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General introduction

Alpine ecosystems and clonal plants

Clonal plants are important components of a range of communities at many latitudes and
altitudes. Some are among the most successful species in terms of their geographical
distribution and colonizing ability, many of them form extensive monodominant stands for
considerable periods, resisting invasion by other species (Hutchings & Bradbury 1986).
Specific biotope, which has been considered as typically dominated by clonal plants, is the
mountain environment. Although proportion of clonal to non-clonal species is not higher than
in surrounding habitats (KlimeSova & Dolezal in press) the clonal plants are here more
abundant.

The occurrence of mountain organisms is driven by a complex of factors connected with
altitudinal gradient, presented by a combination of temperature, snow regime and wind,
modifying and interacting with temperature and snow at all points along the gradient
(Bowman et al. 2001). Arctic and alpine permanent vegetation types are very stable
communities and resistant to past and recent climate changes (Grabherr & Nagy 2003).
The main reason for this appears to be longevity of the mainly vegetative reproducing
members of such communities, reinforcing the hypothesis that long-lived clonal plants can
enhance community and ecosystem resilience (Guisan & Thuiller 2005, de Witte & Stocklin
2010). Several clonal species include representatives with the longest recorded life-spans of
the plants (Cook 1983); the age of individual genet can even reach up to 10 000 years (White
1979). For example mapping of individual genets of Carex curvula revealed that clones
spanning one square meter could be several thousands of years old (Steinger et al. 1996,
Koérner 1999).

Extreme longevity of clonal plants inhabiting mountainous areas makes population studies
difficult as successful establishment of seedlings can be extremely rare. Ecological studies
thus focus on growth parameters of established plants, which are however inevitably much
affected by high spatial and temporal environmental variation in mountains. There are two
possible approaches how to measure plant growth in such conditions, either follow marked
individuals in consecutive seasons or to rely upon retrospect methods.



Plant chronology

Chronology of woody species, called dendrochronology, is based on counting of the annually
produced tree-ring wood from the radial secondary thickening of trunk, and has been
abundantly used as well-established method (e.g. Schweingruber 1996). Therefore a
dendrochronology enabled description of the relationships between growth and climate for
periods extending back up to 8200 years (Fritts 1976). This method is used frequently for an
age-estimation of historical wood relicts and for the description of community dynamics of
forests and population structure of woody species (Schweingruber 1996).

Presence of annual growth rings in perennial herbaceous plants, described for example by
Molisch (1929, 1938), Vidal (1906) and Zoller (1949) was for many years neglected or even
ignored until it was “rediscovered” recently (Schweingruber & Poschlod 2005). Numerous
herbaceous perennials from temperate regions of Europe and North America exhibit annual
growth rings of xylem in their root collar or subterraneous stem (Dietz & Ullman 1997, 1998,
Schweingruber & Dietz 2001, Dietz 2002, Dietz & Schweingruber 2002). Recently
approximately 84% of Central European dicotyledonous plants in subalpine and alpine zones
have been reported to show countable growth rings (Schweingruber & Dietz 2001). The
potential of this method is large, but it is not used very frequently and only a few species
were studied to date. Limitation of the method is that despite longevity of many herbaceous
species their perennating organs are relatively short living.

The method analyzing growth-rings in roots of herbaceous plants has been called
“herbchronology” (Dietz & Ullman 1997). The annularity of herbal growth rings has been
repeatedly verified (Dietz & Ullman 1997, Dietz & Fattorini 2002, Schweingruber & Poschlod
2005, von Arx et al. 2006). Results showed close correlation of number of growth rings with
age of plant individual. The method has been used for age determination in population
studies (e.g. Dietz & Ullmann 1998, Dietz et al. 1999, Dietz 2002, Kfivanek 2003, Perkins et
al. 2006, Pergl et al. 2005, 2007, Kuss et al. 2008), for correlating plant growth and
environmental characteristics (Dietz et al. 2004, Rixen et al. 2004, von Arx et al. 2006,
Friedmann 2009) and for dating of colonization processes at moraines (Kuen & Erschbamer
2002, Erschbamer & Retter 2004).

