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Abstract

Trees adjust wood anatomical structure to environmental conditions, predisposing time series
of quantitative wood anatomical parameters to be valuable source of palaeoenvironmental
information. In this doctoral project we analysed the response of vessel parameters of i)
floodplain Quercus robur to groundwater level fluctuation, hydroclimate variability and extreme
events (droughts and floods), and of ii) Betula pendula to mechanical damage caused by various
disturbances.

Although climatic signal as well as pointer years stored in tree-ring width chronologies
of Quercus robur largely differ between sites, quantitative vessel parameters contain spatially-
homogenous positive signal of previous year summer temperature and current year
winter/early spring temperature. The only between-site difference in wood anatomical
chronologies is negative effect of moisture on vessel size in floodplain, which does not occur in
not-flooded lowland sites. We suggest that while tree productivity benefits from high water
availability, the wood anatomical structure of Quercus robur is constrained by high soil water
saturation in floodplain zone. In addition, the response of tree-ring widths to moisture
availability is not uniform inside single stand, but subgroups of trees with completely opposite
response coexist (drought limited and moisture limited individuals). The first group of trees
significantly reduced their growth after decline of groundwater level, meanwhile the latter
group increased productivity. Existence of subgroups with contrasting response to groundwater
fluctuations was not observed in case of vessel anatomical series, where individual trees share
common climatic signal.

In addition to climate and hydrological conditions, processes causing mechanical damage
also alter wood anatomical structure. Vessel size observed in the first tree-ring after stem
scarring was by 60 % smaller compared to value expected based on linear age trend. In the
following period, vessel size continuously increased, reaching pre-event level in third tree-ring
after disturbance. Considering various types of mechanical damage, scarring of bark and
cambium, stem tilting and decapitation cause the strongest decrease of vessel size in Betula
pendula, which significantly outweighs ontogenetic trends and climatic signal. Wood anatomical
anomalies spread along and around entire tree stem in case of tilted and decapitated individuals;
contrary, xylem compartmentalization through adjustment of vessel size takes place only nearby
callus tissue in scarred trees. Root exposure and stem base burial represent disturbances with
less apparent response in wood anatomical structure. In case of most serious deformations, it
takes more than 3 years to recover pre-disturbance wood anatomical structure. Decline in vessel
size is not adequately compensated by increase in vessel number during this period, resulting in
significant drop in xylem specific hydraulic conductivity. This indicates that predicted increase
in intensity and frequency of disturbances related to climate change may alter transpiration
capacity of forest stands.

The results of presented studies indicate that quantitative wood anatomical parameters
of broadleaves should be perceived as multi-source driven parameter integrating effects of
ontogeny, climate, soil hydrology and disturbances. Vessel size contains different environmental
signal than tree-ring widths. Moreover, their signal is less between-site and between-tree
variable than signal stored in tree-ring widths. This makes vessel parameters valuable proxy for
reconstruction of former fluctuations in hydroclimatic conditions. In addition, abrupt
adjustment of vessel size may be used as a tool to date former mass-movements and other types
of disturbances. However, proper approaches are required for extraction of desired part of
information and filtering out the noise from time series of wood anatomical parameters.
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Abstrakt

Anatomicka stavba dieva je citliva k vliviim prostredi, cozZ umozinuje nasledné vyuziti casovych
fad kvantitativnich anatomickych parametrd jako zdroje paleoenvironmentalnich dat. V této
diserta¢ni praci jsem studoval odezvu parametrt cév i) dubi letnich rostoucich v idolni nivé ke
zménam v hladiné podzemni vody, klimatu, hydrologickych podminek a k vyskytu extrémnich
hydrologickych a meteorologickych jevl (sucha, povodné) a ii) biiz bélokorych na mechanické
poskozeni vlivem disturbanci rizného typu.

Zatimco klimaticky signal Sitek letokruhii i letokruhové signatury vykazuji velkou
prostorovou variabilitu, kvantitativni parametry jejich cév maji spolecny prostorové homogenni
signal (pozitivni vliv teploty v1été predchoziho roku, vzimé a na zacCatku jara). Jediny
stanovi$tni rozdil v klimatickém signalu chronologii zaloZzenych na cévach je negativni vliv
vysoké vlhkosti na velikost cév, pozorovany pouze v nivé a ne v od reky vzdalenéjsich nizinnych
porostech. To naznacuje, Ze vyvoj efektivnich vodivych pletiv dubu je v zaplavové z6né limitovan
vysokou saturaci ptdniho profilu vodou, ackoliv vysokd dostupnost vody je tam pozitivni
z pohledu produktivity. Odezva Sifek letokruhti ke zménam v dostupnosti vody neni v piipadé
dubl uniformni ani vramci jednoho porostu vlivem koexistence jedincli se zcela opacnym
vztahem k dostupnosti vody (jedinci limitovani suchem a jedinci limitovani nadmérnou ptdni
saturaci). Sika letokruhii jedincii z prvni skupiny poklesla béhem obdobi se sniZenou hladinou
podzemni vody, zatimco jedinci ze druhé skupiny ve stejném obdobi zrychlili pririst. Existence
skupin odlisné reagujicich jedincii nebyla doloZena v piripadé casovych fad anatomickych
parametrd cév, jejichz série pochazejici z rozdilnych stromid maji v ramci porostu spolecny
klimaticky signal a podobnou odezvu na extrémni udalosti.

