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Dilemma: Human Dilemma: Human supportsupport vsvs spontaneityspontaneity

Great Great challengechallenge to to forestryforestry::
•• PreparationPreparation forfor cclimatelimate change change ++
•• RReturneturn to to naturenature--close close silviculturesilviculture
RelianceReliance onon sspontaneouspontaneous processesprocesses oror human human 
interventionintervention??interventionintervention??

WhatWhat is is thethe missionmission of of conservationconservation??
•• WhichWhich diversitydiversity is is valuablevaluable and and 

contributingcontributing toto adaptationadaptation??
•• HowHow toto utilizeutilize inin a a naturenature--closeclose forestforest

management management environmentenvironment??



HowHow seriousserious areare projected projected changeschanges
comparedcompared to to postglacialpostglacial changeschanges??

FluctuationFluctuation of of annualannual averageaverage temperaturestemperatures
((deviationsdeviations fromfrom thethe grand grand meanmean, , ººCC))

LastLast 100 100 thousandthousand yearsyears
((globalglobal annann. . averageaverage))

--8 / +28 / +2
((globalglobal annann. . averageaverage))

LastLast 1000 1000 yearsyears
((annann. . averageaverage, Europe), Europe)

--0,8 / +0,80,8 / +0,8

Projected Projected forfor thethe 21. 21. 
centurycentury

+2 ~ +4+2 ~ +4--5…5…



Is Is spontaneousspontaneous ((diploiddiploid) ) migrationmigration a a realisticrealistic
expectationexpectation? ? 
SpeedSpeed (km/(km/centurycentury) of ) of ppostglacialostglacial migrationmigration
vs. projected Svs. projected S→→N N isothermisotherm shiftshift

SpruceSpruce
(Davis(Davis--Shaw 2001)Shaw 2001)

88--5050 km/century

IsothermIsotherm shift shift speedspeed, , 290 290 km/centuryIsothermIsotherm shift shift speedspeed, , 
2.0 2.0 ººCC temptemp. . increaseincrease

290 290 km/century
(= 600 (= 600 yearsyears!)!)

IsothermIsotherm shift shift speedspeed, , 
4.0 4.0 ººCC temp. increase

580580 km/century
(= 1150 (= 1150 yearsyears!)!)

(Jump, Mátyás, Penuelas  Trends Ecol. Evol. 2009)



ContributionContribution of of spontaneousspontaneous processesprocesses to to geneticgenetic
adaptationadaptation: : fromfrom a a generationgeneration perspectiveperspective

Present
generation

Next
generation

Far
future

Diploid
migration

- +/- ++

Gene flow - +/- +/-Gene flow - +/- +/-

Mutation -- -- -

Natural
selection

+ + +

Plasticity ++ ++ ++

Epigenetics ?? ?? ??
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Potential of selection and plasticity
to balance deficient adaptability –
experiences from field tests 



Natural distribution of Norway spruce (EUFORGEN ) and location 
of tested provenances and of IUFRO test site Nyírjes , Hungary

*





Climate diagram for 1968-2010: „beech climate zone”
Established 1968, geographical coordinates: 47° 56´ Lat., 19° 58´Long
Net area: 11 ha, 1100 provenances                       (Rasztovits – Móricz)
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Outside of range, inside of climate niche: distribution of the tested 
291 provenances (annual temp. vs precipitation), location of sites 
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IUFRO NS test, Nyírjes, Hungary
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Average tree height (vertical axis) of Norway spruce at age 16 
and within-population stdev.of height 

versus annual mean temperature of the location of origin 
(É. Ujvári-Jármay, L. Nagy, C . Mátyás 2010)
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Regression of H16 and 25-, 44-year DBH  (%)  of identical provenances 
versus mean annual temperature (°C) at origin (horizontal axis) at Nyírjes
Temperature increase in lifetime of test: 1.3 °C!! (É. Ujvári-Jármay)



zone grouping of analysed  300 Norway spruce
provenances (Ujvári-Jármay 2006)



 

R2 = 0,26***
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R2 = 0,25***
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Response regression of zone goups (Nyírjes,Hungary)
Mean annual temperature change (°C) vs 16-year relative height
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Mean annual temperature change (°C) vs 16-year 
relative height, 3 provenance groups     (Mátyás et al 2010)



Height 16 of identic Norway spruce provenances vs mean annual temp.

