Disturbancna ekologia

Globalne environmentalne zmeny a narast disturbancii
Antropogénne disturbancie suvisiace s vyuzivanim lesov ¢lovekom

Dopady na lesné ekosystémy



Globalne environmentalne zmeny

Komplex mnohych vzajomne interagujucich fenoménov, posobiacich hlavne od cca 1950

- degradacia biotopov
(tazba roznych surovin, odlesnenie, rybolov)

- znecistenie
(plasty, chemické znedistenie vod, ovzdusia, depozicie dusika)

- klimaticka zmena

- zmeny vo vyuzivani krajiny Pésobenie na lesy
(prechod z extenzivneho na intenzivne hospodarenie)

vycerpanie sladkovodnych zdrojov

Sirenie invéznxch druhov
urbanizacia

- iné



Depozicie siry
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Slamova, K., & Koehl, M. (2017). Materials and Corrosion, 68(1), 20-29.

ZDROIJE
najma spalovanie uhlia — SO,

od r. 1990 pokles vdaka vyuzivaniu ,uslachtilejsich” paliv a
instalacii odsirovacich zariadeni

DOSLEDKY

acidifikacia — pokles pédnej reakcie, zakyslenie
masivne odumieranie lesov (napr. Krkonose)

Vznik iniciativy ICP Forests (International Co-operative
Programme on Assessment and Monitoring of Air

Pollution Effects on Forests) v r. 1985

Na Slovensku CMS Lesy (€iastkovy monitorovaci systém),
prevadzkuje Narodné lesnicke centrum



Depozicie dusika
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National Park Service (USA)
https://www.nps.gov/rlc/northcoastcascades/nitrogen-deposition-in-the-north-coast-and-cascades.htm

/DROIE

fosilne paliva (uhlie, pohonné hmoty,
zemny plyn) = NO,

polnohospodarstvo, zivocCiSna vyroba,
hnojenie (znecistenie povrchovych vod) —
hlavhe NH; a NH,*

DEPOZICIA

mokra — atmosférické zrazky
sucha — pevné Castice, aerosoly

DOSLEDKY

eutrofizacia — obohatenie o ziviny, dusik je
hlavnou zivinou pre rastliny

acidifikacia — pokles p6dnej reakcie,
zakyslenie


https://www.nps.gov/rlc/northcoastcascades/nitrogen-deposition-in-the-north-coast-and-cascades.htm

Depozicie dusika

kritické hodnoty depozicie dusika pre
diverzitu vegetacie temperatnych lesov su
10-15 kg.N.hat.rok?

Slovensko 6-11 kg.N.ha.rok*

e PSS,

NO2 troposperic column (umol/m2)

20 40 60

European Space Agency
http://www.esa.int/Applications/Observing the Earth/Copernicus/Sentinel-5P/Nitrogen dioxide pollution mapped

Krupova et al. (2018). Atmospheric deposition of sulphur and nitrogen in forests of the Czech and Slovak Republic. Central European Forestry Journal, 64(3-4), 249-258.

Bobbink et al. (2010). Global assessment of nitrogen deposition effects on terrestrial plant diversity: a synthesis. Ecological Applications, 20(1), 30-59.


http://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-5P/Nitrogen_dioxide_pollution_mapped

Vplyv depozicii dusika na lesné ekosystémy

pociatoCny pozitivny vplyv,
najma lepsi rast drevin

Biodiversity loss
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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.



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.



Klimaticka zmena

teplota vzduchu vzrastla (porovnanie voci 1850 — 1900) v priemere priblizne o 1,0 °C,
nad zemskym povrchom vsak o 1,6 °C (ICPP 2018, 2019)

"J Global Warming from 1880 to 2020

' Ny =
=

5

NASA ) 029/030 L= YouTube 11-.
https://climate.nasa.gov/climate resources/139/video-global-warming-from-1880-to-2020/



https://climate.nasa.gov/climate_resources/139/video-global-warming-from-1880-to-2020/

Sklenl’kOV\,/ Efe kt : The Greenhouse Effect

slneCné Ziarenie zohrieva Some sunlight that hits
the earth is reflected.
planétu . %, Some becomes heat.
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https://medium.com/@tutorbin/greenhouse-effect-advantages-and-disadvantages-4d4f113ec61d

