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This thesis is focused on application methods of dendrochronology on
various ecological and historical aspects of forest communities, human
management practices, and historical utilization of wood. Studies revealed
growth responses of trees in various type of forest vegetation represented
by spruce forest, alder carr and alluvial forests and involved
autochthonous tree species with all morphological types of wood. These
works demonstrated necessity of dynamic evolvement of the regional
chronologies for the Czech Republic.
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Chapter I

Introduction



Field of dendrochronology

Direct observations of long-term environmental changes are rare and
therefore it is necessary to concern with indirect records of natural
archives such as glacial ice layers, seasonally deposited layers of
sediments, annual layers of living organisms, e.g. corals, fish scales and
plants with secondary xylem (Bradley 1999). Every individual plant,
through its structure of cells, tissues, and organs, with their spatial
relations and physiological states, brings a great store of information
about its past life and environment (Wimmer 2002). The real natural
archive are annual growth rings of plant and notably tree rings provide
precise information on past growth reaction to environmental changes
(e.g. Fritts 1976; Cook et Kairiusktis 1990; Schweingruber 1996; Spiecker
2002). Research of the tree rings, called dendrochronology, is available
source of cumulated information about past environment (Vaganov et al.
2006).

Fundamental principles of modern dendrochronology was based on
research of an astronomer A.E. Douglass on the oldest trees Rocky
Mountain bristlecone pine (Pinus aristata) and Great Basin bristlecone pine
(Pinus longaeva) during the first half of 20™ century (Cook et Kairiusktis
1990). The principles declared:

= Trees growing in one area and under the identical climatic conditions
have similar growth reaction expressed as amount of wood of a tree
ring increment. Similarities are mainly manifested by maximal or
minimal value of tree-ring increments.

= These tree rings served as marks, which allow connection overlapping
of woody samples with different age. The tree-ring sequences create
distinctive time line during centuries.

In the original narrow sense, the scientific discipline of dendrochronology
is a method of dating events (Bitvinskas 1974; Fritts 1976). Simply tree-
ring dating is only one part of wide possibilities of dendrochronology.
Dendrochronology or, more precisely dendroecology, is interdisciplinary
method including all branches of science involved in drawing some type of
environmental information from tree-ring sequences (Schweingruber
1996). For example: past climate reconstruction and climate change
studied by dendroclimatology (e.g. Martinelli 2004; Wilson et Elling 2003;
Frank et Esper 2005; Wilson et al. 2005). Dendroecology is used in
forestry (e.g. Becker et al. 1996; Mékinen et al. 2001; Spiecker 2002;
Misson et al. 2003), vegetation ecology and population dynamics (e.g.
Piovesan et al. 2005; Sass-Klaassen et Hanraets 2006; Rodriguez-
Gonzalez et al. 2010) or for analyzing the effects of air pollution on tree
(e.g. Ferretti et al. 2002; Wilczynski 2006; éimatonyté et Vencloviené
2009). Dendrohydrology covers floodplain ecology and management,
changes in river flow etc. (e.g. Davidson et al. 2006; Zielonka et al.



2008). Landslide events, erosion or volcano tectonic processes influence
growth patterns of tree rings is a topic of dendrogeomorphology and
dendrotectonics (e.g. Biondi et al. 2003; Guida et al. 2008).

Tree-ring formation and growth factors

Regular radial increment via separately dated rings is prerequisite of
dendrochronology. A thin layer of generative tissue cambium produces
tree rings and this process is regulated by genetic factors and the
environment (Telewski et Lynch 1991). The cambium produces new layers
of phloem (bark) on the outside and xylem (wood) on the inside. Only
woody plants with secondary growth form well defined increments
encircling the entire stem in seasonal climate, i.e. all woody plants
belonging to dicotyledons (the cambium of herbaceous plants is almost
inactive); some monocotyledonous plants from Liliaceae family (Yucca,
Agave, Dracaena; Schweingruber 1996). The important requirement for
tree ring formation is a regular seasonality with period of unfavorable
conditions for growth, when the cambium stops production of cells (e.g.
low temperature during winter, drought or rainfall periods, regular
inundation etc.; Schweingruber 1992).

The differentiation process of the xylem mother cells varies during
vegetation period (Schweingruber 1996). Coniferous trees have well
distinguishable tree rings so that earlywood with relatively wide thin
walled cells and latewood with relatively narrow thick walled cells zones
develop. Large tracheids form at the beginning of the growing period and
small tracheids at the end. Angiosperms form different cell types
apperiodically in various groupings. Ring porous trees (e.g. Quercus,
Fraxinus, Ulmus) produce generally larger vessels early in the season and
vessels are concentrated in the outermost layer of sapwood (Drapela et
Zach 1995; Schweingruber 1996). Diffuse porous trees (e.g. Betula, Salix,
Alnus, Acer, Tilia, Fagus) have poorly distinguishable tree rings, because
vessels are spread evenly throughout the sapwood and produced regularly
during the growing season (DeBell et al. 1978; Drapela et Zach 1995).
Diffuse porous trees has small differences between earlywood/latewood
and adjacent tree rings; terminal part of tree ring consists of only few
layers of fibrous cells (Elling 1966).

The process of differentiation cells and formation of tree rings is influenced
by complex of abiotic and biotic factors. It involves permanent impact of
climate, location and soil; variable factors as soil moisture, amount of
light, soil permeability, mineral nutrition accessibility, competition etc. and
entirely random occurrences as landslides, windstorm, fungal diseases and
insect infestation (Schweingruber 1996; Fritts 1976). Thus the tree-ring
series contain an aggregation of a finite number of signals that represent
the sum of the environmental influences on a tree growth.
Dendrochronology studies this information preserved at tree rings and for



solution specific questions exerts the actual signal from interference and
reveals causality and fluctuations of these signals (Cook et Kairiusktis
1990).

Cook (in Cook et Kairiusktis 1990) proposed a linear model describing five

most common signals included in every tree-ring series:

= Average values of radial increment are significantly modified by tree
age.

= Aggregate influence of all climate-related environmental variables on
tree growth causes that all the trees in a stand are affected similarly by
the same set of climate variables.

= Every tree has characteristic pulse response to endogenous local factors
in the gap phase of stand dynamics in the forest. The endogenous
disturbance pulses in the tree-ring widths of a given tree will be largely
uncorrelated with endogenous disturbance pulse in other trees from the
same stand.

The above-mentioned three signals are always contained in every tree

ring.

= Exogenous factor present characteristic reaction of a tree to specific
standwide factors and growth response is synchronous in time of the
event in all sampled trees from a stand. The exogenous disturbance
pulses are caused by fire, diseases, logging, pollution, episodic climatic
agents (severe frost, storms etc.). Theoretically, the exogenous
disturbance pulses need not be presented at each tree-ring series.

= Unexplained year-to-year variability in the tree-ring widths is not related
to another signal and usually is serially uncorrelated within and spatially
uncorrelated between trees in the stand.

Irregularity inside the tree-ring series increases with extreme
environmental conditions and occurrences of unexpected events (Fritts
1976). The large differences between adjacent tree-ring widths can cause
partially absent or no tree ring formation in a given year (Schweingruber
1996). Also all tree species has different predisposition to tree-ring widths
fluctuations, e.g. fluctuations are typically for diffuse porous woody
species Fagus (Biondi 1993). Ring porous woody species (Quercus,
Fraxinus etc.) fluctuate more in latewood while earlywood change
insignificantly. A proportion of latewood decreases with increasing age,
which leads to decreasing fluctuation of tree-ring widths (Weitland 1960).
On the contrary, diffuse porous woody species (e.g. Alnus) exhibit more
fluctuations with growing old (Elling 1966). Irregularities in tree ring
formation appear typically as multiple resin dutcts or density fluctuation
for conifers, when growth stimulating factors changed to inhibiting factors
during vegetation season (Schweingruber 1996). Completely interrupted
growing period induces a formation of false rings, which are
morphologically indistinguishable from actual tree rings (e.g.
Schweingruber 1986, Schweingruber et al. 1990). Ring porous broadleaf
woody species form also false rings, when earlywood larger pores appear



at the end of the tree ring formation. Furthemore, varicolored zones inside
trees of Alnus glutinosa will be able markedly distinct than the tree rings
and complicated recognition of the tree ring (Elling 1966).

Dendroecological and dendroclimatological studies in Europe

Climate signal is considered as one of the main controlling factors for the
tree growth, and the tree response is modified by tree species,
provenience, competition, site conditions etc. (Fritts 1976; Spiecker 2002;
Vitas 2004). The interpretation of dendroecological analyses is quite
complicated; relationships among tree-ring increment, climatic conditions
and stand characteristics are complex and interconnected. Moreover, in
temperate climates, it is quite difficult to separate the different climatic
parameters, because the correlation between tree-ring growth and these
parameters is relatively weak (Glaser 2001). Dendroecological and
dendroclimatological studies concern with the growth response of trees
along various ecological gradients. Many of them are traditionally targeted
to analyses of increments on site with extremely conditions, because
radial tree growth has more closed and homogeneous relationship to
climate here (Fritts 1976, Shiyatov et al. 1996, Schweingruber 1996). The
trees growing under average environmental conditions respond less
strongly to climatic variation (Makinen et al. 2003). In Europe,
traditionally used tree species for the purpose of dendrochronological
studies are conifers (e.g. Wilson et Hopfmueller 2001, Andreassen 2006 et
al.; Koprowski et Zielski 2006; Carrer et al. 2007), ring porous tree
species especially Quercus (e.g. Lebourgeois et al. 2004; Cedro 2007; Leal
et al. 2008) and only exceptionally diffuse porous tree species excluding
Fagus (e.g. Lebourgeois et al. 2005; Drobyshev et al. 2010). In frame of
this dissertation, dendrochronological analyses are applied on all
mentioned types of trees.

Numerous European dendrochronological studies deal with different
growth responses of trees on latitudinal and altitudinal gradients. This
approach allows define climate-growth relationships and distinguish
regions with similar increment patterns of tree rings. The studies about
regional and temporal growth patterns of Picea abies and its dependence
on temperature and precipitation along altitudinal and latitudinal gradient
for Northern and Central Europe revealed that the medium-frequency
component of chronologies was rather different between regions. But the
medium-frequency growth variation within each region was relatively
similar and part of the high-frequency variation was common for the entire
study area, which suggests that some factors synchronize tree growth
(Makinen et al. 2002). The limiting effect of low temperatures was more
significant at northern as well as high-altitude sites, while the importance
of precipitation increased in the south and at low altitudes. Generally, the
radial growth was less correlated with precipitation than with temperature
(Makinen et al. 2000, 2002, 2003; Andreassen et al. 2006). In regions



with more temperate climate, water availability was a growth-limiting
factor, however this effect related to temperature-induced water stress
(Makinen et al. 2003; Koprowski et Zielski 2006). Analogous studies about
spatial grow response to climate exist also for the broadleaf trees namely
for ring porous oak (e.g. Bréda et Badeau 2008; Drobyshev et al. 2008;
Garcia-Gonzalez 2008; Friedrichs et al. 2008) and diffuse porous beech
(e.g. Dittmar et al. 2003; Lebourgeois et al. 2005; Piovesan et al. 2008).

Radial growth anomalies (pointer years = an extremely small/wide ring
width) have also specific spatial patterns within these gradients
(Schweingruber et al. 1990; Desplanque et al. 1999; Rolland et al. 2000).
Climatological interpretation of the extreme growth patterns for Central
Europe revealed mutual temperature and precipitation forcing, that
moderately cold and wet conditions during the growing season cause wide
rings at upper and lower sites. Warm and wet (warm and dry) springs
result in positive (negative) anomalies in the Central European lowlands
and warm (cold) summers result in positive (negative) anomalies in the
Central European highlands, respectively. Similar climatological conditions
yield to divergent growth response patterns along altitudinal gradients
(Neuwirth et al. 2004, 2007).

The genus Quercus is sensitive to drought and warming climate (Rosaz
2005; Ruseckas 2006; Cedro 2007; Weber et al. 2007; Friedrichs et al.
2008). Oak (Quercus robur) grows on normally irrigated stands and also
temporarily overmoistured sites and thus moreover radial increment
substantially depends on changes in site hydrology and type of soils
(Ruseckas 2006; Sass-Klaassen et Hanraets 2006). Therefore, ring-width
series of oak can be used to reconstruct watertable fluctuation, to evaluate
the human impact to hydrology regime, e.g. consequence of hydro-electric
power plant on flood-plain forests or solution mining (Antoni¢ et al. 2001;
Lageard et Drew 2008).

The genus Alnus, the tree with diffuse porous wood, has been a subject of
relatively marginal interest of dendrochronologists so far. In
dendrohydrological and dendrogeomorphological studies, alder is usually a
modeling tree that is used together with other tree species growing along
rivers and lakes. These studies namely analyze age of trees and quantify
anatomical reactions to wounding and suppression of radial increment in
diffuse-porous species caused by disturbances such as flash floods
(Ballesteros et al. 2010), lateral migration of a river channel and erosion
of river banks (Bayard et Schweingruber 1991; Malik 2005, Treml et al.
2008) or landslides (Schmid et Schweingruber 1995). Nowadays, studies
on alder are targeted on ecosystem function and dynamics to predict
future changes of vulnerable forest wetlands for conservation and
sustainable management (Laganis et al. 2008; Rodriguez-Gonzalez et al.
2010). Changes of groundwater levels/soil saturation were identified as



the most important environmental attributes affecting annual radial
increments of Alnus.

Dendrochronological studies in Europe

The most common utilization of dendrochronology in historical and
archaeological disciplines is dating of wood samples (wooden tools, wood
for heating, constructional timber, objects of art and musical instruments;
e.g. Baillie 1982, 1995; Cufar 2007). The method of cross dating allows
the identification of the calendar years of the tree ring formation and the
felling dates of the trees. It helps to determine the age of wooden objects
with a precision that has not been matched by any other method (Haneca
et al. 2009). Cross dating is the procedure of matching variations in a ring
width or other ring characteristics among several tree-ring series, allowing
identification of the exact year in which each tree ring was formed (Baillie
1982, 1995; Kaennel et Schweingruber 1995). A precondition for
successful determination the exact year in which the tree was felled is the
presence of the last ring below the bark or even bark preserved; if the last
ring is not preserved, the year of tree felling can be only approximated
(Eckstein 2007; Haneca et al. 2009).

Primarily, the long tree-ring series cover hundreds or thousands of years
has developed for the utilization of dendrochronology as a standard dating
tool (e.g. Huber et Giertz-Siebenlist 1969; Becker et Giertzsiebenlist 1970;
Pilcher et al. 1984;Becker 1993; Grudd et al. 2002; Cufar et al. 2008).
The longest chronology in the world is the South German Hohenheim oak
chronology covering the Holocene after the last ice age since 8480 BC
(Friedrich et al. 2004). The master or standard chronologies are a
combination of many ring-width series of given tree species with very
similar ring width patterns for each growth season for a specific region
(Fritts 1976; Baillie 1982, 1995; Schweingruber 1996). Development of
master chronologies depends on the amount of fine wooden material with
adequate length of the tree-ring series (e.g. Billamboz 2003; Haneca et al.
2006). Nevertheless, the origin, quality and replication of tree-ring series
used in master chronology vary from site to site depend on the context of
archeological and historical sources and are not uniform over their entire
time span (Haneca et al. 2009).

Dendrochronological dating is only possible if adequate reference tree ring
chronologies are available for the region, tree species and period of
interest (Cufar et al. 2010). Absolute chronometric dating of the wood can
be supported by the radiocarbon analyses, especially using wiggle-
matching methodology (e.g. Cufar 2007; Kromer 2009), if the regional
master chronology has insufficient length or a teleconection with the
remote reference chronology does not exist. Chronologies are therefore
considered as dynamic entities that need to be constantly improved
Haneca et al. 2009).



A recent advance in dendrochronology is the attempt to locate the source
area of the timber i.e. dendro-provenancing (e.g. Skabrada et Kyncl
2004;Haneca et al. 2005, 2009; Cufar et al. 2007, 2010; Sass-Klaassen et
al. 2008). This type of research is enabled by discrepancies among growth
ring patterns of trees from distant geographical areas driven by
differences in the local climate and site conditions. Provenance
identification of the wood of historical objects revealed more detailed
information about historical timber trade and where the timber was
gained. The timber generally originated from local forests until the
beginning of the 20™ century, but great amounts of timber were needed
for large construction (e.g. churches and castles). Thus, the timber was
often collected over a period of time and shifted form distant sites, which
prolonged time between tree felling and building erection (Eckstein,
2007). Consequently of dendro-provenancing is the observation of
changes in timber species composition through the time and presumptions
about the past forest vegetation structures and human exploitation and
silviculture.

Scope and outline

This dissertation consists of two interconnected parts, which demonstrate
the field of dendrochronology applications. The first part (Chapter II)
involves four papers (I-IV) and deals with relationships of coniferous and
deciduous tree species to environment and varying site conditions. The
second part (Chapter III) includes four papers (V-VIII) and presents
dendrochronology as tool of dating historical and archeological objects and
its application in historical context and past environment.

