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Abstract

During the last century the forests of Central Europe changed from open woodlands to
even-aged stands with closed-canopy. This change resulted in severe decline of forest
biodiversity. This study examines how, and why such change affected xylophagous insects. |
have studied microhabitat preferences, i.e. distribution of xylophagous insects in canopy and
understorey of closed forests, forest edges and wooded meadows. I used method of rearing
insect from timber baits exposed to ovipositing females of xylophagous insects in different
situations in the forest at the beginning if vegetation season. After one season of exposition,
the baits were collected enclosed in fly-wire cages, where emerging insects were collected for
two seasons.

This thesis consists of two parts: The first part is an unpublished manuscript dealing
with effect of habitat insolation, vertical stratification, forest structure and amount of dead
wood on community of long-horned beetles (Cerambycidae) and jewell beetles (Buprestidae)
feeding on wood of pedunculate oak (Quercus robur). Baits were exposed in the canopy and
the understorey of forest interior, the canopy and the understorey of forest edge and on
solitary trees on wooded meadows.

Most insect species do prefer insoled wood for their development, and were more
common in the understorey than in the canopy. Insolation of bait was thus the prime factor
affecting composition of reared insects. No relation was found between dead wood volume
and species composition or abundance of reared insects This shows that insolation of the dead
wood is crucial to conservation of most xylophagous insects.

The second part of the thesis studies effect of vertical stratification and insolation on
distribution of xylophages feeding reared from wood of 8 tree species (Alnus glutinosa,
Populus alba, P. x canadensis, Salix alba, Carpinus betulus, Quercus robur, Tilia cordata,
Ulmus laevis) and host specificity of xylophages. Results show that: (i) community
composition of xylophages reflects evolutionary history of their host plants; (ii)) communities
reared from different trees exhibit different preferences for forest strata and insolation of the
habitat, probably in connection to preferred growth conditions of the host plant, (iii) many
xylophagous insect species exhibit strong preferences to insoled habitats, and are thus
confined to forest edges in extensively managed forests as well as in unmanaged forest
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Biodiversity in a temperate deciduous forest:
distribution of saproxylic beetles and implications for forest
history and management

Abstract

Despite long tradition of natural history, there is little quantitative information regarding
habitat requirements of xylophagous insects in temperate forests. We studied habitat
preferences of two beetle families, Buprestidae and Cerambycidae, in an oak-dominated
alluvial hardwood forest using a novel method of rearing insects from timber baits. The baits
(15kg of freshly cut oak shots and branches) were exposed in both canopy and understory of
closed forest, on forest edge and on standard trees in wooded meadow. Beetle samples reared
from the baits differed among situations in species richness but not in abundance; highest
richness was found for insolated understory and solitary trees. Insolation was the most
important factor affecting composition of reared communities, alone explaining 30% of
variation in species data. Effects of vertical strata and solitary trees were also significant,
while effect of amount of dead wood was not. These patterns yield strong support to the
hypothesis that Central European lowlands were covered by open-canopy woodlands rather
than closed forests in a pristine state. This needs to be taken into account, when developing

conservation strategies.



1.Introduction

The specialized invertebrates developing on dead wood belong among the most
rapidly declining part of European biodiversity. The EU Habitat Directive rightly protects 21
saproxylic species, representatives of this guild also stand in prominent positions in national
insect red lists (e.g. Farkac et al., 2005). The declines are occurring despite a steady increase
of forest cover across Europe and also despite genuine efforts of foresters for growing forests
with a more natural tree species composition (Warren and Key, 1991). Given that saproxylic
insect fauna comprises thousands of species in Europe, often with highly exacting
requirements for substrate type and quality, the decline represent an indisputable threat to
continental biodiversity (Jonsell et al., 1998; Schiegg, 2000a, b; Kappes and Topp, 2004;
Gibb et al., 2006).

It is generally assumed that the situation is caused by a low volume of dead wood in
managed forests, and increase of dead wood volumes is the most commonly encountered for

battling the decreases of saproxylic insects (Siitonen, 1994; Martikainen, 2000; Chandler,
1991; Okland et al, 1996). Accordingly, establishment of non-intervention reserves and

increase of dead wood volumes in managed forests by such method as prolonged timber
harvest cycle, retaining harvest remnants in forests and leaving a proportion of trees to decay
are the most commonly advocated remedies to battle the declines. However, these universal
measures do not take into account possible differences in habitat requirements of saproxylic
species in different woodland types and regions. In particular, most of the current research on
saproxylic species requirements has been carried out in boreal or sub-boreal forests of
Fennoscandia (Kaila et al., 1997; Martikainen et al., 2000; Schroeder et al., 2006; Wikars et
al., 2005; Jonsell and Weslien, 2003; Siitonen, 1994; Selonen et al., 2005; Sverdrup-Thygeson
and Ims, 2002), although the bulk of saproxylic diversity, in terms of species richness, occurs
in oak-dominated woods of lowland temperate Europe.

A little reflected aspect of ecology of saproxylic insects is a potential importance of
such structural features as tree density, insolation and canopy height. For instance, up to fifty
percent of saproxylic organisms in Sweden require sun-exposed substrates (Jonsell et al.,
1998) and the preference of some species to sunny conditions is regularly mentioned in life
history accounts (for example Bily, 2002). Given the dependency of many saproxylic insects
on sun-exposed substrates, a development with potentially far-reaching impact was increasing

stand density, brought about during last ca 100 years by the cessation of such now-obsolete



management techniques as coppicing and woodland pasture (Rackham, 1998; Warren and
Key, 1991) and their replacement by even-aged high forest. Conservationists for long
regarded the woodland closure as a beneficial process, returning woodlands to a more natural
state (Ellenberg, 1988; Vrska, 2006). More recently, it has been proposed that temperate
lowland woodlands would be rather open even in absence of human intervention as a result of
activity of wild ungulates (Vera, 2000; Bakker et al., 2004) and natural disturbances (e.g.,
Attiwill, 1994; Lindbladh et al., 2003; Bouget and Duelli; 2004; Moretti et Barbalat, 2004).
The deleterious impact of woodland closure is well documented for such organisms as higher
plants (Peterken and Francis, 1999; Strandberg et al., 2005), butterflies (Warren, 1991; Freese
et al. 2006), beetles (Ranius and Nilsson, 1997), centipedes (Grgic and Kos, 2005) or
insectivorous birds (Fuller and Henderson, 1992; Hansson, 2001). In response, restoring such
traditional management techniques as coppicing, and coppicing with standards is increasingly
advocated and even applied as conservation management. The requirements of saproxylic
organisms are less known. In particular, a bulk of the evidence for association with sunny
conditions comes from areas near range margins of temperate woodlands (Ranius and
Jansson, 2000; Lindhe and Lindeléw, 2004). In Central Europe, active opening-up woodlands
for saproxylic organisms is only practiced and the few existing programmes are not based on
quantitative evidence.

Answering the question where the saproxylic organisms breed and occur is crucial for
establishment of efficient conservation strategies. If position of dead wood with regard to
insolation affects the species richness and composition of saproxylic assemblages, then spatial
distribution of dead wood may be as important as its quantitative supply. If species
specialised on sunny substrates breed high in canopy, than non-intervention strategies is the
best way to safeguard their populations. If, in contrast, both amount of sun and vertical
stratum matters, then more active management measures will be necessary. To contribute to
the debate, we studied how position of dead wood and its insolation affects the species
richness and composition of assemblages of two beetle families, the long-horned

(Cerambycidae) and jewel (Buprestidae) beetles.



2. Methods

2.1. Study area

The study was conducted in alluvial woodlands of Southern Moravia, Czech Republic
(163 - 171 m a.s.l., 16°45°-16°55'E, 48°45°-48°50'N). The woodlands consist of mosaic of
intensively managed hard-wood forests, overgrown pasture forests and meadows with old
solitary oaks. The prevailing trees are pedunculate oak (Quercus robur), hornbeam (Carpinus
betulae), limes (Tilia cordata, T. platyphylos), ash (Fraxinus angustifolia), elms (Ulmus
laevis, U.minor), white poplar (Populus alba), and tield maple (Acer campestre).

In the past, the forests were prevailingly managed as coppice with standards or pasture
woodland. Since about hundred fifty to one hundred years, the traditional management
ceased, and forests were largely transferred to high-forest, now managed via clear-cutting and
subsequent planting in ca 120 years rotation.

The study area is rich in saproxylic and xylophagous insects, forming a hot-spot of

these groups in the Czech Republic (Rozkosny and Vanhara, 1995-96).

2.2 Insect sampling

To sample communities of wood-boring insects, we reared xylophagous insects from
standardized timber baits exposed to ovipositing females in the forest. Baits were made of
freshly cut timber of a pedunculate oak (Quercus robur). Each bait contained 15-20 kg
(average 17.4 kg, total of 296 kg of timber was exposed). Material for the baits came from
healthy small trees (DBH 15-20 cm). A bait contained 3-4 pieces of stem (diameter 15-20
cm), bunch of 15-30 thinner branches (diameter 1-10cm), and bunch of shots (diameter
<lcm). Length of the branches was 1 m. The diameter and decay state excludes insects
depending on wood of larger diameters, those depending on living wood and those preferring
an advanced decay. The branch-diameter classes were evenly distributed among all baits.
Baits were prepared in mid April 2004 and immediately exposed in the forest in order to
attract ovipositing females of xylophagous insects.

