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Juvenile growth response of European
beech (Fagus sylvatica L.) to sudden change
of climatic environment in SE European
trials
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The aim of the study was to analyse provenance tests of beech situated close
to the south-eastern continental limits of the species, in order to develop a re-
sponse model of adaptation and plasticity of populations on evolutionary-ecolo-
gical basis, following sudden climatic changes, as a result of transplanting.
Modelling of juvenile height was performed with the help of ecodistance va-
riables. The concept of transfer analysis and ecodistance is based on the hypo-
thesis that phenotypic response to macroclimatic changes depends on the in-
herited adaptive potential of the population and on the magnitude and dire-
ction of experienced environmental change. In common garden experiments,
the transfer to the planting site is interpreted as simulation of environmental
change. The application of ecodistance of transfer for evaluating common
garden experiments provides much needed quantitative information about re-
sponse of tree populations to predicted climatic changes. The analysis of three
field experiments of European beech in SE Europe indicates that macroclimatic
adaptation patterns exist in juvenile growth and justify restrictions of use of
reproductive material on the basis of evolutionary ecology. The presented
model illustrates that response to climatic change is regionally divergent, de-
pending on testing conditions and on hereditary traits. In particular, climatic
warming in the central-northern part of the range may lead to production in-
crease. However, under the stressful and uncertain conditions at the lower
(xeric) limit of the species, growth depression and vitality loss are predicted.
The deviating behaviour of higher elevation provenances support their sepa-
rate treatment. The results may be utilised in climate change adaptation and
mitigation policy in forestry and nature conservation, to revise rules for use of
reproductive material and also for validating evolutionary and ecological hypo-
theses related to climate change effects.

Keywords: Genetic adaptation, Provenance test, Common garden, Phenotypic

stability, Ecodistance, Fagus sylvatica

Introduction: climatic selection ptive genetic diversity which is attributable

and adaptation strategy

Different hypotheses on the adaptation
strategy of trees are co-existing in contem-
porary genetics and ecology. With regard to
predicted climate scenarios, scarcity of re-
liable information on responses to macrocli-
matic changes is a central problem and
obstacle. In order to formulate realistic pre-
dictions, both the nature of genetic adapta-
tion to past and current climate, and the level
of sensitivity to sudden environmental
changes have to be understood and properly
interpreted. In the context of large-scale cli-
matic changes, macroclimatic adaptation is
an important component to study and evalu-
ate. It is the fraction of within-species ada-
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to adaptation to macroclimatic factors.

Although climatic selection might act more
reliably on local, microclimatic level, macro-
climate is exclusively considered here
mainly for three reasons: climatic scenarios
utilized for forecasting describe changes on
macro-level only, and on the other hand, data
on micro- and meso-level climate is in most
cases not sufficient for proper analysis. Fi-
nally, the extensive sampling pattern of the
studied set of populations prohibits a finer-
scale approach.

Under selection pressure, genetic resources
of populations are adjusted to maintain com-
petitive growth, adapted phenology, repro-
ductivity and tolerance to diseases and pests,
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i.e., stability and adaptability. Differing di-
rection and intensity of selection pressure
within the species’ range exert a disruptive
selection effect, which may lead to chara-
cteristic, stabilised patterns of adaptive ge-
netic variability. Counting on the strong and
lasting effects of local selection, a close
(“ecotypic”) adaptation is implicitly assumed
for K-strategist tree species such as beech.
This assumption has been generally accepted
in practical silviculture; a view which has
been nourished by classic field experiments
with perennials, starting with Clausen et al.
(1940).

However, molecular genetic studies have
revealed the effect of strong counteracting
forces such as genetic drift and isolation, but
first of all the effect of postglacial migration
which produced for woody species such as
beech characteristic geographic patterns.
These patterns follow rather routes of colo-
nisation than ecological conditions (Comps
et al. 1998, Comps et al. 2001, Magri et al.
2006). There are a number of other biotic
reasons why the genetic system of tree spe-
cies may robustly counteract climatic selec-
tion (Matyas 2007).

Conflicting approaches and unclear role of
different factors determining adaptability
keep macroclimatic selection still as an open
question, in spite of its importance for prac-
tical forest management. Adaptation to ma-
croclimate is the basis for setting the rules of
reproductive material use, for concepts to
conserve genetic resources of species, and
for strategies to adapt to and to mitigate ex-
pected effects of environmental changes.
This raises the following questions:

» what kind of phenotypic response is expec-
ted if macroclimatic environment changes;
* how much of observed response is attribu-
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table to macroclimatic adaptation;
* what is the role of phenotypical stability;
* what is the relation of macroclimatic to mi-
cro-scale (local) adaptation?
In the present study only a part of these
problems are addressed.

Tracing macro-climatic selection
on quantitative traits

Annual growth and development cycle of
beech - as for any other temperate species -
is governed besides the photoperiod by the
amount of physiologically effective heat sum
(Kramer 1994, Chuine et al. 2003) and of
course precipitation. As the latter two are un-
evenly distributed across the range of the
species, diverging direction and intensity of
climatic selection may be assumed. The con-
sequence of climatic selection, differen-
tiation in phenological behaviour is well re-
flected by field test results. For example,
budbreak of beech shows a clinal East-West
pattern: Atlantic coast provenances are late,
while Alpine and SE-European continental
sources are early flushing (Wiihlisch et al.
1995, Fiihrer et al. 2009, Gomory 2009).

Reports on similar patterns are expectable
also for growth traits. On the contrary, stu-
dies on growth of beech provenances in field
tests describe instead of climate-related pat-
terns rather an ecotypic (i.e., unexplained
random) type of variation (e.g., Wiihlisch et
al. 1995, Kleinschmidt & Svolba 1995,
Jazbec et al. 2007), or explain differentiation
by the phylogenetic past (e.g, GOmory
2009). The term provenance is used here
synonymously for transferred population of
known origin.

