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The North-American oak lace bug (Corythucha arcuata) was
first discovered in Northern Italy in 2000 (Bernardinelli & Zan-
digiacomo, 2000), has likely arrived with timber imports from
the USA. Two years later, it was also found in Switzerland and
Turkey and, after almost a decade of latency, it started to
spread explosively, starting from Turkey through the Balkans
(Csoka et al., 2020; Paulin et al., 2020). As a typical ‘hitchhik-
er’, it travels very fast by using rail and road transportation,
and has now been recorded already in 27 European countries
(Fig. 5), reaching Southern Poland at the northern edge of its
current distribution. A recent study evaluated that practically
all Eurasian deciduous oak species are suitable hosts, allow-
ing the insect to spread potentially into more than 35 million
hectares of oak forests in Europe alone (Csoka et al., 2020).
The oak lace bug has a good cold tolerance during overwin-
tering and develops two, sometimes up to three seasonal
generations in Europe. Both nymphs and adults suck on the
underside of the leaves and, at high abundance, the entire
foliage may wilt. Ultimately, the canopy desiccates and leaves
shed 1-2 months earlier than usual. Infestations by oak lace
bugs reduce tree growth, vitality and fruiting and they have
negative downstream impacts on the extremely rich food
web (herbivore insects, mycorrhiza fungi etc.) in oak forests
(Nikoli¢ et al., 2019; Paulin et al., 2020). Repeated defolia-
tions can lead to predisposition to further attack also by other
insects or pathogens, which can ultimately lead to mortality
years later (Hartmann & Messier, 2008). The insect has no
native specialist antagonists, and generalist natural enemies,
or entomopathogens native to Europe, have not yet shown
any regulatory potential. In 2019, the estimated area of the
severe infestation in Europe (including European parts of Rus-
sia) was approximately 1.75 million hectares, which has al-
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most doubled since then. Given the large geographic distribu-
tion of oak species and anticipated further warming, the oak
lace bug will very likely invade oak forests at large scale (Ciceu
et al., 2024) with uncertain impacts on European oak forests.

| am working as a forest entomologist in Hungarian forests for
almost 40 years now, and have been intrigued by oak forests and
their pests in other continents like Asia and North America also.
To me, the oak lace bug certainly is the most dangerous invading
insect of all time in our oak forests, if not all European forests.
The insect has very quickly and unexpectedly become a major
factor in the “damage chain” of oak decline triggered by climate
change. Due to its devastating effects on oak fecundity, | fear
that it will severely hamper both natural and artificial oak re-
generation. As a side effect, lace bug damage may also threaten
the outstandingly high biodiversity in our oak forests and poses
a serious risk to almost all valuable ecosystem services provided
by them. | worry that these beautiful forests, our cultural herit-
age, and their astonishing diversity will change completely with
ongoing climate change and biological invasions.

Gyorgy Csoka, Hungary

The process of invasion of European chestnut (Castanea sati-
va) forests by Dryocosmu kuriphilus, the Asian Chestnut gall
wasp, is remarkable for two reasons. First, the speed with
which it spread was impressive. Introduced from China with
forest nursery material and first detected in Italy in 2002, the
insect reached France in 2007, Germany in 2012, Portugal in
2014 and the UK in 2015 (Avtzis et al., 2019). After its arrival
in France in 2007, it spread throughout almost all of the coun-
try's chestnut forests within 11 years only, at an expansion
rate of around 100 km/year (Fig. 6; DSF data). This is even
greater than early estimates of long dispersal distances from
Italy (76 km/year; Gilioli et al., 2013), which can only be ex-
plained by human-assisted transport, in particular via trans-
fer of contaminated plants, but also by its well-developed
flight capacity, further supported by wind.

Fig. 5: Canopy wilting (B) caused by oak lace bug sucking on the bottom side of oak leaves (inlet) and progress of the oak lace bug invasion

across Europe (A).
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The impact of this invasive insect was significant since it
was first introduced, as the deformation of young twigs and
leaves causes growth reduction in attacked trees and, above
all, a decline in chestnut production of up to 80% in heavily
attacked trees (Battisti et al., 2014).

| have been working in forest protection and entomology for more
than 35 years and noticed how fast climate change affects our for-
ests. If current climate trends continue, we can expect to see even
more frequent and stronger storms, severe droughts and other
climate extremes. | do not think we can stop climate change fast
enough to protect our current forests, so our focus should shift to-
wards identifying and promoting development of forests that are
better adapted to new climates, like planting of tree species that
are more suitable for future conditions. This may involve planting
European tree species in new locations, but also non-native tree
species. Conservation of current forests, without gradual, deliber-
ate changes in tree composition, can have very negative long-term
effects on the state of our European forests.

Milan Zubrik, Slovak Republic

European common ash (Fraxinus excelsior L.), an economical-
ly and ecologically important forest tree species, has shown
first symptoms of ash dieback (ADB) in 1992 in northwestern
Poland. The causal agent of ash dieback was first described
as Chalara fraxinea in 2006 (Kowalski, 2006), and renamed in
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Fig. 6: Spread of the Asian Chest-
nut gall wasp in France since its
arrival in 2007 and estimate
of the spread rate (Data DSF,
French Ministry of Agriculture).
Inlet: ForestPests.eu, photo by
M. Zubrik.

2014 as Hymenoscyphus fraxineus ((T. Kowalski) Baral, Que-
loz & Hosoya). Most European common ash trees are highly
susceptible to H. fraxineus, with only a minority (<5%) show-
ing partial resistance or tolerance to acute dieback (McMul-
lan et al., 2018). The pathogen has rapidly spread across the
continent, causing significant mortality of ash trees in forests
(Goberville et al., 2016) and often leads to mass dieback (Car-
roll & Boa, 2024). In Slovakia, the pathogen was first detected
in 2004 (Kunca & Leontovyc, 2011) and the amount of sal-
vaged ash timber increased 7-fold within the last 10 years
(Fig. 7). Trees infested by H. fraxineus are often colonized and
subsequently attacked by secondary pests such as ash bark
beetles — Hylesinus varius and Hylesinus crenatus or fungal
pathogens like Armillaria spp. (Kunca et al., 2019).

Ash forests not killed by H. fraxineus may become threatened
by yet another invasive species, the emerald ash borer (EAB),
Agrilus planipennis (Fairmaire, 1888). This phloem-boring bee-
tle is native to East Asia (China, Japan, Taiwan, South Korea,
etc.) where it is considered a minor pest, preferentially attack-
ing weakened or dying ash trees (Baranchikov et al., 2008;
Schans et al., 2020). The EAB has become one of the most se-
rious invasive insect pests in North America since first time de-
tected in 2002 (Baranchikov et al., 2008; Herms & McCullough,
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Fig. 7: Amount of annual salvaged ash timber in the Slovak republic from 2012 until 2022 in thousands of m*. Data from official state sta-
tistical evidence. Right: Degradation and fast dieback — these are main characteristics of ash forest stands after attack by A. planipennis

(Photo: G. Csoka).

2014). It has caused enormous economic losses in the USA and
Canada, killing millions of ash trees (Poland et al., 2015). In Eu-
rope, the EAB has been first recorded in 2003 around Moscow,
with a rapid rate of spread ever since (Selikhovkin et al., 2022).
EAB was first detected in eastern Ukraine in 2019 where it has
damaged both F. excelsior, and F. pennsylvanica, the affected
area expanded from 13.3 hectares in 2019 to 1212 hectares by
2023 (Davydenko et al., 2022). Field surveys from 2019 to 2022
indicated that EAB is expanding further west quite rapidly. The
beetle was commonly found on ash trees with visually healthy
crowns, not exhibiting ash dieback symptoms indicating that
EAB attacks and kills ash trees regardless of their health sta-
tus (Davydenko et al., 2022). In Ukraine, the estimated year-
ly spread rate of EAB was up to 16.5 km from the advancing
front (data for January 2022). However, more recent evidence
showed EAB spreading more rapidly via "hitchhiking" on trans-
port vehicles, with the beetle found in Kyiv parks in 2022, over
500 km from its continuous invasive populations in eastern
Ukraine. Additionally, a large proportion of non-native planted
ash, particularly F. pennsylvanica from North America, often
planted in city streets and along roads contributes to the rapid
spread of EAB, that has advanced by 120 km between 2021
and 2023 (Skrylnyk et al., 2023).

As a forest pathologist with two decades of experience in forest
protection, | have witnessed numerous challenges that our forests
face. The current phenomenon of the rapid spread of the emerald
ash borer and the concurrent presence of the ash dieback path-
ogen in Europe represents one of the most alarming threats to
our ash populations. Managing affected stands is extremely chal-
lenging, and without significant changes in the tree species com-
position, it is practically impossible to preserve forests on many
locations. Traditional methods of forest protection are proving
inadequate in the face of such aggressive invaders. We must pri-
oritize the development and implementation of integrated pest
management strategies that include biological control agents, ge-
netic resistance, and improved monitoring techniques.

Kateryna Davydenko, Sweden

Changes in interactions of native pests
and diseases with their hosts

The secondary oak splendour beetle is increasingly
behaving like a primary pest in Germany

For hundreds of years, old growth oak forests are typical
features in many regions of Germany. Originating often
from medieval management forms like pasture-woodland
or coppice, many of those oak forests are protected nowa-
days as unique habitats and biodiversity hotspots. However,
for some years now, in many German regions these oak for-
ests have started suffering increasingly severe damage from
oak jewel beetles (in particular the oak splendour beetle,
Agrilus biguttatus). The beetles are thermophilic and occur
naturally in oak forests, they are known to dwell in big dy-
ing branches in crowns of old oaks. Being a secondary pest,
oak splendour beetles colonize tree trunks only if trees are
severely weakened or already declining, for example after
abiotic stress events like prolonged periods of heat and
drought, or flooding (Hartmann & Blank, 1992; Lobinger,
1998; Reed, 2017).

