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Abstract

Old-growth forests are often looked at as a refeeor naturalness. Analyzing their successional
pathways can provide valuable information on thennaaivers of succession in the absence of
anthropogenic influence. This knowledge could tpewve particularly useful for the maintenance
of mixed species stands as a management opticoutdaract potential changes in forest functions
under foreseen climate scenarios. The study waduobted in an old growtlQuercus petraea
Fagus sylvaticdorest in the Runcu Grosi Natural Reserve, wesRomania. Main goals of the
research were to assess the structure of the oldtlyforest and understand how the spatial pattern
of the two species is shaped by their competitlationship. We wanted to figure out if the spatial
relationship betweef). petraeaand F. sylvaticais different between trees belonging to different
layers, and how a possible difference can influethegr successional dynamics. To accomplish
these tasks, living and dead (both standing amdy)yirees were mapped in four 0.56 ha plots. The
relationship between trees, considering speciggtaéve and social status, was analysed through
univariate and bivariate point pattern analysesti@pstructure based on tree size was investigated
with Moran’s correlograms and a local indicator gpfatial association. The spatial relationship
between understory and canopy trees was also adsessng crown cover data to test for
differences among the species.

The upper layer is dominated l6). petraea whereasF. sylvaticawas the only species in the
suppressed one. The high amount of deadwood watynth®e to oak contributionk. sylvatica
living trees presented a clumped structure, wQil@etraeaexhibited a random patter. sylvatica
dead trees showed instead repulsion to living o8appressed trees were clumped at all distances,
whereas trees belonging to dominant and intermeditaata were randomly distributed. Repulsion
was found between the two species in the dominaygrl Beech recruitment occurred more
frequently outside the canopy of dominant treesosEhbeeches established under dominant tree
showed a preference for oak cover.

The succession from oak-dominated to beech-dondrstends has already reached an advanced
stage in this old growth forest. The two specienpetitive interactions are mostly driven by their
different shade tolerance and crown plastid@yercus-Fagusnixed stands like the Runcu-Grosi
one should be preserved to maintain forest diwemsitd enhance forest resilience. Oak decline
could be reduced by the occurrence of natural diatces, together with active management that
should be promoted to reduce beech competitivespres

Keywords. Tree spatial pattern, Random mortality, interspecificmpetition, successional
dynamics, shade tolerance, Western Carpathians.

Introduction

Old-growth forests can represent an important sowfcinformation to understand the processes
that drive successional pathways. In Europe vewy éxamples of natural, temperate, lowland
forests are still existing (Petritan et al. 2012Zhese remnant stands are usually located inside
protected reserves where human intervention has éeduded over several decades.

Due to intensive management of the oak stands mdeuin the past, pure or mixed sessile oak
(Quercus petraedMatt.) Liebl.) forests without human impact arery rare and furthermore have
been poorly studied (Korpel 1995; Smejkal et aB3;Petritan et al. 2012). These ecosystems are
considered highly valuable for biodiversity and ithesuccessional patterns are receiving
considerable attention (Rohner et al. 2012), palerty under foreseen climate change scenarios
suggesting potential shifts in succession, modifics in species ranges, mortality processes and
disturbance regimes.

Sessile oak and European bedéagus sylvaticd..) are the most common late-successional native
broadleaved species of European temperate foradtshay usually coexist in mixed stands as a
consequence of historical forest management (Bqmdezhal. 2012; Ligot et al. 2013). Competitive



pressure for growing space among the two specigensrally high (Rohner et al. 2012). In the
absence of human intervention (Ellenberg and LewecB010), competition is usually mediated by
the higher shade tolerance of beech juveniles pssgul to the greater light requirements of oak
juveniles (Collet et al. 1997, 2001; Stancioiu &ara 2006; Petritan et al. 2007, 2009; Wagner et
al. 2010). A decline in oak abundance has beenrafden the last decades in several European
countries (Thomas et al. 2002). Mixed-species stamd anyway considered as extremely valuable
given their presumed higher resilience and stgbilitder most climate change scenarios (LUpke
2004, 2009; Knoke et al. 2008) and should thusrbsgoved. Species coexistence is often explained
by interspecific variation in shade tolerance, \ahad¢so plays a key role in driving forest succeassio
(Pacala et al. 1996; Nakashizuka 2001). Tree miyrtial in turn a fundamental process in forest
dynamics shaping successional trajectories throiighspatial pattern which affects species
composition and stand structure (Franklin et aB7)9

