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Abstract: This diploma thesis deals with the drought stredéaavay spruce
trees Picea abiedL./) and its attraction for different families béetles (Coleoptera).
Beetles population dynamics is mainly affected laather conditions, e.g. prolonged
and frequent drought periods, windbreaks and tadadility of reproductive material
in the forest ecosystem. Bark beetles (Coleopt€raculionidae: Scolytinae) are
considered as one of the most important disturbdacers in forest ecosystems
which were not much observed in this experimenmikes such as Curculionidae,
Elateridae and Carabidae were among the most abuodas. Research was done at
the spruce stand area in Central Bohemia (Czechi#fiep It is an 80-year old spruce
monoculture, at which were established four expenital plots. Two areas inside
each plot of the size of 625°mvere covered with roof construction to preventiinp
of precipitation into the soil profile with the aiohmanipulating with the water regime
of the stand. Other two areas where marked asattieeot and they were of the same
size. On the 16 trees were hung 32 window trapss{pa flight interception traps)
without bait, which means two window traps per ti@@ps were hung at the altitudes
of 4 and 12 meters above the ground. Traps weresexpthroughout the whole
vegetative period and regularly collected each d&jis. The assumption was that all
stressed trees will have a slightly higher attkartess for the beetle associations
compared with the control plot and that there Wil difference in certain beetle
families in their flight levels preference.

Keywords: Coleoptera, xylophagous, saproxylic, volatile connpds, water deficit,
Picea abies, attraction, flight activity
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1. AIMS OF THE STUDY

To elaborate of thesis review with focus on impHatolatile substances from

the water stssed Norway spruce on the beetles associations;

To evaluate of host tree attraction for beetleplots with trees stressed by

water deficit in comparison of the trees that were in the normal water regime;

To evaluate catches depending on the flight level.
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2. INTRODUCTION

Forest ecosystems are sensitive to aincAange and that is why is so
important to manage and improve their resiliencg @haptive capacity. Forests can
also reduce the influence of extreme weather eventnodifying and decreasing
temperatures, wind speed and water run-off. Fotesie multifunctional purposes,
such as economic, social and ecological. They ab&dts for the variety of animal
and plant species and have a major function irgatitag climate change. In European
Union (EU), forest covers approximately 36 % of thtal land area of the Union.
EU’s forest area have increased by cca. 0.3 %gmargver few previous decades, but

on the world level forest area continues to deadasiropean Commission, 2003).

According to Intergovernmental Panel on Climate iigjea (IPCC, 2013),
drought and water deficit, as one of the extrementare likely to be caused by
climate change which can be directed either by muawivities or natural forces.
Besides extreme droughts, high precipitation evesriseven be more catastrophic for
the environment. IPCC (2007) warns that in the B&x100 years, it is expected that
mean annual temperature on the global level ineseap to 4°C, where droughts will
occur in many regions all over the world, includi@gntral Europe.

Droughts can have huge influence on vitality eftitees and forest ecosystems
in general. For example, water deficit in some species in Mediterranean area
caused severe and large damages to the vegetdtidmtoregion, nevertheless
different species responded differently to the waleficit (Pefiuelas et al., 2001).
Drought is an absence of precipitation for a cerpariod of time which long enough
to result in reduction of soil moisture and damagplants (Kramer & Boyer, 1995).
Beetle species, such ks spp. andDendroctonuspp. are forest pests and can cause
even higher mortality in trees that were alreadynaged by drought (Allen &
Breshears, 1998). Gartner et al. (2009) refersgatce trees cannot keep their usual
transpiration model during the day-time and hadhighest sap flow values during
the night-time and internal readjustment of sagvfloside the xylem and proves a

higher sensitivity of Norway spruce to water stress
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Climate change and connection with temperatureeasing will not only
cause the shift of e.g. spruce bark beetle to highevation, but also change from
semivoltinism to univoltinism reproduction behavibrsect species usually migrate
more rapidly than tree species therefore many tesmtpéree species are more likely
to meet nonnative herbivore insects that were keafestricted only to the forests of
the subtropical regions (Logan et al. 2003, Dalal.e2001). High temperatures and
dry weather are usually followed by outbreaks oklzeetles and leaf eaters. There
Is also a positive connection between pest outlsreadd dry, nutrient-poor sites
(Mattson & Haack, 1987).

Roof experiments in the forest stands can simubeder stress and the
behavior of the trees inside the stand to showeillstion towards soil reactions.
Different types of roof construction can be createdler the canopy in order to
produce artificial drought (Lamersdorf et al. 199Biis is experiment is to express
how man-made drought can affect relations betweerwhly spruce and beetle
associations. Roof construction that was instadleould stop rainfall input towards

soil and therefore to simulate water stress irréisearch area.

14



3. LITERATURE REVIEW

3.1. Norway spruce — general information

According to Farjon (2013) on IUCN list, Norway ape Picea AbiesL. / [Karst])

is scientifically classified in the following order

* Kingdom: Plantae

* Phylum: Tracheophyta
e Class: Pinopsida

* Order: Pinales

* Family: Pinaceae

* Genus: Picea

* SpeciesP. abies

Norway spruce is a large, fast-growing coniferaeg tthat can reach 35-55
meters height and trunk diameter usually makestof 1.5 meters. If conditions are
good. it can grow very rapid when is young, in sarages up to 1 meter per year for

the first 25 years, after it reaches 20 metersytiras getting slower (Mitchell, 1974).

Branches have small-diameter and they sweep haalttpifrom the straight
trunk which. Branchlets fall from the branches todvihe ground and create a shape
similar to a pyramid. Small diameter roots emergenfthe base of the tree trunk and
they can be generally found close to the soil sefén general, the root system of
Norway spruce is not deep, but usually dense, oféep close to the tree trunk and

because of it, grass grows much more difficult if@ih & Watson, 1994).

Natural distribution of Norway spruce covers cchdggrees of latitude from
the Central Balkans (latitude 41°27’N) to the negst, near the Chatanga River, Rus-
sia (latitude 72°15’N). Longitudinal range covefBE (French Alps) to 154°E at
the Sea of Okhotsk in Russia (Eastern Siberia).aRigg its vertical distribution
Norway spruce covers an area from sea level ulpitioces above 2300 meters (Italian
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Alps). Itis widely used in planting as a monoctafiespecially in Central Europe and
in Scandinavia (Skrgppa, 2003). Norway spruce midant in Boreal conifer forests
of northern and northeastern Europe, where it ogsl&cots pine, because of its shal-
low root system can avoid water table. It can hentbfrom the mean sea level up to
2 kilometers in the mountain area. In the westeonmtain area of the Central Europe
its ecotype has changed and adapted to sub-Atlaather when heavy and wet
snowfall occurs in early winter. Expansion to thestvEurope is limited by the fact
that it cannot compete with shadow tolerant spesieh as Silver fir and European
beech. It prefers mostly acidic soil, even thougtan occur in almost all substrates.
In boreal area, commonly growing with Norway sprace birch trees and common
aspen with willows next to the water bodies. In lgine mountain area, it occurs
with larch, Swiss pine, Scots pine and Black ping can be found in pure stands. It
Is the species of the least concern in IUCN listrjén, 2013).

Norway spruce is tolerant towards most soil typietalerates dry conditions
well, but it responds better if receives periodiegypitation or irrigation. (Gilman &
Watson, 1994). Skrgppa (2003) describes Norwaycsgsuone of the most important
tree species in aspects of economy and growth npeafaces. It is mostly cultivated
and planted in Central Europe sincé' t@ntury, mainly because its great performance
on various site conditions and because it bringsigdeld. Skrgppa (2003) continues
that this facts has changed many natural foregtsnmonoculture forests and has led
to the introduction of the Norway spruce far outsad its natural range, even in coun-
tries where it appears naturally (Germany and Ngjwhut many new countries
started with artificial plantations of Norway speu(benmark, Belgium, Ireland and
USA). Norway spruce produces high quality wood driths long fibers which are
significant in pulp and paper industry, but becaitise key tree species in northern
countries, this tree species is very important ftbenecological point of view Skrgppa
(2003).
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3.2. Volatile substances in Norway spruce

According to Kesselmeier & Staudt (1999), volatdeganic compounds
(VOC) are all atmospheric gases with organic origut where carbon monoxide and
dioxide are not included. In general, some mairatiel organic substances include
isoprenoids (most important are monoterpenes amtese) and many other such as
ethers, acids, alkanes, alkenes, alcohols, estetscarbonyls. As Grabmer et al.
(2006) refers, in the aspect of quantitative basiest important volatile organic

compounds are isoprene and monoterpenes.

3.2.1. Monoterpenes

The most significant volatile organic compound eeait by forests are
monoterpenes (cHie) and the level of its emission depends mostlyeé species,
temperature and light (Sparcklen et al., 2008). Merpenes are part of the
biochemical class of terpenoids and their carbalestins are usually composed of
specific G units (Mc-Garvey & Croteau, 1995). According toskelmeier & Staudt
(1999), depending on the number @fudits, monoterpenes are divided in few groups.
Monoterpenes belong toi€units where it can found different substances, for
example:a-pinene, camphor and menthol. It is known that éhesmponents are
heavy smelling and hard to dissolve in water. Ugubey are found in plants, animals
and other microorganisms. Monoterpenes includeli@gymnd mono-, bi-, or tricyclic
structures. They can appear as hydrocarbons (withtbout oxygen) in compounds

such as linalool and geraniol.

