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FIGURE 3 S5Synchrony in temporal disturbance dynamics across
the temperate forest biome of Europe. The values shown are the
mean and standard error over the standardized disturbance time
series of the five different landscapes. The y-axis is given in units of
standard deviation. If there would be no temporal synchrony
between landscapes, the time series would be a flat line close to
one. (see also Fig. 510)



Living with bark beetles:
impacts, outlook and
management options
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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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Figure 3. Scheme of bark beetle population dynamics. Low and stable bark beetle populations {endemic
phase) can be periodically disrupted by external factors such as droughts and windthrows, which trigger
a transition to the epidemic phase (upper panel, adopted from Kautz et al. 2014). For Ips typographus,
the epidemic phase typically lasts several years. Population decrease and transition back to the endemic
phase (outbreak collapse) is driven by factors such as natural enemies and competition for resources, but
also by unfavourable weather or the exhaustion of suitable host trees. The bottom graph shows the tran-
sition between endemic and epidemic phases over time during synchronous Ips typographus outbreaks in
the Czech Republic, Bavaria (Germany) and Austria. Population values have been standardized for com-
parison across regions (adopted from Seidl et al. 2014).
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Abstract

Determining the drivers of shifting forest disturbance rates remains a pressing
global change issue. Large-scale forest dynamics are commonly assumed to be cli-
mate driven, but appropriately scaled disturbance histories are rarely available to
assess how disturbance legacies alter subsequent disturbance rates and the cli-
mate sensitivity of disturbance. We compiled multiple tree ring-based disturbance
histories from primary Picea abies forest fragments distributed throughout five
European landscapes spanning the Bohemian Forest and the Carpathian Moun-
tains. The regional chronology includes 11,595 tree cores, with ring dates span-
ning the years 1750-2000, collected from 560 inventory plots in 37 stands
distributed across a 1,000 km geographic gradient, amounting to the largest dis-
turbance chronology vet constructed in Europe. Decadal disturbance rates varied
significantly through time and declined after 1920, resulting in widespread
increases in canopy tree age. Approximately 75% of current canopy area recruited
prior to 1900. Long-term disturbance patterns were compared to an historical
drought reconstruction, and further linked to spatial variation in stand structure
and contemporary disturbance patterns derived from LANDSAT imagery. Histori-
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Impacts of salvage logging on biodiversity: A meta-analysis
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FIGURE 2 Distribution of studies
investigating the effects of salvage logging
on biodiversity after wildfire, windstorms
and insect outbreaks according to the years
after disturbance. [Colour figure can be
viewed at wileyonlinelibrary.com]



FIGURE 3 (a) Estimated response

of Hedges’ d based on 238 individual
comparisons of species numbers in

salvage logged and unsalvaged forests
affected by natural disturbances. Higher
species numbers in salvage logged areas
correspond to positive Hedges' d, whereas
negative values indicate lower species
numbers in salvage logged areas. (b) Pseudo
F-values of permutational multivariate
analysis of variance based on 134 individual
species abundance matrices. Larger pseudo
F-values correspond to larger changes in
community composition induced by salvage
logging. Asterisks indicate significant
responses (see Tables S1 and S2 for
statistical details). For illustrative purposes,
grey dots (and the grey line joining them for
emphasis) represent the mean effect size in
each taxonomic group. [Colour figure can
be viewed at wileyonlinelibrary.com]
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Fig. 3. Simulated total ecosystem carbon (Cy,) 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.).
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Fig. 2. Disturbance eflects on (A) biodiversity and (B) ecosystem
services. N indicates the number of observations in our database
of disturbance effects synthesized from 478 peer-reviewed
articles.
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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 eflects per indicator; N 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.
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Fig. 2. Mean annual air temperature (Tatranska Lomnica, elevation 830 m
a.s.l., period 1898-2015) and windstorm damage (million m” of fallen trees).
source: State Forests of TANAP and the Slovak Hydrometeorological Institute