Natural mortality in oak-beech forests still haoebte deeply investigated (Rohner et al. 2012) and a
particular focus should be devoted to analyzingsietial distribution of tree mortality, especially
within old-growth stands (Aakala et al. 2012), givkeir importance as a reference for naturalness.
Spatial pattern analysis has been widely useddesastree distribution, species spatial interaction
and to detect evidence of biological processds.based on the pattern-process relationship which
can be used to infer ongoing dynamics in a foresdr{klin et al. 1985; Chen and Bradshaw 1999;
Stoyan and Penttinen 2000). Competition and fatidih, recruitment and mortality, are all
ecological mechanisms that can leave footprintdooest structure which are detectable through
spatial pattern analyses. The spatial patterneaistis strictly related to demographic processes (H
and Duncan 2000) and this relationship can prouskful insights into competition mortality in a
stand (Kenkel 1988; Getzin et al. 2006; Das ek@l1l).However, few studies in European old-
growth forests have used spatial pattern analgsdescribe forest structure or to explain different
ecological processes or mechanisms (Lingua et(dll;2Lamedica et al. 2011; Garbarino et al.
2012).

The paper investigates oak-beech interactions aodahty processes through spatial analyses
under old-growth conditions to infer forest suco@sslynamics in a temperate forest of Eastern
Europe. We expect the spatial pattern of the twexigs to be different, given their differences in
terms of shade tolerance and their role in the esston. Our hypothesis is in particular that a
deviation from random mortality towards a more aggte pattern should be found due to inter-
and intra-specific competition and that a spagédtionship between trees in different layers sthoul
be useful in explaining recruitment processes.

Material and methods

Study site

The study was carried out in the Runcu Grosi Natteserve, located in western Romania
(46°11'N and 22°07’E). The climate is temperatetowntal with a mean annual precipitation of
687 mm and a mean annual temperature of 9.8 °C ¢hkdstia meteorological station, 150 m a.s.l.).
The natural reserve covers an area of 261.8 hasatmminated by sessile oak and European beech.
The soils are cambisols and luvisols, with a goatewand nutrient supply.

Field sampling

In Spring 2012, four 0.56 ha intensive samplingtpl(rS x 75 m) were established in the best
preserved part (32.3 ha) of the Natural Reservéri(®@e et al. 2013). Plots were subjectively
located in order to minimize topographic variatieithin the plots avoiding areas where forest
structure was influenced by edaphic constraintssda and Franklin 2006). All trees with a height
> 1.5 m were stem-mapped using Field Map® digitae$t mapping systems (IFER Ltd., Czech
Republic). Their x,y-location, dbh, total heightdaheight of the crown base, and the crown
projection (x,y-locations of 4 to 6 points, depergdon crown shape) were measured and species
and vitality attributes (dead/alive) were recordéal. order to analyse mortality patterns, we



additionally recorded the former location of cuthertlying dead trees (stump or root plate for the
uprooted trees). For logs, species, diameter atdds and total length were recorded.

Data analysis

The volume of living and standing deadwood wasrdateed consistent with Petritan et al. (2012)
applying a double-logarithmic regression equati@iufgiu and Dighiciu 2004). For lying
deadwood we used the formula to compute the volofveefrustum of cone, considering only the
portion lying within plot boundaries.

We used point pattern analysis and surface pa#teatysis to investigate species and plant-plant
interactions. Different hypotheses were tested yappl different null models in order to avoid
misinterpretation of the results (Aakala et al. Z0Goreaud and Pélissier 2003; Marzano et al.
2012).

All individuals in each plot were sorted into threanopy strata, representing different crown
classes (dominant, intermediate and suppressedprder to better capture local competition
dynamics, and considering that some differencessita fertility could occur, the vertical
stratification was defined separately in each fddowing Latham et al. (1998).