Klimaticka zmena (zopar nepravd)

vraj ide o cyklické oteplovanie kvoli tzv. Milankovicovym

vraj stupa intenzita slnecného ziarenia
ISP cyklom — odklon orbitu Zeme a doby ladové

Orbital Cycles
Temperature VS Solar Activity Three periodic motions in Earth's —

orbit, known as Milankovitch cycles,
contribute a predictable amount of
variation to Earth's climate over time
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https://climate.nasa.gov/faq/14/is-the-sun-causing-global-warming/
https://climate.nasa.gov/ask-nasa-climate/2949/why-milankovitch-orbital-cycles-cant-explain-earths-current-warming/

Klimaticka zmena - historické koncentracie CO,

Atmospheric CO2 concentration
Global average long-term atmospheric concentration of carbon dioxide (CQ-), measured in parts per million (ppm).

Long-term trends in CO- concentrations can be measured at high-resolution using preserved air samples from ice
cores.
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Source: EPICA Dome C COs record (2015) & NOAA (2018) OurWorldinDala.org/co2-and-other-greenhouse-gas-emissions « CC BY
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NASA
https://earthobservatory.nasa.gov/features/Paleoclimatology Ice

Our World in Data (Oxford Univerity) https://ourworldindata.org/ Cores



https://ourworldindata.org/
https://earthobservatory.nasa.gov/features/Paleoclimatology_IceCores

Emisie CO,

najviac Eurdpa, USA, Cina, India
bez klimatickych politik narast do 2100 o cca 4,5 °C

ambicia udrzat pod 2 °C (Parizska dohoda o zmene klimy, r. 2015)
EU planuje znizit emisie do 2030 o 55% (vo&i 1990), do 2050 uhlikovu neutralitu

Our World
in Data

Annual total CO2 emissions, by world region

This measures CO- emissions from fossil fuels and cement production only — land use change is not included.
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Source: Our World in Data based on the Global Carbon Project OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY
Note: "Statitistical differences’ included in the GCP dataset is not included here.

Annual CO2 emissions, 2019
Carbon dioxide (CO:) emissions from the buming of fossil fuels for energy and cement production. Land use
change is not included.
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Souree: Global Carbon Project; Carbon Dioxide Information Analysis Centra (CDIAC)
Note: CO: emissions are measured on a production basis, meaning they do not correct for emissions embedded in traded goods
OurWeorldInData.org/co2-and-other-greenhouse-gas-emissions/ * CC BY

Global greenhouse gas emissions and warming scenarios

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario.
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150Gt
No climate policies
41-48°C
= expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies
100 Gt
Current policies
50 Gt 2.8-32°C

= emissions with current climate policies in
place result in warming of 2.8 to 3.2°C by 2100.

Pledges & targets
25-2.8°C

—emissions if all countries delivered on reduction
pledges result in warming of 2.5 to 2.8°C by 2100.

Greenhouse gas emissions
up to the present

2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040

2050

2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of December 2019).
QurWorldinData.org - Research and data to make progress against the world's largest problems.

Licensed under CC-BY by the authors Hannah Ritchie & Max Roser



Emisie CH,

v horizonte 20 rokov je az cca 85x ucinnejsi ako CO, pretoze
sa rozpada v atmosfére na CO, a vodu
odhaduje sa, Ze sa podiela na otepleni asi 1/3 ucinku CO,

produkcia a transport fosilnych paliv

bylinoZravce (travenie)

rozklad organickej hmoty bez pristupu kyslika (skladky
odpadu, zamokrené pody, vodné plochy, pestovanie ryze)
az 60 % emisii metanu suvisi s ¢innostou ¢loveka

Biofuels 4%
Rice Agriculture 9%

Fossil Fuels 33%

Biomass burning 11%

Landfills and Waste 16%

Livestock 27%

UNECE
https://unece.org/challenge



https://unece.org/challenge

Uhlikovy cyklus a vyznam lesov

rastliny (stromy) viazu CO, z atmosféry,
Ziju a rastu z neho (vznik biomasy)

velka cast (cca 70 %) biomasy sa rozlozi
a uvolni

Cast sa uloZi v pédach, o Cosi viac vytazi

vytaZené drevo vyuzit inak ako na palivo
(fixacia na dlhSiu dobu)

horenie dreva (palivo alebo poziare) znova

uhlik uvolni do atmosféry (vyuZitie na
palivo je vsak vidy lepsie ako kurit fosilnymi
palivami)

fosilne paliva drevom nenahradime —
potreba znizit ich spotrebu

Forest

decomposition
87 + 16

Fluxes in Tg C yr™

Bilancia pre $taty EU
Luyssaert et al. (2010). The European carbon balance. Part 3: forests. Global Change Biology, 16(5), 1429-1450.
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oceans than on land. Nature Ecology & Evolution, 4(8), 1044-1059.
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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)
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—resurveyed plots

750 1000 1250 1500
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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
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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.