(Mátyás et al 2010)



Nyírjes
R2 = 0,09

Mean: 97 % 
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Mean: 65 % 
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Survival at age 16 (%) of 291 identic provenances at 3 test sites, 
versus mean temperature at origin. Arrows: temp. at test (É. Ujvári)



Data of three experiments (height 16)

Experimental site data

Test name

mean 

height 

of test 

(cm)

Mean

temp.

°C

Mean

prec.

(mm)

(cm)

Nyírjes (HU)

Abild (SE)

Lappkoj (SE)

892.5

643.1

305.4

7.5

5.9

2.3

782

654

456



ResponseResponse functionfunction (H16) maximum (H16) maximum vsvs
experimentalexperimental meanmean ((identicidentic populationspopulations!)!)

Experimental site data
Response function

mean mean temp. at mean height 

test name

mean

temp.

(°C)

mean

height

(cm)

temp. at 

maximum 

(Tmax °C)

mean height 

at Tmax

(cm)

Nyírjes (H) 7.5 890.3 6.9 916.1

Abild (S) 5.9 643.1 5.4 661.7

Lappkoj (S) 2.3 305.4 4.2 319.1



Correlation between adjusted heights (H16) in 1983 and 
different ecodistance values of transfer to test site Nyírjes

Variables

Name of ecodistances

All prov.

(n=291)

Southern 

range (n=236)

Northern 

range  (n=55)

Mean annual temperature, C° (DTyear) 

Continentality,Tmax- Tmin. (DTcont)

Mean temp. of vegetation period, 04-10 (DTveg2)

Mean  winter temperature, 12, 01, 02 (DTwin)

Mean  spring temp, 03-05 (DTspr) 

Mean  summer temp, 06-08 (DT )

- 0.44

0.18

- 0.41

- 0.38

- 0,51

- 0.26

- 0.11

- 0.49

- 0.26

0.17

- 0.23

-0.29

- 0.79

0.30

- 0.82

- 0.61

- 0.81

- 0.72Mean  summer temp, 06-08 (DTsum)

Mean  autumn temp, 09-11 (DTaut) 

Number of months above 5 C° (DT5+) 

Average precipitation sum per year, mm (DPyear)

Av. precip. sum in veget. period, 04-10 (DPveg2)

Av. precip. sum in winter, 12, 01, 02  (DPwin)

Av. precip. sum in spring, 03-05 (DPspr)

Av. precip. sum in summer, 06-08 (DPsum)

Av. precipitation in autumn, 09-11 (DPaut)

- 0.26

- 0.43

- 0.49

0.09

0.06

0.14

0.01

0.00

0.25

-0.29

- 0.07

- 0,22

0.53

0.50

0.48

0.51

0.43

0.56

- 0.72

- 0.75

- 0.72

- 0.11

- 0.14

- 0.07

- 0.27

- 0.11

- 0.03



 Nyírjes
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R2 = 0,40***

800

1000

1200

A
ve

ra
g
e
 h

e
ig

h
t o

f p
ro

ve
n
a
n
ce

s 
(H

1
6
; c

m
)

Nyírjes

H16

400

600

-4 -2 0 2 4 6 8 10

Change of spring temperature (DTspr, C)

A
ve

ra
g
e
 h

e
ig

h
t o

f p
ro

ve
n
a
n
ce

s 
(H

1
6
; c

m
)

Cross-section of the three-dimensional GRM of H16
versus changing spring temperature (É. Ujvári-Jármay)



