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ABSTRAKT

ABSTRAKT

PrOKOPO. (2016):Sestaveni letokruhovych standardnich chronologgicentnich duf
pro Ceskou a Slovenskou republiku a jejich porovnani ssedoevropskymi

chronologiemi Disert&ni prace, Mendelova univerzita v Brn

Hlavnim cilem pedkladané disertai prace bylo sestaveni chijizci dubove
standardni chronologie pro oblast Slovenska, aki@ stavajiciceské duboveé
standardni chronologie, posouzeni jejich paleokithého potencialu a nejvho&siho
zpasobu odstragni vekového trendu z letokruhovychikek. Sodasreé byla provedena
analyza potu belovych letokruli v pribéhu casu.

Vzhledem ktomu, Ze historicky a archeologicky matemaze byt zastoupen
v letokruhovych chronologiichikvkami miznych druli dubu o izném sté a z fiznych
oblasti, byly provedeny dvsrovnavaci studie pro posouzeni jejich vyuziteinps
rekonstrukci klimatu. Letokruhové chronologigyi vybranych drufh dubu Quercus
robur L., Quercus petraea(Matt.) Liebl, Quercus polycarpaSchur, Quercus
dalechampiiTen.) ze stejného regionu prokazaly velmi podobreakci na klimatické
parametry, ficemz rozdily byly zpsobeny spiSe lokalnimi podminkami stanavigz
druhem dubu. Dale byla cela recentastéeské dubové chronologie razena do pti
pari sub-chronologii podletuenych kategorii (nadntska vysSka, ¥k stromi, druh
dieviny, padni vihkost a geograficka poloha). Velka podobnasich sub-chronologii
byla potvrzena nejvyznany$i ristovou reakci dubu na mnoZstvi srdZzek v obdobi od
kvétna docervence.

V poslednich letech stale vylepSovana tisice leulth ceska dubova chronologie
vykazovala nedostateré pokryti celého Uzemitippzeného vyskytu dubu ¥R a
nedostaténé proloZeni v 19. stoleti. Celkem 342 &i@debranych recentnich vzdrke
zapaduCech a vzork z vytipovanych historickych konstrukcifgvaZmi zvonovych
stolic, bylo pouzito pro pokryti celého Gzemirpzeného vyskytu dubu @R a pro
zlepSeni napojeni recentni a histori¢ksti chronologie. Studie byla dopima analyzou
poctu bélovych letokruhi, ktera potvrdila klesajici get kélovych letokrulii ve sngru
od zapadu k vychodu a ukazala, Zeégidzlovych letokrutii se nemani v pribéhu ¢asu
(5-24).

Zcela nova standardni dubova chronologie pro uz8havenské republiky byla

sestavena z 276 historickych a 1028 recentnichkiz&@hronologie ma rozsah od roku



ABSTRAKT

967 do roku 2013 a vykazuje velkou podobnost ktetmvymi chronologiemi £R,
Rakouska a Ukrajiny. Stejjako ceska chronologie vykazuje nejvyznafjii reakci na
srazky v obdobi ksten aZzcéervenec s velkym propadem korelaci kolem roku 1980.
Analyzou negativnich let bylo v chronologii odhaten26 obdobi, pcemz
nejextrémgjSim rokem byl rok 1947, ktery se projevil u vSedkoumanych lokalit.
Mezi jednotlivymi zfisoby odstragni vékového trendu z letokruhovychrikek nebyly
v dokre proloZzenych obdobich nalezeny rozdily mezi vysfed chronologiemi.

Tato prace roz#ije znalosti o chovani dubu na letokruhové arovai stedni
Evrope. Now sestavena standardni dubova chronologie pro oBlastnska zaplje
mezeru V husté siti evropskych chronologii a spelaktualizaci ¢eské dubové
chronologie zvySuje potencial chronologii pro hydimatické rekonstrukce a
spolehlivost dendrochronologického datovani histgich dubovych konstrukci a

archeologickych naleéz

KLiCovA sLovA: dendrochronologie, dub, klima, letokruh, standardnronologie,

Slovenska republikaeskéa republika
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ProOkOPO. (2016):Tree-ring chronology formation from living oak teetor the Czech
and Slovak Republics and their comparison with @érEuropean chronologies

Dissertation Thesis, Mendel University in Brno

The main objectives of the thesis submitted wereréate the missing oak tree-ring
chronology for the area of Slovakia, update theteng Czech oak tree-ring chronology,
assess their paleoclimatic potential, and finditbst way to remove the age trend from
tree-ring series. At the same time, the numberapiv®od tree rings over time was
analysed.

As the historical and archaeological material can represented in tree-ring
chronologies by curves from different oak speciéh @ifferent age and from different
areas, two comparative studies have been carrietbassess their usefulness for the
climate reconstruction. Tree-ring chronologies ofirf selected oak specieQuercus
robur L., Quercus petraea(Matt.) Liebl., Quercus polycarpaSchur., Quercus
dalechampiiTen.) from the same region showed a very simigponse to climatic
parameters; the differences were caused by loeatsnditions rather than oak species.
Further, the recent part of the Czech oak chronolegs divided into five couples of
sub-chronologies using various categories (altitualge of trees, tree species, soil
moisture, and geographic location). A great sintjaof all the sub-chronologies was
confirmed by the most significant growth responkeak to the precipitation sum in the
period May to July.

The thousands-year-long Czech oak chronology, whashbeen gradually improved
in recent years, still showed insufficient coveragethe entire territory of the oak
natural distribution range and insufficient replioa in the 19th century. A total of 342
newly collected samples from western Bohemia amdpses from selected historical
structures, mostly belfries, were used to covertiitege natural distribution range in the
Czech Republic and to improve the connection ofrduent and the historical parts of
the chronology. The study was supplemented by tlaéysis of the number of sapwood
tree rings, which confirmed the declining numbesabwood rings in the direction from
the west to the east, and showed that the numtsapetood rings does not change over
time (5-24).



ABSTRACT

A completely new tree-ring oak chronology for tleeritory of the Slovak Republic
was made up of 276 historical and 1028 recent ssnflhe chronology ranges from
967 to 2013 and shows strong resemblance withréeering chronologies from the
Czech Republic, Austria and Ukraine. As the Czdutormology, it manifests the most
significant response to precipitation in the MayJay period with a huge drop in
correlations around 1980. The analysis of negapemter years in the chronology
revealed 26 periods; the most extreme year was,MHAich stood out in all of the
investigated sites. Comparing the resulting chrogiels, no significant differences were
found among the various ways of age trend remaweah tree-ring series in the periods
with sufficient replication.

This work extends the knowledge about the behawduihe oak in Central Europe
at the level of tree rings. The newly formed tremwrroak chronology for the area of
Slovakia fills the gap in the dense network of f@an chronologies and together with
the update of the Czech oak chronology increasesptitential for hydroclimatic
reconstructions and the reliability of the datin§ hastorical oak structures and

archaeological finds.

KEYwWORDS: dendrochronology, oak, climate, tree ring, treerrchronology, Slovak
Republic, Czech Republic
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1 Uvop

Dendrochronologie je jednim z né|dzit¢jSich obofi studujici zaznamy Zivotniho
prostedi. Tento ¥dni obor je pouzivan pro dekédovani mnoha rozmelnifyirodnich
proces, které panuji na zemském povrchu. S jeji pomaugjschopni rozpoznat nejen
piirodni zneény prostedi v pfibéhu tisicileti, ale i zriny prostedi spojené v isledku
lidské ¢innosti. Tato ¥dni disciplina se zabyva datovanifevh na zaklat analyzy
letokruhi stromi. Podrobnym rozborem letokralzkouma udalosti wase, které jsou
vepsany do jejich struktury (Speer 2010). Vysledtirist je ovlivren predevsim
klimatickymi podminkami, které panovalgtiem vegeténiho obdobi (Fritts a Swetnam
1989). V naSem klimatickém pasu rozliSujemerevth vegetani dobu a vegetai klid.
Diky tomuto faktu Ize it st&i dieva s pesnosti na kalenéid rok (Speer 2010).

Lze zjednoduSentici, Zze zakladni princip je zaloZzen naegném ndeni Stek
letokruhi, vzdjemné synchronizaci hodnot tlékdvého girastu a na nasledném
statistickém a matematickém zpracovani (Drapeleaehz1995). Oblasti, ve kterych
v souwtasné dob dochazi k upla@ni tohoto oboru, je hnedékolik. Nejrozstersjsi
oblasti je pedevSim ta historicka, ktera pokryva datovareéveéhych prvki (zejména
krovi) v historickych stavbach, archeologické vyzkumyetw datovani uhlil,
subfosilni nélezy, datovanirelenych obra, soch a nabytku (Haneca et al. 2009).
Muze vSak byt pouzita i ke studiu mnoha ekologickpecbblémi (Fritts a Swetnam
1989). Vzhledem k tomu, Ze velmi staré stromy puagkylouhodobé zaznamy, Ize
tedy rekonstruovat informace tykajici se fiklad srazek, teplot, poagrsesuv pady,
¢etnosti hurikadn, napadeni stromu hmyzem a mnohé jiné udalostinStak |ze pouzit
jako dlouhodoby bioindikator k posouzeni stavu #nfoo prostedi, jelikoz
zaznamenava environmentalni faktor, ktefymm nebo nefimo omezuje proces, jenz
ovliviiuje rist letokrutii v pribéhu vegetaniho obdobi. To je uziteé napiklad i pro
sledovanicetnosti uitych udalosti, postSinou se opakujicich v &itém cyklu. Velkou
vyhodou pak je, Ze ifdvo z odunelych stroni Ize pouzit k tvord letokruhové
chronologie, coZz nam umozni ziskat cenné informagjen z blizké, ale i z daleké
minulosti (Speer 2010). Za pomoci dendrochronolodsio ke zlepSeni kalibtai
kiivky uzivané pi radiouhlikovém datovani. PouZiti radiouhlikovétaty umo#uje
datovani dewvenych vzorki, které nemohou byt datovany pomoci dendrochromelog
(Pilcher et al. 1984, Haneca et al. 2009).

11
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2 DuUB A JEHO UZITi V DENDROCHRONOLOGII

Za nejvhodgjSi drevinu pro sestaveni dlouhych letokruhovych standatd
chronologii je ve $edni Evrog povazovan dubQuercussp.). Jeho velméasté uziti
v riznych stavebnich konstrukcich v minulosti a trwasgi jadrového bva umoznilo
sestaveni aza&holik tisic let dlouhych standardnich chronolodia{lie 1995). Ty jsou
urceny gredevsim pro datovani a také pro dendroklimatolagmblikace (Haneca et al.
2006 a 2009; Buntgen et al. 2011). Jsoudmyg kombinaci recentnich, historickych,
archeologickych a subfosilnich dubovych vZzofSpurk et al. 1998Cufar et al. 2007;
Haneca et al. 2009), proto je vhodné se s totgwigiou nejprve blize seznamit.

Ve zdejSim klimatickém pasmu narazimé&@ pdkeru predevSim na dub letni
(Quercus roburL.) a dub zimni Quercus petraea(Matt.) Liebl.). Na zaklad
morfologickych znak jako jsou nap listy, Zaludy¢i letorosty, niiZze byt dub letni a
dub zimni vzajem&irozliSen (Bruschi et al. 2000). Na urovni makrgsk&ych znak
dieva neni mozné tyto druhy rozliSit a je i dokoncktizmé je odliSit podle
mikroskopickych znak dreva (Panshin de Zeeuw 1980; Schweingruber 199€r et
al. 2014a; Hros a Vavik 2014). Existuje vSak metodika na rozliSeni olsuhi.
Identifikace je zaloZzena na analyze anatomickyorkiprkde hlavnim rozliSovacim
znakem je fedevsim rozdilna celkova plocha atgbiad jarnich makrocév,ripadre
Ize k identifikaci pouzit i rozdil v extrahovatebty latkach (Feuillat et al. 1997).
Nevyhodou takovéto identifikace je vSak jeji velkdsova narénost a omezena
spolehlivos{CLANEK ).

U dalSich rozliSovacich znakpraimérnd plocha a tvar makrocév,tpnérny prirast
v radialnim snmiru apod.) nebyly potvrzeny zasadni vzajemné rozifinajemné kizeni
obou druli je bszné. Ri tvorb¢ chronologie proto k#i ztizené identifikaci neni
rozliSovano mezi émito dwma devinami a jsou obvykle dohromady vSeobfcn
uvacny jako evropsky dub Quercus sp) (Grosser 1977; Feuillat et al. 1997,
Schweingruber 1993; Haneca et al. 2009).

Dub zimni se vyskytuje v nizSich nadiekych vyskach, vyZaduje tepla léta a je
citivy na silné mrazy. ¥tSinou roste v podminkach zmeeho nedostatku viahy a
vydrzi na skalnatych¢i silné vysychavych podkladech. Nevyskytuje se na
zaplavovanych uzemich, jelikoZz nesnasi stoupnatdihy spodni vody. Dub letni je
v naSich podminkachetbn na dva ekotypy liSicich se v poZzadavcich ndwl&zn¢

rozSteny ekotyp, ktery nalezneme zejména v luZznich hesicd zn&né naroky na
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vlahu, snasi i jarni zaplavy. Druhy ekotyp se vympa schopnostitst na ndlkych,
v léte silné vysychavych pdach a najdeme jej v lesostepnich lokalitach. Jemty
snaze snaset rozdilné klimatické podminky, ale topiidou zimnimu vyZaduje teplejsi
klima a je naronéjSi na s¥tlo. Je dosti tolerantni k imisim a ilase mu obstog
v podminkach velkych gst. Jeho vyskyt je n&sEji zaznamenan v niZzSich aetinich

nadmdskych vyskach (Schweingruber 1993; Uraekiet al. 2001).
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3 PRINCIP DENDROCHRONOLOGIE

Dendrochronologie je postavena nékalika zakladnich principech, myslenkach a
konceptech, které jsou ve stnosti prezentovany v nasledujicsti této prace. Tyto
principy byly opakova# potvrzeny na zékladvédeckych dkazi z nekolika védnich
disciplin a podpieny experimentalnim dendrochronologickym vyzkumenag
Pilcher et al. 1984; Wigley et al. 1984; Fritts\aefham 1989; Cook a KaiikStis 1990;
Speer 2010). V zakladnim pojeti je dendrochronelagiapana jako metoda zabyvajici
se datovanim letokruiha studovanim jejich struktury k objasm informaci tykajicich
se historickych udalosti a Zivotniho piesti (Speer 2010).

Opakovanoutinnosti @livych pletiv (kambia a felogénu) se vytvd¢hem jednoho
veget&niho obdobi tlouXkovy pririst dreva, ktery nazyvame letokruh. Podle doby, kdy
dojde k giristu bukk dieva (z&atek nebo konec vegeétdho obdobi), jsme zpravidla
schopni rozlisit i d¥ rozdilné zony teva, nazyvaneé jako ,jarni“ a ,letni‘fevo. Tyto
zény jsou u wtSiny devin vzajemn barevie odliSeny. Vyjimku tvai dieviny
S roztrouSe# porovitou stavbou igva, které byvaji bez vyrazného rozliSeni hranice
letokruhu. Sytost barevného odstinu zavisi na amat@ stav® konkrétni deviny
(Pozgaj et al. 1997). Kontrast meziédgjSim jarnim a tmavsSim letnimielem
umoziuje rozliSit @i vizualnim makroskopickém i mikroskopickém poromh&ranici
letokruhu, kterd je nesmigndilezita pro zmdteni Siky letokruhi (Drapela a Zach
1995).

Sitka letokruhu kolisé v zavislosti na faktorech, &tewliviiuji prirast stroni a je
znan¢ variabilni. Na velikost tloukového piristu pisobi rekolik hlavnich faktod,
nagiklad wk, geneticky dané vlastnostiaviny, vlivy okolniho progedi, zdravotni
stav stromu, apod. Zasadni vliv na tvorbu letokreBak maji pedevsim klimatické
podminky, které se dhem vegeténi sezony do zrmé miry jevi zodpoxdné za
mezira:ni rozdily ve velikosti letokruin(Garcia-Gonzales a Fonti 2006).

Predpoklada se, Ze podobnéstové podminky (ndp klimatické faktory, kvalita
pudy apod.) zpsobi, Ze vzajemné vztahy letokfupro ugitou oblast budou u vSech
srovnavanych seérii stejné, i kdyZz se budou ve showi absolutni hodnoty &k
letokruhi liSit (Drdpela a Zach 1995). Tyto specifické &m v Stkdch letokrul
vyuziva metoda #zového datovani. Princip metody je zaloZzen na emmagm

porovnani piibé¢hu dvouci vice letokruhovych ivek. Pokud je synchronizacéikek
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us@Esna, jsme pak schopniifadit ke kazdému letokruhu i letofet, ve kterem byl
letokruh vytvden (Drapela a Zach 1995; Kaennel a Schweingrub@s)19

3.1 LETOKRUHOVE K RIVKY

Terminem letokruhovaikka ozn&ujeme grafické vyjaieni hodnot $ek po sob
nasledujicich letokruh(Vinat et al. 2005). K jejimu vytvi@ni i dalSimu vyhodnoceni
jsou v sodasnosti pouzivany specialni gmcové programy, které naffené data
zobrazuji a statisticky vyhodnoti. ul2Zitou kapitolou pedchazejici samotnému
vytvoreni Kivky je predevsSim odér vzorka a pgeesné ndreni Sfek letokruti. Prehled
pouzivanych technik odbu vzorki a zakladni postupy uptaivané pi tvorbeé
letokruhové kivky jsou popsany podroksji v nasledujicicasti prace.

V ramci prace byla pro odb vzorki na UzemiCeské a Slovenské republiky
vytipovana vhodn& mista reprezentujiciipby vyzkumu. Jednalo se o Zivé dubové
porosty, pildské provozy zpracovavajici dubovou kulatinu a débavonové stolice
(dievén& konstrukce, na niz je ungistkostelni zvon). Vyvazenou kombinaci écdbv
dubovych porostech i v pilskych provozech jsme schopni simulovat podminky p
odk@ru historického dubového materialu, oz nejsme schopni z anatomické stavby
rozlisit jednotlivé druhy duin

Pro odkr z Zivych dubovych strofnbyl pouzit Pressléw prirtistovy nebozez. Vyvrt
byl proveden ve Wetni vySce 1,3 m nad zemi v takowésti kmene, aby byl co
nejmérk zatizen lokalnimi vlivy, jako jsou kKenové nahy, poragni kmene, apod.
Vyvrty vzorki se provadi po vrstevnici, abychom mohli vyaduvyskyt reakniho
direva. Takto odebrany vzorek ma valcovy tvar angiru 5 mm, ktery je zafixovan
pomoci lepidla do i@wné listy s pedem vyfrézovanou drazkou. Proti posunu je
zajis€n omotanim papirové lepici pasky. Po vytvrdnutidiepje mozné povrch vzobk
snadno zbrousiti opracovat Ziletko CLANEK |, I, 1ll a IV) . Tento zfisob odru
sice zfisobuje poskozeni stromu, které otevira cestmym organisram zpisobujici
hnilobu, nicméa zdravy jedinec maijyozenou obranyschopnost a je schopny efektivn
bojovat i v Fipack rozsahlejSiho posSkozeni (Drapela a Zach 1995).

