Adaptacia lesnych ekosystémov na
globalne environmentalne zmeny

vplyv obhospodarovania lesa na strukturu lesa a environmentalne aspekty lesnych
ekosystémov (prostredie, mikroklima, pody, biodiverzita a pod.)

potencial lesnych ekosystémov pri zmiernovani dopadov GEZ,

sekvestracia uhlika, asistovana migracia, lesna mikroklima, alternativne formy
manazmentu



Vplyv obhospodarovania lesa
na Struktdru lesa a environmentalne aspekty lesnych
ekosystémov



Zmena vo vyuzivani dubovych lesov

Vymladkovo obhospodarované lesy nizkeho tvaru s kratkou rubnou
dobou boli prevadzané na lesy vysoké

Mezofilizacia, eutrofizacia a taxonomicka homogenizacia

* menej svetla (slne€ného Ziarenia)

» vlhkejsSia chladnejsia mikroklima

* viac listového opadu a z inych drevin —zmena
vlastnosti hornej vrstvy pod

Ako by sme teda mali obhospodarovat dubové lesy?




Zmeny v obhospodarovani lesov
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Alternativne formy obhospodarovania dubovych lesov (experimenty)
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Tinya et al. (2019). Initial understory response to experimental silvicultural treatments in a temperate oak-dominated forest. European Journal of Forest Research, 138(1), 65-77.
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Horské lesy — diverzita vs. Struktura

V hustych bukovych lesoch (aj starsSich) s velkou biomasou jemnych korenov je velmi
nizka druhova diverzita rastlin
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Competition for soil resources forces a trade-off

between enhancing tree productivity and

Fndemtorey species richness in managed beech Figure 4 Contour maps of interactive effects of pairs of driving variables on understorey
orests

o o i species richness. Data were generated by the final GAM model where all other variables were

Hegedii A | . Wlastimil Knopp ¥, DuZan Senko®, Mariana Ujhézyovi b Milan

held at mean value. Numbers and colours indicate understorey species richness.



Horské lesy - les vekovych tried - huby

jedlové buciny vs hosp. buciny a smreciny

v priemere su rozdiely pri cievnatych rastlinach malé, avsak huby (makromycéty -, klasické” velké huby s plodnicami)

je v hosp. lesoch, hlavne v smrecinach podstatne menej

80 80
a b ab _$ a a b
o 10 S 70t
5 T & T
8 60 2 60
2 50 T g
= 2 90} 1
-1 a
- 40 . g i
‘5 o @ 40
[ 30 a E -]
S o S 30 —
€ 20 ° L > 30| 1
3 Qo
10 — g 20] 1
Z
0 10
Unmanaged Beech Spruce Unmanaged Beech Spruce
Stand type Stand type

Ujhazy et al. (2018). Response of fungal and plant communities to management-induced overstorey changes in montane
forests of the Western Carpathians. European Journal of Forest Research, 137(2), 169-183.




Velké plochy mladych lesov

Problémom pre biodiverzitu je velké zastupenie a velkoplosnost mladych (hustych)
porastov

Cervena 0-70 rokov
Hnedd 70-140 rokov
Zelena >140 rokov




Zmena drevinového zlozZenia

Najma zmeny v prospech smreka v horskych lesoch
Tabulka 22 Zastupenie drevin 5. vs