Papers I and II concern different growth responses of the Norway spruce
(Picea abies) to extreme climatic conditions along an altitudinal gradient in
the Sumava Mountains and its foothills. The main purpose of this study
was to investigate (a) the difference and change of frequency and strength
of extreme tree rings of spruce with increasing altitude, (b) which
extremes in the course of climate condition caused pointer years, (c)
whether such influences differ in various altitudinal zones.

Paper III is focused on dendrochronology of the diffuse porous species
black alder (Alnus glutinosa). The last 70-year development of alder carr
has been studied after the abandonment of wet grasslands that was
previously intensively managed for agriculture. The principle aims of the
study were (a) to investigate climate-growth relationships and (b) to find
out the role of specific site conditions, notably the groundwater table
fluctuations reflected by temporal instability of the climate-growth
relationship.

Paper IV reveals growth responses of the ring porous species
pedunculate oak (Quercus robur) to fluctuations of the groundwater table



in the Zbytka nature reserve. It represents an important spring area,
which provides high quality potable water for the Hradec Kralové region.
The objective of the study was analyzed the response of sessile oak to
hydrological and climatic variations; specifically (a) to find out the
influence of fluctuations of the groundwater table, caused by pumping, on
the tree growth and (b) to investigate relationship between tree growth
and climate conditions modified by specific site conditions.

Papers V and VI present methods of dendrochronological dating of
historical and archeological oak wood in our territory. Paper V is focused
on a unique archeological excavation of a wooden well in Drazkovice.
Wooden construction of the well and its infilling sediments has been
subjected to archeobotanical, paleoecological and chronological analyses
aimed to obtain a complex of paleoenvironmental information.
Dendrochronological dating of the woody case of the well illustrates (a)
processing of archeological samples for dendrochronological analyses and
(c) problems with quality and replication of tree-ring series used in oak
chronology in the Czech Republic, namely before the 5th century
(Rybnicek et al. 2008). On the contrary, Paper VI describes
dendrochronological dating of a fort in an abandoned village BySov, made
of common historical construction timber.

Papers VII and VIII use dendrochronology to study changes in the
range of wood used for constructional purposes and derive information
about the composition of the surrounding tree vegetation. Paper VII refers
on (a) utilization of silver fir (Abies alba) for constructional purposes
during the history in different regions and b) potential information about
the forest vegetation dvelopment based on species composition and
source area of timber. Paper VIII compares methods of xylotomy and
dendrochronology to study (a) species composition and source area of the
constructional wood in an archaeological assemblage in Prague and in
Southern Bohemia, (b) its implications for studying forest vegetation of
the source region and (c) potential transport of timber from Southern
Bohemia to the capital city.
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Paper 1

Geochronometria 33: 41-47, 2009
The original publication is available online at www.geochronometria.pl
http://www.geochronometria.pl/pdf/geo_33/Geo33_07.pdf

EXTREME RADIAL GROWTH REACTION OF NORWAY SPRUCE
ALONG AN ALTITUDINAL GRADIENT IN THE SUMAVA
MOUNTAINS

ALZBETA CEJKOVA'?" and TOMAS KOLAR!

University of South Bohemia, Ceské Budé&jovice, Faculty of Science, BraniSovska 31,
CZ-370 05, Ceské Budé&jovice, Czech Republic

2Administration of Orlické hory PLA, Dobrovského 332, CZ-516 01, Rychnov nad
Knéznou, Czech Republic

* Corresponding author (e-mail: cejkova@gmail.com)

Abstract:

Extreme radial growth reactions were analyzed over a 79-year period (1922-2000) to
compare response of Norway spruce (Picea abies [L.] Karst.) along an altitudinal
gradient (376-1221 ma.s.l.) in the Sumava Mountains, the Czech Republic. Extreme
growth events were defined as pointer years, when an average percentage of the site
pointer years reached at least 50% strength observed at the relevant altitudinal zone
(low < ca. 700 m; middle ca. 700-950 m, high > ca. 950 m). The comparison of the
pointer years showed a specific pattern for altitudinal zones (Low: negative pointer years
2000, 1992, 1984, 1976, 1971 and positive 1997, 1975, 1960, 1949, 1932, 1926;
middle: negative 2000, 1992, 1976 and positive 1997, 1989, 1978; high: negative
1996, 1980, 1974, 1965 and positive 1989, 1963, 1927). Negative pointer years were
usually induced by summer drought at low elevations and by wet-cold summer at high
altitudinal zone. These two main limiting factors were probably combined at the middle
altitudinal zone. Detailed understanding of the extreme tree ring pattern along the
altitudinal and geographical scale may be used as one of the additional indicators of
dendrochronological dating and provenance identification of spruce sample among
altitudinal zones in the Sumava Mountains.

Keywords: dendrochronology, Picea abies, pointer years, altitudinal gradient.

This paper was published in Geochronometria 33: 41-47, 2009.

The original publication is available online at www.geochronometria.pl
http://www.geochronometria.pl/pdf/geo_33/Geo33_07.pdf.

The full version of this part of chapter II is archived by the Faculty of Science,
University of South Bohemia in the printed version of the Ph.D. Thesis.
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Paper 11
Sbornik referatd konference Historie a vyvoj lesl v &eskych zemich
CZU FLE katedra péstovani lestl a sprava NP a CHKO Sumava: 169-176, 2006

ANALYZA VYZNAMNYCH ROKU U SMRKU Z OBLASTI SUMAVY /
ANALYSIS OF POINTER YEARS OF NORWAY SPRUCE FROM THE
SUMAVA MOUNTAINS

Alzbéta Cejkova — Tomas Kolar

University of South Bohemia, Ceské Budé&jovice, Faculty of Science, Brani$ovska 31, CZ-
370 05, Ceské Budéjovice, Czech Republic

Abstrakt

Ze sedmi populaci Picea abies na gradientu nadmotské vysky v oblasti Sumavy bylo
odebréno 20 naduroviiovych stromd pro dendrochronologickou analyzu vyznamnych let.
Analyza vyznamnych let byla provedena za spole¢né obdobi pro vsechny lokality 1890 -
2000. Vyznamnym rokem byl stanoven takovy rok, kdy se v populaci vyskytoval
synchronné extrémné Siroky & Uzky letokruh nejméné u 50% strom@ na dané lokalité.
Bylo zjisténo deset pozitivnich vyznamnych let pro nadpolovi¢ni vétsinu lokalit. Jedna se
o tyto roky s extrémné velkym pFirdstkem: 1907, 1916, 1931, 1935, 1955, 1963, 1969,
1973, 1979. Né&které vyznamné roky milZeme zdOvodnit na zakladé klimatickych
teplotnimi podminkami ve vegetaCni sezéné dany i predchozi rok. Negativnich
vyznamnych let s extrémné nizkym pfirlstem bylo zjisténo témé&F o polovinu méné:
1913, 1924, 1948, 1965, 1981 a 1996. Negativni vyznamné roky jsou pravdépodobné
¢asto zplsobeny chladnym létem (hl. éerven a &ervenec).

Abstract

For analysis of pointer years were chosen 20 dominant trees of Norway spruce from
seven populations along altitudinal gradient in the Sumava Mountains. Analysis of
pointer years was calculated for common time span 1890 - 2000 for all localities. The
pointer year was determined, when event year (extremely wide or narrow tree ring)
was detected at least for 50% of tree. Ten positive pointer years were detected for
absolute majority of localities. It was these years with extremely wide tree-ring
increment: 1907, 1916, 1931, 1935, 1955, 1963, 1969, 1973 and 1979. Some of
pointer years could be explain based on climatic condition in the year. Positive pointer
years were probably caused favorable climatic conditions during vegetation season of
current and previous year. Negative pointer years were detected almost about half
fewer: 1913, 1924, 1948, 1965, 1981 and 1996. Negative pointer years were probably
often caused by cold summer (above all June and July).
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Uvod

Jednim z dileZitych a praktickych vyuZiti dendrochronologie je datovani
rozlienych udalosti. Mize se jednat napfiklad o datovani historickych ¢&i
archeologickych  objektd  (napf. Baillie 1982, Baillie 1995),
geomorfologickych procest jako jsou svahové posuny (napf. Carrara et
O'Neill 2003, Weiss et Wils 2004), cyklického Ziru hmyzu (napf. Weber et
Schweingruber 1995), vybuchl sopek (napt. Kyncl et al. 1990, Yamaguchi
et Hoblitt 1995), a pfedevsim klimatickych udalosti - dendroklimatologie
(Fritts 1976).

Stromy dokdzi presné zaznamenat ménici se podminky prostiedi ve svém
okoli, které se bezprostfedné odradzi v tvorbé a Sifce letokruhG (Pelfini
1993, Schweingruber 1996). Predni misto mezi pFirodnimi faktory
ovliviujicimi rlst strom{ zaujimaji klimatické podminky (Fritts 1976,
Brazdil et al. 1997). Rlstovéd odpovéd stromi na klima je ovlivnéna
druhem  stromu, jeho provenienci, kompeti¢nim postavenim
a stanovistnimi podminkami (Spiecker 2002). Zmény klimatickych
podminek, jako je napfiklad teplota vzduchu, ktera urcuje délku vegetacni
sezény, ovliviiuji roéni pFirlsty stromd na daném stanovisti (Fabian et
Menzel 1999).

Ke studiu vlivu klimatickych podminek na rlst stroml existuje nékolik
pristupd. Obecné je pouZivdna nejéast&ji metoda ,response function"
(Fritts 1976, Cook et Kairiukstis 1990), ktera vyuziva statistickych metod
napr. korelaci ke srovnavani prdmérnych rocnich tloustkovych prirGstt
s ¢asovymi radami klimatickych hodnot, coz umoziuje zjistit, jaky je
prdmérny vliv sledovanych klimatickych parametrl na ptirGst stromd
z dlouhodobého hlediska (Seere-Bachet et Tessier 1989). Na druhou
stranu analyza vyznamnych let (Schweingeuber et al. 1990) nam
umozfiuje uréit jevy majici podstatny vliv na rdst stroml, ale vyskytuji
spiSe vyjime¢né a nepravidelné, takZze se v korelac¢ni analyze nemusi
statisticky vyznamné projevit (Kienast et al. 1987).

Pro vyzkum variability extrémnich reakci smrku na vyskovém gradientu
(979 - 1313 m n. m.) bylo v oblasti Sumavy vybrano sedm lokalit v okoli
Cerné Hory, Pramen( Vitavy, Kvild, Antyglu, PFilby a BabUrky.

Materialy a metodika

a) Odbér vzorki

Na kazdé lokalité bylo vybrédno 20 nadurovfiovych stromd Picea abies
vhodnych k odb&ru dendrochronologickych vzorkd. Jednalo se
o dominantni jedince bez vrcholovych zlom{, patrného poskozeni kmene
nebo houbového napadeni. Odbér byl proveden standardnim postupem
prirlstovym vrtdkem (délky 40 a 30 cm, prdmér vné&jéi 1 cm / vnitini
0,5 cm). Tato metoda byla zvolena pro svou jednoduchost a Setrnost
k odebiranym stromlm (Brédker 2002). Z kazdého stromu byly ve vyc&etni
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vySce (DBH = 130 cm nad zemi) odebrany dva proti sobé jdouci vrty
kolmo ke kmeni. Vzorky byly vrtdny z jednotlivych kmend se shodnou
orientaci ke svétovym stranam (sever a jih). Vzorky odebirané z jizni (téz
z jihozapadu a zapadu) strany kmene obsahuji vétSinou nejsilnéjsi signal
- nejzfeteln&ji se zde odrazi faktory ovliviujici rist stroml (Mé&kinen et
Vanninen 1999). Ve svahu byly vrty odebirany rovnobézné s vrstevnici
tak, aby byl minimalizovan vliv reakcniho dieva (Schweingruber 1996).

Tab. 1.: Seznam lokalit a charakteristik jednotlivych chronologii. / List of localities and
chronology characteristics.

name of study location altitude chronology mean number of
site (m) time span radii radii (trees)
lenght
(years)
010p |
“ N 48°58'45,2"  E 13°33'02,7" 1313 1857 - 2002 118 26 (14)
Cerna hora
011p
U pramene 48°58'38,2"  E 13°33'29,0" 1255 1865 — 2002 111 23 (15)
Vltavy
012p N 49°02 164" E 13°34'54,3" 1118 1839-2002 110 28 (17)
Pod Hiirkou ’ ’
013p N49°0222.7"  E13°37081" 1218  1837-2002 136 27 (15)
Prilba
014p
- 49°00'10,8"  E 13°37'51,2" 1047 1858 — 2002 124 28 (16)

Frantiskov
015p

. N 49°00' 10,8"  E 13°37'51,2" 1221 1729 — 2002 177 32(19)
Antygl
016p N 49°03' 12.8"  E 13°39'54,7" 979 1736-2002 190 30 (17)
Babiirka ’ ’

b) Zpracovani a méreni vzorkl

Vrty byly nalepeny vodou rozpustnym lepidlem do dva milimetry
hlubokych drazek v dfevénych listach a zajistény lepici paskou. VSechny
vzorky byly sefiznuty strojovou ziletkou pod pribliznym Uhlem 35°
vzhledem k podélné ose bunék ve sméru od borky do stfedu kmene
(Drapela et Zach 1995). Pro zvyraznéni hranice mezi jednotlivymi
letokruhy byla do vzorkl vetfena bild kfida (metodika dle Stockes et
Smiley 1968).

,

K méfeni $ifek letokruhl byl pouZit stereomikroskop Olympus SZ51 se
zamérnym kfizem v okuldru a méfici lavice TimeTable s odc&itacim
zafizenim ParSer v1.3 (Sciem) pfipojenym na pocitac, ktery zaznamenava
$irky letokruhd s presnosti na 0,01 milimetru. Data byla zaznamenavana v
programu Past32 (Knibbe 2003) ve formatu fh (odvozeny dekadicky
format; Knibbe 2003).
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c) Vyznamny rok

Terminem vyznamny rok je definovan rok, ve kterém se v dané populaci
strom{ synchronné vyskytuje extrémné Gzky nebo naopak &iroky letokruh
(Schweingruber et al. 1990). Analyza vyznamnych let byla provedena
podle metodiky Croppera (Cropper 1979, dale napf. Schweingruber et al.
1990, Meyer 1999). Tato metoda spociva v postupu, kdy od namérené
hodnoty &itky letokruhu je odedten klouzavy primér pro pét sousednich
¢lent letokruhové Fady déleny smérodatnou odchylkou t&chto péti &lend.
Dosazené hodnoty jsou prevedeny na vyskyt vyznamnych let v pfipadé,
jestlize jsou vétsi nez + 1 (pozitivni vyznamny rok), respektive mensi nez
- 1 (negativni vyznamny rok). Projevem vyznamného roku pro jednotlivé
stanovistni Ci lokalni chronologie byla stanovena hranice nejméné 50%
vyskytu vyznamného roku z celkového poctu letokruhovych Fad. Pro
interpretaci vyskytu silnych vyznamnych rokl byla zvolena forma
klimadiagram{ (napf. Kienast et al. 1987, Schweingruber 1996).

Vysledky a diskuze

a) Srovnani jednotlivych lokalit

Stromy ze studované oblasti jevi za spolecné obdobi 1890 - 2000
relativné obdobny pocet vyznamnych rokl s rdznou intenzitou projevu
u stromd z rozdilnych lokalit a let (Obr.1). Vyjimku tvoii lokalita Cerna
hora 010p, kterd ma celkové nejvyssi polet vyznamnych let - 35.
Nejmensi celkovy pocet vyznamnych let (28) za spolecné obdobi ma
lokalita Bablirka 016p, co? je zfejmé zplsobeno znaénym stafim strom(
na lokalité (v prlméru 190 let). Stromy ve vy3$&im v&ku maji nizsi
schopnost reagovat na vykyvy prostiedi (Schweingruber 1986).

VSechny lokality maji spolecny vyssi pocet negativnich vyznamnych let a
také vyssi intenzitu projevu negativniho vyznamného roku v dané
populaci. Vyjimkou je pouze lokalita Pod Hirkou 012p, kterd ma naopak
nejvy$si polet pozitivnich vyznamnych let (19), coz mize byt ovlivnéno
jeji relativné chranénou polohou.
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pocet vyznamnych roku

010p 011p 012p 013p 014p 015p 016p

Obr.1.: Pocet negativnich a pozitivnich vyznamnych let s tfemi stupni intenzity projevu
pro jednotlivé lokality za spoleéné obdobi 1890 - 2000. / Number of positive and
negative pointer years at three tresholds for the localities for common time span 1890 -
2000.

Vyrazny rlstovy jev (extrémné Uzky nebo Siroky letokruh, ktery je moZno
detekovat na jednom stanoviéti, se jiz nemusi projevit stejnym zplsobem
a intenzitou na druhém, pripadné stromy z druhého stanovisté reaguji na
stejny signal prostfedi rozdilné (Schweingruber 1996). Z téchto ddvodd je
vénovana pozornost predevsim vyznamnym roktm, které se projevily na
vice jak poloviné lokalit nejméné u 50 % stromd (Obr. 2.).