CI; Source
FIR10 MNEX53 NEX10 1IPSS5 IPS 10
0.92 0.95 1.11 0.63 0.39 Fleischer (2016)
0.73 0.35 0.73 0.50 0.28 Fleischer (2016)
0.81 0.76 0.90 0.13 0.28 Kyselova & Homolova (2012), Pajtik et al, {2015), Fleischer (2016)
251 3.63 3.77 1.33 213 Jondgova et al. (2010), Sebefi et al. (2011b), Michalova [2015)
0.39 3.25 3.38 3.25 3.38 Sebeii et al. (2011a}
0.16 0.13 0.11 0.30 0.18 Kopecka & NMovacek (2009), Havasova et al. (2017)
0.04 0.01 0.04 0.50 0.11 State Forests of TANAP, Tutka (2009)
1.00 1.00 0.40 0.75 0.75 Hloska et al. (2016)
0.33 0.50 0.50 0.50 0.25 State Forests of TANAP
1.00 0.86 0.75 0.50 0.40 Mikolov el al. (2014)
3.50 0.50 0.50 1.00 1.00 Seben et al. {2011h), Fleischer (2016)
0,54 0.63 1.00 1.12 1.31 Malis et al. (2013)
0.97 0.98 0.88 0.73 0.78 Fleischer (2016)
0,25 0.45 .49 0.06 0.04 Fleischer (2016)
1.00 1.00 1.00 1.00 1.00 Ziegler (2007), Fri¢ & Skvarenina [2008)
1.29 1.16 1.10 1.00 1.05 Don et al. (2012), Hanajik & Simonovicova (2015), Gémoryova et al. (2017}
0.96 1.00 0.98 1.00 0.97 Don et al. (2012), (2015)
0.90 0.55 0.94 (.54 0.52 Bischoff et al. (2008), Fleischer (2014)
1.00 1.13 1.08 1.00 1.00 Simkovié et al. (2009), Géméryova et al. (2017)
0.52 0.74 0.81 0.39 0.40 Goméryova et al, (2017)
1.60 2.60 1.60 1.25 1.40 Kyselova & Homolova (2011), Z. Kyselova (pers. comim.)
0.75 1.29 1.29 1.00 1.00 www.lesytanap.sk
0.56 0.64 0.56 0.64 0.56 Holko et al. (2012), Holko & Skoda (2016)
0.35 0.46 0.35 0.46 0.46 Holko et al. (2012), Holko & Skoda (2016)
0.25 0.70 0.25 0.70 0.40 Holko et al. (2012), Holko & Skoda (2016)
0.36 0.52 0.66 0.53 0.36 Fleischer (2014)
0.58 0.40 0.58 0.40 0.58 Biddrova (2011), S. Bitarova (pers. comm.)
0.34 0.76 0.87 0.89 0.89 Sitko et al. (2011)
1.00 0.70 1.00 0.70 0.08 Sitko et al. (2011)
1.05 1.05 1.08 1.06 1.17 Biddrova et al. (2015)
1.34 1.13 1.35 1.12 1.35 Fleischer (2014)
0.89 0.92 0.88 0.93 0.88 Fleischer (2014), Fleischer (2016)
0.84 0.85 0.83 0.85 0.79 Matejka & Fleischer (2011), Fleischer [2014)
1.09 1.02 0.95 1.11 1.05 Fleischer (2016),
1.08 1.00 1.07 1.00 1.00 Bartik et al. (2014)
1.56 0.75 3.85 0.88 0.81 Fleischer et al. {2012), Fleischer (2014)
1.25 1.06 1.13 0.28 0.15 P. Fleischer {unpubl.)
0.33 0.10 0.25 0.14 011 www.lesytanap.sk
1.00 1.00 1.00 0.25 0.25 www.lesytanap.sk
1.00 0.50 0.50 0.14 0.11 Kajba et al. (2013), www.lesytanap.sk
1.17 0.88 1.17 0.58 1.17 www.lesytanap.sk
0.40 0.63 0.40 0.63 0.40 Bozikova (2009), J. Boizikova (pers. commm.)
0.35 0.50 .55 0.50 0.50 Vyskot et al, (2007), Cekovska (2013)
0.25 0.66 0.33 0.50 0.50 Turdekova et al. (2014), Homolova et al. (2015)




Table 1. List of ecosystem state indicators categorised according to the ecosystem services (PES, provisioning; RES, regulating;
CES, cultural] and their relative normalized change index (CI), when compared with the reference (REF) value (pre-disturbance
state recorded at the REF site in 2004 [REF0] or alternatively, a site-specific value if recorded at the distinct research site before
the disturbance) according to land-use types (EXT: salvage-logged windthrow; FIR: windthrow burnt by incidental fire; NEX:
no timber extraction; IPS: no timer extraction but disturbed by bark beetle occurrence including treeline) and the time of assess-
ment (5 and 10 yr after the disturbance). +/— indicates the interpretation of increasing ecosystem state indicator value on ecosys-
tem functioning and ES provision based on the authors” evaluation, See Section 2.2 for further details, Key indicators are in bold

