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traits is integrated into these approaches. In addition to known techniques, forest science and practice are
often recommended by diverse stakeholders to consider and introduce diverse management regimes into

K‘;’YW’:’“"S-’ day-to-day management. While many of them are sound, being grounded in ecological science, some still
Disturbance need to be evaluated. This study was focused on the presentation of changes in the forest environment.
Succession iy i B 5 :

DyAsTHiCARpEsaEh Additionally, it addressed natural and man-made disturbances that play an important role in day-to-day
Sustainability management and attempted to describe differences between them from various points of view. The study
Management also presented facts in regard to the static and dynamic approaches to biodiversity conservation (in the

sense of the objective-setting process), management with forest habitat types and the assessment of their
conservation status. The 91KO0 - Illyrian Fagus sylvatica forest habitat types and 5130 - Juniperus communis
formations on calcareous grasslands were used for exemplifying different approaches. The study revealed
that the static approach to biodiversity conservation is mostly inappropriate. It also showed that unified
management approaches to forest habitat types do not work because they provide different outcomes in
different habitat types with different tree-species compositions.
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1. Introduction

Natura 2000, the most significant nature conservation effort in
the European Union (EU), is a coherent ecological network of spe-
cial areas. Its designation was based on the EU Birds (OJEC, 1979)
and Habitats Directives (HDirective; OJEC, 1992). Since its estab-
lishment, this network has assisted in meeting the objectives of
the Convention on Biological Diversity (Convention; UN, 1992a) by
sustaining biodiversity in ecosystems and habitats of species. At
the same time, both directives form an integrated framework for
the identification, maintenance, and protection of sites of high bio-
diversity value. Finally, they enable Member States to implement
biodiversity policy commitments requested by the convention (UN,
1992a) and legally binding biodiversity assessment, reporting, and
monitoring (Bock et al., 2005).

Biodiversity has been thoroughly investigated since the mid-
1950s. Its early explorations have encompassed fundamental
evolutionary topics, such as food chains and their interrelations
(Hutchinson, 1959), successions and their seral stages (Odum,
1969), as well as attempts to shape a general theory of diversity
(Brown, 1981). In the search for new knowledge and efficient con-
servation management techniques, recent research has delved into
the examination of i) different biodiversity spheres, namely com-
position, function, and structure; ii) their functioning at different
organizational and spatial scales such as species genes, individual
species, forest ecosystems and landscapes (Crow, Haney, Waller,
Hathaway, & Trower, 1994; Franklin, 1993; Nass, 1990) and; iii) bio-
diversity assessment and productivity (Bengtsson, Nilsson, Franc,
& Menozzi, 2000). Several studies also cover the development
of indicators for biodiversity assessment (Angelstam, Breuss, &
Mikusinski, 2001; Chirici et al., 2012; Marchetti, 2005; Noss, 1999),

The importance of biodiversity for sustainable forest manage-
ment (SFM; Forest Europe, 2017) is the primary cause for the
inclusion of ca. 23% of all EU forests (EC, 2017) into the Natura
2000 network in which they represent ca. 50% of habitats. Its inclu-
sion (along with other goods and services) into forest management
planning naturally has not been without consequences. Not only
has the goal-setting process become more intricate, aiming at find-
ing trade-offs among diverse goods and services, the evaluation
of the effects of different management regimes on forest biodi-
versity has also become demanding. Despite its unpopularity, this
step is inevitable as it helps mitigate disputes among stakeholders
often advocating different interests and views on whether and in
what way applied management regimes do or do not affect forest
habitats’ biodiversity or their species (Bouwma, Van Apeldoorn, &
Kamphorst, 2010; Niemeld et al., 2005). Furthermore, even though
the HDirective requires the assessment of the conservation status of
the forest habitat types, studies addressing this topic are rare. Usu-
ally, they deal with the development of indicators and the means
of their assessment (Cantarello & Newton, 2008; Kovac, Kutnar,
& Hladnik, 2016) and with the development of methods for the
overall assessment of the conservation status (Hernando, Tejera,
Veldzquez, & Nifiez, 2010).