Kromé hydroklimatickych podminek je anatomicka stavba dieva citliva i na mechanické
poskozeni kmene. Primérna velikost cév je v prvnim roce po zjizveni kmene o vice nez 60 %
mensi neZz velikost cév ocekdvand na zdkladé linedarniho vékového trendu. V nasledujicich
letokruzich se postupné zvysuje a po trech letech dosahuje hodnot odpovidajicich letokruhtim
pred poskozenim. Zrozdilnych typi mechanické deformace vyvolavaji nejsilnéjsi propad
velikosti cév brizy bélokoré: zjizveni kmene spojené s poskozenim borky a kambia, naklonéni
kmene a odlomeni vzrostného vrcholu a ¢asti koruny. Intenzita této odezvy vyrazné prevysuje
zmény kvantitativnich anatomickych parametri rizené ontogeneticky (vékovy trend) a
klimaticky. Exhumace kotfenového systému a zasypani baze kmene sedimenty vyvolavaji slabsi
odezvu v anatomické stavbé. Anatomické anomalie jsou po naklonéni a dekapitaci patrné podél
celého obvodu kmene i po jeho celé délce; naopak v pripadé zjizveni dochazi k modifikaci
anatomické struktury pouze v casti tésné priléhajici ke kalusu (hojivé pletivo uzavirajici ranu). U
téchto silnych forem mechanického poskozeni se anatomickd struktura nevrati do svého
ptivodniho stavu za méné nez 3 roky. Béhem této periody neni pokles ve velikosti cév
kompenzovan nartistem jejich poctu, coz vede k signifikantnimu poklesu specifické hydraulické
vodivosti letokruhli. To naznacuje, Ze ocekavana rostouci intenzita a frekvence lesnich
disturbanci mtze ovlivnit transpira¢ni kapacitu lesnich porost.

Vysledky predloZenych studii naznacuji, Ze kvantitativni parametry anatomické stavby
listnach by mély byt chapany jako parametr ovliviiovany nékolika faktory, vcetné
ontogenetického vyvoje, klimatu, ptidni vlhkosti a disturbanci. Kvantitativni anatomické casové
fady obsahuji jiny typ signdlu nez $irky letokruhd, ktery je navic méné stanovistné podminény a
nelisi se mezi jednotlivymi jedinci v ramci konkrétniho stanovisté. To déla z cév listnaci cenné
proxy pro rekonstrukci variability klimatu a datovani hydrologickych procesii v minulosti. Nahlé
anomalie ve velikosti cév mohou byt vyuZity jako nastroj pro datovani svahovych pohybt a
dalsich typt disturbanci. Vzhledem k tomu, Ze ¢asové rady parametri cév jsou tizeny raznymi
vnitfnimi i vnéjsimi vlivy, je pro ziskani pozadované Casti signalu nutné pouzit odpovidajici
metodické postupy pro odfiltrovani nezadouciho signalu jako Sumu.

Klicova slova

anatomie dieva, Betula pendula, céva, dendrochronologie, disturbance, luzni les, Quercus robur,
svahové pohyby



1. Introduction

Increasing number of studies has recently documented potential of wood anatomical time series
in the fields of dendroclimatology (Gonzalez and Eckstein 2003; Fonti and Garcia-Gonzalez
2008; Eilmann et al. 2009), dendrohydrology (St. George 2010; Ballesteros et al. 2010; Wertz et
al. 2013) and mass-movement dating (Heinrich and Gartner 2008; Arbellay et al. 2012, 2013).
Due to different processes and limiting factors involved in development of conduit dimensions
(Pallardy 2008), their time series often contain different climatic signal than commonly used
tree-ring widths (Fonti et al. 2009). Although obtaining time series of wood anatomical
parameters is more laborious and time consuming comparing tree-ring widths, due to recent
development of new tools and standardized procedures (Gartner and Nievergelt 2010; von Arx
et al. 2016) this disadvantage becomes minimized. In addition, strong climatic signal of
anatomical time series in ‘moderate’ sites without climatically limited productivity is a great
advantage comparing tree-ring widths (Fonti and Garcia-Gonzalez 2008) together with stronger
common signal between-trees and between-sites (Granda et al. 2018).