Ecosystem Indicator {unit) ES trend REF CI;
service [#/=) REFO REF5 REF10 EXTS EXT10 FIRS
category or site
value
PES Gross primary production (g C m™?) + 1282 0.92 0.85 0.43 0.93 0.96
Leaf area index (m” m™%) + 6 0.92 0,67 0.2 0.63 0.33
Net primary production (g C m™) + 460-505 0.81 0.18 0.63 0.62 0.83
Natural regeneration (ind. ha™') + 2200 1.09 1.18 204 1.63 2.00
Dead wood (m* ha™) - 77 1.09 1.17 1.43 1.43 0.39
Fragmentation (%) - 15 0.88 0.75 0.16 0.16 0.16
Yield [mJ ha™') + 280 1.04 0.25 0.00 0.04 0.00
Seil fauna diversity (n) + 5 1.00 0.60 2.80 1.00 3.20
Game (n ha™') - 0.5 1.00 1.00 0.50 0.33 0.50
Bark beetle population (% trees infested) - 30 0.75 0.60 1.00 1.00 1.00

Tree species (n) + 2 1.00 1.00 2.00 2.50 2.50
Plant species (n) + 22 1.09 1.05 0.36 0.77 0.32
RES Respiration (g C m™?) - 1235 1.07 1.16 1.15 0,93 0.96
C balance (g C m™—) + 47 0.74 0,40 0.16 0.21 0.22
Total organic C jmg 17 - 375 0.99 0.99 0.99 0.99 1.00
/N - 22 0,.6 0,96 1.00 1.05 1.3
C stock (Mg C ha™) + 92 1.09 1.12 1.02 0.94 0.94
Leaching (index) - 4.6 1.00 0.92 0.58 0.52 0.55
Soil pH - 3.9-48 1.00 1.00 0.98 0.98 0.98
Microbial diversity + 226 0.39 0.51 0.33 0.56 0.30
Cellulose decompaosition (%) + 25 1.00 1.00 1.60 1.60 2.40
Naturalness (% of natural stands) + 20-90 1.00 1.00 0.25 0.40 0.25
High flow pulses (n) - 90 0.75 0.69 0.82 0.69 0.64
Flow reversals (n) - 7 1.00 1.00 1.00 1.00 0.46

Flow minimum (index) - 0.15-0.4 0.33 0.33 0.87 1.00 0.60
Interception (% of rain retained by canopy) + 42 0.90 0.67 0.24 0.24 0.12
Ground water level (m) - 2.5 0.40 0.58 0.40 0.58 0.40
Surface runoff (%) - 0.61-1.57 0.87 0,76 0.32 0.41 0.27
Erosion (kg ha™'yr!) - 0.007 0.43 0.43 0.70 1.00 0.70
O, (pph) - 39-48 1.08 1.05 1.08 1.05 1.08
Precipitation pH + 4.0-4.1 1.07 1.36 1.20 1.38 1.05
Soil temperature (*C) - 7.4-0.0 0.98 0.78 0.72 0.62 0.80
Air temperature (°C) - 11.0-11.5 0.94 0.92 0.85 0.54 0.86
Soil moisture (%) + 33-38 1.00 1.08 0.86 0.70 1.06
Snow accumulation (cm) + 150-250 1.00 1.10 1.00 1.08 1.00
Sensible heat (% in energy bhalance) - 45.9 0.96 0.92 0.83 0.84 0.79
Wind velocity (m s™') - 0.2 0.67 0.50 1.06 1.2 1.11
Fire risk (index) - 1 1.00 0.50 0.14 0.25 0.33
Rockfall risk (index) - 1 1.00 1.00 1.00 1.00 1.00
Treefall risk (index) - 1 0.50 0.33 1.00 1.00 1.00
CES Visitors (n) + 18000 0.88 1.17 0.88 1.17 0.88
Patients (n in climatic spa) + 3000 0.63 0.40 0.63 0.40 0.63
Attractiveness (index) + 1 1.00 0.80 0.50 0.55 0.50
Allergen, disease (index) - 1 0.66 0.50 0.28 0.25 0.67
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Fig. 3. Trajectories of provisioning [PES), requlating (RES) and cultural [CES) ecosystem services before the disturbance (0]

and 5 and 10 yr after the disturbance at sites with different disturbance and land-use practices: REF: reference; EXT:extracled

windthrow; FIR: burnt extracted windthrow; NEX: non-extracted windthrow; IPS: non-extracted site disturbed by bark beetle.