Pomérné hojny je vyskyt pozitivnich vyznamnych let, kterd jsou spolecna
pro vice nez polovinu lokalit. Jsou to roky 1907 (4 lokality), 1916 (6),
1931 (4), 1935 (5), 1955 (4), 1963 (5), 1969 (4), 1973 (4), 1979 (5).
Pouze jeden pozitivni vyznamny rok 1927 se projevil na vSech lokalitach.
Negativnich vyznamnych let bylo zjiSténo témér o polovinu méné - 1913
(4), 1924 (4), 1948 (4), 1965 (4), 1981 (4) a 1996 (5). To miZe byt
zplsobeno jednak metodou kalkulace nebo itim, e zna¢nd d&ast
pozitivnich vyznamnych let je zplsobena stanovi&tni kombinaci pfihodnych
klimatickych podminek vice nez jednou extrémni klimatickou udalosti jako
je tomu cCasto u negativnich vyznamnych let(Rolland et al. 2000). Z téchto
dlvodl jsou také pozitivni vyznamné roky méné& pouzitelné napf. pro
datovani (Schweingruber et al. 1990).

U negativnich vyznamnych let je také relativné castd opozdéna reakce na
casti lokalit. Prikladem jsou dva negativni vyznamné roky 1913 a 1948,
kdy nadpoloviéni vétdina stroml na lokalitdch (010p, 011p, 014p, 015p)
reagovala spolec¢né v jednom roce a lokality 012p a 016p az s ro¢nim
zpozdénim. V roce 1965 reagovaly ctyfi lokality a v nasledujicim roce
zbylé tfi - 013p, 014p, 016p. Obdobna situace nastala v roce 1980, kdy
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reagovaly pouze tfi lokality (010p, 011p, 14p), ale v nasledujicim roce
reagovaly s vysokou intenzitou zbylé Ctyfi.
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Obr.2.: Procento projevu negativnich a pozitivnich vyznamnych rokl (nejméné u 50%
strom{ v populaci) pro jednotlivé lokality v daném roce. / Percentage of negative and
positive pointer years (at least 50% trees per population) for each locality in the year.
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b) klimaticka interpretace vyznamnych let

Obecné je predpokladano, ze v horskych oblastech je hlavnim kontrolnim
vlivem pro rlst stromd teplota (Tranquillini 1979; Rochefort et al. 1994,
Desplanque et al. 1999). Na zadkladé t&chto poznatkl byla zvolena
k interpretaci nékterych vyraznych vyznamnych rok( teplota a to pomoci
fady prdmérnych mésic¢nich teplot z Ceskych Budéjovic za obdobi 1890 -
2000 (Obr. 3).

Negativni vyznamné roky jsou ve studované oblasti Sumavy zplsobovany
predevSim dvéma faktory. V prvnim pripadé jsou zfejmé vyvolany nizkou
teplotou v prib&hu zimnich mésicl, pravd&podobné jest& v souhie
s nizkymi srazkami, respektive nizkou snéhovou pokryvkou v tomto
obdobi. Tenkd snéhovéd pokryvka nedostate¢né ochrafiuje jehlice
a korenovy systém stromQ pred pogkozenim mrazem (Desplanque et al.
1999). Pfikladem je negativni vyznamny rok 1924, ktery byl zrejmé
zplsoben extrémné nizkymi prosincovymi aZ lednovymi teplotami, pFicemz
chladné obdobi trvalo az do dubna.

V druhém castéjsim pripadé jsou zfejmé negativni vyznamné roky ve
vysokych polohach vyvolany nizkou teplotou v prib&hu vegetaéni sezény
(pfedevéim v ervenici). Intenzivni rlst smrku je na horach spojen
predevSim s letnimi mésici ¢ervnem a cervencem (Kroupova 2002).
Pfikladem mdZe byt rok 1913 & 1965, které byly celkové chladné&jsi.
Negativni vyznamny rok 1965 byl detekovan i u dalSich dfive studovanych
¢asti Sumavy (Trojmezna; Tichy et Svoboda 2003, Svoboda et Tichy
2004), v Evropé napf. ve Francouzskych Alpach (Desplanque et al. 1999).

Obdobné se projevilo na roénim pFirlistku studené léto v roce 1980, a to
jak ve vysokych polohdch Sumavy véetné Trojmezné (Tichy et Svoboda
2003, Svoboda et Tichy 2004), a také v severozapadnich a severnich
sudetskych pohofich pro lokality nad 1 000 m n. m. (Kroupova 2002).
Kroupova tento rok spojuje i s vysokou koncentraci znecisténi ovzdusi
v prib&hu zimnich mésicd ve vysokych polohdch. Tento rok byl také
zjistén na severnim Upati Svycarskych Alp (Schweingruber 1986,
Schweingruber et al. 1991), ¢i na vihkych stanovistich Litvy (Vitas 2004).

Rdstova redukce negativniho vyznamného roku 1996 byla pravdépodobné
indukovana nizkymi teplotami v pribé&hu zimy v soudinnosti se studenou
vegetadni sezénou. Mimo jiné zmrzld plda mdlZe zabranit stromdm
v absorpci pddni vody predev§im v bfeznu a tim oddalit zacatek ristu
(Roland et al. 1999). Stejny pokles byl zaznamenan pouze v Krusnych
Horach (Kroupova 2002), kde je spojovan predevsim se zimnimi mrazy v
kombinaci s vysokymi koncentracemi SO, v ovzdusi. Dlouhodobé vysoké
koncentrace SO, b&hem zimnich mésicd snizuji mrazuvzdornost smrku
(napf. Spaleny 1980). Podobna souhra faktord mohla nastat v tomto
pripadé i na Sumavé, jelikoZ pro prachaticky okres je v roce 1996 uvadéna
nejvyssi koncentrace SO, v ovzdusi v tomto desetileti (Hruska et Cienciala
2003).
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Naopak pozitivni vyznamné roky jsou &asto zplsobeny nadprdmérnymi
letnimi teplotami ve vegetacni sezéné, pripadné iteplym predchozim
létem. Prikladem mohou byt pozitivni vyznamné roky 1931, 1935 a 1969
(Obr.3).

Projev. vyznamného roku muZe byt samozfejmé& i dlsledkem
neklimatickych jevd jako je Zir hmyzu, semenné roky apod.
(Schweingruber 1996). V jiznim Finsku nizké smrkové pFirlistky jsou &asto
spojeny s bohatou Urodou semen, na kterou je vynalozeno velké mnozstvi
asimilatd (Mé&kinen et al. 2002). Napfiklad negativni vyznamné roky 1974
a jsou také davany do souvislosti s probihajicimi semennymi roky
v pfisluné vegetaéni sezéné (Selds et al. 2002). Toto je jedno
z pravdépodobnych vysvétleni i negativniho roku 1980, ktery byl
semennym rokem smrku pro celou Ceskou republiku stejné jako jiz
uvedeny rok 1974,

191211913

T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T 1
AVAVAVAVIIAIXAXAXAXIL T 1L 1IE IV V- VIE VIV esic AVAVAVAVIIAIXAXAXAXIE T 1Ll IV Vo VIEVIE VI s
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AVAVAVAVIIAIXAXAXAXIL T 111 IV V- VIEVIE VI sic: AVAVAVAVIIAIXAXAXAXIL T 11 1IE IV V- VIE VIV sic

Obr. 3.: Pribéh teplot pro vybrané vyznamné roky. V jednotlivych grafech je pro
srovnani vynesen prlibé&h mési¢nich hodnot od kvétna predchoziho roku (AV) do srpna
(VIII) stavajiciho roku (—) s prdmérem mésic¢nich tad za obdobi 1890 - 2000 (- - -).
/ Temperature data for examples of pointer years. Graphs represent monthly
temperature data from May (AV) of previous year to August(VIII) current year (——)
with mean montly temperature data for period 1890 - 2000 (- = - =).
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Zavér

Porovnani extrémnich prirlstki smrku na sedmi lokalitich ze Sumavy
odhalilo deset silnych synchronnich pozitivnich vyznamnych let (1907,
1916, 1931, 1935, 1955, 1963, 1969, 1973 a 1979) a Sest negativnich
vyznamnych let (1913, 1924, 1948, 1965, 1981 a 1996). Cast
vyznamnych rok( byla zdlvodné&na pomoci mési¢nich teplotnich Fad,
které méli nadprdmérné respektive podprimérné hodnoty v obdobi, které
méa nejvétsi vliv na prirlst stroml v daném roce. Nejvétsi vliv ma teplota
v letnich mésicich (hl. ¢erven a cCervenec). Nizké prirusty v nékterych
letech napf. 1974 a 1980 se daji interpretovat mimo jiné jako vliv
semennych let. Tato studie také potvrdila nutnost vétsiho mnozZstvi lokalit
pro odbér vzorkl, ktery je nezbytny pro stanoveni spoleénych
vyznamnych let extrémné nizkého & naopak znac¢ného tloustkového
prirdstu pro urdity region.
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Abstract

e The secondary succession of wet grasslands to communities of alder carr dominated by
Alnus glutinosa was recorded in different parts of Europe during the 20th century.
However, knowledge of such development of alder carr remains insufficient.

e The development of alder carr was reconstructed at five sites in the Czech Republic,
using historical aerial photographs and methods of dendrochronology. The aims were to
investigate the succession from wet grasslands to alder carr at sites previously
intensively managed for agriculture and to find out the role of fluctuations in the
groundwater table, caused by artificial drainage channels, in the observed stand
dynamics and tree growth.

e The spread of forest (i.e., an increase in forest cover) predominated until the 1970s at
all sites. This trend was disrupted by a large-scale dieback of forest stands in four of the
five sites after the 1970s, followed by an increase in patch heterogeneity, as indicated
by landscape metrics. The radial growth increment in Alnus glutinosa has been affected
predominately by local environmental factors, probably including the changing degree of
waterlogging. Forest dieback was presumably connected with a lesser extent of drainage
channels.

e Our results indicate that observed successional pathways at sites of alder carr were
probably cause by local changes in the groundwater table.

Keywords: aerial photograph / Alnus glutinosa (L.) Gaertn. / dendrochronology / land
abandonment / secondary succession / wetland
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GROWTH RESPONSES OF PEDUNCULATE OAK TO CLIMATE
AND HYDROLOGICAL REGIME IN THE ZBYTKA NATURE
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ALZBETA CEJKOVA! and SIMONA POLAKOVA!3

! University of South Bohemia, Ceské Budé&jovice, Faculty of Science, Branidovska
31, CZ-370 05, Ceské Budéjovice, Czech Republic

2 Administration of Orlické hory PLA, Dobrovského 332, CZ-516 01, Rychnov nad
Knéznou, Czech Republic

3DAPHNE CR - Institute of applied ecology, Emy Destinnové 395, Ceské Budé&jovice,
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Abstract:

Zbytka nature reserve is a rest of a complex area of various fen vegetation in the
northeast part of the Czech Republic. It represents an important spring area, which
provides high quality potable water for more than 150 000 inhabitants. Waterworks
utilization was started at the 1960s and modification in land-use practices has had a
strong effect on ecosystem. Oak chronology has been showing different tree growth
trends since the start of the waterworks utilization. Also the occurrences of negative
pointer years differ markedly before and after initiation of pumping underground
water. Dendroclimatological analyses primarily revealed close relationship between
temperature and tree growth - positive influence of spring and summer temperature.
The growths of trees decreased with low temperature during the growing season
together with average underground water level. Period 1983 - 1992 of maximum
artesian water pumping expressed as higher tree-ring increments. Although, it is no
direct relationship between tree growth and fluctuation of underground water level,
suggesting that dendrochronological data may be useful in historical ground water
modeling studies. Results are also crucial for conflict of interests between nature
preservation and potable water supply.

Keywords: dendrochronology; oak tree; water pumping; hydrology
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Abstract

Chapter deals with an extraordinary evidence of a wooden well (feature 368) from
rescue excavation in Drazkovice (Eastern Bohemia). Wooden construction of well and its
infilling sediments have been subjected to archaeobotanical, palaeoecological and
chronological analysis aimed to complex palaeoenvironmental information. Case of the
well was made from oak wood. Every synchronized sample originated from two
individual trees. Radiocarbon dating of six samples indicate average age 4 BC-130 AD.
According archaeological finds and contexts of feature 368 can be concluded that well
was used still some time after 190 AD. Homogeneous infilling of well has been taken for
macro-remain analysis. Plant macro-remains enables comparison between frequency in
the bottom of well and in the infilling. Results of pollen analysis documents changes in
pollen spectra at the bottom of the well and in its infilling.

dendrochronological part:

Dendrochronological dating of the wooden well from Drazkovice has demonstrated
necessity of dynamic evolving of the master chronologies of oak for the Czech Republic.
The first attempt on cross dating determined a probable age of the wooden well to 831-
838 AD using the South German Hohenheim oak chronology, but this was not verified by
the Czech master oak chronology covering 462-1998. Besides this, archaeological
findings also indicated an older time period. Other master oak chronologies from Europe
were used for the second attempt on dating of additional samples from the well. The
cross dating of the well using the Bavarian oak chronology suggested a probable position
to the year 190 AD and a less probable position to year 834 AD. These dates were not
confirmed by further comparisons with the West German chronology ,Wirttemberg"®,
~Westdeutschland®, ,Lohringen® and oak chronology from Lower Austria. As
a consequence of failed dendrochronological dating, wooden parts of the well from
Drazkovice were sent to radiocarbon dating.
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1. Uvod - vybér

Zajmovy prostor jizné od Pardubic predstavuje archeologicky mimoradné
exponovany mikroregion, pro néz jsou doloZzeny a publikovany Cetné starsi
archeologické nalezy pro k. 0. Drazkovice. Vychodoleské muzeum
v Pardubicich zde provedlo rozsahly zachranny archeologicky vyzkum,
ktery probihal od zari 2004 do cervna 2005, a to na Uzemi katastru
MedleSice, Mikulovice, Blato a Drazkovice. Akce byla vyvolana stavbou
rychlostni komunikace 1/37 v Useku Jesni¢anky—MedleSice. Jednim
z mimoradnych zjisténi archeologického vyzkumu byl odkryv studniéni
jamy s vydrevou (objekt 368). Drevni konstrukce studny, jeji vypli
i vnitfni prostfedi studny byly podrobeny bioarcheologickym analyzam
s cilem poskytnout maximalni komplexni environmentalni informace
v omezenych podminkach zachranného vyzkumu.

T L N
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]
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Obr. 1. Obec Drazkovice na mapé vychodnich Cech.
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Obr. 2. Obj. 368, horni ¢ast studni¢ni jdmy ponechana v pozitivu. Foto R. Sedlacek.
Vybrana Cast textu kapitoly:
3. Bioarcheologicky vyzkum studny z Drazkovic

3.1 Dendrochronologické datovani

Prvni pokus o dendrochronologické datovani dfevéného bednéni studny
z Drazkovic byl proveden béhem léta 2005 v Laboratofi archeobotaniky
a paleoekologie (LAPE) v Ceskych Budé&jovicich. Na zakladé tehdy
dostupnych standardnich chronologii byla nalezena pravdépodobna datace
dfeva pouzitého ke stavbé studny do let 831-838 AD. Datace byla
provedena pomoci jihonémecké standardni chronologie dubu, sestavené
B. Beckerem z univerzity v Hohenheimu (Stddeutchland, QUSPSD), ktera
je v laboratofi dostupna pro obdobi 1-1950 AD. Pro periodu, do niz byla
studna datovana, ma laboratof k dispozici také standardni chronologii pro
Ceskou republiku (czges2004), sestavenou M. Rybnickem
z dendrochronologické laboratofe MZLU v Brng, ktera pokryva obdobi mezi
roky 462-1998 AD (Rybni¢ek 2007). Dataci vydrevy studny se vsak
nepodafilo pomoci &eského standardu ové&fit, kvlli &emuZ pFibyly
pochybnosti o spolehlivosti ziskaného Udaje. Proto bylo doporuceno jeji
ovéreni pomoci radiokarbonového datovani (viz podkapitola 3.2 tohoto
¢lanku v knize).

Na zédklad& daldich archeologickych nalez v mist& studny vznikly opét
nejistoty o dendrochronologické dataci. Z tohoto dlvodu proved! T. Kyncl
v |été 2006 dodateCnou expertizu, kterd vedla ke stanoveni dvou
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pravdépodobnych dataci studny z Drazkovic. V prvnim pfipadé byla
nalezena poloha datujici posledni letokruh fady do roku 190 AD, a to na
zadkladé dubového standardu pro oblast Bavorska (by0: 512 BC-221 AD;
byl: 51 AD-1999 sestavené F. Herzigem z dendrochronologické laboratore
pfi Bayerisches Landesamt flir Denkmalpflege v Thierhaupten). Druha
pozice podle standardu pouzitého i pro prvni dendrochronologické datovani
dubu (QUSPSD) datovala s mensi pravdépodobnosti posledni letokruh fady
do roku 834.

