Adaptacia lesnych ekosystémov na
globalne environmentalne zmeny

Kriza biodiverzity a dopady GEZ na lesné ekosystémy



Coje B 1 V;,f REI7A?
Je to rozmanitost Zivych organizmov, r6znorodost Zivota na Zemi
- druhova diverzita (rozne druhy: zivocCichy, rastliny, huby, mikroorganizmy...)

- genetickd diverzita (r6znorodost jedincov v ramci druhu)

- diverzita spolocenstiev organizmov (ekosystémov) v priestore



Faktory podmienujuce biodiverzitu (vegetacie)

Dostatok zdrojov (voda, teplota, Ziviny)

svetovy hotspot - trdpy JV Azie; cca 100 tis. druhov rastlin (40 % svetovej flory);
70 % su dreviny; aZz 400 druhov na hektar

Bohatost stavovcov (cicavce, vtaky, plazy...)

Bohatost cievnatych rastlin

Co-Kriging

Jenkins et al (2013). Global patterns of terrestrial vertebrate diversity Kreft & Jetz (2007). Global patterns and determinants of vascular plant diversity. PNAS, 104(14), 5925-5930.
and conservation. PNAS, 110(28), E2602-E2610



Slovensko a diverzita vegetacie;

cca 4 300 cievnatych rastlin; 3 500 hub, 350 druhov vtakov, 100 druhov cicavcov

priestorovy aspekt - pestrost prirodnych podmienok (klima, topografia, geoldgia, pody)
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Lexa et al. (2000). Geological Map of Western Carpathians and Adjacent Areas, 1:500,000; Ministry
of the Environment of Slovak Republic & Geological Survey of Slovak Republic
Maglocky (2002). Potencidlna prirodzena vegetacia, Atlas krajiny SR

Eric Gaba — Wikimedia Commons user: Sting



https://commons.wikimedia.org/wiki/User:Sting

Slovensko a diverzita vegetacie

Druhova bohatost bucin zavisi hlavne od:

- podnej reakcie (vela druhov na karbonitovom podloZi, vdpence, dolomity a pod.)
- mnozstva zrazok

- vzdialenosti ku glacialnym refugiam (schopnost druhov migrovat, stahovat sa)

PocCet druhov a regionalne celkové mnozstvo druhov rastlin v bukovych lesoch
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Jiménez-Alfaro (2018). History and environment shape species pools and community diversity in European beech forests. Nature Ecology & Evolution, 2(3), 483-490.



Number of vascular plant species

Slovensko a diverzita vegetacie

biodiverzitu zasadne ovplyvnuje vyuzivanie krajiny

luky Bielych Karpat (CR, SR) a Kopanecké Iuky (Slovensky raj) su svetovi rekordéri
karbonatové podlozie + dlhodoba a Specificka historia vyuzivania ¢lovekom
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Slovakia (with new world records). Preslia, 87(3), 217-278 site with 52 and 63 species in areas of 0.25 and 0.5 m?, respectively. Photo by T. DraZil, 2006.



Diverzita vegetacie v kontexte fudského vplyvu

Travinno-bylinna vegetacia

rozmanitejsSia pri roznorodom vyuzivani

(priklad z Rumunska)

Janidova, M., Biro, A., luga, A., Sirka, P., & Skodov4, I. (2020).
Species-rich grasslands of the Apuseni Mts (Romania): role of
traditional farming and local ecological knowledge. Tuexenia, 40.
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Naco je dobra biodiverzita

1. Odolnost ekosystémov

- vo vSeobecnosti, ¢im je ekosystém druhovo réznorodejsi, je aj odolnejsi
(spomedzi pritomnych druhov sa najdu také, ktorym zmena vyhovuje)

2. Lepsie plnenie ekosystémovych sluzieb
- rbznorodé uzitky z lesa su na vyssej urovni, od produkcie drevnej hmoty az po rekreacné

ucely
- vySSia odolnost samozrejme zaruci kontinualne (neprerusené) plnenie funkcii

3. Kultarna hodnota
- v oblasti Eurdpy, Slovenska (ajinde) je pritomny dlhodoby ludsky vplyv, ktory formoval
krajinu a prispel k rozmanitosti biotopov (vegetacie, podmienok pre Zivot organizmov)

- mnohé prirodzené biotopy Clovek znicil, ale vytvoril nové a vyrazne prispel ku biodiverzite
(bol by tu prevazne les)

- rbznoroda, druhovo pestra krajina, je prehliadanym kulturnym dedi¢stvom
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The Making of Mass Extinctions

The Big Five Mass Extinctions The Sixth Mass Extinction?

A large number of current ecological threats have
moved extinction rates above normal levels and
potentially put numerous species on the path to
extinction. If left unchecked, some scientists
predict that within a few human generations, the
sixth mass extinction will become inevitable.