Odbér vzorki z pilarsskych provo# byl provagn za pomoci motorové pily. Zela
kmene byl otezan 2-3 cm tenky vzorek ve fafrkotowe, na #mz je dole patrny
piicny fez. Diky mu mizeme zkoumat moznéstove vady (nap nepravé letokruhy,
excentricky fist kmene, ovlivani letokruhi suky apod.), které mohou negativn
ovlivnit presnost nireni (CLANEK 11l a 1V) .
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Vybér historického materialu a dubovych zvonovych stblyl proveden na zaklad
informaci poskytnutych od pamétkovéhtadu nebo za pomoci dendrochronologické
laboratéde DendroLab Brno. Vytipovany bylyi@devsim konstrukce, u kterych byl
predpoklad vystavby v 19. stoleti. Pro édbvzorki z historickych #ewenych
konstrukci (krovy, sloupy, vzpy, pozednice atd.) byl taktéZ pouzivan Presfisler
piiristovy nebozez. Technika agth, uloZeni a opracovani odebranych vzoijk
v tomto gipadc pIné shodna s postupem popisujici adbzorka ze zZivych dubovych
stromi. OdkEr byl zacilen pedevsSim na dubové prvky zvonovych stolic, kteréabhg
podkorni letokruh (posledni letokruh vyikemy ged skacenim stromu) nebo letokruhy
bélového deva, dikycemuz je mozné dit piesny letopdet smyceni strofhpouZitych
na danou konstrukdiCLANEK Il a V). Pokud to situace dovoluje, k agb volime
nejmért viditelné misto na odebiraném prvku, aby bylo efvitce zachovanotwodni
estetické vnimani konstrukce.

Aby bylo mozZné provést &eni, musi se nejprve zdesry a nepravidelny povrch
vzorku vznikly @i odbéru vhodré upravit (nefastji brouSenim). Vzorky jsou tedy
upraveny pomoci brusnych papmiznych zrnitosti dle aktualni peby. Se zvysujici se
zrnitosti brusného papiru klesa drsnost brouSempéwvochu. BrouSeni je v prvni fazi
provadgno brusnymi papirygi brusnymi kotodi nizSi zrnitosti (ngjastji o zrnitosti
P240), s cilem srovnat brouSenou oblastipravit povrch na dé&sténi. Datisténi se
provadi brusnymi papiry o vySSi zrnitosti @eg€ji o zrnitosti P400). Tim dojde
k dostaténému vyhlazeni brouSené plochy a zvygirhranice letokruln Pokud i
odk@ru vyfezovych kotodt vzniknou velké nerovnosti, Ize pouZit néje elektricky
hoblik pro vytvdeni rovné plochy. Vifipads zvySené vihkosti v povrchovych vrstvach
dieva (nap. archeologické vzorkygi snizené pevnosti vlivem degradace a napadeni
biotickymi Skidci (nag. vzorky z historickych konstrukci) lze vzorky opoaat
Ziletkou (Cook a Kairikstis 1990).

Vzorky dreva jsou niieny na specidlnim &hicim stole, ktery umaije nefit s
piesnosti 0,01 mm. @t je vybaven posuvnym Sroubovym mechanismem a
impulsmetrem, ktery zaznamenava interval posunktyds®lu a penasi ho imo do
potitate. Tento posun nam vyjage Sftku letokruhu. Mteni se provadi vzdy po
jednom letokruhu, od rdné (pripadré nejstarSiho letokruhu) smem k podkornimu
letokruhu, a to vZdy kolmo na nasledujici letokfMnai et al. 2005). K zaznamenani
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meieni byl pouzit specialni program PAST4 (©SCIEM). &ométeni vzorku je v

A

pacitaci k dispozici grafické zobrazenii8k letokrutii v podol& letokruhové kivky.

3.2 STANDARDIZACE LETOKRUHOVYCH K RIVEK

Aby bylo mozné provaHl samotné datovani, je peba vytvdit nejdiive konkrétni
srovhavaci standardni chronologii. Tu je moZzné aVibtz p‘edem neupravenych
letokruhovych kivek, které jsou ovSsem zatizenyiym informanim Sumem. Kazdy
strom dokaze zaznamenat do struktury letokrubioioh se podminky prosdi ve svém
okoli, které v kon&ném sodtu ovliviuji i vyslednou &ku letokruhu. K ziskani
pozadovaneho inforndaiho signalu je tak vyuzivan proces standardizace.

Standardizace je proces matematického modelovadstarni wkovéeho trendu
z ¢asovétady spojeny s dalSimi postupy s cilem vyivastacionarnic¢asovou radu
(Drépela a Zach 1995)iistandardizaci je nestacionarni letokruhéada gevedena na
stacionarnifadu letokruhovych indeéx pohybujicich se kolem hodnoty jedna a s
konstantnim rozptylem. V nestandardizovanyatiach existuje vyrazna zavislost mezi
Sitkou letokrulii a jejich smrodatnou odchylkou. Po standardizaci je pak tatdshast
vyrazre oslabena (Cook a Kaikstis 1990). Proto je nutné v mnoha
dendrochronologickych aplikacichrqul sestavenim fmérne letokruhovérady tento
trend z letokruhovychikvek odstranit a kvky detrendovat (Rybiek 2007).

Aby bylo mozné deSifrovat charakteristické signéiyl, sestaven linearni model (tzv.
Cookiv model) obsahujici hlavni slozky, které oviiyi tlouf’kovy prirast (Cook a
Kairitkstis 1990). Tento model obsahujé&t megastji se vyskytujicich slozek, které

nalezneme v jakékoliv letokruhovad.

COOK UV MODEL
Ri= A+ C; +oD1; +oD2; + E;

R; — Si’ka letokruhu vase t, A; — vékovy trend letokruhovéady, C, — klimaticky signal obsazeny
v letokruhu D1, — endogenni faktogD2, — exogenni faktoE,; — nahodna odchylka

Vekovy trend letokruhové&ady (A) souvisi se z®nami v tlouskovém girastu
v zavislosti na ¥ku. V rané fazi iistu produkuje strom vyrazrsirSi letokruhy (faze
juvenilniho Gstu), které v sestavené standardni chronologivouji jeji prabeh. Firast
stromu tedy zpgatku prudce stoupa, vditétm wku dosahuje maxima a $ilpyvajicim
vékem dochazi k pozvolnému snizovarikgiletokruhi (Fritts a Swetnam 1989). Tento
problém Ize ¢ast&né omezit odstragnim juvenilni ¢asti, ktera sice zkrati délku
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zaznamu, ale je tim dosazeno spolefgich dat. Pro statisticky spravnou analyzu
letokruhovérady je nutné eliminovat vlivékového trendu, cozZ se provadi standardizaci
(Drépela a Zach 1995).

Klimaticky signal obsazeny v letokruh{C;) je stalou sotasti modelu, zahrnuje
vSechny klimaticky podmimé vlivy prostedi (nap. srazky, teploty, vysSka shové
pokryvky apod.). Redpoklada se, Ze se projevi u vSech strora stanovisti (Cook a
Kairiakstis 1990). Endogenni fakt¢fD1;) je zcela lokélni faktorgsobici teba jen na
jeden strom. Projevuje se re&avanym ,pulzem*, ktery neodpovida viivieku a
neprojevuje se u ostatnich letokruhovyiad (nap. provedeni vychovného zasahu,
lokalnimi  zneénami ve vyZzi¢ apod.). Exogenni faktor(oD2) predstavuje
charakteristickou reakci stranv ramci porostu nebo &itého lesniho segmentu na vliv
pusobici v ramci celé této oblasti (fapozary, kalamity Skdci apod.). Projevuje se ve
vSech nebo tédi ve vSech letokruhovyciadach zkoumanych oblasti¢iiou typickou
zmeénou. Symbold je binarni indikator fitomnosti 6=1) nebo nefitomnosti §=0).
Nahodna odchylkaE;) predstavuje nevystlenou c¢ast celkového rozptylu hodnot
letokruhovérady (Cook a Kairtkstis 1990; Drapela a Zach 1995).

K odstrarni trendu, ktery ma stpyvajicim wkem u normalaé rostoucich stroin
klesajici piibéh, Ize pouzit k prolozeni néglad linearni nebo negativni exponencialni
regresni funkce, kubické spline funkcizmé délky apod(CLANEK I, Il alll). V
dendrochronologii se vSakasgji setkdvame s neuplnymi letokruhovynitadami,
kterym chybi zr¢ velkacast. \&tSinou vzorek postrada juvenilédst (nejmladsSiigvo
stromu), cozZ j&asto zfisobeno technikou odhu, kdy vyvrt mine pi vrtani deen. DalSi
moznosti je, Ze tieny prvek o tutaiast gisel technologickou Upravou a tudiz tuto
juvenilni ¢ast neobsahuje (napstesni krokev, stropni tram apod.). V takovétipact
nemiZzeme uplatovat prolozZeni trenduistovymi funkcemi, jelikoz by gibeh kiivky
neodpovidal realnému stavu (Fritts a Swetnam 1@8@k a Kairiikstis 1990; Drépela
a Zach 1995; Speer 2010). Pro standardizaci nedipltetokruhovychrad se pouziva
nag. nizkofrekvesini filtr (low-past filter). Jako fiklad Ize uvést RCS filtr (Regional
Curve Standardization), ktery je prapddobré nejpouzivadjsi a ve vyhlazenéad

ponechava ,pulzy“ s dlouhou periodou (Biintgen e2@05;CLANEK III ).

Podrobrgji o tomto tématu pojednavadének I, Il a lll.
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3.3 DENDROCHRONOLOGICKE DATOVANI

Jak jiz bylo v pedchozich kapitolach zmino, princip dendrochronologického
datovani spgiva v gesném nireni Stek letokrufd, jejich vzajemné synchronizaci a
pritazeni konkrétniho roku vzniku. Synchronizace laibkwvych Kivek je stanovena
pomoci vizualniho a statistického porovnéni (Pitciteal. 1984).

Hlavni skupinou vyuZivajici dendrochronologickéhatavani jsou ve atSing
piipadi archeologické vzorky atrewvéné prvky historickych staveb. Mé&ntasto je
datovani provatho u subfosilniho iétva, hudebnich nastigjhistorického nabytkui
umeéleckych gedneta. Velmi ¢asto je tato metoda vyuzivana i k datovani viork
z zivych stroni. Zasady odéru, opracovani a #éteni vzorki jsou podrob#ji popsany v
kapitole 3.1.

K vyhodnoceni nagtenych dat byly v ramci prace pouzivany specialmigmmy
(PAST4 (©SCIEM) COFECHA). V &chto programech byla provedena vzajemna
synchronizace letokruhovychHikek, kterd umozni rozdeni kiivek do skupin navzéjem
synchronnich vzork ze kterych je vytviena pimérna letokruhova #vka. Tim, Ze
dojde k vytvd@eni pameérné letokruhové kvky, se zvyrazni hledany spdéley signal a
potlati se vliv jedince (Vinaet al. 2005). V této fazi sejpnérna letokruhova vka
piiklada ke standardni chronologii z&elem nalezeni nejvySSi hodnoty statistickych
parametii. P¥i porovnani dvou letokruhovychiikek mezi sebou je mira podobnosti
posuzovana pomoci koeficientu séabosti (Gleichlaufigkeit (Eckstein a Bauch 1969))
a pomoci t-testu (TBP (Baillie a Pilcher 1973), TitlIstein 1980)), které jsou pouze
pomocnym prosedkem a slouzi k usnaghi optického srovnani obouikek. | presto,
Ze dosdhneme u obouivek dostaténé statisticky vyznamnych hodnot, je nutné
potvrdit optickym srovnanim setkani vets$iné vyraznych maximech a minimech
(Drapela a Zach 1995). Sphim vSech d&chto pozadavk je moZzné pimérnou
letokruhovou Kvku absolut® datovat. Zptné se poté datuji podle {mérné
letokruhové kivky vSechny individualni letokruhovérikky, ze kterych byla gimérna
kiivka vytvorena (Vind et al. 2005; Rybriek 2007).

Ke spolehlivému datovani a statistickému vyhodnogerpoteba, aby i vzorek
alespa 40-50 letokruh (Cook a KairiikStis 1990) a pro zkoumanotiestinu a oblast
byla sestavena standardni chronologie. 88pst datovani je dana takéednou,
stanovis¢m, stupgm zachovani vzorku,ifpadré obsazenymiistovymi vadami. Za

idealni deviny pro datovani jsou vSeob&cpovazovany listnatérdviny s kruhovi
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porovitou stavbouigva a jehkinaté deviny. Dreviny s roztrouSenporovitou stavbou
dieva jsou obtizh datovatelné ki#di jejich nevyrazné anatomické staybktera

nedovoluje etelrt rozliSit ratni peirast deva (Rybnéek et al. 2010). Velkym
problémem vSak také mohou byt velmi Uzké letokruHyanici dvou sousedicich
letokruhi je v takovémto fipact ¢asto obtizné rozpoznat kv vzajemnému dsnému

kontaktu bugk jarniho deva (Schweingruber 1993).

Aby bylo mozné provést absolutni datovani vzorkiesnosti na rok, je nutné, aby
zkoumany vzorek obsahoval posledni vybmy letokruh s &ou (tzv. podkorni
letokruh). Pokud neni tento letokruh gasti zkoumaného vzorku (napz divodu
opracovani teva, degradace povrchovych vrstev vzorku biotickyimiabiotickymi
Ciniteli atd.), neniZzeme s jistotoutici, kolik letokruhi dany vzorek postrada.fiP
datovani takového vzorku se musi konstatovat, emsbyl smycen &kdy po roce,
jehoz datum bylo zjiho (Rybnéek et al. 2010). Jestlize jsou u dubového vzorku
zachovany letokruhy dlové dreva, je mozné chyfici letokruhy dopgitat s utitou
toleranci (Haneca et al. 2006). V Evéoge p@et letokrulii bélového deva pohybuje
vrozptylu od 7 do 50 letokrdh(Rybnitek et al. 2006). Samotny &t letokruli
souvisi s geografickou polohou lokality a vykazupitou variabilitu od vychodu na
zapad (Baillie 1995). N&fklad v severozapadni Anglii se qa kélovych letokruli
pohybuje v rozmezi 20-45 letokruHughes et al. 1981), v severningrilecku 10-30
letokruhi (Wrobel et al. 1993), v jiznim Finsku 9-18 letdkitu(Baillie et al. 1985) a
v Polsku 9-23 letokruh(Wazny a Eckstein 1991).

Predchozi studie provedena v jihovychodsdisti Ceské republiky uvada paset
bélovych letokrulii v rozmezi 5-21 letokruh (Rybnitek et al. 2006). Z nav
vyhodnocenych vysledkpokryvajicich jiz celé Gzemitipozeného vyskytu dubv CR
vyplyva, ze poet bslovych letokruli se v ramci celéeské republiky pohybuje v
rozmezi 5-24 letokruh a dosahuje @mérné hodnoty 14,6 letokruih Ve skupig
historickych a recentnich vzarkdosahuji pimérné hodnoty Blovych letokruli
stejného p&tu a jejich pdet je tedy v pibehu ¢asu neminny (CLANEK 1V).

Je vSak také nezbytné brat v Uvahu i charakter ziitumané konstrukce, nebmok
pokaceni stromu nemusi vzdy souhlasit s rokem piytigatovany prvek vyroben (nap

kvili dobé potrebné k vysuseniidva).

Podrobréji o tomto tématu pojednavdanek I, II, Il a IV.
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3.4 STANDARDNI CHRONOLOGIE

Z&kladnim pedpokladem pro dendrochronologické aplikace jetemte standardni
chronologie, ktera se tyiopro kazdou tevinu zvlag a vznika postupnymipkryvanim
letokruhovych kivek smérem do minulosti (obr. 1) (Baillie 1995). #nérny prirastek

pro kazdy rok, odvozeny z &itého pd@tu stromi, utv&i vyslednou standardni
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Obr. 1: Princip kfizového datovani a prodlouzeni chronologie do naistill(pevzato z www.wsl.ch
upraveno autorem prace)

letokruhovou chronologii (Pilcher et al. 1984). dStoucim pétem letokruhovych
kiivek pouzitych k sestaveni standardni chronologiejsta i jeji reprezentativnost pro
danou oblast. Vysoka mira prolozeni v celé délandsrdni chronologie sniZuje
nebezpe&i ovlivnéni vysledné chronologie nezadoucim ruSivym  signalem
S vziiistajicim pétem vzorki dochazi ke zvyrazmi spoléného klimatického signalu a
souwasre k potlaeni ruSivého signalu stromu (Cooper et al. 2013dndtlivé
standardni chronologie se od sebe liSi oblasti, ktepou se daji pouzit a délkou
casového intervalu, do kterého spadaji (Rybki2007).

Pri tvorb¢ letokruhi obcas dochazi k porucham, kdy se letokruh v daném roce
nevytvai vabec, resp. je danou technikou rgielny nebo se &hem jednoho
veget&niho obdobi vytvii dva letokruhy, resp. vyt¥d se tzv. faleSny letokruh.
Vynechani jednoho letokruhu v letokruhalagk vyvola dokonaly nesouhlas a nasledné
urceni mista, ve kterém k poruSe doslo, je velmi olétifDrapela a Zach 1995). Pro
vylouc¢eni €chto nezadoucich faktibrslouzi pra¢ metoda kizového datovani (,cross-
dating“). Ta umoi#uje vzajemnym srovnanim dvou a vice letokruhovyiihek priradit

ke kazdému letokruhu konkrétni rok vzniku (obral)git tak sté&i dieva s pesnosti na
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kalend#@ni rok (Fritts a Swetnam 1989; Baillie 1995; Sp&#y10). Porovnanim
letokruhovych kvek s jiz vytvdenou standardni chronologii mohou byt iespmosti
v datovani odhaleny.

Pro spolehlivé datovani je vSak nutné, aby se spmidtované kivky také opticky
shodovaly. Je vSak velmi nepra&pddobné, Ze bydkteré nahod&ivybrané letokruhove
kiivky byly v hodnotach firastu naprosto identické a dosahovaly shody ve vSech
letokruzich. Proto je nutné vyhledavat v letokrubd#ivce urité extrémni hodnoty.
Predmétem zajmu jsou tedy vyraznd maxima (midare vysoké hodnoty jfrastu)
nebo ¢astji vSak minima (miméadré nizké hodnoty firastu). Vzajemné porovnani
vSech &¥chto vyraznych hodnot tak umoZnicity zda jsou ve vzorku zastoupeny
vSechny letokruhy, ifppadre ktery konkrétni letokruh ve vzorku chybi. Vice pazosti
je obvykle ¥novano velmi Uzkym letokrdim (na zkoumané letokruhovéikce je
jejich Sika obvykle vyrazé pod paimérnou Stkou letokruhu). Tento stavétSinou
signalizuje negativni ovliwni rastu rekterym z abiotickych¢i biotickych faktoi
(Drépela a Zach 1995).

K hodnoceni kvality proloZzeni chronologii je uzivézv. Expressed Population
Signal (EPS). Ten vyjddje, do jaké miry chronologie reprezentuje sigred daného
Sumu (Briffa a Jones 1990). Hodnoty EPS se pohybujzsahu od 0 do 1. Klesne-li
hodnota signalu podipdem stanovenou hodnotu spolehlivosti (obvykleatanou na
hodnotu 0,85 (Wigley et al. 1984)), ¢tad v chronologii spiSe fevladat signal
Z jednotlivych strom oproti signalu ze stanovis(Briffa a Jones 1990; Speer 2010).

Podrobrgji o tomto tématu pojednavadanek 1.