In October 2004, baits were collected and during winter enclosed in fly-wire cages.
Baits exposed in shady positions (see bellow) were placed in shade, while those from sunny
positions were exposed to the sun. Metallic fly-wire with square openings 1.2x1.2 mm was

used for caging, allowing small insects (e.g., scolytids, Diptera and parasitic Hymenoptera)
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but holding larger insects, such as long-horned (Cerambycidae) and jewel beetles
(Buprestidae), inside. We thus use long-horned and jewel beetles as model groups. Emerging
insects were collected regularly 2-3 times a week for two years (2005-2006). Collected insects

were mounted, identified and databased.

2.3. Sampling design

To allow for investigation of effect of forest strata and insolation on wood-boring
insects, baits were simultaneously exposed on (i) old solitary trees in meadows, and in four
situations in the forest: (ii) canopy-shade, (iii) canopy-sun, (iv) understory-shade, and (v)
understory-sun.

In the canopy, the baits were suspended in the upper tree layer, 17-22 meters above the
ground in crowns of larger trees, either protected from sun by dense foliage of the tree (ii), or
near the top of a tree on the forest edge, where sunshine fully reached the baits (iii). In the
understory, baits were suspended one meter above ground either in a shady understory (iv), or
at sunlit forest edge (v). Baits exposed on solitary trees were hanged in both, canopy and
understory.

Baits were exposed at three sites in mature forests patches and adjacent wooded
meadows, the sites being located 1-6 km from each other. At each site, each of the five
positions was sampled by one bait, except for the site 1, where two additional baits were
exposed, one in understory-shade, one in understory-sun position. This gives three replicates
for each of the positions (i) — (iii) and four replicates for (iv) and (v), with 17 baits in total.
The canopy was thus sampled by six baits (positions ii. & iii.), the understory by 8 baits
(positions iv. & v.); the shade by 7 baits (positions ii. & iv.); and the insolated situations were

sampled by 10 baits (positions i., iii. & v.).

2.4. Environmental variables

Effects of following environmental variables were investigated:
Forest stratum — canopy, understory, solitary tree; coded binarily.
Insolation — sun or shade; coded binarily.

Dead wood — Depending on microhabitat preferences, insects presence and abundance might

be affected by dead wood volume in exposition situation, volume of sun-exposed or shaded
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dead wood irrespective to strata; dead wood volume found in one of the investigated strata
irrespective to insolation; or total amount of dead wood at the site. To control for these
confounding factors, we considered (a) dead wood found near the bait in conditions
corresponding to the conditions of exposition, (b) dead wood found within each stratum at
each site, (c¢) sun-exposed and shaded dead wood found at each site, and (d) total dead wood

volume at each site.

Ad (a), we estimated the amount of dead wood (in m® per 1 hectare) for surroundings
of each bait as dead wood present in bait vicinity in conditions of exposition situation. For
solitary tree (i), it was merely dead wood found within a circle of 50 m diameter with the bait
in its center; for canopy shade (ii) and understory shade(iv), it was dead wood found in the
corresponding strata (>5m and < 5Sm above ground) within a circle of 50 m diameter with the
bait in its center; for canopy-sun (iii) and (v) understory-sun, it was dead wood found in the
corresponding strata (>5m and < 5m above ground), but within a rectangle 10 x 50m placed
along forest edge, with bait in its centre. Ad (b), we used sums of (ii) & (iii) for the canopy,
and (iv) & (v) for the understory. Ad (c), we used sums of (i1) & (iv) for shaded and (ii1) & (v)

for insoled positions. Finally, ad (d), we used sums of (ii), (ii1), (iv) & (v) for each site.
Bait weight — weight (in kg) was used as a covariable to filter out possible effect of bait size.

Site — to filter out possible differences among sites, site identities were used as covariables in

analyses.

2.5. Analyses

Species accumulation curves and diversity estimates were computed using software
EstimateS 8,00 (Colwell, 2006). We used Chao 1 (Chao, 1984) with 1000 randomizations to

estimate diversity in strata and insolation situations.

We used redundancy analysis (RDA), a linear constrained ordination method that
relates the composition of samples to external predictors (Lep$ and Smilauer, 2003), to test
for relationship between the composition of samples and environmental variables. Ordinations
were performed using software CANOCO v. 4.51 (ter Braak and Smilauer, 2002). We
focused scaling on inter-sample distances; species score was divided by SD, the data were
log-transformed, samples were not centered nor standardized, species were centered. The

effects of dead wood volume estimated by different methods were assessed using the
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CANOCO manual forward selection of environmental variables. Sites and weight of bait were

used as covariables.

We performed two separate RDA analyses, one on full dataset, and reduced dataset.
The full dataset included all individuals, species and samples. The reduced dataset excluded
solitary tree samples. This exclusion facilitated determining the effect of each of the examined
variables in the forest via the variance partitioning procedure (Lep$ and Smilauer, 2003). The
statistical significance of the contribution of each variable was determined using Monte Carlo

permutation test (9,999 permutations).
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3. Results

We reared total of 2,605 individuals of 22 species (Cerambycidae: 17 species, 2,231
individuals; Buprestidae: 5 species, 374 individuals) from the pedunculate oak wood (Table
1). These numbers correspond to 8.8 beetle individuals per lkg of wood. A large portion of
local pool of oak-feeding species developing in the freshly dead oak branches was reared
(Slama, 1998).

The species accumulation curves (Figure 1) indicated a lower species richness in the
shade and in the canopy, in comparison to sun and understory. The Chao 1 species richness
estimator predicted similar pattern, indicating the number of species was unlikely to increase
with more intensive sampling in the shade. It would, however, increase in sunny positions
both in canopy and understory.

The distribution of individuals also indicated a high preference for insolated wood:
73% of reared species was more common in sunny positions (Figure 2a). Nearly 68% of
species were more common in the understory; stratum preferences, however, were less
pronounced (Figure 2b). The abundance of beetles also reveals an interesting pattern. Only a
single species was most abundant in the understory-shade, while seven species reached the
highest numbers of individuals in solitary tree samples and further seven species in understory
sun samples. (Figure 3).

The first canonical axis of the RDA ordination of full dataset (Figure 4), in which
stratum, insolation and dead-wood were used as environmental variables, explained 36.5 % of
variability in species data. The first ordination axis (F = 8.73, p < 0.001) was directed from
insolated to shady positions, representing a gradient of insolation. The second axis
represented height, or vertical stratification gradient. All canonical axes together explained
47.6% of total variation (F = 4.03; p < 0.001). Effect of dead wood volume estimated by any
method used was low (< 5% of total variation) and always insignificant (p > 0.15), justifying
to ignore dead wood effects in further analyses.

Ignoring dead wood, the variance partitioning procedure revealed that stratum and
insolation explained 45.9 % of variation in species data, insolation explaining 28.2% of total
variation inexplicable by other variables and stratum (including solitary trees) explaining
12.3% of total variation inexplicable by other variables.

The pattern returned by RDA on the reduced data set was practically identical to that
from full data set (diagram not shown). The first and all axes explained 44.3% (F = 10.26, p <
0.001) and 51.3% (F = 7.47, p < 0.001) of variation in species data. The subsequent variance

14



partitioning showed that the insolation explained 36.7% of total variation inexplicable by
other variables, while the stratum (canopy/understory) explained 15.7% of total variation

inexplicable by other variables.
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4. Discussion

Based on rearing saproxylic beetles from dead wood baits, we showed that the
insolation of the dead wood is the crucial factor determining the species richness and
assemblage composition of oak-utilizing xylophagous beetles in a temperate Central
European woodland. The rearing method allows for a high confidence that the results reflect
actual preferences of individual species, as each emerged beetle provides an evidence for both
female selection of oviposition sites and the ability of her offspring to accomplish
development.

Only very few species preferred shady conditions of closed forest. This largely
confirms the findings of other studies authors (Lindhe et al, 2005; Morreti et al., 2004; Ranius
and Jansson, 2000). The new finding of this study is that the height of positioning the baits
had much lesser effect than insolation and that, crucially, more species preferred insolated
wood located in understory than insolated wood located in canopy.

To the best of our knowledge, most of so far conducted studies of habitat preferences
of saproxylic insects were based on activity rather than rearing records, and thus were open to
potential criticism for not adequately reflecting breeding habitats of the studied organisms.
The few studies that indeed used rearing originated from boreal or hemi-boreal forests
(Lindhe and Lindeléw, 2004), or near northern range edges for oak wood specialists (Ranius
and Jansson, 2000). Critics could have argued that the studies because insects in harsher
climates often display preferences for exceptionally warm microclimates (Shreeve et al.,
1996; Bridle and Vines, 2007), the studies did not reflect the situation in range cores. Our
results effectively refutes such criticisms, documenting that the preferences of oak-wood
insects for insolated wood, already disclosed in Fennoscandia, apply for Central Europe as
well.

The preferences are consistent with the hypothesis that lowland oak-dominated woods
of temperate Europe would be rather sparse in a natural state (Vera, 2000; Rackham, 1998).
They had to contain substantial amounts of dead wood situated near the ground, either in form
of fallen but sun-exposed logs, or in the form of decaying trunks not shaded by neighbouring
trees. Regardless a specific mechanisms that kept the woodlands open, a simple consideration
of richness of the fauna preferring insolated wood documents that this resource had to be
rather common and that the ,,natural® oak-dominated landscapes had to have a savannah- or
park-like appearence. Additionally, the rather sparse structures of historically common

pasture woodlands and coppices with standards necessarily supported stronger populations of
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oak-depending saproxylic invertebrates than present-day high forests with long rotation. Oak-
depending saproxylic beetles thus display a similar pattern as such notoriously heliophilous
groups as butterflies or forest floor herbs. The closure of lowland woods, phenomenon not
older than ca 150 years, drives the bulk of oak-associated biodiversity to open structures
within woodlands, be their edges, sparse stands or solitary trees growing on woodland
meadows.