Extinction is a normal part of the evolutionary process and most species that have ever existed are not living today. The normal loss of species through time is generally balanced
by the rise of new species. Mass extinctions, however, disrupt this balance —representing times when many more species go extinct than are replaced by new ones.

Scientists have found evidence of five mass extinction events during Earth's history. What caused these “Big Five" extinction events? And are we about to enter a sixth mass extinction?

GEZ a masové
vymieranie
druhov

The graph shows estimated rates of extinction plotted over geologic time. The fossil record reveals that these rates fluctuate around a generally low level, but peak at certain
points in Earth's history, indicating mass extinction events

END ORDOVICIAN EXTINCTION

Environmental Factors

R

Environmental Factors

N AL

Volcanic activity prior to
impact acidified oceans
and increased global
temperatures, Tectonic
uplift and erosion
enriched oceans with nutrients and depleted
them of oxygen. Asteroid impact caused brief
superheating followed by rapid cooling and
pushed already stressed species over the edge.

END PERMIAN EX 0
Glacial and interglacial

Supert::):tslm Pole episodes caused sea

Environmental Factors

LALVA

Basalt lava covered vast
8 areas of land. Huge
clouds of sulfur dioxide
Affected Species (80% Extinct) {SO.) and carbon dioxide
Trilobites, corals, brachiopods, bryozoans, (CO.) caused acid rain, ocean acidification, and
echinoderms, graptolites, nautiloids, conodonts global warming

levels to rise and fall
dramatically. moving
shorelines repeatedly.
Continental erosion changed atmosphere and
ocean chemistry.

Tectonic uplift and
weathering

Environmental Factors
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M Environmental Factors Affected Species (96% Extinct)

Affected Species (76% Extinct)

Land plants consumed
atmospheric carbon
dioxide (CO.), which
caused global cooling
\Weathering plant roots released nutrients into the
sea, causing algal blooms and oxygen depletion.

Affected Species (75% Extinct)
Armored fish, corals

Amphibians, early reptiles, insects, trilobites,
sea scorpions, corals

Environmental Factors

ALAV

Atmospheric carbon
dioxide (CO.) levels rose,
causing global warming
and ocean acidification.

Affected Species (80% Extinct)

Amphibians, reptiles, bivalves, conodonts, corals,
ammonites, brachiopods

Dinosaurs, pterosaurs, mosasaurs, plesiosaurs
mammals, ammonites, shell-building species, plants

Many environmental
factors linked to past extinctions exist today.
Burning of fossil fuels, farming, and deforestation
elevate carbon dioxide (CO.) levels that cause
ocean acidification, global warming, and rising sea
levels. Pollutants alter the chemistry of the
atmosphere, soil. and water; algal blooms deplete
oceans and lakes of oxygen, Habitat loss,
overfishing, and introduction of invasive species
disrupt ecosystems and reduce biodiversity.

Ludstvo svojou ¢innostou
zrejme spusta 6. vinu
masoveého vymerania
druhov (strata 75% druhov)
v historii zeme

A3 Media Group, Howard Hughes Medical Institute
https://www.astronaut3.com/category/graphic-

design/print
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Svetova kriza biodiverzity
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How many
species are there?

Estimates of the number of species of animals, fungi
and plants vary significantly. That uncertainty clouds
understanding of how many species are threatened
and how many are going extinct.

ANIMALS
2 million to
11 million 1,371,500
‘ﬁ' described
predicte species
species
FUNGI
600,000 to —— 48500
10 million described
predicted
307,700 to - 307,700
450,000 described
predicted

Monastersky 2014, Nature
516(7530)
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EXAMPLES OF DECLINES IN NATURE

D
SEVERS ECOSYSTEM EXTENT AND CONDITION
479

Natural ecosystems have declined by
47 per cent on average, relative to their

INDIRECT DRIVERS § earliest estimated states.

SPECIES EXTINCTION RISK
250, ™ Approximately 25 per cent of species are
already threatened with extinction in
- most animal and plant groups studied.

b N ECOLOGICAL COMMUNITIES

230, ™ Biotic integrity—the abundance of naturally-
present species—has declined by 23 per
cent on average in terrestrial communities.®

behaviors

BIOMASS AND SPECIES ABUNDANCE

The global biomass of wild mammals has
82% M fallen by 82 per cent.* Indicators of

vertebrate abundance have declined

- Land/sea use change rapidly since 1970
I Direct exploitation

I Climate change

NATURE FOR INDIGENOUS PEOPLES

W Pollution AND LOCAL COMMUNITIES
- oS 72% W 72 per cent of indicators developed by
I Invasive alien species Indigenous Peoples and local communities
| I Others show ongoing deterioration of elements

of nature important to them

* Since prehistory

Diaz et al. 2019, Science 366(eaax3100)
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Obrazok 6. Znacna cast biotopov a druhov je v nepriaznivom stave

