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Summar y

Gl obal warming and increasing drought seve
stress levels, chall engcienngt ufrbyr. @aswWr ma @& ¢ e mhe nte
2iI3 K wuntil 2070, sialswuires!| tanrdalnad dla @tl atsiucic emme

repl acement of European beech forastds-hlewnt th
affected regions of Centr al Europe. Accor di
RCP8.5), parts ofr ewebseteecrhn nRaa nuar raviealr,yn valhces o m $ b a
i mit, are climatically analogue t ofisppraecdei ct i
for ti meweppmnweasthi gate i mpacts on ecosystem
climhyidal ven shift i n foyetse masttiraueltluy es a mpl
forests ovédoalmadepuomamdeethhi ng st or algieo mehsasng e
arbon (AGC) and soil or gaha gs gl av)abt adneasaf d C)
or est sQuaenrdc uosa kp e(t r aea,) Qdo mir ma Areactifoge st esdeircr

-+ 0O

f climate change i mpacts ospéortstpaatsiedc r
nderstanding of how t r esehigprso we rii¢e aaafdfseecsteeed. c t
itahithesakbeemh canreaslryezeinyggr ecords adsedrimmves
rowtrfends, resilience of radial growth to dr

atterns osfi tdlviimat iacndsegnr owt h synchronicity

nw T Q@ < <© O

pecies andlidiilavedaromeintdoesstah)ér domi nant speci e

OQur results swawmitm@atr el atl e dnat epl acement of

course ofremsat usruaclcefsei on or silvicultural C
ecosystem carbon storage of central European
forests to the war mer, IndK ewaxremdarc, oAaXKC faonrde s
decrgasadbolwmt 22 % (add NP CoYn,al 7r ey e@trticawe lhy . T
climate analgdiiasl scdroovwt t haft al l species is
precipitation and |l ow drought i nt en®Biatsya,l anc
area incremendand BIAII)d eorf dadkhread si n nt It hlea £1tn
climate warming and a deterioration of the s

mai nt ained stable growth r astteisn,g tah onueggha taitv el ol

bet ween mean BAI and drought resistance amon
climatic sensitivity show that the importanc
of clama(eguw¥80D)e other climate factors 1in

i mportant. Accordingly, growth synchronicity



tree individual s, i ncreased or remaidreerd amans

decreased in the past decades for the oak sp
recent c¢climate warming indicate a better dro
i's supported by -ttéremr@rsawstt,ts sthaorairnige elnchmgrc e d
in comparison to beech and Ilinden in the | as

OQur results demonstola¢ranthavtakboossngadtokrs

species such as beech is a relattriweilry @awer
climate.f Hbwamgh-thfefaect ed beech forests in Cer
thermophilic oak forests in fGbo6uMe ,ha hhsswi

reducing ecosystem carbon storage substantia



Table of Content

N 1= o1 = I g1 o T [H o4 1T o 2
1.1  Climate change and the RCP SCENALIOS. ..........cceiiiiiiiiiiie e eee e 2
1.2  Forestsaand the effects of climate Change............cooouviiiiieee e 3
1.3 Beech and oak, two key species in deciduous forests of Central Europe.................. 4.
1.4  Beech and oak in neg@atural forests in Germany today.............cccevvvriiiienrneeeeeeennnnnnn. 6
1.5 A possible future climate for Central EUrOPE...........ccoovviiiiiiiiieiiieeciiee e 8
1.6 Study area CharaCteriSUCS. ........uuuuuieeeeieeiiieeiii e e ettt e e e e e e e e e e e eeeaeaaas 15
1.7  Project framewdt and data COIECHION............cccoiiiiiiiiiieeee e 19
1.8 Hypotheses and research QUESHIONS. ..........ouuuuiiiiiiiiei e 20
S L (=] = (o Y S 22
O KO o] o 1= T [ PP PP PP PPPPPPRPPTN 30

2 Climate warming-induced replacementof mesic beech by thermophilic oak forests will

reduce the carbon storage potential in aboveground biomass and sail.................ccceeeieeenns 38
N R A o 1] 1 - U35 38
22 1 11 0T [T 1T o 39
22 T |V =1 o o P 57
2.4 RESUIS ..ttt 49
2.5 DISCUSSION. ...ttt ettt e e e e e ettt e e e et enan e e e e e eanaaa 56
2.6 CONCIUSIONS. ...ttt et e e ettt e e e e et e e bbb n e e e e e e e enaaaanas 61
2.7  ACKNOWIEUGEMENTS ... .ot e e e e e et e e et eeeerrnaeaeees 63
2.8 REIBIENCES. .. . 64
pZANe T Y o 1= o 1 12

3  Winners and losers of climate warming: Declining growth in Fagus and Tilia vs. stable
growth in three Quercus species in the natural beetlbak forest ecotone (western Romania) .84

N Y o 11 1 = (o PP PP SSPPPPRPPRN 84
I 1 11 o To L1 Tox 1o o W PRSPPI 85
3.3 Material and MENOUS. ........cooiiiiiiiie e e reaanae 38
Bih RESUIS ..ttt ra 94
T T B (STt U 1] o] o PP SPPPPPRTN 103
G T ©o o (o] 11 1] o PSPPI 108
3.7 ACKNOWIEAGEMENTS ... .ot e et e e e e e a e 110
3.8 REIBIENCES. . .ui i e 111
NS T Y o 1= o [ PTR 121
4  Higher Growth Synchrony and Climate-ChangeSensitivity in European Beech and Silver
Linden than in temperate OakS........ccoouiiiiiiiiii e e e e e e 140
g Y o1 i =T od 140

4.2 100 [8To3 1o ] o T 141



4.3 MELNOUS. ...t e e e eae 144
A4 RESUILS.....ee ettt r s 148
4.5 DISCUSSION. ....itettteeitit et e e ettt e e e et e e et s e e e e e e et e e e ea b n e e e e e e e e e rnnnnn e a e e e eeenne 153
4.6 CONCIUSIONS.....citiiie ettt e ettt e e e et e e e e e e e e e e e e e e e enrna s 157
4.7  ACKNOWIEUGEMENTS .....uiiiieiiiiieiii ettt e e e e e e e e e eeennenes 159
4.8  REIEIEINCES. ... i it e e e ettt e et e e eeaae 160
N T N o 011 0o | PP PPT PSPPI 167

I/ 010 6] PP PPPPTTRT 182
5.1 Loss of carbon stocks with the replacement of beech by oak forests..................... 182
5.2 Declining growth and increasing synchronicity in fast growing beech and linden in
COMPATSON TO OBKS.....iieiiiiiii ettt e e e ettt e e e et et e e e e e e eennnes 182
53 Consequences for Central Eur op.ea.n..b.el84& h
5.4  Assisted ngration on an ecological basis as a Strategy...........ccccvvuvruiieiineeeeeeennnns 185
5.5  Future directions and final WOrdS..........coooveuiiiiiiiiiii e 186
5.6 REIEIENCES. .. .. 188

6 GENEIEA APPENAIX ...ttt ettt eaaaae 1

ACKNOWIBAGEIMENTS. ...ttt ettt e e e et e a bt n e e e e e eeeeeeesbaan e e eeeeeeeed Il

