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General environmental condition of the indigenous pests
We are experiencing increasing frequency and
extent of forest disturbances, caused by various
agents, be it storms, drought, fires, rime or
insect outbreaks. Every year, biotic agents cause
average disturbances 5.5 million m3 in Europe
(Schelhaas et al. 2003). The presence of biotic risk
throughout Europe is affected mainly by climatic
conditions, species distribution, and forest stand
management. Forests cover 2 million km2 of the
European continent (Hanewinkel et al. 2013)
and have an irreplaceable role in its landscape,
where they fulfill multiple key functions. In
the northern part and in mountainous areas,
spruce forests dominate. In the broader part
of Central Europe, oak and beech forests are
natural, whereas in the southern part, pines are
abundant. These natural forests were adapted
to climatic, edafic, and disturbance conditions
of the given region. However, most of these
ecosystems were altered to a varying extent
by the anthropogenic factor, some were totally
reshaped to production forests with intensive
management. The development of exploiting
forests and its representation in the landscape
was similar in diverse parts of Europe, though
it varied in intensity and starting point. Until
modern history, land was generally deforested
and subsequently the weight has shifted to the
reforestation we can currently see. In Central
Europe, the reforestation lead to change
from natural deciduous forests to coniferous.
In areas with oceanic climate, species from

other continents were introduced, later in the
form of intensive plantations. Economic gains
of production forests are obvious, however,
seminatural forests and plantations are more
prone to biotic threats.
Indigenous species that favor the environmental
factors of the modified forests often disturb
seminatural forests. Plantations are frequently
disturbed by introduced, invasive species or
indigenous species that find the specific species
as an alternative host plant. The acceptance of
the introduced tree species as alternative feed
is given by the taxonomic relatedness of the
original and new host. Factors such as simple
vertical structure, lower number of species,
age uniformity, high concentration of the feed
source, and limited presence of natural enemies
of the pest cause the susceptibility of production
forests to pest outbreaks. The lower resilience of
monocultures to pests can be also contributed
to low genetic diversity, which is further reduced
through preference of individuals with pioneer
growth strategy genotype.

Insects are the most abundant class of biotic agents in Europe,
composing a heterogeneous and diverse group formed
by many species. The most important forest pests can be
attributed to orders Coleoptera, Lepidoptera, Hymenoptera:
Symhyta, and Hemiptera. There are many ways how insects
harm trees. They can disturb the phloem and cambium
functions, destroy (consume) assimilation organs (defoliate)
or stress the tree by sucking on plant juices.
This part of the document was prepared by Roman Modlinger, Faculty of Forestry and Wood
Sciences, Czech University of Life Sciencias, Prague.
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From the total number of insect species that
live in forests, only less than 1 % are harmful.
On the other hand, the most significant ones
can affect areas spanning for hundreds of
kilometers square during outbreaks. In forming
an outbreak, climate plays a key role. It either
induces tree stress or increase the reproduction
potential of the insects, often both. In many
defoliators, outbreaks repeat cyclically. Though
climate is a key factor, biological factors
also affect the fluctuations in outbreaks, e.g.
epizootic viral disease, decreased nutritional
value of the consumed assimilation organs
or gained resistance of trees, intraspecific
competitions, insufficient feed sources, but
also the number of predators and parasitoids.
Migration capabilities of pest insects are lower
to moderate, ranging from sedentary species to
those capable migrating hundreds of kilometers.

Another important pest group are Fungi. The
most important are Ascomycota, Basidiomycota,
and Deuteromycota. Fungi damage trees
mostly by obstructing the conductive tissues,
forming necrotic lesions in phloem and cambial
areas, inhibiting the root system, premature leaf
cast or wood decay, affecting the static stability
of trees. Fungi are important decompositors
of organic substances in the ecosystem and
their harmful effects are often connected
with suboptimal vitality of the infested trees.
Most fungi prefer damp environment, though
for spread of vascular diseases, a decrease
in cell turgor is favorable (dry periods). The
propagation of fungal pathogens often occurs
on a land scale, as spores are carried by wind.
Many root affecting fungi grow into soil, others
can be carried by insects.

Vertebrata can cause significant amount of
damage as well, namely deer (Cervidae) and
small mammals (Rodentia). These animals
gnaw on tree stems or prohibit tree growth
by eating shoots. The span of such damages
is related to the size of the Vertebrata – from
management unit (single stands) in case of
voles, to whole management districts in case of
red deers. In small mammals, cyclical outbreaks
are also known, though the causes were not
reliably explained.
Thanks to ongoing climate change, we can
expect alterations in the abundance and
distribution range of many pests. In insects, the
increasing temperatures can cause an increase
in the number of generations per year or impacts
on mortality during overwintering, which can
substantially affect population dynamics. In
pathogens, the increasing temperature will
also affect the distribution range, though
changes in rainfall patterns will probably have
greater impacts on these pathogens. Foresters
will be forced to select those tree species or
provenances that will be better adapted for
the changing conditions, to achieve lower
susceptibility to pest infestation.
In the last years, the increasing intensity of
international trade and the connected risks of
invasions of alien species is becoming significant.
These invasive pests found their way to forests
as well. The tools in signaling the presence
of invasive species are widely elaborated in
European and Mediterranean Plant Protection
Organization (EPPO) and can be a source of
inspiration for monitoring and management of
indigenous pests.
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Tree and stand damage
Right image: Gallery of Ips sexdentatus, one of
the biggest bark beetles in the Europe.