Another possibility to evaluate plant growth is based on morphological markers such
branching, leaf and inflorescence scars, resting buds which are preserved in some species
on perennial plant organs like woody stems of shrubs or rhizomes of herbs (Schweingruber &
Poschlod 2005). Obtained information from the morphological markers, is in many cases
wider, than from annual growth-rings analysis. It is possible, beyond the estimation of age
identify the number of annually produced leaves (Pergent et al. 1997), flower stalks (Kron &
Stewart 1994, Calvo et al. 2006), branching frequency (Hutchings & Slade 1988, de Kroon et
al. 1991, Kron & Stewart 1994, Klime$§ 2000), the angle of branching (Hutchings & Slade
1988, Kron & Stewart 1994, Klime$ 2000) and annual production of dormant buds (de Kroon
et al. 1991, Tybjerg & Vestergaard 1992). The method therefore allows addressing complex
ecological questions. Species of genus Polygonatum are often shown as typical example,
with rhizomes where the growing season is defined by the scars — remnants of aerial shoot
which delimit year increments (Troll 1937, Tybjerg & Vestergaard 1992, Hasegawa & Kudo
2005). Other studies were done for example on Podophyllum peltatum for which effect of
fertilization and severing on activation of dormant buds was studied by de Kroon et al. (1991)
and flexibility of development of the preformed buds to current conditions by Jones & Watson
(2001). Growth parameters preserved on rhizomes of Phragmites australis were used for
development of architecture model (Klime§ 2000), for evaluation of the effect rhizome age on
tissue concentration of mineral nutrients, and storage carbohydrates (Cizkova & Lukavska
1999, Klime$ et al. 1993) and for elucidation of resource-translocation patterns between
rhizomes and the aboveground organs (Asaeda et al. 2005). Growth markers on rhizomes of
Typha latifolia enabled evaluation of effect of fluctuating water table on growth and
performance of species (Sharma et al. 2008) and on rhizomes of Iris variegata for developing



of the growth model (Kron & Stewart 1994). Rhizome growth of sea grasses of Posidonia
genus was used for assessment of belowground biomass (Short & Duarte 2001), for
modeling the relationship between sexual reproduction and rhizome growth (Calvo et al.
2006) and for evaluation of interspecific differences (Pergent et al. 1997). Using
morphological markers on rhizome of Carex bigelowii Carlsson & Callaghan (1991)
estimated the age of the clonal fragments. The long-term growth dynamic of Rumex alpinus
by stochactic model studied Klime$ (1992), the anatomical and morphological responses of
different depths of burial on the rhizomes observed Klimes et al. (1993), and the allocation of
carbon to non-structural carbohydrates at two levels of nutrient availability was analyzed at
Klime3ova & Klime$ (1996).

Classical studies of morphological markers on woody shrub stems were done on Cassiope
tetragona. Each row of evergreen leaves of the species has a wave-like appearance due to a
marked pattern of leaf-lengths associated with small leaves produced in autumn and spring,
and alternating with large leaves which expand in summer (Warming 1908). Length of stem
annual increment was found to correlate with climatic conditions and therefore evaluating of
stem annual increments from different localities or from experiment with manipulated
temperature enabled to test interesting ecological hypotheses (Callaghan et al. 1989,
Havstrom et al. 1993, 1995, Rozema et al. 2009). Also annual increments of the sporophyte
of Lycopodium annotinum are distinguishable and were used for age determination of clonal
fragments (Callaghan 1980).

The above overview shows potential of usage of morphological markers on perennial plant
organs. In some areas, such as the Arctic, due to absence of trees and presence of shrubs
with extremely small annual rings, is analyzing of morphologiacal markers very useful
(Callaghan et al. 1989). Many species in northern latitudes are amenable to retrospective
growth analysis because (i) clear innate markers of annual growth are often identifiable in the
plant’s morphology due to the marked seasonality in the growth caused by prolonged winter
dormancy, (ii) decomposition rates are often slow and records of past growth may remain for
many years, and (iii) modular clonal growth is common and large networks of interconnected
modules are formed (Callaghan & Collins 1976). The climatic conditions of tundra are in
many ways similar to high mountain environment; hence many of plant characteristics would
be applied in both places.