L = TE 0o To T =T o PSPPI i

fore



CHAPTHR

GENERANTRODUCTI ON



CHAPTHR

1 Gener al | ntroducti on
1.1 Cl i mate change and the RCP scenari os

Rising atmospheric concentrasiowéiach akriemar
wat er (HHOhparbon (€CPmet d@Cheni t r o (sPOp x o & ®@O.F

are the main drivers for climate change. Fol
Panel on Cli(ma&tCeC, CRRO®RGLBABr opogeni c activitie
at mospheric cobgeapproxomaovoép Ct©O604 %9 pPppomi 28
and consequently has the mean gl ommdr isuacrf atce
priendustrial |l evel s (reference eadErssid®nG) .woAl
be globally reduced, temperatures will stild]l
threshold of a 1.5 (AcPemd2IhThet bbef@aexs dechale
being seen worldwide through increasing int
periods, weather anomalies or other extreme
affecting ecogqWHsatienms a&rnd adagi t006; Kornhuber
Lindroth et al ., 2009; Mitchel.ll netcealktral 2&1
climate change has already manifested itsel
dr owphetl | s and heat waves in the | 2a861280d2e0c ad e s

and the way things are developing, t hese ¢
(Barriopedro et al ., 20-Hérr 8ryant genCaéet2,02010
Sch°nwiese et al., .2005; Schuldt et al., 202
For a prediction of future climates scient
Pat hways scenarios (RCP), which were first |

(1PCC,, 20hjp3ds)aci ng the preceding Special Repo
The four developed climate models (RCP2. 6, f
set of probabilistic scenarios and are curr
cl i nfahtee .fcomm ent r atodes cp atblewa yisme | macddli ons of
gas concentrations and radiative forcing as
scenarios, which are mainly basedeoprepecbeo
use radiativ® faoadcdhnff eéranwW mredicted -emi ssi
i ndustrial |l evels) to 2100 as well as socioe
(I PCC,. Ro2lghly descri bederarei anordeep rad e RiCP 2 .
of 2.260W/ mhe year 2100 and assumes that the
also includes climate protection measures pu
i nter medi at e 6RCOP pir.ébs tamad a&RCdlont i nual rise 1n

2
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next decades followed by a gradual decline (
RCP 8.5 is that society continues to increas
blilion by 2100. I n the <context of current C
population trends and growing economies, RCP

moving towards a RCP 4.(5I,PGBGC,0 2021l)ven t he 8.

1.2 Foseé¢s and the effects of <climate change

The role of forests as carbon sinks and the
gained great atte@itPOC@G, i202he NabhAbostcawoesl t
of t h® Eantchoavreeraedi sby forests, which store al
(Bonan, R®0O&9t sf raobns otrhbe GG mosphere through ph
abowed belowground biomass or through decon
carbowevelr, foresnsoalktse ammbs@b@ere through
carbon balBwcepdaoanr forests was calcul ated at
(Luyssaert ebkahgtedh@em@hobgon si mkss.,, Itmr etee rbp e
generally represeknashlt het | alr.g,e s2 0 3 ;p clodd , 20
the biggest part is stored aboveground, whil
(Kalyn and Van Rees), BOO6&st Vbgomass ailis, i AaPDDe
stand struct gGéeabntdoshanrtd aye, 2018,; wheeursec hr
with increasing age bioPraesgi tuzseural & 1yd. i EBlursakcicru
managed f oroersst sf rtehgeuseentflayctunder |l 'y silvicultul
influences the sequecBortassn @eobteht ] aRO0Odb7; as
Equally important for C accumul ati oln faerret ifloirt
and moisture, which can (bBeabsstti neutl aatli.n,g 200rl 3l;i
2017; Oren. efthealef, f e2c0tOsl)of <cl i mate change on
stocks are not al waysd etvh adte na haingdh emh iflree g ue nc
will augment tree moBthultditestial Cen2@6adcG; BWa
temperaturesl,evellcs eamarscke dl cCfOhger gr owing season.

For exaemmperate@ European forests that are nc

and thus carbon sequestration, i s (e&uwytesca he de tt
al ., 2016 ; Li.ndCmoenrt reatr idly. ,agald0 hQ) hdwehretrs rs ,skh
as storms extended droughts and ensuing wild
t he at Mfiddd miderog h et al ., .2009; Vautard et al
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Forests play an important rol e i noft hcel ignhaotbea
change are highly deba(tEtldl iasnodn aet talme,s ZM®InZ;
When precipitation infiltrates the forest C
following crown intercegpgtiiomn,anidt riets uamsedr b ed
through transpiration. The forest streamflow
amount , the |l oss through evapotranspiration
interception wirtestchfodowoyr )staach ot Rfodbleange 21® C
Forests store water and thus control floodin
soils are fully saturated(&uséenbies aebtaflt. ex
et al. , TRIOOL79gain affects forest soils as in
(Fuhrer evi tdl .hji ghOO6npacts not lGlryacien RAODrdl;y |
al.,. 2PUuBY)her projected ¢clmpaichsc|l whe thewdnr 6
reduced groundwaten Ec&khfaardde aomrd tl he a mfhl, o 2 00
Reich et. aCar bo2n018nd nutrient dynamics of S
decomposition ofi toerdg abnyi ct ermaptetreart virse lannd wat er
may either decrease due to accelerated deco
because of -decreaeade@ ptavnthbDlaat idecmni mndhd asnais
Wal ker 0&tl) ®t her 2expected climate change effe
or shifts (Mobnewi eer sailt.y, 2009 ;wh¥amreDesrpWacli e

distribution adapts to warmer temper aitlugtes b

again other species wild/l benef it from cl i me
(Boi#Maesh et al., 2014; Chen et al.,. 2011; H
1.3 Beech and oak, t wo key species i@ decid

Europeaf(FaBaesc slylisatai cnreesophytic broadleaf t
which ecologically is the most important nat
known, and it is characterizednad toonisr rainmdg h
distribution range t h(aRanigs al nadr gLeelcyh olwintizt,e d2 Ob(
1989; Leuschner .and sElvliassnbedrigs,t r2MIUu)i on r ange
oceanic climate, whee rGau | via rSm rveaatme ri sf rcoam rti e d
Current towards the European continent <creat
then carry these marine air masses far into
charact ersitetrinc €£uogfopwee This produces a humid,
and warm wet summers favouring beech domina
forested, of which about -déo7nth nwd e(d8 of lbe eett csa p

4



GENERANLTRODUCTI ON

200Bgeesh vier ¢t od leadet and dominance in forest
l evel s in the understor y( Broalvtoeu,r | 2n0gli6s)t sonhapar
sosénsitive and grows on a wide w&lay ifeeryt iolfe s
which are | ightlyi8adi)di d-Hdoewekbaghl & piHdi3c 5co
tolerated, provided that the mineral soil <co
raw humus cover. 't tt hede feif oiferdmshim@airtraad BL
2017; Waltherttetgraws, w2013 )where the root s\
soil and optimal growth is in humid mesic co
parent mattheer i@adnt rGar vy, It does not fl ourish

waterlogged or (oGe Ccloemp aectt eall .s,0i 2GDeéspPaeklhar

flexibility and broad <climatic amplitude, |
sufhtchemidity. It is sensitive to drought,
making it more vulnerable to water stress wh
(Granier et al ., 2007; Kasper ePtaudle..| t120%52;
t her mal elpAG muom tihsl y mean for the coldest mo

the war mest( Bhomn hetofaldJul y2 0.BG&;e chhuntsl evy dets pa le.
Europe and can be found Bferrogne nSiicni | youitnhet h
Longitudinally, its range is from the Cantab
Bal kan Mount diFnguiridttlldeEasowetalsercm napdr$owtf h |
i's normally presgB8othnaethiagher 2800t ldest on D
et al .Hi ghOB2a)nmer temperatures, drought and w
the distribution of beech in southern Europe

noretast ern and(€asgeandr egrcbowicz, 2006)