Stav ochrany biotopov Stav ochrany druhov

M Dobré Nezname M Slabé H Zlé

cefom | celcom | I

Lesy [ ecievnate rastiny
skalnaté biotopy | Cievnaté rastiny
Rk, e N Ostatné bezstavovce
a slatiny
Travneporasty [N Clnkonoxce
Sklerofyiné porasty [N Plazy
Vresovisko a kroviny [ Makise
Siadkovodné biotopy [N I Cicavee
pobrené biotopy NN Ryby
Biotopy con [N Obojtivelniky
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Poznamka: Sklerofylné porasty: Formacie Juniperus communis na vresoviskach alebo vapnitych likach; pobrezné biotopy: vnitrozemské slané [Uky a pandnske slané stepi a slané
modciare; dunové biotopy: panonske vnutrozemské duny.
Zdroj: Spravy EEA (2021), Stav ochrany typov prirodzenych biotopov a druhov: sibory Udajov z ¢lanku 17 smernice 92/43/EHS o biotopoch.



Nedotknutost biodiverzity ekosystémov

Aridne (suché) oblasti (bezlesie) ®
Chladné borealne (vacsina lesov) ©

Cl

B 60-70%
B 70-75%
75 - 80%
80 - 85%
85 - 90%
90 - 95%
95 - 97.5%
97.5 - 100%
> 100%

Fig. S4. Biodiversity intactness of ecological assemblages in terms of the total
abundance of originally occurring species, as a percentage of their total abundance in
minimally disturbed primary vegetation (Biodiversity Intactness Index; BII). Blues areas
are those within, and red areas those beyond proposed (9) safe limits for biodiversity, in
terms of BIl. A high-resolution raster of this map can be freely downloaded (doi:
http://dx.doi.org/10.5519/0009936).

Newbold et al. (2016). Has land use pushed terrestrial biodiversity beyond the planetary boundary? A global assessment. Science, 353(6296), 288-291.
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Vplyv environmentalnych zmien na biodiverzitu

Depozicie dusika

Zmena vo vyuzivani lesa a krajiny

Invazne druhy

Klimatickda zmena



Vplyv depozicii dusika na lesné ekosystémy

pociatoCny pozitivny vplyv,
najma lepsi rast drevin

Biodiversity loss

' Level of risk
from N inputs

I CT%

- neskor negativne dosledky Soil acidification & water quality deg High
. . . Growth reduction I

- pokles druhovej rozmanitosti . ) -

Vegetalcie ........................ I ................................. Growth

. o e 7 . n A I | GrOWth

- acidifikacia pbéd, vyplavovanie | . optimum

pédneho dusika do povrchovych | —=*"3777~~___ -

A e i osses
vod Diversity N retention i (leaching + emissions)

optimum optimum

|

pokles rastu drevin

—

T T~ =~. Plant species diversity
Cumulative N input

Stage 2:
Start of N saturation

Stage 1:
N immobilization

Stage 3:
Strong N saturation

Fig. 1. Hypothetical relationship between the stage of nitrogen saturation and the effects on terrestrial ecosystems in terms of soil processes, vegetation changes and growth. This
figure is an update of the figure by Aber et al. (1998) (after De Vries and Schulte-Uebbing (2018)). It illustrates the trade-off between the initial positive impact of nitrogen
enrichment on tree growth and related carbon sequestration on the one hand and the negative impact on ecosystem services (e.g. water quality regulation by nitrogen retention)

and on biodiversity on the other hand.

Schmitz et al. (2019). Responses of forest ecosystems in Europe to decreasing nitrogen deposition. Environmental Pollution,

244, 980-994.



Zakladé mechanizmy poklesu druhov

ZVYSENY RAST, KONKURENCIA

druhy, ktoré vyuziju dusik pre svoj rast konkurencne vytlacCia ostatné

ACIDIFIKACIA

nizSia dostupnost Zivin, uvolfiovanie toxickych prvkov; acidofilné spolocenstva su druhovo chudobné

VPLYV ZAVISI OD ROZNYCH FAKTOROV

Travinno-bylinna vegetacia, kroviny

Lesy
Open vegetation Closed vegetation
- vplyv depozicii zavisi od svetelnych 5

podmienok a podnej reakcie

co
o

- svetlomilnejsia vegetacia na , kyslejsich”
podach je citlivejsia

ssauyory seeds

- svetlomilné druhy su menej tolerantné voci '
zatieneniu - pri zatieneni druhmi
vyuzivajucimi dusik pre svoj rast ustupuju

Simkin et al. (2016). Conditional vulnerability of plant diversity to atmospheric nitrogen deposition
across the United States. PNAS, 113(15), 4086-4091.