Ecology of Rumex alpinus L.

Rumex alpinus is perennial clonal species which originally occurred in tall herb communities
in alpine zone and secondarily spread into areas affected by pasturing in above as well as
below alpine timberline on deforested places enriched by nutrients and disturbed by resting
animals. Thanks to the expansion of the distribution area the species is now widespread and
form vast stands. It can be found along geographical and altitudinal gradients and in different
microhabitats. As Rumex alpinus is very persistent even long time after cessation of
pasturing, understanding its ecology is of high importance from theoretical as well as from
practical point of view. For example, the species changed character of mountain meadows in
the Krkonose Mts., Czech Republic; therefore Administration of National Park took measures
(chemical control) to suppress its dominance. For such management the good knowledge of
the species is necessary. As ecological, chemical and physiological characteristics of the
species has been studied by many authors, the first aim of the theses was to collect all
available data about the taxonomy, morphology, population biology, genetics, chemistry,
physiology and ecology of Rumex alpinus (Chapter 1).



Rumex alpinus has potential to be analyzed by herbchronological method as was already
shown in preceding chapter (see Klime§ 1992, Klime$ et al. 1993, KlimeSova & Klime$
1996). The species form epigeogenous monopodial rhizome (Fig. 1) perennating for about
ten years and then decaying, so thus preserved traces after leaves and flowering stems are
countable for this period. The size of annual increments (length and width), branching and
number of resting buds can be also assessed. Therefore growth of plant in different
environments can be studied by retrospect method.

Fig. 1: Terminal part of the monopodial rhizome of Rumex alpinus as viewed from above. IT —
inflorescence scars, DB — dormant buds. Numbers refer to the year in which the segments were
produced. Stripes within the segments are leaf scars. (Photographed by K. AntoSova.).

The second aim of the theses was to study growth of Rumex alpinus with usage of
morphological marks on rhizomes along altitudinal gradient and find out optimum for species
growth. We expected that optimum of growth will be characterized by large biomass
production and abundant flowering; on the other hand, suboptimal localities will be
characterized by the reduced growth and flowering but with enhanced branching of rhizomes
(clonal growth). Further the variability in growth parameters should increase along a gradient
from optimal to suboptimal conditions (Chapter 2).



Despite effect of altitudinal gradient also local factors like type of bedrock, amount and
composition of soil nutrients, water supply, duration of snow cover, exposition to sun and
winds surely affect plants growth. These characteristics of locality are spatially or temporarily
limited and often are also connected to specific climatic conditions of particular growth
season. The third aim of the theses was to reveal an effect of one ecological factor on small
spatial scale — snow duration — on growth of Rumex alpinus (Chapter 3).

Studied area

All experimental field work was conducted in Stiavnica Valley in the Nizké Tatry Mts., West
Carpathians, Slovakia (Fig. 2). The studied species is common along whole 1000 m long
altitudinal gradient that the valley is named according the species (“Stiav” is common name
for Rumex in Slovak language).

The Nizké Tatry Mts. form more than 80 km long, east-west directed mountain ridge, and are
a part of Inner West Carpathians extended mainly in the territory of Slovakia (Brandlova
1993, Gaal & Bella 2008). The mountains were created during Alpine orogeny at the end of
the Mesoic and the beginning of the Tertiary Age. Geological structure is complicated, but in
general the crystalline core is built by Palaeozoic igneous rocks — various types of granites,
granodiorytes (Dumbiersky type), migmatites, gneiss, mica-shists, phyllites and amphibolites.
These rocks today create upper parts of the main ridge and south-face parts of mountains.
Cover series presented by secondary sedimentary deposits as calk dolomite and marlstone,
are unevenly distributed in the periphery of mountains, but markedly are more abundant at
the north-face of the mountains. For example localities as the Demanovska dolina valley or
the Kozie chrbty ridge contain large karst systems (Zak et al. 2009). During the Pleistocene,
the mountains were covered by several mountain glaciers and thus the typical glacier
georelief was formed (U-shape valleys, glacial caldrons, cirques, morenas, rocky seas and
varied types of little selective weathering forms) (Gaal & Bella 2008, Gajdos & Klau¢o 2010).
The altitudes of mountains range from 360 m (Banska Bystrica) to 2043 m a.s.l. (the highest
peak the Dumbier Mt.).