The ecodistance approach of modelling
macroclimatic adaptation

For the investigation of macroclimatic
adaptation, the concept of ecodistance has
been applied. The ecodistance (ecological
distance) concept is based on the idea that if
populations adapted to certain ecological
(climatic) conditions are transferred to a new
environment, and all other site factors are
kept equal or disregarded, their phenotypic
response to climate depends not only on the
climatic conditions where the population is
actually grown or tested, but also on the eco-
distance of transfer, i.e., on the magnitude
and direction of environmental change ex-
perienced due to the transplanting to the test
site, related to the macroclimate they had
been adapted to originally. Accordingly, the
ecodistance value of a locally adapted popu-
lation in a test takes the value 0. The concept
of transfer analysis and ecodistance (Matyas
& Yeatman 1992, Matyds 1994, Matyas
1996, Matyas et al. 2008b) has been used for
the analysis and modelling of data of com-
mon garden (provenance) tests. This ap-
proach enables a pooled comparison of va-
rious test sites and thus increases statistical
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reliability. Applying ecodistance instead of
simple geographic or ecological parameters
allows the detection of general patterns of
adaptation. An important advantage of the
concept is that responses to transfer into new
environments may be interpreted as simula-
tions of future climatic changes: a realistic
validation of prediction models.

In the transfer analysis, the climatic va-
riable (£) selected to best describe macrocli-
matic adaptation serves as independent va-
riable, expressed as difference between test
site (X;) and location of origin (X;). It may be
a simple or complex variable such as drought
or continentality index, or a principal com-
ponent, etc.

The ecodistance (4E) is then calculated as
(eqn. 1):

AE=X,-X,

For example, if the variable is mean annual
temperature, and X, > X,, the positive value
of AE expresses a simulated warming of the
environment through transfer to the site.

Modelling response of populations to
transfer

According to the classical additive model
of Fisher (1958) and Wright (1950), the
phenotypic response of an individual or
population (P;) may be described as the sum
of the estimated genetic (y;) and the environ-
mental (&) deviations from the experimental
mean ([ - eqn. 2):

P=u+y+e

Both the genetic and the environmental
component may be partitioned for our pur-
poses. Regarding the effect of the environ-
ment, response strongly depends on the site
potential of the test. The site conditions have
a powerful influence on differentiation
between populations and on interaction ef-
fects. It is therefore advisable to separate the
test site potential (7), expressed usually as
the local mean of tested populations, and the
interaction effect (see further below).

There are two types of genetic response to
transfer which may be calculated from a
dataset containing data of numerous popula-
tions from a set of experimental sites:

a) General or “species-specific” response
(G) to macroclimatic change, calculated
from pooled data of the observed trait Y
from all (¢) test sites, and all (p) proven-
ances, providing the function (eqn. 3):

Yo=f(AE,)

The function supplies quantitative informa-
tion on the pooled response to changing en-
vironment, triggered by the transfer of loc-
ally adapted populations into a new ambient.
Needless to say that AE values for the same
provenance are different at every test loca-
tion.

b) As the various populations investigated
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may have a different microevolutionary
background and have been exposed to selec-
tion effects of different nature and intensity,
the general response will conceal much of
the between-provenance genetic differen-
tiation. Individual, population-specific re-
sponse (P) of population “p” across test
sites, defined as response function per se in
recent literature (e.g., Thomson & Parker
2008). It is indicating individual sensitivity
or phenotypic plasticity of the population to
changes, in interaction with local site condi-
tions. It is identical with the term “reaction
norm” of ecology (eqn. 4):

YP=f(AEp)

In case of sufficient data, the function may
define the physiological (genetic) optimum
for the population in the climatic niche.

The residual of the recorded population
mean at a test site, which is left unexplained
by the other additive components, is re-
garded as interaction (I) and error. Inter-
action in genetic sense is the part of response
which appears as deviation from the average
response regressions established across the
test sites, causing a change in ranking of
populations (see Fig. 3). Strong interaction
effects indicate narrower plasticity, and re-
sponsiveness to certain (usually extreme)
conditions.

The unified additive model to comprise all
components is then (eqn. 5):

Y=u+G+P+T+1+¢€

where the residual error (¢) may include also
genetic components unrelated to macrocli-
matic adaptation.

A case study: analysis of SE
European beech provenance trials

In the case study the construction of an ad-
ditive response model is presented, based on
the ecodistance concept. The selected va-
riable for ecodistance calculations is one of
multiple options. Environmental effects
other than macroclimate (e.g., soil chara-
cteristics) are not discussed here because
these are beyond the interests of this study.

The transfer analysis had been applied
since its first formulation (Matyas & Yeat-
man 1992) for numerous conifer species. For
beech, growth response predictions have not
been validated thus far by field tests, rather
backed by climatic envelopes (Fang &
Lechowicz 2006, Czicz et al. 2009). The
beech provenance test series (Wiihlisch
2007) offers an opportunity to obtain results
similar to conifers with a recalcitrant
broadleaved species.

Selected ecodistance variable

For ecodistance calculation, Ellenberg’s
climate quotient (EQ) has been selected. It is
a simple index to express humidity, respec-
tively continentality of climate and has been
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Tab. 1 - Data of analysed beech provenance trials (for geographic locations see Fig. 1).