Pokles druhovej rozmanitosti vplyvom dusika

meta-analyza 115 experimentov

pokles poctu druhov takmer vo vsetkych typoch vegetacie
hrani¢nd hodnota cca 20 kg N/ha/rok

- pokles poctu druhov v lesnych ekosystémoch o cca 15-20%
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FIGURE 4 Mean pooled biodiversity change (and 95% Cl) per ecosystem type, expressed as the percentage of change in N-addition plots
compared with control plots. Biodiversity change is quantified with species richness (SR), individual species abundance (I1A), mean species
abundance (MSA) and geometric mean abundance (GMA). Values are obtained by fitting the models without the intercept term, to estimate
the mean pooled effect of each level. The significance level (*p < .01; **p < .001; ***p < .0001) and number of observations are provided for

each estimate

Midolo et al. (2019). Impacts of nitrogen addition on plant species richness and abundance: A global meta-analysis. Global ecology and Biogeography, 28(3), 398-413.
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Staude et al. (2020). Replacements of small-by large-ranged species scale up to diversity loss in Europe’s temperate forest biome. Nature Ecology & Evolution, 4(6), 802-808.



Vitazi a porazeni

Generalisti sa Siria vo vSetkych hodnotenych
biotopoch, ale pokles v druhovej bohatosti sposobuju
len na lukach a v lesoch, nie vo vysokohorskej vegetacii

Eutrofizacia pritomna vo vsetkych hodnotenych

biotopoch
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Staude et al. (2022). Directional turnover towards larger-ranged plants over time and across habitats. Ecology Letters, 25(2), 466-482.



Vitazi a porazeni vo vymladkovych lesoch®

eVe

Druhy narocnejsie na vlhkost a Ziviny vitazia nad

svetlomilnejsimi a na Ziviny menej narocnejSimi druhmi —ide o

proces mezofilizacie a eutrofizacie

Je to spo6sobené zmenou manazmentu (svetlé dubiny podrastaju

tiennymi drevinami)
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Hédl et al. (2010). Half a century of succession in a temperate oakwood: from species-rich community to mesic forest. Diversity and Distributions, 16(2), 267-276.
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Vitazmi su neofyty S— ———

Siria sa neofyty na ukor archeofytov a pévodnych druhov 'g
vl

Zmena vyskytu rastlinnych druhov v Nemecku 'g

1960-1987 vs. 1997-2017

Natives — domace druhy, 1724 druhov

Archaeophytes — archeofyty (rozSirené pred 1492), 186 druhov

Neophytes — neofyty (rozsSirené po 1492), 226 druhov =
!
2
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Eichenberg et al. (2021). Widespread decline in Central European plant diversity across six decades. Global Change Biology.



Taxonomicka homogenizacia

Pokles roznorodosti vegetacie v priestore

na roznych miestach kedysi rastli rézne druhy, dnes
akoby na roznych miestach rastli tie isté druhy

pozorované naprie€ roznymi skupinami organizmov a
ekosystémov (rastliny, vtaky, ryby)

je to sposobené Sirenim ,vitazov” - invaznych druhov a
druhov, ktorym vyhovuju aktudlne zmeny (napr. naro¢né
na dusik)

vitazné druhy sa Siria, porazené lokalne vymieraju a
stavaju sa ohrozenymi
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Keith et al. (2009). Taxonomic homogenization of woodland plant communities over 70 years. Proceedings of the Royal Society B: Biological Sciences, 276(1672), 3539-3544.
Malis et al. (2021). Historical charcoal burning and coppicing suppressed beech and increased forest vegetation heterogeneity. Journal of Vegetation Science, 32(1), e12923.



Kombinovany efekt depozicii N a zmien vo vyuzivani krajiny
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Changes in plant species richness due to land use and nitrogen
deposition across the globe

Juan Gallego-Zamorano! @ | Mark A.J. Huijbregts!® | Aafke M. Schipper®?
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FIGURE 3 Geographical patterns of
changes in relative plant species richness
due to the effects of (a) land use, (b)
nitrogen deposition and (c) both pressures
combined. Grey areas are outside the
applicability domain of the model (67%

of all 0.25° resolution cells in the world,
Fig. S5)
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FIGURE 2 Changes in plant species
richness across the 0.25° grid cells within
the model's applicability domain due to
land use, nitrogen and their combined
effect globally and per continent. Density
plots show the distribution of the data;
the white horizontal lines inside the
density plots show the interquartile
ranges; the thick white square is the
median; and the black diamond is the
mean. Values are provided in Table S3.
Note: width of violins is adjusted for
visualization purposes

e Zmena vo vyuzivani krajiny dolezitejsSia ako
depozicie dusika
* Kombinovana efekt vyraznejsi, hlavne v Eurdpe
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Klimaticka zmena

Klimaticky dlh (omeskanie organizmov za oteplenim) je vyraznejsi v
lesoch, pretoze les ma specifickii mikroklimu, ktora timi posobenie
klimatickej zmeny
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Klimaticka zmena

