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ABSTRACT

An inventory of tree microhabitats was done in two unmanaged forests (Kobile and Ravna gora forest reserves) and one ma-
naged beech forest in SE Slovenia. The purpose of this study was to determine the influence of forest management, natural
disturbances, and tree characteristics on microhabitat patterns. Forest structure and microhabitats were recorded in systema-
tically placed plots (500 m? in size) across each area. In total, we inventoried 849 trees on 54 plots and 1833 tree microhabi-
tats. The results showed that forest management had no significant influence on the abundance of microhabitats per tree, but
there were differences regarding microhabitat type between managed and unmanaged sites. There were substantially more
microhabitats related to standing dead and live habitat trees in unmanaged forest (e.g. woodpecker cavities, insect galleries
and bore holes, branch holes, dead branches and fruiting bodies of fungi), whereas in managed forests there were more tree
microhabitats related to management (e.g. exposed heartwood, coarse bark, and epiphytic plants). The results also indicate
that disturbance, tree diameter, vitality, and species influence the density, diversity, and occurrence of tree microhabitats.

Key words: forest management, biodiversity, tree microhabitats, beech forests, old-growth, veteran tree, natural
disturbance, dead wood

IZVLECEK

V bukovih gozdovih na obmocju Gorjancev (JV Slovenija) je bil jeseni 2014 opravljen popis drevesnih mikrohabitatov (DM). Skup-
no 54 ploskev velikosti 500 m? je bilo sistemati¢no postavljenih na treh raziskovalnih obmocjih (v pragozdnem rezervatu Ravna
gora in gozdnem rezervatu Kobile ter v bliznjem gospodarskem gozdu). Zabelezili smo 1833 drevesnih mikrohabitatov na 849
drevesih. Namen Studije je bil ugotoviti, kako gospodarjenje, naravne motnje ter sestojne znacilnosti vplivajo na pojav DM. Po-
datke smo analizirali s programoma Excel in SPSS z neparametri¢nimi metodami. Ugotovili smo, da nacin gospodarjenja ne vpliva
znacilno na Stevilénost DM na drevo, vpliva pa na vrsto DM. V obeh rezervatih je bilo zabeleZenih ve¢ DM, povezanih z odmrlimi
in starimi drevesi (dupla ptic, izletne odprtine in rovi podlubnikov ter Zuzelk, vejne votline, ve¢je odmrle veje in trosnjaki gliv), v
gospodarskem gozdu pa ve¢ DM, povezanih z gospodarjenjem (izpostavljena beljava, razbrazdana skorja in epifiti). Prav tako smo
ugotovili, da na gostoto, raznolikost in pojav DM vplivajo tudi naravne motnje, premer in stanje drevesa ter drevesna vrsta.

Klju¢ne besede: gospodarjenje z gozdovi, drevesni mikrohabitati, bukovi gozdovi, gospodarski gozd, negospodarski
gozd, Kobile, Ravna gora, naravne motnje
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1 INTRODUCTION

1 UVOD

Maintaining forest biodiversity is a key challenge to
managing the world’s forests. Most countries tend to
rely on a segregated approach to preserve forest bio-
diversity, whereby large regions are set aside in strict
forest reserves to maintain native biodiversity and
wood production is carried out in intensively man-
aged-short rotation plantations (Paquette and Messier,

2010). Across Europe, and particularly in Slovenia,
maintenance of forest biodiversity is often integrated
with wood production goals. Under an integrated ap-
proach, it is necessary to balance wood production
with key habitat structures for forest biodiversity. For
example, silvicultural systems that create continuous
cover, uneven-aged forest stands using native tree spe-
cies may be sufficient for maintaining a broad range
of generalist species, but a large component of forest

29



Sever K., Nagel T. A.: Patterns of tree microhabitats across a gradient of managed to old-growth conditions: ...

biodiversity also requires habitat features that develop
when forests are left unmanaged (Brunet et al.,, 2010).
These features include large amounts of standing and
lying woody debris and old veteran trees (Nagel et al.,
2017a). Biodiversity experts suggest that more than
25 % of forest biodiversity is dependent on such fea-
tures, including many saproxylic species of fungi, li-
chens, bryophytes, insects, birds, and bats (Siitonen,
2001; Biitler et al, 2013). Determining the amount
(e.g. volume of deadwood or density of habitat trees)
of these key habitat structures to maintain in managed
forests is a challenge. In general, the more of these fea-
tures that are left and maintained in a forest (i.e. mov-
ing toward old-growth conditions), the less profitable
the forest will be.

Arecentstudy of deadwood and habitat trees across
managed forests and forest reserves in Slovenia clearly
indicates that continuous cover managementis not suf-
ficient for maintaining species that require old-growth
type habitat (large amounts of decaying deadwood and
habitat trees) (Nagel et al., 2017a). However, that study
only focused on the density of large trees (i.e. > 50 cm
dbh) as a measure of habitat trees. A key feature of old
decaying habitat or veteran trees is that they contain a
high density and diversity of tree microhabitats. These
are defined as distinct structures occurring on living or
standing dead trees that represent essential substrates
for species or communities to develop, feed, shelter, or
breed during a part of their life cycle. They include a
diverse array of structures, such as cavities, cracks,

conks of fungi, and broken branches, many of which
expose sap and heartwood and facilitate wood decay
in the canopy (Larrieu et al,, 2018).