Pro ovéreni nalezenych synchronnich pozic byla chronologie zaslana do
laboratofe DendroNet (Willy Tegel), kde byl ucinén pokus fadu datovat
pomoci letokruhovych standardd sestavenych pro zapadni Némecko, které
nejsou v nasich laboratofich dostupné. Byly vyuzity chronologie
~Wirttemberg" sestavena B. Beckerem, ,Westdeutschland" sestavena E.
Hollsteinem a ,Lohringen" od W. Tegela. MoZnost pouZiti t&chto standardd
pro datovani materiall z Cech a Moravy bylo uz nékolikrat ovéfeno (napr.
Vrbova et al. 2005, Polacek et al. 2005).

Ani v jednom pfipadé vSak nebyl pokus o datovani Uspésny. Stejné
neuspésny byl pokus datovat fadu pomoci chronologie pro dolni Rakousko,
kterou proved| Michael Grabner z Universitat fiir Bodenkulture ve Vidni.

VySe uvedenym postupem byla potvrzena opravnénost pochyb
o dendrochronologické dataci materidlu studny z DraZkovic, které tedy
nejsou v soucCasné dobé pomoci dostupnych standardnich chronologii
spolehlivé datovatelné. Vzhledem k témto uvedenym okolnostem byly
vzorky z drazkovické studny =zasldany na radiouhlikové datovani do
laboratofe CRL Ustavu jaderné fyziky AV CR 1. Svétlikovi (viz podkapitola
3.2 tohoto ¢lanku v knize). Nasledujici odstavce predkladaji vysledky
datovaciho pokusu s dlrazem na metodické aspekty prace s takto
mimoradné hodnotnym materidlem. Pro Ucely studie byla data z obou
dendrochronologickych odbért spojena.

3.1.1 Zpracovany material

Pro dendrochronologickou analyzu v Laboratofi archeobotaniky
a paleoekologie bylo provedeno 31 méfeni na 20 vzorcich z konstrukce
studny v Drazkovicich (oznaéeni vzorkd zadind pismenem ,L“). Pro analyzu
byly vybrany ulomky prken bez oznaceni a oznacena prkna, ktera byla
castecné poskozena (rozlomena, nekompletni apod.). V prvnim kroku bylo
vybrano nejprve nékolik Glomkd pro pokus o nedestruktivni postup pfi
pripravé materidlu k méreni. Tento postup se ukazal jako nevhodny.
V druhém kroku byly vzorky na dendrochronologické datovani odebrany
destruktivnim zplsobem.
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Obr. 3. Dochovana prkna z vydfevy (vybér). Foto ZIP o. p. s.

Druhy odbér vzorkd byl proveden T. Kynclem v prib&hu konzervace na
pracovisti spole¢nosti ZIP, o. p. s., v Plzni (oznaleni vzorkl zadina
pismenem ,R“). Z kazdého vybraného prvku byl odfezdn 2-4 cm silny
platek tak, aby byl fez veden kolmo na pribéh letokruhl. S vyjimkou
jednoho vzorku se vybrané prvky shodovaly s materidlem odebranym
v LAPE. Pfednostné byly vybirany prvky se zachovalou bélovou ¢asti dieva
indikujici blizkost podkorniho letokruhu.

U véech vzorkd byl uréen druh dfeva. Determinace byla provedena pomoci
béznych xylometrickych metod (Schweingruber 1978). VSechny vzorky
byly dubové a témér vidy mély bélovou &ast drfeva; pouze u malych
vzorkd z Glomkd prken bé&l chybéla nebo byla silné poskozena.

3.1.1.1 Metoda dendrochronologického zpracovani

Pro vlastni dendrochronologickou analyzu bylo pouzito standardnich
postupl (napt. Cook et Kairiukstis 1990). Tyto metody zahrnuji pFipravu
materidlu k méFeni, mérfeni &ifek letokruhl, relativni synchronizaci
jednotlivych zpracovanych prvkl v rédmci objektu a pokus o absolutni
dendrochronologické datovani.

V prvnim kroku byla pouzita Setrnd metoda pfipravy materidlu — drobny
Sikmy fez na hranu prvku, zarez do prvku ve tvaru V, pfipadné pouze Cisty
lom. Nevyhodou tohoto postupu je velmi Spatna CcCitelnost hranic mezi
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letokruhy. Ve véts$iné pripadd nebylo mozné v nékteré ¢&asti vzorku
stanovit pfesné hranice letokruhu. Takto mérené kfivky a jejich ¢asti nelze
pouzit pro vlastni datovani. V druhem kroku byly vzorky pro
dendrochronologické datovani odebrany destruktivnim zplsobem. Z prkna
byla ru¢ni pilou odfiznuta vhodna ¢ast, posléze byla zamrazena a sefiznuta
Ziletkou kolmo k dfevnim vldknim. Po ¢asteéném rozmrazeni byla do
povrchu takto upraveného fezu vetfena kfida zvyrazfujici hranice mezi
letokruhy.

Mé&feni &ifek letokruhd bylo provedeno pomoci méfici lavice TimeTable
s odcitacim zafizenim ParSer v1.3 (Sciem). Data byla zaznamenavana
v programu Past4 (Knibbe 2003). Sitky letokruhd byly zméfeny
s pfesnosti na 0,01 mm. Letokruhové kiivky jednotlivych vzorkl byly
navzajem porovnany a byla nalezena jejich vzajemna synchronni poloha,
synchronizované kFivky byly pouzity k vytvoreni primérné chronologie.
Letokruhové kFivky jednotlivych vzorkl a jejich primérna chronologie byly
srovnany se standardnimi chronologiemi. Pro absolutni
dendrochronologické datovani byly pouzity standardni chronologie dubu
z jizniho Némecka - QUSPSD, z Ceské republiky - czges2004 a pozdéji
také standardy pro oblast Bavorska — by0 a byl. Pouziti ¢eské standardni
chronologie k datovani se ukazalo jako problematické vzhledem
k nedostate¢nému prolozeni chronologie pro toto obdobi.

3.1.1.2 Vysledky relativniho a absolutniho datovani

VSechny vzorky odebrané z bednéni studny byly z dubového dreva.
Z velmi vysoké miry podobnosti, zejména v dlouhodobych rlstovych
trendech (obr. 4), vzdjemné dobfe synchronizovatelnych vzorkl Ize
soudit, ¥e vyhodnocena prkna byla vyrobena ze dvou odlinych stromu
(obr. 5). Do prvni skupiny Ize zaradit letokruhové kfivky ziskané z prken
R0428-30, 32, 33 a L0293, L0295-L0301, L0308. Tento strom je
charakteristicky relativn& malym tloustkovym ptirostem (prim. 1,1
mm/rok). Z odliSného stromu byla ziskana prkna R0431 a 34, pro néz jsou
charakteristické odlidné dlouhodobé rlistové trendy a také vyrazné vys&
tloustkovy pfirGst (prim. 1,8 mm/rok). Vzorky L0293, L0295-L0301,
L0308 a R0428-R0434 vykazuji vysokou vzdjemnou shodu pfi relativni
synchronizaci, z jejich priméru byla sestavena primérnd chronologie
DRASqusp (obr. 5). Letokruhovou fadu vzorkU L0294, L0309 a L0310 bylo
mozno synchronizovat s primérnou chronologii DRASqusp, shoda vsak
nebyla dostate¢nd k =zafazeni vzorkl do prdmérné chronologie.
Letokruhové tady prevazné z malych Glomk{ prken L0302, L0303, L0304,
L0305, L0306 L0307, L0311 a L0312 nebylo mozné synchronizovat
s 24dnou letokruhovou Fadou ani s primé&rnou chronologii DRASqusp.
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Obr. 4. Drazkovice. Dendrochronologické kfivky konstrukce studny. R — méreni T.
Kyncla, L - méfeni LAPE Ceské Budé&jovice.

index

Pokus o absolutni datovani sestavené primérné chronologie pomoci vyse
uvedenych standardnich chronologii nevedl k nalezeni spolehlivé
synchronni pozice. Byly nalezeny pouze dvé hypotetické pozice vykazujici
relativné dobré parametry statistickych testl, avdak vzhledem k délce
prekryti (229 let) nelze ani jednu z nich povaZovat za spolehlivou.
V prvnim pfipadé byla nalezena poloha datujici posledni letokruh Fady do
roku 190 AD. Pozice byla vyhodnocena jako nejlepsi pri datovacim pokusu
se standardni chronologii pro Bavorsko (by0), srovnani se standardni
chronologii QUSPSD vsak tuto pozici neprokazalo. Druha pozice datujici
posledni letokruh Fady do roku 834 byla nalezena jako nejlepsi pfi
srovnavani se standardni chronologii dubu QUSPSD. Tato pozice vykazuje
také relativné dobré parametry pfi srovnani se standardni chronologii by1.
V této pozici se chronologie studny prekryvala také se standardni
chronologii dubu pro CR, s niz vSak nevykazuje statisticky priikaznou
polohu.

Zadny z méfenych vzorkl nemél podkorni letokruh. Véechny datované
dubové vzorky s vyjimkou vzorku L0293 a L0308 meély zachované bélové
letokruhy. Bélové drevo je oblast zahrnujici nejmladsi ¢ast dreva stromu.
Z Ceské republiky je zndm primérny pocet bélovych letokruhl pro jizni
Moravu, kde se pohybuje v rozmezi 5-21 letokruhl (Rybnitek et al.
2006). U vzorkd z bednéni studny v Drazkovicich bylo primé&rné nalezeno
14 zachovanych bé&lovych letokruh (minimalné 12, maximalné 17).
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Obr. 5. Drazkovice. Primérna chronologie DRASqusp.

3.1.1.3 Zavér dendrochronologického datovani

Bednéni studny bylo vyrobeno z dubového dfeva. VSechny
synchronizované vzorky pravdépodobné pochazeji ze dvou strom. Vétsina
datovanych vzorkd mé zachovanou bélovou ¢ast dieva. Sestavena 229 let
dlouhd prdmérnd chronologie neni pomoci standardnich chronologii
dostupnych v soucasné dobé spolehlivé datovatelna. Celd situace opét
poukdzala na nutnost prodlouZeni standardnich chronologii pro Ceskou
republiku do minulosti a potfebu jejich prolozeni vétSim mnozstvim
vzorkd. Je nutnd spoluprace s archeology pfi ziskavani tohoto relativné
vzacného materidlu, ¢imz by bylo mozné vytvorit kvalitni standard pro
Ceskou republiku, podle kterého by mohly byt datovény vzorky se stejnou
jistotou, jako je tomu u vrcholn& stfedovékych a novovékych nalezl.
Zaroven je bezpodmine&né nutné u takto problematickych vzork( provést
radiokarbonovou dataci nejlépe metodou wiggle matching.

Tato  metoda radiouhlikového  datovani  vyuzivajici  moznosti
dendrochronologie v pfipadech, kdy neni mozné datovat pomoci
standardnich chronologii (Galimberti et al. 2004). PFi této metodé nejsou
synchronizovany vlastni letokruhové série, ale fady ziskanych
radiouhlikovych dataci. Je pouZitelnd u dfevénych konstrukénich prvk{
obsahujicich minimalné sto letokruhd. Oproti obvyklému postupu je
z datovaného prvku odebrano nékolik vzorkl pro datovani **C. Vzorky jsou
odebirany z presné dendrochronologicky urcenych mist. Kazdou ziskanou
radiouhlikovou dataci lze tedy relativné umistit na casové ose. Takto
vznikld kalibracni kfivka je poté synchronizovana s absolutni datovanou
kalibracni kfivkou. Pfesnost datace je zavisld na mire variability daného
Useku kalibra¢ni ktivky, ale oproti klasické radiouhlikové dataci je
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dosazeno fadové nizSich nejistot. V nékterych pFipadech chyba
nepresahuje pét let.

Pouziti existujicich standardnich chronologii pro blizkd GUzemi je mozné
pouze v omezeném rozsahu. To plati zejména v pripadé obdobi, ve
kterych jsou i tyto standardy pomérné malo reprezentativni (Bailie 1995).
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Paper VI

Archeologické vyzkumy v jiznich Cechach 19: 219-223, 2006

DENDROCHRONOLOGICKA ANALYZA DREVENYCH KONSTRUKCI
TVRZE V ZANIKLE OBCI BYSOV / DENDROCHRONOLOGICAL
ANALYSES OF TIMBER CONSTRUCTION OF THE FORT IN
ABANDONED VILLAGE BYSOV / DENDROCHRONOLOGISCHE
ANALYSE DER HOLZKONSTRUKTIONEN IN DER FESTE BEIM
UNTERGEGANGENEN DORF BYSOV

Tomas Kolar - Alzbéta Cejkova

Abstrakt

Pro dendrochronologickou analyzu dfevénych konstrukci tvrze v BySové bylo odebrano
osm vzorkd z krovu, sedm vzorkd ze stropl a t¥i vzorky z ledeni tvrze. Jeden vzorek byl
odebran ze zarubné okna prilehlé hospodaiské budovy. U vSech vzorkd byl uréen druh
dfeva. Determinace byla provedena pomoci béZznych xylotomickych metod
(Schweingruber 1978). Datace ziskanych letokruhovych fad byla provedena v programu
PAST32 s vyuZitim s standardnich chronologii pro Ceskou republiku a regionalnich
chronologii pro Netolickou oblast v PoSumavi.

Eight samples from a roof frame, seven samples from ceiling beams and three samples
from scaffolding were collected for dendrochronological analyses of timber construction
of the fort in an abandoned village BySov. One sample originated from a window frame
of a near farm building. The roof of the fort was built of pine wood in the first half of the
17 Century. Ceiling beams construction were made of oak wood and were also dated to
the same time period. The cross dating of the tree ring series were made by the
software PAST32 using master chronologies for the Czech Republic and regional
chronologies for Netolice region.

Im Zusammenhang mit den Untersuchungen an der Feste in BySov (vgl. den Artikel von
P. Sida und O. Chvojka in diesem Band) wurde auch eine dendrochronologische Analyse
der Holzkonstruktionen durchgefiihrt: acht Proben vom Dachstuhl (alle aus Eiche),
sieben von den Decken (alle aus Kiefer) und drei vom Gerust (2x Erle und 1x Eiche). Die
Baume flr Dachstuhl und Decken der Feste wurden alle in den Jahren 1634/1635
und/oder 1636/1637 gefdllt. Die beiden Erlenproben vom Gerist brachten keine
Ergebnisse, die Probe der Eiche lieferte dagegen einen letzten Jahrring von 1434; wegen
der unvollsténdigen Erhaltung dieser Probe kdnnen wir jedoch die Fallung des Baumes
und damit auch die Datierung der Errichtung der Feste erst nach der Mitte des 15. Jhs.
annehmen.

Deutsch von O. Chvoika
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1. Ovod

Cilem dendrochronologického datovani difevénych prvkl z tvrze v BySové
byla pfesna datace jednotlivych prvkd difevénych konstrukci. PFi moZnosti
spolehlivé synchronizace letokruhovych Fad ziskanych z odebranych
vzorkd s absolutné datovanou standardni letokruhovou chronologii je
vysledkem absolutni datovani jednotlivych letokruhl zkoumanych
dievénych prvkl. Pokud je zjist&n podkorni letokruh, pak je jeho datace
rokem skaceni stromu pouzitého ke zhotoveni prvku. Rok smyceni stromu
ovSsem nemusi byt totozny s rokem vystavby objektu, protoze je treba
pripocist dobu potfebnou pro opracovani a suseni dreva.

2. Zpracovany material

Pro dendrochronologickou analyzu bylo odebrédno 8 vzorkl z krovu,
7 vzorky ze stropll a 3 vzorky z leSeni tvrze. Jeden vzorek byl odebrén ze
zarubné okna prilehlé budovy. U vSech vzork( byl uréen druh dreva.
Determinace byla provedena pomoci béznych xylotomickych metod
(Schweingruber 1978). Sedm vzorkd ze stropnich trdmi bylo dubovych
(Quercus sp.), osm vzork{ z trdm{ krovu bylo borovych (Pinus sylvestris),
dva vzorky leseni byly z olSe (Alnus glutinosa) a jeden z dubu (Quercus
sp.); zaruben okna sousedni budovy byla také z dubového dfeva. 0lSové
vzorky ze zazdéného leSeni tvrze nebylo mozné dendrochronologicky
zpracovat, divodem bylo pfedevéim jejich znaéné poskozeni.

3. Metoda dendrochronologického zpracovani

Pro vlastni dendrochronologickou analyzu bylo pouzito standardnich metod
(napfiklad: Cook et Kairiukstis 1990). Tyto metody zahrnuji:

a) méFeni &ifek letokruhl

b) relativni synchronizaci jednotlivych zpracovanych prvkd v réamci objektu
c) pokus o absolutni dendrochronologické datovani

Ad a) méfeni &itek letokruhl bylo provedeno pomoci méfici lavice
TimeTable s odecditacim zafizenim ParSer 1.3 (Sciem). Data byla
zaznamenavéna v programu Past32 (Knibbe 2003). Sitky letokruhl byly
zméreny s presnosti na 0,01mm.