Becasue our sampling targeted insects attacking freshly dead wood, it likely missed
species attacking either living trees, or wood in more advanced state of decay, whose
preference for insolated substrate may be lower (Jonsell et al., 1998). However, because oak
is a shade-intolerant tree, it is not likely that the pattern would change too much, relative to

other coocurring tree species (Jonsson et al., 2005).

4.1. Dead wood volume

We did not detect any relationship between the insects reared from baits and dead
wood volume (DWYV) surrounding the baits. In fact, the DWV was largest in shaded
understory, preferred by minimum of beetles. The amount of local DWV thus seems rather
irrelevant to most xylophages. Several other studies found only weak relationship between
local DWV and species richness of saproxylic beetles (Franc et al., 2007; Qkland et al., 1996;
Siitonen, 1994). Franc et al. (2007) argued that what matters is overall supply of dead wood in
wider landscapes, rather than on a local level. However, our sampling was carried out within a
relatively small geographic scale (maximum distance 6 km), within a single contiguous wood
with rather high DWV.

The low relevance of DWV thus demonstrates that it is quality of the saproxylic
habitat that matters. The distribution of dead-wood within the forest is thus far more
important than its total volume, at least on local scale.

This of course does not rule out the necessity to maintain or increase dead wood
volumes, particularly so because the temporal continuity of DW supply may play an
important role (Jonsell and Nordlander, 2002), as it ensures long-term persistence of
metapopulations of saproxylic species. Continuity may partly explain the high diversity of
beetles found on old (> 150 years) solitary trees on sparsely wooded meadows, despite
relatively low local DWD volumes due low tree density. These trees, relics from a past
pasture woodlands, are sun-exposed and slowly dying. The condition of continuity of suitable

DW is thus met over many years.
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4.2. Conservation implications

The factual disappearance of sparse, traditionally managed stands from most of
Central Europe threatens an entire guild of saproxylic insects depending on insolated dead
wood of oak, and possibly other sun-intolerant tree species. The conservation policy of
increasing dead wood volume in forests may prove as inefficient, unless attention is paid to
the distribution of this crucial habitat, which is, to opening up the lowland woodlands. This
brings important implications for management of woodland reserves commercial forestry.

In most of Central Europe, the aim of mainstream conservation community for
woodland conservation is non-intervention strategy, allowing for natural ecosystem dynamics.
This may be appropriate for mountain or submountain regions with low human population
density and high overall forest cover (Jonasova et al., 2005). It is nevertheless dramatically
risky for lowland woods, because whatever factors had maintained open woodland structure
in pre-cultural conditions, they likely operated on very large spatial scales. Current total areas
of lowland woods are simply too small to sustain populations of large herbivores (Vera,
2000), or harbor all successional stages created by fires, floods and windfalls. In contrast,
traditional coppicing with standards or woodland pasture had operated on small scales,
creating fine mosaics of all possible successional stages. Regarding saproxylic insects, these
practices create stands with distances among trees allowing sun to reach both trunks and
decaying wood on forest floor. They should be restored wherever feasible, especially in
reserves situated in areas harboring remnant populations of sun-depending saproxylic beetles.
Reestablishment of these practices is consistent with international regarding EU-protected
saproxylic beetles, as well as with conservation of other groups, such as butterflies.

It is not likely that a management for sun-depending species threatens other
components of biodiversity. High forests will not cease to exist, as they represent a
commercially attractive option for growing high-quality oak timber. Notably, the beetle
showing most marked preference for shade in our study, Leiopus nebulosus, is a very
common species in the Central European lowlands, evidently benefiting from prevailing high
forests. Also, a recent study of epigeic invertebrates in coppices and high forests
demonstrated that practically all of species of conservation prefer open stands, whereas close
stands are preferred by widespread generalists (Spitzer et al., submitted).

As in reserves, any measures to increase the supply of sun-exposed dead wood will

likely increase the biodiversity in commercial forests. These may comprise leaving selected
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trees uncut to decay wherever this does not preclude normal forestry operations, widening up
edges along forest roads, or preserving wide mantles among forests and non-forest lands.
With increasing demand for fuel-wood, return to coppicing may become profitable even in
commercial woods, especially in on less productive locations (Utinek, 2004); such attempts
should be welcomed rather than objected by conservationists. Ideal locations for dead wood
management are also non-protected forests utilized for other purposes than timber production,

such as deer parks or green areas around cities.
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6. Appendix

Sun Shade Total

Solitary tree | Understory | Canopy | Understory | Canopy sum
Agrilus angustulus 88 102 40 3 4 237
Agrilus obscuricollis 78 13 5 0 0 96
Agrilus olivicolor 0 0 0 1 1 2
Agrilus sulcicollis 2 17 10 3 1 33
Anaesthetis testacea 0 0 0 0 1 1
Cerambyx scopoli 10 3 0 0 0 13
Chrysobothris affinis 2 4 0 0 0 6
Clytus arietis 0 11 0 0 0 11
Exocentrus adspersus 180 6 71 48 21 326
Exocentrus lusitanus 0 2 0 0 0 2
Leiopus nebulosus 62 109 14 315 254 754
Mesosa curculionoides 23 39 56 0 57 175
Mesosa nebulosa 1 0 0 0 0 1
Phymatodes alni 152 198 418 2 85 855
Phymatodes testaceus 5 0 33 5 24 67
Plagionotus arcuatus 0 8 0 0 0 8
Pogonocherus hispidulus 0 0 0 2 1 3
Pyrrhidium sanguineum 1 0 0 0 0 1
Rhopalopus macropus 0 1 0 0 0 1
Saperda scalaris 0 4 0 4 4 12
Stenostola ferrea 0 1 0 0 0 1
Xylotrechus antilope 1 0 0 0 0 1
Total sum 607 515 647 383 453 2605
Table 1

List of species and number of individuals of xylophagous beetles reared from baits of oak

wood in the five investigated situations of the woodland
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First axis All axes
Explanatory
variables Covariables Eigen. F p Trace F p
Full dataset
Stratum (C-U-S), BaitWeight, Site
Insolation, 0.365 8.73 0.002 | 0476 4.03 0.001
DWrealSq
DWrealSq Stratum (C-U-S), Insolation,
BaitWeight, Site 0.016 0.016  0.55 0.76
Stratum (C-U-S8), BaitWeight, Site, DWRealSqrt 0.32 8.31 0.003 0.4 451 0.001
Insolation,
Stratum (C-U-S) Insolation, BaitWeight, Site, 0066 201 017 | 0.097 163 0.11
DWRealSqrt
Insolation Stratum (C-U-S), BaitWeight, Site,
DWRealSqrt 0.283 0.283 9.59 0.001
Full dataset (without dead-wood volume)
Stratum (C-U-S),  BaitWeight, Site 0.364 962 0001 | 0459 543  0.001
Insolation,
Insolation Stratum(C-U-S), Site, BaitWeight 0.282 9.98 0.001
Stratum (C-U-S) Insolation, Site, BaitWeight 0.123 3.86 0.01 0.157 2.79 0.01
Reduced dataset (without solitary tree samples and
dead-wood volume)
Stratum (C-U), BaitWeight, Site 0.443 1026 0001 | 0.513 747  0.001
Insolation
Insolation Stratum, BaitWeight, Site 0.367 10.69 0.001
Stratum Insolation, BaitWeight, Site 0.157 457 0.005
Table 2

The resuls of the RDA ordination of full and reduced datasets and variation partitioning

procedures
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Figure 1

Species accumulation curves showing accumulation of species in samples (a), and

accumulation curve predicting the diversity by Chao 1 estimator.
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Figure 2
Percentage of individuals reared from baits exposed to the sun (a) and in the canopy (b) per

each species of xylophagous insects reared from of oak wood.



Microhabitat preferences of
xylophagous insects
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Number of species with highest abundance in samples from one of five situation.
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and forest strata and dead wood volume (DWrealSq). For explanation of insect species

abbreviatins consult Table 1.
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1. Uvod

Mrtvé a rozpadajici se dievo hosti tisice druhii riiznych organizmii, pfedevsim hmyzu
a hub. Tyto organizmy tak pfedstavuji jednu z nejvyznamnéjSich slozek biodiverzity. Mohlo
by se zdat, 7e neustalé zvySovani rozlohy lestt v CR a celé Stiedni Evropé (Anonymus, 2003)
bude takovymto tvorim prospivat. Bohuzel tomu tak neni. Stovky organizmii vdzanych na
mrtvé dievo, tzv. saproxylické organizmy, patii mezi kriticky ohrozené, desitky az stovky
druhtt z CR v nedavné dobé vymizely (Farkaé et al., 2005). Jejich pozadavky na Zivotni
prostiedi jsou totiz tizce vyhranéné, takze v hospodarskych lesich, a dosti ¢asto ani v lesnich
rezervacich, nedokazou prezit (Warren et Key, 1991; Grove, 2002; Warren, 1991, Frankham,
R., 1995; Freese et al., 2005). Pfi¢inou je struktura dneSni krajiny stfedoevropskych nizin,
ktera je vzdalena od historického predneolitického, ale 1 stiedovékého stavu (Vera, 2000;
Rackham, 1998). Lesy, jez se s odeznivanim chladného obdobi posledni doby ledové znovu
Sifily smérem k severu, byly téméf neustdle ovliviiovany riznymi faktory (herbivofi, silny
vitr, lesni pozary, hmyzi a houbové kalamit atd.), které branily rozvoji klimaxové vegetaci
(Peterken, 2001; Rackham, 1998). Sukcesni vyvoj porostu tak byl udrzovan na tarovni fidkého
a velmi prosvétleného lesa ¢i pastevni savany (Vera, 2000, Rackham, 1998).

