0.722 130.00 1.809 0.102 120.00 4.818 <0.001
Loc * Pop 6 161.00 0.866 0.521 130.00 0.784 0.584 120.00 1.669 0.134
Loc * Comp 4 161.00 0.361 0.836 130.00 0.871 0.483 120.00 2.551 0.043
Spe * Comp 10 161.00 0.709 0.715 130.00 0.682 0.739 120.00 1.197 0.300
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Table 5:

Significance of effects and their interactions ¥@riable: Mean number of flowers in the 2003 amdhe 2004 seasons. Summary of all
Effects; abbreviations of design of experiment: Lb©OCALITY, Spe-PLANTED SPECIES, Pop-POPULATION, @p-COMPETITION, *
means interaction. The POPULATION factor was nestethe PLANTED SPECIES factor. The POPULATION farctvas random factor.
Statistically significant results (p < 0.05) arebioid.

2003 2003 2004 2004
Effect d.f. Den.Syn. F p Effect d.f. Den.Syn. F p
d.f. d.f.

Loc 4 402.00 6.795 <0.001 3 130.00 1.596 0.194
Spe 2 3.00 1.017 0.460 2 3.63 0.279 0.771
Pop 3 402.00 6.803 <0.001 3 130.00 2.942 0.036
Comp 2 402.00 6.203 0.002 2 130.00 1.263 0.286
Loc * Spe 8 402.00 1.544 0.140 6 130.00 0.484 0.819
Loc * Pop 8 402.00 1.680 0.101 6 130.00 0.857 0.528
Loc * Comp 4 402.00 0.737 0.567 4 130.00 1.854 0.122
Spe * Comp 16 402.00 0.994 0.462 10 130.00 0.886 0.548

Table 6.: Significance of effects and their intéi@ts for variables: Suma of germinated seeds efvsvexperimental populations of three
Myosotis species on five experimental sowing localitiesm&ary of all Effects. The LOCALITY factor was nedtin the ORIGINAL
SPECIES factor, and POP_NUMBER factor was nestetiénSPECIES factor. The LOCALITY and POP_NUMBERtfas were random
factors. Statistically significant results (p <B®)@re in bold.

Effectd.f. Den.Syn. d.f. F p
ORIGINAL_SPECIES 2 3 0.688 0.568
LOCALITY(ORIGINAL_SPECIES) 3 51 9.147 <0.001
SPECIES 2 9 1.922 0.202
POP_NUMBER(SPECIES) 9 51 2557 0.017
ORIGIN_S*SPECIES 4 51 0.660 0.623
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successful on L1 and on N2 localities. Also sigaifit interaction
PlantedSpecies*Competition*Time demonstrates Mwbsotisspecies reacted
differently to competitive treatments (Fig. 2M. caespitosglants survived
better in gaps without competition, whil@. palustrissubsp.laxiflora and M.
nemorosapreferred different competitive treatments on eatlexperimental
localities, no matter if original or not. Moreovesuitability of the three
competitive treatments differed between experinmelaealities (interactions
Locality*Competition and Locality*Competition*Time)

In the second season, C1 locality was destroyeddéd by water), so
that it was not possible to carry out the regukgording. Surprisingly, one
surviving clone ofM. caespitosawas found on the C1 locality in the third
season, even thought that it had been flooded Baat 30 cm of water for two
seasons (nevertheless, as this locality was netged completely, it is not
included in the statistical analyses). The diffeesnamong the four persisting
localities and also among experimental populatioostinued. Close to the
significance were differences in survival of indiual species, which was more
pronounced in time between localities (see redoltthe July 2004, Fig. 2).
Contrasts analysis was also significant (June 26Q45,)= 12.06; p < 0.001;
July 2004: k,321)= 7.38; p = 0.007), showing that on average, sahis/better
on the home-species localities, but we can not #at originalMyosotis
species survived the best on its original localityall cases. Almost at all
localities (with exception of N2YI. nemorosasurvived the best. Than followed
M laxiflora plants, which survived equally on L2 and N2 lowed and was
second most successful at L1 and N1 localifiéscaespitosapecies survived
the worst on all four undestroyed localities. Diffieces in surviving of plants
among experimental localities and among individualmpetition levels
changed in time. Advantage of gaps for survival whsious on L2 (sandy
deposit of brook) and N2 (woody path) localitiesieir both are localities with
good moisture conditions and with lower biomasdpotion (see Appendix 3).
On the contrary, survival increased with increasiompetition level on the wet
meadow (N1 locality), and no differences among cetitipn levels was found
on the river bank (L1 locality). Comparing the gpec reaction ofM.
caespitosdo gaps was the most positive one, whereas surgiviile other two
species was affected less.

Only two localities, both home localities bf. nemorosaN1 and N2)
persisted till the third season, whereas bothNhepalustris subsp.laxiflora
localities (L1 and L2) were destroyed by floodinglasubsequently overgrown
by dense vegetation (mosthragmitoides arundinacgaData about plant
survival 2005 were analysed only for the two pérsis localities (to
July/August date, Table 2). There were differenbetveen localities (more
surviving plants were on N2), between planted sse@ihe most successful in
surviving wasM. nemorosafollowed by M. palustrissubsplaxiflora and with
only few surviving M. caespitosaindividuals). For example all plants of
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Fig. 3: Mean number of shoots or secondary roseifethree Myosotis species in thre
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2003 and 2004 seasons. Average over all localibesd plants are counted as clones w
shoots. Weighted means.

M. caespitosadied on N1 locality, whereasl. nemorosa- original species -
was the most successful there (cca 47% of surviglagts); on the other site,
on N2 locality wasM. palustrissubsp.laxiflora a little more successful (cca
70% of surviving plants) thafl. nemorosdcca 63% of surviving plants).

The number of shoots/rosettes formed per plameiidual is naturally
affected also by survival (dead individuals fornmazehoots), but also reflects
the clonal behaviour of survivors. Its dynamice.(iinteraction with Time)
differed significantly among localities, among sps¢ and there was
particularly pronounced differences among the cditipe treatments (Table 1,
Fig. 3).

M. caespitosaformed the highest number of secondary rosettes
immediately after planting, but they started to di#f rather fast on all
experimental localities (with exception of gaps,iahhwere suitable for both,
forming new rosettes, and also for survival). palustris subsp.laxiflora
exhibited the most pronounced effect of competitr@atment, which increased
toward the second season. Gaps were the mostlsuitatrosites, followed by
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Fig. 4: Mean number of shoots or secondary rosettdgee competitive treatments: High

competition, Middle competition, Gap, on five experimental localitiekiring 200:
and 2004 seasons. Average over all three spddiesd plants are counted as clones wi
shoots. Weighted means.

Middle competition and the least number of shootss viormed in Height
competition.M. nemorosaclones had relatively stable and comparable mean
number of shoots during the entire experiment.

Similarly as for survival, the effect of competit differed considerably
among the experimental localities. While on C1 yahle first season), L2 and
N2 localities, the clones produced on average rsesbndary shoots in Gaps,
on N1 it was in High competitive treatment, andLdnlocality the suitability of
microsites changed between years (Fig. 4). Correfipg effects can be found
also for shoots / secondary rosettes per livingtpf@able 3). In particular, the
surviving plants oM. nemorosgroduced less shoots in comparison with the
other two species.

Contrasts analysis was not significant in any adtexperiment, which
means, that individuaWlyosotisspecies did not produce more secondary shoots
or rosettes on their original localitiy(-ies) inmparison with other two species.
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C1 Novy vavrovsky L1 Plesovice L2 Trocnov N1 Ohrazeni N2 Kaliste

Fig. 5: Mean height of clones of threédyosotis species: M. caespitosa;

M. palustrissubsplaxiflora; M. nemorosaon five experimental localities in July/Aug
2003. Average over all treatments. Dead planteani¢ed. Weighted means.
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M. caespitosa M.palustris subsp. laxiflora M. nemorosa

Fig. 6: Mean height of clones of thrédyosotisspecies in three competitive microsites:

High competition; Middle competition; Gap, in June 2003. Average over
localities. Dead plants are omitted. Weighted means

The height of living clones differed between popiolas (clones oM.
caespitosdrom Munice population were the lowest, whered®ppopulations
of all the species were comparable, so that thexena consistent differences
between species) and localities (with the highkstes on L1 and L2 localities,
and the lowest on C1 and than N1 localities, Fig.These differences were
more obvious during the first, 2003 season, andugily disappeared in the
second year. The negative effect of competitionherght was found in the
middle of 2003 season, when plants were the snmalesligh competitive
microsites.