To assess the spatial pattern of the overall t@mulption, individual species, and within each
stratum, we utilized the univariate pair correlatfanctiong(r) (Stoyan and Stoyan 1994; Wiegand
and Moloney 2004), under a homogeneous Poissonmatlel. We adopted the homogenous
Poisson processes (CSR — Complete Spatial Randsejnsiese the exploratory analysis run for
overstory trees showed a CSR distribution at aBtatices revealing that environmental
heterogeneity was limited (Getzin et al. 2008) aondfirming what was already observed in the
field as a prerequisite for plot establishment.

To detect spatial relationships between speciesbatdeen trees in different strata the bivariate
012(r) was used applying the toroidal shift null model(fer and Van der Maarel 1995).

We tested the hypothesis of random tree mortalityding the bivariateig(r) applying the random
labelling null model (Aakala et al. 2007; Marzanoaé 2012). For this analysis we pooled the
position data of both standing and lying dead trees

For all the analyses, significant departure frora ttull models was evaluated based on 95%
simulation envelopes, which were calculated from3hlowest and B-highest values of 99 Monte
Carlo simulations. When we could not determine @pr@piate interval where the null model could
be rejected (using the goodnees-of-fit (GoF) testnull hyphotesis; Diggle 2003) we performed
new simulations with sufficient repetitions (19%h-the case of intermediate stratum and dominant
beech vs. dominant sessile oak or 999 - dominaethe&s. suppressed beech). The analysis was
performed up to 25 m (1 m lag distance), not exicgedalf the length of the 75 m plot side, to
limit the influence of the margin effects. A distwition is classified as clumped, random or regular
for univariate analysis, when the value is locadddve, inside or below the 95% confidence
intervals, respectively. Similarly, for bivariataaysis, two populations are significantly positwe
correlated (attraction), spatially independentigniicantly negatively correlated (repulsion), whe
the value is located above, inside or under the 86ffidence intervals, respectively.

All univariate and bivariate point pattern analysese performed using the grid-based software
Programita (Wiegand and Moloney 2004). We condutkedspatial analyses considering the 4
plots as pseudo-replications since we were intedeist the average spatial pattern (Raventos et al.
2010).Results of the four plots have been thus combinexhe average graphic function, using the
‘combine replicates tool’ included in the Prograarsbftware (Wiegand and Moloney 2004).

A limitation in the point pattern analyses is thr@es are reduced to the stem point location. This
issue becomes more important when trees are largeder to better interpret spatial relationships
between understory trees (characterized by limget) and the canopy trees, we compared
observed-to-expected occurrence under and outsidecanopy cover applying thg test.
Furthermore, the effects of different species crawmuer were considered (under beech or under
oak). Cover data were derived from GIS layers rastsalering overlapping area (cover of both
beech and oak).



To evaluate if spatial patterns were correlatednhwiiee size (DBH), we calculated spatial
correlograms based on Moran'sLegendre and Fortin 1989). Each individual autceation
coefficient of the correlogram was tested to ch#dk was significantly different from zero. In
addition, the correlogram was tested for signifemrz=0.05) using a Bonferroni progressive
correction (Legendre and Fortin 1989; Fortin andeD2005). We analysed neighbouring points
applying 2 m distance lags, starting from each pestion up to 26 m, consistently with the pair
correlation function analyses.

A local indicator of spatial association (LISA, Asli: 1995), the Getis-Or@;i"(d) (Getis and Ord
1992), adopting tree size (DBH) as a quantitatieable, was used to describe the spatio-temporal
patterns of tree recruitment. We adopted a 10 mauiie class to assess the medium-scale structure
more linked to the processes at stand level (Catel. 2013). All Moran’d and localGi"(d)
analyses were computed using the Excel add-in Rsek(Sawada 1999).

Results

Average basal area was 47.3 nai', with a greater contribution from oak trees (Tab)e The
average beech density was 712 tree} héereas its density in the dominant stratum veay iow
(30.25 trees h9 (Table 1). On the contrary, the average sessiledensity was 106.75 treesha
most of them being located in the dominant stratum.