South
R2 = 0,1883***

Central
R2 = 0,6999***
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Scots pine in 6 Russian tests (Mátyás and Nagy 2005)
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Comparison: Scots pine, VNIILM experiment, Hungary
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Average tree height and within-population standard deviation

at age 15 of Scots pine populations in the Recsk provenance test, versus 

annual mean temperature of the location of origin (L.Nagy)



Recsk, R2 = 70,23%
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Transfer functions of VNIILM Scots pine populations in Recsk, Hungary
Left axis: dPDQ  (precip. driest quarter)  Right axis: dT (ann. mean temp)



PlasticityPlasticity of of NorwayNorway sprucespruce inin 5 IUFRO 5 IUFRO trialstrials
RelativeRelative performance: performance: blackblack 100100--120%, 120%, blueblue 9090--100%, 100%, lightlight blueblue 8080--90%, 90%, whitewhite: 50: 50--80% 80% 

((Mátyás, Mátyás, Nagy, Ujvári Nagy, Ujvári unpublunpubl.).)



Geographical distribution of Eberhart-Russell’s stability index (bi) 

for height growth in the VNNILM Scotch pine test (L.Nagy)



A stabilitás-paraméterek klimatikus meghatározottsága
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Extreme drought selection pressure eliminates diversity

Number of gene variants (genetic diversity) in beech

Allels at the SKDH gene locus, vs. ann. precipitation (Y axis)
(Borovics A., Mátyás C., Ann.For.Sci 2013,70:(8) 835-844



WhatWhat dodo fieldfield teststests of of NorwayNorway
sprucespruce and and ScotsScots pinepine show?show?

•• LagLag inin adaptationadaptation determinedetermined d byby balance balance 
between between thethe geneticgenetic systemsystem, , selection selection 
pressurepressure, , plasticityplasticity and gene and gene flowflow,,

•• PhenotypicPhenotypic plasticityplasticity: : regionalregional differentiationdifferentiation,,
•• WeightWeight of of selectiveselective factorsfactors changechange withwith•• WeightWeight of of selectiveselective factorsfactors changechange withwith

environmentenvironment,,
•• PlasticityPlasticity is is lowlow atat ((uupperpper) ) limitslimits ((selectionselection

pressurepressure highhigh), ), 
•• AAdaptibilitydaptibility//tolerancetolerance has has constraintsconstraints, , 

especiallyespecially vsvs thermicthermic stressstress..



Conclusions for conifer breeding and conservation

Local adaptation is less developed than assumed
Between-pop. variation: strong correlation with

climatic factors
Within-pop. variation: macroclimatic effect 

undetected (centre vs. margins)
Response to simulated climate change primarilyResponse to simulated climate change primarily

provoked by heavy thermal stress
High phenotypic plasticity of populations in milder, 
variable climate?

SP: in Western Russia 
NS: East-Centr. Europe

Severe climatic stress may cause limited plasticity
→ limited adaptability?



Conservation as means of facilitating
adaptive processes

Necessity of supporting spontaneous adaptation
• adaptation has to be mastered within one single 

generation 
• unprecedented speed of expected climatic 

changeschanges
• local resource limitations of species and genes
Conservation should (directly) support FRM 
production



GeneGene conservationconservation inin a a rapidlyrapidly changingchanging
environmentenvironment

Ecological/climatic criteria instead of geographic 
ones should gain primary importance

Plasticity might get priority over autochthony
Plastic sources have to be identified, 

conservation and use promotedconservation and use promoted
Assessment and valuation of populations at range 

limits necessary prior to evacuation
Resources for future FRM demand have to be 

identified and conserved (not for the past!)
Sites of in situ gene conservation should be 

checked for future climate threats



Climate shift: differentiated measures
Urgency for conservation depend 
on the local situation

optimum zone: exigent measures unnecessary
exposed sites: selective conservation urgent
beyond the future tolerance limits of the species:beyond the future tolerance limits of the species:

transfer / evacuation of valuable populations



Most Most probablyprobably, I , I havehave talkedtalked tootoo muchmuch. . 
ThanksThanks forfor patiencepatience..