3.4.1 DUBOVE STANDARDNI CHRONOLOGIE

Velmi malo deweného materialu vydrzi odolavatipzenému rozpadu déle, nez je
doba pohybujici se&Sinou viadu stovek let. To ziaé omezuje délku pouzitelného
zaznamu ziskaného z letokiulVe srovnani s mnoha jinymi proxy daty (s fiegymi
Udaji umoaujicimi rekonstruovat klimatické podminky, kterénpaaly v minulosti
Zeme nag. geologické usazeniny, ledovcova jadra, koraly.)atdosahuji zaznamy
z dendrochronologickych &eni relativie kratké délky. Nkdy se viak ve vyjimaych
piipadech vyskytne rdwvény material odolavajici i vice nez tisice let. N&t& se
nalézaji jenii letokruhové chronologie, které dosahuji délkiplizné okolo 10 000 let.
Tyto chronologie byly sestaveny ze severoameriacké&\wce osinatéRinus longaeva

v Kalifornii (Ferguson et al. 1985) a z dub@uercusspp.) v Irsku (Pilcher et al. 1984)
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a v Nemecku (Friedrich et al. 2004). Takto dlouhé chroga je mozné sestavovat jen
za pouziti subfosilnihotdva, které mohou délku chronologie potencio&grodlouzit
az na piblizn¢ 15 000 let (Speer 2010). U historického, archdaolaho acast&ne i
subfosilniho materialu pouzitého pro sestavenilifob standardnich chronologii vSak
musime vzdy p&itat s jeho moznym transportem z jinych vigemére vzdalenych
Gzemi nap kvili plaveni deva, obchodu setfevem a vyrobky atd. (Vay 2002).

Za nejdelSi dubovou chronologii je povazovana cblagie z jihogmeckého
Hohenheimu, ktera saha az do doby 8480mp I|. (Friedrich et al. 2004). Dlouhé
letokruhové chronologie umoznily modelovat klim&#écreakce strofha rekonstrukci
klimatu v minulosti (Biintgen et al. 2011). Nejvy$gistotu dubovych chronologii Ize
nalézt v zapadni (n&pBaillie 1995; Lambert et al. 2005; Tegel et &1Q; Wilson et
al. 2012) a sedni Evrog (nag. Grynaeus 2003; Geihofer et al. 2005; Szanto .et al
2007; Cufar et al. 2008; Biintgen et al. 2010 a 2011; Kekaal. 2012; Wany et al.
2014; Dominguez-Delmas et al. 2015). Tvorba dubb\loronologii vSak probihd i na
Uzemich, ktera bylaitve povaZzovana za m&whodna pro takovy vyzkum jako riap
Belgie (Haneca et al. 2006), Estonsko (Sohar €2(dl4) nebo Litva (Pukiené a OZalas
2007).

V Ceské republice byl poloZen prvni zéklad dubovédsiaini chronologie v roce
1995 (Poldek 2002). Systematickym dendrochronologickym datdvdubového
archeologického materialu se péitta sestavit chronologii, ktera &a rozsah od roku
538 n. |. do roku 2000 n. I. V roce 2005 bylgegstavena aktualizovana chronologie
CZGES2005, ktera byla podstatvice proloZena a &a rozsah od roku 545pn. |. do
roku 2004 n. I. (Rybkek 2007). V dalSich letech byla diky datovani ssitfidho
materialu chronologie vyraZmrodlouzena a jeji nova verze CZGES2018amozsah
od roku 4682 p n. I. do roku 2006 n. I. (Kotaet al. 2012). Posledni velkou aktualizaci
byla vytva‘ena standardni chronologie CZGES2013, ktera zkemsiblozeni zejména
recentnicasti (CLANEK I1). Nicmérg i tato chronologie nedostate pokryvala obdobi
okolo 19. stoleti a také nezahrnovala celé tUzeimozeného vyskytu dubu @R. Proto
byly na zaklad historickych zaznafm vytipovany dubové zvonové stolice
s predpokladanou dobou vystavby v 19. stoleti. Spdiunsbyly na GUzemi zapadnich
Cech provedeny odiy recentnich vzork které doplnily mezeru v pokryti celého
piirozeného vyskytu dubu na Gze@R (CLANEK 1V).
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Poslednim Uzemim vefstini Evrog, pro které nebyla sestavena samostatna dubova
standardni chronologie, byla aZz donedavna oblasbveBkké republiky.
Dendrochronologickd problematika byla na tomto UzemS8ena jen okraj@év a
vztahovala se&sSinou na jehlinaté deviny o charakteru malych lokalnich oblastiinap
lokalita Slovenské Beskydy (Bd¥eet al. 2014), lokalita Tatry (Blntgen et al. 2013
lokalita Galsikovo (Smelko a Scheer 2000). Pro dubové porostpylae
dendrochronologické problematika zkouméaihac nebo jen pouze okrajowag. byly
zkoumany podminky uhynu &ipistu duli v lokalitach bez vlivielovéka (Saniga et al.
2014) ¢i byl zkouman vyvoj a ust dubovych poroét postihnutych v minulosti
hromadnym Uhynem dib zpisobeny tracheomyk6znim onemeéoim houbového
pavodu (Stefatiik a Strmé 2012). Proto byla na Gzemi Slovenské republikyeigina
zcela nova dubové standardni letokruhova chroneldgijejimu sestaveni bylo pouzito
1028 vzork z Zivych stronmi a 276 vzork z historickych konstrukci, s rozsahem od
roku 967 do roku 2018CLANEK 111 .

3.4.2 PODOBNOST EVROPSKYCH STANDARDNICH CHRONOLOGII

Evropské standardni chronologie byly prim&akytvareny jako datovaci nastroje a
piresnému fivodu deva pouzitého pro vytw¥eni €chto chronologii nebyla&gnovana
priliSna pozornost (Eckstein a Wrobel 2007). V mistildylo totiz duboveé #kvo velmi
cennou surovinou, ktera byla transportovana i stckilometri daleko (Wany 2002,
Haneca et al. 2005) a existuje zde tedy moznostsimi a ovlivani chronologie
letokruhovymi Kivkami pochazejici z jinych oblasti. Pokud tedy e ukit
skute&nou podobnost mezi standardnimi dubovymi letokryhavchronologiemi pro
jednotlivd evropska Uzemi, je nutné sestavit chiagie pouze z recentnich diybu
kterych je znama oblast jejichiyodu. Jedin tak budeme mit jistotu, odkudevo
pochazi (Eckstein a Wrobel 2007; Kkt al. 2012).

Mira podobnosti letokruhovych chronologii zavisi geografické poloze, délce
chronologie, devin a kvalig proloZeni (Pilcher et al. 198€ufar et al. 2008 a 2014b;
Kolar et al. 2012). | kdyZ je mira podobnosti mezi egkgpni dubovymi standardnimi
chronologiemi nafi¢ zapadni a s¢dni Evropou velmi vysoka, bylagsto opakovan
prokazano, Ze pouzitelnost standardnich chronologii daném uUzemi klesa se
vzdalenosti od mista nalezu datovanéteva (Bailie 1995). Geograficky rozsah pouZiti
téchto standardnich chronologii je omezeny celtadou okolnosti, z nichz
nejvyznamgjsi jsou klimatické atrstové podminky. Z tohotoigtodu je pro spolehlivé
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dendrochronologické datovani petba sestavovat hustou’ segionalnich standardnich
chronologii. Tato skutmost miZze byt také vyuzivana néklad pro identifikaci
piresného fivodu deva nalézaného v historickych konstrukcich ¢Wal1991; Blintgen
et al. 2011; Kolaet al. 2012Cufar et al. 2014b).

Pokud porovname chronologie na evropském kontinetatki nejvysSi vzajemna
podobnost je vSeobegmpozorovana u stdoevropskych zemi. ¥d¢hto zemich se
vyskytuji podobné klimatické podminky, s vyjimkousevernicasti Nemecka, kde je
klima spiSe vice ifimorské. Uceské chronologie je nejisi podobnost zaznamenana
piredevS§im mezi rakouskou a&meckou chronologii (Koiaet al. 2012). Slovenska
chronologie vykazuje vysokou podobnogegevsim s moravskou, vychodorakouskou a
zapadoukrajinskou chronologii. NizSi podobnasiské a slovenské chronologie
s polskou chronologii jeiejm¢ zpisobena pohdm Zapadnich a Vychodnich Karpat
ovliviwujici v této oblasti proughi vzduchu a tim i rozloZeni diefych srazek. V této
oblasti Ize pozorovatipchod od kontinentalniho k oceanskému pod(@binex 111) .
Stejny gechod niZze byt vidn ve Francii, kde stmem na z4pad postuprsldbne
kontinentalni vliv. Dobra korelace byla také zjisa v Nizozemsku a Belgii, kde
pievazuje mirné oceanské podnebi. Naopak Britskéwysinaji v porovnani s Evropou
zcela odlisné klimatické podminky, jelikoZ jsou ieakny Golfskym proudem. Ten
zpasobujecasté desta malé teplotni rozdily mezi létem a zimou. Tykerémni rozdily
v klimatu se projevuji nizSi podobnosti anglickyaclirskych chronologii ip porovnani
s €mi kontinentalnimi. Velmi mala korelace s italskauSpasgiskou chronologii lze
vyswetlit stejnym zpgisobem. Tyto d¥ zen® jsou rozdleny ze stedni Evropy pohiom
(Alpy a Pyreneje) a lze zde uz pozorovat subtrapjpidnebi (Kol&et al. 2012).

Podrobrgji o tomto tématu pojednavadanek .
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4 VLIV KLIMATU NA RADIALNi R UST

| kdyZ nejsme schopni zceldgsreé vyswitlit vSechny biochemické procesy, které se
ve strond odehravaji, 1ze spolehlivprokazat zavislost mezastem stromu a okolnim
prostedim (Speer 2010). Aby bylo moZné ziskat vypovéiajiata, je pdeba znat
charakteristické vlastnostiigtu letokruli, které se vyznailji drobnymi odliSnostmi pro
uréitou drevinu (CLANEK 1 a ll).

Obecre plati, Ze @ist stromu zavisi na nejvice omezujicémiteli v okoli stromu
(Fritts 1976). Tedy najklad stromy rostouci na suchych prestich jsou obvykle
omezeny mnozstvim srdzek za rok, stromy ve vysakbnarské vySce maji tendenci
byt omezené teplotou,ckteré stromy jsou omezené nedostatkem Ziviridé papod.
Limitujici faktor dominuje #stu kazdy rok a je hlavni pr@mnou zaznamenanou
v letokruhu. Kazdy rok se tak vytkiarizné Sfky letokruhi, které jsou ovliviiné
rozdilnymi faktory. Stromy vSak mohou byt omezer¥aiika faktory najednou, coz
znané komplikuje fyziologickou odezvu stromu (Fritts av&nam 1989; Speer 2010).
Sitky letokruhi vyskytujici se u strofnrostoucich na severnich stranach svéihue
vysokych nadmiskych vyskadch mohou byt ovligny chladnymi podminkami, které
zpomaluji fistové procesy. Oproti tomu iBy letokruhi vyskytujici se u strof
rostoucich na jiznich svazich a v nizSich naifikych vySkach vykazuji &sSi
pravdpodobnost na ovlivni ristu nedostatkem vihkosti (Fritts 1976).

Jak jiz bylo vySe zmiimo, radialni pirast u duli tedy vyrazg zavisi gedevsim na
vihkostnich a na teplotnich podminkach. Hlavnimmigiickym parametrem, ktery
limituje dubové porosty W eské a Slovenské republice jsategevsim srazky a s tim
zce souvisejici sucho (Smelko a Scheer 2000;ddkrét al. 2003). Pozitivni korelace
mezi Stkou letokruli a srazkami potvrzuji i mnohé evropské studie {in&ray a
Pilcher 1983; Santini et al. 1994; Cedro 2007; \dan Werf et al. 2007; Bronisz et al.
2012; Michelot et al. 2012 ufar 2014b) a odhaduji také velké vihkostni nardla
v procesu tvorby letokruhu. \fipact nedostatku vody (sucho v jarnich a letnich
meésicich doprovazené vysokymi teplotami) se velikagv sniZuji (Sass a Eckstein
1995; Garcia—Gonzalez a Eckstein 2003; Broniszl.eRGl2). Toto mnoZzstvi vody
obsazené v imé je vyjadovano pomoci indexu sucha PDSI (Palmer droughtrigve
index). S dostupnosti vodyelrem vzniku cév (dostatek srazek v jarnich a letnich
mesicich) se jejich velikost Zt5uje (Cedro 2007; Bronisz et al. 2012). Charagti&a

velikosti jarnich cév niwze byt proto pouzita pro rekonstrukci srazek v rusti
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(Garcia—Gonzales a Fonti 2006; Fonti a Garcia—Ges2908). Anatomické vlastnosti
se néni také v zavislosti na hydrologickych podminkaeimél oblasti, a to dokonce i ve
stejném porostu (Gfar et al. 2013).

Vysoka teplota v letnich &sicich je nefiznivym faktorem ovliviujici prirastek
stromi. PredevSim v rozmezi obdobi oddwa do srpna maji vysoké teploty negativni
vliv na Siku letokruli (Rozas 2005; Cedro 2007; Bronisz et al. 201@far 2014b).
Vysoké letni teploty mohou u stromu vyvolat zvySewydni stres, ktery Zysobi
nasledny pokles radialnihdstu. Tento jev vznikaifpdevsSim z @ivodu zvySené ztraty
vody a je davan do souvislosti s evapotranspiraodl@govanim vody z fpdy (Rozas
2005). Naopak teplejsi konec vegetsezOny ma pozitivni vliv natku letokruhi
(Cedro 2007; Bronisz et al. 201@ufar 2014b). Vliv teplot na radialnitipast dubu
vSak neni v nasich klimatickych podminkach zdaléka zasadni jako vliv sucha a

mnoZstvi sraZek(LANEK 11).

Podrobrgji o tomto tématu pojednavéanek I, 11, lll a IV.

4.1 ANALYZA VYZNAMNYCH LET

Predkladdana analyza byla z&fena na pizkum negativnich let na izemi Slovenska.
Negativni vyznamny rok je definovan jako extr&mizky letokruh stromu, u kterého
doSlo ke sniZzeniastu minimalg o 40% ve srovnani simérnou Stkou letokruhu
v predchozich¢tyiech letech a tato reakce se projevila minirain20 % strom ve
sledované oblasti (Schweingruber et al. 1990). Rpsi orientaci byly negativni
vyznamné roky rozileny do ¢étyi skupin (20—-40%, 40-60%, 60-80%, 80-100%),
vyjadtujicich procentualni vyskyt vyznamného roku z cettwm pd&tu letokruhovych
fad (obr. 2).

Takovéto letokruhy jsou brany jako ekologické ukaleamistnich nebo regionalnich
udalosti, které ovlikwuji rast stromu (Cook a KaitkStis 1990). Vyuziti studia
vyznamnych let rozBiuje spektrum metod uzZivanych v dendrochronologickém
vyzkumu. Zatimco ve vyzkumu zaloZzeném n&reni Siky letokruhi jsou zdrojem
informaci pfimérné hodnoty a népruSen&asovérady, tak u datovani &ité udalostii
vyznamnych let je zdrojem informaci frekvence @izita udalostidhem zkoumaného
obdobi. Vyznamné roky tak poskytuji informace oréxinich situacich, kterym byly
stromy v minulosti vystaveny napobdobi sucha, napadeni porostuickk, apod.
(Schweingruber et al. 1990).
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Vysledky analyzy negativnich let odhalily ve sloské chronologii 26 obdobi, ve
kterych doslo vlivem nefznivych podminek (v ifgvazné wtsin¢é piipadi z divodu
nizkého mnozstvi srazekiem vegeténiho obdobi) k velmi nizkémuripistu deva
(obr. 2). Nejextréem&Si nalezeny rok byl v roce 1947, ve kterém se nedpopulaci
stromi negativié projevilo téngf 60% stroni. Tento vyrazny negativni rok byl

pozorovan také ndjklad u dubovych porostv sousednim Polsku (Bronisz et al. 2012).
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Obr. 2 - Vysledky analyzy vyznamnych negativnich let preesiskou chronologii. Hodnoty Z0%
bez negativnich let (bild), negativni roky pro2W% stromd (swtle Seda), vyrazné negativni roky
40-60% stroni (cerne); standardni chronologie (tmé&seda).
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5 ZAVER

Predkladana disertai prace se zabyva sestavenim letokruhové standdudiove
chronologie pro oblast Slovenské republiky a zkoyrablémy s tim spojené. Dale se
zabyva aktualizagieské standardni chronologie.

Pt tvorbé chronologie byly nejprve provedeny lokalni studligt dubovych porosit
(dub letni —Quercus roburL.; dub zimni —Quercus petraegMatt.) Liebl.; dub
mnohoplody —Quercus polycarpa&chur, dub Zlutavy —Quercus dalechampiren.).
Cilem bylo porovnatirstové reakce jednotlivych draldubi na klimatické faktory. Na
arovni Sfky letokruhi vSak vzajemné rozdily mezi jednotlivymi druhy niby
vyznamneé a nelze je tudiz jednozma identifikovat. Mnohem vice podstatny se na
ovlivnéni ristové reakce ukazal vliv stanowisTento vliv se jesgt navySuje zejména u
extrémnich stanows u kterych dochézi néapk rychlému odtoku vody, sniZzené hlatin
podzemni vody apod. Byla také pozorovanaémanv rozlozeni &tovych srazek
v rdmci vegeténiho obdobi. Po roce 1990 byl prokazan pokles krazikibnu a kétnu,
diky ¢emuz doslo ke snizeni nasycefidpiho profilu vodou v porovnani $gquchozim
porovnavanym obdobim (1961-1990). Tento faktor pp¥azovat za limitujici pro
radialni fist dubu(CLANEK ).

Dale bylo zrecentnich dubovych porfosha GzemiCR sestaveno & par
chronologii, které byly rozdleny na zaklaél vihkosti pidy (mokré/suché stanovist
nadmdskeé vysky (nizka/vysoka),éku (mladé/staré stromy), druhu (dub letni/dub
zimni) a geografické polohy (vychod/zapad). Jedwdtthronologie jsou odvozené ze
vzorki reprezentujicich data z horniho a dolniho kvarkizdé zkoumané skupiny.
Diky ndhodnému odiu vzorki lze predpokladat, Ze ziskané vysledky budou obecn
platné v celé délceeské dubové chronologie. Vzajemnym porovnanim pytkazana
shodna reakce na klimatické parametry. Porovnaloi frypvedeno pro obdobi od roku
1920 aZ do roku 2013, které je spwmié pro vSech § parm chronologii. Nejlepsi
korelaci se srazkami dosahuji chronologie vddold kwtna docervence aktualniho
roku (CLANEK 1I).

Na zéklad vySe zmiknych vysledk byla sestavena jedna dubova letokruhova
standardni chronologie pro celou oblast SlovenBka.zdejSi Uzemi se jedn& Gbec
prvni dubovou letokruhovou standardni chronolo@ento vyzkum zarowe otevira
nové moznosti v dendroarcheologické a paleoklirkéatioblasti. Slovensko bylo

posledni gtdoevropskou zemi, ktera né&lm sestavenou dubovou standardni
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chronologii. Systematickym odiem bylo ziskano 1028 vzarkz Zivych stron a 276
vzorki z historickych konstrukci, z nichz byla sestavewgsledna chronologie

s rozsahem od roku 967 do roku 2013. Hodnoty ERRrguji limit 0,85 v obdobi

od roku 1585 az do soasnosti. Vytveenim této standardni chronologie bude nyni také
mozné provest datovantedeénych vzorki, které nemohly byt v této oblasti prozatim
datovany. Také dojde ke zvySetapdkipodobnosti datovani, které bylo jgsionedavna
feSeno pouzitim chronologii ze vzdalgich oblasti¢imZ se ovSem pra¥godobnost
usgsSného datovani snizovala. Tato chronologie tak argrgoosili st evropskych
dubovych chronologii, ktera v tét@sti Evropy neni tak husta jako v zapadniradsti
Evrops (CLANEK 1) .

