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Climate change and biodiversity conservation

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.
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Mean annual temperature in Vilnius 1778-2021 yrs.
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Kaunas, Lithuania

Selected City

Kaunas, Lithuania

For high emissions, summers in
Kaunas, Lithuania are expected to be
5.8°C (10.4°F) warmer and 4.5%
drier. Winters are expected to be
6.5°C (11.6°F) warmer and 20.9%
wetter.

Vegetation type: Temperate
Broadleaf and Mixed Forests
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Best Climate Analog

Kupinovo, Vojvodina, Serbia

Climate conditions most similar to
Kaunas, Lithuania's climate in 2080
can be found today in Kupinovo,
Vojvodina, Serbia.

Vegetation type: Temperate
Broadleaf and Mixed Forests
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Climate similarity map

The climate similarity map shows
how similar today's climates are to
2080's climate in Kaunas, Lithuania
assuming high emissions. The line
indicates the location with highest
similarity.
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Kaunas, Lithuania

Selected City

Kaunas, Lithuania

For reduced emissions, summers in
Kaunas, Lithuania are expected to be
2°C (3.7°F) warmer and 8.3% wetter.
Winters are expected to be 2.6°C
(4.6°F) warmer and 7.7% wetter.

Vegetation type: Temperate
Broadleaf and Mixed Forests
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Best Climate Analog

Soconzel, Satu Mare, Romania

Climate conditions most similar to
Kaunas, Lithuania's climate in 2080
can be found today in Soconzel, Satu
Mare, Romania.

Vegetation type: Temperate
Broadleaf and Mixed Forests
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Climate change and biodiversity conservation

Special focus on tree species

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

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



Drought and shade tolerance of tree species
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Drought and shade tolerance of tree species

P sylvestris
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Drought and shade tolerance of tree species
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Mixed forests

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

Mixed forest — often studied two species stands

SP I e

@ Fagus sylvatica- Pinus sylvestris

P 9 000

@ Quercus sp.- Pinus sylvestris

hik ol oot

@ Picea abies- Pinus sylvestris

1400

FIGURE 2 Location of the 87 triplets corresponding to the three transects: beech-pine, oak-pine (red), spruce-pine (green). Bottom-right
panel shows the distribution of triplets by average site temperature (axis x) and precipitation (axis y).

Del Rio et al. 2022

Pretzsch et al. 2015



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

FIGURE 3 Overyielding (red diamonds)
and temporal stability of stand growth
(grey quadrats) for the three types of
mixtures: beech-pine, oak-pine, spruce-
pine (mean and standard error). Temporal
stability is given for monospecific and
mixed stands. Green arrows indicate
significant stabilizing effects by mixing
species, and grey arrows indicate
nonsignificant effects (Table S4).
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Mixed forests

Lots of studies of two species mixtures;

Semi-natural forests often consist of >2 . ‘ﬁvo R S
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.

23°10'30"E

Study plots 7 Strict Reserve

[ Forests Nature Reserve




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 - 500m?)

N. of tree | N. of Tree species
species in Total N. Pic Bet Car Qur Aln Fra Pop Til Ace Um Sal Mal Pin Sor Pru Sal
plot abi spp. bet rob glu exe tre cor pla min cap syl syl auc pad fra
1 1 1 5 1
2 18 15 12 10 18 4 6
3 89 66 49 55 21 27
4 130 105 69 70 58 47
5 114 98 83 60 61 58
6 62 57 42 46 36 46 43
7 24 25 23 20 14 22 24
8 5 5 4 5 3 3 4

10 1 1 1 1 1 1 1
Totally: 443 373 285 283 262 217 209 200 54




Mixed forests — stand characteristics

Predicted volume, m3

Volume m3/ha

Richness of species

0 1 2

Richness of light-demanding species

3

4

Predicted Stand density

Predicted stand density

3
Richness of species

Managed Restricted Reserved Reserved

<15yr.

>15yr

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.