The hydrological system is created by numerous springs and several lakes of glacial origin.
The climatic situation is closely connected to specific altitude and place; mean November
temperatures can decrease to -6°C, and in June increase up to 18°C. The annual
precipitations in the top mountain parts exceed 1400 mm (1600 mm on the Chopok Mt.), but
in valleys is less than 900 mm (Holy 1997).

The vegetation types alternate due to geological substrate, altitude and regional character.
Forests cover 70% of the mountain area: mixed beech forest is found in lower altitude and
coniferous forest at higher altitudes up to alpine treeline in about 1500 m a.s.l. where it is
replaced by belt dominated by Pinus mugo krumholz. The highest parts are vegetated by
alpine grasslands (Sillinger 1933).

The mountains were used for the pasturing for many centuries till about 1950. Consequently
the timberline is at many places decreased as the forests were partly changed to pastureland
and most sites enriched by nutrients are covered by vast stands of Rumex alpinus (Sillinger
1933). The mountains range is protected (the Low Tatra Mts. National Park) and alpine zone
is recently used only for tourism.



Fig. 2. View to the Stiavnica Valley, the treeline. (Photographed by J. Subrt.)

The Stiavnica Valley where field work was conducted is 8 km long and its altitude range from
882.4 to 17279 m a.s.l. It lies on the north side of the mountain ridge. The highest
neighboring peaks are the Mt. Dumbier (2043.4 m), Stiavnica (2021.3 m), and Maly Géapel
(1807.4 m). At the bottom of valley runs the spring with the same name — the Stiavnica.
Upper part of the valley under the Dumbier Mt. opens into a cirque. In lower parts of the
valley spruce forest grows up to 1400 m a.s.l. In the forest zone abandoned meadows and
pastures overgrown by Rumex alpinus can be found. In higher altitude, large stands of
krumholz spread creating a mosaic with alpine grasslands which totally dominate above
1620 m. The upper part of the valley is characterized by snow accumulation in winter and
thus avalanches affect this part of valley. The highest studied locality of Rumex alpinus is at
the top of ridge (1900 m a.s.l.) on the south-east slope of the Mt. Dumbier.
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Chapter 1

Biological flora of Central Europe: Rumex alpinus L.

Stastna, P., Klimes, L. & Klimesova, J. (2010). Biological flora of Central Europe:
Rumex alpinus L. Perspectives in plant Ecology,Evolution and Systematic, 12/1, 67-79.

Abstract

Rumex alpinus L. (Polygonaceae) is a rhizomatous perennial plant inhabiting stream banks,
spring areas, nutrient-rich and mesic to wet abandoned pastures and meadows. It is native in
the mountains of Central and Southern Europe but its current distribution has been partly
affected by its utilisation as a vegetable and a medicinal herb in the past. This article reviews
the literature on the taxonomy, morphology, population biology, genetics, chemistry,
physiology and ecology of this species.

Abstrakt

Rumex alpinus L. (Polygonaceae) je vytrvala rostlina s podzemnimi oddenky, osidlujici bfehy
tokd, pramenisté a zivinami bohata stanovisté od vihkych po mokré opusténé pastviny a
louky. Jejim domovem jsou hory centralni a jizni Evropy, ale jeji soucasna distribuce je
CasteCné ovlivnéna i jejim historickym pouzivanim jako zeleniny a léCivky. Tento &lanek
obsahuje dostupné informace z literatury k taxonomii, morfologi, populaéni biologii, genetice,
chemii, fyziologii a ekologii k tomuto druhu.

Nasledujici pasaz od strany 16 az do 53 obsahuje utajované skutecnosti a je obsaZena
pouze v archivovaném originale disertacni prace ulozeném na Prirodovédecke fakulté JU
v Ceskych Budéjovicich.
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Chapter 2

Altitudinal changes in growth and allometry of Rumex alpinus

Stastna P., Klimesova, J. & Dolezal, J. (submitted).