Without additional damaging factors, the above-mentioned
stressors alone result only in a temporary vitality decline of
oaks and trees commonly recover well within a few years.
By contrast, the recurrent heat and drought in Germany be-
tween 2018 and 2022 has weakened old oak stands to such
an extent that even tree stems of previously vital trees were
heavily colonized by jewel beetles. Ideal conditions for devel-
opment of beetle broods led to massive exponential beetle
population built-up since 2019, causing large-scale oak forest
damage in some of the regions (NW-FVA, 2023).
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The landscapes of my childhood in Northwest German lowlands
were characterized by old, gnarled giant oaks (Quercus robur)
growing in forests, but also along small and large country roads.
Fields were separated by so-called “Knicks”, hedges of wild veg-
etation crowned by old oaks. The region is characterized by At-
lantic climate with temperate summers and relatively abundant
precipitation, but climate change has brought us extreme sum-
mers there, too. The oak jewel beetle (Agrilus biguttatus) has
not been able to spread into the lowlands yet, and many of the
old oak structures are still preserved. However, | fear that with
ongoing climate change even this region will be increasingly af-
fected by pests such as the oak jewel beetle. This would entail
an enormous ecological and economic damage, and would bring
about a terrible loss of my cultural identity.

Rainer Hurling, Germany

Population growth of the oak jewel beetle can be actively
controlled by sanitary cuts that remove attacked trees dur-
ing an early stage of infestation (Lobinger et al., 2024). This
reduces the number of developing beetles in the forest, and
thus decreases growth rates of the daughter population. In
the best-case scenario, timely sanitary cuts can even elimi-
nate a beetle population. However, at current levels and
speed of beetle infestation, forest owners are barely able to
prepare and implement sanitary cuts ahead of further expan-
sion. In many stands, the damage caused by oak jewel beetles
therefore continues to grow uncontrollably. The extent of the
current damage has not been observed before, particular-
ly not in old-growth forests, which previously formed vital,
large and closed forests. It is very likely that current develop-
ments in oak forests are linked to climate change (Sallé et al.,
2014) and we must assume that such damage dynamics will
occur even more frequently with further warming. Because
oak trees require several years to recover from a beetle in-
festation, the time window between attacks may become too
short for trees to regain vitality in the worst-case scenario.
This then leads to a permanent predisposition making infes-
tations of other pathogens very likely and questions the role
of oaks as a promising species for shaping climate resilient
forests in Germany.

Bark beetle species have traditionally been categorized ac-
cording to life-history traits and strategies into primary and
secondary, aggressive and non-aggressive beetles (Six &
Wingfield, 2011). While primary aggressive beetles can at-
tack and kill vital trees, secondary non-aggressive beetles
attack weakened trees that are already declining and contrib-
ute to accelerating the decline. However, climate change and
anthropogenic pressure have shifted these ecological roles,
where formerly considered non-aggressive bark beetles sud-
denly become aggressive (Six, 2020) and may now cause mas-
sive outbreaks and large-scale dieback of healthy trees.

Bark beetles are closely associated with ophiostomatoid fun-
gi, also known as sapstain or blue-stain fungi, because they
cause discoloration in phloem and sapwood (Jankowiak et al.,
2017). Many bark beetle species symbiotically live with a va-
riety of fungal associates that can detoxify tree defense com-
pounds and serve as a food source for beetles (Zhao et al,,

)2.02 | Hartmann et &

2019). Fungal presence during tree colonization by bark bee-
tles is associated with reduced tree growth, crown thinning,
needle chlorosis, and even tree death (Colombari et al., 2011;
Davydenko et al., 2021; Davydenko et al., 2017; Villari et al.,
2012). Aggressive ophiostomatoid fungi like O. minus, Lep-
tographium sp., and Graphium sp. have shown to be among
the most virulent pathogens to conifers in Europe (Davyden-
ko et al., 2021). Along with the transition of bark beetles from
secondary to primary damage agents, ophiostomatoid fungi
associated with bark beetles now pose an additional and sig-
nificant threat to forest health.

Two species of bark beetles, the pine engraver beetle (/ps
acuminatus) and the six-toothed bark beetle (/ps sexdenta-
tus), have become the most destructive pests in P. sylvestris
forests within a couple of decades. Before the 2010s, these
two species were considered to be of minor significance; not
leading to outbreaks over large regions, however, recently
they were reported as regularly causing extensive damage in
young plantations and mature stands of P. sylvestris (Davyden-
ko et al., 2021; Davydenko et al., 2017; Levieux et al., 1989;
Siitonen, 2014). The species has transitioned from a formerly
secondary insect to an aggressive primary damage agent that
attacks and kills healthy trees across many countries such as
Finland, Italy, Poland, Spain, Germany, Slovakia, and Ukraine
(Bueno et al., 2010; Colombari et al., 2011; Davydenko et al.,
2021; Dobor et al., 2020; Jankowiak et al., 2017; Siitonen,
2014). Drought-induced weakening of P. sylvestris trees and
ensuing infestation by I. acuminatus and I. sexdentatus result-
ed in rapid tree dieback in Ukraine, causing the loss of about
70,000 hectares of plantation forests and leading to consider-
able economic loss (Davydenko et al., 2021).

The rust fungus Cronartium pini causes Scots pine blister rust
(SPBR) in Scots pine (Pinus sylvestris) and is a good example
of a fungal pathogen that became a major issue in forest
ecosystems where it was not before. In the early 1900s, only
moderate blister rust damages were observed in Scots pine
stands in northern Sweden and Norway (Jgrstad, 1925; La-
gerberg, 1912; Rennerfelt, 1947), but in recent decades heav-
ily infected stands have been reported in Scandinavia and in
Finland (Kaitera et al., 1994). During the last decades, SPBR
epidemics have been causing severe damage in northern
Sweden, increasing the public awareness of their relevance
as a major forest threat. The Swedish National Forest Inven-
tory included SPBR in their targeted forest damage inventory
(TFDI) in 2008, 2012, and 2022 (Wulff & Hansson, 2009; Wulff
& Hansson, 2013; Wulff et al., 2022). The results show that
today, more than 130 000 hectares of pine forests are heavily
infected and pine regeneration is severely threatened (Wulff
& Hansson, 2009). At the time of writing, SPBR is considered
one of the most severe forest diseases and causes the great-
est economic loss for forest owners in Sweden (Skogsstyrels-
en, 2017).

Samils & Stenlid (2022) suggested changes in precipitation
regimes as one of the potential reasons for the increase in
SPBR epidemics. The ongoing climate change is expected to



shift the current disease situations, depending on the region
(Dudney et al., 2021; Kovalenko et al., 2024). When com-
paring weather data from 1961 to 1990 and 1991 to 2018,
precipitation during June, July and August has generally in-
creased throughout Sweden (SMHI, 2023). During these
three months, the aeciospores, urediniospores, and basidio-
spores of C. pini are released to infect either pine or alternate
hosts. Therefore, increasing precipitation may have created
optimal conditions for C. pini infection. Proportionally great-
er warming at higher latitudes will have greater ecological
consequences (Post et al.,, 2019) and, for Sweden, this may
induce a greater increase of SPBR incidence in the northern
parts by the end of this century.

Recent decades have seen a notable increase in both inten-
sity and frequency of storm events globally, a phenomenon
that closely aligns with changes in the climate system (IPCC,
2023). These alterations are primarily attributed to global
warming, which has increased atmospheric moisture content
and altered energy dynamics, leading to more intense rainfall
and stronger wind events (Hoegh-Guldberg et al., 2022; IPCC
2023). There is evidence for a poleward shift in storm tracks,
potentially increasing the frequency of extreme weather
events in mid-latitude regions previously less affected (IPCC,
2007). This shift is also associated with higher cyclone activity
across both hemispheres, again resulting in increased storm
intensity in certain regions (Daloz & Camargo, 2018).

Ever since | was a child, | have been fascinated by atmospher-
ic phenomena and their destructive power. Above all and most
interesting to me were, and still are, storms. During the last
decade, these powerful forces of nature have rapidly and unpre-
dictably become significant contributors to environmental deg-
radation, damaging ecosystems and human communities alike.
Their destructive power can devastate natural habitats, threat-
en the provision of essential ecosystem services, and damage
the infrastructure and landscapes, almost by a blink of the eye.
Storms often leave behind ecosystems that hardly recover and
are difficult to restore, and this makes me deeply concerned that
our rich and diverse natural forest landscapes, and our cultural
heritage, will undergo irreversible changes from such extreme
weather events.

Marta Betka, Poland

Derechos are meteorological phenomena characterized by
swift-moving bands of thunderstorms that can cause large-
scale wind damage, but are still rare (Johns & Hirt, 1987).
With global warming, the conditions required for derecho
formation, such as extensive, horizontally organized convec-
tive systems, are becoming more prevalent (Pendergrass,
2020), suggesting a greater potential for their occurrence un-
der appropriate meteorological conditions.

An impressive derecho event occurred in Poland on the night
of 11-12 August 2017, and it was among the most powerful
storm incidents recorded in the region. This storm traveled
from the Coast to Lower Silesia, over 300 km, and produced

hurricane-force winds with speeds reaching up to 150 km/h
(Chmielewski et al., 2020). The mesoscale convective system
that developed during that night met the criteria for a dere-
cho, marking it as an unusually intense incident not only in
Poland, but also in comparison with similar events across Eu-
rope and the United States (Taszarek & Ziemianski, 2022).