Sessi(Qaeoaks( Mattasahiksa)a Lliaeerbge,) deci duous
of Europe which is also one of the most =eco

occur smamy sites as a main component of temp

ecological amplitude, sometimes al ¢B8Botdaomenat
al ., 2000; Leuschner Saxndi | Bl | eatkbperhagwst!iénlyyy,ogobd
coppicing easily and deep taproots allow goo

against windthrow andnaesdr dOdgi®t; s Prre&@8xissatkd rect eo
sproetavelsat i vely | aMay) ,naWwthet mekaes (iAtprt ol er a
unl ess t emper atPuraecs a&kr.e theml yc,d mbgple3nah di mg I ir ¢
permits |ight to pass through, promoting reg
di veflseugygchhéenbdprpdgEt20mMa)n competitor in de
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i's beech, i n the presence of which it wusual/l
sessile oak typi-daylgrddmynaoewaom seimidlsc, whi
e.tgwlbayer soils of |l oosdasdodv amdhaonda&ryedodl 2

sl opkesnes, 1959; .Prlatc ioak eent oacl€Car p2ZOnmuF)hdred uh b
ot her deciduous tree spgéd@aepi minan | Battchleein( me
hornbeam forests) replacing(heeaclt hwieen amut Ed

2013¢ssile oak occurs across most of Europe,
and southwards rtiant Penmnoastuthear, n Slowe h |1 taly a
Peninsula(8odnTet kay . , 200Mi; g Eraddton} lee w@dut he
souetahst ern range | imits sessil e ddrakdghater an K

Querspessi f rMaeditther ranean or Banpoh®ascfemasaneet
an@. ceeEaton et hfagr mi 2@ lt6her mophi |l Queoaktfadi a
pube speetnrt@re aki mi | ar .

0

0
&7 a8
/3;{5
* Zad
£ IS
CUACA

¥

Figurel: Distribution map of beech (in blue, left panel) and sessile oak (in red, right panel) over Europe,
based the Euforgen data base (www.euforgen.org). Black triangles mark locations of natural, isolated
populations or introduced populations (distribution maps crémtedin Kasper).

1.4 Beech and oenaakt urnalnefaoor est s i n Ger many t

European beech and sessile oak are two maj
often form mixed stands with similar distri6b
Europe are predicted to rise and become mor e
beech and oak are I|Iikely to favour oak, wh e
Gener al | y,Quoearkc eft arpeesatr saeCaueerric et al i-me tpriisheassee e n t
expected t o r elpdz=a&kg ibahdacghe tfaolrieas tospl(wat meaeand
sites and on a forest management l evel, be:¢
supplemented or substitmaed bhéadgkospekias .t
Mette et al ., 2013; Pretzsch et al ., 2013; S
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To map the distance of the current distribu

distribution edge (rear eldyepdl!l evarim prodteuraald

i n Ger many, marginality indices were calcul a
species to its niche edge, relating the prob
(Heinrichs eetl ealt. ,et2@alli6ég, "Ma01§) in calculati
in Heinrichs et al. 2016) , negative index Ve
(core and extended range zones), whelaiphseit
(occasiooncacluraoarence@®e zones) . A further devel op
(2016) is based on the | evel of probability

where calculations are basseadigomrc|ldgaemadri &l ipzed
Wor |l dClim VéHsjomans Hasacth, a20méan precipitaea
temper aitAwrgg , (Jum. temperature in January and

t o calcul ate the pr awma b iolrimt ydedfaubtccurhresdh®

(Probability of occurrence = (0B&rMaetsi mcéai eald
2012)For details of calculation method see M
mar gi nal i t youisndpeoxi nftosr ivnarGer man natural fore

presented in Figure 2 (calculated by K. H. Me
marginality index is at 2, which is réached
distribution (leading edge). Her e, climatic
species but are expected to move toward opti
For occurrences in the optitmall.r drfge,het hoeccm
species is in areas that fadesthep adandaVardNie
the marginality valuBG.ofptiméddpdnber NMeitlie Blpe et €
mar ginal "rearuedgateandnki Rellyoto absent. F
t hatidl eaedi olge edlyef orests remain (mainly in mo
sites in Centr afopGedmaa(@) aoe atcuheence whi l
towar deasibetih Ger many ar e aQO.a7achyy eat Ctomd irrarii
sessile oak no stands waéirnet eatnemaragdien7aa i dlye air
t hreshdll eladit oig hedger vabl efic| Thnad 66 bauviHFeerbsht f o1
occurriinga it nignhe@egremany are | ow and ongoing t

to lead to declining habitat suitability.
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Marginality indices (F. sylvatica) Marginality indices (Q. petraea)

Figure 2: Marginality indces (calculated by K.H. Mellert for the NEMKLIM project) based on
generalized additive models (details in Mellert et al. (2016)) for various points in German natural forest
reserves for beech (left graphic) and sessile oak (right graphic). The maxintuemnadirginality index

is at a value of 2 [dark blue] which is reached for a species at the cold pole of the distribution. For
occurrences in the optimal range, the margin index is > 1 [also dark blue]. Following the classification
of Austin and Van Niel (@11) if the occurrences is facing the "Rear Edge" (marginality values < 1) they
can be interpreted as follows:A.7 optimal [green in the map]; 0.0.4 intermediate [yelloiorange];

0.4i 0.1 marginal "rear edge" [red]; < 0.1 [dark red] occurrences unlikefpbsent (distribution maps
created by K.H. Mellert).

15 A possible future climate for Central E
Whil et eiomgweat her records and changing env
reality, future scenarios fcdr offomestlec dhy st
possibili-tatrianfe apPp ode tttomes98 )t o play. The i
forests exhibiting analogue <c¢limatic condit
' i mitations sucédistasmanddememtc else g anc if os, spec

day I(elnegutshc hner and EIl |l enberg, 2017; Measel
l ook at forests in corresponding analogue c|l

stabfl nayive tree species and show alternat:i

To find climateKahhioguand oZ igpeetrefsonmamesd, (a2 Oplr4i
component analysis (PCA) representing Europe
t hrcdea mate variables considered biologically
the three axes of the PCA were: mean January
August) and mean growiiSgpsemben) psktai phbpeca
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increase or decrease of these iIinput var i abl
ordination space to | ocations wiKeérld i hbesend
Zi mmer manwms g 0tlMr)ee cl i mat e6chR@QRBed st eammd i RGF
climate projections, simulatind9®mE%AMN00t e MEer a

bet ween 1.3 and 3.3 AC2f0®%2108 h®t o ruttiumrge frred rar te
region of Kitzingerd (aisrs u®da mtgr & lh eGerl mamay )e sa f o
change towards milder wirnetfelresc t a maja rsMane snera s 8 (
t r ans painrda-sleaateeo n dsymes® ubhwestern France wa:
climate anée¢ldaigduste® F egngnand Zi.mnearmainme (RDNHKI
project, Kelling applied the same selection
to a beech forest (German national forest [
Germany)r evs o lht ¢ heéepi cted Figure 3.