Vramci vyzkumu byla nay vznikla slovenska dubova chronologie vzajémn
porovnavana s ostatnimi dubovymi chronologiemi ttedsni Evrog, aby bylo mozné
zjistit podobnost naf geografickymi celky. K porovnani byla pouZita jescentni
¢ast, aby bylo vyloéeno gfipadné zkresleni chronologie materialem transpartgm
z jiného Uzemi. Vysledky potvrzuji, Ze podobnostsil s ndistajici vzdalenosti. Ke
srovnani byly pouzity chronologi€eské republiky, Polska, Ukrajiny, Marska,
Rakouska a Slovinska. Vysokou podobnost vykazueesiska chronologiefedevsim
s moravskou, vychodorakouskou a zakarpatskou (ndymdndast Ukrajiny) chronologii.
To je dano zejména stejnyntesioevropskym klimatem. Naopak velmi nizka podobnost
se slovinskou chronologii je dana odliSnym klimatejelikoZz nist letokruhu zde
ovliviiuje stedomdské a alpské podnebi. Takeé nizSi podobnost s polstmnologii je
patrre zpisobena pohdm Zapadnich a Vychodnich Karpat, které omliy v této
oblasti proudni vzduchu a zjsobuji tak nerovnoginé rozlozeni de®vych srazek
(CLANEK 1I) .

Soutasre byla u slovenské chronologie provedena analyzathnagch vyznamnych
let. Hodnoceni prathlo v nékolika kategoriich (20-40%, 40—60%, 60—-80%, 80—10)0%
vyjadiujicich procentudlni vyskyt vyznamného roku z ceétwm pdtu letokruhovych
fad. V prvni skupidé (negativni reakce se projevila u 20—-40% stipmalezneme 19
negativnich rok, u druhé skupiny (reakce u 40-60% stéipmalezneme 7 negativnich
roka. Ve ticatych letech 21. stoleti bylo zaznamenano nejwiegativnich let (1930,
1933, 1934, 1940). AvSak nejdelSi obdobi snizengigstu bylo zaznamenéano v
letech 1962-1964, kdy ve vSedhdah letech reagovalo negatévwmice jak 40% strofin

NejextremrdjSi rok byl vroce 1947, u kterého v dané populstbni reagovalo
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negativreé témei 60% strond (obr. 2). Jako nejpra¥podobrjSi pricina ristove deprese
v téchto letech se jevi nizké mnoZstvi srazetem vegeténiho obdobi.

Ze vzorki odebranych ¥eské republice byla také provedena analyz&tupo
letokruhi bélového deva, kterd je wlezitA pro dendrochronologické datovani
historickych dubovych vzofk K analyze byly pouzity pouze vzorky uk@mmé
podkornim letokruhem. Ret kilovych letokrutii byl zjisfovan z picného fezu.
Hranice mezi jadrovym a¢lovym dievem byla stanovena vizuélpomoci barevného
rozdilu. VCeské republice byla ziskana data reda do kategorie podle geografické
polohy (vychod/zapad) a podle Stazorki (historické/recentni). Recentni vzorky, které
byly k analyze pouzity, pokryvaji celé Gzentirpzeného vyskytu dubu na Gze@R.

Z vysledki vyplyva, Ze se peet klovych letokruli u recentnich vzoik pohybuje
v rdmci celé republiky v rozmezi 5-24 letokiuh dosahuje @mérného pétu 14,6
letokruhu. VysSi péet letokruli bélového deva byl vypdten pro zapadni oblasti
(15,1) nez pro vychodni (13,4). Vysledky Ceské republice tak potvrdily
piedpokladany pokles ptu kElovych letokruli ve snéru od zapadu na vychod.
V historickych vzorcich byl peet letokruli bélového deva zaznamenan na t&m
stejné hodndt (14,5), z¢ehoz vyplyva, Ze je jejich get v pfibchu ¢asu nemnny
(CLANEK V).

Zarover doSlo k aktualizacteské dubové chronologie, ke které bylo pouzito 252
kiivek z zivych strom a 90 Kivek z historickych konstrukci {pvazre z kostelnich
zvonovych stolic). Celkay je v sodasné dob ceska chronologie twena 3536
letokruhovymi Kivkami, které pokryvaji souvislé obdobi od roku 382do roku 2014.
Poddilo se odebrat vzorky ze zapadisti Ceské republiky, takZe nyni uz je pokryto
celé tzemi firozeného vyskytu dubu na Gze@R. V prvni polovir 19. stoleti se nav
odebranymi vzorky pod#o trojnasobw zvysSit proloZeni chronologie (z 19 na 57
vzorki). ZvySeni proloZeni je potvrzeno navySenim hode®$ nad kritickou hodnotu
0,85. Timto také doslo ke zlepSeni napojeni chagielv obdobi pechodu historickych
a recentnich vzork (obvykle obdobi 2. poloviny 19. stoleti). To byv¢asto silg
ovlivnéno velkym podilem juvenilniho tdva, které mze komplikovat vyuziti
chronologie pro rekonstrukci klimatu. Nowaktualizovanou dubovou chronologii bude

mozné vyuzit pro rekonstrukci hydroklimatickych pridek v minulost{CLANEK IV).
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6 CONCLUSION

This submitted dissertation thesis deals with tieaton of oak tree-ring chronology
for the area of the Slovak Republic and examinegptbblems associated with it. It also
deals with the updating of the Czech oak tree-cimgpnology.

When creating the chronology, first local studiels four selected oak stands
(Quercus robutL., Quercus petraeéMatt.) Liebl., Quercus polycarp&chur.,Quercus
dalechampiiTen.) were carried out. The aim was to comparegtiogvth response of
each species of oaks to climatic factors. At theelleof ring width, the mutual
differences between the species were not signifiaad therefore cannot be positively
identified. The effect of the local site conditioos the growth response proved to be
much more significant. This effect is even morenmanced at extreme sites, e.g. sites
with rapid runoff, reduced groundwater level, efxdditionally, a change in the
distribution of rainfall within the growing seasaras observed. After 1990 the rainfall
decreased in April and May, thus reducing the satum of the soil water profile in
comparison with the previous period (1961-1990)is Tlactor can be considered
limiting for the radial growth of oakARTICLE ).

Further, five specific pairs of chronologies wemsnpiled from living oak stands in
the Czech Republic. They were divided into ten gesub-chronologies based on soil
moisture conditions (wet/dry), elevation (low/higlgge (young/old trees), species
(Quercus robur/Quercus petragaand geographical position (east/west). These
chronologies are derived from samples represemtatg from the upper and the lower
guartiles of each group investigated. Due to theloan sampling it may be assumed
that the results should be generally valid for #wire CZ oak TRW chronology.
Mutual comparison demonstrated consistent respaoselimatic parameters. The
comparison was made for the period from 1920 to32@dich is common to all five
pairs of chronologies. TRW chronologies reach test lzorrelations with precipitation
in the period from May to JUARTICLE II).

Based on the above mentioned results, oak TRW ologw for the entire region of
Slovakia was compiled. It is the first oak TRW amotogy for the area given. This
research opens up new possibilities in the field mdleoclimatology and
dendroarchaeology. Slovakia was the last count@antral Europe for which tree-ring
chronologies of living and relict material werellstnissing. Systematic sampling

yielded 1,028 samples from living trees and 276@asfrom historic structures, from
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which the resulting chronology was compiled rangfmgm 967 to 2013. The EPS
exceeds the limit of 0.85 in the period from 1585the present. Thanks to the new
chronology it will now also be possible to carryt e dating of wood samples that
could not be dated in this area yet. Furthermdre,prrobability of dating will increase
as until recently it was done using the chronolsdiem distant areas, thus reducing the
likelihood of successful dating. This chronologylvailso significantly strengthen the
network of European oak chronologies, which isastense in this part of Europe as in
Western and Central Europ&RTICLE 1) .

The new oak TRW chronology was compared with ottadr chronologies in Central
Europe, in order to identify similarities acrossuntries. Only the recent part of the
chronology was used for the comparison to exclude l@as in the chronology by
material transported from another area. The resoltéirm that the similarity decreases
with an increasing distance. Chronologies from @zech Republic, Poland, Ukraine,
Hungary, Austria, and Slovenia were used for compar The Slovak chronology
shows a high similarity mainly with Moravian, Weiaxtel (east Austria) and
Transcarpathian (western Ukrainian) chronologieis Tis mainly due to the same
central European climate. By contrast, very liiilarity to the Slovenian chronology
is given by the different climate because the tneg-growth is influenced by the
Mediterranean and the Alpine climates. Also the dowgimilarity with the Polish
chronology is probably caused by the Western arsdelfa Carpathians, because the air
flow influence in this area causes uneven distradoubf rainfall (ARTICLE 1) .

The analysis of significant negative years withine tSlovak chronology has also
been performed. The analysis was conducted foralewategories (20—40%, 40-60%,
60—-80%, 80—100%)), representing the percentagecafence of the significant year out
of the total number of tree-ring series. In thetfigroup (negative reactions occurred in
20-40% of the trees) 19 negative years were foumnthe second group (reaction in 40
to 60% of the trees) 7 negative years were fouh@. Most negative years are found in
the 1930s: 1930, 1933, 1934, 1940. However, thgdsinperiod of reduced increment
was recorded in the years 1962-1964, when more 40686 of the trees responded
negatively in all the three years. The most extrges was 1947, when almost 60% of
trees reacted negatively in the tree populatiog.(B). The most likely cause of the
growth depression in the years mentioned seemsetth®é low rainfall during the

growing season.
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The samples collected in the Czech Republic weesl us analyse the number of
sapwood tree rings, which is important for dendronblogical dating of historic oak
samples. Only samples with the outermost tree riwgse used. The number of
sapwood tree rings was determined from the crostsose The boundary between the
heartwood and the sapwood was determined visusihgtthe colour difference. In the
Czech Republic the data obtained were divided dattegories based on geographical
position (east/west) and age (young/old trees).eRtesamples that were used for the
analysis cover the entire territory of the natudatribution of oak in the Czech
Republic. The results show that the number of sapwoee rings in recent samples
varies throughout the country from 5 to 24 growtigs, reaching an average of 14.6
tree rings. The number of sapwood tree ring caledlavas higher for the western areas
(15.1) than for the eastern (13.4). The resultgshia Czech Republic confirm the
anticipated decline in the number of sapwood tiregsrin the direction from the west to
the east. The number of sapwood tree rings recardédstorical samples has almost
the same value (14.5) - it follows that the numldees not change over time
(ARTICLE V).

At the same time, the Czech oak chronology wasteddave used 252 recent and 90
historical tree-ring width series (mostly from cblutbelfries). In total, the current Czech
chronology consists of 3536 tree-ring series tloatc a continuous period from 352 to
2014. We took samples from the western part ofGhech Republic, so now the entire
area of the oak distribution in the Czech Repuisglicovered. We have increased the
chronology replication in the first half of the h9tentury three times (from 19 to 57
samples) using the newly collected samples. Thee@se in replication has raised the
value of EPS above the critical value of 0.85. Tdis improved the connection of the
chronology in the transition area between the histband the recent samples (usually
the second half of the 19th century). It is ofteavily influenced by a large proportion
of juvenile wood, which can complicate the use bé& tchronology for climate
reconstructions. The updated oak chronology willstbe usable for the reconstruction

of hydroclimatic conditions in the pa@&RTICLE V).
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ABSTRACT

Climatic parameters are the main environmentalofacaffecting tree growth. The
main aim of the presented study was to determinethvn different oak species
growing under contrasting environmental conditicstsow different sensitivity to
climatic parameters. Four oak stands w@bercus robuy Quercus petragaQuercus
polycarpaandQuercus dalechampgrowing in the same area were evaluated. Standard
dendrochronological methods were used for samplepgpation, ring width
measurements, cross-dating, chronology developnaek,the assessment of growth-
climate response patterns. Although the speciew gmeder different environmental
conditions, their local tree-ring chronologies &ighly correlated. The radial growth
responses to climatic parameters differ slightly, thhe response depends more on local
site conditions than on the oak species. At theestime, the strongest correlations
between radial growth and climatic parameters wegatical among species and sites.
The amount of water available in the soil was thainmclimate-dependent factor
limiting radial growth. Approximately since the 1®9 the distribution of rainfalls
within the growing season has changed at the erpehspring precipitation. The
significance of relative soil moisture content dgrspring for oak growth increased and

the significance of summer values decreased.

KEYWORDS: Central Europe, oak, precipitation, temperatues tings
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Deciduous oaks(uercusspp.) are among the most important tree species fo
forestry in Central Europe. Oaks grow at low attés, which are increasingly
vulnerable to drought given the regional topograpatterns and climatic predictions
(e.g. Trnka et al. 2009a,b). Climatic changes okegkin the last twenty years (Parry
2000; Tolasz 2007) as well as those predictedHerftiture include an increase in the
frequency of “very wet days” followed by short @nly dry periods. These changes in
the dynamics of precipitation would be reflectedcihranges of available soil moisture
(Trnka et al. 2009a; Trnka et al. 2014) and inrtulial growth of trees (Rybtek et al.
2010a, 2012a,b). Studies dealing with climate attarsstics in the Czech Republic and
their impact on plants (e.g. Brazdil et al. 200%guihka et al. 2009; Mozny et al. 2009)
showed that there is no detectable reduction ohgporecipitation after 1990, but that
higher global radiation, temperature and water uappressure deficit increased
evapotranspiration rates. This together with atiezagtart of the growing season (e.g.
Bauer et al. 2010; Olesen et al. 2012) essentlafigs to a faster depletion of soil
moisture reserves (e.g. Trnka et al. 2014). Smmdysummer dry spells then potentially
limit plant growth as shown on the example of fieidps and grasslands (e.g. Hlavinka
et al. 2009; Trnka et al. 2012). Drought increabessensitivity to some biotic diseases
and insect pest attacks and, as a consequenaa) iead to an increased risk of tree
disease and mortality (e.g. Thomas et al. 200ZmAdit al. 2010, Koléet al. 2013).

The existence of different climatic responses efdbciduous oak species growing in
contrasting sites in the Czech Republic may beeyfiknportance to assess future tree
vitality and further development of diseases. Denldronological comparisons of oaks
published so far have been based on a compariseevefral oak species over large
areas in Central Europe (e.g. Cedro 2007; Friedrghal. 2009Cufar et al. 2014;
Wazny et al. 2014). Case studies in specific smalhafeave seldom been performed
(e.g. Sanders et al. 2014), and never in the CReglublic.

The main questions ar@: Do local tree-ring chronologies of different ogbesies
differ? ii) What are the main climatic parameters affectirtialagrowth?iii) How does
growth response to climatic factors differ in difat oak species under comparable
climatic conditions?v) Have climatic parameters changed in the past ésCajlHave

changes in the climate already affected the regions
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8.1 MATERIALS AND METHODS

This research was conducted in four selected faigss with a predominance of
Quercusspp. in the protected landscape afemky kras, Czech Republic (Fig. 1) in
2012. The maximum distance between sites was Iess 10 km. All trees within the
sites were located at altitudes from 305 to 3503m.an the beech-oak forest vegetation
zone, with an average annual precipitation of 548. mhe average annual temperature
during the 1961-2011 monitoring period was 8.9 °C.

O Study area

Prague
I3’0213%

Republic

4
ﬂ

=
=

-~ 12- Karlické udo

+ Study sites

CLANEK | - Fig. 1: Location of the study area and the sites

The four sites are a stand wiffuercus roburon enriched-colluvial soil, uercus
petraea on nutrient-rich soil on limestone, a stand wifluercus polycarpaand
Quercus dalechampiand their hybrids on dry and shallow soil, andtang@ with
Quercus petraean normal mesotrophic soil (Tab. 1). Some studessider these oaks
as hybrids, but several authors have described dotbeparate species (Matyas 1971;
Pozgaj and Horvathova 1986; Dostal 1989; KoblizéR0l Jovanowi 2000; Magic
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2006). TheQuercus polycarpand Quercus dalechampivere identified in this area

(Sima 2007).

CLANEK | - Tab. 1: A detailed overview of the study sites. Edaphiegaty and Forest site complex

Czech ecosystem classification categories (Typcdd@ystem of Forest Managem@tanning Institute
based on Viewegh et al. (2003).

Position

Slope gradient

Trhlinou

14 10 00.308

350

21

36

SE

subxerothermica

ranker

subxerothermicum

- ) Altitude Slope ) Prevailing ) -
Site | Location Lat-Long (mas.) dearee " orientation Edaphic category| soil types Forest site complex Quercus species
(deg., min., sec.) 9 °

- N 49 54 40.519 E . eutrophic | Fageto-Quercetum

1 | Literi obora 1408 16.511 310 7 11 SE deluvia cambisol | acerosum deluvium Quercus robur
Karlické N 49 56 46.573 ) calcaric Fageto-Quercetum

2 udoli E14 14 52.067 305 12 21 NE calcaria cambisol calcarium Quercus petraea

Nad N 5000 23.431 E cambic Fageto-Quercetum | Quercus polycarpa

Quercus dalechampii

4 | Chrustenice

N 50 00 22.944 E

320

7

11

N

eutrophica

mesotrophic

Fageto-Quercetum

Quercus petraea

14 08 04.968 cambisol eutrophicum

Twenty dominant and codominant trees were rand@@lgcted within each site. All
samples were extracted using a Pressler boreeastineight. Because the between-tree
variability within a site is much higher than thé&hin-tree variability around the stem
(BoSd'a et al. 2014), one core per tree was extractéawise Fritts (1976) suggested
that for climate studies, one core per tree isi@efit if more than 14 trees are sampled.
The samples were measured using the VIAS TimeTaldasuring system, and the
measurement and synchronization of tree-ring sespsewere carried out using PAST4
(©SCIEM). The tree-ring widths were measured witf®10 mm accuracy. After
measuring tree-ring widths, individual tree-ringise were cross-dated. The tree-ring
series which correlated significantly with eachestht the p=0.01 confidence limit was
used to create an average tree-ring series. Theaefjsimilarity between the tree-ring
series and chronologies was assessed using th& @igeording to Baillie and Pilcher

(1973) and T-test according to Hollstein (1980)¢ thoefficient of agreement

__ 4 — Site 1 Site 2
E ------- Site 3 ——Site 4
w 3
e
5
> 2
c h L
T A
o e
|: 1 1 .";' ]
0
1810 1835 1860 1885 1910 1935 1960 1985 2010
Calendar Year (AD)

CLANEK | - Fig. 2: Growth trends of the tree-ring width chronologies
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(Gleichlaufigkeit; Eckstein and Bauch, 1969), andiisual comparison of tree-ring
series, which is crucial for the final dating (Ryterk et al. 2010b).