Cilem této prace bylo zjistit, zda distribuce xylofagniho hmyzu v niZinnych porostech
odpovida teoriim o fidkém lese, jako ,,pfirozeném* stavu nizinnych porostii. Studie se proto
zabyva mikrohabitatovymi preferencemi xylofagniho hmyzu v nizinnych lesich Stfedni
Evropy, konkrétné vertikalni distribuci a vlivem oslunéni daného habitatu. Zaroven si klade
za cil osvétlit mozny dopad soucasného vyvoje krajiny na xylofdgni hmyz a snazi se mimo
jiné pomoci objasnit pfi¢inu rozsdhlého ubytku lesni entomofauny. V neposledni fad¢ by tato
prace méla poukdzat na nedostatky v ochran¢ lesniho hmyzu a pokusit se navrhnout vhodny

management.
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2. Literarni prehled

2.1. Biodiverzita lesniho hmyzu

Biodiverzita lesa se v poslednich letech, alespont verbaln€, dostava do poptedi zajmu
lesniho hospodatstvi. To by se mélo snazit o co nejlepsi soulad mezi hospodatskou funkci
lesa a zachovanim biologické rozmanitosti lesnich organismd, tedy brat ohled na hmyz, ktery
tvoii jeji prevaznou ¢ast (Grove, 2002). Lesni organismy maji velmi ¢asto specifické naroky
na své zivotni prostfedi a jsou tedy rtizné citlivé k vlivim lesniho hospodateni (Berg et al.,
1995). Ztoho vyplyva, ze sjednim nebo nckolika malo modelovymi druhy obvykle

nevystac¢ime (Jonsson et Jonsell, 1999).

Pfevaznou c¢ast hmyzu tvofi hmyz herbivorni. Zakladnim udajem popisujicim
bionomii herbivora je jeho vazba na rostliny. Poznatky o hostitelské specializaci, zpiisobu
ziskavani a traveni potravy lze dale aplikovat v jinych studiich, jako jsou odhady poc¢t druhti
na Zemi (Erwin, 1982; @degaard, 2000; Novotny et al., 2002), studium vztahii mezi rostlinou
a herbivorem (Beccera, 1997; Lewinsohn et al., 2005; Hanks, 1999), ptipadné i herbivorem a
parazitoidem (Eggleton et Belshaw, 1992; Wharton, 1993). Ucelené vysledky lze casto
s uspéchem pouzit v oborech moderni aplikované entomologie, jako jsou biologicky boj proti

Skidcam (Hajek, 2004; Wainhouse, 2005) ¢i ochrana biodiverzity (Samways, 2005).

Biotopové naroky konkrétnich druhti jsou dobfe znamé jen u né€kolika malo skupin,
napt. motyll (Benes et al., 2002). Ackoliv zdjem o ostatni skupiny hmyzu znacné¢ pokulhava
(Shaw et Hochberg, 2001), v poslednich letech se mezery ve znalostech jejich autekologie
postupné zaplnuji (napt. Ranius ef Nilsson, 1997; Ranius et Wilander, 2000; Baur et al., 2002,
Siitonen et Saaristo, 2000; Whitehead, 2002).

2.1.1. Saproxylicky hmyz

Hmyz, jez je alespon ¢ast svého zivotniho cyklu zavisly na mrtvém nebo odumirajicim
drevé, pfipadn€ na dievnich houbdch nebo jiném saproxylickém organizmu, se nazyva
hmyzem saproxylickym (Schlaghamersky, 2000). Saproxylické organizmy pak miizeme délit
na xylobiontni organizmy, které dfevo pouze obyvaji a organizmy xylofagni, které se dievem

Zivi.
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Ptiblizné pétina vSech druht broukil je vazana na mrtvé dievo (Grove 2002; Kappes et
Topp, 2004). Mezi nejvétsi a nejnapadnéjsi skupiny patii tesafici (Cerambycidae), krasci
(Buprestidae), kurovci (Scolytidae), cervotoCi (Anobiidae), vrtavci (Ptinidae) ¢i brouci
listorozi (Lamellicornia). Mezi nejvétsi skupinu saproxylického hmyzu vyuzivajici tyto
xylofagy zejména jako vlastni potravu ¢i potravu pro své larvy lze zminit parazitické
blanokiidl¢, tedy zejména lumky (Ichneumonidae) a lumciky (Braconidae), z broukli napf.
pestrokrovecniky (Cleridae) ¢i kovaiiky (Elateridae). Mnoho dalSiho hmyzu vyuziva
odumfelé dievo jako ochranu pted predatory a parazity, nebo jako vhodné misto pro hibernaci
&i estivaci. Casté je i budovani hnizd zejména blanokiidlym hmyzem (napf. mravenci
Camponotus sp., stSeit Vespa crabro, véela Apis melifera). Do dieva klade vajicka nejriznéjsi

hmyz, kviili ochrané pted vyschnutim ¢&i predatory (Skorpik, 2001).

Odumielé dievo poskytuje mnoho riznych nik. VéEtSina druhlt preferuje jen cCast
nabizené¢ho spektra mrtvého dfeva v zavislosti na jeho priméru (Schiegg, 2000b; Ranius,
2002b), poloze (Jonsell ez Weslien, 2003), stupni rozkladu (Hammond et al., 2001), napadeni
difevokaznymi houbami (Ranius et Nilsson, 1997, Warren et Key, 1991), ¢i jinych
charakteristikach (Jonsson et al., 2005).

Vybrané druhy xylofagnich broukti (napt. Osmoderma eremita) byvaji pouzivani jako
indikatory biodiverzity (Ranius, 2002a) ¢i deStnikové (Simberloff, 1998; Caro et O'Doherty,
1999) a indika¢ni druhy (Ranius, 2002a; Ranius et Nilsson, 1997). Zajem ekologii se na
zatim kusé. Hlavni pfi¢iny, které vedly ke snizovani velikosti populaci xylofagnich brouku ¢i
dokonce jejich k vymfeni na dané lokalit¢ (Ranius e Kindvall, 2006), Ize hledat v historickém

vyvoji krajiny, zejména ve zménach lesniho hospodaieni v poslednich cca 100 az 150 letech.

2.2. Historicky vyvoj stifedoevropskych nizinnych lest

2.2.1. Vyvoj krajiny

Vyvoj sttedoevropského lesa byl vyrazné ovlivnén sttidanim glacidlti a interglacidl.
Sifeni stromil do stfedoevropské krajiny v postglacidlnim vyvoji bylo siln& ovliviiovano
riznymi disturbancemi, které¢ branily zapojeni krajiny hustym lesem (Attiwill, 1994, Moretti
et Barbalat, 2004). Namisto klimaxového lesa zna¢nou ¢ast stiedoevropskych nizin (ale nejen

jich) zabirala tzv. pastevni savana, tedy lesostep €i jiné formy fidkého lesa. Husty les se
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ziejm¢e vyskytoval pouze lokalné a ne piili§ hojné¢ (Vera, 2000; Rackham, 1998; Bradhaw,
2001).

Jednim z hlavnich faktori branicich zapojeni lesa mohla byt pastva pocetnych stad
bylozravct, tedy praturd, tarpanii, zubrl, divokych prasat aj. (Vera, 2000; Lister, 2001). Zapoj
lesa narusovaly i lesni pozéry, silny vitr, houbovd onemocnéni (grafivza dubu ¢i jilmt) ¢i
vysoké populacni hustoty herbivorniho a xylofdgniho hmyzu (napt. Lindbladh et al., 2003,
Bouget ef Duelli, 2004, Emborg et al., 2000; Sinclair et al., 1987, Reindl, 1997). O tom, ktery
ze zminénych faktor mél hlavni roli, a jak dalekosdhlé byly jeho ucinky, se vedou spory
(Mitchell, 2005; Bokdam et Gleichman, 2000; Birks, 2005; Weisberg et Bugmann, 2003).
Jisté¢ vSak je, ze udajny temny hvozd byl miniméln¢€ v nizinnych polohdch ve skutecnosti
velmi otevienym porostem, coz dokazuji také pylové analyzy (Jahns, 2007) ¢i ulity fosilnich
mékkyst z ptidnich profili na mnoha lokalitach na Gizemi nékdejsiho Ceskoslovenska (Lozek,

2000).

LuZni lesy

Plvodni predneoliticka krajina kolem dolniho toku velkych fek byla pokryta porosty
velmi fidkych lest, tvofenych zejména dubem, liskou a jilmem, v nejbliz§Sim okoli fi¢niho
koryta pak vrbou, olsi ¢i topoly (Opravil, 2004, Sadlo et al., 2005). Podklad byl tvotfen
piscitou StérkopisCitou puadou, kterd nebyla piihodna pro rozvoj luzniho lesa. Mal¢ kousky
mékkého luhu se sice mohly udrzet na zanesenych mistech slepych ramen, ale bylo prakticky
nemozné, aby se udrzely déle od feky (Sadlo et al., 2005).