(A) Geographic, climatic data

Annual

Reg. Country Location Altitude  July moean mean rain- 'Ellenberg
No. a.sl. (m) temp (°C) fall (mm) index (EQ)
2012 Slovenia Straza 545 19.3 1260 153
2015 Hungary Bucsuta 200 19.7 747 26.3
2020 Slovakia Mlacik-Tale 850 16.8 779 21.5
- mean - - - 21.0
(B) Statistical data
Reg. Average Site effect STD prov. Linear regression slope  F value
No.  height ()  (T)(cm)  means H vs. AEQ between
of provenances prov.
2012 228.3 +17.5 17.9 +0.628 14.00%**
2015 218.9 +8.1 25.3 -0.690 3.36%*
2020 185.2 -25.6 11.3 -1.572 3.40%**
- 210.8 0 - -

developed by Ellenberg (1988) first of all for
beech. Recent analyses have proven its high
distinctive power to predict presence of
beech under Central European conditions
(Czucz et al. 2009). Ellenberg’s climate quo-
tient is defined as the mean temperature of
the warmest month (July - Ty;) divided by
the annual precipitation (Pamn - eqn 6):

EQ=1000-T,,- P,

ann

The quotient indicates favourable climatic
conditions for beech if the EQ value lies be-
low approximately 26 for Central Europe. In
Hungary, zonal sites with EQ values above
28 represent the xeric (lower) limits of the
distribution of species (Czicz et al. 2009).
EQ values of provenances and test sites are
given in Tab. 1 and Tab. 2.

Analysed experiments and provenances
On the basis of an unpublished preliminary

surveying study (Matyas et al. 2008a), three

experiments of the 1998 series of the all-

European beech provenance trials (Wiihlisch
2007) have been selected for analysis (Tab.
la, Tab. 1b). The tests have been chosen
within a region of restricted size, to grant a
relatively uniform synergy of climatic
factors.

The test sites are located in the Carpathian
basin, in Hungary, Slovenia and Slovakia, at
different elevations (Fig. 1). All three are un-
der the influence of the more or less humid-
continental climate of SE Europe. The mid-
elevation site in Slovenia provides climati-
cally optimal conditions, while the two other
sites are more continental as shown by their
Ellenberg indices (Tab. 1a).

The experiments contain 36 provenances,
however not exactly the same ones. 12 popu-
lations have been selected from the 36 which
are represented in all three tests and where
available climatic data seemed to be reliable
(Tab. 2, Fig. 1). The processing and digital
interpolation of the climatic data was carried
out by E. Rasztovits.

Modelling climatic response of beech

Out of the 12 provenances selected, 5 ori-
ginate from low elevation sites in maritime
climate, with EQ indices between 19 and 24.
Another 5 populations have been transferred
from inland, continental regions where beech
is occupying sites at medium elevations. The
original sites have generally EQ values be-
low 20, except for Tarnawa, Poland (23.1)
and are situated in medium mountains (540
to 990 m). Two Alpine populations originate
from altitudes at or above 1000 m with EQ
values below 10.

At the warm-continental site in Hungary
(EQ = 26.3), all the 12 provenances have
been transferred into an environment with
increased continentality, higher average tem-
peratures and higher drought stress. On the
other hand, in the Slovenian test (EQ = 15.3)
the majority of the selected populations has
been brought into an environment cooler/
wetter than their original climate.

For the analysis, 8" year heights measured
in winter 2005/2006 have been used.
Between-provenance F values from variance
analysis of the 3 test sites (Matyas et al.
2008a) are presented in Tab. 1b. In the fol-
lowing analyses only average heights of tests
have been used. Obviously damaged and
crippled trees have been omitted from the
calculation.

Separating components of the additive
model

Effect of test site potential differences

The additive fest site effect (T) is the diffe-
rence of test averages from the grand mean
of all experiments (210.8 cm, Tab. 1b).
Measured average heights of provenances at
the three tests were corrected with the test
site effect, to make them directly comparable
(corrected heights are denoted further as /).
A correction for standard deviation diffe-
rences between tests was omitted because
the range of variation of provenance means
indicates the differentiating power of the site

Tab. 2 - Data of the 12 maritime (M), continental (C) and Alpine (A) beech provenances common in the 3 tests, ranked by their EQ index

(for geographic locations see Fig. 1).

. . Annual Corrected Additive Average  Regression
Type Nr. Lcooc::llt(:; ;l:l;:: le i f:t;t?ig f:llgfpm(eoacl)l mean pre- fgg(i)rfl mean H’ height re- ecodistagnce H ’gvs. EQ

o . cip. (mm) (cm) sponse (cm) (4EQ) across tests
A 35 Hinterstod, AUT 1250 11.8 1380 8.6 216.4 +6.54 12.46 +2.660
A 53 Postojna, SLO 1000 17.0 1718 9.9 222.5 +12.58 11.20 -1.432
C 51 Horni Plana, CZE 990 13.4 1014 13.2 194.8 -15.07 7.73 -3.313
C 6  Plateux, FRA 600 17.5 1223 14.3 197.5 -12.37 6.69 -4.239
C 48 Jablonec, CZE 760 13.5 944 14.3 203.0 -6.87 6.56 -1.014
C 31 Urach, GER 760 16.4 887 18.5 211.7 +1.83 2.43 +2.251
M 17 Westfield, GBR 10 14.0 741 18.9 214.1 +4.23 2.03 +2.746
M 21 Grasten, DEN 45 16.3 810 20.1 189.3 -20.57 0.96 +1.458
M 14 Aarnink, NED 45 17.5 794 22.0 229.3 +19.43 -0.94 +1.258
M 13 Soignes, BEL 110 17.9 796 22,5 214.4 +4.53 -1.38 +0.524
C 40 Tarnawa, POL 540 17.6 762 23.1 228.1 +18.23 -2.03 -1.440
M 67 Bilowo, POL 250 15.5 643 24.1 216.5 +6.63 -2.93 +1.740
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Westfield

Grasten

Fig. 1 - Location of 10 non-Alpine beech populations selected for analysis, and of the 3 test sites. The distribution range of beech (grey
shade) has been provided by EUFORGEN.