102



Growth and survival of threlyosotisspecies

20
15 . SN

10 /Y ‘N

Mean number of flowers

C1 Velky vavrovsky L1 Plesovice L2 Trocnov N1 Ohrazeni N2 Kaliste
Fig. 7: The mean number of flowers of all experitaéiMyosotisplants in three competiti
microsites: High competition; Middle competition; Gap, on five

experimental localities in 2003 season. Averager alk species.Dead plants are omitte
Weighted means.

The differences in height of individuByosotisspecies clones changed
according to the experimental localities (signifita interaction
Locality*Planted species in Table 4, Fig. 5). Then€asts analysis suggests
that height is positively affected for individuatslocalities where the species is
resident (June 2003:(1k7g)= 13.98; p < 0.001; July/August 2003 k33) =
21.20; p < 0.001; June 20041 zo)= 10.39; p = 0.002; July 2004;1F20)=
7.05; p = 0.020).

Similarly as for the clonal growth characteristiche effect of
competitive treatment on the height of clones défieamong localities, and the
height of clones was differently affected by conitpet treatments, (Fig. 6). In
2003 seasorl. caespitosalones were highest in Gaps, but other two species
in Middle competition. All three species were srasilin High competitive
treatment. In the end of 2004 season, clones apalties were highest in Gaps,
in comparison with both competitive treatments.

The flowering in 2003 differed between localitieadacompetitive
treatments. Plants flowered the most on L1 locality. in the locality with
highest shoot height. Interestingly, there weraificant differences between
populations within species, but not between spedregarticular, plants of
M. caespitosafrom the Dé&ko population (Appendix 1) flowered most
intensively in comparison with all other populasofof different species).
Despite differences among individual localitiesfiowering, the intensity of
flowering decreased with competition similarly ith the localities (Fig. 7) and
in all the species. Contrasts analysis was noifggnt, so there seem not to be
home advantage for flowering. Small differencesveein populations persisted
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till the 2004 season, but many experimental plaidsnot flower during this
season, and lot of them died.

Germination experiment:

Not surprisingly, large differences were found bestw localities, with the
highest germination and seedling establishment ®to€ality. There were also
significant differences between individuéyosotis populations, with the
highest seedling establishment in thkkecaespitosgopulations (the fourt.
caespitosapopulation, however, exhibited low establishmecausing the
species difference to be non-significant). Nevdett® the germination and
seedling establishment &fl. caespitosaspecies was more successful on all
experimental localities in comparison with otherotvgpecies. All three
Myosotisspecies has shown best germination and seedlimdplissiment on
experimental localities, wher&l. caespitosawas original, than followed
localities with M. palustris subsp. laxiflora, and they were the worst on
localities with M. nemorosaorigin (however, the differences were not
significant). The contrasts analysis of interactmheffects Origin species *
Species was not significant (p = 0.52;dr)= 0.424). So, it seems that localities
of M. caespitosare suitable for germination of all the studiedcsg®, andM.
caespitosatself germinates best of all the species, neverthelbess fare large
differences among individual localities, and alsmong individual populations
within species.

Seed bank at localities:

Even after two months of watering, germinationha Myosotisseedlings from
seed bank sub-samples was poor and dishes witleyuatirgation prevailed.
Total numbers of germinated seeds from each lgcalie summarized in
Appendix 5. Maximal number of total seedlings wasnd in M. hemorosa
localities N2 and than N1, although numbers are, [&®@ and 4 seedlings.
Nevertheless, with exception of the C1 localityhwakero seedlings, germination
of seedlings from soil from other localities conis presence d¥lyosotisseeds
in the seed bank.

Discussion

The threeMyosotisspecies, although all wetland plants, differ inithebitat
preferences, and particularly in disturbance regmuest often encountered in
their typical habitatsM. caespitosas typical for rather short-term habitats, as
emerged fishpond bottom$/. palustris subsp.laxiflora typically occupies
disturbed plots on river bankd/l. nemorosaencounters a wide range of
habitats, where it often faces strong competitimmf perennial plants of the
community matrix. Interestingly, the fate of our peximental localities
confirmed the typical habitat duration of the spsciour only locality oM.
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caespitosavanished being flooded after the first season, edeerthe two
localities of M. palustrissubsp.laxiflora were disturbed by flowing water and
then overgrown by thick bed of tddhragmitoides arundinace®ur previous,
laboratory and pot studies (Koutecka & LepS 2009112 have generally
demonstrated adaptive values of individual spetiags for their preferred
habitats. In particularM. caespitosais crucially dependent on the seed
regeneration, and accordingly, its seeds exhikithiighest, and the most stable
germinability (low interpopulation variability, ndecrease of germinability
within two years).M. palustris subsp. laxiflora is probably dependent on
vegetative propagation, and demonstrated the highksal growth. Its
aboveground stolons are typically broken by flocater and severed parts can
root in large distances downstreakfiyosotis nemorosalones are able persist
in dense meadow vegetation for years, however sipegad mainly by short
rhizomes only for distances of few cm. In additipnesence in seed bank and
good germination enable this species recruitmenswtable sites with lower
competition. The highest among-population varigpilin all recorded
characteristics should be due to its local adaptato a wide spectrum of
habitats.

Nevertheless, these two experiments were done wuldrolled, but
rather unnatural conditions. Consequently, we waterested how will the
species compared under natural conditions of fredd localities.

The first aim: to compare the differences betwdesety related species with
the variability among populations within species

As expected, the threMlyosotis species differenced in their survival and
growth. The differences correspond to species aabipreferences.
Nevertheless, there were also pronounced diffeserfmetween individual
populations within a species.

M. caespitosais a species of temporary habitats, typically gisnd
bottoms. It is the species with shortest life spamong the studied species,
sometimes considered to be annual or short-livegnméal with no clonal
potential (Grime et al. 1981, KlimeSova & Klime39B9 Stpankova 2000).
Our experiment confirmed that mortality ®. caespitosacloneswas the
highest, especially in competitive treatments. édjeevery shoot died after the
flowering. On the other hand, in the first seaddncaespitosgoroduced the
highest number of secondary rosettes and stolomgps in comparison with
the other two species, and some individuals sudvif@ several seasons,
particularly in gaps. Our gaps resembled best atbdf its natural occurrence
(pond margins and exposed pond bottoms, alluvidlafing waters, wet
ditches and spring areas, reed and sedge marginmeGet al. 1981,
Stspankova 2000). Accordingly, this species was masviged better then
other two species on exposed pond bottom with higliance and poor
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vegetation (locality C1) and worst on other logasitin comparison with other
two species. Still, in our experiment some plaritths species survived even
in permanent habitats (species rich meadow and ypath), which are not
their typical, and even spread clonally from latemsettes at least for three
seasons there. Potential of this short-lived sgefoe clonal persistence was
also proved in our previous pot study (Koutecka&p& 2011). Moreover, after
flooding of C1 locality, one clone &fl. caespitosaurvived and flowered other
two seasons, even 30 cm under water!