Abstract

Alpine plants growing along altitudinal gradients have been traditionally considered to have
reduced flowering and growth and enhanced clonality toward higher altitudes. This pattern,
however, has seldom been studied for multiple characteristics in one plant species and over
several years, and thus its generality is uncertain. In the present study, we used annual
growth markers on perennial rhizomes (herbchronology) to analyse the longterm growth of
Rumex alpinus. By determining rhizome segment (annual increment) width, segment length,
and numbers of leaf scars, inflorescence scars, dormant buds, and branches preserved on
rhizomes, we analysed past growth on seven sites along an altitudinal gradient (950-1900 m
a.s.l.) in the Low Tatra Mts., West Carpathians, Slovakia. We determined where growth was
optimum on the gradient, and we hypothesized that: (1) at the growth optimum, R. alpinus
plants will be characterized by large biomass production and abundant flowering whereas at
suboptimal localities the growth and flowering will be reduced but branching of rhizomes will
be enhanced; and (2) the variability in growth parameters will increase along a gradient from
optimal to suboptimal conditions. Although R. alpinus is a light-demanding species occurring
preferentially along small streams above the tree line, the most vigorous growth (highest
number of leaves and inflorescences) occurred at low altitudes in forest clearings. The lowest
variability in growth parameters, however, occurred in the middle of the altitudinal gradient.
Herbchronology was determined to be a useful tool for the retrospective study of plant
growth.

Abstrakt

Horské rostliny se vyskytuji podél vySkovych gradientld. Tradicné se u téchto rostlin
predpoklada snizeni frekvence kveteni a ristu smérem k vys$Si nadmorské vySce a naopak
zvySeni klonality. Nicméné, tato skute¢nost byla zfidka studovana na vice charakteristikach
jednoho rostlinného druhu po dobu nékolika let. Obecna platnost je této domnénky se vSak
jevi jako nejista. V predlozené studii jsme pouZili ro¢ni pfirosty na vytrvalych oddencich
Rumex alpinus (herbchronologie) k dlouhodobé analyze ristu. Uréenim charakteristik
roniho pfirlstku (Sitka a délka pfirdstku, pocet jizev po listech, pocet jizev po kvétenstvi,
pocet dormantnich pupenl a celkovy pocet vétvi zachovanych na oddenku) jsme vyuzili ke
zjisténi rdstu v minulosti u rostlin na sedmi stanovistich podél gradientu nadmorské vysky
(950-1900 m n. m.) v Nizkych Tatrach, v Zapadnich Karpatech na Slovensku. Snazili jsme
se odhadnout ristové optimum, kde nasSe hypotéza znéla, Ze zde se budou vyskytovat
rostliny Rumex alpinus s nejvét§i biomasou a budou Casto kvést, kdezto na méné
optimalnich lokalitach bude jejich rist a frekvence kveteni sniZzena, ale bude posileno
vétveni oddenku. Dale, Ze variabilita rastovych parametri se bude zvySovat podél vyskového
gradientu z optimalnich do méné optimalnich podminek. Ackoli je R. alpinus svétlomilny druh
vyskytujici se pfevazné podél malych tokd nad horni hranici lesa, nejvice vyvinuty rust
(nejvysSi pocty roéné vytvorenych list a nejvyssi frekvence kveteni) se objevila na lokalitach
charakteristik se projevovala u rostlin ve stfedni ¢&asti vySkového gradientu.
Herbochronologie se ukazala jako vhodny nastroj pro retrospektivni studium rostlinného
rdstu.
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Chapter 3

Response to climatic fluctuations is modulated by
snow accumulation on alpine clonal herb Rumex alpinus L.

Klimesova, J., Dolezal J., Stastna, P. & Klimes L. (manuscript).