(Tab. 1b).

The Slovak site has the lowest site poten-
tial, first of all due to its relatively harsh con-
ditions. It shows also the lowest standard de-
viation of means. At the Hungarian site, dif-
ferentiation between populations is the
strongest, presumably also because of higher
climatic stress, close to the climatic limit for
beech (i.e., the xeric limit - Matyas et al.
2008b, Jump et al. 2009).

General (“species-specific”) response

Response to transfer has been analysed by
two types of regressions: calculating the in-
dividual response of provenances to respect-
ive ecodistances across sites, and by using
means of all three tests for both provenances
and ecodistances.

“Mean ecodistance” expresses the general
effect of climatic conditions of the tests as
experienced by differently adapted prove-
nances. It is calculated from the difference
between the average of EQ value of tests
(21.0 - Tab. 1a) and the EQ of origin of po-
pulations (Tab. 2).

The limited number of observations al-
lowed only the calculation of a linear func-
tion instead of the theoretically expected cur-
vilinear one. The data and regression shown
in Fig. 2 indicate a significant decline of
height towards increasing warming (R? =
0.486; p<0.01). The Alpine provenances ap-
pear as outliers, maybe partly caused by in-
accurate climate interpolation at higher ele-

iForest (2009) 2: 213-220

vations, but more probably due to truly dif-
ferent adaptation, as the context of precipita-
tion vs. temperature is modulated by altitude.
The analysis by Géméry (2009) also points
out the divergent behaviour of populations
from higher elevations. Therefore these were
excluded from further calculations.
Comparing response regressions of diffe-

rent provenances across test sites, the calcu-
lated slopes show a marked differentiation.
A group of mostly maritime provenances
show improving performance with warming
and dryer conditions (positive slopes), while
continental populations display an opposite
trend (Tab. 2, Fig. 3). The results propose a
relationship between the (climatic) origin

240

230 A

220 A

210 A

200

H’ {cm)

190 4

180 4

170 4

160 4

140 T T T

R==0.486*

4 f 8

mean AEQ

Fig. 2 - General response regression for corrected mean height (/) vs. mean ecodistance of
provenances. Means are averages of all 3 tests. Equation is calculated for 10 maritime and
continental provenances only, black triangle indicates the two Alpine outliers excluded from
the calculation climatic stress, close to the climatic limit for beech (i.e., the xeric limit -

Matyas et al. 2008b, Jump et al. 2009).
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Modelling climatic response of beech

240 Tab. 3 - Results of analysis of variance of
mean heights of 10 provenances at 3 loca-
240 tions (uncorrected height data in cm units).
230 A
Effect SS DF MS F p
220 1 Provenances 4946.0 9 549.6 2.62 0.039
10 4 Sites 7110.3 2 3555.116.95 0.001
= Interaction 37757 18 209.8 - -
2 200 and error
T |
180 4 e T T for Slovenia.
e — Interaction was found confounded with mi-
180 J -~ o o .
— crosite inhomogeneity: in the variance ana-
170 s lysis by. test locations (Mé‘Fyés et gl. 2008a)
replication X provenance interactions were
160 4 significant (p = 0.01, not shown) in the Slo-
vak and Hungarian trials, but not in Slove-
140 T T T T T nia. Therefore the interaction component (/)
14 16 18 20 27 76 25 was not separated from the residual (error)
EQ component.

Fig. 3 - Reaction norm of corrected heights (/). The two maritime provenances Aarnink
(points) and Grasten (squares), and the two continental ones Tarnawa (triangles) and Plat-
eaux (crosses), display individual differences in response against £Q values of test sites.

and the character of response to changing
climate. The connection, expressed by the
slope values of the regressions, is significant
(R? = 0.383; p<0.05). This indicates that a
general or “species-specific” response (G)
may be predicted by using ecodistance and
site conditions as independent variables (see
later for details).

Individual response of populations

Deviation of the population mean from the
grand mean represents the individual, popu-
lation-level additive response (P). Popula-
tion-specific differences of response across
sites suggest also divergent sensitivity to cli-
matic change, thus regression statistics cha-
racterise phenotypic plasticity. Low regres-
sion slope values indicate stable performance
across sites (Tab. 2, Fig. 3).

Tab. 3 shows the results of the analysis of
variance of (uncorrected) means of 10
provenances at 3 sites. No surprise that the
effect of sites is clearly more significant
compared to the effect of provenances.

Interactions

In Fig. 4, response of populations is com-
parable at two locations, as the horizontal se-
quence of populations is identical in the
graphs. The sequence is the same as in Tab.
2, as populations are ranked by their original
EQ values; at the extreme left: Bilowo, Po-
land. A closer observation leaves no doubt
that interactions with local climatic condi-
tions exist. Two provenances are marked for
interaction: Tarnawa (POL) and Plateaux
(FRA). Both originate from medium eleva-
tions and perform at low elevation in Hun-
gary below average, and the opposite is true

© SISEF http://www.sisef.it/iforest/
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Construction of a 3-D response surface
model

Based on the previous results, a three-di-
mensional model is presented which ex-

250

240 4

230 4

220 4

210 4

200 4

180 4

180 4

170 4

160 4

150

== 07224

250
240
230
220
210
200
190
180
170
160
140

AEQ

Fig. 4 - Regression of corrected height (/) of 10 identic provenances with ecodistance. The
two sites have strongly differing £Q values (top: Bucsuta, HUN: 26.3; bottom: Straza, SLO:
15.3). The sequence of provenances is the same. Compare the two provenances marked with
triangles for interaction: Tarnawa (POL, left) and Plateaux (FRA, right). Both mountain po-
pulations perform much better at higher elevation in Slovenia than in Hungary.
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280 [

