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We are faced in two global crisis

Often forest management ideas support mitigation of climate change, 
however suggested solutions might reduce biodiversity status;

Need to find solutions to solve both crises simultaneously.

Climate change and biodiversity conservation



https://www.eea.europa.eu







DE MARTONNE 
ARIDITY INDEX IN 

LITHUANIA:
1981-2010 – 41,3
1991-2020 – 39,9

http://www.meteo.lt

Mean annual temperature in Vilnius 1778-2021 yrs.

Mean annual precipitation in Vilnius 1887-2021 yrs.
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Climate change and biodiversity conservation

Increase tree species richness (native, mid European)

Increase stand structural diversity (enabling space for tree species diversity)

Maintain and increase genetic variation within tree species

Special focus on tree species

Tools suggested for closer-to-nature forestry adapting climate change:



1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

D
ro

u
gh

t 
to

le
ra

n
ce

Shade tolerance

Drought and shade tolerance of tree species

Niinemets and Valladares, 
2006



P sylvestris

P abies 

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

D
ro

u
gh

t 
to

le
ra

n
ce

Shade tolerance

Drought and shade tolerance of tree species

Niinemets and Valladares, 
2006



P sylvestris

P abies 
B pendula

A glutinosa

P tremula

A incana

Q robur

F exelsior

T cordata

S caprea

A platanoides

S fragilis

C betulusU glabra

U laevis

U minor

L decidua

M sylvestris

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

D
ro

u
gh

t 
to

le
ra

n
ce

Shade tolerance

Drought and shade tolerance of tree species

Niinemets and Valladares, 
2006



Mixed forests
Monospecific (1 species) vs. Mixed forest (2 and more species)

Mixed forest – often studied two species stands

Pretzsch et al. 2015
Del Rio et al. 2022



Mixed forests
Different than monospecific in processes, growth, resilience and require more complex management;

The effect depends on complementarity of species, more efficient use recourses such as light and water;

Stands has higher structural complexity that positively associated with higher biodiversity;

Stands often more productive, especially in sites with higher water availability;

More resistant to droughts, however more severe droughts decrease positive effect;

No 100% guarantee, many depends on local management, site conditions, land use history, etc.



Mixed forests

Del Rio, M. et al. 2022



Mixed forests

Lots of studies of two species mixtures; 

Semi-natural forests often consist of >2 
species;

Lack of multi-species stand studies as such 
complex structures were avoided and 
eliminated by long-lasting forest 
management;

Study in SW Lithuania of protected forests.



Mixed forests – stand characteristics
Totally inventoried 16 tree species (total area - 29.1ha), 

Maximal number of species per plot – 10 tree species (DBH>10 cm);

Mostly common mixtures 3-5(6) tree species (plot area - 500m2)

N. of tree 

species in 

plot

N. of 

plots

Tree species
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1 8 8 1 1 5 1

2 46 92 18 15 12 10 18 4 6 8 1

3 134 402 89 66 48 49 55 21 27 38 1 1 1 1 1 1 1 2

4 164 656 130 105 79 69 70 58 47 61 15 5 4 3 7 3

5 129 645 114 98 75 83 60 61 58 46 14 20 5 4 4 2 1

6 67 402 62 57 42 46 36 46 43 29 13 15 4 5 2 1 1

7 28 196 24 25 23 20 14 22 24 16 7 7 5 4 2 2 1

8 5 40 5 5 4 5 3 3 4 2 3 2 1 1 2

10 1 10 1 1 1 1 1 1 1 1 1 1

Totally: 582 2451 443 373 285 283 262 217 209 200 54 51 21 18 13 12 6 4
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Estimated means of the Richness of species in
stand (top), the Dominating tree species (mid)
and the Richness of light-demanding species
(bottom) in GLMM predicting stand volume.
Continuous predictors were set at the following
values: Equitability=0.687; Age=83,29.
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Mixed forests – stand characteristics
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Left: Estimated means of fixed effects in GLMM 
evaluating the proportion of recently eliminated 
tree volume. Continuous predictors were set at the 
following values: Equitability=0.748; Basal 
area=27.88
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Right: Estimated means of fixed effects in GLMM 
evaluating the proportion of recently eliminated 
tree number. Continuous predictors were set at 
the following values: Equitability=0.748, Basal 
area=27.88; Age=83.29



We need to increase shade tolerant tree species diversity

INCREASE TREE SPECIES RICHNESS 

Two shade-tolerant key tree species in Europe
Norway spruce European beech

https://www.euforgen.org/



Norway spruce problematic

Czech, Šumava National Park, 2022



Immediate attacked spruce neutralization – debarking

Norway spruce problematic

Expensive and time-consuming action, could be applied in limited extent



Poland, Bialowieza forest

Norway spruce problematic - solutions

Decreasing rotation age is 
not solution.

Mixed uneven age stands 
with proportion of trees 
with the risk age  <20%.
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Fagus sylvatica

https://forest.jrc.ec.europa.eu/media/atlas/Fagus_sylvatica.pdf



Hornbeam Carpinus betulus

https://www.euforgen.org/



Field elm Ulmus minor

https://www.euforgen.org/



Sycamore maple Acer pseudoplatanus

https://www.euforgen.org/



Wild Cherry Prunus avium

https://www.euforgen.org/



Sessile oak Quercus petrea

https://www.euforgen.org/



Silver fir Abies alba

https://www.euforgen.org/



How to support translocation (assisted migration)
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Mixing experiments:
Beech mixed with eight native tree species;
Established in 2021;
Two regions in Lithuania.

Slow process, long adaptation period with 
climatic extreme testing (winter 
temperatures).



MAINTAIN AND INCREASE GENETIC VARIATION 

Danusevičius et al. 2021

How to adopt Quercus robur?

Often suggested “Climate envelope” 
method translocating seeds from 
the regions with similar current to 
forecasted future climatic 
conditions.



Genetic diversity of Quercus 
robur in Lithuania

Danusevičius et al. 2021

MAINTAIN AND INCREASE GENETIC VARIATION



Factor GEN 
Month 

10 11 12 1 2 3 4 5 6 7 8 9 
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1             

2     1      

3  1      

4         2    

Temperature 

1  3     1     

2 2     6     

3   3   2  5     

4        3     

De 

Martonne 

index 

1     2    

2  3       5  4  

3         4  6 

4         1   4 

 1 

MAINTAIN AND INCREASE GENETIC VARIATION
Genetic diversity of Norway maple Acer platanoides and genetic groups respond to precipitation, 
temperature and drought.

Developed GLMM models of Acer platanoides genetic group respond to climatic 
factors. The number corresponds priority inclusion into the model. Dark green –
significant effect, light green – close to significant. Models selected using AIC 
criteria, step-wise forward modelling applied. 



Pinus sylvestris Quercus robur

Picea abies Betula pendula 

Genetic recourses zoning in Lithuania

Seed orchards
Genetic reserves

Seed stands



The effect of overabundance of deer's

Short term effect Long term effect



The effect of overabundance of deer's

Lots of deers

More clearcuts

Lack of promising regeneration

More deers

Less promising regeneration



Thank You!
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