The tree-age-related growth trends and the auteledion structures were removed
by using the ARSTAN application (Grissino—Mayer &t 1992) using a single
detrending method (Holmes et al. 1986). The siwdual index of the tree-ring
chronologies were then used to calculate the cérgadbwth relationship. The negative
exponential function or a linear regression (Frtsal. 1969), which best resemble the
growth trends (Fig. 2), was used. Indices were utaled as a ratio between the
measured tree-ring widths and their correspondisges fitted by the function. Site
chronologies for each stand were calculated usibgvaight robust mean. Expressed
Population Signal (EPS; Wigley et al. 1984) for tperiod 1916-2011, when all
chronologies have a minimum replication of 10 seriater-series correlation (Rbar)
and Signal-to-noise ratio (SNR; Fritts and Swetri&89) were calculated to assess the
quality of each chronology (Tab. 2).

CLANEK | - Tab. 2: Statistical characteristics of the site chronolegi{TRW — tree-ring width chronology,
TRWi — tree-ring width index chronology, MSL — meagment length, AGR — average growth rate

(mm), SD — standard deviation, Rbar — mean inteiesecorrelation, EPS — Expressed Population Signal
(for the period 1916-2011), AC1 — first autocort@a, SNR — Signal-to-noise ratio).

TRW TRWi Site chronology
MSL | AGR SD Rbar | EPS AC1 SNR | Start End | Length

Site 1 117 2.1 0.81 0.64 0.92 0.65 9.74 1854 | 2011 158

Site 2 156 151 0.75 0.53 0.89 0.77 | 15.88 | 1807 | 2011 205

Site 3 156 1.18 0.52 0.69 0.93 0.62 | 10.93 | 1837 | 2011 175

Site 4 140 1.64 1.00 0.62 0.88 0.74 6.47 1851 | 2011 161

Climatic data needed for calculations for each sigze derived from the 500 m
resolution gridded daily dataset created by applyocally weighted regression and
accounting for the effect of altitude. The origirséhtion based measurements used for
interpolation were subjected to quality control dmamogenization using ProClimDB
(Stépanek 2007). The grided dataset covers the whodetCRepublic and is based 268
meteorological (providing fully range of weatherrgraeters) and 787 precipitation
stations proving daily precipitation data only. kgiAgriClim (Trnka et al. 2011) and
SoilClim (Hlavinka et al. 2011) software packagdajly RSMC values in 0-1.3 m
below soil surface were calculated. The RSMC isneded in a daily time step
accounting not only for the balance between evapepiration, precipitation and

antecedent soil moisture but also on the snow poesabsence, aspect and slope of the
48



CLANEK |

site, critical soil water holding properties, aslivés phenological stage of the canopy.
The routine is based on the Allen et al. (1998)aagh and has been described in more
detailed by Hlavinka et al. (2011) and Trnka e(2015).

DendroClim2002 was used to calculate correlatioeffaments between the site
residual oak chronologies and climatic drivers. (temperature, precipitation, global
radiation and RSMC - relative soil moisture contemtthe period 1961-2011 (Biondi
and Waikul, 2004). The correlation coefficients &venlculated for a seasonal window
from April of the previous year until September tbe year of tree-ring formation
(referred to as “the current year”), i.e., for aipe of 18 months. This interval has the
highest influence on the radial increment of oakCentral Europe (Hot&k et al. 2003;
Gric¢ar 2010). The correlations of the current year wadse calculated from March to
May (when earlywood is assumed to be formed) and fdune to August (typical
summer months); additionally, correlations werelyed from July to September of
the previous year (thought to be a period of enesperve formation for the next

season).

8.2 RESULTS

Site chronologies were created from twenty treegamh site. The lowest mean
segment length (117) corresponds to the highestevaf the average growth rate
(2.01 mm) at site 1. An opposite dependence cabberved at the most extreme site 3,
where narrow tree-ring widths were expected. Theerigeries correlation (Rbar),
Signal-to-noise ratio (SNR) and the Expressed Rajon Signal (EPS) reveal the signal
strength (Tab. 2). The mean EPS for the well reptid period (>10 series) reliably
exceeds the threshold of 0.85 (Wigley et al. 1984l sites. The values of the signal-
to-noise ratio reach above 6 and are comparablé wibse achieved in other
dendroclimatological analyses of oak, e.qg. Roz@8%»

High similarity between site TRW chronologies waarid. When the tree-ring series
overlap by at least one hundred and twenty yeds, critical value of Student's
t-distribution with p=0.001 level of significance 8.373 (Smelko and Wolf 1977). The
values of our t-tests markedly exceed the threstwbidh shows a high reliability of the
synchronization. The correctness of the synchroioizas also proved by the agreement
of the average tree-ring series in most of theeexér values (Fig. 3). Strongly reduced
increments common for all sites were observedgni¥64, 1976, 2004, 2007 (Fig. 3).
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Site 2 Site 3 Site 4
9.07/9.38/72 8.36/8.15/70 9.47/9.13/66 Site 1
11.7/106/73 143/121/71 Site 2
13.2/11.4/70 Site 3

Quercus robur - deluvia

Quercus petraea - calcaria

Quercus petraea agg. - subxerothermica Site 3

TRW Index

. ite 4
Quercus petraea - eutrophica Site

f T T T T T
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011

Calendar Year (AD)
CLANEK | - Fig. 3: Synchronization of site TRW chronologies (T-tesbading to Baillie and Pilcher / T-
test according to Hollstein / synchronization adfring series in % (Gleichlaufigkeit))

Statistically significant correlations of the tregy width with average temperatures
in summer (July—September) of the previous yeamagative at all sites; the highest
significance has been found at site 3. Negativeetations prevail for the current year.
They are always significant for one or two siteig)(B).

The statistically significant tree-ring width cdatons with monthly precipitation
sums are only positive, with the unique exceptibAgmril of the previous year at site 2.
The highest correlations at all sites have beenddor October of the previous year.
The prevailing significant correlations for the @nt year are those with spring
precipitation, with the exception of site 4, thesnsignificant being the correlations for
sites 2 and 3.

Monthly RSMC shows the most significant effect amet growth. The highest
correlations have been found for site 3, from pesi August to September of the
current year. The period from previous NovembeAtgust of the current year plays

the key role at the other three sites with a pradant effect of March, April, and May.

50



CLANEK |

Site 1 Site 2 Site 3 Site 4
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CLANEK | - Fig. 4: Values of correlation coefficients of the siteidesl index treedng chronologie
with Tavg = average monthly temperature, Precipitat= monthly precipitation, RSMC = relati
saturation of soil profile by soil water from top 130 cm of depth and&l = global radiation surr
from previous April to September of the currentryaad the period Ju-September of the previous y
(JUL-SEP) and the period March—May (Mar-May) andddAugust (Juriug) of the current year f
1961-2011. Values highlighted in black are statalty significant & = 0.05)

The negative influence of the global radiation mretring width prevails at all sites
during the entire period analysed. The importarfcgpang months of the current year
(mainly March and April) is common for all sitesg8ificant correlations with previous
summer and autumn months were proved only at sole® (Summer — sites 3 and 4,
and autumn — sites 1, 2 and 3).

Distinct changes in trends of average monthly teatpees and precipitation in the
period 1961-2011 have been revealed (Fig. 5). Mezage monthly temperatures
increased in the first eight months of the yeathwhe most pronounced increase in
January by 1.44 °C. The spring (April-June) andstamer (July—September) trends

are similar. The considerable reduction of springcpitation (mainly April and May)
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is highly important for the growth of oaks. By cadt, a high rise of summer

precipitation was observed especially in June amg In consequence of the changed
precipitation distribution, also the RSMC consididyadecreased at the end of spring

(May). The summer values of RSMC have no significeend (Fig. 5). The changes in

global radiation were negligible and they are nmetspnted in Fig. 5.
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CLANEK | - Fig. 5: (A) The progress of monthly temperature, precimtatand relative soil moistu
content (RSMC in WMO (World Meteorological Orgatiza) normal period 19611990 (black line
and 19912011 (grey line). (B) Mean temperatures, mean RSMQE sum precipitation for select

periods were correlated with the site chronologi8satistically significant correlation coefficientse

highlighted ¢ = 0.05).(C) Temporal trends of the analysed climatic parargfor the selected perio
(D) Temporal trends of the analysed climatic partarefor the whole vegetation period.

The decline in spring precipitation leading to tleeluction of RSMC resulted in a

higher significance of the relationships betweemilAMay precipitation (especially site
1) and April-June RSMC (all sites except 2) wite tinee-ring width (Fig. 5). By

contrast, the correlation coefficients of June—juBcipitation changed from positive to

negative and the correlation coefficients of Jugpt@mber RSMC decreased.

8.3 DISCUSSION

Some of the ascertained correlations between dbimpatameters and tree-ring width

are well known. The positive significant correlaisobetween precipitation and tree-ring

width or between RSMC and tree-ring width predort@nge.g. Mérian et al. 2011;
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PetraS and Mecko 2011; Michelot et al. 2012; Gilleeal. 2013; Sanders et al. 2014;
Rybniek et al. 2015). A negative effect of summer terapges on tree-ring width has
been reported in other European areas, such asd-(ltichelot et al., 2012), Germany
(Gillner et al. 2013), Slovakia (PetraS and MeckalD), and Austria, Hungary,
Slovenia, Croatia and Serbidufar et al. 2014). Petrad and Mecko (2011) also
determined a positive effect of precipitation a #nd of the previous growing season
on radial growth. The positive significant corredas with October precipitation were
also found in many European studies (Friedrichal.e2009; Mérian and Lebourgeois
2011; Petras and Mecko 2011; Michelot et al. 2@if#ner et al. 2013). Oaks can profit
from higher temperatures and sufficient precipotatin the previous October. The
photosynthetic activity ending in the October ahd tharacter of weather determine
speed of leaf colour changes and the term of lathf Barbaroux and Bréda (2002)
showed for sessile oak in France that October g meportant for the translocation of
sugar and starch to the main stem, i.e. for tha tarbohydrate reserve in stem wood.
The higher temperature and sufficient precipitagoable later leaf fall and higher final
non-structural carbohydrate concentration. Theiogmce of water available for oaks
from the soil in autumn of the previous year hagrbeonfirmed by the positive
significant correlations between RSMC and tree-wmdth for October, November, and
December (Fig. 4). Significant negative correlagianith radiation sums in November
and December (Fig. 4) show that earlywood formatian be affected by soil moisture
loss caused by higher evaporation on bright daysout snow cover after the leaves
fall (Vanassche, 2011). The bigger global radiasams lead to smaller water supply in
spring.

The correlation between tree-ring width index ar®&M or radiation sum probably
demonstrates the positive influence of a sufficievdter supply for the optimal
development of foliage at the beginning of the grmwvseason (Lebourgeois et al.
2003).

There were other significant relations between RSM tree-ring width at the
following time periods; it was the case of the ditg 3 for all months until autumn, in
the case of the other sites for some of the modthsegards precipitation, significance
has been mainly observed for the precipitation sumspring (March—May) at all sites,
except site 4. Probable reasons for the higheregalf correlation coefficients of
RSMC when compared to precipitation are the higeeaporation in higher
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temperatures and a high variability of rainfallensity. The same monthly precipitation
sum may be caused by numerous light and modera® oa only several heavy rains.
The surface runoff in both situations will diffes different amounts of water will be
supplied to the soil profile.

Growth response of site 1 witQuercus roburis similar to site 2 withQuercus
petraea both of these sites have more similar correlatithran site 2 compared to site 3
with Quercus polycarpaQuercus dalechampiiand site 4 withQuercus petraedFig.

4). According to some of the published studi@sercus robuthad a greater response to
climate, especially to precipitation, th&@uercus petraede.g. Friedrichs et al. 2009);
other studies claim the opposite, tRatercuspetraeais the more sensitive species (e.qg.
Popa et al. 2013; Sanders et al. 2014). This ¢aoey additionally leads us to the
understanding that the differences between siesnare important than the difference
between oak species. From the perspective of Bfexahces, mainly the considerably
stronger growth response to RSMC at site 3, igestte with dry shallow soil on a steep
south-eastern slope, is notable. The majority eédrat this site have small tree-ring
width variability (Tab. 2) and the tree-ring widih significantly affected by RSMC in
all months starting from previous August to Septentf the current year (Fig. 4). The
explanation by site characteristics is also appleato the significant positive
correlation between temperature and tree-ring waditsite 4 in March (Fig. 4). The site
has a north exposition, it is a valley bottom whewvel water flows and it is a location
prone to temperature inversion. The March tempegatgan thus be limiting for the
beginning of ring formation.

In spite of the above listed differences of respotasclimatic parameters, the TRW
chronologies of the individual sites manifest higtiues of statistical indicators (t-tests
and Gleichlaufigkeit). Most of the pointer yearsuid in TRW chronologies also
coincide at the different sites (Fig. 3). The réesudhow that the similarity of the
chronologies at the regional level is mainly demeidon the oak species and site
conditions, and less on the distance of the stanower correlations were found for
nearby sites 3 and 4 (distance app. 2 km) thamfme distant sites 2 and 4 (app. 10
km). This relationship can be caused either bystmae oak species at the sites (both
Quercus petragaand a different species at site Quercus polycarpaand Quercus
dalechampi), or by the more extreme conditions at site 3e Sitdiffers by a stronger

dependence of radial growth on soil moisture whammared with the other sites. The
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species difference has likely also caused the Ilbwesemblance in the TRW
chronology of site 1Quercusrobur) with the other TRW chronologies; its distance is
approximately the same as in the case of sitesilBam 4. Despite all these differences,
the achieved values of statistical indicators aey/ \igh (Fig. 3) and totally applicable
for the purposes of dendrochronological dating eredtion of TRW chronologies.

The observed climate trends, i.e., the precipitatiecrease in the first half and the
increase in the second half of the growing seasanm 6), were reported from other
parts of the Czech Republic in the last twenty y€btozny et al. 2009, 2012; Bauer et
al. 2010; Trnka et al. 2014). As a consequenceefiecreased April and May monthly
precipitation sums, the significance of spring falis and spring RSMC increased after
1990 (except site 2). Our results show that themesl changes in the climate seriously
affect the climate response of tree rings. The tlermg trends in the frequency of
drought-conducive circulation patterns have conted to a change in the duration and
intensity of drought episodes, especially during &arly growing season (Trnka et al.
2009a) and at drier sites. This is very importantthie radial growth oQuercusspp. as
well as for the net primary production of Centralr@pean forests as a whole. As a
number of studies predicted, increased drying dutime growing seasons all over
Central Europe (e.g. Seneviratne et al. 2006; @Qleteal. 2012; Trnka et al. 2013)
might lead to an increased frequency of years dukirhich the growth will be
negatively affected. In fact, tree mortality andefst decline due to severe drought
events have been observed in forest populatioS®uthern Europe (e.g. Affolter et al.
2010) but also in Belgium (Kint et al. 2012), Swertand (Rigling et al. 2013) and the
pre-Alps in France (e.g. Charru et al. 2010). Ttugether with other abiotic and biotic
risks reported by IPCC: Climate Change 2014. Imteegnmental Panel on Climate
Change; [cited 2014 Jan 18]. Available fronmttp://ipcc-wg2.gov/AR5/press-
events/press-kits likely to constitute a major challenge fordstry in Europe.

The high resemblance of the stands analysed s@pg@tpresent day practice i.e.
that millenia-long oak chronologies (e.g. TegedleR010; Blntgen et al. 2011; Kolét
al. 2012a) can contain any species from the grduwviuite oaks’. This approach is
partly forced by the fact that the wood of thesecsgs is hardly distinguishable at the
macroscopic level and distinction is also difficutt the microscopic level.
Differentiation ofQuercus roburandQuercus petrae&as also been dealt with by e.g.
Feuillat et al. (1997) or Hro$ and Vaik (2014), but without a clear conclusion. The
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methodolgy of Feuillat et al. (1997) was applieddsearch into subfossil oak trunks in
Tovaiov (Kol& et al. 2012b), but the method success rate imndrd8% (Feuillat et al.

1997). The method is also highly time consuming afifficult to use for e.g.

archaeological wood as its condition often prevehis method application. Oak TRW
chronologies are often used for the reconstrucbbrpast climatic conditions (e.g.
Bintgen et al. 2010; Tegel et al. 2010; Wilson let2812). There is the question
whether the species variability can reduce the atitnsignal contained within tree
rings. The results achieved indicate that the sapexies growing at different sites
responds differently than two different specieswgng at similar sites. In addition,

TRW chronologies manifest the same growth trendsutihout the species and sites.

8.4 CONCLUSIONS

1. At the level of tree-ring width, no significadifferences have been found between
the particular species and particular sites; bytresh, the particular TRW chronologies
manifested a high resemblance.

2. The amount of water available in the soil (RSM€}he main climate affected
limiting factor of radial growth in the conditiors Cesky kras. The same situation can
be expected in other locations of Central EuropéhVkespect to the ongoing and
expected changes in rainfall distribution, the RSigIClearly a more suitable parameter
to evaluate tree growth response to drought theaiptation sums.

3. The growth response of the particular oak sgeelimatic factors (correlations)
at the same or close locations differed negligiblypther words, differences caused by
oak species cannot be clearly identified. On theerohand, the effect of the site has
proved to be essential. Mainly in the case of nuoésiextreme sites (fast runoff, low
groundwater levels, low soil water holding capagitye can expect that radial growth
will be more responsive to the climate drivers dgrextreme years.

4. After 1990 the distribution of rainfalls has agad within the growing season at
the expense of spring (April, May) rainfalls.

5. The significance of RSMC spring values for oakvwgh has increased and the
significance of summer values for oaks has decdeasea result. If this trend continues,

we can expect the reduction of radial growth.
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ABSTRACT

Oak ring width measurements compiled from 44 samgpkites throughout the
territory of the Czech Republic are analysed fa 1655-2013 period. Measurements
taken at all these sites are sorted into ten subnologies on the basis of various
environmental factors, such as soil moisture (deg)w elevation (low/high), age
(young/old), speciesQuercus roburor Quercus petraga and geographical position
(east/west). Several statistical tests are apple®dnvestigate existing significant
differences between chronologies over the commeiog®f 1920-2013. Further, the
sensitivities of individual chronologies to predgtion are compared. Three tests
indicate five pairs of very similar sub-chronolagjiéoreover, the growth-response to
May-July precipitation totals is very much the saimehese sub-chronologies. This
analysis demonstrates that, even in the absencertinty about age structure, species
composition and some environmental factors in thdie parts of oak ring width
chronologies, the internal homogeneity of the chlogy remains essentially
unaffected, and such a lack does not preclude tiseiitn dendroclimatology.
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KEY woRDS: tree-ring width chronology, oak species, tree-agecture, site specific

conditions, hydroclimate sensitivity, Czech Repabli

9.1 INTRODUCTION

Several millennium-long composite tree-ring widfRW) oak chronologies exist
for Europe: Ireland (Pilcher et al. 1984), Polakdapiec 2001), Germany (Friedrich
2004), and France (Tegel et al. 2010) among themurAber of recent studies have also
highlighted the great palaeoclimatic potential cdkodata for reconstruction of
precipitation/drought characteristioSufar et al. (2008) for Slovenia; Friedrichs et al.
(2009a, 2009b) for Germany; Kern et al. (2009) Hamgary; Blntgen et al. (2010,
2011b) for central and western Europe; Cooper e(28l12) for East Anglia (UK);
Wilson et al. (2012) for southern-central England &ohar et al. (2014) for Estonia.