260
240
H!
220 [
200 T

180

Fig. 5 - Linear surface model of height response of provenances. The model shows corrected
height (H’) as dependent, and ecodistance of provenances (4EQ), respectively £Q value of
sites (SEQ) as independent variables. Positive EQ values of ecodistance (to the right on the X
axis) stand for simulated warming effect. Lines separate the part of the surface not supported
by data (The selected linear polynomial simplifies the curvilinear response shown for the

Bucsuta site in Fig. 4).

presses that height growth response to ma-
croclimatic change depends on the climatic
distance by which the adapted populations
were moved (4EQ), and on the climatic en-
vironment where they are tested (siteEQ).
Corrected height (H’) serves as dependent
variable. Although the regression is theore-
tically exponential, due to the low number of
tested sites, only a linear response surface
has been fitted on the data (Fig. 5). Calcu-
lated for 10 provenances, the equation of
general height response is (eqn. 7):

H’=162.63+2.288-AEQ
+2.674-siteEQ —0.223- AEQ- siteEQ

The proportion of variance accounted for is
35.78%, the coefficient R = 0.598 (p<0.001),
the individual differences between prove-
nances left unconsidered. The distribution of
residuals is even, indicating a balanced re-
gression. Certain parts of the response sur-
face are not supported by data and are separ-
ated by lines in Fig. 5. The regression sur-
face illustrates and summarises some import-
ant conclusions:

* increasing, positive EQ values, i.e., war-
ming and more arid conditions lead to de-
creasing height growth and vitality;

* the effect of worsening of climatic condi-
tions increases toward the lower (xeric)
limit of distribution (EQ = 28);

« the interaction of site and macroclimatic

iForest (2009) 2: 213-220

adaptation is significant, an equation ex-
cluding the interaction component explains
only 27.5% of the variation.

Discussion

Modelling adaptive response to macro-
climatic change

Modelling of expected response has to ex-
press that adaptation is an evolutionary-ge-
netic issue. Present ecological models of
phenotypic behaviour usually treat temperate
tree species, including beech as monolithic,
genetically uniform entities (e.g., Kramer
1994, Chuine et al. 2003, Czlcz et al. 2009).
Another approach is the application of pro-
cess-based genetic simulations which de-
scribe genetic processes on local level
(Kramer et al. 2008). Both approaches ne-
cessarily disregard within-species adaptive
differentiation: ecological models assume
functional properties of species uniform
across space. This is a general problem of
bioclimatic models (Matyas et al. 2009,
Jeschke & Strayer 2008).

The special feature of the selected set of
experiments is, that due to the specific cli-
matic relations between test locations and
provenances, it provides a unique opportun-
ity to study adaptive differentiation and re-
sponses to climatic warming. Detecting ad-
aptive responses for a species exhibiting a
strongly developed plasticity (Wiihlisch et
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al. 1995, Kleinschmidt & Svolba 1995,

Gomory 2009) did not promise easy results.

The selected variable EQ applied for the eco-

distance approach seems to describe, how-

ever, macroclimatic conditions sufficiently
well, at least for Central Europe and low to
medium elevations.

The study was successful in detecting that
1. adaptation (and consequently, selection ef-

fect) to macroclimate exists in spite of

counteracting genetic and evolutionary
forces;

2.response of provenances strongly depends
on the climatic conditions at origin and at
the test, i.e., ecological distance is a valid
concept for explaining responses;

3.site potential and the local climatic condi-
tions decide not only height response and
its differentiation, but also interactions;

4.a general, species-specific component of
genetic response could be identified beside
the individual differences of populations;

S.interaction was noticeable mainly in rela-
tion to altitudinal changes.

The regression surface shown in Fig. 5
summarises the general trend of response to
macroclimatic change. At the warm-conti-
nental site in Hungary, all provenances had
been moved into warmer and drier condi-
tions and the calculated polynomial shows a
clear decline of height growth beginning
from AEQ value 4 (Fig. 5). Such a strong ef-
fect is not visible at the site with lowest EQ
value, in Slovenia, where most populations
came into a cooler and wetter (i.e., less
stressful) environment than original. In this
case growth depression with growing eco-
distance was not detectable.

Regarding the mean performance of indi-
vidual populations in the average of sites, the
Dutch provenance Aarnink was the best, and
Grasten from Denmark the worst (Tab. 2,
Fig. 3). This had little or nothing to do with
the (macroclimatic) distance from the test
sites.

The individual response of a population to
changing environmental conditions is de-
scribed by the term phenotypic plasticity.
Between-provenance differences in plasticity
are detected by testing growth response
along an ecological gradient, in our case by
calculating regression of height vs. EQ va-
lues of the test sites (Fig. 3).

Caveats and limitations to the analysis
In the case study an attempt was made to
quantify and model the genetic effect of
macroclimatic selection on juvenile height
growth of beech. A trait important for early-
stage competition, height is integrating ef-
fects of numerous growing seasons, which
makes it logically related to climate which
represents also an average of annual fluc-
tuations. Climate means hide however year-
to-year and local deviations from long term
averages, although irregular extreme events

© SISEF http://www.sisef.it/iforest/



may have a decisive selection effect (Berki
et al. 2007). Climate means should be there-
fore regarded rather as surrogates for ex-
tremes.

For analysis of climatic adaptation, large-
scale international trials seem to be ideal, as
they are established with natural populations
of known origin, sampled across a large area.
It is a pity and a serious fault of international
provenance research that sufficiently re-
liable, detailed climate data are missing in
most cases. Ecological characterisation was
traditionally confined to description of geo-
graphic parameters (coordinates, altitude).
The selective role of concrete climatic para-
meters has been analysed in detail only in re-
cent literature, as interpolated, digital data-
bases are increasingly accessible (e.g., Re-
hfeldt et al. 2003, Rehfeldt et al. 2008,
Matyas et al. 2008b). Interpolations may,
however, carry considerable bias especially
for higher elevations and regions with com-
plex topography. The relatively low number
of test sites and of populations, certainly li-
mits the general validity of results. However,
it is suspected, that synergy of climatic com-
ponents might change across larger regions
and therefore an evaluation in an ecologi-
cally restricted area might bring better re-
sults as pooling all available data without
preliminary screening.