Conduit size and other wood anatomical parameters plastically adjust from year to year,
responding to specific environmental conditions to balance between safety-efficiency of xylem
conductive system (Sperry et al. 2008). The sensitivity of conduit dimensions to external factors
is given by physiological processes regulating cambial activity and development of cambial
derivatives (Pallardy 2008). First, cambial activity is sensitive to intensity of polar transport of
phytohormones (mainly auxins) and thus i) alteration of crown biomass (where auxin synthesis
mainly takes place) or ii) local restriction of auxin flow by ethylene in wounded segment
significantly affect conduit dimensions (Aloni 2007). This predisposes tracheids and vessels to
be sensitive to mechanical disturbances damaging individual parts of tree. Moreover, turgor
pressure of water inside conduit in initial stage of its development influences the level of lumen
expansion (Hacke et al. 2017). Because turgor is largely driven by soil water availability in
temperate forests, conduit dimensions often correlate with temperature and precipitation.
Finally, root hypoxia due to flooding also imprints alteration of phytohormonal concentration
into vessel dimensions of ring-porous broadleaves (Copini et al. 2016).

2. Aims of the study
Significant potential of application of wood anatomical time series in paleoenvironmental
research exists due to great heterogeneity of forest ecosystems in the Czech Republic. Various
tree species were planted in locations, which are not optimal for their growth, or grow naturally
in areas affected by recently observed climatically-driven increasing drought stress (Trnka et al.
2015; Brazdil et al. 2015; Anderegg et al. 2016), changing discharge regimes and flooding
frequency (Brazdil et al. 2005; Bormann 2010) or reactivation of mass-movements (Klimes et al.
2017). The common aim of publications included in presented thesis was to quantify the
response of wood anatomical structure of Central European native broadleaves to climatic
variability, changes in river discharge and groundwater level and mechanical damage caused by

various disturbances. More specifically, we asked following questions:



e Are quantitative wood anatomical time series sensitive to climate and soil water
variability?

e [s there between-site and between-tree variability in environmental sensitivity of wood
anatomical parameters? If so, is it comparable or does it differ from other
dendrochronological proxies?

e What is the intensity of wood anatomical anomaly caused by mechanical damage? How
does the anomaly spread along and around tree stem?

e What is the contribution of individual external and internal factors (including ontogeny,
disturbances and climate) to inter-annual variability in wood anatomical structure?

3. Material and methods

Presented doctoral thesis is composed from four articles. First, we focused on the effect of
hydroclimatic variability (temperature, soil moisture, river discharge, groundwater level) and
extreme events (floods and droughts) on vessels of Quercus robur in the Elbe river floodplain.
Analysed plant traits included average vessel lumen area, vessel density, total vessel lumen area
and tree-ring width. Site chronologies for each trait were assembled in floodplain (directly next
to the river, periodically flooded) and reference sites outside floodplain (lowland sites, not
flooded) and, subsequently, correlated with time series of hydroclimatic conditions.

In addition, we studied adjustment of wood anatomical structure and modification of
productivity of Quercus robur affected by artificial groundwater pumping in Zbytka Nature
Reserve (NE Czech Republic). The local level of groundwater abruptly declined for 5 m during
1980s due to pumping and abruptly raised for 3 m during 1990s due to restrictions on the
maximum amount of pumped water (Cejkova and Poldkova 2012). Because we expected
different responses of individual trees due to local microtopography, we performed both site-
level and tree-level analyses. Individual tree-level approach was based on application of
principal component analysis to identify subgroups of trees with similar long term trend in tree-
ring widths and average vessel lumen areas (Buras et al. 2016). Ecological preferences of
contrasting groups were described using correlations of their chronologies with temperature
and precipitation.

To quantify the response of Betula pendula to rockfall injury that occurred in the winter
2010-2011, we took samples from 11 scarred trees from the stem area adjacent to the injury,
from parts of the stem located perpendicular to the injury and parts located opposite to the
injury. In addition, we sampled 4 reference trees. We measured the mean vessel lumen area of
each tree-ring in every sample, comprising up to 10 pre-event tree-rings and generally 3 tree-
rings formed after rock injury. We compared the vessel lumen area in tree-rings formed after the
event with that of rings formed before the event as well as with values predicted by linear age-
trend model inferred from vessel lumen area chronologies. The level of deviation of observed
vessel size was compared among different positions around stem circumference.