In order to beetles find the new host tree, qiyaatd the spectrum of released
volatile substances by the host is very importitdst common example would be
interaction between Norway spruce and Europeancspibark beetle, when
monoterpenes released (including other volatilestauirtes) by Norway spruce are
significant odoriferous signals for the bark begtlbefore settle on the new tree.
(Rudinsky et al., 1971; Baier et al., 1999; Byers et al., 2000;). Regarding the
temperature, monoterpenes exponentially increaetesinperature and this process
could be explained by increase of activity of m@npénes emissions together with
optimum temperature of 40°C (Fischbach et al., 20@0their study, Guenther et al.
(1993) prove that, the actual monoterpenes flurotsactually controlled by light, but

it is in exponential dependence on the temperatiitiee leaf.
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3.2.2. Isoprene

Isoprene emission from the plants is not only ipatelence with current leaf
temperature, but it is dependent on history oftdmperatures of the plant as well
(Guenther et al., 1999). According to Wagner et @999) more than 90% of
atmospheric isoprene is expected to come fromsieraé vegetation, but however
there are also some other sources that are nabdistd as much as vegetation (e.g.
animals, aquatic organisms, microbes etc.). Kessen& Staudt (1999) pointed out
that after production of the isoprene, it is almesvter stored in the plants, but it is
quickly used by volatilization. Woody plants aresl that more emitted isoprene than
herbs or crops. From previous studies it is fakipwn that emission rates from
Norway spruce are low and increase very low togetlign temperature. Picea abies
is known to be a low isoprene emitting species giébseier &Staudt, 1999; Grabmer
et al., 2006).

3.2.3. Other volatile organic compounds

Other important volatile organic compounds thatloa find in Norway spruce
are: acetone, methanol, hexanal, hexenals, hexaethyl salicylate etc., which have
their emission rates increasing exponentially wiith temperature. Among all these
compounds, hexanal and hexanol, showed the biggegperature dependence.
Hexenols, hexanal and hexenals (lipoxygenase-aenwodatile compounds), were
quite responsive to temperature changes too aitdistprobably due the fact of
induction of lipoxygenase activity (Filella et al., 2007; Heiden et al. 2003).

Methyl salicylate is a green leaf volatile substatitat is emitted in higher
levels by plants and trees, especially when theyuader some kind of stress. Green
leaf volatiles can then create certain chemicaktreas with oxidants in the
atmoshperes, yielding substances that can helpatisecthe formation of some
secondary organic aerosols (Liyana-Arachchi et 2013). Filella et al. (2007)
continue about methyl salicylate and its emissiopoaential dependence with the
increasing temperature and emission levels of EEdtgde and acetic acid were also

increasing together with temperature until sataratippeared (cca. 30°C).
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According to Lindel6w et al. (1991) in case for ey#e that wood which was
logged and stored, there was found an increasirgethldehyde and ethanol levels,
comparing to due fresh standing wood. Ethanol f@mple, was found in slightly
different relative levels in trees that were infitean in the trees that were healthy.
Many scolytids are attracted to different volakitest substances together with ethanol,
which suggests that ethanol and some other voladilepounds occurring in stored

wood are from great importance when beetle searcappropriate place to breed.

3.3. Passive window traps

Window traps usually are made of a window-liketieat panel of glass or
plastic with a funnel of preserving liquid whichyabeneath it. Insect that fly and
make a contact with the panel, drop towards theduand after it they are collected
when fall into the fixation liquid. Traps can eithge located near the ground (tree
base), or they can be lifted up, above the grotihdy can be placed up to the forest
canopy and make their proper function even up th@aeallan & Cranston, 2010).
Even though most of the interception traps do movipe exact data about microhab-
itat, usually they are much more adequate methotpaced to the extraction models.
Window traps have certain advantages such ase#ddsy to make it standardized and
to replace it, easy to design and build and biglemof smaller flying taxon can be
captured. Few disadvantages can be observed: heghense per trap, there can be
some complications with installation and improvioigexisting traps, only insects
which are able to fly can be caught, in case of@igainfall there is risk of flooding
of preservation container and it is impossibledotml| which insects will be captured.
In some cases, it can be seen by passers-by eaual lite exposed to vandalism. (Bou-
get et al, 2008). As preservative is usually ubedconcentrated salt water or 2.5 %
formaldehyde. Salt water does not attract insedsia case of beetles, salted water
does not destroy them much and leaves them fdrdugasy preparation and it better
prevents the decomposition than formaldehyde (§btlalaersky, 2000).
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3.4. Saproxylic beetles

According to the Oxford dictionary (2014), the wqsdpro” comes from the
Greek relating to putrefaction, rotten, decayinigssances and the word ,xylo” is also
derived from Greek, which means wood. Silvestril@ut together these two words
in one and created a new word ,Saproxylophiles“cvhmeans ,organisms decaying
wood in the soil. Speight (1989) refers to sapriuxylvertebrates as ,those that are
in some part of the life cycle in dependence diegitdead or decaying wood, dying

or dead trees (standing or fallen), or wood thattacked by fungi®.

According to the Nieto & Alexander (2010), saproxybeetles are those in-
sects which are taking part in or dependent on wasxghying and their role is very
significant in decomposition processes of livingl aiead trees and also for recycling
nutrients in forest ecosystems. Saproxylic beatlesose dead and decaying wood
according to tree species and what kind and positidhe tissue is (spatial segrega-
tion). Temporal segregation occurs where manyestafjwood decaying can be ob-
served and each of the stage has a certain sajréagyha. Richness of the saproxylic
beetles mainly depends on quality and quantithefdead and decaying wood in the
forest, and of course on forest area, managemerfragmentation. Nieto & Alexan-
der (2010) continues, there are important circuntssa that relate to the host trees as
well: 1) the total amount of the trees requiredni@intain viability of the population;
2) tree density (most of the beetles require opemvg trees, while others favor shad-
ler situation; 3) age structure of the tree popogatand 4) management history.
Saproxylic beetles relate with other groups of argias (mites, nematodes, bacteria
and fungi) that are significant for the well-furarting of ecosystem. At least in Eu-
rope, the biology of many saproxylic beetle spetesot yet well known and any
further research on saproxylic beetles will improue knowledge of the functioning
of ecosystems in wooded landscapes. Csoka & Kqu&®&9) refers that decomposi-
tion processes have certain steps and the figgso$decomposition is done by saprox-
ylic beetles when they establish on fresh dead tfeg. Cerambycidae) and their role
is crucial for nutrients accumulation because witithem nutrient cycle will be much
slower since they are only ones who are able to é@ehard wood tissues. Csoka &
Kovacs (1999) continues that subfamily Cetoniineedfon dead trees which are in
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successive stage, which means that those tresgslas¢ decomposing stage and there-

fore assist in composting wood into soil.

In Central Europe there are more than 6000 spefibsetles, of which cca.
1300 are saproxylic and currently significant numdsiethem is protected or endan-
gered species (Horak, 2008). Many species showtkmg population decline and a
large part also belongs among endemic speciegjdimg) local and pan-European
(Nieto & Alexander, 2010). According to Schlaghaskgr (2000) some saproxylic
beetle species are classified as extinct. Populakeline and extinction is primarily
caused by removal of fallen timber (Jonsell, 2012xoducing monoculture forest
management significantly reduces habitat biodivgraihich leads to the population
decline of some saproxylic beetle species, becanost of them in various stages of

life development depend on different sites (Ho2008).

3.5. Xylophagous beetles

Oxford dictionary (2014) defines the Greek word/ltsphagous” as
organism feeding on or boring into wood (especiafiyan insect larva or mollusk).
Xylophagous insects of many orders and differer¢ssiColeoptera, Hymenoptera,
Diptera etc.) are those that feed in the inner pa# tree trunk (hardest timber) of
plants, but as well all insects that feed in starmpgd branches as well (including
shrubs), whether plant is dead or alive (Csoka &a03, 1999). Csoka & Kovacs
(1999) continue in their book that some of xylophiagyinsects communicate (acous-
tic and biochemical) in order to find host treed aome of them use it for reproduc-
tion purposes, but some control physiology of tlaaito their last end. These insects
are important for forest ecosystems and theirisotsultifunctional (for example, nu-
trient cycle in the forest). But some of xylophagaunsects can devastate huge forest
areas to extension that they present danger foe¢dbromy. Larvae of xylophagous
insects demand high inputs of nitrogen (N) anddfoge they search for a dead wood
which offers them high nitrogen content, but mdshe dead wood is low (under 1%)
in nitrogen and larvae must eat up as much as wiasslye as it is their own body
weight. (Csoka & Kovécs, 1999; Csoka et al, 2006).
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Outbreaks of xylophagous beetles mainly happen amauoulture forests
which are planted on nutrient poor sites, theretartbreaks do not occur in forests
which are healthy and where site is resemblingrahtwnditions. However, this does
not have to be taken into account in case theréoareperiods of drought or where
air pollution is present. There are described categeraction between xylophagous
insects and other organisms, whereas xylophagsestmare vectors of certain path-
ogens of trees. For example, between fudgratocystis ulmand elm bark beetle
(Scolytus scolytysTheir relationship is mutualistic and fungi heip killing the tree
which is then attacked by bark beetle. After thtackt and inserting larvae into the
dying tree, fungi is dispersed to another treehgyliark beetle and another tree gets
contaminated by fungi. Other examples can be fdgtdeen some wood wasps and
fungi and longhorn beetles and nematodes. Certaapors use larvae of xylopha-
gous insects as food source and some of them aotaped and can only feed on
those insects (Csoka & Kovacs, 1999). Species eshof xylophagous beetles was
much higher near the ground than under canopy pipllae the sun exposed timber

(ground level) and shadow under canopy (Vodka.e2809)

3.6. Selected families of saproxylic and xylophageibeetles

3.6.1. Scarab beetles (Scarabaeidae)

Family Scarabaeidae is one of the biggest famiidseetles in the world and
they are showing wide diversity of life history asldape and their size varies from
1.9 millimeters Pleurophorus longulysto 15 centimeters (spfoliathug. Certain
groups of dung beetles mainly use live plants asl feource (in adults) and rotting
wood (in larvae), while others are mostly dung eat8ome xylophagous beetles be-
long to this group as well. (McNamara, 199Cadka & Kovacs, 1999). Their anten-
nae is 3-7 segmented, smooth and shiny which ibaimyg the most characteristic
feature of these beetles. Larvae are developeddayihg wood and they make pupa
case from wood parts (e.g. Trichiinae, Cetoniinae Rynastinae). Many of adults of
these beetles does not like light and hide duhiegiaylight and become active during
nightfall, while other species prefer sunlight (€33& Kovacs, 1999). During its
flight, some scarab beetles swallow great amourdag avhich will result in a swelled

gut which will be uncomfortable for feeding (ReshCardé, 2003).
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3.6.2. Jewel beetles (Buprestidae)

These beautifully colored and shiny beetles arenipdound in tropical re-
gions. Some of them are used in production of jewehd that is how they got their
English name. They have hard body, elongated atidfled and narrow toward the
rear, but in cross section it looks cylindrical @andngular. Prothorax is connected to
the midthorax (Csoka & Kovacs, 1999). Csoka & Kavgt999) refer that most of
the species are xylophagous and they usually setdeunder the tree bark or heart-
wood. Their favorite trees are those ones thauaually stressed by water deficit.
Larvae are yellow or white, without legs and visiantennae are 3 segmented and
labial palps are missing (important in determinatd longhorn beetles). Jewel bee-
tles larvae make their tunnels flattened in cressien in the heartwood or sometimes
under the tree bark where tunnels are wide an(iilailar to longhorn larvae). Larvae
pupate either in the heartwood or under the badkilt®eetles fly fast, prefer sunlight
and warm weather conditions. Usually, they candsm $1ow they rest on flowers and
piles of wood (Csdka & Kovacs, 1999; Resh & Calfi)3).