Temporal values represent the average normalised change index (Cl) of ecosystem service provision indicators (n = 12 for PES,
n =28 for RES and n =4 for CES)
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Figure 3. Boxplots presenting comparisons of species richness (top row) and Shannon-Wiener index
(bottom row) for all species pooled together (i.e., Total), for tree species, and for individual plant
functional groups for both NI and SL sites (statistical significance: " p < (L001, ***" p < (L01,

A .05, 7" p 2 01D,




Malis et al. 2015 — vyvoj vegetacie v nespracovanej vetrovej a lykozrutovej kalamite je
podobny a lisSi sa od rubanisk po spracovanej vetrovej kalamite; podobne Krizova et al. 2010
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VETERNA KALAMITA A SMREKOVE EKOSYSTEMY

Zmeny v obnove lesa na kalamitisku zistené v monitorovacej sieti procesu

revitalizacie (2007-2010)

VLADIMIR SEBEN, MICHAL BOSELA

Uvod

Po vzniku tatranskej kalamity v novembri 2004 wvyplynula poZiadavka uspeSne obnovit' alebo

rekondtruovat’ poskodené azemie. Pracovnd komisia zriadend Ministerstvom pddohospodarstva zo
P ek

L4 -

g oet" "
5]
RIS W

L]
P Tatry 2007-2008
®  MP stojaci les
b | ®  MP kalamita
s il
0 25 5 10Kilometers $os 4 & e uP2010
g AT [ ] Kalamitisko 2004

Obr. 1: Rozmiestnenie MP procesu revitalizdcie z rokoyv 2007-2008 a 2010
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odstrafiovanie (najCastejSie vyZinanie 1-2 krat pofas vegetaénej sezony). Monitoring zaznamenal
v roku 2010 vyZinanie iba na 1/5 zaburinenych plach, zatial’ ¢o 4/5 ostali bez takéhoto zasahu. Viédina
kalamitiska sa teda vyvija skor samovolne, ako riadenym odetrovanim. Zaujimavé je viak porovnanie
priemerného poétu jedincov. Kym na vyZatych plochich sa zistilo v priemere okolo 5 tisic kusov
jedincov obnovy na hektar, na nevyzatych to bolo takmer 2x tol'ko, 8-10 tisic. MéZe to poukazovat’ na
fakt, ze sa vyzinaju prave lokality s najnepriaznivejiim stavom obnovy (kde je obnovy dostatok aj
napriek burine, nalichavost nie je vysoka). Ale rovnako to méZze znamenat, Ze pri vyzinani husto
zaburinenych ploch vznika vicsie riziko neimyselného odstranenia jedincov prirodzene] obnovy
a tieto sa skutoéne spolu s burinou aj redukujh. Zistenia monitoringu by poukazovali na Setrnejdie
a opatrnegjdie uplatiiovanie mechanického odstrafiovania buriny.
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= Study plots
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Fic. 1. Study site location and plot arrangement: plots are subdivided into a grid of 76 circular sub-plots, 0.5 m? each, spaced
3.35 m apart. All seedlings and saplings present on these sub-plots were permanently labelled and repeatedly measured during the
first 12 vears after stand-replacing disturbance by a massive bark-beetle outbreak. Inset photograph shows the stand 12 years after
the outbreak (during fieldwork in 2010).
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FiG. 3. Height distribution of seedlings and saplings (A) in 1998 and (B) in 2010, Solid gray line shows height distribution of all
regeneration, and colored areas show height distributions of separate regeneration cohorts. Vertical lines denote median heights for
each cohort separately. Note different scales used. (A) Regeneration during bark-beetle outbreak comprised mostly 1-2-yr-old
seedlings of height <5 cm established during the outbreak itself. (B) Twelve years later, the dominance of this disturbance-related
cohort was still apparent, but the relative proportion of advance regeneration increased. Only a small fraction of seedlings got
established after the canopy dieback.
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Fig. 5. Annual mortality steeply decreases with height and
differs for particular microsites. Overall, the highest mortality
was for seedlings growing in graminoid vegetation, whereas
seedlings rooting in deadwood had the lowest mortality. Lines
show marginal predictions of mortality model.
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Spatial patterns with memory: tree regeneration after
stand-replacing disturbance in Picea abies mountain

forests

Jan Wild, Martin Kopecky, Miroslav Svoboda, litka Zenahlikova, Magda Edwards-Jonasova