When deciding on the optimal forest protection
measure, we need to assess the nature of
damage, in a sense of loss of target utility
of the forest stand. The intensity, costs, and
potential harm of the environment when using
the measure should be directly in proportion
with the real threat presented by the pest.

Table 1: Basic classification of the damages
Type of damage

Timber damage

Manifestation of the
damage
Decreased timber
quality due to
damage

Production losses due
to growth inhibition,
Growth rate inhibition caused by defoliation
or strong sucking
Tree die-back

Trees can die due to
masive infestation or
type of infestation

Group

Species

Timber damaging
species generally

Saperda carcharias,
Trypodendron
lineatum,

Mostly Lepidoptera
and sawflies

Thaumetopoea
pityocampa,
Lymantria dispar,
Tortrix viridana

Mainly bark beetles or
severe defoliators

Ips sp., Tomicus sp.,
Lymantria monacha,
Armillaria sp.
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Female of gypsy moth Lymantria dispar.
Loss or damage to the assimilatory organs
directly affects tree growth. Species that develop
throughout summer affect growth more than
those that feed on leaves during spring. Defoliation
decreases the resistance of trees, inhibits
photosynthesis, and development of reproduction
organs. Some trees, after they totally lose their
assimilatory apparatus, develop new leaves or
blossom, which further strains the individuals.
If the production is targeted at seed yield or
cork utilization, defoliation affects rentability
significantly. Severe loss of needles creates
predisposition to infestation by xylophagous and
cambioxylophagous species. Besides defoliation,
shoot damage can be also considered growth
inhibiting, such as those observed during
maturation feeding of the genus Tomicus. A more
severe type of damage is the deformation of young
trees by tortricoid moths of the genus Rhyacionia
or Rust Melampsora pinitorqua, because they
often affect the lengthwise axis of the tree’s stem.
Coniferous trees are more sensitive to defoliation
than deciduous trees, the regeneration of needles
is slow, and they do not survive total defoliation,
apart from larch.
Tree die-back occurs after infestation by
aggressive species of bark beetles. A combination
of multiple pests frequently cause tree die-back.
There are cases where a tree is stressed by a fungal
infestation and a subsequent beetle infestation
acts as the final fatality factor, such as Armillaria
ostoyae and Ips duplicatus or I. typographus on
spruces, Armillaria melea and Agrilus biguttatus on
oaks, or Hymenosciphus fraxineus and Hylesinus
varius on ashes. In other cases, insects can act
as the primary stressor and fungi as the fatality
factor, like Cryptococcus fagisuga and Nectria sp.
on beeches. In some cases, we can label insects
as the pathogen vector, like bark beetles of the
genus Scolytus act for the Dutch elm disease or
longhorn beetle Monochamus sp. act for the Pine
wilt nematodes.
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Forest pest management,
monitoring and
control
The basic aspect of successful forest pest
management is their early detection. Although
numerous countries have adopted mandatory
monitoring of selected forest pests, usually the
outbreak is not registered on time. In case of
unusual or new pests, information is shared
mostly among researchers and the existence
of a direct thematic European platform is
desirable. Pest monitoring can warn forest
owners of an upcoming danger, inform them
of the necessity to perform check-ups and
the proper way to do them on the one hand.
Overleaf, it can provide enough time for the state
departments and policy-makers to act, prepare
the proper tools or amend the legislation. The
methods of pest monitoring are sophisticated
and currently, they are being expanded by the
rapidly developing methods of remote sensing,
including unmanned aerial vehicles.

making on whether to adopt costly measures in
semi-natural production forests.