Zcela zasadni zména ovSem nastala pfed cca 1200 lety, kdy doslo k zornéni pudy i
ve vysSich polohach. V disledku naruSovani svrchni vrstvy pady dochéazelo pii vétSich
destich a tani sn¢hu k postupnému splavovani ornice do fek. V nizinach, kde se pti povodnich
voda rozlévala do kraje, zacala se postupné¢ usazovat vrstva zivinami bohaté ptidy, ktera dobie
zadrzuje vodu (Havlicek, 2004; Kolejka, 2004, Pelisek, 1976; Rozkosny et Vaihara, 1995-
1996). Vzniklé usazeniny zaCaly utvaret typicky podmaceny charakter krajiny, na kterém
dobie prosperuje mekky Iuh (Sadlo et al., 2005). Takto vznikl jeden zprvnich lesi
antropogenniho pivodu, tedy les luzni.

Posledni zbytky pivodnimu stavu podobnych porostli se mohou vyskytovat na jizni
Moravé na tzv. hradech, tedy nezaplavovanych vrcholech byvalych dun, které jsou botanicky,
ale napt. i herpetologicky mnohem cennéjsi nez okolni luzni les (Sebela, 2004, Sumberova et

al., 2000).
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2.2.2. Vyvoj hospodareni

Po prichodu clovéka zacalo vyrazné ubyvat divokych bylozravci, nicméné diky pastveé
domestikovanych zvitat se rdz krajiny zifejm¢ vyrazné nezmeénil. Také vymladkové a osené
hospodareni narusovalo stromovy zapoj (Buckley, 1992; Joys et al., 2004; Farrel, 2000), coz
zajistovalo dostatek slunce pro teplomilné zivocichy (Lozek, 2000; Warren et Key, 1991,
Freese et al., 2005). Zatimco tradi¢ni hospodatfeni s vystavky, pafezinami a odlykovanymi
stromy poskytovalo dostatek odumielého, oslunéného i zastinéné¢ho dfeva v nejriiznéjSim
stadiu rozpadu, moderni lesnictvi pfineslo snizeni objemu mrtvé dfevni hmoty, homogenizaci
struktury a druhového slozeni lesnich porostt (Haeggstrom, 1998; Ranius et Jansson, 2000,

Barbalat, 1998).

V neobhospodafovaném listnatém lese dosahuje primérna zasoba odumielé dievni
hmoty v praiméru 130 m’/ha (Vrika ef al., 2006; Christensen et al., 2005). Bohuzel z obav
pied vyskytem lesnich Sktidct (zejména zastupcu Celedi Scolytidae a Buprestidae) dochéazelo
ke snizovani objemu mrtvého a odumirajiciho dieva v lesich (Kappes et Topp, 2004; Grove,
2002). Lesni skiidci se sice mohou v hospodaiskych lesich vyskytovat ve zvySené mife,
nicmén¢ mrtvé dievo hosti také predatory xylofagniho hmyzu, takze ve zdravém lese je jejich

bilance vyrovnana (Kappes et Topp, 2004).

Heterogenita porostu vyrazn€ ovliviiuje diverzitu lesni entomofauny, kterd je
v intenzivnich hospodaiskych lesich niz§i nez vlesich bez vyrazného managementu
(Viisénen et al., 1993; Kouki et al., 2001; Simila et al., 2003; Martikainen, 2000). Nicmén¢
ani v lesich bez intenzivniho hospodaieni neni zajiSténa efektivni ochrana xylofagniho
hmyzu. Diivodem je nedostate¢né prosvétleni porostu a tedy i nedostatek oslunéného mrtvého
dieva, na které je napft. ve Svédsku vazano 59% vsech kriticky ohrozenych xylofagti (Jonsell
et al., 1998; Lindhe et al., 2005). Druhym nedostatkem bezzasahového rezimu v lesich je
vytlaCovani svétlomilnych dfevin (hlavné dubu) dfevinami stinomilnymi (habr, lipa ¢i buk)

(Vera, 2000).

Nejbohatsi spolecenstva lesnich Zivocichii a rostlin hosti nikoli les, ale jeho okraje,
tedy tzv. ekoton (Wermelinger et al., 2007; Duelli et al., 2002). Takovéto ekotony dnes

predstavuji posledni tocisté pro druhy ptavodnich fidkych lest.
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3. Cile vyzkumu

Mnoho studii bylo zaméfeno na vliv managementu (Viisdnen et al., 1993;
Martikainene et al., 2000; Simild et al., 2002; Simild et al., 2003), disturbanci (Moretti et
Barbalat, 2004; Moretti et al., 2004) ¢i rozdilné kvality, kvantity a konektivity mrtvého dieva
(Martikainene et al., 2000, Schiegg, 2000a, c) na lesni hmyz. Nicmén¢ vétSina téchto praci
fesi distribuci hmyzu pouze v podrostu interiéru lesa. Jen minimum studii zahrnuje téz koruny
stromt (Wermelinger et al., 2007, Jukes et al., 2002; Duelli et al., 2002) a lesni okraj
(Jokimiki et al., 1998; Magura et al., 2001; Mathé, 2006).

Cilem této prace bylo doplnit nedostatky ve znalostech vertikdlni stratifikace
xylofagniho hmyzu a zjistit jeho preference k oslunénosti obyvaného habitatu. Xylofagniho
hmyzu v poslednich desetiletich vyrazné ubylo, na druhou stranu piibylo riznych aktivit na
jeho ochranu. Tato prace by tedy méla nejen naznaclit pfi¢iny jeho ubytku, ale pokusit se

zhodnotit i vysledky jeho dosavadni ochrany.
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4. Metodika

4.1. Charakteristika uzemi

Vyzkum probihal v polesi Horni les pfi dolnim toku feky Dyje (16°45°-16°55'E,
48°45°-48°50'N). Luzni lesy dyjské nivy patii z 90% do asociace Querci-Fraxineta a Ulmi-
fraxineta carpini. Misty byly porosty tvrdého luhu nahrazeny lignikulturami topolu
kanadského (Populus x canadensis) a jinych monokultur, nicméné¢ rozsahlé porosty luznich

lest si zachovaly ptivodni skladbu dfevin (Rozkosny ef Vanhara, 1995-1996).

Diky prumérné ro¢ni teploté¢ 9°C s vice nez 300 dni v roce bez teplot pod bodem
mrazu a okolo 30 dnii s teplotou nad 30°C je Jizni Morava nejteplej$im tizemim CR. Uhrn
ro¢nich srazek je okolo 520 mm (Klimanek, 2002). V historii tvofily pievaznou ¢ast luznich
lest pafeziny, stiedni ¢i pastevni lesy, v nichz nejCastéjsi dievinou byl dub a jilm. Postupné
bylo od tradi¢niho hospodateni upousténo a les se nechal preriist do plné vysky a zakmenéni

(Vybiral, 2003; Kordiovsky, 2004).

4.2. Navnady na xylofagni brouky

Xylofagni brouci byli vychovavani zndvnad zhotovenych z Cerstvé poraZenych,
zivych a zdravych stromt. Kazda ndvnada obsahovala letorosty, slabé i silné¢ vétve a kminky
o pruméru do 15 cm (viz. pfiloha, Obr. 1). Délka navnad byla 1 m, hmotnost od 15 — 22 kg,
podle druhu dfeviny. Navnady byly ze dfeva 8 druhti stromd (seznam viz. nize) a kazda
obsahovala materidl vzdy jen zjednoho druhu stromu. Z kazdého druhu stromu bylo
zhotoveno 12 navnad.

Ptiprava navnad probihala od 14. do 19. 4. 2004, kdy bylo z Cerstvé pokacenych
stromd zhotoveno 96 navnad. Pfipravené navnady byly na vybranych stanovistich (viz nize)
nabidnuty kladoucim samicim xylofagniho hmyzu. Pfed expozici byly navnady zabaleny
v netkané textilii, aby se pfedeSlo kontaminaci navnad mimo vybrand stanovisté.
Rozmist'ovani ndvnad probihalo od 20. do 30. 4. 2004. Koncem srpna byly ndvnady sundany
a pievezeny do Ceskych Budgjovic, kde byly pied zatatkem vegetatni sezony 2005 umistény
do kleci z musiho pletiva (velikost ok 1,6 x 1,6 mm) zavéSenych nad zemi (Obr. 2). Navnady
exponované na stinnych stanovistich byly zavéSeny ve stinu, ndvnady ze slunnych stanovist

na slunci. Velikost ok umoziiovala men$im druhim hmyzu (napf. kirovci ¢i parazitoidni
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blanokiidli) prolézt ven. Proto byly do analyzy zahrnuty pouze ty skupiny hmyzu, pro jejichz
nejmensi zastupce bylo pletivo neprostupné, tedy brouci z celedi tesatikovitych
(Cerambycidae) a krascovitych (Buprestidae). Néazvoslovi bylo pievzato ze Seznamu
ceskoslovenskych broukii (Jelinek, 1993).

Metodika umoziiuje studovat druhy, jez se vyvijeji v Cerstvé pokaceném ¢i odumielém
drevé, ¢imZz omezuje pocet studovanych druhd. Na druhou stranu u kazdého vychovaného
jedince je vazba na druh dieviny, typ dfeva a mikrohabitat potvrzena jednak rozhodnutim
samice naklast sva vajicka do navnady, ale také schopnosti dan¢ho jedince dokoncit v ni sviij
vyvoj. To zvySuje vypoveédni hodnotu ziskanych idaji oproti jingm metoddm, napft. letovym

pastem, kde mame pouze jistotu, Ze jedinci daného druhu stanovistém prolétaji.