Dendrogeomorphological studies based on analysis of trees damaged by naturally
occurring disturbances are limited due to the fact, that various important parameters (of both
disturbance and forest stand) are unknown for the time of the event. We overcame this

limitation by establishing experimental plot, where we artificially damaged randomly selected
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individuals of Betula pendula to simulate deformations commonly occurring as a consequence of
disturbing events such as windstorms, floods and mass movements. Individual treatments
included stem tilting to 45° from vertical, decapitation, stem scarring, partial root exposure and
stem base burial with local clayey soil. After three years, trees were cut down, conduit size was
measured, and specific hydraulic conductivity of each tree-ring was computed. Between-tree
and between-year variability in xylem conductivity was decomposed into effects of ontogeny,
climate and disturbances using linear mixed-effects models. Subsequently, contribution of single
effects to predicted value of specific hydraulic conductivity was quantified and compared

between treatments.

4. Results

Our results show that radial growth of floodplain trees is particularly positively influenced by
temperature during the growing season and during previous year’s summer. By contrast, the
growth of reference trees located outside of floodplain is highly drought-limited. Earlywood
average vessel lumen area chronologies from both floodplain and reference sites share a positive
temperature signal from January to April. However, the effect of water availability (indicated by
the drought index) on vessel size is mostly negative for floodplain trees (with a maximum
response to the autumn of the year preceding tree-ring formation) and positive or non-
significant for reference trees. Vessel density chronologies contain the inverse environmental
information as tree-ring width, however, with amplified negative correlations with current year
temperatures at floodplain sites. Total vessel area is associated mostly with temperature in
previous May and June. The drought index recorded exactly the same information in tree-rings
as did river discharges and groundwater levels.

Analysis of Quercus robur response to groundwater fluctuation shows that the site-level
response of tree growth to groundwater-level pumping was not uniform. Individual trees were
clustered into groups of drought-limited and water abundance-limited individuals. The response
of trees to groundwater pumping differed between clusters—drought-sensitive trees responded
negatively, whereas the growth of trees limited by water abundance remained stable or slightly
increased. Inter-series correlation of drought-limited trees significantly increased in the period
with the lowest groundwater level. When using traditional site-level analysis, climatic signal of
mean site chronology of tree-ring widths was mostly insignificant, due to averaging out opposite
signals. In contrast to tree-ring widths, earlywood vessel lumen area series contained common
temperature signal (positive effect of previous year summer and current year spring), with no
imprint of groundwater-level alteration.

There is a strong reduction in vessel lumen area in the first tree-ring formed after the
rockfall damage regardless of the position around the stem circumference of wounded Betula
pendula. This reduction is strongest in wood just next to the callus tissue zone (on average 66 %
comparing expected vessel size), with decreasing significance in distal parts of the stem
circumference. During the three years after the rockfall, trees mostly recovered their pre-event
vessel lumen area, including xylem right next to the place of injury. Still, this value is significantly

lower than the value predicted using linear model for growth without injury.



Not only vessel size, but also functional parameter of specific hydraulic conductivity,
significantly drops down, if the tree is damaged by a disturbance event. Experimental study
revealed the most significant decrease of specific hydraulic conductivity in decapitated, tilted
and scarred trees. Dysfunctional vessel system appeared around and along entire stem in case of
tilted and decapitated individuals; contrary, wood anatomical adjustment took place only next to
callus tissue in case of scarred trees. On the other hand, the response of trees with buried stem
base and exposed roots was generally weak. The overall effect of disturbances on inter-annual
variability of wood anatomical structure was greater than the contribution of ontogeny and

climate (Figure 1).
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Figure 1: The importance of individual factors and their groups for prediction of variability in
specific hydraulic conductivity of seriously damaged (tilted), slightly damaged (stem base buried)
or not damaged trees

Phase = categorical variable indicating, whether the tree-ring was formed before or after disturbance; Orientation =
position of the sample around stem circumference; Level = sampling height; Disturbance timing = categorical variable
indicating whether disturbance occurred during growing season or dormancy; Tree = between-tree variability;
pseudo R2 = statistics of model quality (squared correlation between observed and modeled values)

5. Discussion and conclusions

Tree-ring width of floodplain Quercus robur unambiguously increases with increasing
temperature; on the other hand, droughts can become a serious problem affecting the
productivity of reference trees growing in more distal parts of the lowland. Contrary, vessel size
of Quercus robur growing outside the floodplain recently tends to increase with increasing
temperatures, but it is limited by high soil water saturation in the floodplain. In addition, the
special care should be given when analysing tree-ring widths of Quercus robur coming from
floodplains and wetlands, because climatic signal of site chronologies may be distorted by highly
individualistic response of single trees. Individuals with completely opposite ecological
preferences (drought-limited and moisture-limited) coexist inside single forest stand. On the
other hand, wood anatomical time series contain more uniform climatic signal both across and
inside sites.