The devastation caused by the derecho was staggering, with
nearly 10 million cubic meters of trees uprooted and broken,
and almost 120,000 hectares of forest damaged. In the Lipusz
Forest District alone 2.3 million cubic meters of trees were
killed (see: https://www.lasy.gov.pl/pl/informacje/aktual-
nosci/najwieksza-taka-kleska-w-historii-polskich-lasow). This
event had profound ecological impacts, including significant
damage of nature conservation assets, including 22 nature
reserves, 15 bird protection areas, and 134 nature heritage
habitat types (Natura 2000 network) managed by the Polish
State Forests. The economic implications were also consid-
erable, with total damages close to an estimated 250 million
EUR and extensive impacts on forest management and the
lumber industries. This event underscores the vulnerability of
forest ecosystems to novel extreme weather, highlighting the
necessity of adaptive management strategies to enhance re-
silience, by diversifying forest structure and landscape-scale
forest planning.

Wildfires have historically driven forest dynamics in Medi-
terranean regions, which are characterized by high temper-
atures and low relative humidity during the summer that
lead to a high load of easily inflammable fine fuel. Human
activities have profoundly altered the fire regime by causing
frequent ignitions, but also by fire fighting and modifications
of fuel quantity and distribution. The anthropogenic factors
have created a new complex fire regime out of natural equi-
librium, that responds to both natural processes and changes
in land use (Lloret & Zedler, 2009).

Climate change dramatically alters wildfire regimes by in-
creasing the frequency of extreme fire weather conditions,
like intense heat waves with very low air humidity (Jain et
al., 2022). High temperatures facilitate unprecedented fire
behavior particularly in presence of fuel accumulation on
recently abandoned agricultural or pastoral lands (Duane et
al., 2021). The resulting extreme fires release huge amounts
of energy that cause fires to spread quickly and to seed new
fires over large distances. Mega-fires occur when thresholds
of fire-promoting weather conditions and fuel accumulation
are simultaneously exceeded (Pausas & Keeley, 2021) and
models indicate increased climatic fire risks in the Mediter-
ranean and even in northern European regions (Turco et al.,
2018).

The increasingly drier climate exposes Mediterranean forests
to the risk of transforming into non-forested ecosystems in-
terspersed with aridity-adapted woodlands. The challenge for
forest managers is now to ensure forest conversion to more
climate resilient states, while preventing wildfires that lead
to irreversible pathways towards non-forested landscapes.
Forest resilience after fire depends on mechanisms such as
resprouting or seedling establishment, which are threatened
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by intense and frequent fires (Lloret & Zedler, 2009), because
they alter soil properties, consume organic matter and de-
stroy soil structure, ultimately leading to long-term nutrient
loss. More frequent extreme rainfalls, also a consequence of
climate change, exacerbate soil erosion, particularly where
vegetation cover has been lost during fires (Moran-Ordodfiez
et al., 2020). As a result, forest resilience is hampered by the
interplay of increasing aridity and changing wildfire season-
ality, recurrence, and severity (Fig. 8, Baudena et al., 2020;
Diaz-Delgado et al., 2002).

Crucially important for the resilience of Mediterranean for-
ests, i.e. their capacity to remain forests after fire, is whether
future wildfire regimes will push them beyond a tipping point
towards non-forested ecosystems. The Mediterranean region
may provide a glimpse of what many European forests will be
facing in an increasingly hotter and drier world. Forest man-
agers must now implement adaptive strategies to strengthen
forest resilience in the face of compound threats from wild-
fires, droughts, and pest outbreaks even in more northern re-
gions that are currently still relatively moist and cold.

In the summer of 1994, a wave of wildfires hit Spain and the
impact on public awareness was enormous, putting pressure
on the scientific community to address this issue. Together with
Josep Pifiol, who is a modeler of fire behavior, | decided to ana-
lyze the number of climatic high-risk days throughout the 20th
century and to relate them with burned area. Our study showed
that, back in 1998 already, climate change was increasing wild-
fire risks. Since then, this evidence has been consolidated and
models predict that this risk will further increase. This new wild-
fire regime also entails explosive fires, exacerbated by larger
fuel loads from more arid climate. We now feel very close to the
point when forest resilience will be overwhelmed and new land-
scapes will emerge.

Francisco Lloret, Spain

In the preceding chapters, we have documented new
threats to the health and persistence of European forests,
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as we know them today. Extreme droughts and high temper-
atures, large outbreaks of bark beetles and other tree-feed-
ing insects, and non-native invasive pathogens that kill trees
have combined to cause levels of damage unprecedented in
the documented history of Europe’s forests. These events
are not happening in isolation, and many involve multifac-
torial interactions between abiotic and biotic factors. For
example, increased temperatures and droughts stress trees
and weaken their defenses against insects and pathogens,
while at the same time, higher temperatures increase the
number of generations and therefore the reproductive rate
of some insects (such as the spruce bark beetle). The com-
bination of stressed susceptible trees and insect outbreaks
has been happening across much of Europe, and this is like-
ly to become a new normal. Globalised international trade,
the other main driver of the large-scale decline in forest
health, has led to the arrival and establishment of numer-
ous pathogens and insects which damage or kill trees. Some
of these non-native organisms also benefit from the new
and now more favourable climate and increased availability
of susceptible trees, although others (such as ash dieback,
dothistroma, and powdery mildews, which require cooler
and more humid conditions) are expected to become less
virulent in a warmer and drier climate. We can expect that
these effects and their impacts on forests will worsen in
the future, resulting in more extreme damage to Europe’s
forests. Interactions between native damaging insects and
diseases will continue to be modified and shaped by ongo-
ing warming and more frequent climate extremes as trig-
gering events of forest decline form biotic factors. Some of
the forest insects that are now considered secondary pests
will become primary and tree killing insects, because cli-
mate warming creates conditions that are more favorable
for insect population growth. At the same time, tree vitality
will decline in regions with strong warming and increasing
frequency of drought or heat events. Forest policy makers
and forest managers will be struggling with unprecedented
new situations, and will have to respond with utmost care
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and adaptability, embracing the unavoidable uncertainty of
future climates.

New threats from introduced or invading damaging insects
or diseases should be taken as potentially avoidable hazards,
and treated as such. Measures to prevent importing such
new threats are reinforced by governmental regulations,
however, not always successfully as some of the examples
presented in the sections above. There are several new
threats to European forests, many of them mentioned in
the EU Commission Delegated Regulation (EU) 2019/1702,
and classified as "priority pests". Some of these pests have
not yet been detected in the EU, others have been record-
ed recently, some even effectively eradicated. Among the
dangerous pests for forests are: Agrilus anxius, a wood-bor-
ing beetle that can cause mortality in birch; Aromia bungii,
an Asian longhorn beetle that devalues wood and can kill
host trees mainly of the Prunus genus; Bursaphelenchus xy-
lophilus, an invasive nematode that causes lethal pine wilt
disease; or Xylella fastidiosa, an aerobic bacterial pathogen
that develops in the xylem of many plant species and can
cause sudden decline and dieback. These are just a few ex-
amples, many other species may enter the EU region via
anthropogenic transport routes and cause devastating eco-
system damage of economical loss.

An example for a successful biological control measure
against an invading insect is the invasion by the chestnut gall
wasp. The wasp Torymus sinensis was selected as a parasitoid
antagonist because of its high degree of specialization on D.
kuriphilus and the synchronization of their cycles. It was suc-
cessfully introduced in Italy and France at the end of 2000,
barely 4 years after the arrival of the chestnut gall wasp. It
soon became apparent that the parasitoid's dispersal speed
was slower than that of its host (Avtzis et al., 2019), but this
shortcoming was remedied by mass production and release.
It took around 10 years after the start of biological control for
chestnut groves to regain their initial vitality (Borowiec et al.,
2018). From intensive observations and research it became
apparent that mixed chestnut forests are more resistant to
attacks by the gall wasps than pure forests, in particular be-
cause of the greater abundance of generalist parasitoids that
develop on oak galls and are able to shift on the new host
(Guyot et al., 2015). Such insights are important for shaping
management strategies for resilient forests.

Some of the decisions taken today by policy makers or forest
managers may prove successful in decades for maintaining
functional forests for future generations, but it is unlikely that
forests will look similar to the ones we appreciate now. In oth-
er circumstances, adaptive management attempts may fail,
at least from the utilitarian perspective. Current host tree-in-
sect/pathogen systems will evolve new dynamics, which we
cannot anticipate with certainty, and these new dynamics
may entail that some of the dominant forest tree species
will recede and become minor components of future forests.
However, forests will continue to exist in Europe, they are dy-
namic systems that have to rearrange themselves when the
environment surrounding them changes. Forest management
can help facilitate this transition by allowing new tree species
to establish in locations where current forest composition

Hartmann e

dissolves and permanent forest cover loss is likely. Diversify-
ing forest structure and landscape-scale forest management
planning may improve habitat availability of antagonists and
reduce the speed of spread of pests and diseases. For such
decisions to be sustainable, they must be negotiated in an
open societal dialogue, with the best available guidance by
forest scientists.

The author(s) declare that they do not have any conflicts of
interest.

Aalto, J., P. Pirinen, P.E. Kauppi, M. Rantanen, C. Lussana,
P. Lyytikdinen-Saarenmaa, H. Gregow, 2022: High-resolution
analysis of observed thermal growing season variability over
northern Europe. Climate Dynamics 58, 1477-1493, DOI:
10.1007/s00382-021-05970-y.

Adamson, K., R. Drenkhan, M. Hanso, 2015: Invasive brown
spot needle blight caused by Lecanosticta acicola in Estonia.
Scandinavian Journal of Forest Research 30, 587-593, DOI:
10.1080/02827581.2015.1041550.

Avtzis, D.N., G. Melika, D. Matosevi¢, D.R. Coyle, 2019: The
Asian chestnut gall wasp Dryocosmus kuriphilus: a global
invader and a successful case of classical biological control.
Journal of pest science 92, 107-115, DOI: 10.1007/s10340-
018-1046-1.

Backe, K., J. Rousselet, A. Bernard, S. Frank, A. Roques,
2021: Human health risks of invasive caterpillars increase
with urban warming. Landscape Ecology 36, 1475-1487, DOI:
10.1007/s10980-021-01214-w.