Dreviny Sucasné % Pdvodné %
o e/ lhlicnaté dreviny ¥
{ _ Picea abies 52,86 3,00
el 1 _— T : " T o Abies alba 10,04 43,18
Y B L R LS T T e 7 A Pinus sylvestris 3,44 0,34
AWl T g T T A W R { Larix decidua 2,66 0,24
Pseudotsuga menziesii 0,04
Pinus nigra 0,02
Sorbus aucuparia 0,01
Taxus baccata 0,20
Ihliénany spolu 69,08 46,96
Listnaté dreviny ¥
Fagus sylvatica 25,33 46,79
Acer pseudoplatanus 2,90 3,29
Fraxinus excelsior 1,01 0,19
Betula sp. 0,89 0,05
Alnus incana 0,25 0,03
Sorbus aucuparia 0,18 0,14
Alnus glutinosa 0,11 0,09
Populus tremula 0,07 0,02
Ulmus glabra 0,06 1,07
Tilia sp. 0,05 0,06
Carpinus betulus 0,03
Acer platanoides 0,02 0,95
Obrdzok 3.3.4. Priklad klasifikdcie prirodzenosti lesa v oblasti Nizkych Tatier, Polany a Slovenského rudohoria s vyuzitim Salix caprea 0,02 0,02
navrhnutej poznatkovej bdzy (zelend — prirodzené, ekologicky vhodné; zltd — poloprirodzené, ekologicky pripustné; ervend — Quercus sp. 0,01
neprirodzené, ekologicky nevhodné SPT, ¢ierna linia — hranice lesnych oblasti) Sorbus aria 035
Vladovic et al. 2014: Reakcia diverzity lesnych fytocen6z na zmenu edaficko-klimatickych podmienok Slovenska. TU Zvolen Listnace 3|JD|I.I 30,92 53,04

Vladovi¢ et al. 2011: Struktira a diverzita lesnych ekosystémov na Slovensku, Narodné lesnicke cetnrum



Mrtve drevo

Specificky habitat pre mnohé organizmy, napr. huby, dutinové hniezdi¢e
Velky vyznam pri regeneracii horskych smrekovych lesov
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Obrizok 4.2.1. Priemernd hektdrovd zdsoba odumretého dreva (a) a pomer odumretého dreva voci zdsobe Zivyich stromov
(b) podla stupriov prirodzenosti pre spolocenstvd S. jedlovo-bukového vs
Legenda: Priemernd hodnota @ pre stuperi prirodzenosti 1,0 pre stuperi prirodzenosti 2, A pre agregovany stuper

prirodzenosti 3,4 a §, @ D 95 % interval spolahlivosti priemernej hodnoty

Vladovic et al. 2011: Struktira a diverzita lesnych ekosystémov na Slovensku, Narodné lesnicke cetnrum



Les vekovych tried a lesna mikroklima

Maximum daily temperature (°C)
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Malis et al. 2014: Microclimate variation and recovery time in managed and old-growth temperate forests (under review)



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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Sezdnne zmeny v mikroklime

Tlmivy ucinok je vyrazny a pre zivé organizmy délezity v
letnom obdobi

Ddélezita je maximalna denna teplota
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Zellweger et al. (2019). Seasonal drivers of understorey temperature buffering in temperate
deciduous forests across Europe. Global Ecology and Biogeography, 28(12), 1774-1786.



(a) Elevation (b) Maximum canopy height

Zmena mikroklimatickych podmienok

Podobné vysledky v tropickych oblastiach (20 m) “ i3 o
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Dolezity je aj deficit tlaku par (vapour pressure deficit) - rozdiel
medzi aktualnym obsahom vody vo vzduchu (vlhkost vzduchu) a maximalnym
nasytenim (bod kondenzacie vody) — vysuéovanie rastlin

(¢) Mean temperature (d) Maximum temperature
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FIGURE 4 Variation in (a) elevation, (b) maximum canopy height, {c) mean annual temperature, (d) mean maximum daily temperature, ()
mean annual vapour pressure deficit and (f) mean maximum daily vapour pressure deficit across the Stability of Altered Forest Ecosystems
(SAFE) landscape at 50 x 50 m resolution. Panels (c-f} correspond to predicted values obtained from the regression models described in the
main text and illustrated in Figure 1 [Colour figure can be viewed at wileyonlinelibrary.com]

Jucker et al. (2018). Canopy structure and topography jointly constrain the microclimate of human-modified tropical landscapes. Global change biology, 24(11), 5243-5258.



Sposobi ,,strata® lesnej mikroklimy termofilizaciu vegetacie?

Na rubaniskach rastu teplomilnejsSie druhy, avsak otazny je dalsi vyvoj

V dubinach OK - obnova typického druhového zloZzenia, v bu¢indch moze mat buk problém s regeneraciou
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Zellweger et al. (2020). Forest microclimate dynamics drive plant responses to
warming. Science, 368(6492), 772-775.