Long oak TRW chronologies are invaluable sourcesinédrmation for dating
purposes, especially in archaeology (Ko#nd Rybniek 2011;Cufar et al. 2015).
However, their use for climate reconstruction maycbmplicated by the fact that they
sometimes convey climate signals that appear ambg(Blintgen et al. 2008, 2010).
Tegel et al. (2010) have indicated certain problemghe use of long oak TRW
chronologies for late-Holocene climate reconstangi These include insufficient
knowledge on site specific conditions of historiaall sub-fossil woods, fluctuations in
sample size, and inadequate coverage of tree-agetst. Severe problems for the
strength of climate signal may also arise out afeg@tional environmental changes over
time, among them high concentrations of atmosphgreenhouse gases in recent
decades, levels of biospheric fertilization, changeforest management and variations
in degree of habitat alteration and clearance (&aglt al. 2009).

An oak TRW chronology for the territory of the CheRepublic (CZ) has been
constructed and systematically updated in the eoofsrecent decades (Kolét al.
2012). The current version of this chronology pd&a continuous cover, in adequate
sample depth, for the period from AD 761 to thespra. It has been used in
palaeoclimatology for the analysis of the tempatistribution of wet and dry years
(Dobrovolny et al. 2015). Two widespread specils,English oakQuercus robur..)
and the sessile oak(ercus petraegMatt.] Liebl.), predominate in Czech oak TRW
measurements. In terms of their wood anatomy, ppeeiss are far from distinguishable
(Schoch et al. 2004). However, the natural halotahe English oak consists primarily
of river valleys at lower altitudes, below 500 mhereas sessile oak tends towards
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higher elevations. As these species often occuptg alifferent natural habitats, one
may assume that their responses to climate conditidfer accordingly.

This may present a serious problem, since it ismomin palaeoclimatology that the
relative proportions of oak species numbers, anfficent knowledge of site
conditions, may only exist in precise form for figi trees, just the recent parts of
chronologies. The roles of these factors are unknawthe more distant parts of
chronologies derived from historical and sub-fosgilods. This introduces additional
uncertainties to proxy-based quantitative climatonstructions and may even preclude
the use of such chronologies in palaeoclimatoldgpgather.

This contribution employs the more recent parthef €Z oak TRW chronology as a
benchmark for testing “internal homogeneity”. Treanples from all sites are divided
into ten specific sub-chronologies based on soiktnee conditions (dry/wet), elevation
(low/high), age (young/old), speciesQuercus robur/Quercus petraga and
geographical position (east/west). The main objectf this study is to test whether
there are obvious differences between the sub-clwgies.

We hypothesize that the existence of no signifiadifferences between west/east,
dry/wet or low/high sub-chronologies demonstratesiaternal homogeneity” in Czech
oak TRW chronology and suggest that the full chtogy can be employed as a single
dataset to represent the past hydroclimate vaitialoih the CZ territory. Further, this
analysis addresses the issue of tree-age struatdrenay also provide an answer to the
guestion as to the degree of significance of proablarising out of the combination of

the two main oak species in the chronology.

9.2 DATA AND METHODS

The recent part of the CZ oak TRW chronology isdulserein, covering the 1655—
2013 period. It consists of annually-resolved abslotutely dated TRW measurements
from 1283 randomly-sampled living oaks of varioges (22—-359 years), taken at 44
sampling sites in the Czech Republic (area 79,000) lbetween 1998 and 2014,
especially during 2012-2014 (Fig. 1).
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CLANEK Il - Fig. 1: Spatial distribution of 44 sampling sites and thaistribution in terms of west/ee
Q. robur/Q. petraea, dry/wet and high/low-altitudak TRW sulshronologies over the territory of t

Czech Republic; dashed line marks boundary betwesh and east chronologies

Most of samples come from two lowland regions: Bulee (western CZ) and
Moravia-Silesia (eastern CZ), regions of naturdd fumest occurrence. The two regions
are characterized by relatively warm (mean anneabperature 9-10°C) and dry
(annual precipitation 450-500 mm, maximum in summelimate conditions.
Precipitation totals in these regions are signifiga lower than evapotranspiration
(Dobrovolny et al. 2015). Thus oak growth is maililyited by water shortage and
therefore sensitive to hydroclimate changes. Fromtpf view of moisture regime the
CZz territory is quite homogeneous as follows fromatsal correlation analysis
comparing Czech May-July precipitation totals andayMluly Standardised
Precipitation-Evapotranspiration Index for one nmof8PEI1) with those characteristics
from European gridded databases (Fig. 2). The t@psmndicate that mean CZ series

of precipitation and SPEI are significantly represéive for the whole CZ territory.
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CLANEK |l - Fig. 2: Spatial correlations between (A) Mally Czech precipitation series (Brazdil et
2012) and CRU TS3.23 gridded precipitation (Hareisal. 2013) and (B) May-July Czech SHEI-
(Brazdil et al. 2015) and gridded CSIC SPEI droumgiitex (Vicente-Serrano et al. 2010) for the 1901
2000 period

In order to investigate individual environmentatttars, the whole dataset was first
divided into two sub-chronologies. One was compifeain samples collected at
localities where the English oak predominates, evttile other came from sites where
the sessile oak is in the clear majority. A dethibeap of the CZ distribution of the two
species in 2014 was used for discrimination. Sit®mologies from the areas in which
the species co-exist equally were not further aereid. Thus two species-based series
(Quercus roburand Quercus petragawere obtained and their differences tested for
mean segment length (MSL), average growth rate (AGQRean sensitivity and
autocorrelation structure. Mean sensitivity indesaif the series is useful for cross-
dating or responsive to climate (Bunn et al. 20E3%imilar approach was adopted as
that for the four other factors (Fig. 1). Sub-clolmgies were compiled for Bohemia
(“west”) and Moravia-Silesia (“‘east”). The Bohemilforavian Highlands were
considered the boundary limit, since oak occury sphrsely in them. Moreover, from
the phytogeographical perspective, the western gal€Z is part of the Hercynian
Region while the eastern part is related to thenBaian Basin (Chytry et al. 2001).

Based on the relative availability of soil waten, mean elevation and on mean tree-
age data, the sampling sites were ranked in asogratder. Only site chronologies
belonging to the lower and upper quartiles wereduie compilation of specific
chronologies: “wet” and “dry” according to soil veatcontent (<62 mm and >74 mm
for lower and upper quartiles respectively); “higirid “low” by altitude (<245 m and
>430 m for the lower and upper quartiles respeltjyvand finally “young” and “old”
according to mean age (<80 years and >118 yeardofeer and upper quartiles
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respectively). The remaining site chronologies,obging to the second and third
quartiles, were excluded from further analysis.

A total of ten specific sub-chronologies for rawko@RW measurements were
obtained — five pairs according to specific fact@@bove) and one from all data in
addition. The expressed population signal (EPS;l&Yigt al. 1984) and inter-series
correlation (Rbar) were calculated to assess tladitgwf each chronology. Moreover,
the degree of similarity between the sub-chron@egvas addressed by the statistical
metrics frequently used in dendrochronological tgtisuch as T-test after Baillie and
Pilcher (1973), further TPB and T-test after Ha&list(1980), further THO, coefficient
of agreement (“Gleichlaufigkeit”; Eckstein and BaAu969) and Date Index 1 (Knibbe
2004). When the tree-ring series overlap by attleegy years, the critical value of
Student’s t-distribution, at p = 0.001 level of rficance, is 3.460 (Smelko and Wolf
1977). As well as direct comparison between indigidpairs of sub-chronologies,
possible differences in sensitivity to precipitatiere also examined. For that purpose,
sub-chronologies of raw oak TRW measurement saregs first standardized in order
to suppress non-climatic factors, as below.

Negative exponential curves together with cubic atimog splines with a 50%
frequency response cut-off at 60 and 120 years wsgd for detrending to remove age-
related growth trends. TRW indices were calculagdesiduals from estimated growth
curves after applying an adaptive power transfoionaio the raw measurement series
(Cook and Peters 1997). The final oak TRW chrone®drom each of the three
detrending techniques were calculated using rolbisteighted means. All three
chronology versions (standard, residual and ARSTAj¥perated from ARSTAN
software (Cook and Krusic 2005) were considerede Tirst-order autocorrelation
(AC1) was calculated for all nine, slightly differte variants of each sub-chronology
and for the mean CZ precipitation series (Braztddle2012) that was used as a target.
A suitable detrending technique was chosen, basedhe highest similarity of
autocorrelation structure between proxy and climdea. Very low values of
precipitation AC1 correspond to a residual chrogglgenerated from detrending by
120-year spline function.

Residual index tree-ring chronology (TRWI) was usedtalculate any correlation
between radial increments and precipitation in De@tm2002 software (Biondi and
Waikul 2004) for the 1920-2013 period. In this pdriall ten specific sub-chronologies
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provided a sufficient number of samples and thedality evaluated by EPS also proved
acceptable (EPS >0.85). Pearson’s correlation icoaits were calculated for the
seasonal window from April of the previous yeariluSeptember of the year of tree-
ring formation (“the given year”), i.e. for a pediof 18 months. The climate in this
interval has the highest influence on the radiarement of oak in central Europe
(Hor&ek et al. 2003; Ge¢ar 2010; Rybriek et al. 2015, 2016).

9.3 RESULTS

The basic characteristics of ten oak TRW sub-cHomies and the chronology for
all data are summarized in Table 1. All the chrogas are well replicated by at least
296 TRW series (“wet” chronology). Cambial age egsed by mean segment length
(MSL) of all TRW records varies from 64-year (“yayihto 136-year (“old”). Average
CLANEK Il - Tab. 1: Characteristics of raw TRW chronologies: MSL — meagment length; AGR —
average growth rate; SD — standard deviation; M@ean sensitivity; AC1 — first-order autocorrelatjon

Rbar — mean inter-series correlation (calculated GOFECHA,; Grissino-Mayer 2001); EPS — mean

expressed population signal.

TRW Start End MSL AGR

chronology year year Series (year) (mml/year) SD MS AC1 Rbar EPS
dry 1655 2013 401 107 1.625 0.6710.239 0.683 0.527 0.93
wet 1826 2014 296 88 1.869 0.799.255 0.643 0.434 0.95
high 1655 2013 416 10¢ 1.745 0.72D.239 0.684 0.485 0.86
low 1841 2013 428 101 1.837 0.8010.244 0.683 0.429 0.98
old 1655 2014 347 13€ 1.478 0.688.239 0.716 0.455 0.88
young 1919 2014 311 64 2.207 0.63D.255 0.585 0.416 0.98

Q. petraesa 1655 2013 351 117 1.493 0.6440.243 0.684 0.524 0.93
Q. robur 1750 2014 839 97 1.949 0.8230.244 0.671. 0.412 0.85

west 1655 2013 721 102 1.797 0.788.252 0.66%5 0.448 0.88
east 1826 2014 562 100 1.776 0.716.236 0.675 0.494 0.98
all 1655 2014 1283 101 1.788 0.750.245 0.670 0.436 0.89

growth rate (AGR) ranges from 1.478 mm/year (“oltty)2.207 mm/year (“*young”).
MSL and AGR parameters show high similarities betwevestern and eastern
chronologies. However, statistically significantfeliences were disclosed between the
remainder of the TRW sub-chronologies, with thehkgj of them between “old” and
“young” chronologies (MSL t = 44.61, p <0.01; AGR t14.16, p <0.01). The least, but
still statistically significant, difference appedrbetween AGRs for “low” and “high”
chronologies (t = 2.01, p <0.05). Compared to @hesrcus petraeahronology, the
Quercus roburchronology displays lower MSL, higher AGR and esaky higher
variability expressed as standard deviation. Mearsisivity is comparable for all sub-
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chronologies, as are first-order autocorrelatianssept for “young/old” TRW series.
The “old” chronology has considerably higher valuasd the “young” chronology
lower, compared with AC1 of the chronology compifemsm all TRW series. The inter-
series correlation (Rbar) and the expressed populaignal (EPS) indicate robust
signal strength. Mean Rbar and mean EPS valuest éeast 0.41 and 0.85 respectively
for the full length of all sub-chronologies.

Direct comparison of the raw TRW measurements lirfl@lsub-chronologies was
made for the common period (1920-2013), of compardhta quality and quantity.
The common period was also chosen because the ABPHO test statistics employed
are influenced by an overlap of tree-ring seriegest (both TBP and THO) values
ranged from 9.0 to 15.0 (Table 2). The t-tests mditk exceed threshold, which
demonstrates a high degree of similarity betwedncsumonologies. The coefficient of
agreement also gives a significant relationshipwbeh all pairs. Date index 1,
calculated as a combination of all three previdatisical metrics, displays the highest
similarity betweenQuercus petraeaand Quercus roburchronologies (511). On the
other hand, the lowest correlations appeared betvwee “dry/wet” and “high/low”
pairs (335).

CLANEK Il - Tab. 2: Coherence of raw TRW chronologies over a commoiogét920-2013) expressed
by TBP: T-value after Baillie and Pilcher (1973);HD: T-value after Hollstein (1980); GL:

Gleichlaufigkeit (“coefficient of agreement”) (Edkin and Bauch 1969); DI1: Date index 1 (Knibbe
2004); *p =0.1; * p = 0.001

TRW common period 1920-2013
chronologies TBP THO GL DI1
dry/wet 9.1** 10.2** 83.0* 335.0
high/low 11.8** 11.3** 79.8* 335.0
old/young 14.9% 15.0%* 80.9* 463.0
petraea/robur 9.9** 15.0** 84.0* 511.0
west/east 11.9* 11.3** 80.9* 347.0

Fig. 3 shows a direct comparison of all pairs afewed TRW sub-chronologies in
the study period, while their common variabilityagpressed as running correlations.
The latter are statistically significant for alligaand for the whole study period. While
common variability is quite stable over time foe theries differentiated by altitude, age
and species, there is a distinct period of lowdrecence spanning approximately from
the mid-1940s to the mid-1960s for “dry/wet” andr fteast/west”. The overall
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correlations between all five pairs of raw oak TRWb-chronologies in the 1920-2013

period are highly significant, varying from 0.70%ést/east”) to 0.821 (“old/young”).
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CLANEK 1l - Fig. 3: Running correlations (21-year window) and differes between dry/wet (A),

low/high-altitude (B), young/old (C), Q. robur/Qetpaea (D), and east/west (E) oak TRW chronologies
in the 1920-2013 period
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Potential differences between specific TRW chrogige were also explored in terms
of their ability to simulate hydroclimate variabyli All the indexed TRW sub-

chronologies and the chronology from all data wererelated against CZ precipitation
totals to reveal possible differences. Precipitatiotals in the previous year were not
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CLANEK Il - Fig. 4: Correlations of individual TRW suthronologies (blue) and chronology from all ¢
(red) with monthly precipitation totals for the coman period 1920-2013 (A) and for the shorter 1920
1980 period (C). 31-year running correlations of\WWRndices with May—July precipitation totals (B)
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significantly reflected in our data and are therefoot presented.

Correlation analysis demonstrated that all TRW ohblogies respond consistently
and correlate best for May-July precipitation totah the 1920-2013 period.
Correlation coefficients in individual months (Majune, July) are around the level of
significance but the May—July period exceeds thmestimold considerably, varying from
0.288 for “dry” and “west” chronologies to 0.428 the “young” chronology (Fig. 4a).

The greatest difference was observed between atoe$ of “old” (0.332) and
“young” (0.428) chronologies. The remainder of thers responded to precipitation
totals in very similar fashion. However, 31-yeanming correlations exhibited temporal
instability within the relationship. Correlationefficients were quite stable and around
the significance level until the 1960s. A slow dmge of all TRW chronology
correlations culminated in a significant declinetire early 1980s persisting to the
present (Fig. 4b). Recalculation of the relatiopsfir a shorter period (1920-1980)
shows the same response of all chronologies angkased correlation values in
comparison with the full common period. Correlaidar the most important May—July
precipitation totals vary from 0.381 for “dry” aridiest” chronologies to 0.538 for the
“young” chronology. Possible sources of this tenapanstability are discussed in the

next section.

9.4 DISCUSSION

Some important outcomes arise out of our analygigll CZ oak sub-chronologies
are well replicated, their quality is high and meamsitivities are similafii) The sub-
chronologies exhibit significant differences in sowf their descriptive characteristics,
such as MSL and AGR. The latter is, however, alrésat may be anticipated, given
the design of the study, since the TRW sub-chranetowere defined to maximise
differences between one another in terms of tharpater examinediii) Despite(ii), it
transpired that all five pairs of sub-chronologage highly similar in the light of three
different tests.(iv) Moreover, the sub-chronologies are very much #maesin their
growth response to May-July precipitation totalse3e findings are discussed in more
detail below.

In general, species and soil moisture conditiond feeater influences on TRW
growth than elevation gradient. In addition, higlvalues of MSL corresponded to
lower AGR values, resulting from the impact of agend in particular. Differences
between old and young chronologies were renderpécesly clear by the relative
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proportions of juvenile wood, since younger treestain a higher proportion of it than
older ones. This may also account for differencesvben other specific chronologies.
However, the statistical differences between “dayid “wet” TRW chronologies may
be influenced by water availability; tree-ring widtmay be narrower at sites stressed
by drought.

There were distinct differences between the salectearacteristics in species-
specific chronologies, such as AGR and mean vdit\abl-or instance, narrower tree-
ring widths accompanied by lower variability ocadrin sessile oak, in agreement with
other studies conducted on the territory of CZ (M#&wvand Gryc 2012). However, such
differences may arise out of site-specific condisidor both species (Ryhek et al.
2016). Our analysis demonstrated that the hydr@tBnsensitivity of the two oak
species is similar in CZ, in line with several otfiiropean studies (Friedrichs et al.
2009a, 2009b; Buntgen et al. 2010, 2011c; Tegell.e2010). Moreover, significant
spatial correlations have been observed betweeeraift oak chronologies from
various locations in Central Europe. These colmai however, decrease with
increasing geographical distance (Pilcher et 8419any and Eckstein 1991; Haneca
et al. 2009; KolAet al. 2012).

Czech oak TRW chronologies responded most strot@lghanges in May—July
precipitation totals, and young trees exhibited tlesponse most sensitive to
precipitation. This has been demonstrated by Coadis before (Dolezal et al. 2010),
and positive response to summer precipitation Isskseen shown for oak chronologies
from France (Mérian et al. 2011), Romania (Popal.e2013), Germany (Friedrichs et
al. 2009a), Slovakia (PetraS and Mecko 2011), aathri@ (Bronisz et al. 2012).
However, responses to hydroclimate in CZ were guéak and unstable over time. The
most dramatic drop in the hydroclimate sensitiatyCZ oak TRW chronologies takes
place between the 1960s and the present. This magssociated with recent global
warming; the physiological thresholds of tree gfiowmay also have influenced this
result (Rozas 2005; Geller et al. 2007; Friedrd@9a). Although Czech oak TRW
chronologies demonstrate no direct relation tatexmperature, rising temperatures and
changes in precipitation distribution during thewing season are obviously associated
with a higher risk of drought occurrence. For exbBanp precipitation decrease in the
first half of the growing season and an increasthésecond half have been reported

for some parts of the Czech Republic and for céffiaiope in the past two decades
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(Bauer et al. 2010; Mozny et al. 2012; Brazdil et2915). Consequently, a higher
intensity of drought, together with a higher vatii#p of precipitation regime, has a
potential for negative effects on tree growth.

Reduced sensitivity of Czech TRW chronologies tdrbglimate has been already
discussed by Bintgen et al. (2011a) for fir TRWsswuthern Moravia. Authors
mentioned air pollution as a possible factor beatipon the temporal instability of the
growth-climate relationship. Further, a significarge growth reduction in conifers due
to high SQ concentrations and air pollution in northern Boleerhas already been
demonstrated (Rydval and Wilson 2012; Kodh al. 2015). If global warming and air
pollution lie behind the reduced sensitivity ofeseto climate, then the modern loss of
coherence is exceptional and may not pose a sepi@idem in earlier parts of TRW

chronologies.