Ad b) letokruhové kFivky jednotlivych vzorkl byly navzajem porovnany, ze
synchronnich kfivek byla vytvoFena primé&rna letokruhova kfivka.

Ad c) primérnd letokruhovd kfivka byla porovndna s absolutné
datovanymi standardnimi chronologiemi (pfifazeni presného letopoctu).

4. Pouzité standardni chronologie a srovnavaci letokruhové
Fady

Pro absolutni dendrochronologické datovani byly pouzity standardni
chronologie pro Ceskou republiku - dub-CR0O7, borovice-Cechy2003
a borovice—éR, sestavené T. Kynclem a regionalni standardy NTqusp05-sta
a NTpisy05-sta sestavené T. Koladifem a A. Cejkovou.
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5. Vysledky

5.1 Relativni synchronizace

Véechny vzorky odebrané ze stropnich trami byly z dubového dieva.
U vétsSiny z nich bylo nalezeno bélové dievo. Vzorky L0283-4 a L0286-9
vykazuji vysokou vzajemnou shodu. Z jejich primérd byla vytvorena
chronologie BYqusp. U wvzorku L0285 bylo mozno najit pouze
pravdépodobnou synchronni polohu s ostatnimi letokruhovymi Fadami,
proto nebyl do chronologie BYqusp zafazen. Letokruhové Fady dubovych
vzorkd L0292 ze zadrubné okna hospodéiské budovy pFiléhajici k tvrzi
a vzorku L0550 zleSeni tvrze nebylo mozné synchronizovat s zadnou
letokruhovou tadou ani s pridmérnou chronologii BYqusp. Borové vzorky
L0275 a L0211-9 z krovu tvrze bylo mozné vzajemné synchronizovat
v primé&rnou Fadu BYpisy. U ostatnich borovych vzorkd nebyla jejich
vzajemna synchronizace mozna.

Cislo Standardni chronologie

Tabulka 1. Korelace vytvorenych
letokruhovych fad se standardnimi

vzorku Dub-CR07 borovice-Cechy2003

chronologiemi dub-CRO7 a borovice-
Cechy2003. Je udadna hodnota

L0275 0,4845 korela¢niho koeficientu. / Tabelle 1.
L0277 0,6682 Korrelation der gemessenen Jahrring-
L0278 0,4106 kurven mit den Standard-chronologien
L0279 0,5114 Eiche-CR07 und Kiefer-B6hmen2003.
L0283 0,5757

L0284 0,6313

L0285 0,3315

L0286 0,5947

L0287 0,5395

L0288 0,5123

L0289 0,4409

L0550 0,4566

BYpisy 0,6648

BYqusp 0,7140

5.2 Absolutni datovani

Pokus o absolutni dendrochronologické datovani pomoci standardni
chronologie dub-CR07 ved! k nalezeni spolehlivé synchronni polohy pro
primérnou fadu BYqusp, chronologie byla datovéna do let 1443-1635.
Samostatnou letokruhovou radu L0285 bylo mozné spolehlivé datovat do
let 1489-1612. Pro samostatnou letokruhovou Fadu L0550 (leseni) bylo
mozné nalézt pouze pravdépodobnou synchronni polohu (1379-1434), coz
je pravd&podobné zplsobeno relativné malym pocétem letokruhd daného
vzorku. Samostatnou letokruhovou fadu L0290 (zaruben okna sousedni
hospodarské stavby) nebylo mozné absolutné datovat. Primérnou
chronologii BYpisy se podafilo pomoci standardni chronologie borovice-
Cechy2003 absolutné datovat do let 1486-1633. Zadnou samostatnou
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letokruhovou fadu z krovu tvrze nebylo mozné absolutné datovat. Na
obrazcich & 1 aZ 3 jsou porovnany pribé&hy ziskanych chronologii se
standardnimi chronologiemi. Velmi dobfe je patrnd shoda ve vétsSiné
lokalnich minim. V tabulce ¢. 1 jsou uvedeny korelacni koeficienty
jednotlivych letokruhovych Fad a standardnich chronologii.

1434

index

dub-CRO7

T T T T T T T T T T T
1380 1385 1390 1395 1400 1405 1410 1415 1420 1425 1430

rok
Obr. 1. Porovnani vytvorené letokruhové kfivky se standardni chronologii dub-CRO7.
Méfitko na ose y je relativni indexovana sifka letokruhu; vytvorena letokruhova kfivka je

posunuta smérem nahoru. / Abb. 1. Vergleich der gemessenen Jahrringkurve mit der
Standardchronologie Eiche-CRO7.

1635

BYqusp

PO by MR AR g A N

dub-CRO7 4

index

1450 1475 1500 1525 1550 1575 1600 1625
rok

Obr 2. Porovnani vytvofenych letokruhovych kfivek se standardni chronologii dub-CRO7.
Méfitko na ose y je relativni indexovana Sifka letokruhu; vytvorena letokruhova kfivka je
posunuta smérem nahoru. / Abb. 2. Vergleich den gemessenen Jahrringkurven mit der
Standardchronologie Eiche-CR07.
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1633

BYpisy

index

borovice-Cechy2003

T T T T T T T T T T T T T T T
1480 1490 1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 1610 1620 1630

rok

Obr. 3. Porovnani vytvorené letokruhové kfivky se standardni chronologii borovice-
Cechy2003. MéFitko na ose y je relativni indexovana $itka letokruhu; vytvorend
letokruhova krivka je posunuta smérem nahoru. / Abb. 3. Vergleich der gemessenen
Jahrringkurve mit der Standardchronologie Kiefer-Béhmen 2003.

Tabulka 2 . Ve sloupci ,Datum smyceni® jsou uvedeny datace skaceni jednotlivych
strom@ (napt. 1636/1637 - strom kaceny v zimé& na prelomu let 1636 a 1637; 1636-
strom kaceny v pribéhu vegetacni sezény roku 1636); ,+" oznacuje stromy bez
podkoniho letokruhu; ,?" pravdé&podobné datace. Ve sloupci ,Polet bé&lovych letokruhd®
oznacuje ,+, za cislem mozZnost presného urceni poctu chybéjicich ¢i poskozenych
bé&lovych letokruh. / Tabelle 2. Ubersicht der Dendro-Proben aus By$ov.

Cislo Druh Pocet bélovych Délka letokruhové iady Datum
vzorku letokruhii zmérena/celkova smyceni
L0275 borovice 148/151 1636
L0276 borovice 26/27
L0277 borovice 98 1588/1589+
L0278 borovice 109 1608/09+
L0279 borovice 106 1595/96+
L0280 borovice 59/60
L0281 borovice 23
L0282 borovice 32/33
L0283 dub 13 167/190 1636/37
L0284 dub 5+ 173 1615/16+
L0285 dub 14+ 124 1612/13+
L0286 dub 4+ 150 1623/24+
L0287 dub 9+ 137/146 1628/29+
L0288 dub ? 136/137 1635/36
L0289 dub 19 165/166 1636/37
L0292 dub 6+ 131
L0550 dub 0 56 21434+
Primérna Délka chronologie Rozsah
chronologie chronologie
BYpisy 148 1443-1635
BYqusp 193 1486-1633
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5.3 Datovani podkornich letokruhi
Podkorni letokruh datujici kaceni pouzitych stromd byl zachovén na
vzorcich L0275-6, L0280, L0282-3 a L0288-9.

VSechny dubové vzorky s vyjimkou L0288 a L0550 mély zachované bélové
letokruhy; zpravidla vSak byly natolik poSkozené od hmyzu, Ze je nebylo
mozné spocitat. V takovém pripadé je v tabulce uvedeno ,+" za jejich
potem a se vzorkem je naddle pocitdno jako by nemél zachovany
podkorni letokruh, ackoliv ve skute¢nosti mohl byt tento pfitomen.
V podminkach Ceské republiky se pocet bélovych letokruhl dospélych
stroml zpravidla pohybuje v rozmezi 11-22let. Dataci podkorniho
letokruhu tak lze alespor odhadnout. Zajimavym se jevi vzorek L0288,
u kterého nebyly bélové letokruhy prakticky odlisitelné od ostatnich.
Datace poslednich letokruhl i pozorovani pfi odbé&ru vdak naznacuji, ze
u n& byl zachovan podkorni letokruh s dataci z pfelomu rokl 1634
a 1635.

Vzorek L0550 ze zazdéného leSeni nemél pfitomny podkorni letokruh.
Vlivem vnéjéich podminek doslo také k destrukci vech bé&lovych letokruhl
a mozna nékolika daldich. Z tohoto ddvodu proto neni mozné presné urcit
datum skaceni pouzitého stromu. Vzhledem k jeho stafi a vyuziti
v konstrukci je mozné predpokladat Ze, chybi pouze nékolik malo desitek
letokruhl. Se znadnou davkou opatrnosti je tedy mozné fici, Ze ke
smyceni stromu doslo ve druhé poloviné 15. stoleti.

Vzorek L0275 ma posledni vytvoreny letokruh v roce 1636; strom byl
pokacen ve vegetacnim obdobi. Vzorky L0283 a L0289 maji posledni
letokruh vytvoreny roku 1636, vzorek L0288 roku 1635; letokruhy jsou
celé, stromy byly skaceny v dobé& vegetaéniho klidu na pfelomu rokl 1636
a 1637.

Detailni popis charakteristik a dataci jednotlivych vzork( i ziskanych
prdmérnych chronologii je obsazen v tabulce €. 2.

6. Zavér

Tvrz méa krov stfechy postaven z borového dieva stromd kacenych v prvni
poloviné 17. stoleti, jediny zachovany podkorni letokruh je datovan do
roku 1636. Na konstrukci stropnich trdm{ bylo pouzito dubového dfeva ze
strom( skacenych na pfelomu let 1634 a 1635, respektive 1636 a 1637.
U vétdiny vzorkd neni mozné datum smyceni pfesné uréit vzhledem
k poskozeni bélového dreva. Jelikoz je vSak toto zachovano, Ize dataci
priblizné odhadnout na stejné obdobi, jako je tomu u vzorkd se
zachovalym podkornim letokruhem. Ze zazdéného leSeni bylo mozné
dendrochronologicky zpracovat pouze dubovy vzorek L0550, pro ktery
bylo mozné nalézt pouze pravdépodobnou synchronni polohu s dataci
posledniho letokruhu do roku 1434. Datum smyceni neni mozné s jistotou
urit vzhledem k nepfitomnosti podkorniho bé&lovych letokruhd.
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Paper VII

Sbornik referatd konference Jedle bé&lokord 2005 (European Silver fir - 2005)
CZU FLE katedra péstovani lest a sprava NP a CHKO Sumava: 207-211, 2005

VYUZITI JEDLOVEHO DREVA V DREVENYCH KONSTRUKCICH
HISTORICKYCH STAVEB / UTILIZATION OF FIR WOOD IN
HISTORICAL TIMBER CONSTRUCTIONS

Tomas KolaF - Tomas Kyncl - Alzbéta Cejkova

Abstract

We used dendrochronological and xylotomical methods for a comparison of wood
samples from historical buildings of two regions from Sumava Mountains and their
foothills (Netolice region in the elevation between 400 and 700 m; Vimperk region in the
elevation between 600 and 1 000 m). Samples from wooden constructions were
determined, measured and cross-dated. Species composition of samples and changes in
this composition in time were described. Mean sensitivity of samples were compared to
find differences between the regions.
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Uvod

Jedle v minulosti patfila mezi nejcastéji vyuzivané dreviny pro stavbu
dfevénych konstrukci. Casto je tato skutecnost vysvétlovana jeji vyssi
odolnosti v¢i vihkosti (SkABRADA 1999). Novéjsi vyzkumy vsak naznacuji,
ze velké zastoupeni jedle v historickych konstrukcich je dano predevsim
jeji snadnou dostupnosti v relativné blizkém okoli v prib&hu stavby
(SKABRADA et KYNCL 2004; KOLAR 2004). Zatim vsak nebyl dostate¢né
popsan vztah mezi dostupnosti drfevéného materidlu, jeho kvalitou
a vyuzivanim v historickych diev&nych konstrukcich. Z tohoto divodu ma
nékolik dendrochronologickych vyzkuml provadénych v Ceské republice
mezi svymi cily také prozkoumani vztahu mezi pouzivanym materidlem,
zdrojovou oblasti materidlu a pravdépodobnym druhovym slozenim lesnich
porostu v okoli ¢i zdrojové oblasti.

Zkoumané Guzemi

Pro studii byly zvoleny dvé relativné homogenni oblasti z Sumavy a jejiho
podhlfi. Vybé&r byl veden snahou o zachyceni zmén ve stavebnim
materidlu dievénych konstrukci v oblasti Sumavy a jejiho podhlfi. Obé
oblasti maji odliSnou historii lidského osidleni a rozdilné pfirodni poméry.
BohuZel nebylo mozné umistit tieti lokalitu do vrcholovych partii Sumavy,
jelikoz nebyla zatim nalezena homogenni oblast s dostate€nym mnozstvim
staveb ¢i jinych historickych dfevénych konstrukci.

Netolickad oblast - nizké polohy

Jedna se o Sirsi okoli Netolic, oblast zahrnuje také Prachatice a Vlachovo
Bfezi. Prevazna vétsina vybrané oblasti podhlii leZi v rozmezi
nadmoftskych vysek 400 - 700 m n. m. Klima je mirné teplé s prdmé&rnymi
teplotami kolem 7,5 °C a mnozstvim srazek kolem 550mm (QUITT 1971,
CULEK 1996). Uzemi nélezi do mezofytika, jako potencidlni pfirozena
vegetace jsou rekonstruovany prevazné acido-filni doubravy (Luzulo
albidae-Quercetum petraeae, Abieti-Quercetum) se znacnym zastoupenim
jedle. Ve vyssSich polohach Gzemi jsou rekonstruovany buciny, na chudych
substratech asociace Luzulo-Fage-tum prechazejici az v jedliny
(Deschampsio flexuosae-Abietetum), na bohatSich substratech pak
kvétnaté buciny asociace Dentario eneaphylli-Fagetum (NEUHAUSLOVA 1998,
CULEK 1996).

Nejstarsi dochované doklady o osidleni prvnimi zemédélci (kultura
s linearni keramikou) jsou datovany do patého tisicileti pf. n. I. Trvalejsi
osidleni krajiny Clovékem vznika pravdépodobné v dobé bronzové, kdy je
mozno hledat pocatek vyraznéjsiho ovlivnéni lesnich spolecenstev
v disledku zemé&d&lské ¢innosti a jinych doprovodnych aktivit v okoli
lidskych sidlist. V laténské dobé se pravdépodobné formuje loukafeni, coz
je vyznamny faktor ovliviiujici krajinu (diky senu nebyla tak vysoka
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potfeba letniny). K vyrazné zméné krajiny, ktera ovlivnila také lesni
spoleCenstva, dochazi ve vrcholném stfedovéku (13. - 15. stoleti).
V souvislosti se zakladanim novych vesnic a se zménou charakteru
stavajicich sidelnich jednotek dochazi k vyraznému odlesfiovani krajiny.
Koncem 17. a pfedevsim v pribé&hu 18. stoleti roste tlak na lesy a dochazi
k nejvétsi exploataci lesnich systémd v historii oblasti. V 19. stoleti je
zavedeno planované lesni hospodarstvi, které vedlo ke vzniku jehli¢natych
monokulturnich porostd.

Vimperska oblast - stfedni polohy

Jedna se predevsim o Vimperk, Stachy a jejich okoli. Nadmorské vysky ve
vybrané oblasti se pohybuji prevazné v rozmezi 600 - 1 000 m n. m.
Klima je chladné s primérnymi teplotami kolem 5,5°C a mnoZstvim
srazek kolem 800 mm (QuITT 1971, CuLek 1996). Uzemi lezi na hranicich
mezofytika, jako potenciadlni pfirozend vegetace jsou rekonstruovany
prevazné kvétnaté budiny asociace Dentario eneaphylli-Fagetum, misty
v kombinaci s zindavovymi jedlinami (Saniculo europaeae-Abie-tetum), na
chudych substratech jsou rekonstruovany kyselé buciny asociace Luzulo-
Fagetum prechazejici v kyselé jedliny asociace Deschampsio flexuosae-
Abietetum. V nejvysSich polohach Uzemi jsou potencialni pFirozenou
vegetaci smrkové buciny (Calamagrostio villosae-Fagetum) a podmacené
rohozcové a raselinné smréiny (Mastigobryo-Piceetum, resp. Sphagno-
Piceetum) (NEUHAUSLOVA 1998, CULEK 1996).