Among the experimental specieb). palustris. subsp. laxiflora is
undoubtedly species with best developed clonalasiing (confirmed also by
our pot experiment, Kouteckd & Lep$ 2011), formimwgp types of shoots
(stolons and rhizomes), and is long-lived perenr(idlotz et al. 2002;
Stspankova 2000). It occurs in marchlands and allofigvers and streams, is
able to grow even in waterlogged sites, and cam fitwating mats at the edge
of water (Grime et al. 1987; Klotz et al. 2002; ksen et al. 2003; §tankova
2000). Clonal fragments df1. palustris. subsp.laxiflora (even very small
modules) are able to disperse downstream for lastgrites, and colonise and
vegetatively expand on flooded banks without coitipetvegetation. It often
colonizes open places on banks where vegetationdaasmged by torrential
waters during floods (personal observation). In digld experiment,
M. palustris.subsplaxiflora survived the best on their original localities (£1
there was equally successful with nemorosa;and L2), and its clones were
highest there during the first season. Clonal pgapan of this species was
most affected by the level of competition — in gapth reduced competition it
spreads really vigorously and fast, which is muekduced with increasing
competition. It corresponds with its strategy ie fiield - to colonize quickly
the open places with initial stages of successwhefe it looses later in
succession to taller vegetation, like bet®bfagmitoides arundinacga

From the threeMyosotisspeciesM. nemorosaoccurred in the widest
range of habitats, from wet to drying and from ygwsuccessional stages to
relatively stable communities (e.g. wet meadowhkjva of streams, spring
areas, wet woods, wet ditches;¢@inkova 2000). In our experimei.
nemorosaspecies showed the best adaptability to diffehedtitats too. While
in the first season plants &. nemorosasurvived the best on three localities
from five (bothM. nemorosaoriginal N1 and N2; on L1 locality was equally
successful as resident species), in the secondhanthird seasons it the most
successful survivor on all persisting localitiesorglover,M. nemoroseaclones
were highesbn their original localities (N1 and N2).

Data about life history and clonality 8. nemorosaare various, from
annual to biennial with no or only low clonal pdieh (KlimeSova & Klimes
1998) to long-lived perennial hemicryptophyte, whicdonally propagates by
short below-ground shoots of stem origin (Klotzakt2002; Stpankova 2000;
Chaloupecka & Leps 2004). In our experiment sungyplants oM. nemorosa
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created a few shoots spreading underground onlysharter distances (till
about 5 cm) in the start of season, and numbehadts stayed relatively stable
till the end season at all localities and in ajpag of competitive treatments.
Although being competitively weak species, oncaldshed,M. nemorosas
able persist on various habitats.

The second aim: the role of microsite type

Plant competition suppresses the growth of experiaiglants in wide range
of productivities and other environmental condiigie.g. the intercontinental
multisite Poa pratensigransplant study, Reader et al. 1994). But thensity
of competition depended on plant community anced#fl between localities. In
our experiment, survival of experimental plants wagatively correlated with
biomass production on individual experimental lded (Appendix 3. shows
biomass production at four localities at the bemigrof second season).

The effect of competition treatment (as the mafaatf was rather weak
in our experiment. On the contrary, we have foutwng interaction of
competition treatment with locality: the suitahjliof microsite types for
survival and growth was influenced by natural ctinds at individual
localities. The gaps were not always the most Blgatalaces, particularly for
survival. As already noted (e.g. Kotorova & Lep®9p the gaps are not just
competition free space, but also place with thetrposnounced environmental
fluctuation. In our case, gaps are much more prtmedesiccation than
undisturbed places. The effect of gaps was moyxsiltive for experimental
plants, particularly forM. caespitosasurvival and forM. palustris subsp.
laxiflora clonal spread; whil®l. nemorosdaced better up to competition. But
effect of microsites differed above all between ald®es. In addition,
persistence of microsites, especially gaps, wdsented also by density and
dynamics of surrounding vegetation cover. Largéedinces between effects of
microsites on individual localities were found esp#y in the second season.
The survival was better in gaps at two of locaditfe2 and N2), which both are
localities with good moisture conditions and withwer biomass production.
All three competitive treatments had equal effeot survival on riverbank
locality (L1), probably because of equal shadingreatments, high biomass
production and fast succession of surrounding ‘ad@et, which caused
disappearing of differences between competitiveattnents. On the wet
meadow (N1; locality with stable biomass productidarge variation of
watertable during a season, with no shading byosading trees), gaps were
unsuitable microsites for the survival. On thisdlity, experimental plants were
better protected from herbivores and desiccatidside the gaps.
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The third aim: germination of several populatiorisegperimental species in
several field localities

Our sowing experiment demonstrated large differenaeenong individual
localities — this is not surprising, the localitidgfer in their suitability for
seedling regeneration. We have also found pronalrdiferences among
populations within a species. Differences betwgmaties were not significant,
because low number of populations per each spaa@sigh inter-population
variability. Still, there was an obvious tendentlyat M. caespitosaspecies
germination and seedling establishment was the swstessful in comparison
with other two species: three most successful @amuls were of those dfl.
caespitosaSeedling establishment almost of all experimembgiulations oM.
caespitosawas the highest on all of six experimental locaditi which
correspond with the best germinability of this specin a greenhouse
experiment (Koutecka & LepS 2009). Concordantlyhvitie field results, also
the greenhouse demonstrated high inter-popula@ombility in germination in
all the three species, especiallyvatnemorosaSimilar result was obtained in a
germination experiment with four closely relate@miumspecies (Karlsson &
Milberg 2008). All this shows again, how importants to include the intra-
species variability as important factor in expensecomparing more species.

Reciprocal transplant experiments usually investighe adaptation of
local populations to a locality. Here, we have aenmomplicated situation. We
were primarily interested in species adaptatioa lmcality, where the species is
resident. Moreover, we were not able to find suédbcalities for long-term
experiments. There were several problems — twohefthree species M.
palustris subsp laxiflora and M. caespitosagrow typically on short term
habitats. We were interested in an experimentigdgor three seasons (because
the survival over the seasons is an important fagt@opulation persistence).
Moreover, we needed strong source populations (isecéhe seeds mature over
longer period, so we needed large population toeyetugh seeds for the
experiment), and these populations were often bessnot suitable for
establishment of long term experiment. ParticulfolyM. caespitosave were
able to find just one locality where we believeaittit might last for several
seasons, but even this one locality vanished béfierend of experiment.

The individuals of the resident species populatiorese not always
superior — e.gM. caespitoséhas best germination on all the localities,Mr
nemorosa has shown the longest survival on most of the Ibesl
Nevertheless, for many characteristics studiedctmrast analysis has shown,
that, although not always best on the “home spétieslity, on average the
species are doing better there. The final fithegesult of several processes, in
our case survival, generative reproduction, anchallespreading. When one
focuses on a single process, we can not expectathstecies will always
demonstrate the home site advantage. When we supenibe results of our
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previous experiments (Koutecka & LepS 2009, 201ith whe species and this
field experiment, we can conclude that it is combion of traits, which
determines the species ecological behaviour. dinsethat the strategy ™.
nemorosas persistence in a site, and probably also ina gfithin a site, by
long term survival of individuals (where the floweg stem dies off, but the
genet survives by clonal growth), together withemgration by seeds. The
strategy ofM. palustrissubsp.laxiflora is fast colonization of gaps by clonal
growth, supported by logn-term dispersal by flogdwater along river banks.
And finally, the strategy oM. caespitosais based on production of well
germinable seeds with persistent seed bank.
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Appendix 1.

Localities at which seeds were collected for remipt transplant experiment (pre-planted young glargre used in reciprocal transplant experiment)
and for sowing experiment. Abbreviations of spediesM. caespitosal - M. palustrissubsplaxiflora, N - M. nemorosa

Species Pop. nr. Pop. nr. Coordinates Locality Habitat type
in reciprocal in sowing Altitude
transplant exp.  exp. (ma.s.l)
C 1 1 49°38" N, 15°54" E 610 B growth of herbaceous plants at the margins
of the Novy rybnik pond
C - 2 49°23'N, 15°33'E 570 Rybnik Lukas marginghef Lukas rybnik pond
C - 3 48°46" N, 14°48" E 550 Veigky rybnik margins of the Veigky rybnik pond
C 2 4 49°04" N, 14°24" E 380 Municky rybnik margins of the Municky rybnik pond
L 3 - 48°49° N, 14°20" E 460 Cesky Krumlov alluvial deposit of the Vlitava river
L - 5 49°00°N, 14°50°E 430 Staréka alder carr near the Duséakovsky rybnik pond
L 4 6 48°54° N, 14°36" E 480 Trocnov sandy deposit of a brook
L - 7 49°22'N, 15°35'E 520 Raiffov margin of the meadow near the Jihlava river
L - 8 48°52'N, 14°22°E 440 PleSovice bank of theaVé river
N 5 - 49°13" N, 14°04" E 430 Mladtjovice a ditch along a small road
N 6 - 48°52" N, 14°11" E 590 Stemily a wet meadow between ponds
N - 9 48°58'N, 14°35'E 495 KaliStouka a wet meadow
N - 10 48°57'N, 14°35'E 510 Kal&testa a woody path
N - 11 49°19°N, 15°28°'E 580 Jezdkovické raselnist a small pond in the Jezdkovickeé raseliisire
N - 12 49°22°N, 15°33'E 580 Vysoka overgrown weadmv along a brook