Mixed forests — stand characteristics

1 2 3 4 5 6 7 8
Richness of species
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
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

Managed Restricted Reserved Reserved Managed Restricted Reserved Reserved area=27.88; Age=83.29
<15yr. >15yr <15yr. >15yr
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INCREASE TREE SPECIES RICHNESS

We need to increase shade tolerant tree species diversity
Two shade-tolerant key tree species in Europe

Norway spruce L European beech

Frequency
< 25%
Frequency . 258 - S0%
< 25% | *  50%-75% |
25% - 50% | ° > 75% i
50% - 75% Chorology
® >75% : Native
Chorology

Native

Map 1: Plot distribution and simplified chorology map for Fagus sylvatica.
Frequency of Fagus sylvatica occurrences within the field observations as
reported by the National Forest Inventories. The chorology of the native spatial
range for F. sylvatica is derived after Meusel and Jager, and EUFORGEN?7 28,

Map 1: Plot distribution and simplified chorology map for Picea abies.

Caption: Frequency of Picea abies occurrences within the field observations
as reported by the National Forest Inventories. The chorology of the native

spatial range for P. abies is derived after EUFORGEN?>®, https://www.euforgen.Org/




Norway spruce problematic
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Czech, Sumava National Park, 2022



Norway spruce problematic

Immediate attacked spruce neutralization — debarking




Norway spruce problematic - solutions

Decreasing rotation age is
not solution.

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

Poland, Bialowieza forest
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Drought and shade tolerance of tree species
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Fagus sylvatica

Frequency
< 25%
*  25% - 50%
* 50%-75%
® >75%
Chorology

Native

Map 1: Plot distribution and simplified chorology map for Fagus sylvatica.

Frequency of Fagus sylvatica occurrences within the field observations as
reported by the National Forest Inventories. The chorology of the native spatial
range for F. sylvatica is derived after Meusel and Jager, and EUFORGEN?7 28,

Uncertain, no-data
Tundra, cold desert
Negligible survivability
Low survivability
Mid-low survivability
Medium survivability

Mid-high survivability

- High survivability

+"+, Map 3: High resolution map estimating the

https://forest.jrc.ec.europa.eu/media/atlas/Fagus_sylvatica.pdf
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How to support translocation (assisted migration)

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

Mixing experiments:

Beech mixed with eight native tree species;
Established in 2021;

Two regions in Lithuania.
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MAINTAIN AND INCREASE GENETIC VARIATION

How to adopt Quercus robur?

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

B, ;lil 10-12

Haplo-2

. A / N |
Danusevicius-et al. 2021




MAINTAIN AND INCREASE GENETIC VARIATION

Genetic diversity of Quercus
robur in Lithuania
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haplo-1 (141-93-81/1)

haplo-2 (141-94-80/2) H10-12 (B)
haplo-3 (142-93-81/117) H5-7 (A)
haplo-4 (142-94-80/7) H4 (A) CEU
haplo-5 (142-94-81/11) H4 (A) CEU
haplo-6 (143-92-81/10) H2 (C) IT eas
haplo-7 (143-94-80/1) H1 (C) IT west
haplo-8 (143-94-81/6) H1 (C) IT west

Danusevicius et al. 2021



MAINTAIN AND INCREASE GENETIC VARIATION

Genetic diversity of Norway maple Acer platanoides and genetic groups respond to precipitation,
temperature and drought.

Month

- Mo ]
M olulwel12[s a5 6] 7 8]0
NS N N N N I O R

Martonne
index

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.



enetic recourses zoning in Lithuania

Quercus robur

211w %

— Wby by rb0s
Bauesurus of st astermeans

Jurbarkn — wiky s senedomas
Nare 3 vt ectarvere

Betuls pendia prodanting dalls macyruose
Percent of Betuls penuta in stand compostion

Mnl-a0%
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The effect of overabundance of deer's

N

“3

AN
AR IR e —

v met.

vy

v !,‘ .’
8
e AL
[
S i
"
.g
,l»
et L
o«
--‘l“"""“"‘
\\
/
|
. L LN
» re S -~ >
o - 3 '& - b J ’
)
o »
- S e 1 e

Short term effect Long term effect



The effect of overabundance of deer's

Lack of promising reg

Less promising regeneration
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