Prvni doklady o osidleni vimperské oblasti pochazeji z mladsi doby bronzové
(prelom 2. a 1. tisicileti pf. n.l.), neni vSak vylou¢eno ani predchozi
ovlivnéni krajiny ¢lovékem. Z okrajovych Casti oblasti je doloZzeno pomérné
znacné osidleni z laténské doby, Ize proto predpokladat také vliv Clovéka
na okolni krajinu (odlesnéni, zména druhové skladby lesnich porostd,
zakladani poli, pastvin a pravdépodobné jiz také luk). V prib&hu 14. a 15.
stoleti doch&zi v souvislosti se sklaFskou vyrobou k narlistu poctu obyvatel
a predev&im k exploataci lesnich porostl. Od 17. stoleti dochazi v disledku
nedostatku drevni hmoty v oblasti k Utlumu sklarské cinnosti a jejimu
presunu do vy$dich poloh Sumavy. Na misté vytéZenych lesi vznikaji
louky a pastviny. DUsledky zati¥eni lesa pastvou je mozné nalézt v okoli
Stach dodnes (naptiklad casty vyskyt jalovce - Juniperus communis).

Vysledky

V netolické oblasti byly odebrény a datovany vzorky z osmi objektl. Ve
vimperské oblasti byly pofizeny a datovany vzorky ze sedmi objektd.
Celkem bylo odebrano 107 vzork( v netolické oblasti a 132 v oblasti
vimperské. V netolické oblasti bylo determinovano 35 (tzn. 32,7%
z celkového poctu) jedlovych vzorkl, s vyjimkou &yF se podafilo viechny
datovat. Ve vimperské oblasti bylo zaznamenano pouze 19 (14,4%)
jedlovych vzorkd, datace byla Uspé&3né provedena u dvanacti z nich.

100



Druhového sloZeni pouzitého materialu

V netolické oblasti byly k dfevénym konstrukcim pouzivany vsSechny cCtyfi
zakladni stavebni dreviny, tj. smrk ztepily (Picea abies), jedle bélokora
(Abies alba), borovice lesni (Pinus sylvestris) a dub (Quercus sp.). Od 15.
do pocatku 18. stoleti byly dominantnimi stavebnimi dfevinami smrk
a jedle, kterd ale byla od prvni poloviny 18. stoleti nahrazena borovici.
Ojedinéle vSak byla pouzivana i pozdéji. Smrk se v konstrukcich vyskytuje
pribé&zné od konce 15. az do 19. stoleti, kdy se zvé&tSuje jeho podil na
stavbach pravdépodobné v souvislosti s jeho intenzivnim zavadénim do
lesnich kultur. Borovice se v konstrukcich poprvé objevuje na prelomu 17.
a 18. stoleti a od prvni poloviny 18. stoleti se stava dominantni stavebni
drevinou, pozdéji ve stavebnim materidlu ustupuje smrku.

Ve vimperské oblasti je dominantni stavebni dfevinou smrk. Jedlové prvky
se vyskytuji pfedevsim ve vétsSich stavbach, pouze sporadicky v menSich
stavbach lidové architektury. Dub byl pouzit ke konstrukci hradni brany.
Borovice nebyla nalezena vibec. Vzhledem k malému poctu datovatelnych
vzorkd (predev&im smrkovych) neni mozné pro vimperskou oblast
identifikovat trendy ve zménach druhového slozeni materidlu pouzitého ke
stavbé konstrukci. Zmény v netolické oblasti shrnuje obr. ¢.1.

m ABAL
14 1 m PCAB
121 PISY
10 4

OQUSP

% TI I J-l | . ‘ L

1450 1500 1550 1600 1650 1700 1750 1800 1850

pocet vzorki

rok

Obrézek 1. NETOLICKA OBLAST - zména druhového sloZeni materidlu pouzitého
na konstrukce staveb; ABAL - Abies alba, PCAB - Picea abies, PISY - Pinus sylvestris,
QUSP - Quercus sp. /Figure 1. The Netolicko region — changes in species composition of
timber used for constructions of historical buildings.

Srovnani primérné citlivosti

U vzorkl z obou oblasti byla spo¢tena priimérna citlivost. Ta je vyjadiena
jako podil absolutniho rozdilu $ifek sousednich letokruhl a priméru téchto
dvou letokruh(. Zjednodudené Ize Fici, Ze vysokou primérnou citlivost maji
stromy na stanovistich, kterd pro n& nejsou pfizniva, naopak pfi ristu
v optimalnich podminkach je prdmérna citlivost mald (FRIiTTs 1976). Pro
porovnani primérnych citlivosti vzorkl z obou oblasti byl pouzit
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dvouvybérovy t-test. Nebyl nalezen statisticky prikazny rozdil v prdmérné
citlivosti mezi jedlovymi vzorky z netolické a vimperské oblasti. Vysledky
reprezentuji obr. 2 a tab. ¢. 1.

Tabulka 1. Srovnani primérné citlivosti jednotlivych druhti z netolické a vimperské oblasti.
Testovano dvouvybérovym t-testem, udana hodnota testovaciho kritéria (t) a dosazena
hladina vyznamnosti (p). / Table 1. Comparison of mean sensitivity of fir and spruce
samples from Netolicko and Vimpersko regions; t Test (t), significance level (p).

Dfevina t P
jedle bélokora (Abies alba) 0,271 0,788
smrk ztepily (Picea abies) 9,350 < 0,010
jedle
0,25
0,24 1
0,23
3 022 ]
£ 021
£
= 0,20
0,19 e
& Pramér
=1 25-75%
_T_ Min-Max
0,18

NETOLICKA OBLAST .
VIMPERSKA OBLAST

Obrazek 2. Porovnani primérné citlivosti (vynesena na ose y) vzorkl jedle z netolické a
vimperské oblasti / Figure 2. Comparison of mean sensitivity (on y axis) of fir samples from
Netolicko and Vimpersko regions.

Diskuze

Jedle je dfevina s uniformnim charakterem standardnich chronologii, které
si jsou vzajemné podobné na velkych Gzemich, pro celou oblast stfedni
Evropy je mozné pouzivat k datovani Stredoevropskou standardni
chronologii jedle (BECKER et GIERTz-SIEBENLIST 1970). Tato vlastnost je
zalozena na jejim vyskytu, ktery je omezen prevazné na horské
a podhorské oblasti s oceanickym az mirnym klimatem (BECKER 1978). Ze
stejného dlvodu pravdépodobné vykazuji jedlové vzorky z vimperské
a netolické oblasti podobné hodnoty primérné citlivosti, jelikoz jedle
neroste ani v jednom z téchto Uzemi v pro ni nepfiznivych ekologicky
podminkach.

Malé mnozstvi odebraného a datovaného materidlu neumoziiuje vyvozeni
definitivnich zavérl. Pfesto vdak data z netolické oblasti ukazuji na jisté
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trendy v druhovém slozeni dfeva pouzitého na stavby. Hlavnimi difevinami
pouzivanymi na drevéné konstrukce v pribéhu stfedovéku a v raném
novovéku byly smrk a jedle. Tato situace se méni na prelomu 17. a 18.
stoleti, kdy jedle ze staveb prakticky mizi a jeji misto zaujima borovice,
tvorici v té dobé dominantni pouzivanou drevinu. To je zajimavé predevsim
pti srovnani s Ceskobudéjovickou panvi. Hlavni dievinou ve stavebnim
materidlu v okoli C. Budé&jovic je borovice, jedle se vyskytuje spise
sporadicky (SKABRADA et KYNCL 2004). Také v materidlu plaveném
pravdépodobné z jiznich Cech po Vitavé, ktery byl pouZivan na stavby
v Praze, prevazuji ve stfedovéku borové prvky, od konce stfedovéku je
naopak pouZivdno materidlu jedlového a smrkového (SkABRADA et KYNCL
2004). Situace je tedy presné opacna nez na Netolicku. Autofi zminéné
studie nastifiuji mozné vysvétleni jako zménu v oblasti, z niz dfevo
pochazelo. Vzhledem ke skutecnosti, Ze do druhé poloviny 17. stoleti neni
v archivnich zdznamech doloZena vyrazné&j&i zmé&na regiont, ze kterych
bylo dfevo ziskavano, musel by se sledovany proces zmény druhové
skladby odehrdt v ramci stejného Uzemi. Hypoteticky tedy mohlo jit
o postupny presun tézby do  vysSich nadmorskych vysek
a vzdalenéjsich lokalit od splavnych fek (predevsim Vitavy, Luznice, Otavy
a Berounky), kde se smrk a jedle vyskytuji ¢astéji.

V netolické oblasti je vSak situace opacna, a proto je nutné pro ni najit jiné
vysvétleni. Jistym voditkem by mohla byt zmé&na ve skladbé lesa v podhii
Sumavy, kterou Malek (MALEK 1979) odvozuje z archivnich pramend.
V prib&hu 18. a 19. stoleti m& dochazet k Ubytku jedle a vyraznému
narlstu zastoupeni borovice v lesnich porostech. Jako pravdépodobny
dlvod uvadi Malek prilisné vyuzivani lesd k pastvé, hrabani steliva a tézbé
drevni hmoty. Jedle je sice pastvou podporovana dfevina (MALEK 1983;
PokorRNY 2002), avsak kdyz je vliv pastvy prilis velky, pfipadné dochazi
k daldim negativnim vlivim na lesni spoleenstva, je nahrazena v nizsich
polohdach borovici a ve vysSich smrkem (MALEK 1979). Na podobny vyvoj
poukazuji také palynologické studie (RyBNiCKOVA 1973), u kterych vsak
chybi datovani zmén druhového spektra pylovych zrn pomoci exaktni
metody (napfiklad AMS radiokarbonova metoda).

V pribé&hu 19. stoleti se zvySuje mnoZstvi pouZitého smrkového materialu
a naopak klesd podil borovice. Tuto skutecnost lze vysvétlit nastupem
novych lesnickych metod a péstovanim smrkovych monokultur od prelomu
18. a 19. stoleti, ackoliv borovice tvofila vyznamnou slozku lesnich
porostl zaklddanych v té dobé v netolické oblasti (MALEK 1979).

Vzhledem ke skutecnosti, 7e se podafilo datovat pouze velmi malé
mnozstvi vzorkd z vimperské oblasti, neni mozné spolehlivé identifikovat
jakoukoliv zménu v druhové skladbé drfeva pouzivaného ke stavbam.
Prekvapenim byl celkové nizky vyskyt jedle ve vzorcich z Vimperska,
zvlasté pak takrka absence v konstrukcich lidovych staveb vcéetné jejich
roubeni, v kterém by podle nékterych autori méla byt hlavni pouZivanou
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direvinou (SKABRADA 1999). Jedle byla ve vét$im mnoZstvi nalezena pouze
ve velkych stavbach z Vimperka (kostel a hrad). Ackoliv se roubena
staveni nepodafilo datovat, je pravdépodobné, ze byla postavena nejdrive
koncem 18. stoleti. Maly podil jedlovych prvkl v jejich konstrukcich je
tedy mozné vysvétlit podobné jako u staveb v netolické oblasti. Také pro
stfedni polohy Sumavy uvadi Rybnic¢kova (RyBNiCKovA 1973) pokles kfivky
jedle v prib&hu mladsiho subatlantiku (od 13. stoleti n. I., POKORNY 1999).
Okoli Stach bylo osidleno nejpozdé&ji v 15. stoleti, dlleZitou slozkou obZivy
obyvatelstva v téchto polohdch byla vzdy pastva, jejiz vliv na okolni
porosty je dodnes patrny (lesy s borovici lesni a jalovcem obecnym -
Juniperus communis). Vliv lidskych zésahl na lesni porosty byl
pravdépodobné& natolik veliky, Ze jedli z porostl do znaéné miry
eliminoval. Okoli obce bylo v minulosti mnohem vice odlesnéno, od
poloviny 18. stoleti dochazi k opousténi nékterych pastvin, na jejichz
misto expanduji dfeviny, pfedevsSim smrk a borovice. Rozvolnéné porosty
jsou vsak dale extensivné vyuZivany k pastvé (ALBRECHT 2003). Plvodu
dfeva z pastevnich lesi nasvédéuje také velké mnozstvi rlstovych zmén,
které jsou patrné na letokruhovych krivkach.

Zaveér

Analyza primé&rné citlivosti neodhalila prikazny rozdil mezi vzorky
z vimperské a netolické oblasti. Potvrdil se tak uniformni charakter
letokruhovych Ffad jedlového materidlu. Naopak procentudlni zastoupeni
jedlového dreva je v netolické oblasti vice nez dvounasobny oproti oblasti
vimperské. Tato skute¢nost mlZe byt zapti¢inéna rozdilnym charakterem
a predevdim stafim zkoumanych staveb. Z vysledkl studie Ize
pravdépodobné usuzovat, e v oblasti Sumavy a jejiho podhdfi byl
vyuzivan nejdostupnéjsSi mistni materidl a pfi stavbach nebyly nékteré
drfeviny vyznamné preferovany. Nepotvrdil se tak pfedpoklad prednostniho
pouzivani jedlového dreva kvili jeho vy3&i odolnosti va&i vihkosti.
Zajimavym vysledkem studie je, ze zmé&ny v druhovém sloZeni porostl se
do zna¢né miry odrézeji v druhovém slozeni materialu pouzitého ke stavbé
konstrukci. Tento vysledek je vSak nutné potvrdit dalSim vyzkumem,
jelikoz zatim bylo sebrano malé mnozstvi dat, z nichz neni mozné
vyvozovat jednoznacné zavéry.
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XYLOTOMIC AND DENDROCHRONOLOGICAL ANALYSES 1IN
ARCHAEOLOGY: CHANGES IN THE COMPOSITION TYPE OF
WOOD IN PRAGUE ANID IN SOUTHERN BOHEMIA

Jaromir Bene$ / Tomas Kolar / Alzbéta Cejkova

Abstrakt

Xylotomické a dendrochronologické analyzy v archeologii: zmény druhové skladby dfeva
ve stfedovéké Praze a v jihoceské oblasti ur¢ovanim druhu dfeva z predmétl a objektd
z archeologickych situaci mé nejrlzn&jéi vyuZiti. Z perspektivy archeologie je dlleZité
uréeni druhu dfeva u artefaktu, determinace konstrukcnich dfev a sledovani druhové
skladby dfev v archeologickém souboru. Archeologicky prizkum v Praze v ulici Na
Pfikopé pfinesl cenny materidl. Ve sledovaném souboru nespalenych dfev ze
staroméstskych prikopl dominovaly jehli¢nany, zejména jedle. Velmi malo je mezi
nespalenym dfevem zastoupeno dfevo smrku, coZ je dobfe odrazi mensi frekvenci
pouzivani tohoto dfeva na Uzemi Prahy ve stfedovéku. Z diev listnatych stromd
dominuje mezi nespalenymi fragmenty dfevo dubu. Zdrojovou oblasti dfevin byly
rozsahlé prirozené doubravy stiednich jiznich a zapadnich Cech. Do Prahy se plavilo dfivi
z povodi Luznice, Otavy a Berounky, tedy vitavskou cestou. Rozdily v dominantnim
zastoupeni nespalenych fragmentd borovice a jedle jsou zfejmé dany lokalnimi d@vody,
zastoupeni smrkového dfeva odpovida obecnym ekologickym pomértim v tehdejsi dobé,
kdy se tato dfevina vyskytovala spiSe ve vyssich vegetacnich pasmech a ve specifickych
nizinnych biotopech, coz se odrazilo i v objemech smrkového dieva, dopraveného do
hlavniho mésta voroplavbou. Dendrochronologie miize poskytnout fadu Gdajé dllezitych
pro pochopeni vlivu ¢lovéka na vyvoj prirodnich pomérd v jedné z potencidlnich
zdrojovych oblasti dieva pro stfedovékou Prahu - netolického regionu v podh{ii
Sumavy. Hlavnimi dfevinami zde pouzivanych na drfevéné konstrukce v pribéhu
stfedovéku a v raném novovéku byly smrk a jedle. Tato situace se méni na prelomu 17.
a 18. stoleti, kdy jedle ze staveb prakticky mizi a jeji misto zaujima borovice. Voditko
pro vysvétleni této skute¢nosti by mohla byt zména ve skladbé lesa v podhlF Sumavy.
V prib&hu 19. stoleti se zvySuje mnozstvi pouZitého smrkového materidlu a naopak
klesa podil borovice. Tuto skuteCnost Ize vysvétlit ndastupem novych lesnickych metod
a péstovanim smrkovych monokultur od prelomu 18. a 19. stoleti. Porovnanim
dosazenych vysledkd analyz nespélenych diev z 13. a 14. stoleti z prazskych nalezist
a dendrochronologickych dat z mladéich obdobi jiznich Cech dojdeme ke zjiéténi, Ze obé
metody jsou schopny zachytit sortiment drev. Tato skladba dfeva je sice zatiZzena lokalni
preferenci femesinik( a daldich spotfebitell, do zna¢né miry vdak odrazi vegetacné
ekologické moznosti zdrojového Gzemi, tedy i jiznich Cech. Na piikladu zmén sortimentu
konstrukcnich dfev z netolické oblasti Ize na druhou stranu pozorovat i dlouhodobé
trendy, odrazejici lokalni proménu druhové skladby stromového patra vegetace a tim i
potencial transportu do Prahy. Propojeni xylotomickych analyz z archeologickych lokalit
a dendrochronologickysch dat z historickych konstrukci a Zivé pfirody je mozné a prinasi
uzite¢né vysledky.
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Abstract