Baranchikov, Y., E. Mozolevskaya, G. Yurchenko, M. Kenis,
2008: Occurrence of the emerald ash borer, Agrilus pla-
nipennis in Russia and its potential impact on European
forestry. EPPO bulletin 38, 233-238, DOI: 10.1111/j.1365-
2338.2008.01210.x.

Basile, M., A. Kristin, G. Mikusinski, S. Thorn, M. Zmihorski,
G. Pasinelli, E.G. Brockerhoff, 2023: Salvage logging strong-
ly affects woodpecker abundance and reproduction: a me-
ta-analysis. Current Forestry Reports 9, 1-14, DOI: 10.1007/
s40725-022-00175-w .

Battisti, A., I. Benvegnu, F. Colombari, R.A. Haack, 2014:
Invasion by the chestnut gall wasp in Italy causes significant
yield loss in Castanea sativa nut production. Agricultural and
Forest Entomology 16, 75-79, DOI: 10.1111/afe.12036.

Battisti, A., S. Larsson, A. Roques, 2017: Processionary moths
and associated urtication risk: global change-driven effects.
Annual Review of Entomology 62, 323-342, DOI: 10.1146/an-
nurev-ento-031616-034918.

Battisti, A., M. Stastny, E. Buffo, S. Larsson, 2006: A rapid alti-
tudinal range expansion in the pine processionary moth pro-
duced by the 2003 climatic anomaly. Global change biology
12, 662-671, DOI: 10.1111/j.1365-2486.2006.01124 x.


https://www.doi.org/10.1007/s00382-021-05970-y
https://www.doi.org/10.1080/02827581.2015.1041550
https://www.doi.org/10.1007/s10340-018-1046-1
https://www.doi.org/10.1007/s10340-018-1046-1
https://www.doi.org/10.1007/s10980-021-01214-w
https://www.doi.org/10.1111/j.1365-2338.2008.01210.x
https://www.doi.org/10.1111/j.1365-2338.2008.01210.x
https://www.doi.org/10.1007/s40725-022-00175-w
https://www.doi.org/10.1007/s40725-022-00175-w
https://www.doi.org/10.1111/afe.12036
https://www.doi.org/10.1146/annurev-ento-031616-034918
https://www.doi.org/10.1146/annurev-ento-031616-034918
https://www.doi.org/10.1111/j.1365-2486.2006.01124.x

ournal fir Kulturpflanzen (02).S.6-24,2025

Battisti, A., M. Stastny, S. Netherer, C. Robinet, A. Schopf,
A. Roques, S. Larsson, 2005: Expansion of geographic range
in the pine processionary moth caused by increased winter
temperatures. Ecological applications 15, 2084-2096, DOI:
10.1890/04-1903.

Baudena, M., V.M. Santana, M.J). Baeza, S. Bautista, M.B.
Eppinga, L. Hemerik, A. Garcia Mayor, F. Rodriguez, A. Val-
decantos, V.R. Vallejo, 2020: Increased aridity drives post-fire
recovery of Mediterranean forests towards open shrublands.
New Phytologist 225, 1500-1515, DOI: 10.1111/nph.16252.

Bernardinelli, I., P. Zandigiacomo, 2000: Prima segnalazione
di Corythucha arcuata (Say) (Heteroptera, Tingidae) in Europa
50, 47-49.

Biedermann, P.H., J. Miiller, J.-C. Grégoire, A. Gruppe, J.
Hagge, A. Hammerbacher, R.W. Hofstetter, D. Kandasamy,
M. Kolarik, M. Kostovcik, 2019: Bark beetle population
dynamics in the Anthropocene: challenges and solutions.
Trends in ecology & evolution 34, 914-924, DOI: 10.1016/j.
tree.2019.06.002.

Blumenstein, K., J. BuBkamp, G.J. Langer, E. Terhonen, 2022:
Diplodia tip blight pathogen’s virulence empowered through
host switch. Frontiers in Fungal Biology 3, 939007, DOI:
10.3389/ffunb.2022.939007.

Borowiec, N., M. Thaon, L. Brancaccio, B. Cailleret, N. Ris, E.
Vercken, 2018: Early population dynamics in classical biolog-
ical control: establishment of the exotic parasitoid Torymus
sinensis and control of its target pest, the chestnut gall wasp
Dryocosmus kuriphilus, in France. Entomologia Experimenta-
lis et Applicata 166, 367—379, DOI: 10.1111/eea.12660.

Brockerhoff, E.G., M. Kimberley, A.M. Liebhold, R.A. Haack,
J.F. Cavey, 2014: Predicting how altering propagule pressure
changes establishment rates of biological invaders across
species pools. Ecology 95, 594-601, DOI: 10.1890/13-0465.1.

Brockerhoff, E.G., A.M. Liebhold, H. Jactel, 2006: The ecol-
ogy of forest insect invasions and advances in their manage-
ment. Canadian Journal of Forest Research 36, 263-268, DOI:
10.1139/x06-013.

Brodde, L., K. Adamson, J. Julio Camarero, C. Castaiio,
R. Drenkhan, A. Lehtijirvi, N. Luchi, D. Migliorini, A.
Sanchez-Miranda, J. Stenlid, 2019: Diplodia tip blight on its
way to the north: drivers of disease emergence in northern
Europe. Frontiers in Plant Science 9, 1818, DOI: 10.3389/
fpls.2018.01818.

Brodde, L., M.S. Aslund, M. Elfstrand, J. Oliva, K. Wagstrém,
J. Stenlid, 2023a: Diplodia sapinea as a contributing factor in
the crown dieback of Scots pine (Pinus sylvestris) after a se-
vere drought. Forest Ecology and Management 549, 121436,
DOI: 10.1016/j.foreco.2023.121436.

Brodde, L., M. Stein Aslund, M. Elfstrand, J. Oliva, K. Wag-
strom, J. Stenlid, 2023b: Diplodia sapinea as a contributing
factor in the crown dieback of scots pine (Pinus sylvestris) af-
ter a severe drought. preprint, DOI: 10.2139/ssrn.4499368.

Bueno, A., J.J. Diez, M.M. Fernandez, 2010: Ophiostomatoid
fungi transported by /ps sexdentatus (Coleoptera; Scolytidae)

)2 | Hartmann et &

in Pinus pinaster in NW Spain. Silva Fennica 44, 387-397, DOI:
10.14214/s£.137.

C3S, 2019: European State of the Climate 2018, Summary.
In Copernicus Climate Change Service (C3S), URL: https://cli-
mate.copernicus.eu/sites/default/files/2019-12/Brochure_
Final_Interactive_1.pdf.

C3S, 2024: European State of the Climate 2023. In Copernicus
Climate Change Service, URL: https://climate.copernicus.eu/
esotc/2023.

Caballol, M., M. Ridley, M. Colangelo, C. Valeriano, J. Julio
Camarero, J. Oliva, 2022: Tree mortality caused by Diplodia
shoot blight on Pinus sylvestris and other mediterranean
pines. Forest Ecology and Management 505, 119935, DOI:
10.1016/j.foreco.2021.119935.

Carroll, D., E. Boa, 2024: Ash dieback: from Asia to Europe.
Plant Pathology 73, 741-759, DOI: 10.1111/ppa.13859.

Chmielewski, T., J. Szer, P. Bobra, 2020: Derecho wind storm
in Poland on 11-12 August 2017: results of the post-disas-
ter investigation. Environmental Hazards 19, 508-528, DOI:
10.1080/17477891.2020.1730154.

Ciceu, A., F. Balacenoiu, M. de Groot, D. Chakraborty, D.
Avtzis, M. Barta, S. Blaser, M. Bracalini, B. Castagneyrol,
U. A. Chernova, E. Cota, G. Cs6ka, M. Dautbasic, M. Glav-
endekic, Y.l. Gninenko, G. Hoch, K. Hradil, M. Husemann, V.
Meshkova, O. Mujezinovic et al. , 2024: The ongoing range
expansion of the invasive oak lace bug across Europe: cur-
rent occurrence and potential distribution under climate
change. Science of The Total Environment 949, 174950, DOI:
10.1016/j.scitotenv.2024.174950.

Colombari, F., A. Battisti, L.M. Schroeder, M. Faccoli, 2011:
Life history traits promoting outbreaks of the pine bark beetle
Ips acuminatus (Coleoptera: Curculionidae, Scolytinae) under
climate change. The engraver beetle Ips acuminatus in the
south-eastern Alps Life traits and population dynamics 25.

Csoka, G., A. Hirka, S. Mutun, M. Glavendeki¢, A. Miké, L.
Szdcs, M. Paulin, C.B. E6tvos, C. Gaspar, M. Csepelényi, A.
Szénasi, M. Franjevi¢, Y. Gninenko, M. Dautbasi¢, O. Muzeji-
novi¢, M. Zubrik, C. Netoiu, A. Buzatu, F. Balacenoiu, M. Jurc
et al., 2020: Spread and potential host range of the invasive
oak lace bug [Corythucha arcuata (Say, 1832) — Heteroptera:
Tingidae] in Eurasia. Agricultural and Forest Entomology 22,
61-74, DOI: 10.1111/afe.12362.

Daloz, A.S., S.J. Camargo. 2018: Is the poleward migration of
tropical cyclone maximum intensity associated with a pole-
ward migration of tropical cyclone genesis? Climate Dynamics
50, 705-715, DOI: 10.1007/s00382-017-3636-7.

Davydenko, K., Y. Skrylnyk, O. Borysenko, A. Menkis, N.
Viysotska, V. Meshkova, A. Olson, M. Elfstrand, R. Vasaitis.
2022: Invasion of emerald ash borer Agrilus planipennis and
ash dieback pathogen Hymenoscyphus fraxineus in Ukraine —
a concerted action. Forests 13, 789, DOI: 10.3390/f13050789.