Abstract

Understanding an impact of climate variation on plant performance in cold regions is
complicated by a fact that in cold period of year, precipitations fall as snow and further modify
effect of temperature and moisture on plant growth. We conducted retrospect study using
morphological markers preserved on rhizome of Rumex alpinus so that we were able to
analyze growth parameters in snowbed and control plants during 12 years period in alpine
zone of the Low Tatra Mts., West Carpathians. We analyzed effect of snow accumulation
and mean monthly temperatures and precipitation in preceding and current season on
annual leaf production, length and width of annual rhizome increment, its flowering and
branching. We also experimentally established snow accumulation in continuous Rumex
alpinus stand. The only growth characteristic responding consistently to natural as well as
experimental snow accumulation was number of leaves, other growth parameters showed
year to year fluctuations. The snow accumulation shortened growing season for the plants,
thus climatic events causing further season shortening reduced plant vegetative growth (high
precipitation in previous October and current April) whereas events causing prolonging of
growing season (warm September) supported plant growth in snowbed site. While snowbed
plants were more affected by actual weather, plants from outside of snowbed were more
dependent on preceding year weather. For example flowering was supported by warm
August of preceding year in control plants while it was enhanced by warm May and August of
current year in snowbed plants. Our study revealed that growth parameters of the plant can
be affected differently by snow accumulation according their driving factors. While some are
tightly connected with snow cover duration (in our case number of leaves) others are
controlled by different signals but snow cover may further modulate their developmental
trajectories (flowering). For future studies of climate fluctuations effects on growth of plants
from cold (alpine and arctic) areas it will therefore be necessary to disentangle driving factors
for key lifehistory parameters.

Abstrakt

Porozuméni vlivu klimatickych vykyvl na chovani rostlin v chladnych oblastech je
komplikované diky skute¢nosti, Zze v zimnich obdobich roku ovliviiuje rist rostlin kromé
teploty a vlhkosti také snéhova pokryvka. Provedli jsme retrospektivni analyzu vyuzivajici
morfologické znaky zachované na oddencich Rumex alpinus, takZe jsme byli schopni zjistit
ristové charakteristiky u rostlin vyskytujicich se na snéhovém vylezisku a u rostlin
nachazejicich se mimo bé&hem dvanacti let. Tyto rostliny se nachazely v alpinské zéné
Nizkych Tatrer, v Zapadnich Karpatech na Slovensku. ZjiStovali jsme efekt snéhu a
pramérnych mésicnich teplot a srazek v pfedchozim a nasledném roku na ro¢ni produkci
listd, na délku a Sitku rocnich pfirGstkd, na frekvenci kveteni a vétveni. Také jsme
experimentalné vytvorili snéhové vylezisko v dalSi ¢asti stanovisté. Rustova charakteristika,
které jako reagovala k pfirodni nebo experimentalni snéhové akumulaci byl pouze ,pocet
rocné vytvofenych list(“, ostatni rdstové charakteristiky vykazovaly meziro€ni vykyvy.
Snéhova akumulace zkratila rlstovou sezénu dotéenych rostlin, nicméné dalSi faktor
zpusobujici zkraceni vegetacni sezény predstavovaly klimatické vykyvy. Konkrétné,
snizovaly vegetativni rlst (hojné srazky v fijnu loriského roku a letoSniho dubna). Naopak
teply podzim zpusobil prodlouzeni ristové sezoény u rostlin na snéhovém vylezisku. Obecné,



rostliny ze snéh. vyleZiska byly vice ovlivnény poCasim aktualniho roku, a naopak rostliny
mimo byly vice zavislé na pocasi v pfedchozim roce. Napfiklad kveteni bylo podpofeno
teplym srpnem pfedchoziho roku u rostlin mimo snéhové vyleZisko, ale u rostlin rostoucich
ve snéhovém vylezZisku rozhodoval o kveteni teply kvéten a srpen souasného roku. Nase
studie odhalila, Ze charakteristiky rustu rostlin mGzou byt kromé& svych hybnych faktord
rozdilné ovliviiovany také v zavislosti na pfitomnosti vy3si snéhové pokryvky. Nékteré
z téchto charakteristik jsou t&€sné svazany s délkou snéhové pokryvky (v nasem pfipadé
pocet rocné vytvorenych listll), jiné ovliviuji jiné faktory, ale pfitomnost snéhové pokryvky
muze navic modulovat jejich vyvojové trajektorie (kveteni). Pro budouci studie klimatickych
vykyvl na rast rostlin z chladnych oblasti (alpinské a arktické pasmo) bude nutné pro
rozkli€ovani zivotné-historickych charakteristik oddélit tyto vlivy.
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General conclusions