Appendix 2.
Experimental field localities for reciprocal tratespt experiment and for germination experiment.
Abbreviations of species resident on each localityC1; C2) M. caespitosal (L1; L2) - M. laxiflora, N (N1; N2) -M. nemorosa

Resident  Locality nr. Locality nr. Coordinates Locality Habitat type nr. of seedlings
species  for reciprocal for germination Altitude germinated from
transplant  exp. (mas.l) the seed bank
exp.
C 1 1 48°59" N, 14°26" E 390 C1 - Velky Vavrovsky margins ofthe Velky Vavrovskypond 0
C - 2 49°00" N, 14°50" E 430 C2 — Novy spaleny margins of thevy spalenypond 3
L 2 - 48°52° N, 14°22" E 440 L1 — PleSovice bank of the Vltava river -
L - 3 48°59" N, 14°51" 430 L1 — Staféka alder carr 1
L 3 4 48°54" N, 14°36" E 480 L2 - Trocnov sandy deposit of a brook 4
N 4 5 48°57° N, 14°36" E 515 N1 - Ohrazeni a wet oligotrophic species-rich meadow 4

N 5 6 48°57" N, 14°35" E 510 N2 - Kalist a woody path 10




Appendix 3.
Biomass production on field experiment localitiefiected in June 2004 {fs= 9,74; p < 0,001).
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Appendix 4.
Supplementary table of nutrients on experimenizlites for reciprocal transplant experiment

Locality nr. '
i i ; Nitrogen %  Carbon %
for reciprocal transplant experiment  Locality Layer
2
L1 PleSovice surface 5 cm 0,22 3,02
2
L1 PleSovice deaper 5 cm 0.18 2,64
3
L2 Trocnov surface 5 cm 0,10 0,42
4
N1 Ohrazeni surface 5 cm 0,41 7,51
4
N1 Ohrazeni deaper 5 cm 0,36 521
) 0,26 3,75

N2 Kalisg surface 5 cm
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Comparison of community composition and site
conditions between three closely related Myosotis
species

Eva Kouteckd, Petr Koutecky & Jan LepS

Abstract:

The phytosociological affinities of three closellated Myosotis species fromM. palustris
group were compared using relevés from southerngiahe Czech Republic, each of which
contained at least on species from this group.d&ssihe basic characteristics recorded at each
site, the individual sites were characterized byamgllenberg indicator values. Although all
three species occupied wet habitats, they rarew dgogether on one locality and their relevés
differed considerably also in their species comjmsi When we compare the habitat
preferences with results of our previous three ermmnts (germination, pot and reciprocal
transplant field experiments), we can show thaindifs to plant communities and some
ecological characteristics of typical habitats esponded well to important functional traits of
Myosotisspecies.

M. caespitosagrew on exposed pond bottoms and edges and itsrence was positively
correlated with light and negatively with dense ettjon cover, which correspond to initial
successional stadia of vegetation and temporalithese habitat types. It corresponds well to
the fact that in our previous experiment4, caespitosavas the weakest in competition and
long-term survival, but the best germinability (which was high, fast and stable oseveral
years across various populations).

M. palustrissubsp.laxiflora species was positively correlated with nutrienesgatively with
light, and slightly negatively with f£cover. It corresponds to habitat characteristidgre this
species occurred: nutrient rich and soaked banKRswing water and eutrophic alder carrs (the
both shaded by tree layer but with less dense a#gatcover). This is again in accordance with
our previous experiment: the species is strongiyal, with ability to spread by aboveground
stolons and belowground rhizomes, but primarilgampetition free space. Germination of this
species waguite high.M. palustrissubsplaxiflora probably depends mainly on fast vegetative
colonization of disturbed or initial habitats. larnparison with other two species;currence of
M. nemorosawas positively correlated witplant cover and negatively with moisture. Their
typical habitats were meadows, mires and ditcheb warious moisture level and certainly
denser and stabile vegetation cover. It correspamswith its traits: relatively good survival
and clonal persistence even in competition (baththie pot experiment and in the field),
relatively low and slow germinability (which wa®sled down by long-term flooding) and high
interspecies variability in all characteristicssééems that safe persistence of clones in a site is

combined with regeneration by seed®!. nemorosa

Keywords:
clonality, competition, experiments, intraspecifariability, traits of species
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Introduction

Understanding the relationship between the trditspecies and their habitat
preferences is one of the more important goalsre$gnt ecological research
(Lavorel & Garnier 2002). Nevertheless, some plggcies traits just come
from species’ “phylogenetic past” and have no oryvéimited direct
significance for their present ecology (Silvertown Charlesworth 2001).
Closely related (sub)species are suitable objemtscdmparative studies and
experiments in plant ecology (Krahulec 1994, Krabuét al. 1999): because
they share majority of their evolutionary histodyferences in their traits are
more likely caused by ecological adaptation to eddht habitats and
environmental conditions. Comparison of habitatfgmences and traits (and
ecophysiology) of related species helps us to wtaled processes that led to
their speciation.

Closely related species have been studied fronowsiraspects, with
regard to their taxonomy, (eco)physiology, ecolagg phytosociology. But for
full understanding of adaptation mechanisms, wedn&e combine field
observations of species habitat and phytosocicdbgipreferences with
experimental studies of their ecology. Unfortungtaluch complex studies of
related species are not common. There are somepéesuof phytosociological
studies, which are combined with taxonomical anolaggcal research. In the
morfological and phytosociological study Bestuca variagroup (Wallossek
1999) are included also some ecological charatiterisSeveral comparative
studies of three raré/iola species contain review of their taxonomy,
morphology, habitat requirements, life cycle andlegy (Eckstein et al. 2004,
2006). Study of related species fr@entaurea phrygigroup (Koutecky 2007)
is focused on morphology and cytology of specieds @ completed by
phytosociolgical relevés and distribution dddéstribution and other ecological
characteristics are mapped at tWerastiumspecies (Boscaiu et al. 1997).
Other example includes comparative studies of nuwggy, phytosociology
and distribution of twdStellaria species in Slovenia (Daskobler et al. 1999),
which are separated on altitudinal gradient. Thestexy vegetation records
(often stored in various vegetation databases) iggowiseful material for
comparative studies of species phytosociology aailst as demonstrated by
Holzel (2003) for three relatédiola species, which were separated according
to species affinities, moisture gradient and sedroistry. Study of Hroudova et
al. (1999) demonstrated for fouBolboschoenus species that even
morphologically very similar species are considbrabfferentiated by their
phytosociological affinities and ecological requents. Study of Diekmann &
Lawesson (1999) compared breath of niches at fains pf closely related
species with the help of phytosociological data Bildnberg indicator values,
and they found, that plants from the north Euro@el lwidest niche in
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comparison with central Europe, probably becauséower species richness
and therefore lower competition.

Some comparative studies focused on pairs or gobugbosely related
species to try to explain species’ commonnessyraBtudy of twoSolidago
species (Walck et al. 2001) showed that comrBoaltissimais superior in
many traits (clonality, seed production, seed banlkjomparison with rar&.
shortii. Comparison of twd/iola species (Moora et al. 2003) explained rarity of
V. elatior by dependence of germination and persistence orageament of
grassland. Rarity of one of the pair Bhnksia species, possessing similar
ecological traits was explained by habitat spexadion to a declining habitat
type (Witkowski & Lamont 1997). Similarly, Runk & abel (2009)
demonstrated, that various growth characteristicttoke closely related
Dryopterisspecies help to explain their local abundance.

Closely related species have been shown to diffiereproductive
strategy (Karlsson & Milberg 2008; Moravcova et2001), or effects of some
factor on survival, growth and reproduction (e.gocRlin 1999). Special
attention is also paid to plant polyploid complexeg. Duchoslav et al. 2010;
Flegrova & Krahulec 1999).