Davydenko, K., R. Vasaitis, M. Elfstrand, D. Baturkin, V.
Meshkova, A. Menkis. 2021: Fungal communities vectored
by Ips sexdentatus in declining Pinus sylvestris in Ukraine: Fo-


https://www.doi.org/10.1890/04-1903
https://www.doi.org/10.1111/nph.16252
https://www.doi.org/10.1016/j.tree.2019.06.002
https://www.doi.org/10.1016/j.tree.2019.06.002
https://www.doi.org/10.3389/ffunb.2022.939007
https://www.doi.org/10.1111/eea.12660
https://www.doi.org/10.1890/13-0465.1
https://www.doi.org/10.1139/x06-013
https://www.doi.org/10.3389/fpls.2018.01818
https://www.doi.org/10.3389/fpls.2018.01818
https://www.doi.org/10.1016/j.foreco.2023.121436
https://www.doi.org/10.2139/ssrn.4499368
https://www.doi.org/10.14214/sf.137
https://climate.copernicus.eu/sites/default/files/2019-12/Brochure_Final_Interactive_1.pdf
https://climate.copernicus.eu/sites/default/files/2019-12/Brochure_Final_Interactive_1.pdf
https://climate.copernicus.eu/sites/default/files/2019-12/Brochure_Final_Interactive_1.pdf
https://climate.copernicus.eu/esotc/2023
https://climate.copernicus.eu/esotc/2023
https://www.doi.org/10.1016/j.foreco.2021.119935
https://www.doi.org/10.1111/ppa.13859
https://www.doi.org/10.1080/17477891.2020.1730154
https://www.doi.org/10.1016/j.scitotenv.2024.174950
https://www.doi.org/10.1111/afe.12362
https://www.doi.org/10.1007/s00382-017-3636-7
https://www.doi.org/10.3390/f13050789

cus on occurrence and pathogenicity of ophiostomatoid spe-
cies. Insects 12, 1119, DOI: 10.3390/insects121211109.

Davydenko, K., R. Vasaitis, A. Menkis, 2017: Fungi associated
with Ips acuminatus (Coleoptera: Curculionidae) in Ukraine
with a special emphasis on pathogenicity of ophiostoma-
toid species. European Journal of Entomology 114, 77, DOI:
10.14411/eje.2017.011.

Diaz-Delgado, R., F. Lloret, X. Pons, J. Terradas, 2002: Satel-
lite evidence of decreasing resilience in Mediterranean plant
communities after recurrent wildfires. Ecology 83, 2293-
2303, DOI: 10.1890/0012-9658(2002)083[2293:SEODRI]2.0.
CO;2.

Dobor, L., T. Hlasny, W. Rammer, S. Zimova, I. Barka, R. Seidl,
2020: Spatial configuration matters when removing wind-
felled trees to manage bark beetle disturbances in Central Eu-
ropean forest landscapes. Journal of Environmental Manage-
ment 254, 109792, DOI: 10.1016/j.jenvman.2019.109792.

Duane, A., M. Castellnou, L. Brotons, 2021: Towards a com-
prehensive look at global drivers of novel extreme wildfire
events. Climatic Change 165, 43, DOI: 10.1007/s10584-021-
03066-4.

Dudney, J., C.E. Willing, A.J. Das, A.M. Latimer, J.C. Nesmith,
J.J. Battles, 2021: Nonlinear shifts in infectious rust disease
due to climate change. Nature Communications 12, 5102,
DOI: 10.1038/s41467-021-25182-6.

Fairmaire, L., 1888: Notes sur les Coléopteres des environs de
Pekin. Revue d'Entomologie, Caen 6, 312—-335.

Falt-Nardmann, J.J., O.-P. Tikkanen, K. Ruohomaki, L.-F. Otto,
R. Leinonen, J. Poyry, K. Saikkonen, S. Neuvonen, 2018: The
recent northward expansion of Lymantria monacha in rela-
tion to realised changes in temperatures of different sea-
sons. Forest Ecology and Management 427, 96-105, DOI:
10.1016/j.foreco.2018.05.053 .

Forzieri, G., V. Dakos, N.G. McDowell, A. Ramdane, A. Ces-
catti, 2022: Emerging signals of declining forest resilience
under climate change. Nature 608, 534-539, DOI: 10.1038/
s41586-022-04959-9.

Forzieri, G., M. Girardello, G. Ceccherini, J. Spinoni, L. Feyen,
H. Hartmann, P.S.A. Beck, G. Camps-Valls, G. Chirici, A. Mau-
ri, A. Cescatti, 2021: Emergent vulnerability to climate-driven
disturbances in European forests. Nature Communications
12,1081, DOI: 10.1038/s41467-021-21399-7.

Frank, S.D., 2021: Review of the direct and indirect effects
of warming and drought on scale insect pests of forest sys-
tems. Forestry: An International Journal of Forest Research
94, 167-180, DOI: 10.1093/forestry/cpaa033.

Franklin, J.F., H.H. Shugart, M.E. Harmon. 1987: Tree death
as an ecological process. BioScience 37, 550-556, DOI:
10.2307/1310665.

Gilioli, G., S. Pasquali, S. Tramontini, F. Riolo. 2013: Mod-
elling local and long-distance dispersal of invasive chestnut
gall wasp in Europe. Ecological Modelling 263, 281-290, DOI:
10.1016/j.ecolmodel.2013.05.011.

073/3fK.2025.02.02 | Hartmann et ¢

Goberville, E., N.-C. Hautekeete, R.R. Kirby, Y. Piquot, C.
Luczak, G. Beaugrand. 2016: Climate change and the ash
dieback crisis. Scientific Reports. 6, 35303, DOI: 10.1038/
srep35303.

Guyot, V., B. Castagneyrol, A. Vialatte, M. Deconchat, F. Sel-
vi, F. Bussotti, H. Jactel. 2015: Tree diversity limits the im-
pact of an invasive forest pest. PloS one 10, e0136469, DOI:
10.1371/journal.pone.0136469.

Hallas, T., G. Steyrer, G. Laaha, G. Hoch, 2024: Two unprec-
edented outbreaks of the European spruce bark beetle, Ips
typographus L.(Col., Scolytinae) in Austria since 2015: Differ-
ent causes and different impacts on forests. Central European
Forestry Journal 70, DOI: 10.2478/forj-2024-0014.

Hanso, M., R. Drenkhan. 2009: Diplodia pinea is a new patho-
gen on Austrian pine (Pinus nigra) in Estonia. Plant Pathology
58, 797-797, DOI: 10.1111/j.1365-3059.2009.02082..x.

Hartmann, G., R. Blank. 1992: Winter frost, insect defoliation
and attack by Agrilus biguttatus as causal factors in the com-
plex of oak decline in northern Germany. Forst und Holz 47,
443-452.

Hartmann, H., C. Messier. 2008: The role of forest tent cat-
erpillar defoliations and partial harvest in the decline and
death of sugar maple. Annals of Botany 102, 377-387, DOI:
10.1093/aob/mcn104.

Heino, E., A. Pouttu. 2015: Metsatuhot vuonna 2014, URL:
http://urn.fi/URN:ISBN:978-952-326-048-1.

Herms, D.A., D.G. McCullough. 2014: Emerald ash borer inva-
sion of North America: history, biology, ecology, impacts, and
management. Annual review of entomology 59, 13-30, DOI:
10.1146/annurev-ento-011613-162051.

Hlasny, T., P. Krokene, A. Liebhold, C. Montagné-Huck, J.
Miiller, H. Qin, K. Raffa, M. Schelhaas, R. Seidl, M. Svoboda.
2019: Living with bark beetles: impacts, outlook and manage-
ment options. European Forest Institute, DOI: 10.36333/fs08.

Hlasny, T., S. Zimova, K. Merganicova, P. Stépanek, R. Mod-
linger, M. Turcani. 2021: Devastating outbreak of bark bee-
tles in the Czech Republic: Drivers, impacts, and management
implications. Forest Ecology and Management 490, 119075,
DOI: 10.1016/j.foreco.2021.119075.

Hoegh-Guldberg, O., D. Jacob, M. Taylor, 2022: Impacts of
1.5°C Global Warming on Natural and Human Systems. In
Global Warming of 1.5°C: IPCC Special Report on Impacts of
Global Warming of 1.5°C above Pre-industrial Levels in Con-
text of Strengthening Response to Climate Change, Sustain-
able Development, and Efforts to Eradicate Poverty Ed. C.
Intergovernmental Panel on Climate. Cambridge University
Press, Cambridge, pp 175-312.

Hulme, P.E., 2017: Climate change and biological invasions:
evidence, expectations, and response options. Biological Re-
views 92, 1297-1313, DOI: 10.1111/brv.12282.

IPCC, 2007: Climate Change 2007: Synthesis Report. Contri-
bution of Working Groups |, Il and Il to the Fourth Assess-
ment Report. [Intergovernmental Panel on Climate Change],
Geneva, Switzerland. 104 pp.


https://www.doi.org/10.3390/insects12121119
https://www.doi.org/10.14411/eje.2017.011
https://www.doi.org/10.1890/0012-9658(2002)083[2293:SEODRI]2.0.CO;2
https://www.doi.org/10.1890/0012-9658(2002)083[2293:SEODRI]2.0.CO;2
https://www.doi.org/10.1016/j.jenvman.2019.109792
https://www.doi.org/10.1007/s10584-021-03066-4
https://www.doi.org/10.1007/s10584-021-03066-4
https://www.doi.org/10.1038/s41467-021-25182-6
https://www.doi.org/10.1016/j.foreco.2018.05.053
https://www.doi.org/10.1038/s41586-022-04959-9
https://www.doi.org/10.1038/s41586-022-04959-9
https://www.doi.org/10.1038/s41467-021-21399-7
https://www.doi.org/10.1093/forestry/cpaa033
https://www.doi.org/10.2307/1310665
https://www.doi.org/10.1016/j.ecolmodel.2013.05.011
https://www.doi.org/10.1038/srep35303
https://www.doi.org/10.1038/srep35303
https://www.doi.org/10.1371/journal.pone.0136469
https://www.doi.org/10.2478/forj-2024-0014
https://www.doi.org/10.1111/j.1365-3059.2009.02082.x
https://www.doi.org/10.1093/aob/mcn104
http://urn.fi/URN:ISBN:978-952-326-048-1
https://www.doi.org/10.1146/annurev-ento-011613-162051
https://www.doi.org/10.36333/fs08
https://www.doi.org/10.1016/j.foreco.2021.119075
https://www.doi.org/10.1111/brv.12282

ournal fir Kulturpflanzen (02).S.6-24,2025

IPCC, 2023: Climate Change 2023: Synthesis Report. In Contri-
bution of Working Groups I, Il and Ill to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change
[Core Writing Team, H. Lee & J. Romero (eds.)], Geneva, Swit-
zerland, pp 35-115.