Mass pesticide application to manage
pests should only be used if other protection
measures prove ineffective. However, extensive
aerial interventions towards pests in maturing
or mature stands are sometimes necessary.
Pesticide application should be targeted
as much as possible on a given pest, i.e. it
should be aimed at the most susceptible pest
development stage and performed at a time
when interactions with untargeted species is
minimal. Among the most criticized effects of
using pesticides is their limited selectivity rate,
i.e. their effects on untargeted insects, which
include antagonistic, as well as those indifferent,
development of resistance, residual compound
build-up in the environment (water, soil, phytoand zoo-mass), phytotoxicity, etc. An alternative
The management of populations of substantial to using pesticides is the biological pest control
pests relates more to prevention than or microbial control.
suppression. An important concept that fulfills
these requirements is the integrated pest Biological control means using natural
management (IPM), which was developed antagonists to reduce the pest population, which
mainly as a reaction to excessive pesticide includes direct pest regulation and keeping the
usage. The decision in IPM depends on pest population in low densities. The methods
information from multiple sources, frequently of augmentation and conservation are aimed
coming from complex information bases that at increasing the efficiency of natural enemies,
form the decision support systems (DSS). These which are present in the environment. Classical
enable optimal evaluation of a given situation. biological control or Importation includes
import and planting of introduced enemies to
For direct interventions against pest an economic manage non-native pests. Only host-specific
injury level (EIL) is established. It is defined as species of the most basic parasitoids of the
the smallest population density of a pest that Diptera and Hymenoptera orders are suitable
can cause economic losses and the subsequent for importation. Generalists are more suitable
critical density (CD), i.e. the population density for keeping the pest populations low. Biologic
of a pest, at which the EIL is reached. The system control is considered only partially successful in
based on EIL is frequently used in plantations, practice.
where it presents the optimal management
approach. However, the general EIL concept
and CD is suitable also for practical decision-
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Microbial control includes using microorganisms
that cause diseases in insects. Several
preparations based on microorganisms
intended for forest protection are available
commercially. In microbial control, the inundation
method is frequently used. Within this method,
the main requirements for the agent are its
high pathogeny instead of ability to be retained
in the environment. Bacillus thuringiensis
(Bt) is one of the most common commercial
biopreparations. According to the type of the
present Cry protein, Bt is toxic for Lepidoptera,
Coleoptera or Diptera. Regarding viruses, the
nucleopolyhedrovirus (NPV) is relatively often
used. The target group are Lepidoptera and
sawfly defoliators. The disadvantage of the NPV
is its relatively slow performance and high costs
of virus production. Heterorhabditidae and
Steinernematidae are the most used families of
nematodes, which is usually placed as microbial

control, because the host is not actually killed
by the nematode itself, but rather its specific
bacteria. A disadvantage of using nematodes is
their very narrow host specialization and limited
dispersion ability. Deuteromycota (Beauveria
bassiana, Metarhizium sp.) a Zygomycotina
(Entomophaga maimaga) entomopathogenic
fungi are among the most used in forest
protection. Their advantage lays in the fact that
they penetrate their host through the cuticle, so
do not have to be ingested like to Bt and viruses,
which means they are efficient also for sucking
insects. Entomopathogenic fungi generally have
a broader spectrum of hosts (especially the
Deuteromycetes) and their efficiency depends
on favorable climatic conditions during their
release.

Seed orchard, seed stands or
non-timber forest products
If the main target utility of the forest is the production of seed,
yield needs to be protected. It is important to understand
that without continuous seed production, it is impossible
to react to demand for seeding material when large
disturbances occur in production forests. For trees in forest
stands, the criteria for protective measures are targeted on
mitigation of defoliation. For example in Spain, in forests
of evergreen oaks, the control program for Tortrix viridana
lead to increase of acorn production from 150 to 600
kilograms per hectare and year. In Quercus suber stands,
the gypsy moth Lymantria dispar defoliator affects also
cork production. In case of seed orchards, forest protection
resembles practices employed in fruit crops. Because of this,
resistance of pests to pesticides may develop here, as one
of few operations in forestry. Seed orchards also present a
suitable environment for employing the mating disruption
strategy – the disorientation of males by artificial increase
of the female sexual pheromone.

Method of forest pest management
in planting establishment
Growing trees outside their natural range
should be based on experience, avoid
establishing monocultures, and avoid areas
that favor pests. Some introduced species
are so susceptible to indigenous pests, it
practically eliminates them from usage.
For example, Abies alba is strongly infested
by Dreyufusia nordmannianae in England.
In Scotland, lodgepole pine is intensively
affected by Panolis flammea though this
pest is otherwise infrequent for P. syvestris. In
Central Europe, Pinus contorta is extremely
damaged by game at any age. Selecting
the right species is the basic measure when
influencing the abundance of pests and
damages. The quality of planting affects the
subsequent damages as well.
It is important to mitigate the shock after
replanting, because some pests prefer
stressed individuals. Using container planting
or limiting the use of fertilizers in nurseries
can improve the viability of the seedings. In
most established forests, the initial density
of planting is determined by the silvicultural
targets or by legislation. Following damages
can be mitigated by increasing the planting
density, though this is limited by the price of
the seedlings. In principle, mixed forests are
more resilient, which should be considered
when establishing forests. Improved resilience
was documented even for mixing clones
in plantations, like the resilience of Salix sp.
against rusts of the Melampsora sp. genus.
Another measure for influencing the
presence of pests in newly established
forests is the preparation of soil before
planting. Scarification includes removing
vegetation from the surface and exposing the
accumulated organic material to sun, thus
initiating decomposition. This way, we can
decrease damages by bark weevils (Hylobius
abietis) for example. Removing stumps
is a suitable measure for decreasing the
pressure by pests who live in them, such as
annosus root rot (Heterobasidion annosum)
or use them to develop, like H. abietis.
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On the other hand, this measure is costly
and applied only in flat lands with a deep
sandy soil layer. In parts of Europe, several
natural minor species cannot be grown there
without protection against vertebrates. It is
more economical to protect them in groups,
e.g. by fencing. Individual protection is more
suitable for small mammals or H. abietis. The
various means of mechanical protection are
in fact best elaborated for the latter: various
protective bands, norsk wax or sand coating
are available.
When deciding whether to use these
measures, the presumed costs of damages
(population density of the pest) in relation to
the costs of chosen mechanical protection are
key. Sand coating provides the best outcomes,
though a substantial investment is needed to
purchase a sand-coating line for the nursery.
It is therefore a measure, which needs to
be resolved on a regional or national level.
Waxing is a more cost-effective alternative of
sand coating, with a lower initial investment
and protective bands do not require large
initial investments at all.
At high population densities of the H. abietis,
it is suitable to postpone stand establishment
by a year. This way, we can prevent damages
during the climax period — the oviposition to
fresh stumps. In Scandinavia and mountainous
areas of Europe, this measure achieves
lower efficiency, thanks to prolonged stages
of attractivity of the stumps for oviposition.
Synchronizing afforestation with biological
cycles of the pests can be substantial for
relatively large insects that develop for over
a year, like cockchafers Melolontha sp. Total
losses occur mainly during the occurrence
of mature larval stages. The area being
afforested also determines the rate of
damage. For H. abietis, the risk of damages
linearly increases with the area of the clearcut. Selective or shelterwood management
systems, i.e. those where the regeneration is
either continuous or happens on small areas,
minimize the risk of damage to the juvenile
individuals for several pests.
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Longhorn beetle Rhagium inquisitor technical pest of fresh
conifer stems.