Most studies that have examined the influence of
forest management on biodiversity habitat have over-
looked microhabitats (Paillet et al., 2017; Larrieu et
al,, 2012), yet there are an increasing number of stud-
ies that quantify them, mainly in managed forests or
formerly managed forest reserves (e.g. Paillet et al,
2017; Vuidot et al.,, 2011; Winter et al., 2015; Winter
and Moller, 2008; Regnery et al.; 2013, Larrieu and
Cabanetes, 2012; Larrieu et al,, 2012; and 2018; Cau-
rbaud et al,, 2017; Biitler et al,, 2013) and, to a lesser
extent, in well preserved old-growth forests (Kozak
et al, 2018; Larrieu et al.,, 2014; Michel and Winter,
2009). Taken together, these studies generally show
a different profile of microhabitats between managed
and unmanaged stands. This is mainly because rota-
tion cycles (e.g. < 100-150 years in managed forests)
typically do not allow veteran trees to develop, and
management activities tend to both remove damaged
trees with little economic value or create particular
types of microhabitats during harvesting and thinning
operations (e.g. bark loss) (Larrieu et al., 2012; Vuidot
etal., 2011). In contrast, old-growth forests have a high
density of large old trees, which support a unique set
of structures, including cavities, large broken branches
from natural disturbance, and substantial accumula-

tion of canopy deadwood (Kozak et al., 2018; Brunet
etal, 2010).
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Fig. 1: Study area showing the locations and sizes of the
three sampling areas (source: GURS, 2019 and ZGS, 2019a).

Slika 1: Obmocje raziskave (vir: GURS, 2019 in ZGS, 2019a).

30



In Slovenia, many authors have highlighted the
importance of habitat and dead trees for biodiversity.
Jurc (2004) described the importance of old trees as
habitat for saproxylic insect species. Perusek (2004)
emphasized their importance for certain bird species.
Golob (2006) suggested that habitat and dead trees are
two of the most important indicators for monitoring
the conservation of forest habitat types and species. Fi-
nally, Diaci and Perusek (2004) and Papez (2005) gave
guidelines and recommendations for maintaining and
increasing the number of old and dead trees in man-
aged forests. However, there have been no studies ex-
plicitly on tree microhabitats in Slovenia thus far.

In this case study, we take advantage of a gradient
of forest conditions, from a managed stand, to a mature
forest reserve, to a well-preserved old-growth rem-
nant, in a region of south-eastern Slovenia dominated
by beech forests. The overall goal was to quantify the
density and diversity of tree microhabitats across these
three levels of naturalness. Because this is the first study
on microhabitats in Slovenia, the primary justification
for this research was to provide baseline conditions on
microhabitats in beech forests, the most common forest
type in Slovenia. This information is necessary to help
develop management recommendations concerning
microhabitats and habitat trees, such as defining tar-
get values for the density and types of microhabitats in
managed forests (Paillet et al., 2017). A secondary goal
was to examine how natural disturbances influence
microhabitat patterns. Both the forest reserve and old-
growth forest studied here were damaged by former
windthrow events, providing an opportunity to exam-
ine microhabitats in disturbed and undisturbed stands,
something that has received little attention in the inter-
national literature on tree microhabitats. We emphasize
that our research is a case study without replication of

stand types, such that we hope this work will encourage
future studies across Slovenia to provide more robust
baseline conditions on tree microhabitats across vari-
ous forest and management types.

2 MATERIALS AND METHODS

2 MATERIALI IN METODE

2.1 Study area

2.1 Obmocje raziskave

The inventory of tree microhabitats was performed
at three different locations: The Ravna gora old-growth
forest reserve, the Kobile forest reserve, and a nearby
managed forest. All three sites are located in close
proximity in the Gorjanci region in South East Slovenia
(Figure 1), where beech forests dominate. Ravna gora
is a small remnant of old-growth (15.5 ha), with typical
old-growth features, including large amounts of coarse
woody debris and large canopy trees (some exceeding
100 cm dbh). The reserve was damaged by a strong
thunderstorm in 1983 that caused a distinct damage
patch in part of the reserve, mainly uprooting most of
the canopy within the patch. The Kobile forest reserve
(231 ha) is one of the largest forest reserves in Slove-
nia; it is located 750 m from Ravna Gora. The reserve
is characterized by mature beech dominated stands,
which have been unmanaged for about 90 years; nat-
ural mortality of old canopy trees indicate that some
stands are reaching the beginning of the old-growth
stage of development. Part of Kobile was also damaged
by a windstorm about 15 years ago. Both the Kobile and
Ravna Gora reserves are included in the Natura 2000
network. They provide habitat to many rare and pro-
tected plant and animal species that are linked to dead
trees or veteran habitat trees, such as the white backed
woodpecker (Dendrocopos leucotos Bechstein, 1802)
and longhorn beetles (Morimus funereus Mulsant, 1863

Table 1: Basic characteristics of the three study locations
(source: ZGS, 2019b).

Preglednica 1: Predstavitev osnovnih znacilnosti objektov
raziskave (vir: ZGS, 2019b).