Jain, P., D. Castellanos-Acuna, S.C. Coogan, J.T. Abatzoglou,
M.D. Flannigan, 2022: Observed increases in extreme fire
weather driven by atmospheric humidity and temperature.
Nature Climate Change 12, 63—70, DOI: 10.1038/s41558-021-
01224-1.

Jakoby, O., H. Lischke, B. Wermelinger, 2019: Climate change
alters elevational phenology patterns of the European spruce
bark beetle (Ips typographus). Global Change Biology 25,
4048-4063, DOI: 10.1111/gcb.14766.

Jankowiak, R., B. Strzatka, P. Bilanski, M. Kacprzyk, K.
Lukasovda, R. Linnakoski, S. Matwiejczuk, M. Misztela, R.
Rossa., 2017: Diversity of Ophiostomatales species associ-
ated with conifer-infesting beetles in the Western Carpathi-
ans. European Journal of Forest Research 136, 939-956, DOI:
10.1007/s10342-017-1081-0.

Johns, R.H., W.D. Hirt, 1987: Derechos: Widespread con-
vectively induced windstorms. Weather and Forecasting
2, 32-49, DOI: 10.1175/1520-0434(1987)002<0032:DWClI-
W>2.0.CO;2.

Jgrstad, I. 1925: Norwegian forest diseases. 1. Diseases of co-
nifers caused by Rusts, Ascomycetes, and Fungi Imperfecti.
Meddelelser fra det Norske Skogsforsoksvesen (6) 186 pp.

Kaitera, J., T. Aalto, R. Jalkanen, 1994: Effect of resin-top
disease caused by Peridermium pini on the volume and
value of Pinus sylvestris saw timber and pulpwood. Scan-
dinavian Journal of Forest Research 9, 376-381, DOI:
10.1080/02827589409382854.

Korhonen, K.T., A. Ahola, J. Heikkinen, H.M. Henttonen, J.-P.
Hotanen, A. lhalainen, M. Melin, J. Pitkdnen, M. Raty, M.
Sirvio, 2021: Forests of Finland 2014-2018 and their develop-
ment 1921-2018. Silva Fennica 55, DOI: 10.14214/sf.10662.

Kovalenko, V., L. Bate, D. Six, 2024: Can climate variability and
landscape position predict white pine blister rust incidence,
mortality due to the disease, and regeneration in whitebark
pine? Canadian Journal of Forest Research 54, 1114-1128,
DOI: 10.1139/cjfr-2023-0270.

Kowalski, T., 2006: Chalara fraxinea sp. nov. associated with
dieback of ash (Fraxinus excelsior) in Poland. Forest Pathology
36, 264-270, DOI: 10.1111/j.1439-0329.2006.00453.x.

Kunca, A., R. Leontovyc, 2011: Occurrence of Ash dieback in
Slovakia since 2004. In Delb., H., S. Pontuali (eds): Biotic Risks
and Climate Change in Forests. Proceedings from the 10" |U-
FRO Workshop of WP, pp 170-171.

Kunca, A., M. Zubrik, J. Galko, J. Vakula, R. Leontovyc, B.
Konépka, C. Nikolov, A. Gubka, V. Longauerova, M. Malova,
2019: Salvage felling in the Slovak Republic’s forests during
the last twenty years (1998-2017). Central European Forestry
Journal 65, 3-11, DOI: 10.2478/forj-2019-0007.

)2 | Hartmann et &

Lagerberg, T., 1912: Studier 6fver den norrlandska tallens
sjukdomar, sarskildt med hansyn till dess foryngring. Medde-
landen fran Statens skogsforsoksanstalt, URL: https://res.slu.
se/id/publ/124875.

Levieux, J., F. Lieutier, J.C. Moser, T.J. Perry, 1989: Transpor-
tation of phytopathogenic fungi by the bark beetle Ips sex-
dentatus Boerner and associated mites. Journal of applied
Entomology 108, 1-11, DOI: 10.1111/j.1439-0418.1989.
tb00425.x.

Liu, J., P.O. Wennberg, N.C. Parazoo, Y. Yin, C. Franken-
berg, 2020: Observational Constraints on the Response of
High-Latitude Northern Forests to Warming. AGU Advances
1, e2020AV000228, DOI: 10.1029/2020AV000228.

Lloret, F., P.H. Zedler, 2009: The effect of forest fire on vege-
tation. In Fire effects on soils and restoration strategies. CRC
Press, pp 273-312.

Lobinger, G., 1998: Zusammenhange zwischen Insekten-
fral}, Witterungsfaktoren und Eichenschaden. Berichte aus
der Bayerischen Landesanstalt fiir Wald- und Forstwirtschaft
19/98.

Lobinger, G., K. Burkhard, H. Delb, A. Hahn, C. Hein, R. Hur-
ling, M. Rohde, A. Rommerskirchen, D. Wonsack, 2024: Ei-
chenprachtkafer und Eichensterben. AFZ/Der Wald 79, 38—41.

Low, M., T. Koukal, 2020: Phenology Modelling and Forest
Disturbance Mapping with Sentinel-2 Time Series in Austria.
Remote Sensing 12, 4191, DOI: 10.3390/rs12244191.

Manion, P.D., 1991: Tree disease concepts. Prentice Hall,
Engelwood Cliffs, NJ (USA). 402 p.

Marini, L., B. @kland, A.M. Jénsson, B. Bentz, A. Carroll, B.
Forster, J.-C. Grégoire, R. Hurling, L.M. Nageleisen, S. Neth-
erer, H.P. Ravn, A. Weed, M. Schroeder, 2017: Climate drivers
of bark beetle outbreak dynamics in Norway spruce forests.
Ecography 40, 1426-1435, DOI: 10.1111/ecog.02769.

Mayer, F., F.B. Piel, A. Cassel-Lundhagen, N. Kirichenko, L.
Grumiau, B. @kland, C. Bertheau, J.-C. Grégoire, P. Mardu-
lyn. 2015: Comparative multilocus phylogeography of two
Palaearctic spruce bark beetles: influence of contrasting eco-
logical strategies on genetic variation. Molecular Ecology 24,
1292-1310, DOI: 10.1111/mec.13104.

McDowell, N.G., 2011: Mechanisms linking drought, hydrau-
lics, carbon metabolism, and vegetation mortality. Plant Phys-
iology 155, 1051-1059, DOI: 10.1104/pp.110.170704.

McMullan, M., M. Rafiqi, G. Kaithakottil, B.J. Clavijo, L. Bil-
ham, E. Orton, L. Percival-Alwyn, B.J. Ward, A. Edwards,
D.G. Saunders, 2018: The ash dieback invasion of Europe
was founded by two genetically divergent individuals. Nature
Ecology & Evolution 2, 1000-1008, DOI: 10.1038/s41559-
018-0548-9.

Melin, M., H. Viiri, O.-P. Tikkanen, R. Elfving, S. Neuvonen,
2020: From a rare inhabitant into a potential pest—status of
the nun moth in Finland based on pheromone trapping. Silva
Fennica 54, 10262, DOI: 10.14214/sf.10262.

Moran-Orddiez, A., A. Duane, A. Gil-Tena, M. De Caceres,
N. Aquilué, C.A. Guerra, I.R. Geijzendorffer, M.J. Fortin, L.


https://www.doi.org/10.1038/s41558-021-01224-1
https://www.doi.org/10.1038/s41558-021-01224-1
https://www.doi.org/10.1111/gcb.14766
https://www.doi.org/10.1007/s10342-017-1081-0
https://www.doi.org/10.1175/1520-0434(1987)002<0032:DWCIW>2.0.CO;2
https://www.doi.org/10.1175/1520-0434(1987)002<0032:DWCIW>2.0.CO;2
https://www.doi.org/10.1080/02827589409382854
https://www.doi.org/10.14214/sf.10662
https://www.doi.org/10.1139/cjfr-2023-0270
https://www.doi.org/10.1111/j.1439-0329.2006.00453.x
https://www.doi.org/10.2478/forj-2019-0007
https://res.slu.se/id/publ/124875
https://res.slu.se/id/publ/124875
https://www.doi.org/10.1111/j.1439-0418.1989.tb00425.x
https://www.doi.org/10.1111/j.1439-0418.1989.tb00425.x
https://www.doi.org/10.1029/2020AV000228
https://www.doi.org/10.3390/rs12244191
https://www.doi.org/10.1111/ecog.02769
https://www.doi.org/10.1111/mec.13104
https://www.doi.org/10.1104/pp.110.170704
https://www.doi.org/10.1038/s41559-018-0548-9
https://www.doi.org/10.1038/s41559-018-0548-9
https://www.doi.org/10.14214/sf.10262

Brotons, 2020: Future impact of climate extremes in the
Mediterranean: Soil erosion projections when fire and ex-
treme rainfall meet. Land Degradation & Development 31,
3040-3054, DOI: 10.1002/Idr.3694.

Miiller, M.M., J. Hantula, M. Wingfield, R. Drenkhan, 2019:
Diplodia sapinea found on Scots pine in Finland. Forest pa-
thology 49, €12483, DOI: 10.1111/efp.12483.