Posun v rozSireni drevin na nadmorskej vyske na Slovensku

zilobal Change Biology

Global Change Biology (2016) 22, 1904-1914, doi: 10.1111/gcb.13210

Life stage, not climate change, explains observed tree
range shifts

FRANTISEK MALIS'-?, MARTIN KOPECKY?, PETR PETRIK®, JOZEF VLADOVIC?,

JAN MERGANIC' and TOMAS VIDA'

Faculty of Forestry, Technical University in Zvolen, T.G. Masaryka 24, SK-960 53 Zuvolen, Slovak Republic, *Forest Research
Institute Zvolen, National Forest Centre, T.G. Masaryka 22, SK-960 52 Zvolen, Slovak Republic, *Department of Vegetation
Ecology, Institute of Botany, The Czech Academy of Sciences, Lidickd 25/27, CZ-602 00 Brno, Czech Republic, “Department of GIS
and Remote Sensing, Institute of Botany, The Czech Academy of Sciences, Zdamek 1, CZ-252 43 Pruhonice, Czech Republic

Poland

Beron (m)

_ all forests

—resurveyed plots

750 1000 1250 1500
Temperature (°C) Precipitation (mm)

Fig. 1 Distribution of 1435 forest vegetation plots resurveyed after more than three decades (old survey 1966-1979, new survey 2005
2007) across Slovakia, East-Central Europe. The location of resurveyed plots (indicated as dots) is shown on the background of forest
area. The inserted density plots show the relative frequency of elevation, annual mean temperature and annual precipitation of the
1435 resurveyed plots compared to the relative frequency of the same variables in all Slovakian forests (details in Appendix S2).

New survey Old survey
. Seedling . Adult - - Seedling —— Adult
‘ Acer platanoides ‘ ‘ Acer pseudoplatanus ‘ ‘ Fraxinus excelsior ‘ [ Ulmus glabra

Quercus petraea ‘ ‘ Quercus cerris ‘ ‘ Tilia cordata
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Fig. 3 Distribution of seedling and adult trees along an elevational gradient in the old (1966-1979) and new (2005-2007) surveys. While
the distribution of individual life stages remained similar despite ongoing climate change, the seedlings of most species occurred at
lower elevations than adult trees in both survey periods.
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Klimaticka zmena

Lesnd mikroklima timi pésobenie klimatickej zmeny
Temperature 1°C

pre rastliny su dolezité maximalne letné teploty, ktoré su buffering

vnutri lesa podstatne nizsSie ako mimo lesa

tImenie narasta s hustotou a vyskou porastu

U R |t nQoMN
I Microclimate 23

Zellweger et al. (2020). Forest microclimate dynamics drive plant responses to
warming. Science, 368(6492), 772-775.




Klimaticka zmena

Lesna mikroklima tImi posobenie klimatickej zmeny 0.101

termofilizacia (posun ku teplomilnym druhom) lesnej vegetacie 0051

zavisi od mikroklimy a nie makroklimy

— Microclimate
. Macroclimate
0.00-

termofilizaciu teda ovplyvnuje zmena zapoja
-0.05+

Thermophilization (°C decade1)

-1 0 1 2
Tmax change (°C decade™")

Zellweger et al. (2020). Forest microclimate
dynamics drive plant responses to warming.
Science, 368(6492), 772-775.




Akceleracia vymierania druhov

Klimaticky dlh, resp. schopnost organizmov prezivat aj v nevhodnych podmienkach a sicasna neschopnost
dostatocne rychlej migracie sposobuje extinkény dlh. Ocakava sa, Ze vymieranie bude akcelerovat.

CLIMATE CHANGE

Accelerating extinction risk from
climate change

Mark C. Urban®

Current predictions of extinction risks from climate change vary widely depending on the
specific assumptions and geographic and taxonomic focus of each study. | synthesized
published studies in order to estimate a global mean extinction rate and determine which
factors contribute the greatest uncertainty to climate change-induced extinction risks.
Results suggest that extinction risks will accelerate with future global temperatures,
threatening up to one in six species under current policies, Extinction risks were highest in
South America, Australia, and New Zealand, and risks did not vary by taxonomic group.
Realistic assumptions about extinction debt and dispersal capacity substantially increased
extinction risks. We urgently need to adopt strategies that limit further climate change

if we are to avoid an acceleration of global extinctions.,

Fig. 2. Predicted extinction
risks from climate change
accelerate with global
temperature rise. The gray
band indicates 95% Cls.
Preindustrial rise was
calculated by using standard
methods (27). Circles indi-
cate posterior means with
area proportional to logio
sample size (bottom left,
key). Extinction risks for four
scenarios are provided: the
current postindustrial tem-
perature rise of 0.8°C (5),
the policy target of 2°C, and
RCPs 6.0 and 8.5.