Christiansen, D. M., lversen, L. L., Ehrlén, J., & Hylander, K. (2022). Changes in
forest structure drive temperature preferences of boreal understorey plant
communities. Journal of Ecology, 110(3), 631-643.
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FIGURE 2 Predicted mean changes in CTI,__, (a, b) and CTI_;  (c, d) between inventories of 10 years with 95% confidence interval in
relation to stand age. Orange and blue colours highlight periods of stand age where changes in CTl values were significantly different from
zero during a period of at least 10 years. Orange denotes periods of increases in CTl values, and blue denotes periods of decreases in CTI
values. Grey colour denotes periods of stand age where change in CTl values was not significantly different from zero for at least 10 years.
Numbers on Figure 2a refer to highlighted phases of stand age, where first phase after clear-cutting shows general increases in CTl values,
followed by second phase with general decreases, and lastly a longer and relatively stable third phase
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Termofilizacia vs. adaptacia na globalne oteplovanie —

uhol pohladu

Termofilizacia po presvetleni
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FIGURE 3 Relationship between the community temperature
index change between 2002 and 2018 (AT) and the community
light index change between 2002 and 2018 (AL) in the gap plots.
Regression line and 95% confidence interval are displayed. The
departure from 0 of AT when AL = 0 (intercept of the regression
line) is indicated (***p < .001)
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Windstorm-induced canopy openings accelerate temperate

forest adaptation to global warming

Lucie Dietz | Catherine Collet | Jean-Luc Dupouey | Eric Lacombe | Lisa Laurent \

Jean-Claude Gégout

Vyssi podiel teplomilnych a nizsi chladnomilnych druhov

Gap 2002 Gap 2018 Undisturbed
(G02) (G18) forest (UF18) G18-G02 G18-UF18

Warm adapted species (SW)

Proportion .44 (13) | 0.46(14) 42(15) | 017* 037%*

Number 10.9 11.1 2.5 0.16 1.5%=*
Cold adapted species (SC)

Proportion  .43(12) | .40(12) 44(14) | -027* 041"

Number 10.3 9.3 9 -1.1%" 0.26
Intermediate species (5l)

Proportion .13 (.08) 14(1) 14 (.14) 01 0049

Number 3.3 34 3.9 0.11 0.51°*

Note: Differences between years and between disturbance regimes have been calculated and
entered in the table. The average proportion for each species category over all plots is given
followed by its standard deviation in parentheses. Significance of differences was tested with a
Student's paired t test and represented in bold font (*p <.1. **p <.05. ***p <.01. ****p < .0001.
Naon-significant otherwise).

TABLE 1 Proportionand mean number
of warm adapted species, cold adapted
species and intermediate species in the
gap plots in 2002 and 2018, and in the
undisturbed forests in 2018



. . ’ . . Cooler microclimates can benefit birds like Hermit Warblers (Setophaga occidentalis), by
P rl m I k rO kI I m e n e d e | e n O ra St I I n reducing the rate of decline, and even making positive trends in cooler forests. Old-
growth forests tend to have cooler microclimates than mature second-growth forests,
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Effects of disturbance patterns and deadwood on the microclimate in )
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Figure 3. An example of the aggregated and distributed disturbance treatment with both downed and standing deadwood.



Rubaniska — Specificky biotop
Vela svetla

Rozklad opadu, dostatok zivin, nizka
transpiracia, vyssi vypar

Spociatku nizka konkurencia, vysoka diverzita,
neskor diverzita klesa, znizuje sa mnozstvo
biomasy nedrevnatej vegetacie

g forests
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Short-Term Dynamics of Vegetation Diversity and Aboveground
Biomass of Picea abies (L.) H. Karst. Forests after Heavy
Windstorm Disturbance

Frantisek Milis ""**, Bohdan Konépka **, Vladimir Sebeii **(, Jozef Pajtik * and Katarina Merganicovi **
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Figure 3. Relationship between herb layer biomass (all species except for trees) and sum of tree species cover at transects
(DD and HS) within sampling periods expressed by linear regressions (respective equations are presented at the top of each
graph, where x is the sum of tree species cover, and y is the herb layer. Explanations: {a) DD, Year 2016, (b) HS, Year 2016,
(¢) DD, Year 2018, (d) HS, Year 2018, (e) DD, Year 2020, (f) HS, Year 2020.