Growing Altitude Average
. Size stock Bedrock | slope | Exposi- .
Location . Forest type Nadmor- o Tree species
- Povrsina < Lesna Vrsta | Povprecni| tion
Lokacija Gozdne zdruzbe ska visina . Drevesne vrste
(ha) zaloga (m) kamnine | naklon Lega
(m’/ha) ©)
KOBILE FOREST Arunco - Fagetum 80 % Fagus sylvatica 90 %
RESERVE SECTION| 23,2 Ostryo - Fage tum 20 o/° 349,0 570-960 | Dolomite 30.0 West | Acer pseudoplatanus 6 %
05128 B 1¥o-Fag ° Other 4 %
RAVNA GORA OLD-
GROWTH FOREST Savensi - Fagetum . South- Fagus sylvatica 85 %
RESERVE SeCTION| 129" 100 % 8320 | 860-965 | Dolomite | - 9.0 West | Acer pseudoplatanus 15 %
03060
Fagus sylvatica 64 %
MANAGED FOREST Savensi - Fagetum ) . Acer pseudoplatanus 28 %
SECTION 03054A 17.59 100 % 396.0 865 - 930 | Dolomite 7.0 North Picea abies 3 %
Other4 %
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and Rosalia alpina Linnaeus, 1758). The managed forest
(section 03045 a) has a relatively homogeneous struc-
ture and is about 80 years old, with an average grow-
ing stock of 396 m3/ha, and the larger area is managed
with an irregular shelterwood system (Smoli¢, 2014).
The managed forest is located in the vicinity of both
forest reserves - 290 m from Kobile and 850 m from
Ravna gora). All study areas are described in Table 1.

2.2 Field measurements

2.2 Postavitev ploskev in meritve

Field work was conducted in autumn 2014. It is
recommended to inventory microhabitats when trees
are without leaves (Larrieu et al.,, 2018), as visibility
of tree crowns is improved. Together, we established
54 square plots, each 500 m? in size. Plots were spaced
systematically along line transects every 20 m. We
placed two parallel transects in each study area; tran-
sects were approximately 300-400 m long to accom-
modate 8 to 10 plots per transect. At Ravna gora and
Kobile, some line transects crossed areas that had been
damaged by a windthrow. We placed 18 plots at Ravna
gora (2 of which had fallen in the windthrow area), 18
plots at Kobile (8 in the windthrow area), and 18 plots
in the managed forest.

On each plot, we recorded the diameter (DBH),
species, and status (live or dead) of all trees with DBH
above 10 cm. The 10 cm DBH threshold was used be-
cause there are fewer microhabitats in small or young
trees (Vuidot et al.,, 2011; Larrieu et al., 2012) and we
were mainly interested in mature canopy trees. Each
tree was carefully examined from the roots to the top of
the crown, and all microhabitats were counted and re-
corded. To help with visual assessments of the crown,
we used 8 power binoculars. The different types of mi-
crohabitats were based on a standardized catalogue
of tree microhabitats (Kraus et al,, 2016). In total, 11
different microhabitat types were distinguished in the
field, of which 8 were saproxylic and 3 epixylic. These
microhabitat types (categories) were further divided
into sub-categories according to the size or height at
which they were located:

Saproxylic microhabitats that mainly occur on dead

or rotten wood:

» woodpecKker cavities,

» trunk and mould cavities,

* branch holes,

« water-filled cavities (dendrotelms)

« insect galleries and bore holes,

* bark loss / exposed sapwood,

« bark pockets and bark structure (coarse bark),
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» dead branches and limbs / crown deadwood /
trunk and crown breakage.

Epixylic microhabitats that mainly appear on trees:
« root buttress cavities,
« fruiting bodies of fungi,
« epiphytic bryophytes and lichens.

Some additional categories were originally includ-
ed in the survey, including vertebrate and invertebrate
nests and sap and resin runs, but were later excluded
because they were not present at the sites. Altogether,
we recorded 1,833 microhabitats on 849 trees across
the three sites.

2.3 Analyses

2.3 Izracuni in statisticna obdelava

Although there is no replication among the three
different forest classes, we nevertheless carried out ba-
sic statistical tests to examine and compare various mi-
crohabitat patterns. It should therefore be noted that
caution is needed when generalizing these data beyond
the study area. The data were not normally distrib-
uted, such that nonparametric Mann-Whitney U and
Kruskal-Wallis tests were used to test for differences
in the quantity and diversity of microhabitats among
management type (managed versus unmanaged), liv-
ing and dead trees, control and windthrow areas, and
differences among species and tree diameter classes.
In some cases, we used the Chi-Square test of indepen-
dence to determine if there were significant relation-
ships between categorical variables, such as between
management type and tree species and tree status. For
tree species, we examined the two most abundant spe-
cies, beech (Fagus sylvatica) and sycamore maple (Acer
pseudoplatanus), and grouped all other species into a
separate class; these species included Acer platanoides,
Carpinus betulus, Picea abies, Salix caprea, Abies alba,
Tilia platyphyllos, Ulmus glabra and Prunus avium. We
used Pearson’s correlation coefficient to examine the
relationship between microhabitats and tree diameter.
All tests were performed with SPSS.