Average density of dead trees was 167.25 treds Wwih a slight majority of lying dead trees
(53.5%). Average density of oak dead trees (112&#s ha) was more than twice the beech one
(55 trees hd).

Mean volume per ha was quite high (769.38ma'), ranging from 634.15 to 874.9%mat (Table

1). Oak always accounted for the majority of thentmss. Deadwood amount reached 240.6Ran
1(91.8 % oak).



Plot 1 Plot 2 Plot 3 Plot 4

670 ma.s.l. 540 m a.s.l. 555 ma.s.l. 655 ma.s.l. Average

F.sylvatica | Q.petraea F.sylvatica Q.petraea F.sylvatica Q.petraea F.sylvatica Q.petraea F.sylvaticg Q.petraea Total
Living trees
(# ha') 484 144 846 101 786 91 732 91 712 106.75 818,75
Dominant
# hat 20 123 34 76 21 80 46 89 30.25 92 122.25
(
Intermediate

# hal 66 21 39 25 68 11 57 2 57.5 14.75 72.2%

(
Suppressed
(# ha) 398 - 773 - 697 - 629 - 624.25 - 624.25
Mean diametel
(SD) 14.1 58.5 10.3 55.6 11.1 (13.9) 52.8 10.8 (17.7) 59.1 11.3 56.8
(cm) (14.4) (11.4) (12.6) 9.7) : ’ (9.8) ’ ’ (9.8) (14.8) (10.6)
E"'S‘f;” height 10.8 33.1 10.2 32.8 9.9 32.7 8.3 35.3 9.8 33.4
(m) (8.4) (3.6) (8.8) (3.3) (8.0) (3.5) (10.0) (2.5) (8.8) (3.4)
(Bn";‘fﬁ;?)rea 15.4 40.2 17.7 25.4 19.7 20.5 24.8 255 19.4 279 | 734
E’ZQZTQ? egf(ogta' 27.3 72.2 39.6 59.3 47.6 51.8 48.2 49.6 40.0 589 | 899
Volume
(m® hat) 189.71 685.19 255.41 442.61 286.93 347.22 411.42 9.085 285.87 483.52 769.34
Standing  dead
trees 20 52 21 27 98 34 48 11 55 112.25 167.25
(# ha')
Standing  dead
trees volume 4.5 152.38 1.0 71.62 11.93 77.07 2.98 42.05 5.1 7835. 90.88
(m® ha?)
Lying dead tree
(# hat) 7 80 12 110 7 80 7 55 8.25 81.25 89.5
Lying dead treeg
volume 3.64 117.83 6.99 178.77 24.5 121.44 23.52 122.45 .6614 135.12 149.79
(m® ha?)
Deadwood
volume 8.14 270.21 7.99 250.39 36.43 198.51 26.5 164.5 7719. 220.9 240.67
(m® ha?)

Table 1. Main stand characteristics of the samplet$ forQ. petraeaandF. sylvatica Average values and totals are calculated bas¢dese two
species only, without including sporadic speciesglthan 2.5% in basal area).
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Fig.1. Tree spatial patterns quantified with th& parrelation functiong(r) for the overall living
tree population and for each species separatelthdrower right graph, bivariate pair-correlation
function gi2(r) between the two species. Critical bands from thentéd Carlo simulations are
shaded (p<0.01).

The overall living tree spatial distribution assabdy g(r) is consistent with a clustered pattern
(GoF; 10.01) at all distance classes (0-25 m) (Fig. 1)e TWwo species had different spatial
patterns: beech showed a clumped distributiotO@1) with a maximum level of clustering at
shorter distances (around 2 m; Fig. 1), while $essak exhibited a random pattern (Fig. 1). No
evidence of a significant spatial interaction bedwdiving beech and sessile oak trees was found
(Fig. 1).