Tomas Herben
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Fig. 2. Spatial patterns of pre- (red dots) and post- (green dots) disturbance recruits, and new (white) and old (grey) snags (circles with sizes proportional
to stem diameter) in nine 40 x 40 m plots established in the core area of Sumava National Park, Czech Republic. Plots are ordered from low to high recruit
density. Recruits formed clusters in all plots, while snags were distributed randomly.
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Koppen-Geiger climate classification map (1980-2016)

Source: Beck et al.: Present and future Képpen-Geiger climate classification maps at 1-km resclution, Scientific Data 5:180214, doi:10.1038/sdata.2018.214 (2018}

* USA — Montana, Wyoming, Utah, Colorado
 Horuca alebo studena semiaridna klima
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The present article identifiable boundary on the aerial photographs: 25 well-

focuses on the recognized localities were selected to examine the changes ) _
distribution of E FIGURE 1 Central anfj eastern Tatra Mountains in Slovakia gnd detailed view of :lje 25 sites in the study area lffrpm weslt to east: Mengusovska, Bielo»'udslfa

N Litvorova, Rovienkova valleys, Litvorovy Zlab, Siroka, Javorova, Velka Studena, Mala Studena, Skalnata, Huncovska, Kolova valleys, Dolina Bielych plies, Zadne :
mugo under cor Predné Medodoly). (Map by Jlaroslav Soldr)
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FIGURE 3 Comparison of area covered with P. mugo (23 sites) in 1955, 1986, and 2002, in m=.
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Are treelines advancing? A global meta-analysis of
treeline response to climate warming

Melanie A. Harsch,'* Philip E.
Hulme,' Matt S. McGlone® and
Richard P. Duncan’-?

"The Bio-Protection Research
Centre, Lincoln University, PO
Box 84, Lincoln 7647,

New Zealand

’landcare Research, PO Box 40,
Lincoln 7640, New Zealand
*Correspondence; E-mail:
Melanie.Harsch@lincolnuni.ac.nz

Abstract

Treelines are temperature sensitive transition zones that are expected to respond to
climate warming by advancing bevond their current position. Response to climate
warming over the last century, however, has been mixed, with some treelines showing
evidence of recruitment at higher altitudes and/or latitudes (advance) whereas others
reveal no marked change in the upper limit of tree establishment. To explore this
variation, we analysed a global dataset of 166 sites for which treeline dynamics had been
recorded since 1900 AD. Advance was recorded at 52% of sites with only 1% reporting

treeline recession. Treelines that experienced strong winter warming were more likely to
have advanced, and treelines with a diffuse form were more likely to have advanced than
those with an abrupt or krummholz form. Diffuse treelines may be more responsive to
warming because they are more strongly growth limited, whereas other treeline forms
may be subject to additional constraints.
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Tree line shifts in the Swiss Alps:
Climate change or land abandonment?

Gehrig-Fasel, Jacqueline'"; Guisan, Antoine’~ & Zimmermann, Niklaus E.!?

1Swiss Federal Research Institute WSL, CH-8903 Birmensdorf, Switzerland; *E-mail niklaus.zimmermann@wsl.ch;
YUniversity of Lausanne, Department of Ecology and Evolution, CH-1015 Lausanne, Switzerland.
SE-mail antoine.guisan@unil.ch; *Corresponding author: E-mail jacqueline.gehrig@wsl.ch

Abstract

Questions: Did the forest area in the Swiss Alps increase be-
tween 1985 and 19977 Does the forest expansion near the tree
line represent an invasion into abandoned grasslands (ingrowth)
or a true upward shift of the local tree line? What land cover
{ land use classes did primarily regenerate to forest, and what
forest structural types did primarily regenerate? And, what are
possible drivers of forest regeneration in the tree line ecotone,
climate and/or land use change?

Location: Swiss Alps.

Methods: Forest expansion was quantified using data from
the repeated Swiss land use statistics GEOSTAT. A moving
window algorithm was developed to distinguish between
forest ingrowth and upward shift. To test a possible climate
change influence, the resulting upward shifts were compared
to a potential regional tree line.