Nikoli¢, N., A. Pilipovi¢, M. Dreki¢, D. Koji¢, L. Poljakovi¢-Pa-
jnik, S. Orlovi¢, D. Arsenov, 2019: Physiological responses of
pedunculate oak (Quercus robur L.) to Corythucha arcuata
(Say, 1832) attack. Archives of Biological Sciences 71, 167—
176, DOI: 10.2298/ABS180927058N.

NW-FVA, 2023: NW-FVA Waldschutzinfo 023-06, Prachtkafer-
befall an Eiche: Verlust ganzer Eichenwaélder droht. Nordwest-
deutsche Forstliche Versuchsanstalt, Abteilung Waldschutz,
DOI: 10.5281/zenodo.8302114.

Oliva, J., J. Boberg, J. Stenlid, 2013: First report of Sphaerop-
sis sapinea on Scots pine (Pinus sylvestris) and Austrian pine
(P. nigra) in Sweden. New Disease Reports 27, 23-23, DOI:
10.5197/j.2044-0588.2013.027.023.

Patacca, M., M. Lindner, M.E. Lucas-Borja, T. Cordonnier,
G. Fidej, B. Gardiner, Y. Hauf, G. Jasinevicius, S. Labonne, E.
Linkevicius, M. Mahnken, S. Milanovic, G.-J. Nabuurs, T.A.
Nagel, L. Nikinmaa, M. Panyatov, R. Bercak, R. Seidl, M.Z.
Ostrogovic Sever, J. Socha et al., 2023: Significant increase
in natural disturbance impacts on European forests since
1950. Global Change Biology 29, 1359-1376, DOI: 10.1111/
gcb.16531.

Paulin, M., A. Hirka, C.B. E6tvos, C. Gaspar, A. Fiirjes-Mikd,
G. Csoka, 2020: Known and predicted impacts of the invasive
oak lace bug () in European oak ecosystems—a review. Folia
Oecologica 47, 131-139, DOI: 10.2478/foecol-2020-0015.

Pausas, J.G., J.E. Keeley, 2021: Wildfires and global change.
Frontiers in Ecology and the Environment 19, 387-395, DOI:
10.1002/fee.2359.

Pendergrass, A.G., 2020: Changing degree of convective or-
ganization as a mechanism for dynamic changes in extreme
precipitation. Current climate change reports 6, 47-54, DOI:
10.1007/s40641-020-00157-9.

Poland, T.M.,, Y. Chen, J. Koch, D. Pureswaran, 2015: Review
of the emerald ash borer (Coleoptera: Buprestidae), life his-
tory, mating behaviours, host plant selection, and host re-
sistance. The Canadian Entomologist 147, 252-262, DOI:
10.4039/tce.2015.4.

Post, E., R.B. Alley, T.R. Christensen, M. Macias-Fauria, B.C.
Forbes, M.N. Gooseff, A. ller, J.T. Kerby, K.L. Laidre, M.E.
Mann, J. Olofsson, J.C. Stroeve, F. Ulmer, R.A. Virginia, M.
Wang, 2019: The polar regions in a 2°C warmer world. Sci-
ence Advances 5, DOI: 10.1126/sciadv.aaw9883.

Pulgarin Diaz, J.A., M. Melin, T. Ylioja, P. Lyytikdinen-Saaren-
maa, H. Peltola, O.-P. Tikkanen, 2024: Relationship between
stand and landscape attributes and Ips typographus salvage
loggings in Finland. Silva Fennica 58, 23069, DOI: 10.14214/
sf.23069.

073/3fK.2025.02.02 | Hartmann et ¢

Reed, K., 2017: The lifecycle and development of Agrilus
biguttatus, and mechanisms of host resistance and annu-
al growth in relation to Acute Oak Decline. Doctoral thesis,
Harper Adams University, URL: https://hau.repository.guild-
he.ac.uk/id/eprint/17349.

Rennerfelt, E. 1947. The occurrence of the blister-rust stage
in Scots Pine stands attacked by Peridermium. Norrlands
Skogsvardsforbunds Tidskrift 2, 191-215.

Robinet, C., C.-E. Imbert, J. Rousselet, D. Sauvard, J. Garcia, F.
Goussard, A. Roques, 2012: Human-mediated long-distance
jumps of the pine processionary moth in Europe. Biological
invasions 14, 1557-1569, DOI: 10.1007/s10530-011-9979-9.

Roques, A., 2015: Processionary moths and climate change:
an update. Springer, 427 pp., DOI: 10.1007/978-94-017-9340-
7.

Roques, A., J. Shi, M.-A. Auger-Rozenberg, L. Ren, S. Au-
gustin, Y.-q. Luo, 2020: Are invasive patterns of non-native
insects related to woody plants differing between Europe
and China? Frontiers in Forests and Global Change 2, DOI:
10.3389/ffgc.2019.00091.

Sallé, A., L.-M. Nageleisen, F. Lieutier. 2014: Bark and wood
boring insects involved in oak declines in Europe: Current
knowledge and future prospects in a context of climate
change. Forest Ecology and Management 328, 79-93, DOI:
10.1016/j.foreco.2014.05.027.

Samils, B., J. Stenlid, 2022: A review of biology, epidemiol-
ogy and management of Cronartium pini with emphasis on
Northern Europe. Scandinavian Journal of Forest Research
37, 153-171, DOI: 10.1080/02827581.2022.2085322.

Santini, A., L. Ghelardini, C. De Pace, M.L. Desprez-Loustau,
P. Capretti, A. Chandelier, T. Cech, D. Chira, S. Diamandis, T.
Gaitniekis, J. Hantula, O. Holdenrieder, L. Jankovsky, T. Jung,
D. Jurc, T. Kirisits, A. Kunca, V. Lygis, M. Malecka, B. Marcais
et al., 2013: Biogeographical patterns and determinants of
invasion by forest pathogens in Europe. New Phytologist 197,
238-250, DOI: 10.1111/j.1469-8137.2012.04364 x.

Santos, H., C. Burban, J. Rousselet, J.P. Rossi, M. Branco, C.
Kerdelhué, 2011: Incipient allochronic speciation in the pine
processionary moth (Thaumetopoea pityocampa, Lepidop-
tera, Notodontidae). Journal of Evolutionary Biology 24, 146—
158, DOI: 10.1111/j.1420-9101.2010.02147 x.

Schans, J., G. Schrader, A. Delbianco, I. Graziosi, S. Vos &
E.F.S. Authority, 2020: Pest survey card on Agrilus planipen-
nis. EFSA Supporting Publications 17, 1945E, DOI: 10.2903/
sp.efsa.2020.EN-1945.

Schuler, H., R. Witkowski, B. van de Vossenberg, B. Hoppe,
M. Mittelbach, T. Bukovinszki, S. Schwembacher, B. van de
Meulengraaf, U. Lange, S. Rode, A. Andriolo, M. Betka, A.
Mazur, A. Battisti, 2023: Recent invasion and eradication of
two members of the Euwallacea fornicatus species complex
(Coleoptera: Curculionidae: Scolytinae) from tropical green-
houses in Europe. Biological Invasions 25, 299-307, DOI:
10.1007/s10530-022-02929-w.

Seebens, H., T.M. Blackburn, E.E. Dyer, P. Genovesi, P.E.
Hulme, J.M. Jeschke, S. Pagad, P. PySek, M. Winter, M. Ari-


https://www.doi.org/10.1002/ldr.3694
https://www.doi.org/10.1111/efp.12483
https://www.doi.org/10.2298/ABS180927058N
https://www.doi.org/10.5197/10.5281/zenodo.8302114
https://www.doi.org/10.5197/j.2044-0588.2013.027.023
https://www.doi.org/10.1111/gcb.16531
https://www.doi.org/10.1111/gcb.16531
https://www.doi.org/10.2478/foecol-2020-0015
https://www.doi.org/10.1002/fee.2359
https://www.doi.org/10.1007/s40641-020-00157-9
https://www.doi.org/10.4039/tce.2015.4
https://www.doi.org/10.1126/sciadv.aaw9883
https://www.doi.org/10.14214/sf.23069
https://www.doi.org/10.14214/sf.23069
https://hau.repository.guildhe.ac.uk/id/eprint/17349
https://hau.repository.guildhe.ac.uk/id/eprint/17349
https://www.doi.org/10.1007/s10530-011-9979-9
https://www.doi.org/10.1007/978-94-017-9340-7
https://www.doi.org/10.1007/978-94-017-9340-7
https://www.doi.org/10.3389/ffgc.2019.00091
https://www.doi.org/10.1016/j.foreco.2014.05.027
https://www.doi.org/10.1080/02827581.2022.2085322
https://www.doi.org/10.1111/j.1469-8137.2012.04364.x
https://www.doi.org/10.1111/j.1420-9101.2010.02147.x
https://www.doi.org/10.2903/sp.efsa.2020.EN-1945
https://www.doi.org/10.2903/sp.efsa.2020.EN-1945
https://www.doi.org/10.1007/s10530-022-02929-w

ournal fir Kulturpflanzen (02).S.6-24,2025

anoutsou, S. Bacher, B. Blasius, G. Brundu, C. Capinha, L. Ce-
lesti-Grapow, W. Dawson, S. Dullinger, N. Fuentes, H. Jager,
J. Kartesz et al., 2017: No saturation in the accumulation of
alien species worldwide. Nature Communications 8, 14435,
DOI: 10.1038/ncomms14435.

Selikhovkin, A.V., D.L. Musolin, B.G. Popovichev, S.A.
Merkuryev, M.G. Volkovitsh, R. Vasaitis, 2022: Invasive
populations of the emerald ash borer Agrilus planipennis
Fairmaire, 1888 (Coleoptera: Buprestidae) in Saint Peters-
burg, Russia: a hitchhiker? Insects 13, 191, DOI: 10.3390/in-
sects13020191.