3 RESULTS

3 REZULTATI

3.1 Basic stand structure patterns

3.1 Osnovni podatki po obmoc¢jih raziskave

There were clear differences in stand structure
among and within the study areas (Table 2), character-
ized by a higher density of smaller trees in the man-
aged forest, and a lower tree density and larger diam-
eter trees in the unmanaged areas.
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Fig. 2: Examples of different tree microhabitat types: (a) Slika 2: Razli¢ne kategorije drevesnih mikrohabitatov: (a) Vot-
Woodpecker cavities - feeding holes; (b) Trunk cavities with line ptic (prehranjevalne) iz reda plezalcev (Piciformes); (b)
mould; (c) Water-filled cavities (dendrotelms); and (d) Bark Debelne votline z razkrajajo¢im lesom; (c) Votline, napolnjene z
loss / exposed sapwood. vodo; (d) Izpostavljena beljava in deli debla brez skorje
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Table 2: Basic characteristics of the different sampling areas.

Preglednica 2: Osnovne znacilnosti sestojev po objektih

raziskave.
N. of N. of recorded
N.of | measured Average n. of Average n. of % of Average % of tree microha-
. trees per plot | snags per plot shags dbh [cm] .
Location plots trees y L . .. | Fagus bitats
" X < Povpreéno Povprecéno st. % odmrlih | Povprecni . < _
Lokacija St. St. Y . L. ., . | sylvatica | St zabeleZzenih
. . . | St.drevesna | odmrlih stojecih | stojecih prsni | -
ploskev | izmerjenih % bukve | drevesnih mi-
ploskev dreves na ploskev | dreves premer .
dreves krohabitatov
KOBILE 10.0 133 13.6 1.8 13.5 404 82.0 346
KOBILE WINDTHROW | 8.0 43 54 1.3 23.3 447 95.3 209
RAVNA GORA 16.0 271 16.9 04 2.6 35.2 91.1 492
RAVNA GORA WIN-
DTHROW 2.0 74 37.0 25 6.8 20.2 43.2 150
MANAGED FOREST 18.0 328 18.2 0.3 1.5 32.2 .7 636
All the areas were dominated by beech, although
other more light demanding species, such as maple
. ) 40 Management type
and cherry, were relatively abundant in the managed W Unmanaged forest
stand. The windthrow patch at Kobile is approximately EManaged forest
15 years old (the disturbance date is not known) and is
dominated by a dense layer of beech and maple saplings, i
as well as scattered remnant canopy trees that survived *
the windthrow. There is also a high density of standing 10
dead beech snags in the windthrow area, trees which
presumably died sometime after the windthrow event *
due to crown damage or exposure. The windthrow 75 *
patch at Ravna gora, which dates back to 1983, is domi- $
nated by a dense layer of pole-sized maple and beech, E B
with very few surviving canopy trees. These differences o 20- .
in development stage following windthrow are clearly 'E
seen in the data, and also have implications for micro- '..-_:" *

habitats, which is described further below.

3.2 Microhabitats patterns
3.2 Drevesni mikrohabitati glede na nacin go-
spodarjenja

A comparison of microhabitats per tree (abun-
dance and diversity) showed no significant difference
(p > 0.05, Z value for abundance = -0.437 and diver-
sity = -0.273) between managed (i.e. the managed for-
est stand) and unmanaged forest classes (i.e. Kobile
and Ravna gora forest reserves together, including
windthrow areas) (Figure 3). The average number of
microhabitats per tree in unmanaged and managed for-
est was 2.4 and 1.8, respectively. Likewise, there was no
significant difference with respect to diversity (differ-
ent microhabitat categories per tree) between manage-
ment classes. In both management classes, the average
diversity per tree was 1.1. The most abundant types
of tree microhabitats were branch holes, exposed sap-
wood, and root buttress cavities across both manage-
ment classes. However, there were some important dif-
ferences in specific types between management classes
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Fig. 3: Number of tree microhabitats and number of different
categories of tree microhabitats per tree with respect to ma-
nagement class. Unmanaged forest includes Kobile and Rav-
na gora forest reserves together, including windthrow areas;
managed forest represents the managed forest stand.

Slika 3: Stevilo drevesnih mikrohabitatov na drevo in $tevilo
razli¢nih kategorij drevesnih mikrohabitatov na drevo v
sestojih gospodarskega (odsek 03054 a) in negospodarske-
ga gozda (gozdna rezervata Kobile in Ravna gora skupaj s
poskodovanimi povrsinami).
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Fig. 4: Mean values of different tree microhabitat categories
per tree with respect to management class. Unmanaged fo-
rest includes Kobile and Ravna gora forest reserves together,
including windthrow areas; managed forest represents the
managed forest stand.

Slika 4: Srednja vrednost Stevila drevesnih mikrohabitatov
na drevo po razlicnih kategorijah DM v sestojih gospodar-
skega (odsek 03054 a) in negospodarskega gozda (gozdna
rezervata Kobile in Ravna gora skupaj s poSkodovanimi
povrsinami).