Scenario Current Target RCP 6.0 RCP 8.5
Predicted
extinction % 2.8 5.2 7.7 15.7
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Accelerating change of vegetation in Carpathian beech and mixed montane &&=

forests over 55 years

Juraj Cipa, Karol Ujhazy , Marek Ciliak, Frantisek Malis, Marek Kotrik, Vlastimil Knopp,

Mariana Ujhazyova
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* Pocet druhov stabilny, vyrazny pokles hojnosti druhov a priestorovej
rozmanitosti (taxonomicka homogenizacia)
* Priemerna zmena vegetdcie za rok cca dvojnasobna



Kratka rekapitulacia
Sirenie invaznych druhov — nepdvodné druhy vytladaju druhy pdvodné

Acidifikacia — posun druhového zlozenia ku kyslomilnejsiemu

Eutrofizacia — posun druhového zlozenia ku na ziviny naro¢nejsim druhom
Mezofilizdcia — posun ku druhom naro¢nejsim na vlhkost

Termofilizacia — posun druhového zlozenia ku teplomilnejsim druhov
Taxonomicka homogenizacia — pokles druhovej diverzity v Case a priestore
Klimaticky dlh — omeskanie v zmene druhového zlozenia voci zmene klimy

Extinkény dlh — do€asné prezivanie rastlin (,,zotrvacénost”) napriek zmenenym podmienkam
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Disturbancie — rozpad lesa

Mapping the forest disturbance regimes of Europe

Cornelius Senf®"2% and Rupert Seidl ©"%3

a Trend in disturbance size Trend in disturbance frequency Trend in disturbance severity

Klimaticka zmena zvysuje velkost a
castost lesnych disturbancii (rozpadu
lesa)

b oa- - _ _
o — 0.20 - ]
:.—E 0.3 - ] 0.6
8 0.15 -
b= 0.4
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Fig. 3 | Trends in Europe's forest disturbance regimes, 1986-2016. a, Maps of trends in disturbance size, frequency and severity calculated as a 50-km
hexagon grid across continental Europe. Background maps are derived from https://gadm.org. b, Distribution of forest area among trend classes.



Disturbancie — rozpad lesa
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Hlasny et al. (2019). Living with bark beetles: impacts, outlook
and management options (No. 8). European Forest Institute.

Figure 13. One million cubic meters of spruce blown down by storm Gudrun in Sweden in 2005, stacked on an
abandoned airfield in Southern Sweden. Photo: Thomas Adolfsén / Skogenbild.
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Disturbancie — rozpad lesa

... a hielen u nas, na celej planéte

USA,
Pinus albicaulis vs. Dendroctonus

ponderosae




Disturbancie — rozpad lesa

... a hielen u nas, na celej planéte

Sibir, poziare jul 2022

NASA https://earthobservatory.nasa.gov/images/150097/smoke-over-siberia
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Disturbancie — rozpad lesa

4 North America
.~
. .'-‘
68%
® 39%
70%
",' Africa
" ———
{ ° <1% .
\ Australasia
® Fire ® 2% I ¥ \ : Y, ® 7%
® Wwind J , -‘.w ,
Bark beetles : ¥
v ‘&
Thom, D., & Seidl, R. (2016). Bl Boreal biomes - } )
Natural disturbance impacts on B Cool temperate biomes
ecosystem services and ' Warm temperate biomes

biodiversity in temperate and
boreal forests. Biological
Reviews, 91(3), 760-781.

Fig. 1. Geographical distribution of papers addressing the impacts of fire (red, comprising wildfire and prescribed burning), wind
(blue) and bark beetles (orange) on ecosystem services and biodiversity. The size of the circles represents the number of peer-reviewed
papers per agent and region, while percentages indicate the relative share of disturbance agents per continent. The focal areas of
our analysis were the boreal, cool- and warm-temperate biomes as defined by Holdridge (1947, modified using World Clim data),
illustrated here in different shades of green.



Kratky uvod do disturbancii

Disturbancia je ,prerusenie stabilného a neruseného stavu®, pri ktorom déjde ku nahlej zmene
dostupnosti zdrojov (narast, pokles), naruseniu Struktury ekosystému (stromy, poda), casto

spojenom s vysokou mortalitou organizmov




Kratky uvod do disturbancii

Disturbancie maju r6znu velkost, intenzitu a frekvenciu

Zosuv — rozne intenzivny,
rozne velky, neperiodicky




Kratky uvod do disturbancii

Disturbancie maju r6znu velkost, intenzitu a frekvenciu a povod (bioticky, abioticky,
antropogénny)

Maloplosna, malo intenzivna, kazdé Velkoplosna, intenzivna (silnd), raz za cca
dva tyzdne, antropogénna 100 rokov, abioticka aj antropogénna

LY 3 A B




Kratky uvod do disturbancii

Disturbancie su teda prirodzenou sucastou ekosystémov a niekedy formuju charakter
ekosystému, ak sa pravidelne opakuju = disturbancny rezim

disturbancny rezim v
lavinovom zlabe blokuje
rozvoj lesa (blokovana
sukcesia — arrested
succession)
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Disturbancny rezim v horskych smrekovych lesoch Karpat