In the present study we focus on three taxa fidgosotis palustrisgroup:
M. caespitosaC.F.Schultz M. palustrissubsplaxiflora (Rchb.) Schibl & Mart.
and M. nemorosaBesser. Our previous experimental studies havevistbat
the three taxa differ in many traits that couldluehce their occurrence in
natural conditions. The taxa differ in the coursegermination (Koutecka &
LepS 2009), clonal growth and sensitivity to contpmt (Koutecka & Lep$
2011) and preference of particular micro-habitaws survival of an individual
in natural communities (Koutecka & LepS, unpublghéata). In our
experimentsM. caespitoséhad the highest and fastest germination. Survival
and growth of its plants were the most sensitiveaimpetition, but some plants
survived clonally till the third season with thelmeof daughter rosettes,
although this species is considered to be annubiletanial (Grime et al. 1981;
KlimeSova & Klime$ 1998; Spankova 2000; Klotz et al. 2002)1. palustris
subsp.laxiflora was obviously the most clonal species, formingaties and
rooting stolons and spreading for longer distanespecially in no-competitive
treatmentsM. nemorosahad relatively the best tolerance to competitibieir
clones survived the best at different types of libea and at all types of
competitive treatments, however they spread fortsflistances (cca 5cm per
year) mainly by short rhizomes. This species showme highest inter-
populations variability at majority characteristatsall experiments.

The main aim of the present studyis to quantify, if ecological differences

between the three closely relatddliyosotis taxa revealed by the previous
experiments are reflected in their habitat prefeesnand phytosociological
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affinity, characterized by plant community compiosit of their respective
habitats.

Material and methods

Study taxa

In our study we focused on three taxa frdgosotis palustriggroup. In the
taxonomic concept adopted in the Flora of the CzZRepublic (&pankova
2000) they are classified 84 caespitosa, M. palustrisubsplaxiflora and M.
nemorosa They all are sufficiently common in the study aref southern
Bohemia. They all prefer wet habitats (various sypé# wet meadows and
forests and banks of running and standing waterd)rarely share a locality.
Moreover, they differ in their traits such as Ilgan, intensity of clonal growth,
or seed germination.

Field sampling and environmental variables

In total, 106 phytosociological relevés of the vegien where at least one of
investigatedMyosotis species occurred were recorded in 2000-2005. There
relevés were recorded in southern part of the CRaghublic in in the area of
ca 150 x 100 km, the altitude ranged from 340 t0 ®ba. s. |.. The area of the
majority of relevés was 10nbut some relevés at river banks or ditches had to
be of smaller size 3 to 7 ‘o be homogenous (i.e., to include only one
vegetation type) and some relevés of species-rieadow were recorded on
larger area up to 25 1o include the whole spectrum of plant species at a
locality. Following variables were recorded at egtbt: cover of individual
layers, cover of open water, altitude, aspect,eslopoisture, and shading (the
later two variables were estimated using 5-gradeicagantitative scale, Table
1). The species abundances were recorded usindietbBraun-Blanquet scale
(Westhoff & van der Maarel 1973).

The relevés are currently stored in TURBOVEG fornfetennekens &
Schaminée 2001) in the Czech National Phytosocicdbdpatabase (Chytry &
Rafajova 2003) under numbers 555501- 555606. Theenolature of vascular

Table 1. Scales for variables moisture and shaateg! in the analyses

Variable / 1 2 3 4 5
scale
Moisture dry substrate  moderately very wet partly flooded
wet substrate substrate flooded (littoral,
(ground plants
water table growing from
about at the water)
soil surface)
Shading no less than 25% 25 - 50% 50 - 75% more n tha
75%

122



Community composition and site conditions of thk&esotisspecies

plants follows Kubat et al. (2002).

Data analysis

Mean Ellenberg indicator values (Ellenberg et &92) were calculated for
each relevé using Juice 7.0 software (Tichy 2082raunweighted average of
the indicator values of the taxa present in thew&l the thredlyosotistaxa and
taxa with undefined values were omitted from thiewdation. For multivariate
analyses, the covers were converted to percentagelg-transformed. Aspect
was recoded so that north-facing aspects (NW -N¥E)-got the value of -1, the
south-facing aspects (SW — S — SE) the value cdndl the others value of 0.
From 411 taxa recorded, only those that occurrddaat in 3 relevés (i.e., ca
10%) of an individualMyosotis species were selected. The final matrix
contained 106 relevés and 211 species. All muiatar analyses were
computed in CANOCO for Windows 4.5 software (terad & Smilauer
2003).

Main gradients in floristic composition were anags using the
Detrended Correspondence Analysis (DCA). For imetgtion of the
ordination axes, environmental variables and med#enlkerg values were
plotted into the DCA ordination diagram as suppletaey variables. The direct
effect of site conditions on individudllyosotistaxa was tested by Canonical
correspondence analysis (CCA) with log-transfornseders of theMyosotis
taxa were used as a response variables and enwamanvariables recorded at
each site and Ellenberg indicator values (as intinadicators of site
conditions) as explanatory variables. The variablese selected by forward
stepwise selection and their significance was destsing Monte Carlo
permutation test (999 permutations); Bonferronirection was applied to
adjust the significance levels. Finally, the asatioh between the three
Myosotistaxa and other species was studied by two apprea€Eirst, CCA was
computed in which occurrence of thdyosotis taxa served as response
variables (one variable for each taxon, the presérabsence coded as 0 /1, in
two samples with co-occurrence of two taxa the ealfi0.5 was used for each
of them) and log-transformed covers of all otheiatas explanatory variables.
The taxa with significant relation to the occurreraf theMyosotistaxa were
selected by forward stepwise selection, the sicguifce was tested using Monte
Carlo permutation test (999 permutations). (In,féleis analysis is a form of
Linear Discriminant Analysis.) Second, the assommbf the accompanying
species and thklyosotistaxa was tested using phi coefficient of fidelibyily
the species for which occurrence in the particalaster was significant at =
0.01 were considered (Fisher’s exact test; Chyital.€2002) and the group size
was standardized to equal size (Tichy & Chytry 200®he two relevés with
occurrence of mordlyosotistaxa were omitted. This analysis was computed
using Juice 7.0.
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Fig. 1a: DCA analysis of 106 phytosociological vée — position of samples (up) and
supplementary environmental variables (down). Tits¢ &nd the second ordination axis are
depicted, they explain 7.6% and 5%ovariation, respectively. The relevés are markezbeding
occurrence of thélyosotistaxa: trianglesM. caespitosasquaresM. nemorosagrosses:M.

caespitosar M. nemorosa ¢ircles:M. palustrissubsplaxiflora.
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Fig. 1b: DCA analysis of 106 phytosociological k&e — position diagnostic species. Thst
and the second ordination axis are depicted, thgyam 7.6% and 5% of variatic
respectively.

Results

Habitat differentiation of the studied specieshsious from the virtual absence
of relevés with more than one of the thigosotisspecies — only 2 relevés out
of 106. Clear differentiation between tMyosotisspecies was also revealed
with DCA. Samples with the individual species fodnmore or less distinct
groups in the ordination space (Fig. la, 1b). Thet fordination axis
differentiates mainly betwedl. nemorosand other two taxa and is correlated
with variables such as altitude, moisture and co¥drerb and moss layer and
Ellenberg values for soil reaction and nutrientjol indicates that the main
gradient leads from the nutrient poor submontanadows (left) to various
communities occupying banks of water bodies, spareps, etc. The second
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Fig. 2: CCA analysis of 106
phytosociological relevés. Cover fyosotistaxa was used as the response variables, only five
significant explanatory variables selected by fadvselection procedure are included. The first
and the second ordination axis are depicted; tkplam 31.9% and 21.2% of variation,
respectively. The centroids of each\dfosotistaxa are depicted. L — Ellenberg value for light,
M — Ellenberg value for moisture, N — Ellenberguefor nutrients, CovE1l — cover of the herb
layer.

axis is mainly correlated with gradient of lightpin opened communities as
exposed pond bottoms and banks of larger pond} tiadder forests (bottom).