that are worth pointing out. In unmanaged forest, for
example, there were more woodpecker cavities (p <
0.05, Z = -2.174), insect galleries and bore holes (p <
0.01, Pearson Chi-Square = 11.379, df = 1), branch holes
(p < 0.01, Z = -3.341) and Fomes fomentarius, which
was found only in unmanaged forest. In managed for-
est there were more exposed sapwood (p < 0.05, Z =
-1.957) and coarse bark (p < 0.05, Z = -2.389) micro-
habitats and, consequently, epiphytes (p < 0.05, Pear-
son Chi-Square = 8.083, df = 1). The higher frequency of
coarse bark in managed forest was linked to the larger
proportion of maple in managed forest. However, the
managed forest lacked microhabitats related to dead
wood, such as woodpecker cavities, insect galleries and
bore holes, and Fomes fomentarius. The mean values of
different tree microhabitat categories per tree with re-
spect to management type are presented in Figure 4.
Another important difference between managed
and unmanaged forest classes was the higher frequen-
cy of veteran habitat trees in unmanaged forest, which
is well illustrated by the skewed distribution and large

number of outliers regarding the number and diver-
sity of microhabitats per tree (Figure 3). For example,
the maximum number of microhabitats per tree was
33 in unmanaged forest, and 11 in the managed forest.
Moreover, we identified up to 8 different microhabitat
categories per tree in unmanaged forest compared to 4
categories per tree in the managed forest.

Differences among and within the different re-
search areas were tested. The results showed signifi-
cant differences regarding the abundance (p < 0.01, df
=4, Chi-square =49.153) and diversity (p < 0.01,df =4,
Chi-square = 48.042) of microhabitats per tree (Table
3 - average values).

The highest density and diversity were found
within the windthrow patch in the Kobile forest re-
serve (Table 3). A comparison between the control and
windthrow area at Kobile indicated that some micro-
habitats were significantly (p < 0.05) more abundant
in the windthrow area, including woodpecker cavities
(Z = -3.766), branch holes (Z = -2.692), bark loss/ex-
posed sapwood (Z = -2.290) and fruiting bodies of fun-
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Table 3: Average values of the abundance and diversity of
microhabitats per tree by research area, tree status, and tree
species.

Preglednica 2: Povprecne vrednosti drevesnih mikrohabita-

tov na drevo po obmodjih raziskave, stanju in drevesni vrsti.

Average n. of tree Average n. of categories of tree

Category microhabitats per tree microhabitats per tree
Kategorija Povpreéno $t. drevesnih | Povprecno St. kategorij drevesnih
mikrohabitatov na drevo mikrohabitatov na drevo

MANAGEMENT TYPE:

Unmanaged forest (Kobile and Ravna gora together with windthrow patches) 24 1.1

Managed forest 1.8 1.1

LOCATION:

Kobile 2.6 1.6

Kobile windthrow 49 2.0

Ravna gora 2.3 1.1

Ravna gora windthrow 0.8 0.5

TREE STATUS:

Dead 8.1 3.3

Alive 1.8 1.0

TREE SPECIES:

Beech 2.2 1.1

Sycamore maple 1.8 1.0

Other 2.3 15

gi (Z=-2.211). In contrast, the Ravna gora windthrow
site had the lowest values, but is due to the fact that
plots were located within a young pole phase forest re-
covering from the windthrow. Outside the windthrow
patches, both unmanaged areas exhibited higher den-
sities of microhabitats than the managed forest.

Across the study sites, standing dead trees had
a significantly higher (p < 0.01) density (Z = -8.261)
and diversity (Z = -9.077) of microhabitats than live
trees (Table 3). Microhabitats that were more frequent
on snags (p < 0.05) included woodpecker cavities (Z =
-13.450), insect galleries and bore holes (Z=-21.513),
bark loss/exposed sapwood (Z = -18.262), bark pock-
ets (Z =-9.618), dead branches and limbs (Z = -2.158)
and fruiting bodies of fungi (Z =-11.867).

Beech had significantly more microhabitats per
tree than maple (p < 0.05), including woodpecker cavi-
ties (only on beech), branch holes (Z = -3.782), and
root buttress cavities (Z = -5.166). Maple had a higher
frequency (p < 0.05) of coarse bark and bark pockets
(Z=-8.390) and, consequently, epiphytes (Z =-5.271).
All other tree species combined had the highest den-
sity and diversity, which is likely because these were
mostly low-quality trees.

There was a moderate but significant positive cor-
relation between tree dbh and abundance of tree mi-
crohabitats per tree (Pearson correlation coefficient:
0.447, p < 0.01) as well as dbh and diversity of mi-
crohabitats per tree (Pearson correlation coefficient:
0.424,p < 0.01).
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4 DISCUSSION

4 RAZPRAVA

This study demonstrated a number of key differ-
ences between tree microhabitat patterns in managed
and unmanaged beech dominated forests. Unmanaged
forests had a larger number of old habitat trees and
snags, which supported a larger number and diversity
of microhabitats (Figure 5). The unmanaged area also
hosted a higher frequency of microhabitat types associ-
ated with old-growth conditions, such as cavities, large
dead branches, woodpecker cavities, and fruiting bod-
ies of fungi. These microhabitats were largely lacking
in the managed forest, which hosted a higher frequency
of other microhabitats, such as exposed sapwood and
coarse bark (Figure 4) associated with the higher abun-
dance of maple, which are likely a result of management
activities. Many of the microhabitats found in the man-
aged forest could potentially develop into larger cavities
or canopy dead wood as trees mature, although the har-
vest rotation period may prevent this from happening.