The -p€Adicted warming scenarios show cl i ma
(mil der winters and war fidersts mmdrde)y, wi oaowanrdgs
summer precipitatiow)lasamdmbewamdsst hde Soaead

precipitation combined with cold winters).

winters in Central Ger many, the reference r
Zi mmer mann (2014) is probhablmprieebcemani epcoddaun
continent al cold wint erast &mn e IkEwed sotpearmihe R G mai nni

account better for extreme weat her events su
which are alsoe@bBediatetd 8@wab. jn2011; Sal inge:

Sch°nwi ese.Téhti sali.ncrz2@G®) in extreme events i s
freemsitifVei spefci &ls. , 2a0nld8 ;t hMa neotr ea-ea g, b ©2rOmledn)t
climates represent a natur al distribution |
Central Germany concerning viable species po
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Figure 3: Climate warming projections for a beech forest reference point (Genatonal forest
inventory point 19288) in theentreof the distribution range of European beech (Central Germany).
The red, orange and greercolouredregions of Europe are climate analogue for the climate in 50 years
according to the IPCC (2013) sceina: RCP 2.6, 4.5 and 8.5. They were identified following a principal
component analysis representing Europe as a function of mean January temperature, mean summer
temperature (Juildugust) and mean growing season precipitation (Nggtembe). The projeted

values for these climate variables were matched within the ordination space with locations in Europe
currently having these conditions. Depicted are the mean temperature increase (likely range) in Kelvin
as well as the location of the study transettwéstern Romania, where A and B are located within the
climate scenario RCP 2.6 and C is within the range of scenario RCP 4.5 (calculations and mapping done
for the NEMKLIM projectby C. Kélling, unpulished. For details on methodology, see Kélling and
Zimmermann (2014).

Forif iane obtinflBpgce daprm rtoiamen, we subsequently
the research area (Figure 3), where elevatio
from beech t o imak )oatesset @i (flajeddoxid el s for pr e
shifts in speklteresf odioemi Blainemrb e(rEgl | @undbtewegg t 1 (9B
used, whi ch i s calcul ated 'NMy dciyvianmuwalt hav

precipladimti on (
00 "Vt X0 @wdp M

The EQ was initially derived from phytosoci
without strong human disturbance and resul't
wherteltaes oak share t e2@Bsghntdo oiankc rdecansien afnocre BEGQG
EQ >(BIOl enberghe$se26&Q values as a rough orie
beech and oak h@bel deeat calnf,ir 2n@ Hiesl liMed drer t
utility as proxies for pCethcet engabeechOahd
St ojialnoevt al ., 2013)
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The <c¢climate analogue research area 1in west
striattediagrhead tiThedeesuUFtgusdod) t hat t he

e
ower mountain fringes recenvei amoPImaichm WB&C
xcluding them, buwtt tthhe deodpdsens MMdudshishsen s
outenst ern Car pat hians, extending from submo
ui t(aFbilgeur &t 4 hese sinwwsvernt hef Eatt reamse s i &@r ou
alues aroundh36 asmhmdfgrn eogteerhi freavt oeusy iEErrgormp | ar y
onditibasndaverea the Zarand Mountain range (
oot hills of t e DMownheanm Chrmapat h(iMunt i Pi

- O < u u o

westernmost Romania and at the foot of the s
i n sweustther n Romani a. The study transects wer
(Milova) tXrAnNk2zit. 8A (BB Caneé eMdtah el vag unitryans
(45. 5A N/ 22 .-@d\stE)a-thebd tho mfolh Tihmi soar a kal@d t he
transect C (44.7A N/22.3A E) close to river

To ensure compnarsaibtieds tayl Ibettrwensect s depict.i
demarcated on hill c¢crests, mounting from Sou
an BauWehs t sl ope or ile3ntnattihoen A(pkpiegwdriex)A The
del idhewittehin a 250 m buffetar bademaurbthbaidmsdcursa
range from beech dominated forests at hi ghe
towar ds -d¢d dilel ipdheanaak forests of thelwadmntdemp
and foothil I(sDo(nd "H5s0ehed@PBBPEO | Yyer i fy that the
the elevation transects correspond with <cur
Ger many, we computed the moadwhfiicehd Ealsl ernabteirog k
summeriA glunt emp¥yyatode méan iswgymepr e divgni, t at i o
focuses on the <climatic( Byrr®&dwat hetl iari.t,i nZy0 Gs6u;mr
2020; Mellert et al., 2016)

00 & DYVDYD pimm

Results wer e sctoubdgarl eednt wiwtstk i a8t n @gFlrtatnéc 2l a)n
Pl abeesaur eference region, i n Whi cthClk hem EQ4#, wwi
arcsec (espmanhsobdabr atuyr r 2 @edr5eenl ci erh GptEGiOa(mgrde f
projected future c2068188Wsl  mted s leinccalt cpwllrai togdd®
future climates using means of 63 climate sce
four RCP scenarios 6(.RCPand 6RCPRGP. 54).,5,h oRnePyer
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project only RCP 2.6, RCP 4.5 and RCP 8.5 we
i Wal ent owski) .et al . (2017)

Table1: Current and projected temperature and precipitation datgel as the modified Ellenberg

Quotient for the Franconian Plateau (Worldclim 1.4, with 3@eraesolution, Hijmans et al. 2005).
ACurrent o represent si2000 andford&RCR 26A4i5,@anda8.% & perindjcavemfe 1 9 5
of 2061 2080 for15, 19, 12 and 17 atmosphedceanic global circulation models respectively, were
averaged. Original table and details of methodology in Walentowski et al. (2017).

Climate variables Current RCP2.6 RCP4.5 RCP8.5
Annual Mean Temperature °C 8.4 10.4 11.2 12.5
Mean Temperature of Warmest Quarter (MST) °C 16.8 19.1 20.2 21.8
Annual Precipitation mm 678 713 703 704
Precipitation of Warmest Quarter (MST) mm 211 215 198 190
Modified Ellenberg Quotient (EQm) EQm<80 80<EQmM<89 89<EQmM<102 EQmM>102

Figurews5thhbhodistribution of current and pro
on f#@Frenconi awmi tPhliant e;cawr study region and for
doctor al st udii. gl hdmecSicsihowmcendata fomnbeech
National Forest l nventory (NFNat ifoomall 2l11mBs tpilt
Research and DevéNarpime roDT.b ene &FFolr ecsatray s hows t
domi nant for curfiFfremincohi m@E@dh ave@d bhecwsts | fo
predicted RCP 2.6 climates and becomes scarc

8.5 (which are currently the most realistic)
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Figure4: Map of the research area in western Romania (seed3) used fo selection of the three
study transects (A, B, C). Tlwlour gradient marks the calculated Ellenberg Quotient (EQ) based on
WorldClim Version 2 datgFick and Hijmans, 2017 ransects A and B are located within EQ values
20i 30 and C is within the rang# 20/ 35 (EQ distributionmap created by Jan Kasper)
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2.6 and C is within the range of scenario RCP(EG@mdistribution map created hjan Kasper ar

reference beech forest on

details of methodology and reference sit&alentowski et al.
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16 Study area characteristics

Cli mat e
The cl i mat e of Romani a can be subdivided
climatic influences from t he Westr oanmdt hceo n& a sn