Frequently used measure intended for
improving the vitality of the trees is fertilization.
Numerous studies have proven though, that
it increases risk of pest infestation instead of
decreasing it. The increase nitrogen in the
assimilation organs benefits aphids and other
sucking insects, galling insects, shoot-borers,
and several leaf-eating species. Increasing the
nitrogen and phosphorus content also benefits
the fungal pathogens. Thanks to increased
nitrogen concentration in the plant, the content
of phenolic volatile compounds decreases
(compounds involved in tree’s defensive
mechanisms), which aids the development of
defoliators. The positive effects of fertilization
include the decrease in birch damage by deers,

thanks to increased production of resin. The
rapid growth induced by fertilization can shorten
the period of susceptibility to several pests.
Increased biomass content of the assimilation
apparatus can lead to increased tolerance
to defoliation. The increased number of resin
canals in coniferous trees that relates to growth,
can decrease the success rate of infestation by
bark beetles.
Continuous areas of dead seedlings resulting
from pest outbreak need to be filled by tree
species capable of reach the size of the
surrounding individuals. For this, we can use
locally suitable species, such as for example
larch in Central Europe. We must consider
the additional increase of the share of these
tree species due to reforestation losses when
planning the afforestation, so that we do not
create forest stands with inappropriately large
share of particular species.

Management of forest stands
and young coppices
One silviculture measure that affects the
occurrence of several pest species are pruning
and thinning. During these interventions, the
density of stands is reduced, repressed and
damaged trees are removed. This improves
growth and tree vitality. Reduction of the number
of individuals in the stands simulates the natural
processes occurring during regeneration of
natural forests. The silvicultural interventions
are frequently complex and do not only affect
the density and species composition of the
stands, but also change the composition of
ground vegetation and microclimate. This set of
changes can potentially affect a whole range
of organisms and affect the damage either
positively or negatively. The strategy of forestry
interventions related to a specific pest must be
based on the knowledge of its biology, so that
we can predict the effects of the interventions
on the abundance and resulting stand damage.
Inability to apply silvicultural measures in a stand
can lead to low growth rate and their insufficient
girth, so they become unstable towards abiotic
risks. The dense forest stands can also suit
needle-casts, like Lophodermium sp. or insects
with limited migration potential.
Thanks to removing infested individuals from the
forests before they become a part of reproduction,
we remove susceptible tree genotypes from the
population and improve the overall resilience
of the stand. On the other hand, damage from
certain pests can increase after the intervention.
The changes in density due to silvicultural
interventions alters the temperature conditions
inside the stand. Increasing the temperature of
the bark of standing and fallen trees can affect
the development of bark beetles. Increasing
the rate of mineralization and nutrient uptake
initiates changes in the quantity and nutritional
quality of assimilation organs, which affects
the growth and development rate of pests. By
removing the infested individuals, we increase
the quantity of stumps suitable as a reservoir of
some, mainly fungal pathogens. For example,
in areas with a low abundance of Armillaria
ostoyae, stumps left after thinnings keep a vital
mycelium of this pathogen. The sanitary selection
is suitable particularly against pests, which infest
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single trees and their infestation or development
lasts for several years. From the view of forest
protection, the interventions into species
composition of young coppices are motivated
mainly by reduction of secondary hosts of rusts
and aphids. Minimizing the negative effects of
thinnings, or using them as a measure of forest
protection, rests in the timing of the intervention,
choosing the correct intensity of the intervention,
choosing the criteria for removing the right
trees and the decision on whether we leave the
removed trees in the stand for decomposition.
A frequent intervention, intended for growing
knot-free stems, is pruning. If living limbs are cut
during the intervention, pruned trees can become
more attractive for various cambioxylophagous
pests. For example in France, practicing pruning
in low limbs of the Pinus pinaster leads to resin
discharge, which attracts Dioryctria sylvestrella
for oviposition. The feed of the larvae of this
species then causes the formation of resin pockets
on the stem and subsequent lowering timber
prices. On the other hand, leaving limbs with low
vitality in the lower parts of the top increases the
possibility of infection of the limbs and stems with
Cronartium ribicola rust. During thinning, stem
bases are frequently mechanically damaged,
which then become a doorway to wound
parasites, like Stereum sanguinolentum. Trees
stressed this way can also become susceptible
to bark beetles, like Dendroctonus micans.
Choosing the right extraction technology, as well
as adequately dividing the stands by skid trails is
an important part of forest protection.
In mature spruce stands, the most frequent
negative effect of decreased stand density is
the increased risk of windthrow with subsequent
bark beetle infestation. Changing the rotation
period can be an elegant way of limiting the
impacts of some pests that infest mature stands,
mainly bark beetles, though it could prove to be
efficient even for defoliators. Forest protection
interventions in mature stands are no longer
economically sound. They only make sense until
about half of the regeneration period, based on
the culmination of growth of a particular species.
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Review of scientific knowledge in
the management of bark beetles