Vysokeé Tatry su prikladom disturbancného rezimu, pravidelne sa tu opakuju vetrové a
nasledné lykozrutové kalamity, podpora smrekovca

Contents lists available at ScienceDirect EOREST N % : ‘ h. . &;
KDmGYEh&T\I‘?‘
Forest Ecology and Management e
A

journal homepage: www.elsevier.com/locate/foreco

Models of disturbance driven dynamics in the West Carpathian spruce
forests

Jan Holeksa **, Peter Jaloviar ", Stanislav Kucbel ”, Milan Saniga ", Miroslav Svoboda ¢, Janusz Szewczyk ‘,
Jerzy Szwagrzyk ¢, Tomasz Zielonka ¢, Magdalena Zywiec €
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Fig. 2. Temporal distribution of disturbances on southern slopes of the Tatra Mts. Arrows indicate windstorms known from historical sources and dendroecologica
reconstructions: a - an extremely strong wind disturbed forests in the Tatra foothills in 1769 (unpublished information from Thomas Mauksch, Tatra National Park archive);
- the central part of the Tatra region was very likely struck by repeated windthrows between 1835 and 1855 (Rowland, 1857); ¢ - a severe windstorm hit the Tatra forests i
1898 (unpublished information from Tatra National Park archive); d - a windstorm knocked down spruces over an area of 6000 ha in November 1915 (Vadas, 1916); e
several severe windstorms during the 20th century (Koren, 2005); f - results of dendroecological studies (Holeksa et al., 2016); g - the last windstorm, which killed most tree
over 12,000 ha (Koren, 2005).




Disturbancie horskych smrekovych lesoch Karpat

Intenzivne disturbancie v
minulosti prispievaju ku
sucasnej intenzite disturbancii
v Karpatoch

disturbancné dedicstvo vo forme
rovnorodej Struktury lesa a klimaticka
zmena

PRIMARY RESEARCH ARTICLE WILEY

Large-scale disturbance legacies and the climate sensitivity of
primary Picea abies forests

Jonathan S. Schurman®*( | Volodymyr Trotsiuk'* | Radek Bace' | Vojtéch Cada® |
Shawn Fraver? | Pavel Janda® | Dominik Kulakowski® | Jana Labusova® |
Martin Mikolas"* | Thomas A. Nagel™® | Rupert Seidl® | Michal Synek' |

Kristyna Svobodoval” | Oleh Chaskovskyy® | Marius Teodosiu® | Miroslav Svoboda®
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BIOLOGICAL ' Conbridee

Vplyv disturbancii na diverzitu v
a ekosystémoveé funkcie

doi: 10.1111/brv. 12193

Natural disturbance impacts on ecosystem

services and biodiversity in temperate

)
£ g and boreal forests
2 = (A N=539 (B) N=348
S o
g @ | Dominik Thom* and Rupert Seidl
O o | neg ative Institute of Silviculture, Department of Forest- and Soil Seiences, University of Natural Resouwrces and Life Seiences (BOKU) Vienna,
_8 © W mixed Peter-Jordan-Strafle 82, 1190, Vienna, Austria
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Fig. 2. Disturbance effects on (A) biodiversity and (B) ecosystem Species richness : :Zggﬁ':fe 262
services. N indicates the number of observations in our database Habitat quality 72
of disturbance effects synthesized from 478 peer-reviewed Latent heat flux 6
articles. ‘ Timber 25
Primary production 37
Fresh water 13

Hazard protection
Carbon storage

Disturbancny paradox | . .

|
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Fig. 3. Disturbance effects on indicators of ecosystem services and biodiversity (shaded). Bars show the distribution of positive,
neutral and negative disturbance effects per indicator; A denotes the total number of observations, Note that neutral and mixed
effects were subsumed under the neutral category here, and that findings based on expert opinions were excluded.



Disturbancie a biodiverzita
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climate change

REVIEW ARTICLE

PUBLISHED OMLINE: 31 MAY 2017 | DOI: 10.1038/NCLIMATE3303

Forest disturbances under climate change

Rupert Seidl”, Dominik Thom', Markus Kautz?, Dario Martin-Benito**, Mikko Peltoniemi®,

Giorgio Vacchiano®, Jan Wild’®, Davide Ascoli®, Michal Petr'®, Juha Honkaniemi®, Manfred J. Lexer’,
Volodymyr Trotsiuk", Paola Mairota', Miroslav Svoboda", Marek Fabrika™, Thomas A. Nagel"*
and Christopher P. O. Reyer™

Forest disturbances are sensitive to climate. However n=144 n=43 n=14 n=76 n=55 n=17
changes remains incomplete, particularly regarding lar Insects 100+
we provide a global synthesis of climate change effec