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
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Rubaniska — vektor Sirenia invaznych druhov

Uspednd regenerdacia nepdvodnych drevin (Ailanthus
altissima, Robinia pseudoacacia) na rubaniskach v
dubovych lesoch

e VWV

Bylinné invazne druhy vacsinou dominuju docasne




Potencial lesov pri zmiernovani dopadov GEZ



Sekvestracia uhlika

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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Fig. 3. Simulated total ecosystem carbon (C,) and its post-disturbance recovery. The disturbed forest development is simulated under three different climate
conditions, as well as with and without the fertilizing effect of CO,. The reference undisturbed development was generated under reference climate corresponding to
the period 1961-1990. Simulations under climate change are driven by seven climate models for each RCP scenario; solid lines indicate the average projection and
shaded envelopes indicate the minimum-maximum range of the simulations. Grey rectangles indicate the inter-model range of payback time (PB1 with elevated CO,;
PB2 without elevated CO,) and the C parity (P). Columns at the bottom indicate the annual C amount removed from the landscape by harvests and salvage cutting,
and the annual C in dead trees. In case of RCP scenarios, columns show multi-model means under elevated CO, level. The blue vertical rectangle indicates the wind-

bark beetle disturbance episode investigated here (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.).



Sekvestracia a akumulacia uhlika v pdde

Obsah uhlika v pode je vyssi v prirodnych lesoch ako v hospodarskych
Akumulacia uhlika v prirodnych lesoch narasta (nemaju stabilnu zasobu uhlika)
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Old-Growth Forests Can Accumulate Carbon in Soils
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Abstract

Old-growth forests have traditionally been considered negligible as carbon sinks o
because carbon uptake has been thought to be balanced by respiration. We show

that the top 20-centimeter soil layer in preserved old-growth forests in southern

China accumulated atmospheric carbon at an unexpectedly high average rate of o)
0.61 megagrams of carbon hectare-1 year-1 from 1979 to 2003. This study suggests
that the carbon cycle processes in the belowground system of these forests are
changing in response to the changing environment. The result directly challenges
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,Biele plochy”

Opustené pasienky zarastaju drevinami

Pozitiva — akumulacia uhlika
Negativa — napr. strata biodiverzity travinno-bylinnej vegetacie

Co s tym ? Zakladné scendre:

1. vyrub, Stiepkovanie (suplovanie fosilnych paliv), obnova pastvy, ¢asto vSak polnohospodarske vyuzitie nie je
obnovené

2. zmena na lesny pédny fond
Odporucania:
1. Nevyrubat vsetko, ponechat solitérne stromy, idedlne rozneho veku a druhu, obnovit pastvu

2. Postupne preferovat hlavné hospodarske dreviny na ukor pionierskych, formovat roznorodu strukturu
vratane mrtveho dreva...



Asistovana migracia

Dreviny ,,nestihaju” migrovat, zniZzuje sa ich schopnost regeneracie na okrajoch ich rozsirenia
Vysadba reprodukéného materialu z klimaticky teplejsich oblasti

Otazka ochrany genofondu (zakon o lesnom reprodukénom materialy)

NovozaloZené populdcie musia mat dostatocnu genetickl rozmanitost (diverzita v rdmci druhu)
Poznatky na zaklade dlhodobého proveniencného vyskumu

V GUzemi s vysokou stanovistnou (vegetacnou) variabilitou nie je potrebnd — moznost migracie na nové miesta,
kratke vzdialenosti (hore svahom, na inu orientdaciu voci svetovym strandam a pod.)