The analysed data were measured in juve-
nile stage. Switches in ranking may be ex-
pected up to higher ages in beech, and early
age-age correlations are unreliable (Klein-
schmidt & Svolba 1995). Also, results refer
to the investigated populations and sites and
may not be fully applicable in other environ-
ments. Therefore the application of the me-
thod on extended datasets is absolutely ne-
cessary.

Also, modelling the evolutionary-genetic
background of adaptive response is still not
precise enough for predictions as it fails to
regard biotic interactions and migration li-
mitations (Jeschke & Strayer 2008, Jump et
al. 2009) or human interference such as
planned forest management (Matyas et al.
2009).

Finally an additional factor causing estima-
tion errors should be mentioned. This lies in
the unavoidable contradiction between the
conditions of natural regeneration and selec-
tion populations are adapted to, and the ne-
cessarily different, artificial character of
nursery raising and outplanting in compara-
tive tests. In common gardens, populations
experience transfer into rather artificial en-
vironments. This has little to do with natural
conditions of regeneration, but one should
remember that the aim of these studies is a)
to derive information on use of reproductive
material, and b) to forecast effects of man-
made climatic changes. Neither of them are
typically natural processes.

Understandably, a simulation of the natural
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ecological demands of a tree species in the
field tests would cause a further loss of pre-
cision of response identification. Thus, the
planned experimentation itself compromises
the exact determination of genetic response:
an unsolvable contradiction and an unexpec-
ted parallel to Heisenberg’s uncertainty prin-
ciple in quantum physics (Matyas et al.
2008Db).

Conclusions

Implications for the management and

conservation of beech

The existence of macroclimatic adaptation
patterns in juvenile growth justifies geneti-
cally based regulations for use of reproduc-
tive material. Regarding the sensitivity of
beech to macroclimatic changes, the results
show that adaptive pattern and plasticity of
the species is fairly comparable to better ex-
plored conifer species such as pines, spruces
(Matyas & Yeatman 1992, Rehfeldt et al.
2003, Rehfeldt et al. 2008, Matyas et al.
2008b, Thomson & Parker 2008).

Main conclusions for reproductive material
use are:

« it would be more appropriate to use ecolo-
gically-based criteria instead of geogra-
phic-based ones to define recommended
directions and limits of transfer;

« transfer effects are not similar in different
part of the distribution area, in particular:

« in the range of the climatic optimum, in the
area centre, and towards the thermal limit
(northward) transfers are less critical;

* proposed separate treatment of higher ele-
vation populations is supported by the de-
viating behaviour of provenances from
above 1000m;

» stressful and uncertain conditions at the
lower (xeric) limit of the species demand
there more rigorous rules for use and con-
servation.

Observations of mortality events close to
the lower (xeric) limit of the species indicate
that stability and vitality of populations de-
pends not only on growth rate modelled from
test results. Extreme weather events
(droughts) may weaken physiological condi-
tion of populations relatively fast and may
lead to insect and disease outbreaks in re-
gions generally suitable for the species
(Berki et al. 2007, Lakatos & Molnar 2009).
Therefore, when defining maxima of allo-
wable (ecological) distance of transfer, the
principle of precaution should be observed,
i.e., limits should be drawn stricter than the
results of response regressions suggest.

Regarding climate change, the most im-
portant question is how populations react to
warming, i.e., to positive 4EQ values. The
test in Hungary did detect sensitivity to £EQ
differences above the value of 4 (Fig. 4).

Closer to the xeric/continental limit, smal-
ler changes are already limiting presence
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(Czicz et al. 2009). The results support the
opinion that predicted climatic changes will
not have serious consequences and even lead
to production increase in the central-northern
part of the range and at higher elevations as
shown for conifers (Matyas et al. 2008b). It
is strongly cautioned from overestimating
the plasticity potential found in this experi-
ment, for regions close to the lower (xeric)
limit of the range, furthermore also because
the results obtained at juvenile age may not
be maintained in later age.

Differences in growth performance and
plasticity of provenances left unexplained by
macroclimatic factors sustain earlier assump-
tions that local genetic adaptation also exists
(“ecotypes™) and maybe also epigenetic ef-
fects; neither of them have been investigated
in detail in this analysis. It seems that in
beech, a population- (stand-) level differen-
tiation co-exist with large-scale adaptedness
and with significant plasticity. This supports
the maintenance of selection of stands for re-
productive material procurement (seed
stands).

Application and advantages of the pro-
posed approach

The proposed approach provides otherwise
inaccessible information on the real-world
effects of expected climatic changes. The
success of evaluation depends of course on
the characteristics of the dataset: number and
quality of test sites, number and differen-
tiation of populations and last not least, the
reliability of recorded data.

The obtained results may be applied in ad-
aptation and mitigation policy in forestry and
related fields such as nature and gene conser-
vation, e.g., for planning human-aided mi-
gration (Marris 2009). Typical uses are rules
of forest reproductive material use, assess-
ment of local, adapted populations or conser-
vation strategy of marginal populations
(Matyas 2007).

The results may be useful also for testing
or validating ecological models, evolutionary
and ecological concepts and hypotheses re-
lated to climate change effects (see review of
Jump & Pefiuelas 2005, Matyas et al. 2008b,
Jump et al. 2009). The design and concept of
presently exising tests are however unsuit-
able to elucidate problems such as micro-
scale adaptation, ongoing selection in extant
populations, or the importance of genetic
carryover (epigenetic) effects. These ques-
tions need further, very carefully planned ex-
perimentation.