Dead trees showed a random distribution for boghwhole population and the individual species
(Fig. 2). No significant spatial relationship wasufd between dead and living oaks. Beech
mortality was located farther away from living bkdecees than expected up to 7 m, conditioning
the overall pattern (Fig. 2). The overall dead grpepulation showed repulsion to the living beech
trees up to 11 m (Fig. 25p.01); however, not significant spatial relatioqsivas found with living
sessile oak trees at any distance (Fig. 2). Deadhbgees were randomly distributed around living
oak trees (Fig. 2), but they were negatively asdedito the overall living tree population at short
distance (1-6 m; Fig. 290.01).
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Fig.2. Univariate analyseg(f)) on the spatial patterns of dead trees and bieaanalysis di2(r))

of their spatial interaction with living trees umde random mortality null model. Critical bands

from the Monte Carlo simulations are shaded (p<0.01

At short to medium distances (1-8 m) dead sessiletees were negatively associated to living
beech trees g0.01) and consequently to all living trees (Fig. 2)

As expected suppressed trees were significantippda (0.01) at all distances (0-25 m; Fig. 3),
whereas trees belonging to dominant and intermeditata were randomly distributed, with the
exception of the distance interval between 7 amad Where trees of the intermediate stratum were
clumped (g0.01, 199 Monte Carlo simulations; Fig. 3). Botled® and sessile oak dominant strata

showed a random spatial distribution over all dises (Fig. 3).
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Fig.3. Univariate analyses of the spatial pattdrimaes belonging to different layers, consideratig
the species together and separately, using thecpaglation functiorg(r). Critical bands from the
Monte Carlo simulations are shaded (p<0.01).

Suppressed trees showed attraction to the domirees at 5-7 m (Fig. 4<0.01). Repulsion was
found between dominant sessile oak and dominarhbigeem 3 to 8 m (Fig. 4,40.01, 199 Monte
Carlo simulations), while suppressed beech trees wegatively associated to dominant beech up
to 2 m (Fig. 4, §0.01, 999 Monte Carlo simulations). No interactwas found between dominant
oaks and suppressed beech trees.
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Fig.4. Bivariate analyses of the spatial interactlmetween trees belonging to different layers,
considering all the species together and separatelyng the pair-correlation functioguo(r).
Critical bands from the Monte Carlo simulations sineded (p<0.01).

Suppressed trees occurred more frequently outsidecanopy of dominant trees than expected
(p<0.01;y? test). Considering only beech trees occurring urie canopy, they occurred more
frequently under oak cover than expected (p<Q;diest).

All Moran’s | spatial correlograms for the overall population evgtobally significant at p<0.05
(Bonferroni corrected test), revealing the exiséeata tree size spatial structure (Tab. 2). Howeve
considering species separately, correlograms faclbewere globally significant at p<0.05
(Bonferroni corrected test), suggesting the extstenf a tree size spatial structure for this sgecie
only, while oak correlograms were never significArab.2). These results were confirmed by the



local Gi'(d) statistic rasterized in the plot maps (Appendix), Sshowing the localization of
significant clusters for beech and the overall pafon and only a few clusters (and lying on the
edge) for oak.



Distance (m) Sig.

2 4 6 8 10| 12| 14 16 143 20 22 24 26
Plot 1- Overall tree population *
Plot 1-Q. petraea n.s.
Plot 1-F. sylvatica *
Plot 2- Overall tree population *
Plot 2-Q. petraea n.s.
Plot 2-F. sylvatica *
Plot 3- Overall tree population *
Plot 3-Q. petraea n.s.
Plot 3-F. sylvatica *
Plot 4- Overall tree population - *
Plot 4-Q. petraea n.s.
Plot 4-F. sylvatica - *

Table 2. Moran’sl (d) analyses for tree size (DBH). Grey indicates $icgunt positive values,
black significant negative ones. The (*) symbolioades global correlogram significance (p<0.05).