After serious damage to tree stem, vessel size abruptly decreases locally (stem scarring)
or in entire stem (decapitation, stem tilting). The intensity of disturbance signal in treated trees
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significantly outweighs other factors affecting wood anatomical structure. This makes abrupt
reductions of vessel dimensions useful for identifying former disturbance events. Moreover,
analysis of vessels can improve the results obtained by traditional methods of
dendrogeomorphological dating. Because specific hydraulic conductivity decreases together
with vessel size, mechanical disturbances may alter tree capacity for supplying water to canopy.
Adjustment of wood anatomical structure of damaged trees thus may represent important
feedback in climate change-disturbances interaction.

The results of studies presented in this thesis exemplify that time series of quantitative
vessel parameters should be perceived as multi-source driven parameter, integrating internal
(ontogeny) and external (climate, hydrology, disturbances) factors. This represents both the
advantage as a supplementary tool and also a challenge for their future use in environmental
studies. Specific approaches (e.g., standardization, reduction of between-tree variability) should
be applied for extraction of desired part of variability of time series for studies on past climate,
geomorphological processes or stand competition.



1. Uvod

Rostouci pocet studii v poslednich letech doloZil zna¢ny potencial ¢asovych rad parametra
popisujicich anatomickou stavbu dieva v dendroklimatologii (Gonzalez and Eckstein 2003; Fonti
and Garcia-Gonzalez 2008; Eilmann et al. 2009), dendrohydrologii (St. George 2010; Ballesteros
et al. 2010; Wertz et al. 2013) a pro datovani svahovych pohybtl (Heinrich and Gartner 2008;
Arbellay et al. 2012, 2013). Klimaticky signal obsazeny v ¢asovych radach anatomickych
parametri se casto lisi od klimatického signalu v sitkach letokruhti (Fonti et al. 2009), protoZe
procesy priristu direva a vyvoje vodivych elementt jsou fizeny jinymi faktory (Pallardy 2008).
Ackoliv analyza casovych rad anatomickych prvkl v porovnani se Sitrkami letokruhii vyzZaduje
pristrojlim a standardizovanému postupu pripravy vzorki a analyzy dat (Gartner and Nievergelt
2010; von Arx et al. 2016). Hlavni vyhodou casovych rad anatomickych parametri je silny
klimaticky signal i v oblastech, které jsou ,mezické“ s malou intenzitou klimatické limitace
piirtstu (Fonti and Garcia-Gonzalez 2008). Klimaticky signal v anatomickych parametrech je
také méné stanovistné podminén a méné se liSi i mezi jednotlivymi stromy uvnitf jednoho
porostu (Granda et al. 2018).

Velikost vodivych elementi a dalSi anatomické parametry dreva se plasticky
prizplsobuji environmentdlnim podminkdm vroce jejich tvorby, ¢imZ soucasné zajiStuji
funkCnost a bezpecnost vodivého aparatu (Sperry et al. 2008). Citlivost velikosti vodivych
aktivitu a proces vyvoje derivatli kambia (Pallardy 2008). Kambialni aktivita je fizena polarnim
tokem fytohormont (predevsim auxinti) a tudiz reaguje na i) zmény v biomase koruny (kde se
syntetizuje hlavni podil auxinii) a na ii) pfipadné omezeni polarniho toku auxini v ¢asti kmene,
kde doslo k mechanickému poskozeni kambia (Aloni 2007). To predurcuje cévy a cévice k tomu,
aby byly citlivé na mechanické disturbance poskozujici jednotlivé Casti stromu. Mira roztazeni
cévy béhem inicidlnich stadii jejtho vyvoje je do znacné miry také zavisla na momentalnim
turgoru (Hacke et al. 2017). Ten je v prostiedi temperatnich lesti fizen hlavné piidni saturaci, a
proto rozméry vodivych elementl dreva Casto koreluji se srazkami a/nebo teplotou. Naruseni
normalnich hladin jednotlivych fytohormont pii povodni vyvolané hypoxii taktéz zanechava
odezvu ve velikostnich parametrech vodivych elementi (Copini et al. 2016).