(based on review Hlásny et. al. 2019: Living with bark beetles: impacts, outlooks and management
responses)

Young adults of spruce bark beetles Ips
typographus in the maturation feeding.

Effective outbreak management of bark
beetles must begin with a clear statement
of management objectives, especially in
terms of intended values (e.g., economic,
ecological, social). Here, we thus outline two
different outbreak management strategies
for two contrasting management objectives
of high relevance in Europe’s forests. First, for
commercially used multifunctional forests
with wood production as an economically
important ecosystem service, and second,
for high conservation value forests, in which
the conservation of forest biodiversity, natural
processes and other conservation values is of
high priority. The former management objective
is of relevance for the majority of commercial
forests in Europe. The latter management
objective is important, for example, for
wilderness areas, national parks and other
strictly protected reserves.

Reducing bark beetle risk
The main preventive measures to lower the risk
of a bark beetle outbreak are reducing rotation
period, host tree availability and maintaining
diverse stands. Forest vulnerability to various
hazards is age- (or diameter-) dependent. In
particular, Ips typographus favors trees older
than 60 years, or with a diameter at breast
height larger than 20-25 cm. The rotation period
in Norway spruce forests frequently exceeds
100 years in many regions of Europe, resulting
in high shares of forests which are particularly
prone to the wind and insect disturbances. For
example, Hlásny et al. (2017) found that the
probability of Norway spruce to reach the age

Trap tree tradition method for control of
spruce bark beetle Ips typographus.
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of 100 years was less than 25% in the period 19982009 in Slovakia. Based on these considerations
a shortening of the rotation period can be a
powerful means to adapting forest to increasing
bark beetle pressure. Diverse forests have lower
susceptibility to infestation because of a reduced
host tree availability for beetles, larger antagonist
populations, and an increased production of
non-host volatiles that might deter bark beetles.
Griess et al. (2012) found that the probability for
a pure Norway spruce stand to reach 100 years
of age under current climate is 80 % in the state
of Rhineland-Palatinate (Germany), and that
this probability can be increased up to 97 % by
increasing tree species diversity.

Caterpillar of the pine beauty Panolis
flammea on pine bark.

Managing bark beetle population levels
Sanitation felling, which is the regular search
for infested trees and their removal before the
hatched beetles can spread, is one of the most
widely used approaches of bark beetle regulation
in Europe. Wermelinger (2004) formulated
three rules, which need to be followed to make
sanitary felling efficient: (1) trees must be found
and cut before the adult beetles emerge; (2) the
logs must be treated to kill the larvae before they
are moved to collection yards, or removed from
the forest; and (3) if adult beetles are present in
the bark they must be eradicated by burning or
chipping the material. Under field conditions it
is often difficult to implement all components of
sanitation felling properly. The search for newly
infested trees is a key element in sanitation
felling. It is typically based on visual surveys by
forestry personnel, who identify infested trees
e.g. by sawdust from beetles entering the stem.
Visual surveys are, however, time consuming.
Recent research indicates that remote sensing
technologies are able to detect infested trees
already in the „green attack stage”, in which
infested trees do not yet show a discoloration of
the needles in the canopy (Abdullah et al. 2018).
Experiments suggest that sniffer dogs can be
trained to recognize pheromone components
from both early and late stages of attack and
track the source of the odor to the infested tree.
Contrary to humans relying on visual cues, dogs
may detect infested trees at as much as 150 m
(Johansson et al. 2019).
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Removing trees damaged by wind, snow, and
ice
As outbreaks are frequently triggered (and
possibly also reinforced) by windthrows (and
other abiotic disturbances in stands of host
trees), managing these areas is important for
reducing bark beetle outbreak risk. Windfelled
trees should be removed before the flight period
of bark beetles, or before the new generation
emerges. If the windfelled areas are relatively
restricted and concentrated, and logging is
done in a timely and efficient manner, the risk of
outbreak initiation or expansion can be lowered
through this measure. Although the interactions
between windthrow and bark beetles are
relatively well understood, and logging of
disturbed trees seems to be a straightforward
management measure, there is not sufficient
scientific evidence that such logging can prevent
or significantly reduce large-scale bark beetle
outbreaks, particularly if bark beetle population
pressure is already high. Moreover, there are, for
example, concerns that the additional loggingrelated disturbance can imperil ecosystem
recovery, negatively affect biodiversity and
other ecosystem services (Leverkus et al. 2018),
and compromise mechanisms of ecological
resilience.