(Frey and .L°sucrh,st2u0dly0)si tes have a typical «cl
oak formésbsac€dmding to K°ppen anhBi Sehgreyr )20
Horvat etAcaxloor,di hy7 4 CP heaa@ &Ealrger etthealmeamrO:
annual témpet Atuphe@ 72000id3 Mirtmonva 10. 8 ATAC i n Ma
and i n DA« mdhgandal mean pre@mmr7r2ammbd@®rBd Pm)
mm, respdapbhete®lgm endFof @t adnsetes) mont hly pi
in wintéFelfdwamnuy)y yand hiigdlelfsaiweidn blyu nae ,h owh epreer
rainfalls, similarJtutbyaaMedAtgustanarmmniche snaa t
are coldowesh tkekeperature i manhaabtatympgeal i
(T a b2)e, typicalt atocAmmaalatn amiemf al | i's reduced
|l apse rate assumétod@ onbeammpde r 45 Umms gvé & At @ o f
0.5 K/(IMabr umc.&P,ar20 ) arl vy, t he mean summer t
corr el atleedv Maibdhen 2 )i nf l uences t(é&lehepatcdestd
2020; Prli.mi cc2ive)t the | ast 60 years temperat
on all transect s, whereas precipitation (hel

Appendi x) .

Physical Geography

Geographically, Romani a-efi esnbEutwepe apdt bae
centr al Europe geobotanical zone covering th
Al pine, Steppic and Black Sea déffregd almy tLRhe
2010; Wal ent owskKWNesedr@aemtr 210 1B9d mani a can be

geographic units: Eastern Carpathians, Sout h
Skyt hian platfor m, Moesi an pl adB8torcmf iaenld, t1f
Wal ent owski. eTtheails teu dy0(198i)l ov a) is in the Sol
which have their boundary alongotvlee edu Pas n¥an
Pl ains forming separated hills with steep va
of the Mpwmgdeanin range and | ies at the fringe
Mount ai ns, with Mesozoic sedi mM®Watanyowdkik se:H

2015)The Southern Carpathians extend tosthe W
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and then bend South to the Danube River.

Transyl vanian Basin, the Southern Apuseni Mo
Carpathians consist of a compl ex (Wavleerntthorwsskti
et al, ,wkédrld )t he western foothills form the ¢
the southern foothills the basis for transec
tecton(iBurpdhftieolr med?d hgksiaetig ment | ayers of san
mol asse of mar | s, sandy mar |l s, siliceous |
Danubian tectonic plate and consists of carb
anmudst oneed Adasdraiipti on of the geology and |

available in Walentowski et al. (2015) .

Soil

Al |l simeessothraodp hi ¢ Isaosilnsgc bandat eopsar ent mat er
crystal-dandemesdstdone i B tame-aammas d i anfe SA oanred i n |
Transect C. However, parent mat er i al was ba
forming | ayer was dglmicniaanlt |lyo eas sl ecarc hleoda m ploasyte
Soi l rooting d aoyrerasl Ilwesriet eesv owivteh mi n. dept hs
before reaching the parental rock. Soiil text
silt itwmamianyg derived potential avail abl e wa
mi n. of 23% and a max. of 35%. Al soils wer

wer e §$rmddgdrtdtyel . &0i2&0c.l 6pMere generally cl a
(German soi IiBrcd vangesainfed nciant i ccme vias ®l sc as@easr man
classiiPacabi agheesrudletns pool ed per forest type
Table A5 (in the Appendix). A full overview
i Kasper et(s®EheapHedanrflior more information on t
types and soil profile document &t ifdeno hnh en gr e a
(2019) and. Loris (2019)
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Table2: Location of the three transects with longittleng.) and latitude (Lat.), elevation (Elev.) and
climatic characteristics of the highest (top end) and lowest (bottompésid)seeFiguresAli A3 in

the Appendix) The higheselevation plots are located in typical beech forests, the lowest plofsaalty

oak forestsaand are in proximity to the transect localiti€ven are for a reference peri®79 2013)

the annual mean temperatuf@r(), temperature of the warmest month (Tmax), temperature of the
coldest month (Tmin), mean temperature of warmestrter (MST), mean annual precipitation (Pm),
precipitation of the wettest month (Pmax), precipitation of the driest month (Pmin), and precipitation of
the warmest quarter (MSP) according to the CHENSA climate data (Karger et al., 2017).

Transect Transect Elev.  Tm Tmax Tmin MST Pm Pmax Pmin MSP
(locality) position Long. Lat m Cc° Cc° Cc° cC° mmyr! mm mm  mm
A Top end 21.8135 46.1973 759 7.9 23.4 -6.5 18.2 892 125 48 254
(Milova) Bottom end 21.8022 46.1290 216 10.8 26.5 -6.5 21.2 690 132 52 248
B Top end 22.2460 45.5749 719 8.2 23.8 -7.1  18.6 951 100 54 216
(Maciova) Bottom end 22,2116 455248 256 11.1 26.9 -4.0 217 791 81 41 157
C Top end 22.3188 44.7754 907 7.8 23.6 -3.8 183 844 106 45 201
(Exkel Bottom end 22.3578 44.7173 147 119 28.0 -35 226 598 69 40 137

Forest stand history

Similar forest management | egacies were i mp
years in the domi nantT. c & oogetyatnods ywea ( Kixecgps e € to
al ., (2ex2p3)er For all three TtuanhseagtandocopPi
been conducted before the 1960s at | ow inten
sta®atweer ship and supervised by | ocal famrdest a
previously coppiced stands we¥dckeraldtowalhet 02¢C
|l egacy of former coppicingtdammed rtnt eoefs tihse gpt
mo s t stands. They were managedulatcucroarld i snagh etnoe
which stands are | i ¢BLt5I%f tsot amodd evroa tuemieyy dtfhrionnm
stage up to an age th(édecguasterad 2aph&) hendh s
|l oggings were also irrseiguyl a(r< y5 % oonfd uscttaendd avto
the | ocal forest authorities demonstrate the
|l ast 20 yela#rdseratetalal .s,i t2e0s2 1)

Forest vegetation

Il n western Romania mesikti maeehafoeksvatbons
m a.s. |l domhegt adesdbwylbleye ¢ d o {Fdargyetieviad €y mpmlec gt o
cordatg) omnwvi t h occasi onfacler s ppelcaleasnros wlebBu aespl at
Carpinusan®redmud sicsaviumi hge dominant tree | ayer

gradua&lpllyvced by mesoirm bmiaxne ca rodaekeh oofir @irbeegainm o (
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Fagedandat hyr o h@adrlpeirrseteulbmiitiimyg eo RQd rl pe)rmswaoeti m i i

decreasi ng Nelddv apt eédarie e as y,ITv d ti iac at 0 me n taonsda , C.
di ffRocemdseppr mine the main canopy | &pweibuasnd
t or miamakes cagnpearstt rti & b(eBcoohnme eptr easleent 2000; Coc
Dmni HL, 1992; I ndreica ANumelrous2&h7?; akKda omer od

social groups in the mixed (fObersdorzioewvearetky $2)
the colline belt these mixak fforests di<v e33O0\
characterized by different oak Gpebepas!| un,
campeasn$.i st orimmi ntahlsitsonger | n compar iPsaonnn otho awe s
oak species suQ@h cpesramicr Hay gQ@alk rfai aaree¢ t or eque
present (Figure ©6-Baf&@eami Agr kP tBRakndodraaan < (
Quercet um daallleibnacnepi on)(cDoonfHeEr t 48 9 2 ; Heinrich
|l ndreica et al., 2017; Kasper et al., 2021;

] S D/ ! 4
\ tf‘- Rl 'V‘\\/\’/‘\\ SRR
e i\"\ ~ 5 e -\/9

[] Romania
] Q. cerris

A Q. cerris isolated

| [] Q. frainetto
¢ Q. frainetto isolated

[ T. tomentosa

® T tomentosa isolated

Figure6: Distribution map of Turkey Oal. cerrig, Hungarian OakQ. frainettg and Silver LimeT.
tomentosaover saith-eastern Europe, based the Euforgen data base.@uforgen.orjy(distribution
maps created by Jan Kasper).