2. Cile

V Ceské republice existuje vzhledem k velké heterogenité lesniho prostfedi zna¢ny potenciél pro
vyuziti casovych rad anatomickych prvki ve vyzkumu. Nékteré druhy byly uméle vysazeny do
oblasti mimo své ekologické optimum, nebo prirozené rostou v oblastech ovlivnénych rostouci
intenzitou klimatického sucha (Trnka et al. 2015; Brazdil et al. 2015; Anderegg et al. 2016),
zménami odtokovych rezimi tek a rezimt zaplav (Brazdil et al. 2005; Bormann 2010) nebo
reaktivacemi svahovych pohybti (Klimes et al. 2017). Spole¢nym cilem publikaci zaiazenych
v predloZené disertacni praci je kvantifikovat odezvu anatomické stavby ptivodnich listnaca
na variabilitu klimatu, zmény v odtokovém rezimu, hladiné podzemni vody a mechanické

poskozeni stromu pti disturbancich. Konkrétné si jednotlivé studie pokladaly tyto otazky:



e Jsou casové rady kvantitativnich anatomickych parametri citlivé k variabilité klimatu a
dostupnosti ptadni vlhkosti?

e Existuji rozdily v citlivosti anatomickych parametri k vnéj$im podminkam mezi jedinci a
mezi stanovisti? Pokud ano, jsou tyto rozdily srovnatelné srozdily pozorovanymi
v jinych dendrochronologickych proxy?

e Jaksilna je anomalie v anatomické stavbé po mechanickém poskozeni stromu? Jaky je jeji
rozsah po obvodu a podél kmene?

o Jaky je podil variability vanatomické strukture vysvétleny vnitfnimi (ontogeneticky

vyvoj jedince) a vnéjSimi (klima a disturbance) vlivy?

3. Material a metody

PredloZena disertaCni prace sestava ze Ctytr publikaci. Prvni studie zarazena do predlozené
disertacni prace se zamérila na vliv hydroklimatické variability (teplota, ptidni vlhkost, pratok
vodniho toku a hladina podzemni vody) a extrémnich udalosti (povodné, sucha) na nékolik
rozdilnych parametrii cév (primérna plocha cévy v ramci letokruhu, celkova plocha vsSech cév
vramci letokruhu, hustota cév, Sitka letokruhu) dubu letniho z nivy Labe. Pro kazdy z vyse
uvedenych parametrl byly sestaveny stanovistni chronologie pro dva typy stanovist - nivni (v
tésné blizkosti reky, periodicky zaplavované) a referenc¢ni (nezaplavované nizinné porosty) - a
nasledné korelovany s ¢asovymi fadami hydroklimatickych podminek.

Dale jsme se zabyvali zménami anatomické stavby xylému a pfiristu dubu letniho
vyvolanymi nadmérnym odbérem podzemni vody v NPR Zbytka u Hradce Kralové. Hladina
podzemni vody v artézském rezervoaru velmi rychle poklesla béhem 80. let o 5 m v dlsledku
nadmérného Cerpani a nasledné velmi rychle stoupla béhem 90. let 0 3 m (vlivem legislativniho
omezeni mnozstvi ¢erpané vody; Cejkova and Polakova 2012). Vzhledem k otekavané velké
variabilité v odezvé mezi jednotlivymi jedinci v porostu (vlivem mikrotopografie stanovist),
jsme provedli analyzy jak na urovni porostu, tak i na tirovni jedincii. Analyza na arovni jedinct
zahrnovala identifikaci skupin stromt s podobnym dlouhodobym trendem v Sirkach letokruht a
primérné plose cév pomoci analyzy hlavnich komponent (Buras et al. 2016). Ekologické naroky
jednotlivych skupin byly poté charakterizovany pomoci korela¢ni analyzy jejich chronologii
s teplotami a indexem sucha.

Pro kvantifikaci vlivu mechanického poSkozeni na anatomickou stavbu dieva byly
odebrany vzorky z 11 jedinci brizy bélokoré zjizvenych padajicimi bloky pii skalnim riceni
vzimé 2010-2011. Jednotlivé vzorky pochazely zcasti kmene tésné priléhajicich krane,
vpravém uhlu od rany nebo zopacné strany kmene. Dale byly vzorkovany 4 referencni
(neposkozené) stromy. Byla zmérena primérna velikost cév ve vSech letokruzich vytvorenych
po posSkozeni (3 letokruhy) a pred poSkozeni (az 10 letokruhti). Nasledné byly porovnany
odchylky hodnot namérenych po poskozeni s hodnotami, které by bylo mozno ocekavat na
zakladé linearniho trendu ve velikosti bunék u neposkozenych stromt. Velikost této odchylky
byla vyhodnocena v zavislosti na pozici vzorku viici okraji jizvy.