3.6.3. Longhorn beetles (Cerambycidae)

These slender beetles with long antennae are adhe aumerous families and
approximately 35000 species have been describattaday, but also there are
known fossil remaining from the tertiary. They ¢an fast and fly good, but also they
produce characteristic squeaking sound. Most ob#wtles from this family feed un-
der the tree bark, in the harder parts of the deamtl or dead branches of living trees.
They are usually no treat for economy, even thosmine of longhorn beetles are
considered pests (elgylotrupes bajulus Larvae creates different kind of galleries,
even though they are not as characteristic as thfdsark beetles. Most of the beetles
of this family choose sunny and warmer sites anglteiccan be found on various
places: flowers, stems, branches etc. While soreeiap prefer nighttime, others are
active in the daylight. Adults feed on remainingrelsh and dead tree bark, but also
on pollen and leaves and some of the species er twdecome sexually mature, must
feed regularly. Some of the longhorn beetles cadibease transmitters, e.g. genus
Monochamusre carrying a nematode from gemussaphelenchysvhich can cause
line wilt disease on host pines (Csoka & Kovacg% Resh & Cardé, 2003).
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3.6.4. Weevils (Curculionidae)

This family has the most numerous family of beetlgs ca. 50,000 species.
The head is similar to snout and elongated intosé&rum, but some groups have the
rostrum very short. All species are phytophagout &ivery different range of ap-
pearance and life history and development. Thenakaare usually legless (Csoka &
Kovacs, 1999).

Subfamily of bark beetles (Scolytinae) has the ésggmportance since they are xy-
lophagous organisms. The bark beetles are usumdjl sylindrical beetles (1-10 mil-
limeters). The family is very diverse, with moreath6,000 known species world-
wide. In Europe there are approximately 300 spemnesca. 150 in Central Europe.
Tissues of different plants are most favorable feodrce of majority of the bark bee-
tles. Adults of ambrosia beetles that belong te tamily bring fungi spores to their
galleries and larvae use fungi as a food sourcausecit is easier to digest than hard
wood (Csoka & Kovacs, 1999; Eilo et al., 2005).

After the mating, females bore tunnels (egg garinto tissues of the specific tree
where they will lay their eggs on the wall of tkamnel. Few egg galleries can diverge
from just one mating chamber and from egg galleadsate larvae galleries where at
the end of each gallery is pupal chamber. Barkégenly attack unhealthy and weak
trees whose self-defense system cannot prevenattaek. In case they attack a
healthy tree, tree can defend itself by floodirgtilmnels with sap or resin after which

beetles are usually killed (Cséka & Kovacs, 1999).

Majority of the bark beetles is able to defeat nleéense mechanisms by ag-
gregating the pheromone and colonization of the tB®@metimes pheromone released
by bark beetles can act as anti-aggregation pherertmwvards other bark beetles.
Therefore, some aggregation pheromones can beiusieel control against pests. If
the density of the attack is high, then there isveer chance that larvae will fully
develop since all the food source will be consunmethe tree. Some of the most
famous bark beetles atps typographus, Polygraphus poligraphus, Dendroas
micans and Pityogenes calcograplargd all of them use Norway spruce as a main
food source (from the thinnest stems up to the&ktharked parts on the trunk. Norway

spruce is most favorable tree species among batielsebut also it is one of the most
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economically important. In the last decade thereehaeen reported massive out-
breaks of the Ips typographus in the Czech repyKiimdimann et al., 2012) causing
damages in millions of cubic meters, which is f@ng of thousands of hectares in
few European countries as well such as for exaswpdéria (Krehen, 2006). However
it is known their damage in the southern USA wisgreciesAnthonomus grandiwas
important pest in the 0century (Resh & Cardé, 2003).

3.6.5. Death watch beetles (Anobiidae)

These beetles are tiny with a cylindrical shape amtbmb-like antennae.
These beetles are interesting from the point of/vtieat their larvae use dead wood,
but already furnished to develop (Csoka & Kova@899). Furniture beetled\fiobium
punctatum is famous for damaging furniture and other woodwgaroducts. Some
species of this family feed in the young stems rfwgng trees. For example, the
drugstore beetleSgegobium paniceymand the cigarette beetleasioderma serri-
corng are dangerous pests of many stored products gdeggds, cereal products,

spices, tobacco, museum specimens, leather etcN&Mara, 1991b).
3.6.6. Click beetles (Elateridae)

Click beetles are elongated beetles, which havaa@bjle-joint* between the
first and second thoracic segment. That mobiletjoglps them to flip over or flick
into air and it is followed by sound that remindsacclick (Csoka & Kovacs, 1999).
Csobka & Kovacs (1999) continue, larvae of the clidetles are so called ,wire-
worms*, and they are usually hard and elongatedrdeacan either be phytophagous

or saproxylic. Adults are short-lived, up to foueeks (Leibner, 2000).

Click beetles is connected with forest ecosysternfoest-stepe ecosystem,
but however many of the species search for opéasfisuch as agricultural land. They
can be found at almost any altitude. They usually bn herbs, shrubs, under tree
bark, tree cavities and they feed on pollen, nedkawer parts, leaves and young
plants (Leibner, 2000). Most of their larvae haagiaus habits of feeding and many
groups belonging to this family are saproxylic gofdytophagous and usually these
beetles consume their food which looks like “extedly digested liquid” (Resh &
Cardé, 2003).
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4. MATERIAL AND METHODS

4.1. Experimental plot and methods

Main part of the master thesis experiment was @doaethree kilometers south
from the town Kostelec nadlernymi lesy, in the central Bohemian part of the@r
Republic (see Map 1 on the next page). It is & lailea, where approximate elevation
is 350 meters above sea level. According to Czeobsfry typological map, forest
stand belongs to acidic oak — beech stand. Intdmelsthere was no observable any

shrub or herbaceous level.

There was created an experimented area inside midycspruce forest stand
that belongs to Faculty of Forestry and Wood S@en€zech University of Life
Sciences in Prague (49°58'7.309"N, 14°51'2.11(NBjway spruce stand had an age
of approximately 80 years and it belongs to theddahat have reached its felling
maturity. Inside the stand were designated four plots; each plot had an area of cca. 625
m? (25 x 25 meters). On the Map 2 on the next pagmri be seen approximate size
and position of the experimental plots. Two of pih@s are under manipulated water
regime by under canopy roofs and that roof constrmavas built from construction
timber and industrial plastic foil, approximatelya meters above the ground. Roof
construction was built in order of to stop rainfaput towards the soil profile and
with main intention to influence water regime i tstand. Two other areas were used
as the control plots and they had the same sitgeasnes with the roof construction.
Around the plots with the roof construction werenstoucted channels to improve
water drainage from the trees roots and in totatéaie the water stress higher. In the
Chapter 10 — Annexes can be seen how the expeain#at looked like where each
photo was described.
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e

Map 1 - Approximate position of the research area, south of the Kostelec nad Cernymi
lesy, marked with red rectangular. Map edited by Mladenovi¢ Strahinja (Source:
WWw.mapy.cz)

==

Map 2 - North experimental plot 2 (S2 and K2) presented by blue color and south
experimental 1 (S1 and Kl) presented by red colot. Map edited by Mladenovié
Strahinja (Source: www.mapy.cz)
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Inside each plot, there was hanged up eight passhaow traps (without any
baits). On the each tree, inside the each ploe wstalled two window traps. It means
that inside each plot, there were four trees anthi edthose trees had installed two
window traps. One window trap was hanged up at &nd the other one at twelve
meters above the ground. Window traps were madwmfiransparent thermoplastic
panels (Plexiglas) with dimensions of 70x40 centerge(see Photo 4 and 14, Chapter
10 — Annexes). Both of the Plexiglas were connewiiéidwires or ropes, so that from
the top view they look like a cross. As a roof ahelow traps was put plastic bowl
that is used under flowerpots with a diameter o€dband also connected with wires
or ropes. Under the Plexiglas, there was installeglastic funnel (made from
industrial foil), so it makes a circle around tHex®glas cross. They were connected
with a harder wire. Under the funnel, there waadhied a catching container, made
from PET bottle which was cut in half. Traps wepsga@sed through the whole
vegetative period and regularly checked. Every seneto fourteen days traps were
emptied, depending on the weather conditions irstied. After each time when traps
were emptied, change of the fixation liquid in tta#ching containers was done too.

As a fixation liquid was used a mixture of the &abalt (NaCl) and water.

Traps were hanged up using twelve meters high tad(se=e Photo 11 —
Chapter 10 — Annexes), even though some of therltoreyes could be reached without
any ladder assistance due the fact that on sancespl@as possible to stand on the
roof construction. Upper traps were connected witbpe and pulley and by pulling
the rope up and down, window traps could be easiéyipulated, and therefore
ladders were not necessary. Collection of windaapgrwas done in the way that
catching containers were taken down together vatight insects and fixation liquid.
Then, it was filtered through the sieve and filteneaterial was stored into a separate
bag for each trap. Each bag with material was tharked with: name of the research

area, date, number of the window trap (see Phote @Bapter 10 — Annexes).