Klimaticka zmena

Lesnd mikroklima timi pésobenie klimatickej zmeny

Tlmiaci efekt narasta s hustotou a vysSkou porastu

termofilizacia (posun ku teplomilnym druhom) lesnej vegetacie
zavisi od mikroklimy a nie makroklimy

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



Zmena vo vyuzivani lesa a krajiny - odlesnenie

Odlesnenie Bornea

Hugo Ahlenius. Grid Arendal Graphic
https://www.grida.no/resources/8324

k odlesneniu dochadza v suc¢asnosti hlavne v
tropickych oblastiach (palmové plantaze, pasienky)

v Eurdpe a na Slovensku vrcholilo odlesnenie v
stredoveku, v suCasnosti vymera lesov v Eurdpe rastie

https://vedanadosah.cvtisr.sk/priroda/zivotne-prostredie/co-hovori-nova-sprava-o-stave-

lesov-europy/

FIGURE 3
TRENDS IN GLOBAL TREE COVER, 1992-2015 (BILLION HECTARES)
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FAO and UNEP. 2020. The State of the World’s Forests 2020. Forests, biodiversity and
people. Rome.
https://doi.org/10.4060/ca8642en



https://www.grida.no/resources/8324
https://vedanadosah.cvtisr.sk/priroda/zivotne-prostredie/co-hovori-nova-sprava-o-stave-lesov-europy/
https://doi.org/10.4060/ca8642en

Zmena vo vyuzivani lesa a krajiny - odlesnenie

Online mapa Forest cover change (2000-2019)

,Zmena v pokryvnosti lesa“; rozpad lesnych porastov — poziare v borealnych lesoch, Amazdnii, Australii

Satelitné -

rozpad lesnych porastov # odlesnenie
na vacsine sa les zregeneruje

vypoveda to o intenzite disturbancii

Hansen et al. (2013). High-resolution global maps of 21st-century forest cover change. Science, 342(6160), 850-853.
Mapa dostupnd online http://earthenginepartners.appspot.com/science-2013-global-forest
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Zmena vo vyuzivani lesa a krajiny — odlesnenie a pastva

odlesniovanie a pastva v Juznej Amerike

osobna skusenost z Mongolska, kde sa prudko zvysili

pocCty dobytka a predstavuju zna¢nu zataz pre lesy Growing problem

While livestock herds suffer during Mongolia’s
severe winters, livestock numbers increased
tremendously in recent years.
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Zmena vo vyuzivani lesa a krajiny — odlesnenie a pastva

bezna pastva v lese — problém s obnovou




Zmena vo vyuzivani lesa a krajiny
— odlesnenie a pastva

bezna pastva v lese — problém s obnovou




Zmena vo vyuzivani lesa a krajiny — odlesnenie a pastva

Zakladanie experimentalnych oplétkov
- oplétok z r 2014 s uspesnou prirodzenou regeneraciou Pinus sylvestris




Zmena vo vyuzivani lesa a krajiny — odlesnenie a pastva

Zakladanie experimentalnych oplotkov
- uspesna umela obnova Pinus sylvestris po vylucCeni pastvy




Zmena vo vyuzivani lesa a krajiny — odlesnenie a pastva

Zakladanie experimentalnych oplétkov
- nové oplotky, gradient od rieky smerom ku pieskovej dune napriec pasienkom




Zmena vo vyuzivani lesa a krajlny WL
Eurdpa, Slovensko "

odlesnenie siaha az do neolitu a vrcholilo v
stredoveku

v Eurépe (na Slovensku) ide hlavne o prechod z %
extenzivnych foriem na intenzivne a to od 2. -
polovice minulého storocia