(insects and pathogens) disturbance agents, Warmer ;
turbances, while warmer and wetter conditions incre: 804
between agents are likely to amplify disturbances, wl
long-term disturbance sensitivities to climate. Future .
forests and the boreal biome. We conclude that bothec ~ >"° \ 60
future of forests. and ice s K
S [ Pathogens
\S"- =z 40
Wind
\
: E—_\“\ \ 20
04

Drought Wind Snow and ice Fire Insects Pathogens

1

Percent of observations (%)

Drought Influencing agent
Negative (dampening) B Mixed or no u Positive (amplifying)
interactions interaction effects interactions

Figure 2 | Interactions between forest disturbance agents. a, The sector size in the outer circle indicates the distribution of interactions over agents,
while the flows through the centre of the circle illustrate the relative importance of interactions between individual agents (as measured by the number of
observations reporting on the respective interaction). Arrows point from the influencing agent to the agent being influenced by the interaction. b, Sign of
the interaction effect induced by the influencing agent on the influenced agent. n, number of observations.



Buduci vyvoj

rozne scenare
zavisi to od:

intenzity disturbancii (sila,
frekvencia)

odolnosti ekosystému a ta
aj od biodiverzity

celkova vhodnost lokality
pre noveé druhy
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British Columbia, Canada:

maritime coniferous forests (55)

Eastern and central US:
northern mid-successional
oak-hardwood forests (56)

California: oak replacing pine (57)
Spain and Switzerland: oak replacing pine (58, 59)

American Southwest: pifion pine being lost
from mixed pine-juniper forests (60)

Argentina: Chilean cedar replacing false beech (61)

South-central US:
savannah and grassland
replacing oak forest (62)

Australia: scrubland replacing
eucalypt forest (11)

Millar, C. 1., & Stephenson, N. L. (2015). Temperate forest health in an era of emerging megadisturbance. Science, 349(6250), 823-826.
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Fig. 6. Change in basal area increments in the period from 1950 to 2018 in (A) two landscape inventories (Czech Republic and Slovakia) and (B) elevation transects in two elevation zones
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Fig. 2. Annual average mortality rates of Norway spruce in Switzerland. Annual average mortality rate of all sites is given in black and in colours according Cumulative dmug ht {ETEI."ETP:II

Number of dead trees and observation sites are given in Figs. A.1 & A.2. Possible causes of observed increase in tree mortality rate are shown with arrows and text. The es-
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FIGURE 3 Percentage of sites with particular growth trend. (a) Percentages of sites assigned to each trend and proportion of tree species
with a given trend; (b-f) percentage of sites with particular growth trend for: (b) silver fir; (c) European beech; (d) Norway spruce; (e) Scots
pine and (f) oak tree species; n denotesnumber of sites.



Sperlich el al Amnmails of Fovest Science [2024) &).4

hitpsdddoiorg 10,0 186/ 13595-023-0121 56 A n n a IS Df

INRAZ/ Forest Science

RESEARCHPAPER ~ OpenAccess
Aiming at a moving target: economic =
evaluation of adaptation strategies

under the uncertainty of climate change

and CO, fertilization of European beech (Fagus

sylvatica L.) and Silver fir (Abies alba Mill.)

Dominik Sperlich @, Marc Hanewinkel'® and Rasoul Yousefpour'*©

Spociatku pozitivny trend sa
v blizkej dobe znizi

Autori odporucaju pestovat
jedlu ako primes bukovych
lesov

CAl (m*yr® ha')

CAl {m*yr? ha?)

40
35
30
25
20
15
10

5

o ¢

40
35
30
25
20
15
10

5

0

T
P 0 0,

switched on
at al [(2020]

Beech

Fir

al)

a2)|

— O CC bl)

— P2 B
w——RCP4.5
RCP8.S

/mé

g’

Simulation vear

Fig. 3 Effect of theee climate change (CC) scenanos (RCP2.6, RCPAS, R
(), «C0O2 switchad off (b), The reference scenario nolCC is disp l1w 1 loe comparson. D

D D O A0 N
PO OAPS 00 P 0 1 o 0 5

on current annual ncrement (CA)) o

Simulation year

f beach (1} and

)a1a Dasis was 1he Smulanion o

O 40 o0 £ d O A0
f,co ROAT *,633'1\@1\\\ e

uo paydums ‘gda
jwelsiwa lwWAuasAaz os

4o payoums ‘0la
1s1w YdAuasAnz zaq

fir {2) with eCO2
utput from Sperlich

~n



Nabuduce

* vplyv obhospodarovania lesa na rozne aspekty lesnych ekosystémov
(prostredie, mikroklima, p6dy, biodiverzita a pod.)

potencial lesnych ekosystémov pri zmiernovani dopadov GEZ,
» sekvestracia uhlika, lesna mikroklima — zapoj — spomalenie rozkladu opadu,
* asistovana migracia

e alternativne (adaptivne) formy obhospodarovania