A proper understanding of disturbances and their relations to
ecosystem diversity is crucial for forest biodiversity conservation.
Contemporary biological and forest sciences agree that natural and
man-made disturbances are the main agents of ecosystem diversity
(Bengtsson, Nilsson, Franc, & Menozzi, 2000; Bergeron & Harvey,
1997). Disturbance-diversity theories are generally classified into
equilibrium and non-equilibrium groups (Connell, 1978). Among
the latter, it is worth noting the intermediate disturbance hypoth-
esis, which works well in temperate, boreal, and Mediterranean
forests (Torras & Saura, 2008). This hypothesis postulates that for-
est biodiversity is highest at intermediate scales of disturbances,
whereby the scale represents the intensity of management and the
length of time between two successive disturbances (Roberts &

Gilliam, 1995). Such theories also play a significant role in forest
management. Silviculture, the art and science of managing forests
to obtain a variety of goods and services without undermining for-
est integrity (Fujimori, 2001; Graham & Jain, 1998), more or less
completely resembles the effects of the previously mentioned dis-
turbances (Mitchell, Palik, & Hunter, 2002; Schiitz, 2001; Schiitz,
2002). However, despite the long-term use of silvicultural tech-
niques, little is known regarding the extent to which they affect
the biodiversity aspects of forest ecosystem stability (Bengtsson,
Nilsson, Franc, & Menozzi, 2000; Decocq et al., 2005) and the lives
of different animal species (Paillet et al., 2010).

SFM is the most important and sophisticated paradigm of mod-
ern forestry. Although sustainability itself has a long historical
record (Von Carlowitz, 1713), this paradigmis recent and dates back
to the Rio Conference (UN, 1992b). However, unlike biodiversity
conservation, SFM is more complex as it promotes the sustainable
use and provision of all forest goods and services (Schmithiisen,
2013), multiple uses of forestlands (Schmithiisen, 2007) and
nature-based (syn. ecosystem) forest management (Diaci, 2006a:
Franklin, 1997; Pommerening & Murphy, 2004; Pukkala & von
Gadow, 2011; Schiitz, 1999).

In pursuing SFM, forest management traditionally employs
diverse management regimes developed through long-term field
experiments, With the inclusion of biodiversity into SFM and
raised environmental awareness, these regimes are occasionally
rejected with the argument that they do not support biodiversity
conservation. To alleviate differences between forest and nature
conservation management approaches, this article first aimed to
address two contrasting groups of approaches to biodiversity, i.e.:
i) static vs. dynamic and ii) non-management vs. management
approaches. In the first group, we engaged with the problems of
forest naturalness, successions, and perpetual stand development.
These processes not only characterize many Natura 2000 habitat
types, but they also blur general views on the naturalness of forest
ecosystems and reopen the problems of habitat conservation sta-
tus assessments. In the second group of approaches, we focused on
the differences between the non-management and management
approaches. Additionally, an independent section addressed the
problems linked to forest monitoring, reporting, and SFM. Finally, in
the conclusions, we proposed suggestions forimprovements, better
management, and future work.

Forest management problems and dilemmas were exemplified
by the 91KO - Illyrian Fagus sylvatica (Aremonio-Fagion) forest habi-
tat type (Kutnar, Matijadi¢, & Pisek, 2011), the old-growth (syn.
pristine) forest remnant of Petka (belonging to the same habitat
type) and the 5130 - Juniperus communis formations on calcareous
grasslands. Both are suitable due to their heterogeneity and capa-
bility of forming successional seral stages (EC, 2007). Especially
important is the first forest habitat type because it covers a sig-
nificant share of national forestlands (ca. 50%) and provides many
goods and services. It is mostly managed with nature-based tech-
niques, whereby the intensity of management is to a great extent
adjusted to site conditions (Boncina et al., 2014).