After the field work and collection of the windowaps material, bags were
stored in the freezer where temperature was apmpaiely -20°C. Therefore, before
process of insect preparation started, bags hlad defrosted and then materials from
it was added into Petri dish. Then only insectsnfrihe order of Coleoptera were
determined and dried, which was followed by glubegtles for the small labels of
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the mounting paper. After it, beetles glued onléel, were pinned in entomological

box in order from the first up to the last trap.déneach label with glued insect, there
was put another label with certain identificatiogtadls such as, number of the trap
and position of the trap (upper or down), date kedtion. Position of the traps is

important in order to realize flight levels of theetles in the stand. Entomological
boxes were then marked with the name of the relseasa location and the dates.

All beetles that were caught were determined tdfaéhaly level and labeled
with names. Determination was assisted by doc. @tg. Nakladal, Ph.D. and Ing.
Petr Senfeld from the Department of Forest Pratactind Entomology, Faculty of
Forestry and Wood Sciences, Czech University oé [Stiences Prague. After it, a
database was created with all beetles, includirtg ddnen they were caught and

number and position of the trap.

During 2013, eleven times experimental field wasited and material from
the window traps was collected, emptied and ageg@ufon the tree for the next visit.
Experiment started orf7of May at 8:00 CET when traps were installed dected
trees. After it every seven, fourteen or twenty-oiags (in dependence of weather
conditions in Central Bohemian region), experimbpiat near Kostelec nadernymi
lesy was visited. Other dates of research aredbstehe date and time:

« 15" of May; 8:00-15:00 CET;

« 22" of May; 8:00-15:00 CET;

+ 12" of June; 8:00-15:00 CET;
19" of June; 8:00-15:00 CET;

o 2"9of July; 8:00-15:00 CET;

« 16" of July; 8:00-15:00 CET;

« 30" of July; 8:00-15:00 CET;

« 13" of August; 8:00-15:00 CET;

« 27" of August; 8:00-15:00 CET;

« 24" of September; 8:00-15:00 CET.

During this period following families and subfaresi of order Coleoptera
were caught in window traps, and later preparediedyl or pinned into the
entomological boxes. As it was mentioned, resestatied in April 2013, when roof
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construction was built and window traps hangedRgsearch ended in October 2013
when all window traps were taken down to proteetrifrom the snow damage. For
the same reason, plastic foil was taken down frieenrbof construction and stored

nearby the experimental area.

In order to understand better, meaning of the ¥alg codes of trees where traps

where hanged is explained, for example:

* S4H - stressed tree number 4, upper window trap;

» K8D - control tree number 8, down window trap,

where S stays for Stressed and K stays for Corretays for Upper and D stays for

Down.

Trees and window traps positions in the researeh, aian be seen on the next

page on Map 3 and 4 and legend for those mapsecaadn below in Table 1.

Table 1 - Legend of the trees and traps numbeistressed (S) and control (K) plot
1 (S1 and K1) and experimental plot 2 (S2 and K1)

Experimental Window Tree
plots traps | numbers
S1 1 B
S1 2 D
S1 4 G
S1 5 H
K1 6 6
K1 7 11
K1 8 19
K1 9 19
S2 11 F
S2 12 D
S2 14 A
S2 15 B
K2 16 12
K2 18 9
K2 19 24
K2 20 23
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4.2. Statistical analyses

4.2.1. Cluster analysis

In order to analyze collected data and to explhan dependence between
stressed trees and non-stressed trees in relattbnbeetles associations, software
STATISTICA was used. Cluster analysis was a methoidh was applied in order to
see if there was any significant difference in lesttpreference between trees in
control (trees which had received regular amoupte€ipitation) and trees with water
deficit (trees that were in regime of not receivamy precipitation in the soil profile

around them).

Cluster analysis is an exploratory tool that ideluvarious methods and
algorithms for gathering similar data (values) irdorresponding classes. Most
common problem among the scientists is how to caiteg those data into specific
classes that will create rational, valid and sigaifit answer. Its main objective is to
categorize different values into classes in thatmeathat degree of relation between
two values is at its maximum when they are pathefsame class and at its minimum
when is vice versa. Algorithm used was so callednigag (Tree Clustering), whereas
it provides joining together similar values intogder clusters using measure of
distance. Typical output is the hierarchical tr&eiclidian distance method was
applied because Euclidian method is referred agyeprhetric distance in the
multidimensional space”. Euclidian method has dgamtages and disadvantages. As
an advantage, it is worth to mention that in casadaing a new value into the
analysis, it will not affect the distance betweary ather two. But, distances can be
highly influences by different scale between thmehsions, so it is recommended to

transform dimensions to same or similar scalest$sit, 2013).
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4.2.2. Pearson's chi-squared tes§?)

In order to find if there is any significant difeaice between flying activity
among different families and subfamilies, regarsliéexperimental plot was stressed
by water deficit or if it was in normal (controlggime, software Microsoft Office

Excel was used where certain formula was applied.

Since in some families, there was low number afgba individuals, both
experimental plots 1 and 2, were summed togethértaal number was used for
further calculations. Even though it was summeckttiogy, some subfamilies and
families did not fulfill all conditions to be statically analyzed. Therefore, for all
beetles families and subfamilies, chi-squared(}€stvas used. Yates' chi-squared test
(Yates's correction for continuity) was tried to dgplied but as it was mentioned
before, some families did not have all conditiomisthat test to be applied due to low

number of caught individuals.

Chi-squared test is a statistical hypothesis tesich is generally used to see
make a comparison between data there were obsemkedata that were expected to
be obtained during the research in accordanceéaain hypothesis. The chi-squared
test is actually testing what scientists referhesriull hypothesis, which defines that

there is not any significant difference betweendhserved and expected result.

The formula that was used for calculating chi-sqdgf?) is:

2 n(pi_Q)Z
¥ :;\ - |

In order to get the most accurate results, Pearsbirsquared test (goodness-
of-fit test) was used. It means that chi-squaretthhéssum of the squared difference
between observed (p) and the expected (0) datmledi\by the expected data in all
possible categories (StatSoft, 2013).
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4.2.3. ANOVA method

In order to verify Pearson’s squared test, flyingaty was analyzed once
again in STATISTICA software, using one-way ANOVAethod. According to
Electronic Statistics Textbook StatSoft (2013), amANOVA is to test for any
significant differences among means. If two mears @mpared, then method
ANOVA will create same result as it would create thtest for independent or
dependent samples (if two various groups of obsemns are compared or if two

variables in one set of observations are compared).

First it was checked if values of all caught indivals had normal distribution.
In case they had, one-way ANOVA method was testgd away. In case they showed
no normal distribution, data of total number ofcalght individuals were transformed
using either logarithm (y=In(x+1)) or cubed valués.case that did not show any
normal distribution, then ANOVA method could notdmed in that particular case and

it was not tested.
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5. RESULTS

Families and subfamilies that were collected frbewindow traps appear in the

alphabetical order:

Anobiidae (Death watch beetles)

« Anthribidae (Fungus weevils)

* Buprestidae (Jewel beetles)

» Byturidae (Fruitworm beetles)

» Cantharidae (Soldier beetles)

» Carabidae (Ground beetles)

e Cerambycidae (Longhorn beetles)

e Cleridae (Checkered beetles)

e Coccinellidae (Ladybugs)

» Colydiidae (Cylindrical bark beetles)
e Curculionidae (True weevils)

» Curculionidae: Scolytinae (Bark beetles)
e Dermestidae (Skin beetles)

» Elateridae (Click beetles)

« Eucnemidae (False click beetles)

* Chrysomelidae (Leaf beetles)

* Lampyridae (Fireflies)

* Leiodidae: Cholevinae (Small carrion beetles)
* Lymexylidae (Wood-boring beetles)

* Melandrydae (False darkling beetles)
* Nitidulidae (Sap beetles)

» Oedemeridae (False blister beetles)

e Scarabaeidae (Dung, scarab beetles)
» Scraptiidae (False flower beetles)

» Staphylinidae (Rove beetles)

» Tenebrionidae (Darkling beetles)
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In the Table 2 below, it can be seen subfamilied families with highest

number of caught individuals for each day when expent was undertaken (from

May until September). Certain families and subfasishowed higher total amount

of caught individuals during the period of five ntlos, while others had less than 10

individuals during the same period and the totahber of all caught individuals can

be seen in Table 3 on the next page. During thergxental period, families such as

Anobiidae were presented by 32 individuals of vasigenera, Anthribidae (19),
Carabidae (57), Cerambycidae (44), Cleridae (1@§c®ellidae (19), Curculionidae

(96), Curculionidae: Scolytinae (25),

Elateridae02p Chrysomelidae (15),

Melandrydae (36). Other families were presentedr®y/up to seven individuals, e.g.
Nitidulidae (7), Cantharidae (4), Staphylinidae (8)c. and therefore it was

statistically insignificant to include them into §#ts.

Full data regarding full number of caught indivitkjafamilies, date and

location where they were caught is available infZ&al0 — Annexes, Table 7.

Table 2 — Selected beetle families and numberugdltandividuals from May until
September 2013. Other families were not represesiiedow number of caught
individuals. ANOVA and Pearson chi-squared p-values

Family/Date 7.5.| 155 225. 12.6. 19/6. 2/7. 16.30.7.| 13.8| 27.8f 24.9| Total
Anobiidae 0 1 8 8 9 0 1 0 32
Anthribidae 1 1 2 2 9 0 1 1 0 0 19
Carabidae 2 1 15 3 4 10 7 0 57
Cerambycidae| 0 5 6 10 4 9 4 2 0 0 44
Coccinellidae | 2 2 1 0 0 2 1 0 19
Curculionidae 10 5 8 5 21 8 15 3 4 10 96
Scolytinae 5 5 3 0 1 1 0 0 25
Elateridae 40 128 65 74 144 34 7 6 2 0 0 502
Melandrydae | O 3 7 11 |5 8 0 0 36
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Table 3 - Total number of all caught individual Heg of all subfamilies and families

and on both experimental plots from May to Septer20&3.