UNIFIKACIA (zjednocovanie, homogenizacia)
vyuzivania pody, aj lesov, po 1950

v minulosti bola po starocia poda vyuzivana
r6dznorodejSie a menej intenzivnymi sposobmi

drobné policka
nekoncentrovana zivociSna vyroba
absencia agrochemikalii, syntetickych hnojiv




Zmena vo vyuzivani lesa a krajiny
Eurdpa, Slovensko

prechodné typy krajiny, napr. pasienkové lesy

zdkaz past v lesoch priblizne od polovice 20. st.
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Zmena vo vyuzivani lesa a krajiny
Eurdpa, Slovensko

dubiny obhospodarované vymladkovym sp6sobom (vegetativne)

nizky rubny vek (30-40 rokov palivo, 10-15 [Upaninové dubiny)

eliminacia pastvy, hrabania opadu (podstielanie dobytka)

.u"..mm
—a—Dé&vin

coppice cycle

1300 1400 1500 1600 1700 1800 1900 2000
year AD

Szabd, P. (2010). Driving forces of stability and change in woodland structure:
A case-study from the Czech lowlands. Forest Ecology and Management,
259(3), 650-656.




Zmena vo vyuzivani lesa a krajin
Eurdpa, Slovensko

Vyskyt vymladkovych lesov najma v dubinach
juzného Slovenska

- ZIta linia; 50 — 100 % vyml. lesov

- zelena; 5 —-50 % vyml. lesov



Zmena vo vyuzivani lesa a krajiny

drevo (drevené uhlie) bolo hlavnym zdrojom energie
pre priemysel

fosilne paliva nahradili drevo az koncom 19. storocia

Malis et al. (2021). Historical
charcoal burning and
coppicing suppressed beech
and increased forest
vegetation heterogeneity,
Journal of Vegetation Science
32:e12923

Warren et al. (2012). Recent
excavations of charcoal
production platforms in the
Glendalough valley, Co.
Wicklow. Journal of Irish
Archaeology, 21, 85-112.
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A (1;2;3) — forest clearings
of different age

B - retained forest patches

C - forests

D - pasture woodland

E — clearing with visible tree
standards

— position of vegetation plot

(one of 60)

stredny les —
ponechavanie vystavkov




Zmena vo vyuzivani lesa a krajiny @ Herb species
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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.



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.



Zmena vo vyuzivani lesa a krajiny

celkom odlisna situdcia v horskych lesoch

zachované prirodné lesy (pralesy) v odlahlych lokalitach
(zavery dolin, strmé svahy) mimo banskych oblasti

obnova tzv. prestarnutych porastov na Slovensku

(c) GEODIS SEOVAKIA

1950 vs. 2018 (TUZVO, historicka ortofotomapa)

Bucko et al. (2011). Patdesiat
" rokov v Zivote hluchénej

" populdcie na Polane, Zbornik z
konferencie Tetrovovité vtaky i :
na Slovensku na Usvite tretieho : i : : cceanssoumn
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Sirenie invaznych druhov

invazne druhy su také, ktoré su na novej lokalite
nepovodné a v novom prostredi su schopné
rychlo sa sirit (na Ukor domacich druhov)

rézne taxonomické skupiny
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Lower 2.5% Lower 10% Lower 50%

armania ayridis (lienka vychodna)
Wikipedia: ©entomart

Pysek et al. (2020). Scientists' warning on invasive alien species. Biological Reviews, 95(6), 1511-1534.

Upper 50%  Upper 10%  Upper 2.5%

f s y A
Solidago canadensis (zlatobyl kanadska)
Plants of the World online ©lgor Sheremetyev



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 =
!
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Eichenberg et al. (2021). Widespread decline in Central European plant diversity across six decades. Global Change Biology.



Vyskyt nepévodnych druhov rastlin na Slovensku

Archaeophytes —
archeofyty (rozsirené pred
1492), 181 druhov

Neophytes — neofyty
(rozSirené po 1492), 127
druhov

Najviac invadované su
antropogénne porasty
(E5.1B,A), polia (1) a agatiny
(G1.C)

Najmenej invadovana je
vysokohorska vegetacia
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Medvecka et al. 2014: Fifty years of plant invasion dynamics in Slovakia along a 2,500 m altitudinal gradient. Biological Invasions, 16(8), 1627-1638.