Results: A significant increase of forest cover was found be-
tween 1630 m and 2450 m. Above 1650 m, 10% of the new
forest areas were identified as true upward shifts whereas 90%
represented ingrowth, and we identified both land use and
climate change as likely drivers. Most upward shift activities
were found to occur within a band of 300 m below the potential
regional tree line, indicating land use as the most likely driver.
Only 4% of the upward shifts were identified to rise above the
potential regional tree line, thus indicating climate change,
Conclusions: Land abandonment was the most dominant
driver for the establishment of new forest areas, even at the
tree line ecotone. However, a small fraction of upwards shift
can be attribnted 1o the recent climate warmine o fraction that
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Life stage, not climate change, explains observed tree

range shifts
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Abstract

Ongoing climate change is expected to shift tree species distri
ecosystem services. To assess and project tree distributional shifi
nile and adult trees under the assumption that differences betv
gered by climate change. However, the distribution of tree li

thersfore we hvnnthesize that enrrentlv nhesrved distribntional
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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).
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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.



Aky je buduci vyvoj



nature

climate change

REVIEW ARTICLE

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

Forest disturbances under climate change

Rupert Seidl”

, Dominik Thom', Markus Kautz?, Dario Martin-Benito®**, Mikko Peltoniemi®,
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Volodymyr Trotsiuk", Paola Mairota', Miroslav Svoboda", Marek Fabrika™, Thomas A. Nagel"*
and Christopher P. O. Reyer®™

Forest disturbances are sensitive to climate. However, our understanding of disturbance dynamics in response to climatic
changes remains mcnmplete, |'.':z|rtn:lul.arlg|r regardmg Iarge scale patterns, mteracllon effects and dampenmg feeclbacks Here
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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.
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Disturbances catalyze the adaptation of forest ecosystems
to changing climate conditions
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Abstract

The rates of anthropogenic climate change .
immobile, long-lived organisms — are able to.
effects on ecosystem functioning. Furthermo:
ing tree species, a delayed response of the la
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Fig. 2 Trajectories of forest succession at KANF, summarized for four scenarios: (a) baseline climate without disturbance, (b) climate
change without disturbance, (c) baseline climate with disturbance, and (d} climate change with disturbance. Values are averages over
all scenarios and replicates in the respective categories, Climate change includes projections for all three A1B scenarios. Tree species
with 5% basal area in at least one of the four scenarios are shown explicitly (see Table 52 for more information). The red-dashed line

indicates the point in ime when a dynamic equilibrium was reached on average.
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Non-native plant species benefit from disturbance: a meta-analysis
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Figure 2. Group-specific mean effect sizes from meta-analyses assessing the effects of disturbance on the diversity (panels a and b)
and abundance (panels c—f) of non-native plant species. Effect sizes have been grouped according to disturbance type (a, ¢), study approach
(b, d), habitat type (e), and temporal scale of the study (F). Error bars depict 95% Cls (bias-corrected Cls for grouping variables
with =10 entries and parametric ones for grouping variables with <10 entries), and effects are considered significant when Cls do not
overlap zero, Positive effects sizes indicate that disturbed sites have on average greater diversity or abundance of non-native species than
undisturbed sites.
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Light accelerates plant responses to warming
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Figure 1 | Community-level effects of light, warming and nitrogen addition
in forest understoreys. Each circle refers to the mean value of five plots.
Plots receiving increased light and warming together experienced the largest
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Although disturbances such as fire and native insects can contribute to natural dynamics
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several trends: increasing frequency, extent, and
severity of disturbances; growing recognition
of the profound effects of anthropogenic cli-
mate change; presence of novel anthropogenic
stressors; and a burgeoning global human pop-
ulation that imposes escalating demands on
forests (9). The focus of forest health has shifted
toward evaluating forest conditions relative to
supporting human needs—that is, the capacity
of forests to sustainably provide ecosystem ser-
vices. These services include provisioning (e.g.,
water), regulating (e.g., carbon sequestration),
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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)
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Tropical forests are thermally buffered despite intensive
selective logging

Rebecca A. Senior*(» | Jane K. Hill’(> | Suzan Benedick® | David P. Edwards®
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FIGURE 2 Example thermal image. Pixels are shaded from cold
(purple} to hot (yellow). Warm patches (outlined in pink) and cool
patches (outlined in blue) were identified using the Getis—Ord local
statistic of each pixel
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Initial understory response to experimental silvicultural treatments
in a temperate oak-dominated forest
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Contrasting development of declining and living larch-spruce stands
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