4.3. Stanovisté

Navnady kazdého stromu byly rozvéSeny do 4 stanovist’ — i.) oslunény podrost okraje
lesa a ii.) koruna téhoz lesniho okraje, iii.) podrost uvnitt stinného lesa a iv.) koruna uvnitt
téhoz lesa. Toto schéma bylo zopakovéano ve tfech nedalekych lesnich porostech, €ili ve tfech
sériich. Navnady umisténé v podrostu byly zavéSeny 1 m nad zemi, navnady v korunach
od 17 do 22 m nad zemi. Mista expozice navnad byla vybrana jako Ctyii nejkontrastnéjsi
stanovisté lesniho porostu. Zaroven piedstavuji odliSné struktury porostu pfipominajicich
rizny lesni management. Stanovist¢ na kraji lesa jsou svételnymi podminkami nejvice
podobné historickym pafezinam a stiednim lesim, stanovisté v interiéru lesa piedstavuji
podminky v modernich porostech hospodaiského lesa ¢i lesni rezervace s bezzasahovym

managementem.

4.4. Studované druhy drevin

Druhy dfevin byly vybrany na zaklad¢ své fylogenetické ptibuznosti (Stevens, 2001;
Obr. 3). Pro porovnani spoleCenstev xylofagniho hmyzu mezi druhy stromii stejného rodu
byly vybrany dva druhy topoli — t. bily (Populus alba) a hybridni t. kanadsky (P. x
canadensis). Pro srovnani spoleCenstev na riznych rodech stromti v ramci jedné celedi byl
pouzit topol a vrba bild (Salix alba) (Salicaceae), olse lepkava (Alnus glutinosa) a habr
obecny (Carpinus betulus) (Betulaceae). Dale byla studovana spoleCenstva xylofagti na
jednom zastupci Celedi Fagaceae (dub letni — Quercus robur), Ulmaceae (jilm vaz — Ulmus

laevis) a Tiliaceae (lipa srd¢ita — Tilia cordata).
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Dfteviny byly rozdéleny do tfech kategorii podle pozadavkl na svétlo (Horvath et al.,
1995). Habr , lipa a jilm byly hodnoceny jako stinomilné dieviny, olSe, vrba a topol bily jako
dfeviny se tolerujici zastin a dub s topolem kanadskym jako dfeviny svétlomilné.

Hodnoty tvrdosti dieva byly pfejaty z internetové databaze (Wood density database).

4.5. Analyza dat

Pro porovnani poctu druhl a jedinc vylihlych zndvnad umisténych na slunci a
ve stinu, resp. v podrostu a korunach stromi, byl pouzit t-test programového baliku
Statistika 6 (StatSoft, 2001).

Mnohorozmérné ordina¢ni analyzy byly provedeny v programu Canoco for
Windows 4.5 (ter Braak et Smilauer, 2002). Data byla logaritmicky transformovana. Viechny
kanonické osy byly testovany pomoci Monte Carlo permuta¢niho testu (9999 permutaci). Aby
bylo vylouc¢eno ovlivitovani vysledka druhy s pfili§ malym zastoupenim jedinct, bylo pouzito
podvazovani vzacnych druhti. Vysledky jsou vynaseny v Hillové skalovani.

Odhady diverzity (Chao 1 , Chao, 1984) a podobnosti spolecenstev (Morisita—Horn
index, Magurran, 2004) byly pocitany v programu EstimateS (Colwell, 2006).

Za specialistu na dany rod stromu, resp. ¢eled’ je povazovan druh, zastoupeny alespon
8 jedinci, z nichz minimalné 90% se vylihlo z dfeviny daného rodu, resp. ¢eledi. Preference
pro oslunéni a stratum byly pocitany pomoci Chi-square testu. Parametry testu neumoznuji
zjistit preference druhu s méné nez 8 vylihlymi jednici. Preference k jednomu ze 4 stanovist
(slunny podrost, stinny podrost, slunna koruna, stinna koruna) byla stanovena na tii stupfiové
Skale: silnd preference (70% jedinct vylihlych znévnad na daném stanovisti), slaba
preference (50% jedinci vylihlych znavnad na daném stanovisti) a druhy nevykazujici
preferenci (zbylé druhy). Tyto preference byly opét stanoveny jen pro druhy s alespon 8
jedinci.

Korelace matic podobnosti spoleCenstev s maticemi taxonomické a fylogenetické
ptibuznosti dievin a matici rozdilt tvrdosti dieva jednotlivych dfevin byly pocitdny za pouZiti

Mantelova testu (Hood, 2006).
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5. Vysledky

5.1. Vysledky pro vSechny druhy stromi

V pribéhu let 2005 a 2006 bylo vychovano 26 druhii (5641 jedinct) tesafikl
(Cerambycidae) a 8 druhi (933 jedinct) krasct (Buprestidae), celkem tedy 34 druhti a 6574
jedincti (Tab. 1).

Druhové nejbohatsi spolecenstva broukt hostil dub letni (19 druht) a habr obecny (17
druhti) (Graf 1, 11). Nejvice jedincti pak hostila lipa srd¢ita s 2704 jedinci a dub letni s 1998
jedinci (Graf 2).

Pocty jedinci ani druht vylihlych zndvnad vSech testovanych druhl stromil se
statisticky vyznamné neliSily ani ve srovnani slunce — stin (t = 1,56; df = 94; p = 0,122 pro
druhy; t = 0,074; df = 94; p = 0,942 pro jedince), ani ve srovnani koruna — podrost (t = 1,164;
df =94; p = 0,248 pro druhy; t =-0,22; df = 94, p = 0,826 pro jedince) (Graf 3).

Silnou preferenci pro dané stanovist¢ vykazuje 12 druhl. Nejvice je preferovan
oslunény podrost (6 druhtl), nejmén¢ preferovana je stinna koruna (1 druh). Oslunéna koruna
je preferovana tiemi druhy, stinny podrost dvéma druhy. Slabsi preferenci vykazuje dalSich 8
druhti, opét nejvice pro oslunénd stanovisté (Graf 4).

Ze 17 druhi, jejichz distribuci signifikantné ovliviiuje mira oslunéni daného habitatu,
dava 13 druhii pfednost slunnym podminkdm, pouze 4 druhy upfednostiiuji podminky stinné
(Tab. 2, Graf 5). Preferenci k n¢kterému z pater lesa (koruna, podrost) vykazuje 21 druht,
z nichz 10 druhti upfednostiiuje koruny stromti a 11 druhli podrost. Bylo vychovéano 6 druhti
striktné vazanych na slunné podminky a jen jediny na stinné. U vertikalni stratifikace byla
zjisténa striktni preference pro koruny stromu u tfech druht a pro podrost u druhu jediného
(Tab. 2).

Akumulaéni kiivky ukazuji nejvétsi nartist druhlt z navnad exponovanych v korunach
stromll a v oslunénych habitatech (Graf 12). Celkovy pocet druhii vychovanych xylofagl se
v obou habitatech nelisi. Pocet druhli vychovanych z ndvnad umisténych ve stinu je vyrazné
nejnizsi.

Mnohorozmérna CCA analyza (environmentalni proménné: druh dfeviny, oslunéni,
stratum a série) ukdzala, ze vSechny testované proménné dohromady vysvétluji 41,1%
variability v datech (F = 5,855; p = 0,001), z nichZ nejvétsi podil (tj. 88,4% z vysvétlené
variability) vysvétluje druh dieviny (Tab. 4).
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Samotné oslunéni a stratum jako environmentéalni proménné CCA analyzy (kovariaty:
série a druh stromu) pro vSechny dieviny dohromady vysvétluji 8% variability v datech, tj.
17,2% z vysvétlené variability (Graf 8). Stratum jako env. preménnd CCA analyzy (kovariaty
— oslunéni, dfevina, stratum) vysvétluje 3,4% variability, oslunéni jako env. proménnd CCA
analyzy (kovariaty — stratum, dievina, série) vysvétluje 5% variability v datech. (Tab 4).

CCA analyza, v niz byly jako environmentdlni proménné pouzity jednotlivé druhy
stromu a jako kovariaty oslunéni, stratum, a série, rozdélila jednotlivé druhy dievin podle
jejich taxonomické piibuznosti (Graf 7). Coz ukazuje, ze slozeni spolecenstev xylofagnich
broukl zavisi na vzajemné piibuznosti jednotlivych stromi. Prvni osa oddélila lipu (F =
14,822; p = 0,0001), sestersky taxon vSech ostatnich studovanych druhiim stromil. Druha osa
odd¢lila Celed’ Salicaceae a treti osa jilm.

Také Mantelav test prokazal vztah (p = 0,007) mezi indexy podobnosti (Morisita-
Horn) spolecenstev broukil a taxonomickou piibuznosti zivnych rostlin (Graf 6). Marginalné
neprikazny (p = 0,07) byl vztah mezi matici poctu uzli na kladogramu mezi jednotlivymi
druhy stromidl a matici podobnosti spoletenstev xylofagt, které hosti. Zadny vztah nebyl

nalezen mezi rozdily v tvrdosti dieva a podobnosti spoleenstev xylofagi.

5.2. Vysledky pro jednotlivé druhy stromii

Pocty druhi vychovanych z ndvnad jednotlivych stromt ukazuje Tab. 1.

Pro jednotlivé stromy byly spocteny mnohorozmérné gradientové RDA analyzy,
piipadné CCA analyza u topolu bilého, vrby a jilmu, kde délka gradientu ptesahla kritickou
hranici. Jako environmentalni proménné v téchto analyzach byly pouzity oslunéni a stratum,
jako kovariaty série jednotlivych navnad (Tab 5, Graf 9, 10). Tyto analyzy ukéazaly prikazny
vliv oslunéni na sloZeni spolecenstev xylofagl u habru, dubu a vrby, a priikazny vliv strata na
slozeni spolecenstev xylofagl u topolu bilého a jilmu.