Our results are similar to those documented across
similar temperate forests in Europe (Larrieu et al,
2012; Larrieu and Cabanettes, 2012; Paillet et al,,
2017; Vuidot et al.,, 2011; Winter and Moller, 2008;
Winter et al,, 2015). Studies that have compared man-
aged and unmanaged forests generally show that the
density of microhabitats is often similar between the
two management regimes, but there are key differ-
ences in microhabitat types. For example, Vuidot et al.
(2011) and Larrieu et al. (2012) found that tree species
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Fig. 5: Research areas: (a) homogenous structure of mana-
ged forest; (b) windthrow area at Kobile, (c) habitat tree snag
in Ravna gora old growth forest.

Slika 5: Objekti raziskave: (a) homogena struktura gospo-
darskega gozda; (b) obmocje, poskodovano po vetrolomu
v rezervatu Kobile; (c) odmrlo habitatno drevo v pragozdu
Ravna gora.

and tree vitality had greater influence on the number
of microhabitats per tree than the management type.
A key finding of many studies (and this study) is that
standing dead trees (snags) host a large number and
diversity of microhabitats (Vuidot et al., 2011; Larrieu
and Cabanettes, 2012; Kozak et al,, 2018; Bull et al,,
1997; Larrieu et al,, 2012). Given that large standing
dead trees rarely develop or are routinely removed in
managed forests, they lack a number of key microhabi-
tats compared to unmanaged forest.

In addition to the importance of snags, we also
found that tree diameter and tree species were posi-
tively related to tree microhabitat density and diver-
sity. These findings are also consistent with the litera-
ture. Larger trees and more diverse species mixtures
generally tend to support more abundant and diverse
microhabitats (Larrieu and Cabanettes, 2012, Larrieu
etal, 2014; Vuidot et al,, 2011; Kozak et al,, 2018). For

example, maple has characteristically coarser bark
than beech and substantially contributed to the micro-
habitat profile in the managed forest in our study. It is
important to note that our study included only broad-
leaf trees, which tend to differ in some types of mi-
crohabitats compared to conifers (Kozak et al., 2018),
such that care should be taken when comparing our
results with those from mixed conifer-broadleaf types.

Another key finding in this study was the impor-
tance of disturbance in influencing microhabitat pat-
terns, which has not received much attention in the
literature. The windthrow patches at Kobile and Rav-
na gora illustrate this well. The windthrow at Ravna
gora was severe (very few large windfirm trees were
left standing in the patch), and the current stand is
dominated by a dense stand of young pole sized trees.
While such disturbances are key for creating habitat
for biodiversity, specifically large amounts of sun ex-
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posed deadwood (Seibold et al., 2016), the Ravna gora
windthrow supported a low density of microhabitats.
In contrast, the windthrow at Kobile was intermediate
severity, leaving a number of windfirm canopy trees
with broken crowns, stripped bark, and sun-exposed
trunks (Figure 5b). Some of the trees survived and now
host many microhabitats and have large amounts of
canopy deadwood. Many of the damaged trees eventu-
ally died, leading to the development of snags. Togeth-
er, these processes led to the high density and diversity
of microhabitats found in the study.

Windstorms and other types of disturbance agents
(ice storms, heavy snow) that cause intermediate sever-
ity damage are relatively common in the temperate zone
of Europe, particularly in the Dinaric Mountain range
(Nagel et al., 2017b). Such disturbances play a key role
in the formation of deadwood and, based on this study,
tree microhabitats. As such, management practices that
remove such structures (deadwood and badly dam-
aged but living trees) should be limited in areas where
biodiversity habitat is a management goal (e.g. Natura
2000 forests), especially in forest regions that rely on
close-to-nature forest management rather than large
areas of unmanaged forest reserves to preserve native
biodiversity (Nagel et al.,, 2017a). The 2014 ice storm
that caused widespread damage to forests in Slovenia
is a good example. Although many trees were salvaged,
badly damaged but living trees were left to recover in
the forest; these trees will likely develop a variety of mi-
crohabitats due to severe crown damage and could be
beneficial for biodiversity that requires such structures.

Finally, we emphasize that this research is a case
study without replication of managed and unmanaged
forest classes, such that caution is needed when gener-
alizing any of the results. We therefore hope that this
study will encourage others to quantify microhabitat
patterns in different regions and forest types in Slove-
nia to provide more robust baseline estimates of mi-
crohabitat density and diversity.

5 SUMMARY

5 POVZETEK

V bukovih gozdovih na obmocju Gorjancev v JV
Sloveniji smo ugotavljali, kako gospodarjenje in nara-
vne motnje vplivajo na drevesne mikrohabitate (DM),
na njihovo stevil¢nost in raznolikost. Drevesni mikro-
habitati so definirani kot strukture na Zivih in odmrlih
stojecih drevesih, ki dajejo zivljenjski prostor ali zavetje
razlicnim rastlinskim in zivalskim vrstam. Za Stevilne
vrste imajo velik pomen, saj so le te vezane nanje vsaj
del svojega zivljenja - v njih se razvijajo, prehranjujejo,
gnezdijo ali vedrijo (Larrieu in sod., 2018). Poleg tega
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so lahko DM dober kazalec biotske pestrosti gozdov
(Larrieu in sod., 2014; Winter in Moller, 2008), saj
neposredno spremljanje le te ni enostavno.