Total number of
Families caught individuals on both
experimental plots
Anobiidae 32
Anthribidae 19
Buprestidae 2
Byturidae 2
Cantharidae 4
Carabidae 57
Cerambycidae 44
Cleridae 17
Coccinellidae 19
Colydiidae 1
Curculionidae 96
Curculionidae: Scolytinag 25
Dermestidae 1
Elateridae 502
Eucnemidae 1
Chrysomeloidea 15
Lampyridae 1
Leiodidae:Cholevinae 1
Lymexylidae 1
Melandrydae 36
Nitidulidae 7
Oedemeridae 1
Scarabaeidae 1
Scraptiidae 3
Staphylinidae 3
Tenebrionidae 3
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5.1. Relation between stressed and non-stressedeaseawith beetles
associations tested by cluster analysis

At the experimental surface area 1, there is Msdifferent preference of
beetles between roofed plots (water stress) anulaiqrots (non-water stress). In the
Figure 1 below, it can be seen that certain trews position of the window traps
(upper or down) show similar attraction for beetlad they create similar groups. For
example at the roofed plot, down window trap atdtressed tree number 4 make a
group with upper window trap on trees number 1nkhen, this new group connects
with down window trap on tree number 2. New growhi¢h includes all previous
mentioned window traps and trees) connects withgtioeip that is formed by S4H
and S5H (upper window traps on trees 4 and 5). Dwimdow trap at the tree 5 then

groups with the previous group which includes aivious mentioned values.

Tree Diagrar for 16 Wartiables
Single Linkage
Euclidean distances

S1H
S2H
54D
s1D
52D
S4H
S5H
S5D
KEH
kaH
KkoH
KED

K7H

koD
K7D :
KED '

Linkage Distance

Figure 1 — Results of cluster analysis- tree diagréSingle linkge,; FEuclidian
distances) for stressed and control at experimeital 1.
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Regarding the control plot, for example it can éersthat trees K7D and K8D
cluster into one group which is then connected Wwithgroup that contains other re-
maining trees in the control plot which then clustegether with plot where trees
where stressed. It is interesting that, even thaug same tree, there is significant
difference for example between tree K6 and its wimdraps. K6H has more similar-
ity with K8H, then with K6D. This can be explainked different flying activity among
various families, which will be explained later. @@ same graph can be clearly seen
that beetles’ association preferred trees that wetrstressed by water deficit i.e. trees

that were receiving precipitation with no limiting.

However, regarding experimental plot 2, there amaes differences in com-
parison with experimental plot 1. For example, loa Eigure 2 below, it is seen that
tree K18H make cluster with the big group that eorg almost all trees from the
stressed plot (except tree S14D), but it also ohetutree K18D from the control plot.
Trees S11D, S12H and S15D make a group which isdbenected in new one with
tree S11H. This new group cluster with S15H intesie@e, which is done connected
with the group that contains previously mentionelBK, S14H and S12D. Also al-
ready mentioned, tree K18D then cluster with tlea/ig group. Tree K20D cluster
with the group which includes K20H and K19D, andrttthis new group connects

with other remaining trees.

Tree Diagram for 16 Variables
Single Linkage
Euclidean distances

S11H
3110 S—
312H
5150
515H
3120
314H
k18H
k18D
3140
k16H
k15H
k16D

k15D
k20H N
k20D

1 2 4 4 g B 4 g

Linkage Distance

Figure 2 — Results of cluster analysis - tree dagr(Single linkge, Euclidian
distances) for stressed and control at experimepital 2.
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5.2. Flight activity between upper and down windowraps in both
experimental plots tested by Pearson’s chi-squareest

In the table 4 on the next page, obtained results lme seen. As it was
mentioned, only certain families satisfied all citioehs for Pearson’s chi-squared test
to be used. Some families, even though they hadgimimdividuals to be manipulated
with, did not show any significant difference iryifig activity. Families such as:
Anobiidae, Anthribidae, Carabidae, Cerambycidaeri@he, Cleridae, subfamily
Scolytinae and Chrysomelidae were among those issrahd they did not show any
preference between flying on lower or higher levéfile, majority of families such
as: Buprestidae, Byturidae, Cantharidae, Colydjidaermestidae, Eucnemidae,
Lampyridae, subfamily Cholevinae, Lymexylidae, ditiidae, Oedemeridae,
Scarabaeidae, Scraptiidae, Staphylinidae and Temsse did not satisfy all
conditions for statistical analysis due to low n@mbf caught individuals. For these
families not even Yates's correction for continlgbuld not be used. However, as it
can be seen in the Table 4, families such as: Gelticiae, Curculionidae, Elateridae
and Melandrydae showed significant difference yinfj activity. Coccinellidae,
Curculionidae and Elateridae mostly preferred higbeels to fly and most of their
individuals were caught in the upper window trapaly one family Nitidulidae was
showing higher preference in lower levels for ftyimnd most of their individuals was

caught in down window traps.
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Table 4 - Observed and expected data of beetlesg) fictivity for both experimental
plots, results of chi-squared tegf)(and its p-values (p).

Observed Expected
Families
Down )(2 p-value
13 19 16 16 1.13 0.29 Anobiidae
10 9.5 9.5 0.05 0.82 Anthribidae
2 1 1 2 - Buprestidae
1 1 2 - Byturidae
2 2 4 - Cantharidae
24 33 28.5 28.5 1.42 0.23 Carabidae
18 26 22 22 1.46 0.23 Cerambycidae
7 10 8.5 8.5 0.53 0.47 Cleridae
14 9.5 9.5 4.26 0.04 Coccinellidae
0 1 0.5 0.5 1 - Colydiidae
33 63 48 48 9.38 0.002 Curculionidae
12 13 12.5 12.5 0.04 0.84 Curculionidae: Scolytinae
0 1 0.5 0.5 1 - Dermestidae
189 313 251 251 30.63| 3.12E-08 Elateridae
0 1 0.5 0.5 1 - Eucnemidae
7 8 7.5 7.5 0.07 0.80 Chrysomelidae
0 1 0,5 0,5 1 - Lampyridae
1 0 0,5 0,5 1 - Leiodidae:Cholevinae
0 1 0,5 0,5 1 - Lymexylidae
24 12 18 18 4 0.046 Melandrydae
1 6 3.5 35 3.57 - Nitidulidae
0 1 0.5 0.5 1 - Oedemeridae
0 1 0.5 0.5 1 - Scarabaeidae
2 1 15 15 0.33 - Scraptiidae
2 1 1.5 15 0.33 - Staphylinidae
2 1 15 15 0.33 - Tenebrionidae
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5.3. Flight activity between upper and down windowraps in both
experimental plots tested by ANOVA method

Results that were obtained, were quite differeantim the previous statistical
method. Most of the families and subfamilies did have normal distribution, not
even after data were transformed. Only three otalight families showed normal
distribution. Carabidae and Elateridae did not sim@nmal distribution tested from
the values of all caught individuals, but after adatere transformed using the
logarithm transformation function y=In(x+1). Onlyn® family, Cerambycidae,
showed normal distribution tested from the valuésalb caught individuals and
therefore any transformation function didn’t hasébe used. Results obtained for all
families can be seen in Table 5 on the next pagaeder, none of the families had
their p-values lower than 0,05 when one-way ANOVAsvapplied, therefore, it can
be concluded that there was not any significaféhce in flight activity preference
between upper and down. Only Elateridae had italpes of 0,17746 obtained by
one-way ANOVA method close to the 0.05, but notugtoto prove if there is any
important difference in flight activity (see FiguBebelow). Families Carabidae and
Cerambycidae had their p-values obtained by oneAM@VA method much higher
than Elateridae and therefore it can be conclulkdatkhere is no significant difference
in flight levels preference. In Table 6 (see pa8gate represented p-values of both
statistical methods ANOVA and Pearson chi-squase te

Upper (H) D:ﬁr:n rigazgili?;ﬁrjxd;?vity- LS Means
Current effect: F(1, 30)=1.9073, p=,17746

Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

ol
N

w
8]

In(x+1)
i u
(==} =

]
%]
|

Data transformation y
[T
= =y

|
\

P
=

=]
|
|

=]

H D
Upper (H) - Down (D) Flight Activity

Figure 3 - Elateridae flight activity between upet) anddown (D) levels;
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Table 5 — P-values that show if there is signiftadifference in flying activity

obtained by one-way ANOVA method in STATISTICvamdt

Normal
Families Total number of Normal Transformation distribution ANOVA
caught individualg distribution function p-value
p-value

Anobiidae 32 NO y=In(x+1) 0,00002 not tested
Anthribidae 19 NO y=In(x+1) 0,00000 not tested
Buprestidae 2 NO y=In(x+1) 0,00000 not tested
Byturidae 2 NO y=In(x+1) - not tested
Cantharidae 4 NO y=In(x+1) 0,00000 not tested
Carabidae 57 NO y=In(x+1) 0,11607 0,48005

Cerambycidae 44 YES . 0,28867 0,25990
Cleridae 17 NO y=In(x+1) 0,00000 not tested
Coccinellidae 19 NO y=In(x+1) 0,00000 not tested
Colydiidae 1 NO y=In(x+1) - not tested
Curculionidae 96 NO y=x3 0,00014 not tested
Curculionidae: Scolytinag 25 NO y=In(x+1) 0,00000 not tested
Dermestidae 1 NO y=In(x+1) - not tested
Elateridae 502 NO y=In(x+1) 0,41129 0,17746
Eucnemidae 1 NO y=In(x+1) - not tested
Chrysomelidae 15 NO y=In(x+1) 0,00000 not tested
Lampyridae 1 NO y=In(x+1) - not tested
Leiodidae:Cholevinae 1 NO y=In(x+1) - not tested
Lymexylidae 1 NO y=In(x+1) - not tested
Melandrydae 36 NO y=In(x+1) 0,00000 not tested
Nitidulidae 7 NO y=In(x+1) - not tested
Oedemeridae 1 NO y=In(x+1) - not tested
Scarabaeidae 1 NO y=In(x+1) - not tested
Scraptiidae 3 NO y=In(x+1) 0,00000 not tested
Staphylinidae 3 NO y=In(x+1) 0,00000 not tested
Tenebrionidae 3 NO y=In(x+1) 0,00000 not tested
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Table 6 - ANOVA and Pearson chi-squared peslu