to monitor beetle populations, including the
potential emergence of invasive species, or to
reduce beetle densities and prevent attacks on
living trees. To date, there is little evidence that
trapping either with pheromone-baited traps
or trap trees is effective at reducing beetle
population densities and/or reducing attacks
on trees. Often, the efficiency of trapping
techniques is overestimated and the cost
of trapping devices neglected. Specifically,
pheromone traps capture only between 3-10 %
of beetle populations, with substantially larger
capture rates for trap trees (Wermellinger et
al. 2004). For this reason, the extensive use
of pheromone traps has been abandoned,
for example, in Scandinavian countries and
most regions of Germany, where pheromone
traps are currently only used for research
and monitoring. In contrast, Eastern Europe
countries still invest substantial resources into
the trapping (Galko et al. 2016).

Managing landscape configuration to prevent
beetle spread

The connectedness of host and beetle
populations at the landscape scale is
increasingly recognized as an important driver
of bark beetle infestation risk (Seidl et al. 2016).
High risk areas (i.e., areas with a high share
of mature Norway spruce forests) should be
separated by stands with low habitat suitability
for bark beetles, which are stands dominated
by non-host trees in an analogy to strategic fire
Trapping beetles
breaks in fire-prone landscapes. These buffers,
however, need to be several hundred meters
In addition to sanitation felling and the removal in width to be effective. Kautz et al. (2011), for
of mechanically disturbed trees, various instance, found that 65% of new infestations
trapping methods have been used extensively occurred within a 100m radius of the previous
in bark beetle management. Traps can be used year’s infestations, and 95% of new infestations
remained within 500m (Wichmann & Ravn
2001).
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Quarantine measures against alien pests
Like elsewhere in the world, non-native bark and woodboring insects continue to be
introduced to Europe, and their establishment and spread presents a serious risk to
European forests. Solid wood packaging material (e.g., pallets) that accompany cargo
in trade are a primary pathway for introduction of such insects. In 2005 the International
Plant Protection Convention implemented International Standards for Phytosanitary
Measures No. 15 (ISPM 15), requiring all wood packaging material that is moved among
countries to be either heat-treated or fumigated. Furthermore, European countries have
relatively weak regulations for the import of live plants (compared to other economically
developed countries).
When the prevention of an initial introduction has failed, newly invaded populations
can often be eradicated if they are detected during the early stages of establishment.
Consequently, many European countries conduct early detection surveillance programs
targeting alien bark and woodboring insects. A comprehensive network of surveillance
traps across Europe is lacking to date. Once bark and woodboring insects have established
themselves in a new territory they typically expand their range via movement either
in solid wood packaging material or in logs, lumber or fuelwood. Establishment
of quarantines that limit movement within Europe or establish quarantine
treatments (e.g. heat treatment) would limit spread of such pets within the
continent.

Responding to outbreaks
Sanitation felling has long been recognized as a crucial
component of post-disturbance forest management.
Primary argument for salvage logging both in protected
and unprotected forests was timber access before
deterioration of wood (Müller et al. 2019). Economy of
salvaging also depends on how fast the wind-felled timber
can be salvaged, because of timber quality degradation
by bark and ambrosia beetles vectoring blue stain fungi.
Salvage logging can be profitable when timber markets
are active and dynamic and when timber prices are not
severely depreciated by the introduction of large salvaged
volumes. Low value stands with a positive outlook for natural
regeneration may generate greater stand value when left
unsalvaged. Unsalvaged windfelled wood also generates
concerns about wildfires and threats to infrastructure and
human safety from falling beetle-killed trees.
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Fostering resilience
Resilience is the ability of an ecosystem to maintain its functions in the face of disturbance
(Holling, 1973). Important indicators of resilience are a swift recovery from disturbance, and a
return to a state that is equivalent to the one before the disturbance. In Europe, forests have
proven to be highly ecologically resilient to recent bark beetle outbreaks. In the Bavarian Forest
National Park, for instance, which has seen one of the most severe and extensive bark beetle
outbreaks recorded in Central Europe in decades, the average stem numbers 15 years after the
outbreak were ~2000 N ha-1 (Zeppenfeld et al., 2015). Recovery was faster in adjacent managed
forests, but also required a considerable amount of resources (e.g., for planting). One important
element conferring resilience are interactions across spatial scales. Stands disturbed by bark
beetle frequently regenerate via seeds that come from surrounding undisturbed stands. This
means that the spatial context of a disturbed stand can greatly enhance the ability of the forest
to recover, e.g. if the distance to the next seed source is small. Resilience-based management is
oftentimes fundamentally different from approaches aiming for risk reduction. While the latter
aim at preventing disturbances, resilience thinking acknowledges that disturbances are a natural
part of ecosystem dynamics that cannot be completely controlled (Holling and Meffe, 1996).
A prevention of natural disturbances conflicts with natural ecosystem dynamics (and thus not
consistent with ecosystem-based or close-to-nature management). Furthermore, preventing
small disturbance events can increase the propensity for very large events in the future. Specific
management measures fostering resilience include the promotion of mixed species forests,
structurally diverse stands and landscape. Finally, also measures that foster the social response
capacity to disturbances are important for increasing resilience in managed systems and
promoting community well-being. These include maintaining forest infrastructure (e.g., road
network) that allows a swift and targeted response to unfolding bark beetle outbreaks (Seidl et
al., 2016), building relationships with local residents at the preparedness stage, and keeping good
communication with all stakeholders involved in outbreak management by using participatory
approaches.