Popis drevesnih mikrohabitatov smo opravili na
treh lokacijah: v gozdnih rezervatih Ravna gora in
Kobile ter v bliznjem gospodarskem gozdu (slika 1).
Gozdna rezervata sta zavarovana in izvzeta iz gos-
podarjenja, zato se tam gozd razvija brez clovekovega
vpliva. V obeh rezervatih najdemo obmocja s posledi-
cami vetroloma, ki so bila prav tako zajeta v raziskavo.
Gospodarski gozd (odsek 03054 a) je enomeren bukov
sestoj, v katerem se redno gospodari. Star je priblizno
80 let, lesna zaloga je ocenjena na 396 m3/ha.

Popis smo opravili jeseni 2014. Ploskve velikosti
500 m? smo postavili sistemati¢no vsakih 20 metrov.
Na vsakem obmocju smo jih postavili po 18 in na njih
popisali vsa drevesa, debelejSa od 10 cm v prsni viSini,
ter zabelezili na njih obstojece drevesne mikrohabitate.

Mikrohabitate smo povzeli po Katalogu drevesnih
mikrohabitatov (Kraus in sod., 2016). Skupaj smo
zabelezili 8 vrst saproksilnih in 3 vrste epiksilnih DM,
te pa razdelili v podvrste glede na velikost ali lokacijo
na drevesu (slika 2).

Saproksilni mikrohabitati, ki smo jih zabelezili in so
obicajno povezani z odmirajo¢im lesom, so:

* dupline Zoln in detloy,

* debelne in razkrajajoce se votline,

* vejne votline,

« vlazne in z vodo napolnjene votline,

« rovi zuzelk ter vhodne / izhodne odprtine,

izguba skorje / izpostavljena beljava,

odstopajoca skorja in skorjini Zepi, ter
» odmrle veje in deli dreves / odmrli les kroSnje /
prelomljeno deblo in krosnja.

Epiksilni mikrohabitati, ki smo jih zabelezili in se
pojavljajo na drevesu oz. deblu, so:
* koreninske oporne votline,
* trosnjaki in trosisca gliv ter
« epifitski kripto- in fanerogami (mahovi, lisaji, ovi-
jalke, praproti).

Skupno smo popisali 849 dreves in zabelezili 1833
drevesnih mikrohabitatov.

Obdelavo podatkov in analize smo napravili s pro-
gramoma Excel in SPSS. Ker so bili podatki nenormalno
porazdeljeni, smo uporabili neparametricne metode
(Mann-Whitneyev U in Kruskal-Wallisov test) za testi-
ranje razlik med obmodji, Hi kvadrat test za ugotavl-
janje odvisnosti med spremenljivkami in Pearsonov
korelacijski koeficient za ugotavljanje odvisnosti med
DM in prsnim premerom dreves.



Ze osnovne znacilnosti sestojev kaZejo, da se razis-
kovalna obmoc¢ja med seboj razlikujejo (tabela 2). V gos-
podarskem gozdu smo zabelezili vecjo gostoto dreves,
ki pa so imela manjsi povprecni prsni premer kot
drevesa v obeh rezervatih. Prav tako smo v gospodar-
skem gozdu zabelezili ve¢ drugih drevesnih vrst in manj
odmrlih dreves. Na poskodovanem obmocju v Kobilah
smo zabeleZili ve¢ odmrlih dreves v primerjavi z dru-
gimi obmocji. Sestoj na poskodovanem obmocju v Ravni
gori pa je bil v fazi drogovnjaka, saj se je po vetrolomu
leta 1983 pomladil. Vse te znacilnosti so vplivale na
Stevil¢nost in raznolikost drevesnih mikrohabitatov.

Razlike v Stevilu in raznolikosti DM na drevo med
gospodarskim gozdom in obema rezervatoma (skupaj
s poskodovanima povrsSinama) niso bile statisticno
znacilne (p > 0,05; Z vrednost za Stevilo = -0,437, Z
vrednost za raznolikost = -0,273), kar pomeni, da smo
pri obeh nacinih gospodarjenja nasli priblizno enako
Stevilo DM ter razli¢nih kategorij na drevo. Vseeno pa
so povprecne vrednosti Stevila DM na drevo v negospo-
darskih gozdovih nekoliko visje (2,4) kot v gospodar-
skih (1,8) (preglednica 3). Pri obeh nacinih gospodar-
jenja so bili najpogostejSi DM vejne votline, izpostav-
ljena beljava in koreninske oporne votline. Kljub temu
da nismo zaznali razlik v stevilu in raznolikosti, pa smo
zaznali razlike v vrsti DM. Tako smo v obeh rezervatih
zabelezili ve¢ saproksilnih DM, kot so votline ptic (p
< 0,05; Z = -2,174), rovi zuzelk ter vhodne in izhodne
odprtine (p < 0,01; Pearsonov hi-kvadrat = 11,379, df =
1), vejne votline (p < 0,01; Z = -3,341) in bukova kresil-
ka, ki je bila zabeleZena samo v negospodarskem gozdu
(slika 4). Prav tako smo v omenjenih gozdovih zaznali
veC habitatnih dreves z velikim Stevilom DM (do 33)
(slika 3). V gospodarskem gozdu pa so bili pogoste;jsi:
izpostavljenabeljava (p <0,05; Z=-1,957), razbrazdana
skorja in skorjini Zepi (p < 0,05; Z =-2,389) ter epifiti (p
< 0,05; Pearsonov hi-kvadrat = 8.083, df = 1), manj pa je
bilo DM, povezanih z odmrlim lesom (slika 4).