At this elevation beeztndlolresderns mort iemumdslo
wit gher humi ditfiyear epadmeleat i ogs , while plai
sout her n ecxopwoesritetde obmgoogatke |f (0D cersit "L , 1992,; Lenoi
Macl ean eT. at omaesRt@dSPpeci-easbpfEuhepbegmti 8lo6) a
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plaid an i mportant role in the forests of th
beeltcdhr nbeam awdkhdrmonkesd zone, the species al
t hought to be a result of Tt.i nmboemmesnetaobskaa ct © o n a

colonize (fDame <t egamd . , 1999; Radoglou et al

1.7 Proj ect f r ameawocrokl |aencdt idoant
Project frameworKk

The thesis was conducted in the framewor k ¢
hhg. de/ nemkl ifinf eas Vimo @dadl ned/y 4iAmwae ytsiigat es cl i m
ransitional zones ffomedteschticdhtomkatdobe snal

—+

|l evation. The field work took place in the
oll ection of a wide range of dat a. Focus w:
Il i mat e changedoimipnaacntts torne et hsgoeadkki eesc oitrone he

endrological analysis on all transects was

- o O O o

orest inventories and soil sampling.

Forest i nventori es

Objectives of the iIinveme oiresescaomp@s ibthifor,ma

forest types, i nformationawnad Steedpeptlhat i g

T

urther mor e, geographical characteristics an
nvent ory desiicgns awrgsl i smygstwearmaht ci rcul ar , nest
iameter at brOFastm. hSiagipt e( PBHYX s were distri
rid (200 x -28060) hwbrheatabtoroh amhidgmiABiamdom s
he Appendix). Table A2 (in the Appendi x) dej

ha@amples sizes (n) and sample intensities |

orest inventory met hokKlass paenrd erte s&heatpd) atx 2etl )d e s
n the Bs fSRempidregadistic h m2 dP 0 (

De ndogilc al sampl ing

The vegetation gradients on the three tran
communities in western Romani a, whi ch was Ve
(Kasper e(tséapt.¢822))doem nameciteas of t he foul
types inioake etdeseeheTlTdhd esn ARhewdpeopendl rited
dendrochronol ¢gi sghsatbhdgdoei ngnt species of
forexstspetraea,adQ. tear métet cdomi nant species

19



CHAPTHR

thermophilicFoagylfvovatisamsl Q. odgesnttaosstappi c al el
the subhumi ebalkbrebbedbmetbrests in the -transi
fack.ngsyswvandsawer e sampl efdeadadxeealilci nbee eeclhe vfao
which exist within the theomombi $i er omkcrfoal
total we thus sampl eBd. fs wleviawde cai et $eorat nfaeysi. N Hee
June 20183068 Avb 020 tDres per forest type and tr
9P1580res per tree species. All selected tree
mo st cases > 40 c¢cm DBH, awhiogkenwaedatkeapote
abscission, canopy dieback, or other damage
height and stem coordin#&tsesremea&zins ecsf wieeieglst
beginning of t he hgaryobvairn g isnega swoans, otnh et tleads tf r on
serdelsl ecti vel yDeetnadields ionf 2tOhle7 .t ree ring anal
descrilKadpen ets€ebp3)er022)

Soil sampl ing
Soil samples wer e y a%kl ard aiprp r aolxti intau ced yf celvleaw
cr eFsitgAliA8i n t he Appendi x) . For transects A ar

transect with a southern slope exposition an
forests otuhtesitdreanfsreoct s with northern slope o
hi gher elevation, 15 sample plots were taken
and 3 with northern slope orienta¢ibocdbedxe
the transects) . Details of the s&ialspanalysia:
(20@Q4Gheap?)erand i n ehef GBoMNIan.g t(ROsL9) and Lori

1.8 Hypoteheand research questions

Discret e hanmedatricelss questions guiding this doc

Chapter 2:

H) Tree species diversity increases with the

domi nance suppr edwes nlgi shptecdareds .war mt h

H2) The aboveground éd ofnracm e esdlrtag eo-allke cad em

affected forests accumul ate | ess biomass.
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H3) Soi | organic carbon (SOC) storage decre

temperatures favour mineralization.

H4) The C stock decrrielaysea itnr ébd o@aesci s efrfi ent
SOC is mainly a climatic (elevation) effect.

Chapter 3:

Ql) Which climatic factors (precipitation, t
l'i miting factors of r adakali ngrtohvetoha &it ne chaet eochhe, @ c

Q2) Det elromgt rends in radial growt-éedgle )f flee e dle
stands as wel | as between beech, l inden and

Q3) What relationsthempmenxaditasl hegrt cvetemdtd neamd ss |
temperature, summer precipitation and cl i mat

climatic thresholds for growth decline?

Q4) Do the five species di fifeeerntiunr yt hseuimmmegrr odw

Chmat er 4:

Qi) How do beech, silver Iinden and the thre

growt h?

Q2) Did the <climate sensitivi t-30toefnttulre ftiov et

period with pronounced warming since the 198

Q3) Do the five spepopslditibar growt hesynbaéart v

the recent warming affect the synchronicity?

Q4) Do mesi c-eamae ) xdreiech( poeprul ations differ

synchronicstyesf cesmanhse?

| nftda me for sgmande wapgpr dashcelse hypot heses gui d
goal of this doctoral sfiodyhma#detbdEpd civielngr
scenarios and effectsrat Eurmpeanwhemchgfbor
distribution ranges, vitality, carbon seques:s

future.
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1.10Appendi x
Tabl es
Table Al Averagescalculatedfor mean summer temperature (MST) in &d mean summer

precipitation MSP) in mm,from theextractedCHELSAcruts climate data timeserits the periods
1960 1979, 19801999 and 200R016(Karger et al., 2017)

Transect A Transect B Transect C Mean (A+B+C)
Period | 60179 80199 00116 [ 60179 80i99 00i16 | 60179 80199 00i16 | 60179 80i99 00i16
MST | 186 19.0 204 | 189 194 208 | 195 20.0 214 | 190 195 209
MSP | 2324 216.8 229.9 | 281.6 259.8 2740 | 187.0 170.2 18009 | 233.7 2156 228.3

Table A2 Transect length, inventoried forest area, number of inventory plots, sampling inteltity (p
area per forest area in %), and total sampled areas in the three trans€gtsA{Pplots had a size of
314.2 m2.