Area of natural spruce forests after the bark
beetle outbreak.
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Gonipterus scutellatus

Pictures retrieved from the European and Mediterranean Plant Protection Organisation (EPPO) Global data base
(2019)

Common names (EPPO Global Data Base, 2002a)
Eucalyptus weevil				(English)
Eucalyptus snout beetle			
(English)
Gum-tree weevil				(English)
Charançon de l’eucalyptus		
(French)
Ostafrikanischer Eukalyptusrüssler
(German)
Gorgulho do eucalipto			
(Portuguese)
Gorgojo del eucalipto			
(Spanish)
Basic ecology
The Eucalyptus weevil (Gonipterus scutellatus) is a beetle native to Australia that defoliates eucalypt
trees worldwide. This weevil causes damages in both larval and adult stages by feeding of leaves
and growing shoots. Besides, the female adult lay eggs on the new leaves which also damages
the tree. The defoliation can lead to growth suppression or even tree mortality (Global Invasive
species data base, 2010; PLURIFOR, 2019a).
Geographic distribution
Native range: Australia, New South Wales, Queensland, South Australia, Tasmania, Victoria, Western
Australia (EPPO, 2016)
Known introduced range: Europe (France, Corsica, Mainland France, Italy, Mainland Italy, Portugal,
Mainland Portugal, Spain, Canary Islands, Mainland Spain), Africa (Kenya, Lesotho, Madagascar,
Malawi, Mauritius, Mozambique, South Africa, St. Helena, Swaziland, Uganda, Zimbabwe), North
America (USA, California), South America (Argentina, Brazil, Espirito Santo, Parana, Rio Grande do
Sul, Santa Catarina, Sao Paulo, Chile, Uruguay), Oceania: New Zealand (EPPO, 2016).
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Pathway of spread
The main pathways of spread are the trade of Eucalyptus timber, the trade of apple fruit, plants
for planting or plant parts; the last ones considering that the weevil can also be hiding in various
commodities (Jeger et al., 2018).
Prevention and control
G. scutellatus is listed as an A2 quarantine pest for the European and Mediterranean Plant
Protection Organisation (EPPO), and it is regulated by most EPPO countries. Eucalyptus species
introduced into endangered countries in form of plant or cuttings must originate from a pest-free
area, or the plants must be free of soil, and treated for G. scutellatus (EPPO, 2005).
It is necessary to establish quarantine measures to avoid the fast spread of this pest. The mymarid
solitary-egg parasitoid Anaphes nitens, an Australian native fairyfly, has been used as a successful
biocontrol agent against G. scutellatus in several countries (Santolamazza-Carbone et al., 2009).
Chemical methods are not recommended for control of G. scutellatus as honey bees are frequent
visitors of Eucalyptus spp. during its long flowering season.
Image retrieved from EPPO Global data base, last updated in 2016.
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Bursaphelenchus xylophilus

Pictures retrieved from the EPPO Global data base (2019)

Common names (EPPO Global Data Base, 2002a)
Dennenhoutnematode 			(Dutch)
Pine wilt disease 				
(English)
Pine wood nematode 			
(English)
Dépérissement des pins 			
(French)
Nématode du bois de pin 			
(French)
Nématode du pin 				
(French)
Kiefernholznematode 			(German)
Nematode del pino 				
(Italian)
Węgorek sosnowiec 			
(Polish)
Nemátode-da-madeira-do-pinheiro (Portuguese)
Cосновая древесная нематода 		
(Russian)
Cосновая стволовая нематода 		
(Russian)
Сосновая стволовая нематода 		
(Russian)
Nematodo de la madera del pino
(Spanish)
Tallvedsnematod 				(Swedish)
Basic ecology
The pinewood nematode is the is agent that causes the pine wilt disease (Kiyohara & Tokushige,
1971). This nematode invades the stems and branches of pines trees causing a sudden wilting
and death of the pine trees (PLURIFOR, 2019b). The nematode is transmitted by the oviposition
of a vector insects in a dead or dying pine trees (Kobayashi et al., 1984). Vectors of this nematode
are long-horned beetles especially those belonging to the genus Monochamus (Global Invasive
species data base, 2006).
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Geographic distribution
In Europe, the species is currently established in Portugal (Global Invasive species data base,
2006) with few occurrences in Spain (EPPO Global data base, 2018).
Pathway of spread
This microscopic worm originated from North America and it has been invading Asia since 1905
and Europe since 1999 (Mallez et al., 2018). Considering that the development of the nematode
depends on temperature and droughts, there is a big concern that future climate change could
lead to its infections spread. Therefore, natural Pinus distribution area are considered as vulnerable
regions (Hirata et al., 2017).
Prevention and control
Control of the Pine wood disease is mainly done by fumigation of disease–infected trees, aerial
application of synthetic pesticides against the vector or injection of synthetic nematicides (Yoshida
2006).
Image retrieved from EPPO Global data base, last updated in 2016.
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Dothistroma septosporum