9.5 CONCLUSION

Our analysis aimed to evaluate a possible “extreda¢d model, since the study was
designed to examine possible differences betweenspecific pairs of chronologies as
far as possible from one another in terms of tlo¢éofain question. This is because the
chronologies are derived from samples represemtaig of lower and upper quartiles.
The mode of data collection for sub-fossil woodg] historical woods in particular, for
the earlier parts of chronologies lies close tnti@am sampling”, which then splices
samples from the whole range of values of envirartaldactors examined here to the
resulting chronology. Thus our results, indicatimg significant differences between
specific sub-chronologies, should be generally dvdbr the entire CZ oak TRW
chronology.

Moreover, results from this analysis of the infloerof site, species, age, elevation,
and soil moisture on oak TRW are of great imporatechydroclimate reconstructions
of the past millennium in a central European contéée have demonstrated that even if
the above parameters are not perfectly known fer eharlier parts of oak TRW
chronologies, the resulting reconstructions may btsignificantly biased by such a

lack.
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ABSTRACT

Although Slovakia is largely forested and rich istbrical buildings, it is one of the
few European countries without a millennium-longetring chronology. In this study,
we gather all available oak ring width data frono\&kia, establish a new composite
chronology and assess its climate sensitivity. dgon-wide oak network includes 276
samples from historical buildings and 1028 modeenes from material that was
randomly collected at sawmills and wood submissites across Slovakia. The final
composite oak record covers the period from CE 98013, reflects a distinct
hydroclimatic signal from late spring to early susmmand is highly correlated with
other oak chronologies from surrounding countrdghough this study reveals a high

degree of growth coherency and climate sensitiviberent to the new Slovakian oak
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ring width chronology, changes in sample size atttnsition from modern to relict

material and further back in time limit any appbday to palaeoclimatic analysis.

KEYWORDS: composite tree-ring chronology, European oak, mal@matology,

random update sampling, ring width, Slovakia

10.1 INTRODUCTION

Thanks to its longevity, broad distribution, cléege-ring boundaries and frequent
use in constructions (Haneca and Debonne 2012),ioaknong the most suitable
species for the development of multi-centennial rmllennial long tree-ring
chronologies. Tree-ring width (TRW) chronologiestiois species have been developed
for the British Isles (Baillie 1995; Wilson et &012; Cooper et al. 2013), Western and
Central Europe (Eckstein et al. 1972; Hollstein @98Vazny and Eckstein 1991;
Jansma 1995; Friedrich et al. 2004; Geihofer e2@05; Haneca et al. 2006; Blntgen et
al. 2010 and 2011; Katéet al. 2012), the Iberian Peninsula (Leal et @13, the
eastern coast of the Baltic Sea (Pukiené and O281@%; Sohar et al. 2014), and the
south-eastern surroundings of the Alpine afwfér et al. 2008a and 2014a), for
instance.

The level of agreement between various oak TRWratlogies from different parts
of Europe mainly depends on the ecological conastiat the sampling sites, as well as
the overall sample size of the datasé€igfér et al. 2008a and 2014b; Kbkt al. 2012;
Sohar et al. 2014, Wazny et al. 2014). Becausen@aka significant trade commaodity
(Wazny 2002), the correlations among chronologaeshe distorted by TRW series that
represent timber transported from other region®rdfore, studying differences in the
TRW patterns of oaks growing in different area€afope is only possible when it is
based on chronologies from oaks with known origins.

The replication of long oak chronologies that atenpry utilized for dating purposes
is often reduced towards the modern ends (e.garktlal. 2012). In such cases, recent
samples are generally used for the absolute dafirtystorical material (Tegel et al.
2010). However, if these chronologies are usedhereconstruction of (hydro)climatic
variability, it is necessary to increase the sangie during the period that overlaps
with instrumental measurements and at the tramsiigiween modern (living) and relict
(timber) wood. A novel way to increase the modezplication of TRW composite
chronologies is the so-called “random samplingtstyg’ (Tegel et al. 2010; Blntgen et
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al. 2011), which integrates recent material frorwradls and lumberyards scattered
across the region from which the historical datasiniikely originate (Buntgen et al.

2012). Due to artificial signal degradation, thecaimt of site control and the ecological
understanding of the modern samples are expectdst tas low as they are for the
historical subset; therefore, the internal sigoahbise ratio of the chronology remains
more or less equal over time (Buntgen et al. 2011).

Slovakia is one of the last countries in Centratdpe for which a composite oak
TRW chronology of living and relict material is Istmissing. Moreover, there are
currenty no TRW data from Slovakia stored in theTRDB
(https://www.ncdc.noaa.gov/). The few dendro aredyf Slovakian oaks were
conducted at the local scale only (Smelko and Sch@@0; Petras et al. 2007; Petras
and Mecko 2011).

The creation of a new nation-wide TRW chronology $tovakia is in line with the
overall aim of building new reference chronologiesthose areas where data are still
missing (Buntgen et al. 2013). In so doing, thev&kaan effort would contribute to the
improvement of a large-scale network of TRW chrogas (Haneca et al. 2009). A
dense spatial network of long TRW chronologieshes key to bridge spatial and
temporal gaps in the existing tree-ring recordsnimmth-central Europe and the eastern
Mediterranean. A denser network would also allowtasdefine the boundaries of
distinct dendrochronological “growth” zones withEurope, which, in turn, would
improve the precision with which one can deterntime provenance of wood used in
historical buildings, ships, artworks, and otheciant objects (Wazny et al. 2014). In
addition to the exact dating of historical woodndoTRW chronologies may provide
valuable information for a wide range of environtamtasks, such as the reconstruction
of past climate conditions and the evaluation ajang environmental changes (e.g.,
Cufar et al. 2008b; Friedrichs et al. 2009; Buntgéral. 2010 and 2011; Tegel et al.
2010;Cufar et al. 2014b; Sohar et al. 2014).

Here, we aim at developing the first oak TRW chiogg of living and relict
material from Slovakia. We first compare the newiarawide composite record with
oak TRW chronologies from surrounding countriegntlassess its dominant climate

signal, and finally evaluate its potential for gadalimatic reconstructions.
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10.2 MATERIALS AND METHODS

10.2.1 STUDY AREA

The northern and central parts of Slovakia areatttarized by the mountains of the
western Carpathian arc. Forests cover ~41% of &iayavith broadleaved species
being most widespread (61.4 %). The most abundantl§an tree species after beech
(Fagus sylvatical.) (32.7 %) and spruceP{cea abies(L.) Karst.) (24.1 %) is oak
(represented b@Quercus roburl. andQuercus petraeéMatt.) Liebl.), which makes up
10.6 % of the tree species (Zelena sprava 2013).n@anly appears in stands between
the oak and the oak-beech vegetation zones, whiatphty corresponds to altitudes of
up to 550 m a.s.l. The mean annual precipitatiorSliovakia ranges from 500 mm
(around Bratislava) to 2000 mm (in the High Tatrasjl averages 879 mm (Bd&ge
2010). The mean annual temperature is approximétélyand varies from the west to
the east by up to 3°C (www.shmu.sk). In additionnwal mean temperatures range
from 1°C to 9°C, depending on the altitude. Therage length of the growing season
(expressed as the number of days with an averabeteaperature that is above 5°C)
varies roughly between 130 and 235 (B@s2010).

10.2.2 TREE-RING DATA

Oak Quercussp.) samples were either collected from moderastrer historical
constructions across Slovakia, where the g&pusrcusis mainly represented by two
species, the pedunculate o#&)uercus roburl.) and the sessile oak)(iercus petraea
(Matt.) Liebl.). These two species can be diffei@et by basic morphological tree
features (Bruschi et al. 2000; Steinbrecher eR@1.3), although a number of studies
report hybridization of these species (e.g., Gediaal. 2014; VanDer Mijnsbrugge et
al. 2011). In contrast, the wood of the two speegery difficult to differentiate on the
basis of macroscopic and microscopic features (Wanand de Zeeuw 1980;
Schweingruber 199CCufar et al. 2014a, Hros and Vaik 2014). Because the TRW
series of the two species can be cross-dated velly(Rybnitek et al. 2016), they are
usually treated as one species in dendrochrona@bsgiadies, and are referred to as the
European oakQuercussp.) (Haneca et al. 2009).
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CLANEK Il - Fig. 1: (A) The study sites in Slovakia (circle — recemhples, square historical samples
(B) Distribution of oak in Slovakia (light greycurrent distribution sourced from Euforgen (2018rk

grey— current distribution obtained from Managementriadsource: National Forest Centre 2015)).

We collected 1304 samples — 276 historical and k@28nt — which cover almost
the entire territory of the natural oak distribution Slovakia (Fig. 1). The historical
material, which was sampled using a Pressler boranly originates from 44 churches
and rural buildings that have been dated usingvibeavia/Silesia TRW oak chronology
(Kolar et al. 2012). The recent samples were extractesvindifferent ways. Cores
were sampled at selected forest sites using alBrdsser at breast height along the
contour line so that the increments were not imfbggl by the presence of tension wood.
Disc samples (2—3 cm thick) were collected randomlysawmills and lumberyards
using a chain saw (Tegel el al. 2010). The recamipdes were from the same regions as
the historical ones.

All samples were measured using the VIAS TimeTahieasuring system.
Measurement (with an accuracy of 0.01 mm) and symiration of tree-ring sequences
were performed using PAST4 (OSCIEM). The degresiofilarity between the TRW
series was assessed using the T-test followingi®ahd Pilcher (1973) (TBP) and
Hollstein (1980) (THO), the coefficient of agreeméGleichlaufigkeit; Eckstein and
Bauch 1969), and a visual comparison of the TRWesgewhich is crucial for the final
dating (Rybndek et al. 2010).

10.2.3 DENDROCLIMATOLOGICAL ANALYSIS

The age-related growth trends were removed usin§ &N (Grissino-Mayer et al.
1992) with a single detrending method (Holmes efl886). Four different detrending
methods after power transformations were applieg@aoch individual TRW series (a
150yr spline function, negative exponential funesip RCS (regional curve
standardization) for the set of all data as wellREGS for the historical and recent

datasets separately) (Fig. 2). Indices were cdledlas residuals between the measured
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CLANEK Il - Fig. 2: (A) The temporal distribution of the 1304 indivitl@ak ring width sample
historical samples (grey) anacent samples (black), (B) the relationship betwde average grow
rate (AGR) in mm/year and the mean segment leMd8L) in years of each sample, (C) the oak -
chronology, (D) the expressed population signal$EBnd the inter-series correlati¢Rbar) calculate
over 30-year windows lagged by 15 years, and (H) tbfferent TRWhbased chronologies detrenc
after powertransformation by 150 yr cubic smoothing splineghfi grey), negative exponen

functions (black), RCS for all the datasand RCS for the historical and recent datasetgyeesvely.

TRW and the corresponding fitted values after powwansformation. The expressed
population signal (EPS; Wigley et al. 1984) andititer-series correlation (Rbar) were
calculated to assess the quality of each chronolégy. 2). The residual tree-ring
chronology index (TRWI) was used to estimate theretation between radial
increments and climate variations (temperature,ciptation, and PDSI) in
DendroClim2002 (Biondi and Waikul 2004) for the iperfrom 1901 to 2013. We used
a 150yr spline function with power transformatidsrigs et al. 1969) to preserve the
variability in the inter-annual to multi-decadabgrth (Blntgen et al. 2008). Pearson’s
correlation coefficients were calculated for thessmal window from April of the
previous year until October of the year of treggrformation (referred to here as “the
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given year”), i.e., for a period of 19 months. Tdienate during this interval has the
strongest influence on the radial increment of oalkCentral Europe (Hot&k et al.

2003; Rybndek et al. 2015). The seasonal windows with thetgstanfluence (March—

July for precipitation, June—July for the PDSI aloril-June for temperature) of the
given year were also calculated. Monthly and sealsoreans of gridded (0.5°x0.5°)
meteorological measurements (Climate Research Time Series, CRU TS3.10; via
http://climexp.knmi.nl) from 21 grids across the-48°N and 17-22°E region, i.e., the

region in which oak is naturally distributed in %dia, were averaged.

10.2.4 AGREEMENT AMONG SITE CHRONOLOGIES

The recent part of the new Slovakian oak TRW chimgo was compared with
available oak chronologies from the surroundingogean countries by using PAST4 to
assess similarity between chronologies from dissétes (Kaennel and Schweingruber

1995). We compared a total of nine chronologiemfsix countries (Tab. 1 and Fig. 3).

CLANEK IIl - Tab. 1: Description of European chronologies for telecartia.

Redion Nr. of | Starting | Ending | Length RW References
9 trees date date (years) (mm)
1 Bohemia 475 1865 2012 148 1.79 Dobrovolny et al.
2 Moravia 561 1750 | 2012 263 1.68 (2015)
3 | Poland - West 58 1727 1986 260 1.85
Wazny (1990)
4 | Poland - East 89 1690 1988 299 1.66
5 | Transcarpathia 171 1836 2008 173 1.86 Knycl J. (unpublished)
6 | Vinnycja region 23 1793 2009 217 1.92 Wazny et al. (2014)
7 Hungary 46 1766 2004 239 2.12
8 Weinviertel 124 1748 2011 264 2.02 Cufar et al. (2014b)
9 Slovenia 51 1745 2003 259 1.68

Two oak TRW chronologies from the Czech RepublicMeravia/Silesia and
Bohemia (Dobrovolny et al. 2015) — were used. Hngtory of Poland was represented
by separate oak chronologies for the western aadeistern parts. The west Polish
chronology was developed from the local chronolegieZielona Gora, Wroclaw, and
Poznan. The east Polish chronology comprises theal lochronologies of
Warszawa/Bielany, Kosobudy/Roztocze, Hajnowka, Bethina/Krakow. All of these
local chronologies were obtained from the freelgemssible database at the National

Centers for Environmental Information (www.ncdc.aagmv) and used with the consent
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COUNTRY SITE LOCATIONS
1. BOHEMIA
MORAVIA
POLAND - WEST
POLAND - EAST
TRANSCARPATHIA
VINNYCJA REGION

CZE

POL

UKR

©OND O ON

HUN HUNGARY 3.91/62
AUT WEINVIERTEL @
SVN SLOVENIA
POLAND
5.45/69
7.45/71
@ @ UKRAINE
CZECH REPUBLIC
9.4/78
SLOVAKIA 7.91/72 5.27/71
7.17/67 @
AUSTRIA N
6.19/68 v ‘ £
1.82/62 HUNGARY
SLOVENIA (9) :

0 250 500 km

CLANEK Il - Fig. 3: Thecoherency of the Slovakian oak chronology with [|faem chronologies (usil
the Tvalue following Baillie and Pilcher (1973) and ti&eichlaufigkeit (Eckstein and Bauch, 19¢
from 1865 to 1986.

of the author (T. Wany). Two chronologies from Ukraine were used; tingt one was
from the area of Transcarpathia (author: J. Kynalnpublished), and the other was
formed from two local chronologies — Czerniatyn &eVverinovka (Wany et al. 2014).
The chronology for the territory of Hungary was é@on the local chronologies of
Debrecen, Sopron, dszeg; local chronologies for Celje/Kozjansko, Ndvésto, and
Ljubljana were used to create the Slovenian chamgland Austria was represented by
the east Austrian chronology from the Weinviertélifar et al. 2014b). All of the local
chronologies that were used for the creation oftemashronologies were provided for
this study by their authors. To ensure the mosurate coherence possible, we chose
the longest period common to all the oak chron@sgised, which was from 1865 to
1986 (Tab. 1). The assessment criteria were the santhose used in the chapter on the
tree-ring data (the T-test (TBP) and Gleichlaufigkéd common period was chosen to
avoid the distortion of the correlation coefficiespressed by the value of the T-test,
which is dependent on the length of the compareenial (Grissino-Mayer 2001),

among other factors.
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10.3 RESULTS

The new oak TRW chronology spans the AD 967-201B8o¢e The historical
samples have a lower average growth rate than ¢eent samples. The TRW
chronology shows a rapid increase in TRW duringfitise half of the 18 century. Both
of these ring width trends were caused by the mighaportion of juvenile wood in the
recent dataset. The inter-series correlation (Raad) the expressed population signal
(EPS) reveal robust signal strength (Fig. 2). TRSEeliably exceeds the threshold of
0.85 from 1585 to the present, which indicates thattheoretical population is well
represented (Wigley et al. 1984). The individuareleded chronologies show different
patterns, especially during the period from 96th®msecond half of the £4entury.

Correlations between the Slovakian TRW chronologyl ahe chronologies of
surrounding countries show that the resemblanceedsed with increasing distance
(Fig. 3). The Slovakian chronology reveals the bagteement with the adjacent
chronologies, i.e., in the west with Moravia (CzdRkpublic) and the Weinviertel
(Austria) and in the east with Transcarpathia (iHen The values of the T-tests (TBP)
are greater than 7, and the Gleichlaufigkeit israxmately 70%. In contrast, the
lowest resemblance is found for the relatively ahstSlovenian chronology and the
west Polish chronology.

The PDSI is found to be the main factor affectirak @rowth. The correlations
between tree ring width and the PDSI are statificignificant and positive between
the previous October and October of the given yibay are highest in June, July, and
the June-July period of the given year. The cotiatais statistically significant and
positive between the previous October and Octobé¢heogiven year with the highest
values in June, July, and the June-July perioti®biven year. The correlation between
TRW and precipitation is found to be positive ie fieriod from March to August of the
given year. The effect of precipitation is the msiginificant in the March-July period.
The effect of temperature on the radial growth ak drees in Slovakia is not as
substantial as the effects of drought and precipitavere. The effect of temperature is

statistically significant only in February (posiivand June (negative) (Fig. 4).
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CLANEK Il - Fig. 4: The growthelimate response of the TRWI chronology for temipeea precipitatiol
and the PDSI (CRU TS3.1) from 1901 to 2013 showm fthe previous April (a) to Octobef the give
year (O) and for various seasons (each month isasgnted by its first letter, e.g.,-J is March-July, J3
is June-July and A-J is April-June). The grey dakles indicate the statistical significanee<0.05).

The correlation between TRW and the PDSI in Juhg-Je., the period when the
highest positive statistically significant corrédat is reached (Fig. 4), manifests
relatively stable values until 1981. After thatetleorrelation coefficient decreased
substantially (Fig. 5). The same trend is found poecipitation in the March-July
period, i.e., the period when the highest posistadistically significant correlation is
observed (Fig. 4).

0.8 (A)

PDSI Jun-Jul
PREC Mar-Jul (mm)

1

TRW (Indices)

04
1901 1921 1941 1961 1981 2001

Year (AD)

CLANEK Il - Fig. 5: (A) The 31 yr Pearson’s correlation coefficientveeen TRWI and PDSI (June
July) (red) and precipitation (Mar«July) (blue), (B) theverage PDSI from June to July (red), with
trend marked (dotted line) and the sum of prectmtafrom March-July (blue), and (C) TRWI.