CCA with forward selection revealed five variableshich have
significant effect on abundance (i.e., cover) @ kMyosotistaxa. They are (in
descending explanatory power): Ellenberg valueniatriens, Ellenberg value
for light, Ellenberg value for moisture, altitude)d cover of the herb layer. The
abundance oM. nemorosas positively associated with altitude and cover of
the herb layer and negatively with nutrient conmd moisture; the abundance
of M. palustrissubsplaxiflora is positively associated with nutrients and
negatively with altitude and light; the abundantévio caespitosas markedly
positively associated with moisture and light amgjatively with cover of the
herb layer (Fig. 2).

31 species that significantly predict occurrende tlee individual
Myosotistaxa were revealed with CCA, in which the presevicthe Myosotis
taxa served as response variables and cover af gpleeies as the explanatory
variables (Fig. 3). The relevés with individdyosotistaxa are well separated
in the ordination space. The occurrencevbfnemorosais connected mainly
with meadow species, the occurrence Mf palustris subsp. laxiflora is
correlated with species of eutrophic forested gpareas and stream banks, and
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CCA analysis of 106 phytosociological relevés —itims of samples (left) andxplanaton
variables (right). Presence Myosotistaxa was used as the response variables and of
other taxa as explanatory variables. The first #tiedsecond ordination axis are depicted;
explain 44.7% and 42.4% of variation, respectiveéljne relevés are marked accord

occurrence of theMyosotis taxa: triangles: M. caespitosasquares:M. nemoross
crosses:M. caespitosa M. nemorosa ¢ircles:M. palustrissubsplaxiflora.

the occurrence dfl. caespitosas predicted with an array of species occurring
frequently on pond banks.

The species with highest fidelity (“diagnostic’d tthe individual
Myosotistaxa and with the highest constancy in relevés imdividual
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Table 2: Lists of species with phi coefficient sfgrant ata = 0.01 (i.e., “diagnostic” species, shaded) and

30 species with highest constancy (i.e., occurréméé of all relevés of the particular group) foogps of
relevés defined according the occurrencMpbsotistaxa. Taxa that occur in more than one list airetqal

in bold.
Myosotis caespitosa Myosotis nemorosa Myosotis palustrissubsp.laxiflora
cons- cons- cons-
taxon phi  tancy taxon phi  tancy taxon phi  tancy
(%) (%) (%)

Agrostis canina 26 Agrostissp. 41 Agrostissp. 39
Alisma plantago-aquatica 0.57 45 Achillea millefoliumagg. 0.49 41 Alnus glutinosa 35
Alopecurus aequalis 0.28 32 Ajuga reptans 0.28 Athyrium filix-femina 29
Bidens frondosa 32 Alchemilla sp. 0.36 Bidens frondosa 32
Bidens tripartita 0.27 Alopecurus pratensis  0.34 41 Caltha palustris 26
Carex acuta 035 32 Angelica sylvestris 0.36 52 Calystegia sepium 0.40
Carex bohemica 0.28 Anthoxanthum odoratum0.44 32 Cardamine amara 0.33 45
Carex hirta 29 Betonica officinalis 0.41 Carex brizoides 035 29
Cirsium arvense 29 Bistorta major 0.36 Elymus caninus 0.40
Cirsium palustre 35 Briza media 0.31 Epilobium sp. 52
Deschampsia cespitosa 32 Cardamine pratensis 0.46 48 Festuca gigantea 0.37
Echinochloa crus-galli 0.34 Carex nigra 045 41 Galeopsissp. 32
Eleocharis acicularis 0.43 Carex ovalis 0.34 Galium palustres.|. 55
Eleocharis palustriggg. 0.37 Carex pallescens 0.34 Glyceria fluitans 29
Epilobium sp. 026 71 Carex panicea 0.31 Glyceria maxima 26
Galium palustres.|. 71 Cerastium holosteoides 0.28 30 Chaerophyllum 032 32

subsptriviale hirsutum
Glyceria maxima 0.28 45 Cirsium palustre 0.46 70 Impatiens glandulifera 0.52 35
Iris pseudacorus 034 29 Deschampsia cespitosa 0.33 61 Impatiens noli-tangere 0.65 68
Juncus articulatus 0.37 29 Epilobium sp. 36 Impatiens parviflora  0.32
Juncus effusus 42 Festuca rubra 039 45 Juncus effusus 42
Lemna minor 039 35 Filipendula ulmaria 34 Lycopus europaeus 58
Lolium perenn 0.34 Galium boreale 0.38 Lysimachia vulgaris 55
Lycopus europaeus 0.46 87 Galium palustres.|. 45 Myosoton aquaticum 29
Lysimachia vulgaris 58 Galium uliginosum 0.43 39 Persicaria hydropiper 35
Lythrum salicaria 0.29 42 Hieraciumsp. 0.28 Phalaris arundinacea 0.24 58
Oenanthe aquatica 0.44 35 Holcus lanatus 0.44 55 Poa palustris 26
Peplis portula 0.30 Juncus effusus 66 Ranunculus repens 84
Persicaria lapathifolia 0.36 45 Lathyrus pratensis 0.32 45 Rumex aquaticus 0.40
Phalaris arundinacea 48 Luzula campestris 0.38 Rumex obtusifolius 32
Phragmites australis 0.40 Lychnis flos-cuculi 057 66 Scirpus sylvaticus 39
Plantago major 29 Lysimachia vulgaris 45 Scrophularia nodosa 0.33 39
Poa palustris 0.26 52 Molinia arundinacea 0.34 Silene dioica 0.30
Polygonum avicularagg. 0.30 Plantago lanceolata 0.38 Solanum dulcamara 0.32 35
Ranunculus repens 52 Poa pratensis.|. 0.31 30 Symphytum officinale 0.48 52
Ranunculus sceleratus  0.35 Potentilla erecta 0.53 45 Urtica dioica 0.41 42
Rumex maritimus 0.32 Prunella vulgaris 0.36 Veronica beccabunga 0.39 32
Scutellaria galericulata  0.42 45 Ranunculus acris 0.60 55
Taraxacum sect. 39 Ranunculus auricomus 0.42
Ruderalia agg
Trifolium repens 35 Ranunculus repens 68
Typha latifolia 049 32 Rumex acetosa 059 57
Urtica dioica 42 Sanguisorba officinalis  0.40 32
Veronica scutellata 0.34 Scirpus sylvaticus 36

Taraxacumsect 45

Ruderalia

Tephroseris crispa 0.34

Trifolium pratense 0.31

Urtica dioica 32

Veronica arvensis 0.33

Veronica chamaedrys 0.48 36

Veronica serpyllifolia 0.33
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Myosotistaxa are listed in Table 2. Similarly to other sak,M. caespitosas
associated mainly with taxa of eutrophic banks isfi-ponds or of exposed
pond bottomsM. nemorosais associated mainly with meadow taxa anid
palustris subsp.laxiflora with taxa of river banks or spring areas, inclgdin
forested onesAlnus glutinosgresent).

Discussion

Results of our phytosociological research cleadpasated three investigated
Myosotisspecies fronMyosotis palustrigroup into different types of habitats
and plant communities. We found only two localitiesth simultaneous
occurrence of twdvlyosotisspecies: both the habitats were marginal parts of
plant communities (edges of ponds) with caespitosaand M. nemorosa
growing together Affinities of individual Myosotis species to plant
communities correspond well to their traits and legical behaviour,
ascertained by our previous experimental studiesitiPe association oM.
caespitosawith light and negative with vegetation cover cegends well with
its most pronounced negative reaction to compaetitimonstrated both in the
pot experiment (Koutecka & Leps 2011) and in trddfitransplant experiment
(Kouteckd & LepS in prep.). Moreover, the specieswell adapted to the
temporary habitats (fishpond bottoms) with its dberg germinability,
invariably high in various populations, fast ancébd¢ over several years
(Koutecka & LepS 2009M. nemorosas positively correlated witplant cover
and negatively with moisture. This correspondggdangest life span (both, in
the pot experiment and in the field, Koutecka & £ep011, in prep.) and
relatively low germinability and slow germinatioddutecka & Leps 2009): in
closed communities, survival of individual in veggte state is safer strategy
than regeneration from seeds. Also, its negativeetadion with moisture
corresponds to the fact, that this species wasrtheone, germination of which
was slowed down by prolonged submersibh. palustris subsp.laxiflora is
positively correlated with nutrients (typically higit brook and river banks) and
negatively correlated with light — the species ldeato grow also in banks
shaded by trees, but not in dense cover of othebshéslight negative
correlation with & cover). The negative reaction of this speciesoimpetition
was demonstrated both, in the pot experiment (Kt LepsS 2011) and in
the field transplant experiment (Koutecka & Lep$nmep.). In fact, neither the
Ellenberg indicator values, nor the recorded emwirental characteristics
capture the probably most important feature of $ipiscies — ability to colonize
quickly empty space by aboveground stolons andwaglound rhizomes, and
also, the ability to root from small fragments dfosts that are scoured by
flowing water.
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In our area, the species are also differentiateshgalthe altitudinal
gradient, however, we have no traits availablexpeemental response that can
be interpreted in the light of this differentiatioMoreover, it seems that this
altitudinal differentiation is partially peculian the small size of study area.