2. Dynamic vs. static approach to biodiversity
2.1. Natural dynamics and naturalness

The static approach to biodiversity in nature conservation is
common. The main reason for its use is simplicity in dealing with
biodiversity assessment, management, monitoring, and reporting,
as well as in defining the habitats of species (Van Dyck, 2012). Such
a view is also promoted by the HDirective (Mergeay & Santamaria,
2012) which has presumed the establishment of the network of a
more or less fixed number of sites whose biodiversity is expected to
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be sustained over an undefined period. Regardless of its practicabil-
ity, this approach to nature conservation is inappropriate because
it views forest landscape and ecosystem dynamics (Campagnaro,
Frate,Carranza, &Sitzia, 2017), unfolding changes in the forest envi-
ronment (Kobler, Cunder, & Pirnat, 2005), and the longevity of tree
species (Pretzsch, 2009) in an entirely static manner.

Closely associated with forest dynamics is the concept of forest
naturalness, which is defined as the degree of similarity between
the present and natural ecosystem conditions (Winter, 2012;
Winter, Vrika, & Begehold, 2013). Accordingly, an ecosystem in
a natural state should be free of any long-lasting human impact.
It is worth noting, however, that science argues whether natu-
ral forests presently exist at all (Peterken, 1996; Remmert, 2013).
Because all forests on Earth are exposed to direct or indirect human
impacts, their naturalness continues to decrease. Investigations
show that all forest uses and management regimes affect forest
biodiversity, either positively or negatively (Gibson et al., 2011;
Gotmark, 2013; Paillet et al., 2010). Notwithstanding their long-
lasting effects that may blur the differences between the natural
and managed ecosystems, the gradient of naturalness, spanning
from the most simplified forests such as plantations to the most
natural ones as possible under current conditions, is still evident
and is clearly linked to the forest biodiversity formation (Winter,
Fischer, & Fischer, 2010),

2.2. Successions and seral stages

Another fundamental concept in vegetation ecology is suc-
cession. The term “dynamics of vegetation succession” means
temporal changes in the vegetation structure (Glenn-Lewin & Van
der Maarel, 1992; Odum, 1969), a change in species composition or
in the three-dimensional architecture of the plant cover in a spe-
cific place through time (Pickett & Cadenasso, 2005). In his seminal
paper, dealing with the first codification of vegetation dynamics,
Clements (1916) focuses on three key features: i) a discrete start-
ing point; ii) a clear directional trajectory; and iii) an unambiguous
end. These three assumptions have ever since been associated with
the notion of succession.

The succession trajectory of a complex forest ecosystem is influ-
enced by a set of factors, including forest management, human
alterations, disturbances, and changing climate. All of them slowly
modify the ultimate portrayals of successions. However, because
a variety of possible forest development trajectories exist, there
nevertheless remain open questions such as “Which, out of many
biodiversity portrayals, is the correct one?”, “How long do forest
management planning horizons last?" and “How to define which
conservation status is favourable?”

After a natural disturbance, the forest vegetation continues
to develop until it arrives into a new temporary stable state.
Among the many processes shaping forest ecosystem development,
cyclical population fluctuations, patch dynamics, secondary, pri-
mary and secular successions (also called vegetation history), and
long-term vegetation changes in response to (global) changes and
climate are best known. The time scale of these processes varies
from less than a year to thousands of years. Additionally, the dura-
tion of successional stages at the plant community level also spans
from less than a year in early secondary stages in the tropics to ca.
1000 years in late temperate forest stages (Van der Maarel, 2005).

In view of the Natura 2000 forest habitat type conservation
status assessments, different time scales should not be ignored.
Similarly to the changing conditions and conservation statuses of
forest habitat types, the values of indicators (i.e. stand density
index, basal area, diversity indices) assisting in assessing their bio-
diversity also vary over time. Consequently, the status of habitat
types cannot be considered static.