Nedostatecna znalost parametri popisujicich parametry disturbance a stavu porostu

v dobé udalosti jsou podstatnym limitem studii zaloZenych na analyze stromi poskozenych



prirozené se vyskytujicimi disturbancemi (napi. vétrné polomy, svahové pohyby). Tuto limitaci
jsme obesli zaloZenim experimentalni plochy, kde jsme u nahodné vybranych jedinci biizy
bélokoré uméle simulovali deformace, ke kterym bézné dochazi v disledku mechanickych
disturbanci (naklonéni kmene v dhlu 45° od kolmé orientace, zjizveni kmene, odlomeni
apikalntho meristému a casti koruny, zasypani baze kmene jilovitym sedimentem a exhumace
Casti korenového systému). Tti roky po zaloZeni experimentalni plochy byly stromy skaceny,
velikost cév byla zméfena na mikrotfezech a pro kazdy letokruh byla vypoctena specificka
hydraulicka konduktivita. Podily variability ve specifické hydraulické konduktivité vysvétlené
vlivy ontogenetického vyvoje, klimatu a mechanického poskozeni byly numericky vycisleny
pomoci linedrniho smiSeného regresniho modelu. Vlivnost jednotlivych prediktort na predik¢ni

schopnost modelu byla porovnana mezi jednotlivymi typy poSkozenti.

4. Vysledky

Radidlni prirGst dubu letniho je vnivé pozitivné ovliviiovan rostouci teplotou béhem
vegetacniho obdobi a teplotou letnich mésici piredchoziho roku. Rist stromt v nezaplavované
Casti niziny je naopak vyrazné limitovan suchem. Priimérna plocha jarnich cév pozitivné koreluje
s teplotou od ledna do dubna bez ohledu na stanovisté. Existuje vSak stanoviStné rozdilny efekt
dostupnosti vody na velikost cév - negativni vnivni zéné a pozitivni nebo nesignifikantni
v porostech vice vzdalenych od reky. Chronologie hustoty cév obsahuje opacny klimaticky signal
nez S$ifky letokruhi se zesilenym vlivem negativnich korelaci s teplotou v zaplavovanych
porostech. Celkova plocha cév ma nejsilnéjsi a stanovistné homogenni korelace s teplotou od
kvétna do Cervna predchazejiciho roku. Velmi podobné vysledky byly zjiStény pfi pouZiti hodnot
indexu sucha, pritoku a hladiny podzemni vody, které jsou v korela¢ni analyze zastupitelné.

Analyza odezvy dubu letniho na fluktuace hladiny podzemni vody naznacuje, Ze
neexistuje spolecna stanovistni odezva v Sitkach letokruhli vSech jedinclii na zvySeny odbér
podzemni vody. Jednotlivé stromy se v ramci porostu shlukuji do skupin limitovanych suchem
nebo limitovanych nadmérnou piddni vlhkosti. Odezva na pokles hladiny podzemni vody byla u
téchto skupin opacnad - suchem limitovani jedinci reagovali zpomalenim pfirtistu, zatimco
prirtst vlhkosti limitovanych jedincti stagnoval nebo se mirné zvysil. Primérna korelace mezi
sériemi Sitfek letokruht (Rbar) suchem limitovanych jedincti se signifikantné zvysila v dobé, kdy
byla hladina podzemni vody nejniZe. Pouzitim tradi¢ni analyzy zaloZené na priimérovani sérif ze
vSech stromt do stanovistni chronologie doslo k vyruseni klimatického signalu dvou ekologicky
kontrastnich skupin a vysledna stanoviStni chronologie témér zZadny signifikantni klimaticky
signal neméla. Na rozdil od Sirek letokruhti maji série primérné plochy cév dubti letnich silny
spole¢ny klimaticky signal (pozitivni korelace s teplotami predchoziho 1éta a sou¢asného jara) a
Zadnou odezvu na fluktuace hladiny podzemni vody.

V prvnim letokruhu vytvoreném po mechanickém poSkozeni borky a kambia vlivem
skalniho ticeni dochazi u brizy bélokoré k prudké redukci velikosti cév po celém obvodu kmene.
Zmenseni cév dosahlo nejvétsi intenzity v tésné blizkosti hojivého pletiva kalus (v primeéru o
66 % v porovnani socekavanou velikosti bunék), s postupnym poklesem do vzdalenéjsich

segmentl kmene. Cévni aparat dosahl primérné velikosti odpovidajici hodnotam z posledniho
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letokruhu pred posSkozenim az tfi roky po skalnim friceni. Tato hodnota ale byla stale
signifikantné niz$i nez hodnota ocekdvané velikosti bunék zaloZena na linedrnim vékovém
trendu.