Pictures retrieved from the EPPO Global data base (2019)

Common names (EPPO Global Data Base, 2002a)
Blight of pine 				
(English)
Brown needle blight of pine 		
(English)
Needle blight of pine 			
(English)
Red-band needle blight of pine 		
(English)
Bandes rouges du pin 			
(French)
Strie rouge des aiguilles du pin 		
(French)
Dothistroma-Nadelbräune: Kiefer
(German)
Nadelbräune: Kiefer 			
(German)
Дотистромоз 				(Russian)
Estriado roio de las acículas del pino (Spanish)
Basic ecology
The fungus Dothistroma septosporum is the agent causing the red band needle blight desease.
This disease has been found on a range of different conifer species, but mainly on Pinus hosts
trees. It is know that causes a continue defoliation that gradually weaken the tree, reducing timber
yields and eventually leading to the death of the tree (Uk Forestry commission, 2018a).
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Geographic distribution
Dothistroma needle blight has been recorded in 37 European countries but just in the following 32
its presence has been confirmed through the use of molecular methods: Austria, Belarus, Belgium,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Latvia, Lithuania,
Montenegro, Netherlands, Norway, Poland, Portugal, Portugal incl. Azores, Romania, Russia,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, England, Northern Ireland,
Scotland, Wales. Being Bosnia-Herzegovina, Bulgaria, Croatia, Georgia, Italy and Macedonia, the
ones that reported also its presence but without the molecular analysis to confirm it (Drenkhan et
al., 2015).
Pathway of spread
The natural dispersion of the fungus requires a lot of moisture, and the long-distance dispersal it is
thought to occur in moist winds and mists. Movement of infected plant material and timber could
also spread the disease (Uk Forestry commission, 2018a).
Prevention and control
Regarding the prevention, managing the humidity is the key. At present there are no plant protection
products with approval that can be used in infected stands (UK Forestry commission, 2018a).
Image retrieved from EPPO Global data base, last updated in 2016.
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Hymenoscyphus fraxineus

Pictures retrieved from the EPPO Global data base (2019)

Common names (EPPO Global Data Base, 2002a)
Ash dieback 					(English)
Dieback of ash 				
(English)
Chalarose du frêne 				
(French)
Dépérissement du frêne 			
(French)
Eschentriebsterben 				(German)
Falsche weiße Stengelbecherchen
(German)
Суховершинность ясеня			
(Russian)
Basic ecology
This fungus has two phases to its life-cycle: sexual and asexual. The asexual stage is when the
fungus grows in affected trees, attacking the bark, girdling twigs and branches. The sexual
reproductive stage occurs when tiny, mushroom-like fruiting bodies on infected rachises, or stalks,
of the previous year’s fallen leaves. Infective spores from these fruiting bodies are spread by the
wind on to the leaves of healthy trees in summer (Uk Forestry commission, 2018b).
Geographic distribution
Ash dieback disease was first observed in North and Central Europe in the 1990s and since then H.
pseudoalbidus has spread throughout much of Europe. Austria, Belgium, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Latvia, Lithuania, Luxenburgo,
Montengro, Netherlands, Norway, Poland, Romania, Russian Federation, Serbia, Slovakia, Slovenia,
Switzerland, England, Wales, Northern Ireland, Scotland, Ukraine (Cabi, 2012).
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Pathway of spread
Local spread, up to some tens of miles, may be by wind. Over longer distances the risk of disease
spread is most likely to be through the movement of diseased ash plants. Movement of logs or
unsawn wood from infected trees might also be a pathway for the disease, although this is a low
risk (Uk Forestry commission, 2018b).
Prevention and control
As ash (Fraxinus) saplings may be infected without showing symptoms, quarantines may be
necessary to prevent additional distribution from affected nurseries in Europe (NAPPO, 2010).
Avoidance of wounding and destruction of infected plants or plant parts are control measures
suggested for other dieback (Kile, 1993). Since the host can tolerate higher temperatures than the
fungus, hot water treatments have been suggested for small plants (Hauptman et al., 2013).

Image retrieved from EPPO Global data base, last updated in 2016.
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