Spoctené odhady diverzity predikovaly nejvyssi diverzitu spolecenstev xylofagi
v riznych expozicnich situacich, v zavislosti na druhu dfeviny. (Graf 13). Rovnéz névnady
z jednotlivych expozic mély u jednotlivych druht dievin odli$ny rozdil odhadovaného poctu
druhtt mezi ndvnadou s nejvyssim a ndvnadou s nejniz§im odhadem diverzity. Napt. zatimco
u topolu kanadského je rozdil odhadu diverzity mezi nejbohatsi a nejchudsi skupinou danych

navnad pouze 0,5 druhu, u habru tento rozdil ¢ini 21 druhil.
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5.3. Hostitelska specificita

Specializaci na rod dfevin bylo moZzno stanovit pouze u ¢eledi zastoupenych alespon
dvéma druhy stromi (tzn. Salicaceae a Betulaceae). Jelikoz nelze vyloucit vyvoj i v jinych
dfevinach, byly u Celedi zastoupenych pouze jednim druhem stromu hodnoceny specializace
xylofagl jako specializace na celou celed’. Celkem bylo vyhodnoceno 15 druhi, a to 4 druhy
specializované na Celed” Fagaceae (Agrilus sulcicollis, Exocentrus adspersus, Phymatodes
testaceus, Plagionotus arcuatus), 3 druhy na c¢eled’ Ulmaceae (Anthaxia manca, Exocentrus
punctipennis, Saperda punctata), 3 druhy na ¢eled Tiliacaea (Exocentrus lusitanus, Oplosia
fennica, Stenostola ferrea) a 3 druhy na Celed’ Salicaceae (Xylotrechus rusticus, Obrium
cantharinum, Agrilus pratensis). Jako rodovy specialisté byli vyhodnoceny 2 druhy brouki —

Saperda perforata na topol a Agrilus angustulus na habr (Tab.1, Tab 3).
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6. Diskuse

6.1. Vertikalni distribuce hmyzu

Rozdily ve wvertikalni distribuci hmyzu byly studovdny pouze na obou polech
gradientu od podrostu ke koruné. To jsou mista, kde se bézné vyskytuje odumielé¢ dievo
studované kvality. Dosavadni vysledky studia vertikdlni stratifikace hmyzu v temperatnich
lesich ukazuji na nizké rozdily v preferencich vyssich taxont k vertikalni stratifikaci (Hirao,
et al., 2006, Basset, 2001). Obé studovana lesni patra uptednostiioval témét shodny pocet
druhti, bereme-li v avahu vSechny druhy hmyzu vychované z nédvnad vSech studovanych
druhti dfevin.

Odhady diverzity spolecenstev z jednotlivych druhti stromli vSak naznacuji, Ze
vertikalni stratifikace spolecenstev xylofagii se mize liSit, v zavislosti na druhu dieviny.
Spolecenstva xylofagnich broukt na vrbé, olSi a topolu bilém jsou, na zakladé odhada
diverzity, nejbohatsi v korunach stromt. Tyto dfeviny velmi ¢asto rostou podél vodnich tok,
a tedy Zivot v korunéch téchto stromi muize byt adaptaci na zaplavovani podrostu . Tento jev
byl jiz dfive prokdzéan u jinych zvitat, napt. husy velké (4nser anser), bézné hnizdici na zemi,
se v luznich lesich naucily hnizdit na hlavatych vrbach (Machacek, 2004). U stroma, jez
nejsou vazany na blizkost vody, ukazuji odhady diverzity velmi rozdilné vysledky — bohatsi
koruna je u habru, podrost u lipy a dubu. U jilmu je odhad diverzity pro korunu i podrost
shodny.

Rozdily v diverzit¢ mezi straty jsou vyrazngjsi v interiéru, nez na okrajich lesa. Vyssi
diverzita hmyzu uvnitt lesa je v korundch nez v podrostu, jak naznacuji i jiné prace (Duelli et
al., 2002; Wermelinger et al., 2007), coz patrn¢ souvisi vyssi mirou oslunéni daného habitatu

(viz dale).

6.2. Vliv oslunéni

NaruSovani lesniho zapoje zvysSuje diverzitu xylofagniho hmyzu (Bouget, 2005;
Ulyshen et al., 2004, Bouget et Duelli, 2004). Odumielé dievo, které¢ je diky nizkému
zakmenéni oslunéné, je xylofagy Siroce preferovano (Lindhe ef al., 2005, Lindhe et Lindelov,
2004). To se vztahuje 1 na druhy mé modelové skupiny. Nejvice se to projevilo na dieviné
rostouci v historii pievazné solitérné, tedy na dubu. Vyrazné svétlomilny dub obyvaji

pfedevs§im druhy, které vykazuji zna¢né preference pro oslunéné habitaty, coz plati i pro
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vSechny 4 druhy vychovanych dubovych specialistti (blize viz také prvni ¢ast diplomové
prace).

VSichni 3 vylihli specialisté na jilm preferuji oslunéné dievo (Tab. 3). Dva z téchto
druh@t (Anthaxia manca, Saperda punctata) preferuji striktné oslunéné podminky a jsou na
seznamu ohrozenych zvifat CR (Farkaé et al., 2005). I daldi druhy specializovanych
jilmovych xylofagh vykazuji silné preference pro oslunéné dievo (Bily 2002). Lze tedy
predpokladat, Ze 1 jilmy, ackoli snasi dobie riist v zastinu, rostly Casto na prosvétlenych
biotopech.

Lipa a habr, jako zéstupci stinomilnych dievin, hosti pouze specialisty preferujici
vyvoj ve stinnych podminkdch. Jde o dfeviny, jez dokazi zmlazovat i v hustém lese a
v krajiné mohly rast v lesnich okrscich (Vera, 2000). Nicméné ne vSichni lipovi monofagové
jsou schopni vyvinu v zastinénych podminkach. Naptiklad krasec lipovy (Scintillatrix
rutilans) osidluje dnes jen oslunéné solitérni stromy ¢i staré lipové aleje (Bily, 2002).

Studované typy stanovist' hosti rozdilnd spolecenstva xylofdgnich broukl. Vyrazné
nejpreferovanéjSim stanovistém byl slunny podrost. Podobné prostiedi bylo v hypotetickych
fidkych lesich velmi bézné. Oslunéné koruny, druhé nejCastéji preferované stanoviste, jsou
velmi podobné vystavkiim stfedniho lesa a solitérnim stromim. Naopak zapojeny les
preferovalo jen minimum druht. Ukazuje to, Ze proslunéné habitaty lesniho podrostu jsou pro
zachovani diverzity xylofagniho hmyzu klicové, jelikoz na takovéto habitaty je
specializovand vétSina xylofagniho hmyzu, ale 1 sitokiidlych, motyli a dalSich skupin

(Wermelinger et al., 2007, Duelli et al., 2002, Benes et al., 2002).

6.3. Hostitelska specificita a sloZeni spolecenstev

Hostitelskou specificitu herbivorntho hmyzu do jist¢é miry ovliviiuje diverzita
hostitelskych dievin (Novotny ef al., 2002). Xylofagni hmyz by byl schopen vyvoje v riiznych
druzich daného rostlinného rodu ¢i Celedi, nicméné v temperatnim lese, kde je diverzita
stroml vyrazné niz§i nez napf. v tropickém lese, k tomu Casto nema pfilezitost (Kelley et
Farrel, 1998).

Specialist¢ byli vychovani pfedevSim z dubu, lipy a jilmu, coz mize mit nékolik
pric¢in. Velké mnozstvi specialisti vychovanych z dubu a jilmu souvisi s celkové vysokou
diverzitou xylofagii na téchto rodech (Slama 1998; Bily, 2002). Ta vyplyva z vysokého
historického zastoupeni téchto dievin v krajiné stiedoevropskych nizin (Vera, 2000, Ralska-

Jasiewiczowa, 2003, Jahns, 2007) a zaroven rozsahlym aredlem, na kterém se tyto stromy
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vyskytuji (Strong ef al., 1984). Vysoka diverzita xylofagii na habru a olsi je zjevné zplisobena
blizkou pfibuznosti ¢eledi Fagaceae a Betulaceae. Habr a olSe sdileji mnoho druhti s dubem,
hosti ale minimum specialistti jak podle mych vysledkt, tak i podle udaja v literatuie (Sldma,
1998; Bily, 2002, Svacha et Danilevsky, 1986).

Taxonomickd vzdalenost lipy od ostatnich studovanych dievin je pravdépodobnym
vysvétlenim pro vysoké zastoupeni specialistli v jinak spiSe druhové chudém spolecenstvu
xylofagu, které lipa hosti. Totéz vysvétleni, tedy taxonomickd vzdélenost, se nabizi také pro
spolecenstva vychovana z ¢eledi Salicaceae a Ulmaceae, které hosti vysoky podil specialistl a

s ostatnimi dfevinami sdileji malo druht.
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7. Zavér

Vyzkum ukazal, ze Zivot uvniti lesa upfednostiiuje jen mald ¢ast xylofagniho hmyzu a
jen minimum druhli je na stinnd stanovisté striktné vazano. Oslunénd stanovisté jsou
xylofagnim hmyzem naopak Siroce preferovana a hosti nebohatsi spektrum druhti. Mnohé tyto
druhy jsou na oslunéna stanovisté striktné vazané a neZziji uvnitf porostii se zapojenym
stromovym patrem.