Rumex alpinus with its large shading leaves and robust rhizomes tend to dominate wet
alpine and subalpine meadows and form nearly monospecific stands. Only few shade-
tolerant species or tall-herb species can persist in these closed communities. Through
epigeogenous rhizomes, growing horizontally shallow under soil surface, plants continuously
shuttle in the stand. Although spread of Rumex alpinus was enhanced by pasture in past, the
species is still persisting nearly 50 years after pasture cessation in Central European
mountains. This is probably due to ability of the plant to recycle effectively nutrients.

In closed canopy stands Rumex alpinus reproduce only by clonal multiplication — the oldest
parts of rhizome, after 10 to 20 years decay and consequently branches of rhizome can
separate and form physically independent clonal fragments. The plants do not flower every
year, but in the case of flowering, the number of produced seeds is several thousands per
one inflorescence. Vacated achenes germinate only in full light conditions and under the
closed canopy stay dormant for many years forming seed-bank. Establishment of new
genetic individuals from seeds in monospecific stand is possible only after disturbance;
seeds, however, are important for colonization of new habitats (Chapter 1).

Rumex alpinus is distributed along whole altitudinal gradient found in studied site, Stiavnica
Valley in the Low Tatra Mts., West Carpathians and ranges from 950 t01900 m a.s.l. Using
growth markers on perennial rhizomes we were able to assess variation of growth along the
altitudinal gradient (Chapter 2). Plants with superior growth (i.e. plants with the largest
annual rhizome increments, the highest number of leaves produced per year, and the highest
flowering frequency) were found at the low altitude. These plants were also characterized by
the lowest persistence of rhizomes. On the other hand, plants with the lowest variability in
growth parameters occurred in the middle of the gradient, and plants with the most branching
and with highest number of dormant buds occurred at high altitude sites. The most vigorous
growth of the Rumex alpinus in the lowest altitude is probably a reason for ability to spread
into deforested habitats in forest zone (former pastures and meadows) (Chapter 1).

Except for large scale environmental gradients like altitude in the case of Chapter 1, growth
of Rumex alpinus is affected by local factors, for example by the snow accumulation. Snow
conditions vary on small spatial scale being mutually affected by precipitation, topography
and wind (Chapter 3). While some plant parameters were tightly connected with snow cover
duration in our study (e.g. number of leaves produced per year), others were controlled by
different signals but snow cover further modulated their developmental trajectories
(flowering). Specifically, the snow accumulation shortened growing season for the plants,
thus climatic events causing further season shortening reduced plant vegetative growth (high
precipitation in previous October and current April) whereas events causing prolonging of
growing season (warm September) supported plant growth in snowbed site. While the
snowbed plants were more affected by actual weather, plants from outside of snowbed were
more dependent on preceding year weather (Chapter 3).

Perspectives

Despite the fact that Rumex alpinus has been extensively studied, as was shown in the first
chapter, there still remain many challenging questions. Especially the retrospect method
using growth markers on rhizomes is promising tool for future studies focused, for example,
on effect of climate variation and hence climate change on growth of the species. We can for
example repeat measurements from eighties and check whether correlation of growth with
climate remain the same in snowbed site. Similarly, we can use our data from altitudinal
gradient for correlation of Rumex alpinus growth with climate and moreover we can compare
variation in growth of Rumex alpinus with growth of surrounding trees (using annual rings)
along the same altitudinal gradient.



With usage of the herbchronology we can ask also questions concerning life-history trade-
offs, like: What is a relationship between branching and flowering? What is effect of flowering
on vegetative growth?

The method of herb-chronology was proved to be a very useful tool for the retrospective
study of the Rumex alpinus plant growth providing highly valuable data of long-term growth
responses of the studied species to environmental conditions.