Comparison with other complex studies, where plogiotogy and some traits
of species were studied and compared together.

As a matter of fact, the studies, where the difigriphytosociological
preferences of closely related species are direcigpared with their traits are
rather rare. Morphological and caryological studyFestuca variagroup was
combined with phytosociological research with sepptntal recording of soil
nutrients on characteristic sites of occurrencéha Alpine range (Wallossek
1999). Individual taxons were separated well molpgioally, and their
phytosociological affinities also differed (the $gxonomic synthesis showed
clear existence of five vicariating regional asations and one edaphically
determined association, growing on ecologicallyedént sites). Nevertheless,
the relationship between the traits and habitaepeaces is not straightforward
here. Study of fouBolboschoenusaxa (Hroudova et al. 1999) demonstrated,
that they are morphologically very similar, but yhealiffer in their
phytosociological affinities and ecology — haveosty requirement on habitat
type, especially soil chemistry. The authors exp#wt the ecological
differentiation is connected with physiologicalitsa

Quite a few studies were devoted to comparativdoggoof Viola
speciesSeveral complex comparative studies of Ni@a species (Eckstein &
Otte 2004, Eckstein et al. 2004, 2006;) interesiied in population biology of
these species and influence of surrounding plamneonities on them in time.
Results of research demonstrated the importancgoofl management of
habitats, which has positive effect mainly on gatiee traits of rare species
(germination and young plants recruitment and fdadyj Another comparative
study of three related/iola species combined their phytosociology, and
environmental characteristics and traits of surding species using records
from vegetation databases (Hdlzel 2003). Study shiowportance of complex
studies: Viola species separated according to species affinibesnoisture
gradient and soil chemistry there, but suitabilify some habitats foWiola
survival was probably done by their disturbance iftgnagement or flooding
events), because thegmla species are weak competitors. Stability of habitats
was estimated according to occurrence of specitsimdividual strategy types
(C-S-R) in relevés. Another group (Moora at al. 206ompared one rare and
one commonViola species in Estonia and they have found significant
differences in some traits. They concluded thas iprobably the differential
sensitivity to light competition, what determinetet differences in their
distribution, nevertheless, they suggest also duisterical reasons.
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Ecological and phytosociological differences betwte three closely related
Myosotis taxa based on previous experiments armborparison of community
composition and site conditions

Among the compared speciéd, caespitosds a species with the shortest life
span. This species is considered to be annualetanial (Grime et al. 1981,
KlimeSova & Klimes 1998; $pankova 2000; Klotz et al. 2002), but we have
demonstrated its ability to survive longePersistence of this species is
connected above all with generative reproductibe ttighest and fastest of all
the species, final percentage of germinated setlisihcreased with age of
seeds, Koutecka & Leps 200M our three years pot experiment (Koutecka &
LepS 2011) M. caespitosavas the species most sensitive to competition, but
few plants were able survive clonally till the theeason (as daughter rosettes).
In our reciprocal transplant experiment (Koutecka L&pS in prep.)M.
caespitosa was species with highest mortality, the most samsitto
competition, but this species produced the highesiunt of secondary rosettes
and shoots in gaps (in comparison with other twecEs) in the first season,
and some clones persisted successful till the thedson.Previous results
correspond toM. caespitosalife history (annual to biennial) and habitat
preferences (disturbed and short-term sites). Tofpplant communities and
habitat characteristics of our phytosociologicalevés with M. caespitosa
correspond well with its traits. This species ocedrmainly on eutrophic pond
banks and exposed pond bottoms, saturated by meisaind with poor
vegetation cover, which represent habitats with tmmpetition and opened to
light. The same sites are characterised by speuwits, them M. caespitosa
occurred the most often (Table 1.): Ajsma plantago-aquaticaCarex acuta,
Glyceria maximalris pseudacorusJuncus articulatusLemna minoyLycopus
europaeus Lythrum salicaria Oenanthe aquaticaPersicaria lapathifolia
Scutellaria galericulataTypha latifolia.Because these habitats have temporal
character (often flooded after one season), investsnnto vegetative growth is
useless on them. On the other site, investments seed bank and good
germination ensure td. caespitosapecies successfully survive.

M. palustris subsp. laxiflora is a species with strong vegetative
propagation (Spankova 2000, Klotz et al. 2002). In our experirsgpot and
transplant field) this species easily spread clgn&dr long distances by
rhizomes and rooting stolons (Koutecka & Lep$ 20ftlprep.), especially in
no-competitive treatment®l. palustrissubsplaxiflora was the best survivor in
pot experiment, and was very successful at diftdagalities also in transplant
experiment. Despite its fast vegetative growth, palustris subsplaxiflora
reacted by their clonal growth the most sensitvecémpetition, therefore it
successfully spread in gaps, but was suppressecbnmpetitive treatments
(Koutecka & LepS in prep.Results of our germination experimestiowed,
that M. palustris subsp. laxiflora has simultaneously good germinability
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(Kouteckd & Leps 2009). Strong traits M. palustris subsp.laxiflora are
connected with fast vegetative growth and clonappgation, even for longer
distances, although germinability of species i® a®od. Despite of clonal
spreading, this species is competitively weak amsds in dense vegetation of
later successional stages. It showed also our pbgiological relevés with
occurrence oM. palustrissubsplaxiflora, which representetiypical habitats
of this species — nutrient rich banks of flowingtera(saturated by moisture)
with lower vegetation cover, or nutrient rich anctwsoils of alder carrs.
Typical species co-occuring witl. palustrissubsplaxifloral on our localities
were: Cardamine amara, Carex brizoides, Chaerophyllunsiium, Impatiens
glandulifera, Impatiens noli-tangere, Phalaris adinacea, Scrophularia
nodosa, Solanum dulcamara, Symphytum officinaléic&rdioica, Veronica
beccabungaHabitats ofM. palustrissubsplaxiflora species are influenced of
different kind of disturbance in comparison with caespitosathey should be
splashed by flowing water and flooded for shorterig®d or overgrew by
successional vegetation, which is a fast procesthigtype of nutrient rich
habitats. Fragmentation of clones and regenerdtmm only small parts of
shoots ofM. palustris subsplaxiflora is a great adaptation to spread for the
long distances by flowing water.