Pokud je strom mechanicky poskozen pri disturbanci, spolu s primérnou velikosti cév se
sniZuje i specifickd hydraulicka vodivost (konduktivita) xylému. Experimentalni studie odhalila,
Ze nejvyznamnéjs$i poklesy specifické hydraulické konduktivity nastavaji, pokud je strom
naklonén, zjizven nebo pokud dojde k odlomeni apikalniho meristému a ¢asti koruny. Nasledna
dysfunkce anatomického systému je patrna po celé délce a celém obvodu kmene v piipadé
dekapitovanych a naklonénych jedincd; v piipadé zjizvenych stroml se lokalizuje pouze
v tésném okoli kalusu. V porovnani s vySe uvedenymi tiemi typy deformaci vyvolava zasypani
baze kmene a exhumace Casti korenli anatomické anomalie nizsi intenzity. Celkovy podil
variability ve specifické hydraulické konduktivité vysvétleny disturbancemi prevySuje podily

vysvétlené vékovym trendem a klimatem (Obrazek 1).
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Obrazek 1: Vyznam jednotlivych prediktorii a jejich skupin pro vysvétleni variability ve specifické
hydraulické konduktivité silné mechanicky poskozenych (naklonénych=Tilted), mirné
mechanicky poskozenych (zasypana baze kmene=Stem burial) a neposkozenych jedinci

rvs

Cambial age = kambialni stari letokruhu; Precipitation = srazky; Temperature=teplota; Phase = kategoricka proménna
znacici, zda byl letokruh vytvoren ptred nebo po poskozeni; Orientation = pozice vzorku po obvodu letokruhu; Level =
vysky vzorku nad zemi; Disturbance timing = kategorialni proménng, ktera urcuje, zda k poSkozeni doSlo béhem
vegetacniho obdobi nebo ne; Tree = variabilita mezi stromy; pseudo R2 = statistika popisujici kvalitu modelu (kvadrat
korela¢niho koeficientu mezi pozorovanymi a modelovanymi hodnotami)

5. Diskuze a zavér
Sitky letokruhfi periodicky zaplavovanych dubd letnich v nivé rostou srostouci teplotou,
zatimco sucho je zasadnim limitujicim faktorem pro produktivitu v nezaplavovanych porostech
déle od teky. Velikost cév v soucasné dobé neni klimaticky limitovana v porostech dale od teky,
ale v nivé je omezena vysokou saturaci ptidniho profilu vodou. P¥i analyze Sitek letokruht dubt
letnich pochazejicich z nivnich nebo luznich podminek by méla byt vénovana zna¢na pozornost
mozné existenci individualistické odezvy jednotlivych stromd na klima. Koexistence stromi
s odliSnymi ekologickymi naroky a odliSnou klimatickou sensitivitou (rstova limitace suchem

nebo vysokou puadni saturaci) vramci jednoho porostu mize pri pouziti tradi¢nich
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dendrochronologickych metod setrit klimaticky signal stanovistni chronologie Sirek letokruhti.
Na rozdil od Sifek letokruht vykazuji chronologie priimérné plochy cév malou stanovistni
variabilitu i malou variabilitu mezi jedinci pochazejicimi ze stejného porostu.

Po silném poskozeni kmene stromu dochazi k poklesu plochy cév, ktera postihuje ¢ast
xylému pftiléhajici k mistu poSkozeni (zjizveni) nebo cely kmen (dekapitace, naklonéni).
Intenzita odezvy parametri anatomické stavby na mechanické poskozeni signifikantné
prevysuje dalsi faktory, které ji ovliviiuji. To naznacuje, Ze prudké poklesy v plochach cév by
vbudoucnu mohly byt vyuzivany jako indikator pro datovani mechanickych disturbanci
(svahové pohyby, vétrné polomy). Pokles plochy cév vyvolany poskozenim sniZuje i specifickou
hydraulickou konduktivitu xylému, jejiZ pokles mize ovlivnit schopnost stromu zasobit korunu
vodou. Modifikace anatomické stavby po disturbanci tak mtize predstavovat vyznamny clanek
zpétné vazby mezi klimatickou zménou a disturbancemi v lesich.

Vysledky vSech studif prezentovanych v této disertacni praci dokladaji, Ze Casové rady
kvantitativnich parametrli cév jsou rizeny nékolika vnitinimi (vékovy trend) a vnéjSimi (klima,
hydrologie, disturbance) vlivy. To predstavuje vyzvu pro jejich budouci paleoekologické
aplikace. Specifické analytické pristupy (napt. odstranéni vékového trendu, redukce variability
mezi vzorkovanymi jedinci) musi byt nutné aplikovany pro ziskani ¢asti variability
kvantitativnich parametrii anatomické stavby, ktera je relevantni pro studie zamérené na

rekonstrukce klimatu, geomorfologickych procesi nebo stanovistni dynamiky.
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