Senf, C., R. Seidl, 2021: Persistent impacts of the 2018 drought
on forest disturbance regimes in Europe. Biogeosciences 18,
5223-5230, DOI: 10.5194/bg-18-5223-2021.

Siitonen, J., 2014: Ips acuminatus kills pines in southern Fin-
land. Silva Fennica 48, DOI: 10.14214/sf.1145.

Six, D.L., 2020: A major symbiont shift supports a major niche
shift in a clade of tree-killing bark beetles. Ecological Ento-
mology 45, 190-201, DOI: 10.1111/een.12786.

Six, D.L., M.J. Wingfield, 2011: The role of phytopathogenici-
ty in bark beetle—fungus symbioses: a challenge to the classic
paradigm. Annual review of entomology 56, 255-272, DOI:
10.1146/annurev-ento-120709-144839.

Skogsstyrelsen, 2017: SKADOR PA SKOG: DEL 2 Gamla och
nya epidemier och utbrott Intensivare skogsbruk och fram-
tidens tekniker Klimat och skogsskador. Skogsskétselserien nr
12, 116 pp.

Skrylnyk, Y., T. Kucheryavenko, O. Zinchenko, 2023: Distribu-
tion of the emerald ash borer Agrilus planipennis fairmaire,
1888 (Coleoptera: buprestidae) in the Kharkiv region. In: Plant
Protection and Quarantine in the 21st Century: Problems and
Prospects; Materials of the International Scientific-Practical
Conference Dedicated to the Anniversaries of the Outstanding
Entomologists Doctors of Biological Sciences, Migulin, 0.0.,
O.V. Zakharenko (Kharkiv, 19-20 October 2023); Zhytomyr,
Ruta, Ukraine; 2023; pp. 142-145. ISBN 978-617-581-597-7.
URL: https://dspace.pdau.edu.ua/server/api/core/bitstreams/
0153a1df-a644-456d-b288-2fe66294969f/content.

SMHI, 2023: Sveriges klimat har blivit varmare och blétare
(Sweden’s climate has become warmer and wetter). Swedish
Meteorological and Hydrological Institute, URL: https://www.
smhi.se/kunskapsbanken/klimat/sveriges-klimat/sveriges-
klimat-har-blivit-varmare-och-blotare-1.21614. Last update June
2023, page accessed 18.02.2025.

Stadelmann, G., H. Bugmann, B. Wermelinger, C. Bigler,
2014: Spatial interactions between storm damage and subse-
guent infestations by the European spruce bark beetle. For-
est Ecology and Management 318, 167-174, DOI: 10.1016/].
foreco.2014.01.022.

Stokland, J.N., J. Siitonen, B.G. Jonsson, 2012: Biodiversity
in dead wood. Cambridge university press, DOI: 10.1017/
CB09781139025843.

Stroheker, S., S. Blaser, V. Queloz, 2024: Buchdrucker: ge-
bietsweise Zunahme. In Waldschutz aktuell. Waldschutz
Schweiz; WSL, Birmensdorf, p 4.

)2 | Hartmann et &

Taszarek, M., M.Z. Ziemianski, 2022: Analyzing the derecho
system over Poland on 11 August 2017. Preface to the topical
issue. Management 10, 4—6, DOI: 10.26491/mhwm/161546.

Terhonen, E.-L., J. Babalola, R. Kasanen, R. Jalkanen, K. Blu-
menstein, 2021: Sphaeropsis sapinea found as symptom-
less endophyte in Finland. Silva Fennica 55, DOI: 10.14214/
sf.10420.

Terhonen, E., 2022: First report of Diplodia tip blight on Scots
pine in Finland. Silva Fennica 56, DOI: 10.14214/sf.22008.

Thonfeld, F., U. Gessner, S. Holzwarth, J. Kriese, E. da Ponte,
J. Huth, C. Kuenzer, 2022: A First Assessment of Canopy Cov-
er Loss in Germany’s Forests after the 2018-2020 Drought
Years. Remote Sensing 14, 562, DOI: 10.3390/rs14030562.

Tikkanen, O.-P., I. Lehtonen, 2023: Changing climatic drivers
of European spruce bark beetle outbreaks: a comparison of
locations around the Northern Baltic Sea. Silva Fennica 57,
DOI: 10.14214/sf.23003.

Turco, M., J.J. Rosa-Canovas, J. Bedia, S. Jerez, J.P. Montavez,
M.C. Llasat, A. Provenzale, 2018: Exacerbated fires in Medi-
terranean Europe due to anthropogenic warming projected
with non-stationary climate-fire models. Nature communica-
tions 9, 3821, DOI: 10.1038/s41467-018-06358-z.

Venaldinen, A,, I. Lehtonen, M. Laapas, K. Ruosteenoja, O.-
P. Tikkanen, H. Viiri, V.-P. Ikonen, H. Peltola, 2020: Climate
change induces multiple risks to boreal forests and forestry in
Finland: A literature review. Global Change Biology 26, 4178
4196, DOI: 10.1111/gch.15183.

Villari, C., A. Battisti, S. Chakraborty, M. Michelozzi, P.
Bonello, M. Faccoli, 2012: Nutritional and pathogenic fungi
associated with the pine engraver beetle trigger comparable
defenses in Scots pine. Tree physiology 32, 867-879, DOI:
10.1093/treephys/tps056.

Wermelinger, B., M. Seifert, 1999: Temperature-dependent
reproduction of the spruce bark beetle, and analysis of the
potential population growth. Ecological Entomology 24, 103—
110, DOI: 10.1046/j.1365-2311.1999.00175..x.

Wessely, J., F. Essl, K. Fiedler, A. Gattringer, B. Hiilber, O. Ig-
nateva, D. Moser, W. Rammer, S. Dullinger, R. Seidl, 2024:
A climate-induced tree species bottleneck for forest man-
agement in Europe. Nature Ecology & Evolution 8, 1-9, DOI:
10.1038/s41559-024-02406-8.

Woods, C.L., K. Maleta, K. Ortmann, 2021: Plant—plant inter-
actions change during succession on nurse logs in a northern
temperate rainforest. Ecology and Evolution 11, 9631-9641,
DOI: 10.1002/ece3.7786.

Wulff, S., P. Hansson, 2009: Riktad skogsskadeinventer-
ing av torskaterost 2008, Umead, URL: https://res.slu.se/id/
publ/128840.

Waulff, S., P. Hansson, 2013: Nationell riktad skadeinventer-
ing (NRS) 2012. URL: https://res.slu.se/id/publ/51717.

Waulff, S., M. Walheim, C. Roberge, 2022: Nationell Riktad
Skadeinventering (NRS) Inventering av skador pa ungskog
2022 i Norrbotten, Vasterbotten, Vasternorrland och Jamt-
lands lan. URL: https://res.slu.se/id/publ/128193.


https://www.doi.org/10.1038/ncomms14435
https://www.doi.org/10.3390/insects13020191
https://www.doi.org/10.3390/insects13020191
https://www.doi.org/10.5194/bg-18-5223-2021
https://www.doi.org/10.14214/sf.1145
https://www.doi.org/10.1111/een.12786
https://www.doi.org/10.1146/annurev-ento-120709-144839
https://dspace.pdau.edu.ua/server/api/core/bitstreams/0153a1df-a644-456d-b288-2fe66294969f/content
https://dspace.pdau.edu.ua/server/api/core/bitstreams/0153a1df-a644-456d-b288-2fe66294969f/content
https://www.smhi.se/kunskapsbanken/klimat/sveriges-klimat/sveriges-klimat-har-blivit-varmare-och-blotare-1.21614
https://www.smhi.se/kunskapsbanken/klimat/sveriges-klimat/sveriges-klimat-har-blivit-varmare-och-blotare-1.21614
https://www.smhi.se/kunskapsbanken/klimat/sveriges-klimat/sveriges-klimat-har-blivit-varmare-och-blotare-1.21614
https://www.doi.org/10.1016/j.foreco.2014.01.022
https://www.doi.org/10.1016/j.foreco.2014.01.022
https://www.doi.org/10.1017/CBO9781139025843
https://www.doi.org/10.1017/CBO9781139025843
https://www.doi.org/10.26491/mhwm/161546
https://www.doi.org/10.14214/sf.10420
https://www.doi.org/10.14214/sf.10420
https://www.doi.org/10.14214/sf.22008
https://www.doi.org/10.3390/rs14030562
https://www.doi.org/10.14214/sf.23003
https://www.doi.org/10.1038/s41467-018-06358-z
https://www.doi.org/10.1111/gcb.15183
https://www.doi.org/10.1093/treephys/tps056
https://www.doi.org/10.1046/j.1365-2311.1999.00175.x
https://www.doi.org/10.1038/s41559-024-02406-8
https://www.doi.org/10.1002/ece3.7786
https://res.slu.se/id/publ/128840
https://res.slu.se/id/publ/128840
https://res.slu.se/id/publ/51717
https://res.slu.se/id/publ/128193

Ylioja, T., L. Aarnio, J. Kokkonen, M. Melin, 2024: 17. Kirjan-
painajatilanne vuonna 2023. Metsatuhot vuonna 2023, URL:
http://urn.fi/URN:ISBN:978-952-380-906-2.

Zhao, T., D. Kandasamy, P. Krokene, J. Chen, J. Gershenzon,
A. Hammerbacher, 2019: Fungal associates of the tree-kill-

10.5073/3fK.2025.02.02 | Hartmann et ¢

ing bark beetle, Ips typographus, vary in virulence, ability to
degrade conifer phenolics and influence bark beetle tunne-
ling behavior. Fungal Ecology 38, 71-79, DOI: 10.1016/j.fune-
€0.2018.06.003.


http://urn.fi/URN:ISBN:978-952-380-906-2
https://www.doi.org/10.1016/j.funeco.2018.06.003
https://www.doi.org/10.1016/j.funeco.2018.06.003