Pearson’s chi-

Family ANOVA p-valug
square p-value
Anobiidae not tested 0.29
Anthribidae not tested 0.82
Buprestidae not tested -
Byturidae not tested -
Cantharidae not tested >
Carabidae 0,48005 0.23
Cerambycidae 0,25990 0.23
Cleridae not tested 0.47
Coccinellidae not tested 0.04
Colydiidae not tested -
Curculionidae not tested 0.002
Curculionidae: Scolytinag ot tested 0.84
Dermestidae not tested .
Elateridae 0,17746 3.12E-08
Eucnemidae not tested =
Chrysomelidae not tested 0.80
Lampyridae not tested -
Leiodidae:Cholevinae not tested -
Lymexylidae not tested -
Melandrydae not tested 0.046
Nitidulidae not tested -
Oedemeridae not tested -
Scarabaeidae not tested .
Scraptiidae not tested -
Staphylinidae not tested -
Tenebrionidae not tested -
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5.4. Flight activity from May until September for selected beetle
families

In the Figures 4 and 5 below, and Table 2 (see Bapes visible that selected
families of Anobiidae, Anthribidae, Carabidae, Q@ebgcidae, Curculionidae,
Curculionidae: Scolytinae, Coccinellidae, Elateeidend Melandrydae were flying
more during the warmer months (June-July) of 26li8vever there is a big difference
in period of flight activity between for exampldakeridae and Anobiidae.

Flight activity of selected beetle families
May-September 2013
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Figure 4- Flight activity from May until Septemlder selected beetle families.

Flight activity of selected beetle families
May-September 2013

12
10

8
6
4
2
0
< < X X <
. @,5\ o ®f§ ; V@* w\\;;\ \9\0«;\ %0\* \/(o\&*\ %Q\&*\ %vo & /\v\)@;a . &"z
N v R
,»b‘
Anobiidae e Anthribidae Coccinellidae
e CUrculionidae:Scolytinae === Melandridae

Figure 5 - Flight activity from May until Septemider selected beetle families.
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6. DISCUSSION

6.1. Passive window traps

Different types of window traps can be used fdclemg various groups of
beetles such as: a) attractive traps, b) interoegtiaps or c) attractive interception
traps (Bouget et al., 2008). Many kinds of windo&aps exist, such as passive window
traps that were used in this experiment with tvaspt panels that were creating cross
(from the top view) with a container half filled tlvisalty water. In order to catch
certain saproxylic beetles Olsson et al. (2012)troarthat in the forest stand with no
fresh dead wood, using of tube-shaped window tbaped with different substrate
types (into mesh bags, stapled inside so it diibws odors to be released while
stopping beetles to feed on the bait). Olsson.et28l12) continue, traps that were
used for flight interception were made of thin shefdransparent plastic (25x15 cm)
which were bended and connected with for a poleentddvood from both sides —
creating a tube of 5 centimeters diameter. Fromtapewas closed with one more
piece of plastic to prevent beetles entering the from above. Under it was installed
tray made of aluminum, with a fixation liquid (clgd every ten days) made of

detergent and 50% propylene glycol were insecte weliected.

However, like in this research, some scientisgsulis that cross-vane window
traps show better results when collecting saproxytoups of beetles, even though
sometimes they do not present very accurate dagardmg micro-habitats.
Approximately 60% of the all flying beetles candaeight in window traps, therefore
it can also shows a representative status of sgliixdeetle faungSiitonen, 1994;
Simil&, 2002). Different models of traps were comagan Jkland (1996) and regular
window traps were the ones with highest efficiemdyere the most beetles was
collected (60.2% of all collected specimens) in panson with trunk-window traps
(41.6%) and extraction cylinders (1.6%). @kland9@Pmentions that these window

traps were able to catch flight active beetles feoquite large area of the forest.
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6.2. Effects of VOC in Norway spruce — beetle asgation
interactions

In this experiment, there was no further detarkeskarch of the emission of
volatile organic compounds released by Norway sptrees in the experimental plot.
However, many researchers were experimenting abmutopic. Duduman & Vasian
(2012), for example in their research about basklbdps duplicatugCurculionidae:
Scolytinae), mention that large number of this sgggewas captured in areas where
fresh host material tree was occurring and it psdiaat this beetles species population
was increasing and directed by natural volatileanig substances released from
Norway spruce, not only attracted by pheromonesassld by other beetles. Wide
range of volatiles substances released by Norwaucepdebris is somehow
resembling to spectrum of volatile compounds redddsy weakened trees chosen for

colonization by beetles.

\olatile substances depend on temperature indhewnding area or of the
temperature of the tree which is emitting it. Hélet al., (2007) showed that, for
example monoterpenes emissions rates, includingr atblatile substances such as
methanol, hexanal, hexanol and MeSa depend motengperature of other emitted

substances when rate of emission is marked agamsemperature of the leaf

Zhao (2011) mentions that defensive role of teggdn conifers against bark
beetles is indirect, even though those phytochdmware generally considered to be
very important in conifers defense mechanisms agabeetles. Zhao (2001)
continues, accumulation of terpenes activated wWhegi were by inoculated which
resulted in colonization dps typographusn dose — dependent way. This was one of
the pioneer studies which showed a dose — depemenactions among induced

therpenes and resistance of the tree against leatleb

In order to understand the importance of physieaubal features of various
biogenic volatile organic compounds, it is necegssardetermine the dynamics of

their emission (Fillela et al., 2007).
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6.3. Influence of droughts in Norway spruce

Regarding the drought in this experiment, during éxperimental period in
the research area there was regular precipitafama( conditions of the Central
Bohemia), which means there was no extreme draanghe control plots. Slopes of
the spruce stand in the experimental area wasgacuth-west which might had had

influence on potential attack of saproxylic beetles

In central Europe, Norway spruce is one of the nmopbrtant tree species in
the matter of economics, rather than in forest ecology; but since it was very sensitive
on water stress, it might be affected by intenskfesquent droughts which are going

to be more often happen in the near future dueltmatic changes (Gaul et al., 2008).

However, as Berg at al., (2006) mention, if hotpgenatures occur in longer
periods (5-6 years) it will probably result in tbetbreaks of spruce bark beetle,
whereas their reproduction will increase togethéh vgtress where drought was
introduced. Bark beetles mainly choose to attacthatend of the spring, mostly
mature trees which struggle with short seasonaughts because of cold soil,
irregular water uptake or when precipitation i$l stery low. Spruces that grow in
north — facing slopes have better chance to suthe&rought, due that fact that soll

iIs much warmer on that side. (Hard, 1987).

In the research of Nikolova et al., (2009), evé&ough mean annual
temperature during 2003 was very similar, droughbtdrs reduced soil respiration in
European beechiragus sylvatichand Norway spruceP{cea abie¥ soil respiration
was decreased much more in soil profile under sprilhan beech. Regarding
exhausted capacities of available soil water toakimmore time in stands of spruce
than stands of beech, i.e. 75 days was in sprudelardays was in case of beech.
Same was concluded by Borken & Beese (2005) irdstahbeech and spruce where
higher probability of water stress was observedrganic soil profile in spruce than
in beech. In their research with experimental dhbugaul et al. (2008) found that
effects of the artificial drought appeared onlyhe organic layer in fine roots of the
Norway spruce, where loss of the fine roots wastimes higher than in the control
plots and production of the fine roots was muchhéigin the control plots which

received precipitation on the regular basis dutiregdrought period of six weeks.
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It is expected that visible abiotic factors of cita change in European forest
ecosystems will be damages of trees caused bywetigr deficit and wind throws,
since mostly soil chemistry will be affected tooyBess of the soil can start to release
some organic and inorganic solutes. It was obsettvaidusually water stress affect

the microbial biomass of the soil (Lamersdorf et E998).

Even though, this issue has huge influence orstiéfering during the drought
periods, no further research was done in this éxget regarding soil chemistry in
water stressed area and interaction between to@esystems and microbial flora and
fauna. Tree functioning when is missing the wat@ut via soil and its root system
induce further reactions with saproxylic and xylagbus beetles in the forest

ecosystem.

6.4. Flight activity in selected beetle families

Due to low number of caught individuals in mangniiges, it is very hard to
conclude if there is any difference among them thiedt preference between higher
or lower elevations in the experimental area. Havdamilies such as: Anobiidae,
Carabidae and Cerambycidae were presented witle ¢aige number and more
abundant than others, but statistically testedrettveas not important difference
between flight level preference. Their p-valuesenggnerally that high, that is almost
sure that these beetles were flying in same maatrteée higher and lower elevations.
Anobiidae, according to Vodka &izek (2013), preferred both, understory and
canopy for flying activities, it was depending dretspecies itself, where it was
occurring mostly. Family Coccinellidae was presdntgth lower number of caught
individuals compared to three previously mentioabdve, but statistically tested,
these beetles showed difference in preference lketwaevations, since more
individuals were caught in the lower window tragewever, in their research in the
USA in a temperate deciduous forest, Ulyshen & H&En@007), caught more
individuals and species of the ladybugs familyhe tanopy (flight-intercept traps
were suspended in the canopy on more than 15 m#tars at the half meters above
the ground. Similar results were shown for familgr&nbycidae which were also
quite abundant but more prefer higher elevatiorarakidae were also one of the
abundant species, but they have in comparison tandtg/cidae preferred lower

(ground) elevations.
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The most interesting family among those that veangght were click beetles
(Elateridae) were highest number of individual kEetvas caught and also with
lowest p-value it can be concluded that these é=éighly preferred lower elevations
than upper. Similar results were achieved by Vo&k&izek (2013), where they
showed that higher percentage of certain clicklbesgtecies was observed at the edge
of the understory other than at the edge of themanThey discuss that it might be
due the fact that there is higher amount of theldeaod material in the understory

than in the canopy.