Discussion

Sessile oak was the dominant species mainly canitnidp to the remarkable basal area and volume
of the forest, whereas beech was represented hygarlnumber of individuals. The amount of
deadwood in the Reserve was quite high, averaghtg6Z ni hal, placing the forest above the
median of temperate deciduous broadleaved old gréavests (Burrascano et al. 2013). The more
shade tolerant beech was the only species in thpressed stratum, with few individuals in the
intermediate and dominant ones. Sessile oak, intrastn was scarcely represented in the
intermediate stratum and no trees were found irstippressed stratum. The presence of seedlings
and saplings of sessile oak (1-3 years old) adtwsdorest floor (visual observations) suggested
that neither seed limitation nor a lack of germimatsites were responsible for the absence of oak
saplings taller than 1.5 m. Oak recruitment linitat (sensu Hurtt and Pacala 1995), whose
consequences can deeply affect composition, steiand diversity of forests (McEuen and Curran
2004), is thus probably due to factors affectingdéieg survival rather than seed germination.

Oak stands are generally not characterized byrdsepce of advanced regeneration, even if sessile
oak may persist for many years as low, bushy sgplin small gaps; extremely dense canopy
covers are tolerated only for the very first yeéidsaci and Rozenbergar 2001). Lupke and
Hauskeller-Bullerjahn (2004) found that under loght conditions in the first years after planting
the mortality of sessile oak was nearly double tfabeech seedlings. Given their greater light
requirements compared to beech, oak saplings aaltyh@mpete and survive without good light



conditions. Sessile oak seedlings have been showave a preference for light levels higher than
15-20% of full sunlight, meaning that gaps of atsel7-20 m diameter or beneath a broken to open
canopy are suitable regeneration sites (LUpke 19933).

It has been demonstrated that in European foresishbcapability to grow and survive under low
light levels is higher than that of oak, while highintermediate light levels reverse the relatiops
(e.g. Newbold and Goldsmith 1981; Diaci and RoZegdne2001; Kunstler et al. 2005). However,
some studies have shown that even when light dondiicreases, oak saplings often show lower
height increments than beech (Ligot et al. 2018)bably suffering from the lower morphological
plasticity of their foliage and crown structuresafgue et al. 2001; Dieler and Pretzsch 2013).
Beech tolerance to slow growth and reduced moytalit low light enable beech saplings to
establish on a long term basis in the underst@ethe expenses of oak (Kunstler et al. 2005). The
advanced beech regeneration is thus positionedake tdvantage of more favourable light
conditions (i.e. by an opening in the dominant @afoand easily out compete oak seedlings,
reaching the upper layers.

In the core area forest of the Runcu Grosi Resdreges in the dominant stratum, both beech and
oak, were randomly distributed at all distancese @bgree of aggregation tended to rise at lower
levels in the canopy profile. In the intermediadgdr some evidence of aggregation was found at
medium distance (between 8 and 11 m), while th@mgsed stratum was highly aggregated at all
distances. This pattern has been reported in sdhex studies where it was explained by habitat
heterogeneity (Chapin et al., 1994; Getzin et @62 2008) or limited seed dispersal (Grubb 1977;
Harms et al. 2000). Gravity is one of the most ingnat factors affecting big seed dispersal, and for
this reason most seeds of sessile oak and beecHispersed within the crown projection of
parental trees. Predation and dispersal by ani(falémann and Schill 1996; Mosand| and Kleinert
1998; Packham et al. 2012), germination rate, aedIsgs survival could have further shaped the
saplings demography, including spatial distribusion

We found a negative interaction between dominaggstrand suppressed beech trees at shorter
distances, which is more evident considering ordgdh dominant trees. As suggested by Hamill
and Wright (1986) the negative relationship betw@erenile and big trees is caused by the
dependence of tree regeneration on light avaitgbiBeech tendency not to establish close to
mature conspecifics (Rozas 2003) was confirmed un study, together with its preferential
recruitment under oak canopy cover. Beech suppiesses could also take advantage of the
ongoing reduction in oak cover since a decline afure oak trees has already been observed in the
area (Petritan et al. 2012), like in other sitesantral Europe (e.g. Rohner et al. 2012). Thetpesi
spatial interaction found between dominant and segged trees at the distances of 5-7 m,
corresponds to the area immediately outside thepanf overstorey trees (mean radius 3.6 m), a
pattern also found in other forest ecosystems (@eiiz al. 2011). Recruitment and survival are
greater in this interspace between large tree csomhrere canopy closure was more recent or small
gaps could still be present.