Nejvyraznéjsi preference pro oslunéné habitaty vykazuji xylofdgové véazani na dub,
zapojené porosty (Vera, 2000). Mezi xylofagy vdzanymi na stinomilné dieviny (habr, lipa)
nejsou preference pro oslunéné habitaty tak vyrazné a Casto preferuji i stinné prostiedi. Z toho
plyne, Ze xylofagni hmyz k preferenci oslunénych stanovist’ ,,nenuti* fyziologické nebo jiné
divody. Mikrohabitatové preference xylofagniho hmyzu tedy pravdépodobné reflektuji
historicky nejobvyklejsi podminky rstu zivnych dievin. Tuto teorii podporuje i fakt, ze hmyz
vazany na dieviny rostouci v blizkosti vod (topol, vrba) Casto preferuje koruny stromi, tedy
mista chranéna pied zaplavami.

Fakt, Ze jen minimum xylofagl preferuje stinné habitaty, a naopak vétSina druht
preferuje stanovisté oslunénd, ukazuje, ze oslunéné habitaty musely byt v lesich historicky

Lesni rezervace, v nichz nedochézi k narusovani zapoje nepiedstavuji pro svétlomilné
druhy vhodné utocisté, protoze neodpovidaji podminkdm, na které je hmyz adaptovan.
V bezzasahovych rezervacich, stejn¢ jako v hospodaiskych porostech, nenachazeji
svétlomilné druhy, tvofici vétSinu nas$i fauny, vhodné podminky. Tyto druhy, které diive
plosné obyvaly tidké lesy, byly vytlaceny na lesni okraje. Jejich ubyvani ma tedy ptimou
spojitost se zmenSujici se plochou, kterou obyvaji (tzv. species area relationship)
(Rosenzweigh, 1995).

Z toho vylyva, ze alespoii v chranénych lesnich rezervacich je Zadouci zavést
management, ktery zvétsi rozlohu oslunénych stanovist. Vhodnym managementem by tedy
bylo obnoveni zaniklych pafezin, stfednich lesti ¢i zavedeni lesni pastvy. To by umoznilo
narast pocetnosti populaci mnoha druhli v soucasné dob¢ zatlacenych do lesnich lemi, a tak

snizilo riziko jejich vymirani.
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Oslunéni Stratum

Slunce Stin X2 distribuce | Koruna | Podrost | x2 distribuce
Agrilus angustulus 242 18 p <0.05 97 163 p <0.05
Agrilus laticornis 1 1
Agrilus obscuricollis 57 16 p <0.05 59 14 p <0.05
Agrilus olivicolor 35 238 p <0.05 91 182 p <0.05
Agrilus pratensis 14 p <0.05 13 1 p <0.05
Agrilus sulcicollis 29 4 p <0.05 12 21
Anaesthetis testacea 1 1
Anaglypticus mysticus 1 1
Anthaxia manca 271 p <0.05 7 264 p <0.05
Axinopalpis gracilis 1 1
Cerambyx scopoli 3 3
Chrysobothris affinis 8 p <0.05 1 7
Clytus arietis 78 9 p <0.05 9 78 p <0.05
Exocentrus adspersus 87 71 105 53 p <0.05
Exocentrus lusitanus 353 290 210 433 p <0.05
Exocentrus punctipennis 178 26 p <0.05 203 1 p <0.05
Grammoptera ustulata 1 1
Leiopus nebulosus 296 795 p <0.05 468 623 p <0.05
Mesosa curculionoides 144 81 p <0.05 163 62 p <0.05
Obrium cantharinum 15 20 35 p <0.05
Oplosia fennica 8 1 1 8
Phymatodes alni 800 101 p <0.05 617 284 p <0.05
Phymatodes rufipes 1 1
Phymatodes testaceus 33 34 61 6 p <0.05
Plagionotus arcuatus 8 p <0.05 8 p <0.05
Pogonocherus hispidulus 36 p <0.05 3 33 p <0.05
Rhopalopus macropus 32 p <0.05 3 29 p <0.05
Saperda perforata 7 5 9 3
Saperda punctata 16 p <0.05 16 p <0.05
Saperda scalaris 12 22 11 23
Stenostola dubia 1 1
Stenostola ferrea 583 1457 p <0.05 837 1203 p <0.05
Tetrops starki 1 9 10 p <0.05
Xylotrechus rusticus 6 18 4 20 p <0.05

Tab. 2. Preference jednotlivych druhi broukt k oslunéni a stratu poc¢itané pomoci
Chi — square distribuce (1 stupen volnosti)

Quercus robur Agrilus sulcicollis Exocentrus adspersus Phymatodes testaceus Plagionotus arcuatus
Populus x canadensis | Saperda perforata
Alnus glutinosa

Populus alba Saperda perforata

Salix alba

Carpinus betulus Agrilus olivicolor

Tillia cordata Exocentrus lusitanus  Oplosia fennica Stenostola ferrea
Ulmus laevis Anthaxia manca Exocentrus punctipennis Saperda punctata

Tab. 3. Preference xylofagnich specialisti vylihlych z jediného rodu dieviny.
Zluta - svétlomilné dieviny, resp. xylofigové preferujici oslunéné dievo.
Zelena — dfeviny tolerujici zastin
Filaova — dieviny stinomilné, resp. xylofagové preferujici zastinéné dievo
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Prvni osa Vsechny osy % %
Environmentalni vysvétlené | z vysvétlené
proménné Kovariaty E F p T F p | variability| variability
Dievina, stratum, oslunéni, série 0.874 | 13.574 | 0.0001 | 2.83 | 5.855] 0.0001 46.5 100
Drievina Stratu, oslunéni, série 0.857 | 14.822 | 0.0001 | 2.277 | 8.078 | 0.0001 41.1 88.4
Série Dievina, stratum, oslunéni | 0.117 | 2.851 | 0.0423]0.179 | 1.478 | 0.0653 5.2 11.2
Stratum, oslunéni Dievina, série 0.174 | 4.174 | 0.0001 | 0.283 | 3.513 | 0.0001 8 17.2
Stratum Oslunéni, dievina, série 0.115]2.86310.0011 3.4 7.3
Oslunéni Stratum, dfevina, série 0.17 | 4.22 ]0.0001 5 10.8
Tab. 4. Vysledky CCA analyzy pro viechny druhy stromil. Zluté jsou vyznaéeny
prikazné vysledky.(E — eigenvalue, T - trace)
Prvni osa Vsechny osy % %
Environmentalni vysvétlené | z vysvétlené
proménné Kovariaty | E F p T F p |variability | variability

Alnus Stratum, Oslunéni Série 0,149 ] 1,349 10,4358 [ 0,262 | 1,382 ] 0,1689 28,4 100
glutinosa | Stratum Oslunéni, Série 0,114 ] 1,209 ] 0,3225 14,7 51.8

Oslunéni Stratum, Série 0,148 1,56 ] 0,1722 18,3 64.4
Carpinus | Stratum, Oslunéni Série 0,328 | 2,856 10,0091 | 0,489 | 2,665 | 0,003 43,2 100
betulus Stratum Oslunéni, Série 0,169 | 1,838 | 0,0813 20,8 48.1

Oslunéni Stratum, Série 0,322 13,511 0,0036 33,7 78
Populus Stratum, Oslunéni Série 0,878 12,89210,0196 | 1,199 | 2,501 | 0,0139 50,0 100
alba Stratum Oslunéni, Série 0,874 | 3,648 | 0,0098 42,2 84.4

Oslunéni Stratum, Série 0,33 | 1,378 10,2719 21,6 43.2
Populus x | Stratum, Oslunéni Série 0,341 ] 1,548 10,2949 10,538 | 1,433 | 0,1631 32,4 100
canadensis | Stratum Oslunéni, Série 0,212 ] 1,129 ] 0,3662 15,9 49.1

Oslunéni Stratum, Série 0,331 ] 1,766 ] 0,1276 22,7 70.1
Quercus Stratum, Oslunéni Série 0,253 12,470 10,0303 | 0,378 | 2,457 | 0,0065 38,1 100
robur Stratum Oslunéni, Série 0,125 11,633 ]0,1044 16,9 44.4

Oslunéni Stratum, Série 0,248 1 3,232]0,0113 28,7 75.3
Salix Stratum, Oslunéni Série 0,48512,29710,0429 10,717 | 2,016 | 0,016 36,5 100
alba Stratum Oslunéni, Série 0,34 | 1,912 0,073 21,5 58.9

Oslunéni Stratum, Série 0,405 12,279 ] 0,0234 24.5 67.1
Tilia Stratum, Oslunéni Série 0,051 ] 1,056 ] 0,6882 | 0,068 | 0,749 | 0,7489 17,5 100
cordata Stratum Oslunéni, Série 0,05 | 1,101 ] 0,3671 13,5 77.1

Oslunéni Stratum, Série 0,021 10,458 ] 0,8651 6,2 354
Ulmus Stratum, Oslunéni Série 0,537 12,2341 0,0453 | 0,854 | 2,275 | 0,0062 43,1 100
laevis Stratum Oslunéni, Série 0,526 | 2,801 ] 0,0173 31,8 73.8

Oslunéni Stratum, Série 0,319 1,701 ] 0,1102 22,1 51.2

Tab. 5. Tabulka vysledkil ordina¢nich analyz (CCA ¢i RDA viz text) pro jednotlivé stromy.
Zlut¢ jsou vyznaceny prukazné vysledky. (E — eigenvalue, T - trace)
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Obr. 2. Umisténi ndvnad v draténych klecich.
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Populus alba

— Populus x canadensis

Ulmuus laevis

Quercus robur

— Alnus glutinosa

Obr. 3. Taxonomicka piibuznost studovanych devin.

L Carpinus betulus
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