50



/. CONCLUSION

Due the fact that climate change and slightly terajure increase can be one
of the factors that disturb forest ecosystems, éxipected also a change in ecology of
some insect pests. According to Hlasny & ¢&mi (2009), in the case of the for
example,lps typographusnd its distribution in the Europe — it is expéctlkat the
area where it is possible to develop its secon@mggion in the spruce range will be
doubled by the year 2075 and 20% of the currentcgprange will be potential area
for the third generation development up to 204®e%rin this area are much more
sensitive, since they are not quite adapted to ntloa@ two generation ofps
typographusHIasny & Tugani (2009) continue that moisture is also one efrtiost
important factors when is about physiological ctiodiof the host tree, because vital

trees are more resistant to stop the attack of baekies.

Also, further research about volatile organic sabsés in Norway spruce and
correlation with various saproxylic and xylophagdieetle species during climate
changes should be done — especially regardingtsbebavior, which are considered

to be pests and that can damage the host tree.

In this experiment, there were obtained quiteregeng results and data. It
can be concluded that majority of families that eveaught during the research
preferred to associate with the spruce trees tbat wot stressed during five months
of 2013. Even though, there were some individuakgr that showed similar
characteristics as trees that were not stresseslalgr deficit, brings the idea that
anatomy and genetics of these trees can be fuei@anined due the fact that spruce

might getting adapted on more dry climate, i.eudtd in general.

However, it cannot be generally concluded that mabste families were flight
active in higher elevations of the experimentabateut there are certain varieties
among them. As it was mentioned before, due theliat was caught low amount of
individual beetles, it is hard to make a concludimna major part of families. But,
those that showed higher abundance, gives a piahoet their flight activity in the

experimental area.
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In the future, it will be important to understandvhthese above mentioned
abiotic factors (especially the drought) influentsects’ behavior towards vegetation.
It is also very important to understand how ingegts and economically important

trees interact, due the fact that demand for wadte near future will be increasing.
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8. RECOMMENDATONS

In case of further research or repeating the empan, it is recommended to
include some of the following advises:

« Design of the used window traps was satisfactothénmatter of
size, shape and materials used for the buildirthetraps.

* In case of climbing the ladder it is recommendedde forester
climbing equipment.

e Since, some of the families showed low number afbaindivid-
uals, it is recommended to extend the experimenmiimmore sea-
sons.

» Install the equipment for following the data abwaolkatile organic
substances in the stressed and non-stressed tréeo@mpare it
with families of beetles which were attracted tos# trees.

* It was clear that stressed trees had differenidassociations. It
iIs recommended in order to follow better their Hligactivity to
reduce the elevation of the window traps and to lgetter
knowledge (e.g. lower the window traps to get miarewledge
about certain species from the families of Cocdithe¢ and Nitid-
ulidae)

* Apply results obtained in different fields of styayg. correlation
between stressed trees in the areas with dry soggneral, no

matter of the precipitation.

53



9. REFERENCES

Allen, C.D., Breshears, D.D. (1998): Drought-inddicghift of a forest—-woodland
ecotone: Rapid landscape response to climate maridroc. Natl. Acad. Sci. USA
95, 14839-14842.

Baier, P., Bader, R., Rosner, S. (1999): Monotezpeantent and monoterpene
emission of Norway spruce (Pices abies L. Karsa)kbin relation to primary
attraction of bark beetles (Col. Scolytidae), ©-249. In: Lieutier, F., Mattson, W.J.,
Wagner, M.R. (Eds.). Physiology and Genetics oedPéytophage Interactions. Int.
Symposium Gujan (France).

Berg, E.E., Henry, J.D., Fastie, C.L., De \ol@eD., Matsuoka, S.M. (2006): Spruce
beetle outbreaks on the Kenai Peninsula, Alaskd, Klnane National Park and
Reserve, Yukon Territory: Relationship to summemperatures and regional
differences in disturbance regimérest Ecology and Manageme27 (3), 219-
232.

Borken, W., Beese, F. (2005): Soil respiration umgpand mixed stands of European
beech and Norway spruce following removal of orgdrarizonsCan J For ReS5,
2756-2764.

Bouget, C., Brustel, H., Brin, A., Noblecourt, 2008): Sampling Saproxylic beetles
with window flight traps: methodological insigh®ev. Ecol. (Terre Vieg3.

Byers, J.A., Zhan, Q.H., Birgersson, G. (2000)ateiies of a bark beetle, Pityogenes
bidentatus, in a olfactory landscap&aturwissenschafted7, 503-507.

CsoOka, G.Y., Kovacs, T. (1999Xylophagous insectd-orest Research Institute.
Erdészeti Turomanyos Intézet. Agroinform Kiado, Bpelst. 189 pp.

Csoka, Gy.; Hirka, A., Koltay, A. (eds.) (2006): Biotic damage in forests. Proceedings
of the IUFRO (WP 7.03.10) Symposium held in Mairefl, Hungary, September 12-
16, 2004 doi: 10.1021/jp4029694. Epub 2013 May 21.

Dale, V.H., Joyce, L.A., McNulty, S., Neilson, R.Ryres, M.P., Flannigan, M.D.,
Hanson, P.J., Irland L.C., Lugo, A.E., Petersod,,GSimberloff, D., Swanson, F.J.,
Stocks, B.J., Wotton, B.M. (2001): Climate changed aforest disturbances
Biosciencebl, 723-734.

Duduman, M.L., Vasian, |. (2012): Effects of volatemissions oPicea abiedresh
debris orlps duplicatugesponse to characteristic synthetic pheromNoéBot Hort
Agrobot40(1), 308-313.

European Commission (2003): Sustainable forestrgg #me European Union:
Initiatives of the European commission. Office fOfficial Publications of the
European Communities Luxembourg. 56 pp. ISBN 92-8942-X. Available from:
http://ec.europa.eu/agriculture/54nders/brochuvesgtry/full_en.pdf (accessed 26
April 2014).

54



Eroglu, M., Alkan-Akinci, H., Ozcan, G.E. (2005): Kabwocei Salginlarinin
Nedenleri ve BoyutlarOrman ve Av Dergish, 27-34.

Farjon, A. (2013) Picea abies. In: [IUCN 2013. IUBHNd List of Threatened Species.
Version 2013.2. Available from: www.iucnredlist.ofgccessed 20 April 2014).

Filella, I., Wilkinson, M.J., Llusia J., Hewitt C.NPefiuelas J. (2007): Volatile organic
compounds emissions in Norway spruce (Picea almesdsponse to temperature
changesPhysiologia Plantarumi30, 58-66.

Fischbach, R.J., Zimmer, |., Steinbrecher, R., Hpfee, A., Schnitzler, J.P. (2000):
Monoterpene synthase activities in leaves of Patees (L.) Karst. And Quercus ilex
L. Phytochemistrp4, 257-265.

Gartner, K., Nadezhdina, N., Englisch, Megrmak, J., Leitgeb E. (2009): Sap flow
of birch and Norway spruce during the European hadtdrought in summer 2003.
Forest Ecology and Managemet8, 590-599.

Gaul, D., Hertel, D., Borken W., Matzner, E., Leluser, C. (2008): Effects of
experimental drought on the fine root system ofureatNorway spruceForest
Ecology and Managemef66, 1151-1159.

Gilman, E.F., Watson, D.G. (1994): Picea Abies -~y spruce. Fact sheet ST-448
Environmental Horticulture Department, Florida Cedgiive Extension Service,
Institute of Food and Agricultural Sciences, Unsitrof Florida, 4p. Available from:
http://hort.ifas.ufl.edu/database/documents/pdd/tfact _sheets/picabia.pdf
(accessed 26 April 2014).

Grabmer, W., Kreuzwieser, J., Wisthaler, A., CojagaC., Graus, M., Rennenberg,
H., Steigner, D., Steinbrecher, R., Hansel, A. @0¥OC emissions from Norway
spruce (Picea abies L. [Karst]) twigs in the fielBesults of a dynamic enclosure
study.Atmospheric EnvironmedD (1), 128-137.

Guenther, A.B., Zimmerman, P.R., Harley, P.C., MonsR.K., Fall, R. (1993):
Isoprene and monoterpene emission rate varialifibdel evaluations and sensitivity
analysesJournal of Geophysical Research: Atmosph&@&$D7), 2156-2202.

Guenther, A., (1999): Modeling biogenic volatilgganic compound emissions to the
atmosphere. In: Hewitt, C.N. (Ed.), Reactive Hy@mbons in the Atmosphere.
Academic Press, San Diego, pp. 97-118.

Gullan, P.J., Cranston, P.S. (20ID)e Insects: An Outline of Entomolody Edition.
Wiley-Blackwell, 584 pp. ISBN : 978-1-4443-3036-6.

Hard, J.S., (1987): Vulnerability of white sprucéhslowly expanding lower boles
on dry, cold sites to early seasonal attack bypheetles in south central Alaska.
Can. J. For. Resl7, 428-435.

Heiden, AC., Kobel, K., Langebartels, C., Schuhfhlas, G., Wildt, J. (2003):
Emissions of oxygenated volatile organic compouindi plants, part I: emissions
from lipoxygenase activityd Atmos Chem5, 143-172.

55



Hlasny, T., Tutani M. (2009): Insect Pests as Climate Change Dr@iesturbances
in Forest EcosystemBioclimatology and Natural HazardZ009, 165-177.

Horak, J. (2008): Ochrana saproxylického hmyzueahetesit iciny nebo pouze
nasledky? Pp. 14-17. In HORAK J. (ed.): Brouci vézaa deviny = Beetles
Associated with Trees: sbornik reféréd5 pp.