The spatial correlations between tree-ring widtth #re PDSI in the June-July period
are the highest in the territory in which oak wasunally distributed in Slovakia and
Moravia (the eastern part of the Czech Republ@nfil901 to 1981. The correlations

decrease towards higher elevations, e.g., in theaTilts. in Slovakia and the
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Ceskomoravska Upland (approximately in the middlettwé Czech Republic) in
Moravia (Fig. 6). The statistically significant celations in Lower Austria also
decrease towards higher elevations in the AlpserAIB81, the spatial correlations are
nonsignificant in Central Europe (Fig. 6). The sarogelation trend is very similar for
precipitation in the March-July period, but fromQl9to 1981, the significant positive
correlations are higher and over a broader areaCenftral Europe (Fig. 7).
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CLANEK Il - Fig. 6: Spatial correlations between tree-ring width ane #DSI in June-July from CRU

TS3.23 (Harris et al., 2013) for the following peds: (A) 1901-1981 and (B) 1982—-2012.
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CLANEK Il - Fig. 7: Spatial correlations between tree-ring width anegpitation in March-July from
CRU TS3.23 (Harris et al. 2013) for the followingripds: (A) 1901-1981 and (B) 1982—-2012.

10.4 DiSCUSSION

10.4.1 REGIONAL SYNCHRONY AMONG SITE CHRONOLOGIES
Similarities between oak growth patterns at distanations can only be analysed

using TRW chronologies based on recent materiad. giiesence of historical material
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in such chronologies is undesirable due to timbeating and trade in timber and
wooden products, which used to be common (Bondd.€1997; Wazny et al. 2002;
Haneca et al. 2005; Eckstein and Wrobel 2007).

Strong relationships have been observed among l@nalogies across Northern
and Central Europe. It has already been shown tti@tsimilarity between TRW
chronologies logically decreases as geographisthmuice increases (Pilcher et al. 1984;
Wazny and Eckstein 1991; Haneca et al. 2009; Kefaal. 2012). The main factors
involved are climate and growth conditions (Friit876; Schweingruber 1996). The
high similarity of the Slovakian chronology withromologies from the Czech Republic
(1 — Bohemia and 2 — Moravia), the Austrian chroggl (8 — Weinviertel), and the
Ukrainian chronology (5 — Transcarpathia) is theute of the very homogeneous
Central European climate. The observed lack oflanity between the Slovakian and
Slovenian chronologies is probably the result ef different Slovenian climate, which
is affected by the Alpine and Mediterranean clima{Pe Luis et al. 2014). The
Slovakian and Polish chronologies are less sintilan the Slovakian chronology is to
the Czech, Austrian and Transcarpathian chronddodiess similarity between Polish
Kosobudy and Ukrainian oak chronologies was alsmdoby Wany et al. (2014). One
possible explanation is that the Western and Bastarpathian Mountains, like the
Alps in the case of Slovenia, strongly affect thevement of continental air masses
(Bojariu and Giorgi 2005). This brings differentmperatures and amounts of
precipitation compared to the territories that a@uth of this mountain range.
Additionally, air currents from the Baltic Sea caffect the climate of this area. A
similar situation is found when the Slovakian clology is compared with the
Ukrainian chronology from the Vinnycja region ()., the area east of the Eastern
Carpathians. These are relatively distant (appratehg 500 km) from the “recent” site
in Slovakia, and therefore, a decrease in cormglatan be expected. In general, forest
management and anthropogenic disturbances carficagly decrease the strength of a
dendrochronological signal and, consequently, Hiaevof sites for long-distance cross-
dating (Wany et al. 2014).

10.4.2 CLIMATE SENSITIVITY
The monthly average temperature and precipitatian explain 5-72% of the
variation in the annual tree-ring widths of livimgk trees (Haneca et al. 2009). The
main limiting factor relating to the climate at thkitudes at which the pedunculate oak
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and the sessile oak occur naturally in Slovakiprégipitation or drought (Smelko and
Scheer 2000; Petrads et al. 2007). The effect ofmdther of the previous autumn and
winter on the formation of carbohydrate storage h&en evaluated repeatedly
(Barbaroux and Bréda 2002; Lebourgeois et al. 2Q@®iro 2007; Dolezal et al. 2010;
PetrdS and Mecko 2011; Michelot et al. 2012). Omkes carbohydrates during the
autumn and uses them for spring growth. Earlywoedins forming approximately
three weeks before bud burst (Berges et al. 20@8)he period before bud burst, a
significant part (approximately 30%) of the stencréement has already been formed
(Barbaroux and Bréda 2002). This ecophysiologicadeh explains why earlywood
growth in oak is generally less sensitive to exoegsnfactors, such as climatic factors,
than latewood growth (Lebourgeois et al. 2003; Bsergt al. 2008; Michelot et al.
2012). Moreover, because the amount of non-stract@rbohydrates in plant tissues is
generally linked to the degree of frost toleraredyigher degree of translocation may
increase the resistance of oak trees to low teryresa(Parker 1967; Sakai and Larcher
1987; Thomas et al. 2004). Therefore, favourabtaran and winter weather conditions
in the previous year have a strong positive efi@etthe formation of earlywood
(Garcia-Gonzalez and Fonti 2006; Fonti et al. 20@@nerally, earlywood depends
primarily on the precipitation and drought of theeyaoous autumn and winter and the
given spring, whereas latewood growth depends ogettof late spring and summer
(Friedrichs et al. 2009).

The strong positive effect of May-July precipitation the radial growth of oak has
also been found in a number of European dendrotdliogical and xylogenetic studies
conducted in France (Lebourgeois et al. 2003; Méetzaal. 2011; Michelot et al. 2012),
Romania (Popa et al. 2013), Germany (Friedrichal.e2009), Slovakia (Petras et al.
2007; Petras and Mecko 2011), Poland (Cedro 200@ni& et al. 2012), Hungary
(Kern et al. 2009), Slovenia, Croatia and Serbiafgr et al. 2008a and 2014b), Estonia
(Sohar et al. 2014), southern Sweden (Drobysheal. é@008) and the Czech Republic
(Dolezal et al. 2010; Rybtgk et al. 2015). These positive responses also nisnade
the importance of the water supply before and athibginning of the growing season
(i.e., in March and April). In addition, the negatieffect of the temperature in June (or
July) has frequently been noted (Dolezal et al.02(Mérian et al. 2011; Petrd$S and
Mecko 2011; Michelot et al. 2012). However, thigatgve effect is not as strong as the

positive effect of precipitation and the PDSI ie tame period. Oak can sustain periods
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of prolonged drought due to a complex system omatal (Dickson and Tomlinson
1996) and non-stomatal controls of carbon fixatigpron and Dreyer 1996). The clear
negative association between growth and water ijeficwever, points to the reduced
hydraulic conductance of shoots, and as a resuitslstomatal conductance and carbon
assimilation during drought periods (Rust and Rdi2002).

Thirty-one-year moving correlations between the TIR&Wd climate parameters
(precipitation and the PDSI) demonstrate temporatability in oak’s climate
sensitivity. The intensity of growth-climate resges varies over time, which is most
likely due to climate change and threshold effantdree physiology (Rozas 2005;
Geliler et al. 2007; Friederichs 2009a).

One possible reason for the observed decrease ishidnge in the distribution of
precipitation, or soil moisture content, during thewing season. For example, the
precipitation decreases in the first half and iases in the second half of the growing
season, as has been reported in the neighbouriaghCzepublic and Central Europe
over the last twenty years (Mozny et al. 2009 ad#i22 Bauer et al. 2010; Trnka et al.
2013 and 2015; Ryb¥gk et al. 2016). Our study has not confirmed thevakdescribed
change in the trend of the precipitation distribntover the Slovakian growing season
for the last thirty years. However, an increasdemperature, especially in July and
August, and in drought throughout the year have lmbserved. Although the PDSI and
precipitation data are related, their specific grbips obviously lead to different effects
on temperate forest growth. Because the strengthifragquency of drought depends on
the amount of precipitation, local temperature #relrate of soil water depletion, the
PDSI is a better measure for growth conditions {va@cipitation alone (Friedrichs et al.
2009).

Another possible cause of the decrease in groviatd correlations is the fungal
tracheomycotic disease that infected Slovakian stakds at the turn of the 1980s
(Stefargik and Strm# 2012). This disease of oak stands has been réfesras mass
oak decline (Gaertig et al. 2002; Thomas et al2200 reportedly causes a decrease in
the radial increment, even in less strongly inféc&ovakian oak stands (8@ et al.
1987).

Repeated defoliation, for example by lepidopterancockchafer larvae, which
occurs over certain time intervals, can also redheegrowth of oak trees (Thomas et
al. 2002; Koldé et al. 2013).
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Generally, due to the climate change, oak treesrbecmore sensitive to drought
(Friederichs et al. 2009b; Rykiek et al. 2016). Therefore, oak stands are
physiologically weakened, and their vitality antetance to various harmful factors can
be reduced (Stefaik and Strm# 2012). However, it is likely that the expected mar
and drier climate of the near future will not nesagdy lead to reduced growth of oak as
it is expected to do for spruce and beech (Bolte ¥ilanueva 2006; Hlasny et al.
2011; Rybndek at al. 2012, Kokéet al. 2015). Unlike spruce and beech, oak isaibb
able to acclimate to limited water availability Biifting its root mass down towards

layers where water is often available for longeugter et al. 2013).

10.5 CONCLUSION

The new millennium-long oak TRW chronology openswneossibilities for
dendrochronological research in Slovakia, especi@li dendroarchaeology, and for
future palaeoecological applications. Due to theseabe of such a chronology, a
situation similar to the one in Slovenia and the&@zRepublic a few years agoufar
et al. 2008a; Kolaet al. 2012), some samples from Slovakia couldb®dated via
dendrochronological methods, and less accurategarhon dating had to be used.
Alternatively, the samples were dated using chrogies from more distant territories,
and therefore, the probability of successful datwas lower. This chronology will
strengthen the network of European oak chronologigch is not as dense in this part
of Europe as it is in Western and Northern Eurdip@ngeca et al. 2009). Nevertheless,
insufficient replication and low climate sensitivitcontinue to limit the palaeoclimatic
potential of the current oak TRW chronology. Naliyrathe chronology needs to be
extended using archaeological material and subdfstgsns. Additionally, less replicated
parts of the chronology need to be improved.
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ABSTRACT

Over the last years, a millennia-long oak tree-nvigth chronology consisting of
3194 samples from 387 locations was developed e Gzech Republic. Despite
collection of such a huge dataset, the replicaitiothe 19" century was very low and
the oak natural distribution in the Czech Republas insufficiently covered by recent
samples. This study aimed to remove these wealksies$ech still limited the
paleoclimatic potential of this dataset and to aeiee the number of sapwood rings,
which is crucial for dendrochronological dating.€eféfore, new recent samples were
randomly collected at numerous sawmills along theed@-German border. The
historical material was sampled by a Pressler barmwally from church belfry
constructions traditionally made from oak. Standdethdro-methods were used for
sample preparation, ring width measurements, cabtsgd and chronology
development. In total, 252 recent and 90 historitaeke-ring width series were
incorporated into the chronology. The resulting TR¥®tord shows robust signal
strength and homogeneous coverage of the terridgyconfirmed that the number of
sapwood rings is constant over time. Thereforeregemmend considering an estimate
of sapwood rings (5-24) for more precise datinghistorical wood findings in the

Czech Republic.

KEYWORDS: belfry construction, Czech Republic, replicatiQuercus sapwood ring
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11.1 INTRODUCTION

Multi-centennial and multi-millennial oak tree-ringidth chronologies have been
constructed across Europe over the last two dedqadgsBaillie 1995 Krapiec 2001;
Tegel et al. 2010; Buntgen et al. 2011; Kaal. 2012Cufar et al. 2014; Sohar et al.
2014). The main purposes of the long TRW chrone®dgnave been demonstrated
mainly in dendroarchaeology (\May et al. 2014), paleo-climatology and -ecology
(Buntgen et al. 2013). However, quality and sampdplication of the TRW
chronologies is not always stable over the entme@mology time span (Haneca et al.
2009). Insufficient sample replication over timedatiminished site control of the relict
data affect expected outcomes (Buntgen et al. 20%8¢h restrictions can cause
complications when dating historical or archaeatafiartifacts (e.g. Kern et al. 2014)
or reconstruction of climate variability (Prokop el. 2016). Therefore, TRW
chronologies are treated as dynamic entities tlegdnto be constantly improved
(Haneca et al. 2009).

The extensive historical record of settlement i tGzech Republic provides
abundant archeological oak finds to support derfdwwlogical research. Oak TRW
chronology was first established in 1995 (Relka 2002) and has been gradually
improved until present (Rybtgk et al. 2010; Koldet al. 2012; Dobrovolny et al.
2015). Although the chronology consisted of montB000 TRW series, it manifested
two essential drawbacks. Very low replication ie ttOth century and lack of recent
samples from the entire territory of the Czech Pdipuvere the main issues. Here, we
present the latest update of the Czech TRW chrgyolwhich has removed these
issues. In addition, 924 TRW measurements of algand new recent samples and 529
TRW measurements of original historical samplesewesed to explore the number of
sapwood rings, which is crucial for precise denlironological dating of oak historical

samples without bark or outermost ring.

11.2 MATERIAL AND METHODS

In the Czech Republic, oak is mainly representedhieypedunculate oalQ(ercus
robur L.) and the sessile oakQQercus petraea(Matt.) Liebl.). Regarding oak
distribution, the Czech Republic can be divided itwo areas (the west area called
Bohemia and the east area called Moravia and 8&)ldsy the Czech-Moravian
Highlands, where oak grows only scarcely (Figurg I8k distribution and its frequent

use in Central Europe is evidenced by many histbdonstructions, e.g. church belfries
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(Kern et al. 2014), water constructions (Tegellef@12), wooden vessels (Filkova et
al. 2014, Klein et al. 2014 and 2016), archaeoklgic subfossil finds (e.g. Kaland
Rybnicek 2011; Dejmal et al. 2014).

Recent oaks were randomly sampled by chainsawahiia from selected regions
to cover the entire territory of the Czech Republide selected mainly the western
regions which were not represented in the old vessiof the TRW chronology.
Historical samples were taken using a Presslerrmagnly from church belfries which
were selected based on documentary evidence. Alples were measured using the
VIAS TimeTable measuring system devised by SCIERWI series were measured (an
accuracy of 0.01 mm) and synchronized using PASIRQIEM). Compiled recent and
historical mean TRW series were dated accordinthéolatest version of the Czech
TRW chronology. The degree of similarity betweea TTRW series was assessed by t-
tests (Baillie and Pilcher 1973; Hollstein 1980)dathe parallelism coefficient
(Gleichlaufigkeit; Eckstein and Bauch 1969). Expesb Population Signal (EPS;
Wigley et al. 1984) and inter-series correlatiorbdR were calculated to assess the
quality of the chronology. Both statistical metriagere computed over the 30-year
windows lagged by 15 years. Samples from both ¢eent and the historical sample
subsets, where outermost ring or bark were predewere used to count the number of
sapwood rings. The border between heartwood andagapwas detected visually by

difference in colour.

11.3 RESULTS

To update the existing oak chronology we have td@ldehsamples, out of which 461
were from living trees and 186 were from historisalictures. However, some of the
obtained TRW series could not be reliably crosstiaspecially due to low number of
measurable tree-ring widths and growth anomalidses& TRW series had to be
excluded from the chronology building. Finally, w&tended the original chronology
using 252 series from living trees (21 sites) a@ids@ries from 24 historical structures
(Figure 1A, B), primarily church belfries (FigureCL The newly built chronology
consists of 3536 series, which cover the continymrsod of 352-2014 AD. We have
increased replication in the first half of theé"@ntury by almost 40 series. Due to this
extension the EPS value in this period reachedwe\at 0.90 (Figure 1D). In addition,
the chronology is replicated by at least 50 sdr@s 1028 till present. The number of
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sapwood rings ranges from 4 to 34 with an averagjeevof 14.6 for the Czech

Republic (Figure 2A), while higher numbers of sapaiaings were calculated for the
western regions (15.1) than for the eastern (1B&Bgure 2B). The number of sapwood
rings in the historical samples varies between @ 24 with almost the same average

value (14.5) as in the recent subset.

140- A | Avg. | Contf.limit (95%) B | Avg. | Conflimit (95%)
2 120, CRrecent | 14.58| 5.11-24.04 — West| 15.14| 4.98-25.30
K = CRbistorical | 14.54 |  4.91-2417 60/ East| 13.41| 6.06-20.75
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CLANEK IV - Fig. 2: Number of sapwood rings of recent and historicahpkes for the Czech Repul
(A) with average values and the 95% confidence linnitadldition, values for the recent samples \

calculated separately for the east and the west (B)

11.4 DISCUSSION
Previous Previous versions of the Czech TRW champolwere replicated at the
beginning of the 1 century by only 19 TRW series, mostly from theteaspart of the
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country (Kol& et al. 2012; Dobrovolny et al. 2015). Lack of datak finds from this
period motivated us to search for suitable oak twoogsons, mostly from the west,
based on documentary evidence. Accessible churobniclhes allowed us to select
many oak constructions, mainly oak belfries. Howevehe subsequent
dendrochronological dating shows that several hesibrecords were imprecise and
some samples were older than™1®entury. These discrepancies were most likely
caused by removal of the latest rings due to woakiwg techniques or inaccuracies
data in the historical records. Thus, our resuigmnicantly contributed to the
clarification of the chronicle records in many casén spite of this fact, the new
samples increased the chronology replication téeast 57 TRW series in the 19
century (Figure 1A).

Well replicated recent TRW chronology constructednt trees representing the
whole territory are crucial to understand the glowariability in detail in the varied
territory of the Czech Republic and to evaluate mtivenber of sapwood rings. The
random sampling strategy of recent samples wasechee that the artificial signal-
degradation was as low as it is for the histormabset (Blntgen et al. 2012). The
increase in the number of sites has strengtheneccdmmon signal, which leads to
increased likelihood of dendrochronological dat{Mgazny et al. 2014). Adding a new
dataset has significantly increased the replicatiod exceeded the generally accepted
threshold of 0.85 EPS (Figure 1D; Wigley et al. 498Nhen the EPS value drops
below a predetermined level, the chronology stirtbe dominated by the individual
tree-level signal rather than a coherent stand-leignal (Speer 2010). The greatly
increased EPS, which considers the inter-serieselation and the sample size
information and estimates how well a finite numbmr samples, represents the
theoretical population average (Esper et al. 2008)s shows robust common signal
strength.

The number of sapwood rings in living trees ne@dbd explored to estimate the
number of missing sapwood rings in the dating dbjg&ohar et al. 2012). The
confidence interval (95%) of expected values ofwsaypl rings for the western and
eastern Czech Republic varies from 4.98 to 25.30 @86 to 20.75, respectively
(Figure 2B). Results are in compliance with thevimes study, conducted only in the
southeastern region, where 5-21 sapwood rings detegmined (Rybiek et al. 2006).

Our results confirmed the general trend of a detnganumber of sapwood rings in
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Europe from west to east and their tighter rangailiB et al. 1985). For example,
values of the 95% confidence limit for British Islevere established as 9.16-58.15
(Hillam et al. 1987), for France 15.25-43.26 (Raici987), for Germany 8.22-37.95
(Hollstein 1980) and for the Baltic area and southéinland 6.18-18.71 (Sohar et al.
2012). It is assumed that the number of sapwoasiras remained constant for the oak
populations throughout the history (Sohar et al20To confirm this hyphothesis we
used historical and archaeological material mafroyn the period from the"7to the
19" century. With respect to the historical timberd&aand timber floating (Way
2002), we did not distinguish the eastern and westgions of the country. The results
show the same range in the recent and the histatibsets (Figure 2A). Therefore, we
recommend to consider an estimate of 5-24 sapwiagd for dating historical objects
in the Czech Republic.
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