Xylotomical and dendrochronological analyses in archeology: determination of wooden
artefacts from archeological excavations and changes of species composition of wood,
have various type of application. These analyses have been performed in medieval
Prague and Southern Bohemia in the present study. Archeological survey in Prague
gained a valuable archeobotanical material. Conifer wood was mainly represented by fir
prevailing in the assemblages of unburnt wood. Spruce wood was represented at a very
low level amongst the unburnt findings, which reflects seldom occurence of spruce in the
natural vegetation of the medieval landscape in Central Bohemia. Oak wood dominated
amongst the unburnt fragments of deciduous species. The source area of trees was a
large oak forest of the Middle and Western Bohemia. Wood was got to Prague by the
water transport from the drainage area of the rivers Luznice, Otava and Berounka, that
is by ,way of the Vitava”. Differences between unburnt fragments of pine and fir
depended on local conditions, but the occurrence of spruce agreed with common
ecological conditions in this time period. Spruce grew and preferred higher vegetation
zones or specific lowland biotopes, which was obvious in the amount of rafted spruce
wood. Dendrochronology provided an information about human influence of vegetation
in potential source area of wood for medieval Prague - Netolice region in Sumava
foothill. The main woods used in wooden construction works during the Middle Ages and
early modern period were spruce and fir. This situation changed at the turn of the 17
and 18™ centuries when the fir practically disappeared from constructions and its place
is taken by pine, which was the predominantly used wood at that time. A certain
explanation could be a change in the composition of the wood in the foothills of the
Sumava Mountains (Bohemian Forest). In the course of the 19t century the quantity of
used spruce material had increased and on the other hand the proportion of pine had
declined. This circumstance can be explained by the appearance of new forestry
methods and the cultivation of spruce monocultures from the turn of the 18" and 19
centuries. Based on a simple comparison of the attained results of the analysis of the
unburnt wood from the 13" and 14™ centuries from Prague archaeological sites and
dendrochronological data from more recent periods in South Bohemia, we discovered
that both methods are capable of picking up the range of wood. The composition of
wood types in the case of the archaeological material is overburdened with the local
preferences of the craftsmen and other consumers. However, it still reflects to a certain
extent the ecological possibilities of vegetation of the source region, i.e. South Bohemia
in this case. We could also make out long-term trends in South Bohemia as an example
of a change in the range of wood used for constructional purposes. This reflected a local
change in the composition types of the tree vegetation and together with it also its
potential transport to the capital city. The connection of xylotomic analysis from
archeological sites and dendrochronological data from historic constructions and the
living countryside is possible and brings useful results.

107



Xylotomic methods and the development of archaeology

The xylotomic and anthracologicall analyses of wood and charcoal form
one of the methods of contemporary archaeobotany (Jacomet / Kreuz
1999, Thiebault 2002 ed.). The results of xylotomic analysis, which this
text is mainly concerned with, contain information about the composition
of the tree floor of the destroyed vegetation from the settlement area, but
also data about the character of the archaeological layers, fills or features.
Fresh wood is preserved in archaeological contexts after incomplete
burning in fire, petrified with various salt metals, carbonized without
access to air or deposited in an aquatic environment. An absolutely
essential condition for the preservation of noncarbonized wood is the
prevention of the access of air, light and anaerobic bacteria (Florian 1988,
Babinski ed. 1999).

In such cases an important role is played by the differing tafonomic
conditions of the given environment. Wood samples are normally
determined with a standard xylotomic microscope. The basic anatomical
structure which serves for determination markedly differs with coniferous
and deciduous wood (Schweingruber 1978, Schoch et al. 2004). In general
it is true that we are able to identify the biological family with more or less
difficulty and sometimes also the type in the case of a series of woods.
Taxonomic poverty on the one hand and a high number of determined
individuals on the other is characteristic for the analysed assemblages.
Wooden finds turn up relatively often in archaeological assemblages both
in the form of artefacts or ecofacts. Quite often it is a matter of objects
with traces of working on them in the case of which we are not sure
whether to regard them as artefacts. An important formative factor for an
assemblage of wood in an archaeological feature is also the environment
of deposition and the resistance of the various types of wood to the
influence of the environment. It is known that, for example, lime wood is
almost never preserved in an unburnt state because - especially in moist
conditions - it decomposes very quickly, whereas oak wood has a much
higher resistance and is generally one of the most frequently occurring
types in the assemblages. This factor significantly influences the
composition of the assemblage of unburnt wood and charcoal (Benes et al.
2002).

The determination of types of wood from objects and features from
archaeological contexts has the most varied uses of which we will only
look at the main ones. From the perspective of archaeology it is
understandably important to determine the type of wood in the case
of artefacts. This is a matter of primary cultural information because
different human populations use wood in a specific manner from which we
can observe and define various relationships and connections (Capelle
t978, BenesS 1984, 1989). An important source of information for
archaeology is the determination of constructional wood (compare the
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section about dendrochronology in this article). A further area is the
observation of the compositional types of wood in an archaeological
assemblage (for the Middle Ages for example Benes 2002, 2003). Such a
determination has significance when studying local and regional raw
material connections, but also during the reconstruction process when
studying vegetational changes. A direction which is worthy of the attention
of xylotomic analysis in archaeology is presented by the observation of
the seasonal character of fodder, as young branches and leaves of
trees were a common part of the diet of domestic animals in prehistory
and the Middle Ages. Through the analysis of the types of trees and the
age of the twigs, the remains of the feed of sheep and goats in suitable
sediment, it is possible to observe the economic behaviour of plant
communities, animals and people. In this way for example an
archaeobotanic excavation at the old Bronze Age settlement of Fidve-
Carera in the Italian Alps was carried out (Karg 1998). With the aid of
xylotomic analysis it is possible to follow a further series of factors of the
natural environment. Their enumeration already exceeds the possibilities
and objective of this study.

The following example of analysis describes the composition and character
of noteworthy assemblages of wood and charcoal in the environment of
the Prague Old Town ditch. It indicates both the mutual connection of
xylotomy and dendrochronology, but also the possibilities of the
intersection of the answers of both analytical methods to apparently
different archaeological and botanical questions.

The analysis of wood and charcoal from archaeological layers:
the Old Town moat of medieval Prague

An archaeological excavation of collectors in Prague in Na Prikopé and
Havifska Streets was carried out by Petr Starec in 1998-2000. The results
of the archaeobotanical analysis were summarily published in a separate
study (Bene$ et al. 2002). A representative series of macro-remains of
wood and charcoal were obtained through excavation. These finds were
sorted out during the analysis of the plant macro-remains. The object of
the excavation was mainly the fill of the outlying drainage ditch (Fig. 1),
characterized by the alternation of refuse and relatively clean layers,
dating roughly from 1230 until the end of the 14™ century.

The xylotomic analysis of unburnt fragments of wood and anthracological
analysis of charcoal was in our case also a suitable supplement to the
palynological part of the excavation, mainly in the evaluation of the
condition of the forestation or forest clearance of the Prague Basin in the
Middle Ages. While, however, in the case of unburnt fragments of wood it
is often a matter of a waste product from a craft activity, when the source
raw material could have come, as has already been stated, from a
significant distance, charcoal can to a certain extent also relict local
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conditions. It is however necessary to take into consideration that wooden
waste chips from carpentry and other craft activities could also be used as
a fuel supplement. Everything that was to hand could have been used as
fuel for urban houses, slum fires, settlement activity and around the Old
Town ditch and drains. That is to say also local sources.

1-4 profiles
Ma pfikopé Street

"Ma pfikopd” means
a street constructed
“over an nfilled moat”

Fig. 1. Map of historical Prague showing the area of archaeobotanical research. / Obr. I.
Mapa prazskych historickych mést s vyznacenim aredlu archeobotanického vyzkumu.
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Fig.2. Prague, Na pfikopé street,
Profiles 1 and 2. Macroremains of fresh
wood. / Obr. 2. Praha, Na prikopé,
profly 1 a 2. Makrozbytky dreva.

22%
Fig. 3. Pratur, Na pfikopé street,
Profiles 1 and 2. Macroremains of
charcoral. / Obr. 3. Praha, Na prikopé,
profly 1 a 2. Uhliky.

Table 1. Prague, Na prikopé street. Summary of determinated wood and
charcoal. / Tabulka 1 Praha, Na pfikopé. Souhrny poctu uréenych drev a

uhlikd.
Drevo / wood Uhliky / charcoal Celkem / all
Abies 160 35 195
Acer 0 2 2
Alnus 0 3 3
Betula 4 7 11
Fagus 3 3 6
Picea 5 7 12
Pinus 92 33 125
Quercus 22 45 67
Salix 3 0 3
Tilia 0 15 15
289 150 439

Unburnt wood macro-remains

The analysis of wood and charcoal was from the excavation of the
collectors. The xylotomicaly determined samples are summarized in table
1 and on the graphs of figs 1 and 2. In total 439 macro-remains of wood
and charcoal were positively analysed, of which the majority of 289
fragments were classed as unburnt wood. The remaining 150 determined
fragments were charcoal. First of all we will deal with the composition
types of unburnt wood. In the observed assemblage from the Old Town
ditches mainly fir and pine unambiguously dominated. In total 289
determinable fragments of unburnt wood were analysed. As is evident
from the graph in fig. 2, a total of 55% analysed unburnt wood samples
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were made up of fragments of fir (Abies alba). Craftsmens' swarf wood
made up a distinct accumulation in the layers in the analysed sections.
Although it has not proved possible to ascertain any stratigraphic
preferences, even more of this material was to be found in decayed refuse
horizons. In profile 2 unburnt fir woods was spatially distributed over
practically the whole section, from which we can infer the proximity of
craftsmens' sources of fir refuse and the regular deposition of this type of
rubbish.

The second most frequently occurring taxon is pine (32%) (Pinus sp.). In
the anthropologically influenced landscape of Central, South and West
Bohemia, where we would expect the wood source area of our finds to be,
pine woodland occurred frequently, because pine usually fills clearings
after the folling of deciduous species. Pine woodland made and still makes
up a substantial part of the pine-oak forests in a wide band around
Prague. Spruce wood is represented at a very low level amongst the
unburnt finds (2%). This reflects the relatively good lower level of use of
this species in the area of medieval Prague. Spruce was seldom present in
the natural vegetation of the medieval landscape in Central Bohemia
(Nozicka 1972), but its presence was generally low (Pokorny 2005).
Climax spruce forest is situated in particular in mountain areas
(Neuhauslova et al. 2001, Fig. 14). If spruce wood is recorded in an
archaeological context in medieval lowland towns, for example in Prague,
it is very probably an imported raw material.

Oak wood (8%) dominates amongst the unburnt fragments of deciduous
species. This wood was a highly sought after raw material in the medieval
period of Bohemia. As with the previous species, oak wood was a favoured
medieval raw material. In a written source from 1545 oak wood is
explicitly mentioned as being used in many areas (Holec 1971, 16). Its
source region was the large natural oaklands in Central Bohemia, but in
particular South and West Bohemia. A document of Charles IV. from 1366
comments on the water transport of wood from the drainage area of the
rivers Luznice, Otava and Berounka, that is by way of the Vitava (Holec
1971). As they are historically more recent examples in comparison to the
archaeological contexts of the Old Prague town ditches, we could assume
the same use of oak wood as in later periods. Willow (Salix sp.) is
another recorded deciduous species represented by smaller branches.
Willow branches were used in medieval Europe for making baskets (Benes
1984). In archaeological assemblages from Plzen willow branches were
pulled together as segments of wooden cups (Orna 2001). Beech wood
was only recorded in a few cases of fragments, as was birch wood. Both
species are commonly used in crafts and households.
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Table 2. Prague, Na prikopé street. Comparison of wood evidence from different
determination methods. Pollen analysis: P. Pokorny, macro-remains: P. Kocar / R.
Kocarova, fresh wood and charcoal: ]. BenesS. After Benes et al.2002. / Tabulka 2.
Praha, Na pfikopé. Porovnani dfevin z profilG Na pfikopé z jisténych rdznymi typy
analyz. Analyza pylu P. Pokorny, analyza rostlinnych makrozbytki P. Koldr / R.
Koé&drova, analyza makrozbytk( dfev a uhlikG J. Benes. Podle Benes et al. 2002.

Dievina/ Wood Pyl/ Makrozbytky/ Xylotomie a Antrakologie/
Pollen Macroremains Xylothomy and Antracology

Abies alba jedle bélokora pyl zlomky jehlic  nespalené dfevo, uhliky

Acer sp. iavor pyl uhliky

Alnus sp. olSe pyl uhliky

Betula sp. bliza pyl nespalené dievo, uhliky
Carpinus betulus habr pyl

obecny

Cerasus ayium tteSen ptaci pecky

Cornus mas dfin obecny pecky

Corylus avellana liska o. pyl ofechy

Euonymus europeus brslen pyl

evropsky

Fasus sylvatica buk lesni pyl nazky nespalené dievo, uhliky
Fraxinus sp. jasan pyl

Juglands regia otesak skofapky

kralovsky

Juniperus communis jalovec  pyl semena

obecn. (rod)

Malus domestica jablon semena

Persica vulgaris broskvon pecky

Picea sp. smrk nespalené dievo, uhliky
Picea abies smrk ztepily pyl

Pinus sp. borovice pyl nespalené dievo, uhliky
Populus sp. topol pyl

Prunus domestica $vestka pecky

domaci

Pyrus communis hrusen kvétni ltzko

obecna

Ouercus sp. dub pyl nespalené dievo, uhliky
Rosa sp. riize nazky

Salix sp. vrba pyl nespalené dievo
Sambucus ebulus bez chebdi semena

Sambucus nigra bez Cerny pyl semena

Tilia sp. lipa pyl uhliky

Ulmus sp. jilm pyl

Viburnum opulus kalina pyl

topolova (typ)

Vitis vinifera vinna réva pyl

Vitis sp. réva pyl
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Charcoal

Charcoal analysis indicated a different structure composition of taxons in
comparison to the unburnt macro-remains of wood. Altogether 150
charcoal fragments from two profiles were determined. At first sight it
would appear to produce a broader spectra of taxons, which represent, as
is common in anthracological analysis, the most frequently occurring and
usual wood species. The most frequently occurring wood species was oak
(Quercus sp.), which was found in 45 cases (30%). Fir charcoal (35 cases,
23%) and pine charcoal (33 cases, 22%) were represented almost
equally. The higher presence of spruce is interesting (12 cases, 5% -
without accumulations in any layer) in contrast with unburnt wood
fragments.

The assortment of the remaining deciduous species is relatively large.
Some of the species are present in the unburnt material, but some of
them are not. Beech charcoal (Fagus sylvatica), birch (Betula sp.),
willow (Salix sp.), ash (Acer sp.) and alder (Alnus sp.) are represented
in a very low number of cases. It is notable, that ash and alder were not
present as unburnt wood fragments. This could be explained by the ability
of the vigorous ash and alder species to rapidly colonize waterside
strands. In the case of the Old Prague town ditches such trees could have
been frequently felled and burned. The relatively high occurrence of lime
charcoal (Tilia sp.) is surprising. This wood was (and still is) a traditional
wood carving raw material, which quickly decays when subjected to wet
conditions. Therefore this species is only represented in charcoal and
pollen form (Benes et a|.2002).

Xylotomic analysis documents another situation in comparison with
analysis of pollen and seeds made by P. Ko¢ar and P. Pokorny (Tab. 2. cf.
in detail Benes et al. 2002). Analysis of wood inform about treatment with
craft material and fuel. Comparing pollen analysis xylotomic data reflect
local and regional environment in different way. As it is obvious from Tab.
2 comparison of methods enables to describe if species was surely used by
man. In several cases specific taxon was identified by every method, in
other cases by one or two methods only. Key species of medieval
Bohemia, fir, was identified by every method, namely by wood, pollen and
needles, what means the source in near surrounding. Infrequent pollen
record and concentration of wood in older layer indicate presence this tree
in local environment or cutting and transport this tree together with
branches.