Razlike med posameznimi raziskovalnimi obmoc¢ji
so bile statisti¢no znacilne (p < 0,01; df = 4,), kar nakazu-
jejo tudi povprecne vrednosti v preglednici 3. Najvecjo
gostoto in raznolikost DM na drevo smo zabelezili na
poskodovani povrsini v Kobilah (4,9 in 2,0), kjer je
bilo tudi najve¢ odmrlih dreves in DM, povezanih z od-
mrlim lesom. NajmanjSo gostoto in raznolikost pa smo
zabelezili na poskodovani povrsini v Ravni gori (0,8
in 0,5 DM na drevo), saj tam prevladuje sestoj v fazi
drogovnjaka, drevesa so tanjsa in posledi¢no je manj
DM. Oba rezervata brez poskodovanih povrsin sta ime-
la vecjo gostoto drevesnih mikrohabitatov v primerjavi
z gospodarskim gozdom.

Status dreves je mocno vplival na gostoto in razno-
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likost drevesnih mikrohabitatov na drevo (p < 0,01; Z
vrednost za gostoto = -8,261, Z vrednost za raznolikost
=-9,077).0dmrla drevesa so imela ve¢ mikrohabitatov
kot ziva (povprecno 8,1 in 1,8 DM na drevo) (pregled-
nica 3). Saproksilni mikrohabitati, kot so votline ptic
(p < 0,05; Z = -13, 450), rovi podlubnikov ter vhodne
in izhodne odprtine (p < 0,05; Z = -21,513), izpostav-
ljena beljava (p < 0,05; Z = -18,262), skorjini Zepi (p <
0,05; Z = -9,618), odmrle veje in deli dreves (p < 0,05;
Z = -2,158) ter trosnjaki in trosisca gliv (p < 0,05; Z =
-11,867), so bili pogostejsi na odmrlih drevesih.

Prav tako smo zaznali razliko v Stevilu in vrsti DM
na drevo med drevesnima vrstama bukev in javor (p <
0,05). Na bukvi smo nasli ve¢ DM na drevo kot na javorju
(povprecno 2,2 DM na drevo na bukvi in 1,8 na javorju)
(preglednica 3). Poleg tega so bili na bukvi pogostejsi
naslednji DM (p < 0,05): vejne votline (Z = -3,782), kore-
ninske oporne votline (Z =-5,166) ter votline ptic, ki smo
jih nasli samo na bukvi. Na javorju pa so bili pogostejsi (p
< 0,05): razbrazdana skorja in skorjini Zepi (Z = -8,390)
ter epifiti (Z =-5,271), saj ti potrebujejo oporo za vzpen-
janje, ki jo zagotavlja razbrazdana skorja.

Med prsnim premerom dreves in Stevilom ter
raznolikostjo drevesnih mikrohabitatov smo zaznali
zmerno pozitivno Kkorelacijo. Pearsonov Korelacijski
koeficient za gostoto DM je znaSal 0,447 (p < 0,01), za
raznolikost pa 0,424 (p < 0,01).

Nekateri avtorji (Larrieu in sod., 2012; Larrieu in
Cabanettes, 2012; Paillet in sod., 2017; Vuidot in sod.,
2011; Winter in Moller, 2008; Winter in sod., 2015),
ki so raziskovali tematiko drevesnih mikrohabitatov v
gozdovih zmernega pasu v Evropi, so prisli do podob-
nih rezultatov. Gostota drevesnih mikrohabitatov je
bila pogosto podobna med razlicnimi stopnjami in-
tenzivnosti gospodarjenja, razlika je bila predvsem v
kategoriji drevesnih mikrohabitatov. Drevesna vrsta
in vitalnost drevesa sta imela vecji vpliv na StevilCnost
DM v primerjavi z na¢inom gospodarjenja.

V raziskavo smo vkljucili tudi povrSine v rezer-
vatih, ki so bile poskodovane po vetrolomu. Poskodbe,
ki jih povzroCijo naravne motnje, kot je vetrolom,
so pomembne z vidika nastanka odmrlega lesa in
drevesnih mikrohabitatov. V rezervatu Kobile je veter
srednje jakosti podrl in poSkodoval vec¢ino dreves. Na
odmrlih in poskodovanih drevesih, ki so Se ostala, smo
zabeleZili najvecjo gostoto drevesnih mikrohabitatov.
Nasprotno pa je v rezervatu Ravna gora zelo mocan
veter podrl vecCino dreves, nastala je vrzel, kjer se je
sestoj pomladil, in na tem mestu smo zabelezili najnizjo
gostoto DM na drevo. V gospodarskih gozdovih smo
zabelezili visoko gostoto DM, tudi potencialnih, ki nas-
tanejo zaradi poskodb pri secnji in spravilu, vendar pa
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zaradi gospodarjenja ne dobijo moZnosti, da bi se raz-
vili, saj poSkodovano drevje iz sestoja prej odstranimo.

[z rezultatov raziskave je razvidno, da so odmrla in
poskodovana drevesa pomemben dejavnik za nastanek
drevesnih mikrohabitatov, zato bi bilo treba del takSnih
dreves v sestoju ohraniti, Se posebej na obmocjih, kjer
sta poudarjeni biotska pestrost in ohranjanje vrst (npr.
obmocja Natura 2000).
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