Adaptacia sposobov obhospodarovania lesov

95 % lesov je obhospodarovanych — vyuzitie potencialu pre zmiernenie dopadov GEZ je v rukach
obhospodarovatelov

lesnici nemozu ovplyvnit globdalne javy, ale m6zu prisposobit obhospodarovanie v prospech zmiernenia ich
dopadov

mnozstvo pozitivnych prikladov, ale aj nespravnych pristupov



Par zakladnych foriem, terminov

Prirode blizke formy obhospodarovania lesa budu témou samostatnej prednasky
Teraz par medzinarodnych terminov

Continuous cover forestry
Vyberkovy les
Nepretrzita kontinuita zapoja

Maloplosnost tazby na Urovni jednotlivych stromov



Par zakladnych foriem, terminov

Selective logging

V priestore heterogénna tazba
Porastové medzery, kotliky, skupiny stromov

Casové rdmce — postupné zvacgovanie...



Par zakladnych foriem, terminov

Retention forestry

Ponechavanie r6znorodych porastovych zvyskov
R6zna velkost, hustota a ¢as ich ponechania
Individualne stromy, skupiny stromov (riedke, husté)

Na kratku dobu, na dozitie (mrtve drevo)

Figure 1. Photos illustrating retention forestry in different parts of the world.
The common feature is a long-term and planned retention of biological legacies,
including dispersed and aggregated trees, over forest generations with the aim of
maintaining biodiversity and ecosystem functions. The levels and designs of this
approach, which has been practiced for more than 20 years, differ considerably
depending on ecological conditions, policy settings, and social contexts.

(a) Group retention in coastal British Columbia, Canada. Photograph: William J.
Beese. (b) Tree and habitat retention in a gap release treatment in Jarrah Forest,
Western Australia. Photograph: Deirdre Maher. (c) Small aggregate and created
dead wood in boreal Sweden. Photograph: Lena Gustafsson. (d) Dispersed
retention in Washington State. Photograph: Cassandra Koerner.

Gustafsson et al. (2012). Retention forestry to maintain multifunctional forests: a world perspective. BioScience, 62(7), 633-645.



Par zakladnych foriem, terminov

Retention forestry

Ponechavanie r6znorodych porastovych zvyskov
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Retention as an integrated biodiversity conservation approach
for continuous-cover forestry in Europe

Lena Gustafsson ), Jiirgen Bauhus (9, Thomas Asbeck,
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Habitat tree — netypicky strom, vhodny ako mikrobiotop pre r6zne organizmy
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Stredny les

Ista forma retention forestry — historicky manazment
Priklad Talianska

Malis F., Canullo R., HédI R. 2015: Lesy centralnich Apenin —
biodiverzita v antextu historického a sou¢asného
managementu, Ziva, 63: 112-115













Apeniny

Vysoka roznorodost vo vyuzivani krajiny
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iny vym
Ostrya carpinifolia

Apeniny
Drevi

lesov

Fagus sylvatica
Quercus spp.
Fraxinus ornus




Apeniny
Specificka forma vyrubu drevin pocas tazby
U&elom je pddoochranna funkcia na strmych svahoch

Pen ostava zivy




Formy manazmentu a mikroklima

vytvorenie podmienok pre druhy s ré6znymi narokmi,
r6znou odolnostou

pritomnost mikrorefugii pre lesné, citlivé druhy

otvorenie porastu v prospech svetlomilnych druhov

Temperature (°C)

Warm patches

Cool patches

255 260 265 270

Senior et al. (2018). Tropical forests are thermally buffered despite
intensive selective logging. Global Change Biology, 24(3), 1267-1278.
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Formy manazmentu a mikroklima
The climatic debt is growing in the understorey of temperate
forests: Stand characteristics matter
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FIGURE 3 Coefficient estimates
and 5% confidence intervals extracted
from linear mixed-effects models testing
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Nabuduce

Alternativne formy obhospodarovania lesov (experimenty)

Klimaticky priaznivy manazment

Agrolesnictvo
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Tinya et al. (2019). Initial understory response to experimental silvicultural treatments in a temperate oak-dominated forest. European Journal of Forest Research, 138(1), 65-77.