It is possible to compare xylotomic analysis with another archaeobotanical
unit, which has been recorded in area of Old Prague town. Very interesting
collection was documented from Main Square of Old town 606/1 (Kinsky
palace), excavated by L. Hrdli¢cka in seventies during salvage excavation of
town basement from 13" Century. (Hrdli¢ka 1977, Pavld / Hrdlitka 1998).
In unit (Opravil 1986) rest of wood and wooden craft production quite
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prevailing. Number of xylotomic determination is 603. In assemblage pine
dominates pine (Pinus sylvestris - 345 cases, 57,7%), following by fir
(Abies alba - 94 cases, 15, 6 %), oak (Quercrs sp. - 83 cases, 13,8%).
Spruce wood (Picea abies) is presented in 35 cases only 5,8%. Other
wood species represent maple (Acer sp. - 3 fragments, 0,5%), birch

(Betula sp. - 1 fragment, 0,2%), hazel (Corylus avellana - 14
fragments,2,3%b), beech (Fagus sylvatica - 10 cases, 1,7%), ash
(Fraxinus excelsior - 3 fragments, 0,5%), poplar (Populus sp. - 11

fragment, 1,8%) and finally wiflow (Salix sp. - 1 fragment 0,2%).
Structure of wood from Main Square is very similar from Old Prague town
ditches, only some dominating taxons are different.

In comparison of main species from Old town Main Square 606/I is
obvious that coniferous species prevailing and spruce wood is very low
represented. Differences amongst unburnt pine and fir fragments are done
by local reasons, maybe by craft activities. Evidence of spruce wood
reflects general ecological conditions in historical Bohemia, where this
species was common in higher elevations. However this species is
recorded in suitable specific lowland environments, as it is growed by
written sources (NoziCka 1972). It could be reflected in lower amount of
spruce, which was transported to historical Prague by river way.

Dendrochronology and archaeology

Dendrochronolory belongs to the interdisciplinary methods that can be
used in many scientific disciplines, e.g. ecology, archaeobotany,
climatology, etc. (Cook / Kairiukstis 1990). The most common utilization
of dendrochronology in historical and archaeological disciplines is dating
wood samples; the cross-dating method allows the identification of the
exact year in which each tree ring of the investigated sample was formed.
A lesser known application of dendrochronology is the observation of
changes in timber species composition over a long period of time
(Skabrada / Kyncl 2004). For successful dendrochronological dating it is
necessary to determine the botanical species of the wood - that is why it is
possible to make use of dendrochronological samples in the same way as
the above-mentioned anthracological and xylotomical sets. It is always
necessary to bear in mind the fact that the most common type of
investigateds sample is constructional timber, which was always selected
with specific requirements in mind. Another use of dendrochronology is
the attempt to locate the source area of the employed timber. This type of
research is made possible due to differences among standard regional
chronologies that are caused by the diversity in climatic conditions in
different regions. The most well-known research of this type is the
localisation of oak wood that was used for painting panels in the
Netherlands and Britain (e.g.: Baillie et al. 1985).
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The ring-width is influenced by many factors (Schweingruber 1996). The
most important factor for dendrochronological dating is the climatic signal.
All the other signals are considered to be a noise and should be separated
from the dates (Baillie 1995). All trees of one species in the same climatic
area record at least some aspects of common growth conditions that make
it possible to synchronize several chronologies and to calculate their
averages. Individual features in the growth of several trees are mostly
diminished in these averages and climate becomes the most important
factor that influenced the ring-widths sequence. This allows the
synchronization of ring-width series from the same time periods (Baillie
1995).

Sample chronologies are a series of measured tree ring-widths from each
sample. An average of the ring-widths from a series of samples from a
particular locality with very similar ring-width patterns is referred to as a
site chronology. In the end - master chronologies are a combination of
many ring-width series from several localities and time periods (Fritts
1916, Baillie 1982, 1995, Schweingruber 1996). The comparison of tree-
ring series and the search for synchronous positions are as a rule called
cross-dating. Thanks to this method, the identification of the exact year in
which each tree ring was formed is possible and, if the bark ring (the last
formed ring) is present, the year, when the tree was cut down, can be
ascertained.

Detecting human influenced changes over a long time period:
an example from southern Bohemia - the Sumava Foothills

The region of the Sumava Mountains and Bavarian forest belongs to the
largest woodland areas in central Europe. However dendrochronological
studies have only been carried out here in the last few years (Dittmar /
Elling 1999:. Wilson / Hopfmiiller 2001; Tichy / Svoboda 2003, Cejkova
2004). Dendrochronology can nevertheless generate a lot of important
data for understanding the influences of humans on the development of
the natural conditions in the Sumava Mountains. This technique has so far
mostly been developed through palynological research (Rybnickova /
Rybnic¢ek 1974, Svobodova et al. 2001).

Other data have been gathered using macro-remains and xylotomical
analysis (Sucha / Kocar |996; Benes /Kocar 2000). Forest management
data is a very important source of information about forest development in
the last few centuries because the Sumava Mountains was one of the first
regions in Europe, where forest research and a systematic register of
forest stands were developed. For these reasons the Laboratory of
Archaeobotany and Palaeoecology uses research focused on the Sumava
Foothills as its starting point. The history of this region permits the
combination of environmental, historical and archaeological research into a
single logical complex.
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Dendrochronological analysis has focused on two areas - the broad
surrounding areas of Netolice and Vimperk towns. The acquired results
show significant differences between the potential of dendrochronology for
the dating of historical and archaeological objects from each area. The
dendrochronological dating of objects from high elevations in the Sumava
Mountainsh as not yet been carried out. Significant results have so far
been produced for the Netolice area in particular. This area also includes
the outskirts of Prachatice and Vlachovo Bfezi towns. Most of the selected
area occurs at elevations of 400 to 700 m a.s.l. All four basic tree species
that are used in central Europe have been found in historical timber in the
Netolice area - Norwegian spruce (Picea abies), silver fir (Abies alba),
Scots pine (Pinus sylvestris) and oak (Quercus sp.). Most of the samples
could be successfully dated (about 80%). The results for the dating of
spruce and fir samples were especially reliable, which corresponds with
the fact that standard chronologies for the Czech Republic have above all
been created from constructions situated at altitudes of up to 800 m
a. s. l. (Kyncl, unp. data). It was also possible to date oak samples with
the standard oak chronology for the CR (dub—éR—07; Kyncl). The biggest
problem was with the dating of the pine samples, which usually had a high
mutual correlation coefficient but a relatively low correlation with standard
chronologies. The explanation for this fact is probably that the pine
standards have a relatively closed local character (Parn 2003) due to pine
growth on localities with very different environmental conditions (Skalicky
1988).
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The not very large quantity of sampled and dated material rules out the
forming of definitive conclusions. Nonetheless data from the Netolice area
points to certain trends in the composition of wood types used for
building. The main woods used in wooden construction work during the
Middle Ages and early modern period were spruce and fir (for this period
however we do not have enough available data). This situation changes at
the turn of the 17" and 18" centuries when fir practically disappears from
construction and its place is taken by pine, which was the predominantly
used wood at that time. This fact is mainly of interest during comparison
with the Ceské Budé&jovice Basin. The main wood in building material in
the area around Ceské Budé&jovice is pine, fir appears rather sporadically.
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Fig. 5. The Netolicko region - changes in species composition of timber used for
constructions of historic buildings; ABAL - Abies alba, PCAB - Picea abies, PISY - Pinus
sylvestris, QUSP - Quercus sp. / Obr. 5. Netolicka oblast - zména druhového sloZeni
materidlu pouZitého na konstrukce staveb;A BAL - Abies alba, PCAB - Picea abies, PISY -
Pinus sylvestris, QUSP - Quercus sp.

Pine components also predominate in the Middle Ages in the material that
was floated from South Bohemia along the Vitava and used for building in
Prague. From the end of the Middle Ages is on the other hand fir and
spruce material was used (Skabrada et Kyncl 2004). The situation was
completely the other way round than in the Netolice region. The authors of
the above-mentioned study outline a possible explanation as a change in
the area from which the wood came from. Bearing in mind the fact that
there is no evidence of a significant change of regions from which wood
was procured in the archive records until the second half of the 17
century we must conclude that the process of changes in the composition
types took place within the boundaries of the same region. Hypothetically
it could then be a matter of a gradual redeployment of exploitation to
higher levels above sea level and a distancing of the localities from the
navigable rivers (mainly the Vltava, Luznice, Otava and Berounka), where
spruce and fir often occur.

118



e o b
ﬁ:r : | i . ;: { S FL) %— ::a P ’ | 4 e N Ty E“:‘
Fig. 6. Praha Karlovo néamésti square, Wood magazine. From the Sadeler's prospect
(1606) / Obr. 6. Praha, Karlovo namésti, sklad dfeva. Vyfez z tzv. Sadelerova prospektu
(1606) ilustruje vyznam voroplavby pro zasobovani dfevem.

In the Netolice area the situation is however the other way round and
therefore it is necessary to find another explanation for it. A certain lead
could be a change in the composition of the wood in the foothills of the
Sumava (Bohemian Forest), which Malek (Malek 1979) has derived from
archival sources. In the course of the 18" and 19" centuries a reduction of
fir and a marked increase in the representation of pine in the woodland
vegetation could have come about. Malek lists the excessive use of the
woods for pasture, raking litter and the exploitation of firewood as
probable reasons. However although fir is a pasture supporting wood
(Malek 1983; Pokorny 2002), if the influence of the pasture is too great a
further negative influence on the woodland communities can result and it
is replaced at lower altitudes by pine and at higher ones by spruce (Malek
1979). A palynological study also indicates a similar development
(Rybnickova 1973). However it lacks dated changes for the spectrum of
types of pollen grain with the help of precise methods (for example the
AMS radiocarbon method). In the course of the 19" century the quantity
of used spruce material increases and on the other hand the proportion of
pine declines. This circumstance can be explained by the appearance of
new woodland methods and the cultivation of spruce monocultures from
the turn of the 18™ and 19" centuries, although pine forms a significant
component of the woodland vegetation found at that time in the Netolice
area (Malek 1979).
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Conclusion

Based on a simple comparison of the attained results of the analysis of the
unburnt wood from the 13" and 14™ centuries from Prague archaeological
sites and dendrochronological data from more recent periods in South
Bohemia we discover that both methods are capable of picking up the
range of wood. Although the composition of wood types in the case of the
archaeological material is overburdened with the local preferences of the
craftsmen and other consumers, it still, however, reflects to a certain
extent the vegetational ecological possibilities of the source region that is
also of South Bohemia. On the other hand we can also make out long-
term trends in South Bohemia as an example of a change in the range of
wood used for constructional purposes. This reflects a local change in the
composition types of the tree floor vegetation and with it also its potential
transport to the capital city. Although the changes in use of the most
accessible Central European wood on the axis Prague - South (west)
Bohemia are still only implied, it is evident that the connection of
xylotomic analysis from archeological sites and dendrochronological data
from historic constructions and the living countryside is possible and
brings useful results.

Notes

The length of this contribution prevents us from paying more attention to
anthrocology, which works with charcoal - a very frequently occurring
ecofact. This analysis will be dealt with in a separate contribution.
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This dissertation demonstrated successful application of methods of
dendrochronology on various ecological and historical aspects concerning
forest communities, human management practices, and historical
utilization of wood. Selected autochthonous woody species used for the
studies represented all morphological types of trees from
dendrochronological point of view, i.e. conifers (Picea abies, Abies alba,
Pinus sylvestris) - Paper I, II, VII, VIII; broadleaf diffuse porous trees
(Alnus glutinosa) - Paper III; broadleaf ring porous trees (Quercus sp.) -
Paper IV-VI. Wooden samples originated from diverse historical and
contemporary material requiring different techniques of preparation for
measurement, i.e. increment cores from living trees and wooden
constructions, discs from historical timber and wet wood from
archeological excavations. Tree ring increments are site and species
specific and markedly varied along environmental gradients. This
dissertation revealed growth responses of trees in various types of forest
vegetation represented by spruce forests (mostly silvicultures), alder carr
and alluvial forests with pedunculate oak. The radial increment pattern of
trees served as an indirect indicator of environmental changes and human
impact on forest ecosystems.

Exceptional growth events (extremely narrow or wide tree rings) in the
tree ring increment of Picea abies defined specific pattern of radial growth
response to altitudinal gradient in the Sumava Mountains (Paper I, II). The
common growth reaction to extreme environmental conditions, e.g.
summer drought at low and wet cold summer at high elevation, was
obvious inside particular elevation zones, especially for the highest and
the lowest part of the altitudinal gradient. This is an essential precondition
for the development of altitudinal master chronologies of the region (Paper
I, II), which were established and successfully used for cross dating of
historical construction in the region (e.g Paper VI and other historical
objects, information is available online at
http://www.dendrochronologie.cz/databaze). The cross dating in higher
altitudinal zones of the Czech mountains is problematic due to the lack of
appropriate historical wooden material. Detailed understanding of the
extreme tree ring pattern along the altitudinal and geographical scale
provides the additional indicators of dendrochronological dating and
dendro-provenancing.

Combination of different methods, i.e. historical maps, aerial photographs
and dendrochronology, provided complex information for investigation of
the development and growth limitation of Alnus glutinosa dominated
forests at waterlogged sites (Paper III). Application of site chronologies of
Alnus glutinosa for the evaluation of forest communities’” dynamics has
been relatively a marginal subject of interest of dendrochronologists so
far. Alder has worse resolution of tree ring boundary, exhibits more
inconsistency in radial growth and has less capability of cross dating tree
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ring series than conifer or ring porous trees. The herein established alder
chronologies had a high statistical quality comparable with other
chronologies of broad-leaf trees from the temperate zone of Europe. They
were demonstrated to be sufficiently sensitive to reflect the signal of
exogenous factors. The site chronology of Alnus glutinosa was strictly site
specific in the same region (South Bohemia, near Ceské Budéjovice and
Trebon) in comparison with the chronologies of Picea abies from the
Sumava Mountains and foothills. Climate was not proved a key unifying
factor of alder growth. Alders reflected mainly local environmental factors,
namely water conditions. Evident reaction was presented after silt removal
and reconstruction of a dam on an adjacent fishpond and a regular
maintenance of drainage channels. Weak and temporally unstable
relationship between radial reactions to climate is apparently caused by
changeable water regime which may also have modified growth responses
to climatic variables over time. The increase in waterlogging probably
unified the growth response of Alnus glutinosa to the climate among the
sites (Paper III).

On the contrary, spring and summer temperatures seemed to be the
driving factor for the radial growth of Quercus robur in alluvial forest in
Eastern Bohemia (Paper IV). The growth of trees decreased with low
temperature during the growing season together with average
underground water level and the period of maximum artesian water
pumping was expressed as higher tree ring increments. This indirect
relationship between tree growth and fluctuation of underground water
level confirmed the pivotal role of water regime in wetlands and suggested
that dendrochronological data may be useful in historical groundwater
modeling studies. These results are crucial for conflict of interests between
nature preservation of endangered vegetation in the Zbytka nature
reserve and supply of potable water in Hradec Kralové region. The
application of tree-ring analyses together with hydrological and vegetation
records can help to specify and regulate the intensity of pumping of
artesian water for the better management of groundwater resources and
the sustainability of the habitat. Keeping a balance between economical
activities and natural ecosystems is one of the most complicated problems
of social development (Paper 1V).

Xylotomic analyses together with dendrochronological dating provided
information about long-term trends in the assortment of wooden species
used for constructions. This reflected a local change in the species
composition of the forest and declared that the local craftsmen used
available wooden material without species preferences in the region of the
Sumava Mountains and the foothills (Paper VII). Results of xylotomic
analyses from archeological sites, dendrochronological data from historic
constructions and an ecological potential of environment supplemented a
conception of past forest vegetation surroundings study objects. It also
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extended the knowledge of provenience of timber and fuel wood
excavated in medieval Prague. Reconstruction of past forest composition
and human wood utilization needs huge amounts of interdisciplinary data
and an additional research is necessary (Paper VII, VIII).

Possibilities of dendrochronological dating of archeological and historical
timber are also limited by amount of fine wooden material with adequate
length of the tree ring series incorporated in master chronology (Paper VI,
VII). Thus, the unique evidence of a wooden well from rescue excavation
in Drazkovice has demonstrated the necessity of dynamic evolvement of
oak master chronologies for the Czech Republic. The cross dating of the
well was complicated and unsuccessful due to deficiency of oak master
chronologies for the Czech Republic for the oldest period (Paper VIII).

Perspectives for subsequent dendrochronological research are
dendroclimatic reconstructions in Southern Bohemia and the Sumava
Mountains, where is established a network of tree-ring chronologies of
various tree species. Existing chronologies should be extended and
completed by overlapping of already gained and new chronologies from
the historical and archeological material with recent regional chronologies.
This may enable, besides the increase of successful applications of tree-
ring dating, to put the regional data into a broader central European
context, comparing them with others, and thus improve interpretation of
the regional data about past climate, environment, forest management
and structure. The next studies about forest wetlands should be oriented
to a comparison of the pattern of growth reaction to climate and
underground water level fluctuations in various parts of the Czech
Republic and Central Europe. This may help to reconstruct past changes in
the forests dynamics accompanying changes in local site conditions and
climatological pulses. Direct measurements of water level would provide
deeper knowledge about growth limitation by hydrological conditions. We
propose to build a model to identify important environmental factors
affecting ecosystem’s function and to use it for prediction of changes in
the forest functioning and structure under different scenarios of changes in
environmental conditions.
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