Acknowledgements

The financial support of the Hungarian
government research fund NKFP 6/047/2005
and of EU-FP6 Program “EVOLTREE” are
gratefully acknowledged. Similarly, we are
grateful to two anonymous reviewers for
very helpful comments improving the text, to

iForest (2009) 2: 213-220



Matyas C et al. - iForest 2: 213-220

Laszl6 Nagy (Forest Research Inst., Sarvar)
and to associates of the Faculty’s Ecology
research team' and for providing climatic
data and support in data processing. Further
support was provided by the COST ES52 re-
search team on Beech Genetic Resources,
and also by and K. Kramer (Wageningen) in
data collection, fruitful discussions and crit-
ics.

References

Berki I, Moricz N, Rasztovits E, Vig P (2007).
Determination of the drought tolerance limit of
beech forests and forecasting their future distri-
bution in Hungary. Erd6 és klima [Forest and
Climate] V: 213-229 (in Hungarian with Engl.
Summary).

Chuine I, Kramer K, Héanninen H (2003). Plant de-
velopment models. In: “Phenology: an integra-
tive environmental science” (Schwartz MD ed).
Kluwer Academic Publishing, pp. 217-235.

Clausen J, Keck DD, Hiesey WW (1940). Experi-
mental studies on the nature of species (vol I and
II-IV). Carnegie Inst. Publ. no. 520, Washington,
DC, USA.

Comps B, Matyas C, Geburek T, Letouzey J.
(1998). Genetic variation in beech populations
along the Alp chain and in the Hungarian basin.
Forest Genetics 5: (1) 1-9. [online] URL:
http://web.tuzvo.sk/files/fg/volumes/1998/FGO5-
1_001-009.pdf

Comps B, Gomory D, Letouzey J, Thiébault B,
Petit RJ (2001). Diverging trends between he-
terozygosity and allelic richness during postgla-
cial colonisation in European beech. Genetics
157: 389-397. [online] URL: http://www.genetic-
s.org/cgi/content/abstract/157/1/389

Czucz B, Galhidy L, Matyas C (2009). Low alti-
tude xeric climatic limit of beech and sessile oak
distribution in Central Europe. Annals of Forest
Science (in the press).

Ellenberg H (1988). Vegetation ecology of central
Europe(4™ edn.). Cambridge University Press,
Cambridge, UK.

Fang J, Lechowicz MJ (2006). Climatic limits for
present distribution of beech species in the
world. Journal of Biogeography 33: 1804-1819. -
doi: 10.1111/5.1365-2699.2006.01533.x

Fisher RA (1958). The genetical theory of natural
selection (2™ edn.). New York, USA.

Fiihrer E, Rasztovits E, Csoka G, Lakatos F, Bor-
dacs S, Nagy L, Matyas C (2009). Current status
of European beech (Fagus sylvatica L.) genetic
resources in Hungary. Comm. Inst. Forestalis
Bohemicae, Praha, Czech Republic (in the press).

Gomory D (2009). Geographic patterns in the re-
actions of beech provenances to transfer. Report
for COST E52 meeting, Thessaloniki, Greece,

pp. 8.

iForest (2009) 2: 213-220

Jazbec A, Segotic K, Ivankovic M, Marjanovic H,
Peric S (2007). Ranking of European beech
provenances in Croatia using statistical analysis
and analytical hierarchy process. Forestry 80 (2):
151-162. - doi: 10.1093/forestry/cpm007

Jeschke JM, Strayer DL (2008). Usefulness of
bioclimatic models for studying climate change
and invasive species. In: “The year in ecology
and conservation” (Ostfield RS, Schlesinger WH
eds). Ann. New York Ac. Sci. 1134: 1-24. - doi:
10.1196/annals.1439.002

Jump AS, Pefiuelas J (2005). Running to stand
still: adaptation and the response of plants to rap-
id climate change. Ecology Letters 8: 1010-1020.
- doi: 10.1111/5.1461-0248.2005.00796.x

Jump AS, Matyas C, Penuelas J (2009). The para-
dox of altitude for latitude comparisons in spe-
cies range retractions. Trends in Ecology and
Evolution 24 (12): 694-701. - doi: 10.1016/
j.tree.2009.06.007

Kleinschmidt J, Svolba J (1995). Results of the
Krahl-Urban beech provenance experiments
1951, 1954, and 1959 in Northern Germany. In:
“Genetics and silviculture of beech” (Madsen S
ed). Proceedings of the 5" ITUFRO Beech Sym-
posium, Danish Forest and Landscape Res. Inst.,
Forskningsserien 11: 15-34.

Kramer K (1994). Selecting a model to predict the
onset of growth of Fagus sylvatica. Journal of
Applied Ecology 31: 172-181. - doi: 10.2307/
2404609

Kramer K, Buiteveld J, Forstreuter M, Geburek T,
Leonardi S, Menozzi P, Povillon F, Schelhaas
M]J, Teissier du Cros E, Vendramin GG, van der
Werf DC (2008). Bridging the gap between eco-
physiological and genetic knowledge to assess
adaptive potential of European beech. Ecological
Modelling 216: 333-353. - doi: 10.1016/j.ecolm-
0del.2008.05.004

Lakatos F, Molnar M (2009). Mass mortality of
beech in south-west Hungary. Acta Silvatica et
Ligniaria Hung. 5: 75-82.