A negative spatial interaction (repulsion) was foletween the two species in the dominant layer
up to 8 m corresponding to the average crown diameetd highlighting the ongoing competition
dynamics in the canopy for space occupancy. Cotnpein the other canopy layers was harder to
detect. Several different processes can lead tet dawilitative or competitive effect in a given
species combination (Forrester 2014). The balaeted®en positive and negative interactions can
vary over time and space (Lingua et al. 2008; Fatal. 2010; del Rio et al. 2014). Pretzsch et al
(2013) found that during drought periods growtlbeéch in mixture with oak can be superior to its
growth in pure stands, showing that facilitatioeya&ils under stress conditions. With its deep-root
system, oak facilitates the more shallow-rootingdbethrough hydraulic lift of water, increasing
resistance of the latter during drought years (Eapet al. 2011).

Contrary to our hypothesis, in the forest reservartality was not spatially aggregated, even
considering each species separately. The presdraimgenic mortality agents (e.g. disturbances)
acting in a stand is usually manifested by a spesjfatial pattern (Davis et al. 2005; Nagel and



Diaci 2006; Marzano et al. 2012). Spatial patteralgses thus suggest that no factors in addition to
background mortality (sensu Franklin et al. 1988) likkely playing a substantial role in mortality
processes. Competition dynamics, and other endeatiors of background mortality, are not easily
detectable unless they are strong enough to caulsstastial mortality (Getzin et al. 2006).
Available growing space (sensu Oliver and Larsofi6)9s still allowing a high rate of survival
within beech clusters. Moreover beech predominamdbe suppressed layers is not affecting the
mortality pattern which is currently prevailing the dominant layer. The segregation of both dead
beeches and oaks with living beeches, up to armtistaorresponding to the average crown diameter
in the dominant layer, again suggests that religtinecent beech in-growth processes are prevailing
in determining current spatial patterns in the mese

The succession from oak-dominated to beech-domidnatends can be a process of natural
restoration of the original forest, modified by pasthropogenic activities, which promoted oaks.
Mixed-species stands should be preserved in ordemaintain forest diversity and enhance
resilience, particularly in the light of predictetimate change (Liupke 2004, 2009; Knoke et al.
2008). The adaptation potential to climate warmaigpure beech forests has been guestioned
(Ligot et al. 2013). According to some studies, deenay lose its dominance towards more
drought-tolerant tree species like oak, especa@ilgoils with low water availability (Rennenberg et
al., 2004; Geliler et al., 2007), and experiencecére in productivity in temperate climates (Ciais
et al., 2005). Concerning oak species, whose pcesis usually associated with a high degree of
biodiversity, several authors are currently delzptimeir potential ability to benefit from climate
change, particularly in Central Europe and compé&odacech (Rohner et al. 2012). To maintain an
oak presence active management is necessary, nms#giuce the competitive pressure (Rohner et
al. 2012). Considering that beech is generally assvsed by deerQervus elaphud..) and roe
deer Capreolus capreolud..) than oak (Packham et al. 2012), control messwn ungulate
population could also be adopted (Ligot et al. J0b3favour oak recruitment and enhance oak
presence in the regeneration layer. Natural dianuebs, in the absence of anthropogenic ones, can
contribute to the maintenance in the landscap@wiesoak-dominated stands if their spatial extent
is big enough to allow oak recruitment. The natdiaturbance regime in the Runcu-Grosi Natural
Reserve is characterized by small scale disturlsagererating small canopy gaps (mean size 79.7
m?) with beech as the main gap filler species (Retrét al. 2013). The persistence of oak stands in
small forest preserves can thus be problemati@dime spatial and temporal scales of disturbances
do not favour the maintenance of oak-dominatedstsre
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Appendix 1. Interpolated and z-transformed loGakd) values computed for tree size for 10 m
distance intervals. Red and blue colours depigeaetsvely hot-spot (i.e. groups of trees biggentha
the mean size within the plot) and cold-spot @®ups of trees smaller than the mean size within
the plot) areas, with the intensity of the colobesng proportional to the value of the lo@l(d)
index. Bold contour lines indicate significant dkrs.
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