M. nemorosashowed the highest among-populations variabilitthbo
germination and majority characteristics at all emxpents (Koutecka & Leps
2009, 2011,in prep.). In our germination experimeggrminability of M.
nemorosawas variable, lowest and slowest from the thvggsotisspecies,
and speed of germination slowed down by long flogdiKoutecka & Lep$
2009). In the pot experimenil. nemorosawas the second most successful
survivor, same as in clonal growth characteristérg] spread mainly by short
rhizomes (Kouteckd & LepS 2011). In the reciprdcahsplant field experiment
(Koutecka & Leps, in prepM. nemorosawas the most successful survivor. It
had relatively the best tolerance to competitiod adaptability to all types of
competitive treatments at different types of Ideedi, however they spread only
for short distances (cca 5cm per year) mainly lyrtsthizomes. Results of our
previous study (Chaloupecka & LepS 2004) showedl, ginowth and clonality
of M. nemorosawere suppressed by competition, whereas effectaps gn
vegetation was positive and increased with gap . sin@estments into
generative and vegetative reproduction were padjtivcorrelated in all
treatment types. On the contrary, gaps were disddgaous and competitive
microsites safer for surviving and growthMf/osotisplants in chronologically
later reciprocal transplant experiment (Kouteck&&ps, in prep.) in the same
locality. It demonstrates, that in consequenceeaiporal variability effect of
microsites can vary even at the same locality.un ghytosociological releves
occurred mainly with following speciegchillea millefoliumagg.,Alopecurus
pratensis Angelica sylvestrisAnthoxanthum odoratun€Cardamine pratensjs
Carex nigra Cirsium palustre Deschampsia caespitgsdestuca rubra
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Galium uliginosum Holcus lanatus Lathyrus pratensisLychnis flos-cuculi
Potentilla erecta Ranunculus acrisRumex acetosaSanguisorba officinalis
Veronica chamaedrysWet meadows, mires and wet ditches prevailed as
typical habitats ofM. nemorosa.all with variable moisture level (but often
dryer in comparison with habitats of the two otMyrosotisspecies) and with
denser and more stablee vegetation cover, probdigymost competitive
conditions of the three species. Good survival elodal persistence even in
competition recorded in our manipulative experirsesdrrespond well to these
types of habitat. High intraspecies variability ati characteristics studied in
manipulative experiments (inclusive germination)al@e to M. nemorosa
species survive and occupy wide range of habifagyThe species is able to
persist even in dense vegetation, where generatigmiitment from seeds
depends on occurrence of suitable microsites @nfted by spatial and
temporal variability).
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Conclusions

When we compare results of our manipulative expemi®m with
phytosociological behaviour of the three closellated Myosotisspecies, we
can conclude that the combination of species téarly correspond to their
ecological behaviour.

In our experimentsM. caespitosawas the species with the shortest
lifespan, highly sensitive to competition. But germination was excellent -
invariably high in various populations, fast anébd over several years.
Surprisingly, in our experiment some plants of thecies survived even in
permanent habitats (species rich meadow and woathy,pvhich are not their
typical habitats, and even spread clonally froneritrosettes or short stolons
at least for three seasons thefgpical habitats of this species were rather
short-term, opened to light and saturated by maestas emerged fishpond
bottomsand ponds edges. All our results show, that styatégurvival of M.
caespitosais primarily based on production of well germiraldeeds with
persistent seed bank.

Our experiments confirmed thit. palustrissubsp.laxiflora is species
with the best developed clonal spreading forming types of long shoots
(stolons and rhizomes). Clonal propagation of thmecies was the most
affected by the level of competition — in gaps widduced competition it
spreads really vigorously and fast, but the sprepds much reduced by
competition. Simoultaneously, this species has tively good seed
germinability. Typical habitats of this species weawtrient rich, saturated by
moisture and with lower vegetation cover, as basfklowing waters or alder
carrs. The main strategy dfl. palustris subsp. laxiflora is probably fast
vegetative colonization of gaps at disturbed otiahihabitats, supported by
long-term dispersal by flooding water along rivenda brook banks,
supplemented by generative propagation from seeds.

In our experimentsM. nemorosawas very successful in survival,
especially in field localities.lt had high tolerance to competition and
adaptability to all types of competitive treatmeatslifferent types of localities,
however the species is able to spread only fortshstances (cca 5cm per year)
mainly by short rhizomes. Germinability Bf. nemorosavas the most variable,
lowest and slowest from the thr&yosotisspecies, and speed of germination
slowed down by long flooding. Typical habitats, . nemorosaoccurred,
were wet meadows, mires and wet ditches, all wattiable moisture level (but
often dryer in comparison with habitats of the tetbherMyosotisspecies) and
with denser and more stable vegetation cover.dinsethat the strategy ™.
nemorosds mainly persistence in a site, even in densetaéiga, and probably
also in a spot within a site, by long term survigdlindividuals (where the
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flowering stem dies off, but the genet survivesclpnal growth), together with
regeneration by seeds, which depends on occurrehaiitable microsites
(influenced by spatial and temporal variability).

In all our experiments we found high differencesn@en populations within a

species, which shows the importance of taking sxoount the intraspecific
variability effect in all comparative ecologicaldies!
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Equivalence of competitor effects and trade-off bet  ween
vegetative multiplication and generative reproducti on:
case study with Lychnis flos-cuculi and Myosotis
nemorosa

Eva Chaloupecka & Jan Lep$

Abstract

Effects of graminoid competition and gap size oanal growth and reproduction of two
meadow specied,ychnisflos-cuculiand Myosotisnemorosa were studied in an oligotrophic
wet meadow and in a pot experiment. In the fielpesiment, plant height, lateral spread,
number of leaves and flowers, and clonal growthrattaristics (number of secondary rosettes
or shoots produced) were repeatedly measured twee tseasons. In the field experiment,
young plants of investigated species were trangpdaimto tussocks of three graminoids:
Molinia caerulea JuncuseffususandNardusstricta ; and into small and large gaps. The effect
of all competitive tussock graminoids on the growttboth target species was negative, but not
equivalent, and differed betwedrychnis flos-cuculi and Myosotis nemorosa The species
responded to graminoid competition also by changhmgr geometry and phenology. The
positive effect of gaps on both species’ clonalgloincreased with gap size. Investments into
generative and vegetative reproduction were negjgtivorrelated among treatmentsliychnis
floscuculi and positively correlated itMyosotis nemorosa In the greenhouse experiment
seedlings ofLychnis flos-cuculi and Myosotis nemorosawere transplanted into pots with
different amounts and spatial patterns of the cditiye grassHolcuslanatus Total density but
not spatial arrangement ¢folcus lanatus seedlings had the main competitive effect on the
growth of Lychnisflos-cuculi and Myosotisnemorosa Vegetative growth of both species was
negatively correlated with increasing competitalensity.
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Appendix

Zkoumani vlivu ruzné intensity konkurence a investic mezi vegetativm a
generativnim rozmnozovanim: pokusna studie s druhy.ychnis flos-cuculi
and Myosotis nemorosa

Abstrakt

Bylo studovéano, jaky vliv na klonalniist a reprodukci dvou émich drulii: Lychnisflos-cuculi

a Myosotisnemorosamaji fizné konkure#ni traviny a fizné velka volna mista v porostu (se
snizenou konkurenci od okolnichrostlin). V terénmiakusu byly u pokusnych rostlin p#i t
roky opakovas meteny nasledujici charakteristiky: vyska rostlin,ikes$t jejich rozfistani do
stran, pdet listh a kwtd, a klonalni fistové chatrakteristiky (get sekundarnichizic nebo
vyhoni). V terénnim pokusu byly mladé rostliny zkoumamycuhi presazeny dodti riiznych
typt mikrostanovig v porostu: do i raznych typi travin (druhyMolinia caerulea Juncus
effususa Nardus stricta) a do menSich aé&tdich volnych mist (se snizenou konkurenci) v
lu¢nim porostu. Vliv vSech konkurenich travin na sledované druhy byl negativni, desm
se liSil mezi druhy travin, a byly zaznamenany adily mezi reakcemi rostlin drahLychnis
flos-cuculi a MyosotisnemorosaPokusné rostliny reagovaly na konkurenci také&rmami ve
své fistové geometrii a ve fenologii. Vliv volnych prostov porostu na cilové rostliny byl
jednozné@ng pozitivni, a vziistal s velikosti. U druhilychnis flos-cuculibyly investice do
vegetativni a generativni reprodukce mezi jedngtlivzasahy negativnkorelované, zatimco u
druhu M. nemorosabyly tyto investice korelované poziti¥nVe sklenikovém pokusu byly
semendky druhi Lychnisflos-cuculi a Myosotisnemorosazasazeny do K#in&sa s mfiznym
mnozstvim a usga@danim konkuremiho druhuHolcus lanatusNa oba dva pokusné druhy
mél konkurergni druhHolcus lanatusnegativni vliv, ktery narstal s jeho hustotou, ale ne s
jeho usp#adanim. Vegetativnitst obou pokusnych driihbyl negativié korelovans rostouci
pocetnosti rostlin konkurenta.
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