IPCC (2007): Climate Change 2007: The Physical ieegieBasis. Contribution of
Working Group | to the Fourth Assessment Repotheflntergovernmental Panel on
Climate Change [Solomon, S., D. Qin, M. Manning,Chen, M. Marquis, K.B.
Averyt, M.Tignor and H.L. Miller (eds.)]. Cambriddgéniversity Press, Cambridge,
United Kingdom and New York, NY, USA.

IPCC (2013): Summary for Policymakers. In: Clim&eange 2013: The Physical
Science Basis. Contribution of Working Group Ihe Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [StodkEr, D. Qin, G.-K. Plattner, M.
Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. X¥a Bex and P.M. Midgley (eds.)].
Cambridge University Press, Cambridge, United Korgdand New York, NY, USA.

Jonsell, M., (2012): Old park trees as habitat $aproxylic beetle species.
Biodiversity and conservatidzil(3), 619-642.

Kesselmeier, J., Staudt, M. (1999): Biogenic Viga@irganic Compounds (VOC): An
Overview on Emission, Physiology and Ecologyurnal of Atmospheric Chemistry
33, 23-88.

Kindlmann, P., Matka, K., DoleZal, P. (2012)esy Sumavy, lykoZrout a ochrana
prirody. Karolinum Praha. 328 pp. ISBN 9788024621555.

Kramer, P.J., Boyer, J.S. (1988)ater Relations of Plants and Soldsevier Science
(USA), New York, 421 pp. ISBN 0-12-425060-2.

Krehen, H. (2006): Bark beetle monitoring in Aust?Zl005/2006 — critical evaluation.
IUFRO Working Party 7.03.10 Proceedings of the \Wbdp, Austria. Available from:
http://bfw.ac.at/400/iufro_workshop/proceedings/026

034 _A5 Hannes%20Krehan_paper.pdf (accessed 2b628().

Lamersdorf, N.P., Beier, C., Blanck, K., BredemeMr, Cummins, T., Farrell, E.P.,
Kreutzer, K., Rasmussen, L., Ryan, M., Weis, W.,Yxdl. (1998): Effect of drought
experiments using roof installations on acidifioatnitrification of soils Forest
Ecology and Managemeff1 (1-3), 95-109.

Leibner, S. (2000)Elateridae of the Czech and Slovak Republiabourek, Zlin,
292 pp.

Liyana-Arachchi, T.P., Hansel, A.K., Stevens, Chrdhhauser, F.S,, Valsaraj, K.T.,
Hung F.R. (2013): Molecular modeling of the greeaf lvolatile methyl salicylate on
atmospheric air/water interfacesPhys Chem AL17 (21), 4436-43.

56



Lindeldw, A., Risberg B., Sjodin K. (1992): Attrémn during flights of scolytids and
other bark- and wood- dwelling beetles to volatitesn fresh and stored spruce wood
Can. J. For. Res22, 224-228.

Logan, J.A., Régniére, J., Powell, J.A. (2003): e5sing the impacts of global
warming on forest pest dynami¢gontiers in Ecology and Environmemhf 130-137.

Mattson, W., Haack, R. (1987): Role of drought utbweaks of plant-eating insects.
Bioscience37 (2), 110-118.

McNamara, J. (1991a): Family Scarabaeidae: scazablds.Checklist of beetles of
Canada and Alask&ublication 1861/E, Agriculture Canada, Researchnéh,
Ottawa, Ontario, 145-158.

McNamara, J. (1991b): Family Anobiidae, Family Riae.Checklist of the beetles
of Canada and Alask&griculture Publication 1861/E, Agriculture CamatResearch
Branch, Ottawa, Ontario, 201-206.

McGarvey, D. J., Croteau, R. (1995): Terpenoid ingliam, The Plant Cell7 (7),
1015-1026.

Mitchell, A. F. (1974): A Field Guide to the Trees Britain and Northern Europe.
Collins. ISBN 0-00-212035-6

Nieto, A., Alexander, K.N.A. (2010): European RedstLof Saproxylic Beetles.
Luxembourg: Publications Office of the EuropeandmilSBN 978-92-79-14152-2.

Nikolova, P.S., Raspe, S., Andersen C.P., MainiBtpBlaschke, H., Matyssek, R.,
Héaberle K-H. (2009): Effects of the extreme drouigh2003 on soil respiration in a
mixed forestEur J Forest Re428, 87-98.

Olsson, J., Johansson, T., Jonsson, B.G., Hjaltéik,dman, M., Ericson, L. (2012):
Landscape and substrate properties affect sped@siess and community
composition of saproxylic beetldsorest Ecology and Manageme2&6, 108-120.

Oxford Dictionary (2014): Official Online Dictiongrand Grammar Tool of Oxford
University Press. Available from: http://www.oxfalidtionaries.com/ (accessed 26
April 2014).

@kland, B. (1996): A comparison of three methodsagiping saproxylic beetleBur.
J. Ent.93, 195-205.

Pefuelas, J., Lloret, F., Montoya, R. (2001): Sedeought effects on Mediterranean
woody flora in SpainForest Sciencd7, 214-218.

Resh V.H., Cardé R.T. (200&8ncyclopedia of Insect&lsevier Science, San Diego
USA. Pp 136-166. 1266 pp. ISBN 0-12-586990-8.

Rudinsky, J.A., Novak, V., Svihra, P. (1971): Adiian of the Bark beetle Ips
typographus L. to terpenes and male-produced ph@rerdeitschrift flir agewandte
Entomologie67, 179-188.

57



Siitonen, J. (1994): Decaying wood and saproxylaeGptera in two old spruce
forests: a comparison based on two sampling metlAods Zool. Fenn31, 89-95.

Simila, M. (2002): Patterns of beetle species diNgrin Fennoscandian boreal
forests: effects of forest age, naturalness aniitieand covariation with other forest-
dwelling taxa. PhD thesis, University of Joensuuldnd.

Silvestri, F. (1913): Descripzione di un nuove aglidi insetti. Bolletino del
Laboratorio di Zoologia generale e 58ndersto ddlaSciola 58ndersto d’Agricola
in Portici 7, 193-209.

Speight, M.C.D. (1989): Saproxylic invertebrated #meir conservatioature and
Environment Serie42. Council of Europe, Strasbourg. 101 pp.

Schlaghamersky, J. (2000)The saproxylic beetles (Coleoptera) and ants
(Formicidae) of Central European hardwood floodpldiorests Brno: Masaryk
University Brno, 205 pp. Folia Fac.Sci.Nat.Univ.Mag.Brun.,Biol.,103. ISBN 80-
210-2471-2.

Skrgppa, T. (2003): EUFORGEN — Technical Guidelioegenetic conservation and
use for Norway spruce (Picea abies). Internati®haht Genetic Resources Institute,
Rome, Italy. 6 pages. ISBN 92-9043-569-0.

Sparcklen, D.V., Bonn, B., Carlslaw, K.S. (2008pr&al forests, aerosols and the
impacts on clouds and climatehil. Trans. R. So& 366 (1885) 4613-4626.

StatSoft, Inc. (2013)Electronic Statistics TextbooKulsa, OK: StatSoft. Available
from: http://www.statsoft.com/textbook/. (accessadll April 2014).

Ulyshen, M.D., Hanula, J.L. (2007): A Comparisortlté Beetle (Coleoptera) Fauna
Captured at Two Heights Above the Ground in a Ndktherican Temperate
Deciduous ForesAm. Midl. Nat 158, 260-278.

Vodka S.,Cizek, L. (2013): The effects of edge-interior anuderstory-canopy
gradients on the distribution of saproxylic beettes temperate lowland foregtorest
Ecology and Managemef04, 33—-41.

Vodka, S., Konwka, M., Cizek, L. (2009): Habitat preferences of oak-feeding
xylophagous beetles in a temperate woodland: imptios for forest history and
management] Insect Conser%3, 553-562.

Wagner, W., Nemecek-Marshall M., and Fall, R.: EhBastinct Phases of Isoprene
Formation during Growth and Sporulation of Bacilkubtilis, J. Bacteriology181
(15), 4700-4703.

Zhao, T. (2011): Conifer Chemical Defense: Regafatf Bark Beetle Colonization

and Pheromone Emission. Doctoral thesis. E-pritg¢ci®holm. ISBN 978-91-7415-
884-7.

58



10. ANNEXES
10.1. Photos

Photo 1 — Experimental plot covered by roof systBimere can be seen
gutter, through with rainfall was taken out fronetplot. Ladder was used to
climb on the roof and empty and change window traps

(Mladenové Strahinja, 2013)

Photo 2 — Experimental plot covered by roof system.
(Mladenovi Strahinja, 2013)
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Photo 3 — Control experimental plot and one ofwhedow traps
which was put down in order to take insect mateatrad change
fixation liquid. (Mladenow Strahinja, 2013)

Photo 4 — Window trap without catching container.
(Mladenové Strahinja, 2013)
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Photo 5 — System of roofs in experimental plotthedvindow traps
hanging. (Mladenovi Strahinja, 2013)

Photo 6 — System of roofs in experimental plota(Mhové Strahinja, 2013)
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S o £ il

Photo 7 — Complex of gutters was taking water ifpauaway from
experimental plot. (Mladena¥Strahinja, 2013)

Photo 8 — Roof system in the experimental plot.
(Mladenové Strahinja, 2013)
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Photo 9 — Roof system in the experimguitdl (Mladenowt Strahinja, 2013)

Photo 10 — Plastic bags where insect material waeed after emptying the
containers. Each bag was marked with: Trap posiod number of the
tree, Location and Date. (Mladend\strahinja, 2013)
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Photo 11 — Equipment that was used to climb highiedow traps.
(Mladenové Strahinja, 2013)

Photo 12 — Window traps above the roofed experiahghbt.
(Mladenové Strahinja, 2013)
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Photo 13 — Canopy of the control spruce stand
(Mladenovi Strahinja, 2013)

Photo 14 — Window trap hanging with the containifixation liquid
(Mladenové Strahinja, 2013
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10.2. Tables
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Table 1 - Total number of all caught individualssiach family, represented by stressed and conlots$ iree numbers and positions of the the trap

(H - upper, D - down).
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