Magri D, Vendramin GG, Comps B, Dupanloup I,
Geburek T, Gomory D, Latalowa M, Litt T,
Paule L, Roure JM, Tantau I, van der Knaap
WO, Petit RJ, de Beaulieu JL (2006). A new
scenario for the Quaternary history of European
beech populations: paleobotanical evidence and
genetic consequences. New Phytologist 171:
199-222. - doi: 10.1111/5.1469-8137.2006.
01740.x

Marris E (2009). Planting the forest of the future.
Nature 459: 906-908. - doi: 10.1038/459906a

Matyas C (1994). Modelling climate change ef-
fects with provenance test data. Tree Physiology
14: 797-804.

Matyas C (1996). Climatic adaptation of trees: re-
discovering provenance tests. Euphytica 92: 45-
54. - doi: 10.1007/BF00022827

220

Matyas C (2007). What do field trials tell about
the future use of forest reproductive material? In:
“Climate change and forest genetic diversity: im-
plications for sustainable forest management in
Europe” (Koskela J, Buck A, Teissier du Cros E
eds). Biodiversity International, Rome, Italy, pp.
53-69.

Matyas C, Yeatman CW (1992). Effect of geo-
graphical transfer on growth and survival of jack
pine (Pinus banksiana Lamb) populations. Silvae
Genetica 43: (6) 370-376. [online] URL:
http://cat.inist.fr/?aModele=afficheN&cpsidt=
4569218

Matyas C, Ivankovic M, Bogdan S, Bozic G,
Rasztovits E, Gomory D, Jazbec A (2008a). Ana-
lysis of height variation in four east European
provenance trials of European beech. Zagreb
University, Croatia, pp. 27.

Matyéas C, Nagy L, Ujvari-Jarmai E (2008b). Ge-
netic background of response of trees to aridifi-
cation at the xeric forest limit and consequences
for bioclimatic modelling. In: “Bioclimatology
and natural hazards” (Strelcova K, Matyas Cs,
Kleidon A, Lapin M, Matejka F, Blazenec M,
Skvarenina J, Holecy J eds). Springer Verlag,
Berlin, Germany, pp. 179-196.

Matyéas C, Borovics A, Nagy L, Ujvari-Jarmay E
(2009). Genetically set response of trees to cli-
matic change, with special regard to the xeric (re-
treating) limits. Forstarchiv, Hannover, 80. (in
the press).

Rehfeldt GE, Tchebakova NM, Milyutin LI, Par-
fenova EI, Wykoff WR, Kouzmina NA (2003).
Assessing population responses to climate in
Pinus silvestris and Larix spp. of Eurasia with
climate transfer models. Eurasian Journal of
Forestry Research 6 (2): 83-98.

Rehfeldt GE, Ferguson DE, Crookston NL (2008).
Quantifying the abundance of co-occuring con-
ifers along inland northwest (USA) climate
gradients. Ecology 89 (8): 2127-2139. - doi:
10.1890/06-2013.1

Thomson AM, Parker WH (2008). Boreal forest
provenance tests used to predict optimal growth
and response to climate change. 1. Jack pine. Ca-
nadian Journal of Forest Research 38: 157-170. -
doi: 10.1139/X07-122

Wright S (1950). The genetics of quantitative va-
riability. Edinburgh, UK.

Wiihlisch G, Krusche D, Muhs HJ (1995). Va-
riation in temperature sum requirement for flu-
shing of beech provenances. Silvae Genetica 44:
343-346.

Wiihlisch G (2007). Series of international
provenance trials of European beech. In: “Im-
provement and Silviculture of Beech”. Proce-
edings of the 7™ International Beech Symposium,
TUFRO Research Group 1.10.00, RIFR, Teheran,
Iran, pp. 135-144.

© SISEF http://www.sisef.it/iforest/


http://dx.doi.org/10.1016/j.ecolmodel.2008.05.004
http://dx.doi.org/10.1016/j.ecolmodel.2008.05.004
http://dx.doi.org/10.1139/X07-122
http://dx.doi.org/10.1890/06-2013.1
http://cat.inist.fr/?aModele=afficheN&cpsidt=4569218
http://cat.inist.fr/?aModele=afficheN&cpsidt=4569218
http://dx.doi.org/10.1007/BF00022827
http://dx.doi.org/10.1038/459906a
http://dx.doi.org/10.1111/j.1469-8137.2006.01740.x
http://dx.doi.org/10.1111/j.1469-8137.2006.01740.x
http://dx.doi.org/10.2307/2404609
http://dx.doi.org/10.2307/2404609
http://dx.doi.org/10.1016/j.tree.2009.06.007
http://dx.doi.org/10.1016/j.tree.2009.06.007
http://dx.doi.org/10.1111/j.1461-0248.2005.00796.x
http://dx.doi.org/10.1196/annals.1439.002
http://dx.doi.org/10.1093/forestry/cpm007
http://dx.doi.org/10.1111/j.1365-2699.2006.01533.x
http://www.genetics.org/cgi/content/abstract/157/1/389
http://www.genetics.org/cgi/content/abstract/157/1/389
http://web.tuzvo.sk/files/fg/volumes/1998/FG05-1_001-009.pdf
http://web.tuzvo.sk/files/fg/volumes/1998/FG05-1_001-009.pdf

	Juvenile growth response of European beech (Fagus sylvatica L.) to sudden change of climatic environment in SE European trials
	Introduction: climatic selection and adaptation strategy
	Tracing macro-climatic selection on quantitative traits
	The ecodistance approach of modelling macroclimatic adaptation
	Modelling response of populations to transfer

	A case study: analysis of SE European beech provenance trials
	Selected ecodistance variable
	Analysed experiments and provenances
	Separating components of the additive model 
	Effect of test site potential differences
	General (“species-specific”) response
	Individual response of populations
	Interactions
	Construction of a 3-D response surface model


	Discussion
	Modelling adaptive response to macroclimatic change
	Caveats and limitations to the analysis

	Conclusions
	Implications for the management and conservation of beech 
	Application and advantages of the proposed approach

	Acknowledgements
	References