Transect | Length [m] Area [ha] Plots [n] Samp. int. [%] Samp. area [m?]
A 6694 357.7 90 0.79 28278 m?
B 6696 3525 90 0.79 28278 m?
c 7465 405.0 100 0.76 31416 m?
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Table A3 Basal area in percent of stand total (§Astem density (), mean DBH, mean tree height (H), basal area in absolute figures)(fAeach tree
speciesaveraged over all plots for transects@A Given arealso the number of inventory plots (size = 314.2 m?) per transect (n). Coniferous dpagies (
decidua Pinus sppandPicea abieyand other rarely encountered broadleaf tree spebtes {ataricumQ. robur, Salix spp, T. cordatg were categorized in
the classes Other coniferous or Other deciduous.

Transect A (n=90) Transect B (n=90) Transect C (n=100)

BArel Ntot DBH H BAtot BArel Ntot DBH H BAtot BArel Ntot DBH H BAtot
Species (%) (hat) (cm) (m)  (mzhal)| (%) (ha't) (cm) (m) (m2hat) | (%) (ha?) (cm) (m) (m2 ha?)
A. campestre 0.2 5.0 13.3 16.2 0.1 0.1 15 17.7 19.3 0.0 0.3 4.8 14.8 9.7 0.1
A. platanoides 14 11.7 22.7 22.6 0.6 0.4 2.9 25.1 25.2 0.2 0.4 2.2 27.9 19.9 0.2
A. pseudoplatanus 1.3 7.8 27.4 21.0 0.5 0.1 0.7 225 20.3 0.0 1.3 7.0 28.3 19.9 0.6
Betula spp. 2.2 18.3 24.3 22.4 0.9
C. betulus 5.7 111.1 15.0 17.0 2.3 11.0 159.9 17.6 18.4 4.5 3.8 70.0 14.7 12.8 1.6
C. orientalis 1.1 44.6 10.8 9.1 0.5
F. excelsior 0.1 13 16.9 13.4 0.0
F. ornus 3.0 86.9 12.6 10.4 12
F. sylvatica 27.1 128.0 29.7 29.2 10.7 42.5 244.0 26.1 26.2 17.3 35.2 263.6 22.6 22.9 14.7
Other coniferous 1.9 21.2 20.3 23.3 0.8 0.9 17.6 16.1 17.9 0.4 0.0 2.9 8.6 7.3 0.0
Other deciduous 0.3 1.8 19.8 17.1 0.1 0.3 2.6 21.6 20.9 0.1
P. avium 1.8 18.4 20.1 20.3 0.7 14 10.6 24.3 23.8 0.6
Populus spp. 0.0 11 10.5 6.4 0.0 2.9 11.7 32.2 28.5 1.2 0.2 1.9 23.5 18.8 0.1
Q. cerris 3.6 20.5 28.7 22.6 14 3.2 9.5 41.0 31.2 13 0.7 4.5 26.8 13.5 0.3
Q. frainetto 1.8 11.7 26.7 215 0.7 0.7 15 44.5 20.6 0.3 2.4 18.1 24.6 14.8 1.0
Q. petraea 26.9 163.0 26.8 25.2 10.6 9.3 46.1 30.5 25.0 3.8 26.0 172.5 26.6 18.3 10.8
R. pseudoacacia 0.5 6.2 20.0 20.1 0.2 0.5 6.0 19.5 12.2 0.2
S. torminalis 0.3 5.0 15.1 12.9 0.1 0.1 1.8 11.2 9.4 0.0 0.5 9.5 15.2 11.5 0.2
T. tomentosa 27.4 316.2 19.1 21.3 10.8 22.7 117.8 29.2 28.2 9.3 24.2 211.7 21.5 19.2 10.1
Ulmus spp. 0.3 3.9 18.0 25.1 0.1 1.7 6.2 28.1 25.0 0.7 0.3 3.5 19.3 14.1 0.1
Totals 827.3 39.4 660.8 40.8 909.7 41.8
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Table A4: Basal area in percent of stand total (BArel), stem density (Ntot), mean DBH, mean tree height (H) and basal area figateso(i@atot) for all

tree species pooled over three transectEjAor: moist mesic beech forests & lelevation xeridoeech forests (plots with BArel &f sylvatica> 66%), sub

humid / thermophilic oak forests (plots with BArel of Quercus species > 66%)dististbance linden forests (plots with BArelTaftomentosa> 66%), sub

humid mixed beeclbakhornbeam forestand all other forests. Given are also the number of inventory plots per forest type (n). Plots with an absolute basal
ar ea ( xBAt o%twerg classified @s neigjrests (a=15) and excluded. Coniferous spetiasX decidua, Pinus spmndPicea dieg and other rarely
encountered broadleaf tree specissef tataricumQ. robur, Salix spp, T. cordatg were categorized into the classes Other coniferous or Other deciduous.

Moist mesic & "rear-edge" xeric Sub-humid mixed beech-oak- Sub-humid / thermophilic oak Post-disturbance linden forests
beech forests (n=69) hornbeam forests (n=106) forests (n=52) (n=38)

. BAret Not DBH H BAot BArei Not DBH H BAot BArei Not DBH H B Aot BArel Nt DBH H BAuot
species (9 (ha) (em) (m) (mha) | @9 (had) (m) (m) (meha) | 9 (ha’) ©m) (m) (mehad) | () (ha?) (em) (m) (meha?)
A. campestre 0.0 05 16.8 15.6 0.0 0.3 51 17.3 155 0.1 0.2 55 11.8 105 0.1 0.1 5.0 10.1  14.4 0.0
A. platanoides 0.7 46 294 26.8 0.3 1.0 6.9 246 216 0.4 0.4 49 189 197 0.1 0.4 5.9 18.9 20.4 0.2
A. pseudoplatanus 0.4 28 266 243 0.2 20 108 281 195 0.8 0.1 06 332 228 0.1 0.1 0.8 20.0 21.1 0.0
Betula spp. 0.5 37 288 282 0.2 14 111 253 232 0.6 0.0 06 15.0 - 0.0
C. betulus 14 203 183 184 0.6 13.3 2021 16.8 18.0 55 32 686 141 134 1.2 38 1173 133 145 1.9
C. orientalis 0.6 19.5 11.5 10.1 0.2 0.9 36.1 104 81 0.3 0.2 13.4 9.5 8.7 0.1
F. excelsior 0.1 12 169 134 0.0
F. ornus 0.1 23 13.3 10.0 0.0 19 50.4 132 11.0 0.8 14 49.0 11.3 838 0.5 0.5 16.8 124 122 0.2
F. sylvatica 89.1 5596 26.8 28.1 41.1 23.6 154.7 23.8 249 9.7 2.9 40.4 16.0 16.9 11 33 46.9 18.0 225 1.6
Other coniferous 2.3 324 184 215 1.0
Other deciduous 0.1 09 285 328 0.1 0.2 48 148 163 0.1 0.4 12 241 214 0.1 0.0 0.8 70 7.3 0.0
P. avium 0.5 1.8 407 296 0.3 16 162 205 217 0.6 0.5 49 167 140 0.2 1.2 126 229 232 0.6
Populus spp. 0.3 23 268 224 0.1 2.3 81 346 29.0 1.0 0.2 31 167 182 0.1 0.0 0.8 19.0 20.7 0.0
Q. cerris 0.2 0.5 443 318 0.1 14 8.4 272 224 0.6 10.6 422 334 234 4.0
Q. frainetto 1.0 24 433 208 0.4 74 526 246 16.8 2.8
Q. petraea 31 171 314 259 1.4 19.1 1195 269 215 7.9 66.2 3605 27.9 224 25.0 7.7 88.0 21.8 21.2 3.7
R. pseudoacacia 1.0 10.5 20.0 14.7 0.4 0.0 0.6 10.0 9.7 0.0
S. torminalis 0.0 05 193 121 0.0 0.4 6.6 161 12.9 0.2 05 122 130 104 0.2 0.1 4.2 128 11.2 0.1
T. tomentosa 33 175 300 236 15 248 1907 22.7 22.4 10.2 51 49.0 199 17.7 1.9 824 9172 213 237 39.9
Ulmus spp. 0.2 1.8 267 26.6 0.1 1.6 87 236 201 0.7 0.2 5.0 16.2 23.4 0.1
Total 636.2 46.2 869.3 41.3 733.3 37.8 1234.7 48.5
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Table A5 Results (means ar8D of the pooled data from the three deptht00cm, 1020 cm and 2040 cm) of soil physical and chemical analyses in the
different forest types in the transects A, B, and C with the corresponding sample size (n). Soil texture (contentdtairsdcidy$ and water storage capacity