Rubaniska — vektor Sirenia invaznych druhov

Tazba lesa predstavuje antropogénnu

disturbanciu

Disturbancie podporuju
druhov

Non-native plant species benefit from disturbance: a meta-analysis

Miia Jauni, Sofia Gripenberg and Satu Ramula

S

’

ren

e invaznych

Oikos 124: 122-129, 2015

doi: 10.1111/0ik.01416
© 2014 The Authors. Oikos © 2014 Nordic Society Oikos
Subject Editor: Christopher Lortie. Editor-in-Chief: Dries Bonte. Accepred 18 May 2014

(a) Diversity
Soil disturbance (n=11) | ——
Plant removal (n=4) ' ®
Nutrient addition (n=3) L
Grazing (n=13) | ——
Anthropogenic (n=14) : ——
Fire (n=14) ;| —
1 1 1 1 1
-2 -1 0 1 2
Effect size
(c) Abundance
Soil disturbance (n=186) —t—
Plant removal (n=14) '—?—‘
Nutrient addition (n=15) 1
Grazing (n=11) | ——
Anthropogenic (n=12) : ——
Fire (n=11) —
-1 0 1 2 3
Effect size
(e) Abundance
I
Wetland (n=15) =1
!
Urban habitat (n=3) ®
Grassland (n=29) ’—'p—'
1
Forest (n=22) | —e—
1
1 1 1 1
0 1 2 3

Effect size



Vyskyt nepévodnych druhov rastlin na Slovensku

Uspednd regeneracia nepdvodnych drevin
(Ailanthus altissima, Robinia pseudoacacia)
v dubovych lesoch po antropogénnych
disturbanciach




Antropocén

Ludsky vplyv na planétu (Zivotné prostredie) je
tak intenzivny, ze odborna komunita navrhla a
zacala neformalne pouzivat tento termin pre
akoby novu geologicku epochu vyvoja Zeme

Lesy su GEZ a s nimi suvisiacimi disturbanciami
silne zasiahnuté a lesné hospodarstvo to musi
reflektovat

Smithsonian National Museum of Natural History, Human Origins Program, adapted from
United States Geological Survey, and Visible Earth, NASA A visual representation of the
breakdown of geological time.



nature
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
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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.



Disturbancie — rozpad lesa

... hielen u nas, na celej planéte

Sibir, poziare jul 2022

NASA https://earthobservatory.nasa.gov/images/150097/smoke-over-siberia



https://earthobservatory.nasa.gov/images/150097/smoke-over-siberia

Disturbancie — rozpad lesa

... hielen u nas, na celej planéte R A
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Hlasny et al. (2019). Living with bark beetles: impacts, outlook RN

and management options (No. 8). European Forest Institute. ’
“ e

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.




Les vekovych tried a lesna mikroklima

Dubové lesy na upati Polany

Lesna mikroklima sa obnovi vysku okolo 20 m

Google Earth
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Les vekovych tried a lesna mikroklima

Lesna mikroklima sa obnovi az po cca 50 rokoch, ked ma
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Malis et al. (under review) : Microclimate variation and recovery time in managed and old-growth temperate forests
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Buduci vyvoj

rozne scenare
zavisi to od:

intenzity disturbancii (sila,
frekvencia)

odolnosti ekosystému a ta
aj od biodiverzity

celkova vhodnost lokality
pre noveé druhy

Thresholds

Mega-
disturbances

Forest
ecosystem
services

Response 1

Not reached

Forest type sustained

Hotter

Forest1

Pathogens Insects

Response 2

Approaching or crossed

Forest converts to new
forest type (ecosystem
services retai_ned)

Forest1
Hotter
Fire —& drought

e— Insects
Pathogens —e

ey

Response 3

Crossed

Forest converts to new
forest type (ecosystem
services decline)

Forestl(z)

Hotter
Fire = drought

e— Insects
Pathogens —@

]

u Bo

Response 4

Crossed widely

Forest converts
to non-forest type

Forest

1(2, 3)
O Hotter
Fire —% drought

 Insects
Pathogens —¢

Shrub or grassland E
@gum....,,.;:u... sl ol

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.



Nabuduce

Manazment uzemi zasiahnutych disturbanciami

Sp6soby obhospodarovania lesov inSpirované disturbanciami