at a matric potential 3.5 (pAWC) were only determined for thei2@ cm layer. Abbreviations: Soil texture = dominant soil texture class, Sand = Sand content
[in %], Silt= Silt content [in %], Clay = Clay content [in YJAWC = Plantavailable water capacity in [%], pH= pH in®, B.D.= Bulk soil density [g ciH],

SOC = soil organic carbon concentration [%], STN = soil total nitrogen concentrationuj%JeRinexchangeable P [ug® C /N = C/ N ratio [g g], Ca"%«

= BaCl-exchangeable Capool [mok m?], K*ex = BaCb-exchangeable Kpool [mok m?], Mg*%x = BaCb-exchangeable Mg pool [mok m?], CEC = cation
exchange capacity [umai], BS = base saturation [%)]. No soil analyses were conducted jositdisturbancdinden forests.

Moist mesic beech forests

Low-elevation xeric beech forests Sub-humid mixed beech-oak-hornbeam forests

Sub-humid / thermophilic oak forests

Transect A (n=3) B (n=3) C (n=4) A (n=3) B (n=3) C (n=3) A (n=5) B (n=7) C (n=8) A (n=5) B (n=3) C (n=3)
Soil high-silty . . . . " _— . . _ - .
texture sandy silt sandy silt sand / silty- sandy silt sandy silt | medium ] sand)II silt / silty salndy silt / S|(Ijty h|g_i|1 medlsm sanqu silt / § silty: Iogmy h|g_i|1 medlsm
loamy sand oamy san oam oamy san silty san poor silty san san silty san
Clay 0.02 (0.03) 0.08 (0.04) 0.09 (0.07) 0.01(0.01) 0.01(0.02) 0.10(0.07) 0.07 (0.09) 0.09 (0.10) 0.05 (0.05) 0.06 (0.08) 0.20 (0.09) 0.01 (0.01)
Silt 0.73(0.08) 0.56 (0.10) 0.44 (0.03) 0.63(0.07) 0.66(0.07) 0.21(0.14) 0.53 (0.14) 0.72 (0.20) 0.41 (0.14) 0.75(0.11) 0.49 (0.14) 0.38 (0.04)
Sand 0.25(0.05)  0.36 (0.08) 0.48 (0.06) 0.36 (0.06) 0.33(0.06) 0.68 (0.09) 0.4 (0.19) 0.19 (0.13) 0.54 (0.11) 0.19 (0.11) 0.31 (0.23) 0.61 (0.03)
pAWC 0.30(0.01) 0.30(0.04) 0.29 (0.11) 0.26 (0.03) 0.35(0.12) 0.25(0.03) 0.23 (0.04) 0.34 (0.07) 0.27 (0.04) 0.33 (0.06) 0.33 (0.06) 0.27 (0.02)
B. D. 1.15(0.17) 1.05(0.18) 0.85(0.15) 1.20(0.20) 0.81(0.23) 0.91(0.16) 1.36 (0.13) 1.01 (0.22) 0.96 (0.18) 1.24(0.17) 1.11 (0.13) 1.05 (0.08)
pH 5.20(0.26) 5.05(0.42) 5.03 (0.34) 4.96 (0.25) 4.72(0.15) 4.60 (0.16) 5.19 (0.46) 5.28 (0.4) 5.27 (0.30) 5.03 (0.29) 4,91 (0.17) 5.03 (0.23)
SOC 1.45(0.70) 1.68(1.02) 2.16 (0.95) 1.26 (0.70) 1.26(0.74) 1.56 (0.80) 1.37 (0.67) 1.26 (0.58) 1.53 (0.96) 1.44 (0.90) 1.12 (0.55) 0.99 (0.44)
STN 0.12 (0.06) 0.14 (0.08) 0.16 (0.07) 0.09 (0.05) 0.10(0.05) 0.07 (0.03) 0.12 (0.06) 0.12 (0.05) 0.11 (0.07) 0.13 (0.07) 0.12 (0.05) 0.07 (0.02)
Pav 3.46(2.16) 2.25(1.07) 33.36(22.07) | 1.63(0.92) 0.67 (0.50)  2.49 (1.36) 7.44 (5.64) 8.13 (11.76) 16.44 (18.2) 6.49 (5.46) 1.26 (0.60)  3.08 (1.92)
CIN 11.87 (1.23) 11.60(2.98) 14.10 (3.12) | 13.46 (1.27) 12.77 (1.80) 21.78 (2.36) 10.96 (1.01) 10.31 (2.29) 13.79 (1.74) 10.94 (1.09)  9.29(0.97)  14.27 (2.15)
Ca2fex 4.34(1.35) 4.19(3.90) 2,92 (1.73) 1.04 (0.54) 0.33(0.23) 0.24(0.15) 3.7 (3.38) 6.54 (4.17) 2.32 (2.05) 2.46 (2.44) 2.78 (2.63) 1.22 (0.47)
K*ex 0.18(0.09) 0.08(0.02) 0.12(0.10) | 0.12(0.03) 0.07 (0.03)  0.09 (0.05) 0.20 (0.13) 0.11 (0.07) 0.19 (0.18) 0.23(0.19) 0.12(0.06)  0.11(0.06)
Mg2gex 1.02(0.48) 0.63(0.32) 0.56(0.43) | 0.43(0.22) 0.18(0.15) 0.06 (0.03) 0.70 (0.53) 1.83 (1.09) 0.55 (0.39) 0.95 (0.49) 1.28(1.07)  0.74(0.36)
CEC 85.7(23.3) 96.7(32.6) 86.0(27.0) | 50.2(14.6) 60.9(13.0) 34.7 (13.6) 56.1 (21.1) 123.6 (44.8) 58.6 (33.8) 66.5(16.5)  91.08 (26.0)  51.5(5.0)
B.S. 58.2 (17.6) 44.5(31.9) 48.2(26.0) | 28.5(145) 11.6(6.8) 13.8(7.2) 52.2 (30.0) 59.3 (29.8) 52.9 (24.6) 41.1(24.2) 35.62(22.8)  39.0 (15.6)
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Figures

Figure Al: Study transect A (Milova): sampling design showing the elevation transect (N8Sdhth
orientation) with the contour lines (10 m and 50 m steps), the inventoried area with the inventory points

and soil samples as well as slope aspects-GiW).
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