Fig. 1 depicts changes in the Slovene part of the 91K0 — Illyrian
Fagus sylvatica habitat type between the mid-1940s and present
times. Only between the late 1950s and early 1970s, when the
first nation-wide forest vegetation mapping took place (Ko3ir et al.,
1974), did forest cover increase from 43% to 60% (UrL RS, 2007) due
to secondary succession (a combination of the post-agricultural and
post-disturbance establishment of forests in forestlands). At the
occasion of mapping, as much as 33% of the present habitat type
area was in different seral stages or was not mapped as this habitat
type (Fig. 1, in yellow). According to reports, secondary successions
pose problems globally (Sitzia, Semenzato, & Trentanovi, 2010).

A different view of successions enabled a regeneration experi-
ment in three test sites in the 91KO - lllyrian Fagus sylvatica forest
habitat type that triggered the development of early vegetation suc-
cessions (Kutnar, Eler, & Marin3ek, 2015). In this experiment, nine
0.4 ha-large plots (three in each test site), installed in mature fir-
beech stands (standing volume in range from 390 to 628 m3 ha™'),
were subjected to regeneration felling with three intensities: i) con-
trol plot — no felling; ii) medium cut plot - ca. 50% of the standing
volume removed; iii) fully cut plot - 100% of the standing volume
removed. Significant changes in the plant species compositions and
vegetation structures occurred two years after felling. Undoubt-
edly, the most significant finding was the detection of 105 new
plant species, which enriched the species composition by ca. 40%
(151 plant species before and 250 species after treatment). The
majority of new species initiated in the fully felled gaps and they
belonged to the early successional, non-typical forest plants (Fig. 2).

Depending on different influential factors, the directions of fur-
ther successional development (Prach et al., 2014) of the 91KO0 -
lllyrian Fagus sylvatica habitat type (see Fig. 2, options 2 and 3)
are expected. Notwithstanding all possible developmental trajecto-
ries, this experiment unambiguously demonstrated that light plays
a decisive role in the forest regeneration process and in sustain-
ing and enriching habitat types' species compositions. To sustain
their species richness, regenerating them with a wide array of
regeneration patterns ranging from small-sized gaps to large-sized
openings is inevitable. A larger amount of tree species also secures
the existence of the habitat type in the long run by providing the
opportunity to develop more development strategies (insurance
hypothesis; Bengtsson, Nilsson, Franc, & Menozzi, 2000; Mitchell,
2005). This is especially important when unexpected hazards (i.e.
large-scale infestations, climate change) undermine the integrity
of the existing habitat type to such a degree that the development
of a new trajectory is inevitable.

Also challenging in view of habitat type management and
assessment are forest habitat types that belong to certain seral
stages of a secondary or even primary forest succession. A typical
exampleisthe 5130 — Juniperus communis formations on calcareous
grasslands. This habitat type is native to the Karst area (5 and SW
part of Slovenia) and represents an early successional stage of bush-
land, developing toward a forest formation (Fig. 3). Its importance
is due to its diverse flora and rare, endangered, and protected plant
and animal species. To ensure its favourable conservation status,
proper management and restoration actions need to be imple-
mented regularly, despite its temporary biodiversity portrayals. As
Fig. 3 shows, the course of natural development transforms this
habitat type through several successional seral stages into downy
oak forest (Quercus pubescens). In optimal conditions, the trans-
formation may even end with the stage of sessile oak (Quercus
petraea).

As assumed, the conservation approach to such habitat types
should respect the natural dynamics in time and space. Further-
more, the strategy of nature conservation in such sites still must be
broadly discussed due to many open questions such as: “What is
the length of the conservation horizon?”, “How should the dynamic
goals be set and implemented?”, and “Wouldn't floating areas, sup-
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Fig. 1. Changes in the potential zone of the 91KO - lllyrian Fagus sylvatica forest habitat type in Slovenia. The spatial distribution of the habitat type over 50 years ago is
indicated in green (Kosir et al., 1974; Kosir et al., 2003 ), while its newer patches are shown in yellow (Kova¢ et al., 2016). Other woodlands are indicated in grey.

porting succession theory, be more convenient for conservation
than permanent plots in the case of these habitats?”

2.3. Perpetual forest stand development

Forests differ from other land ecosystems in almost every aspect
such as the biogeochemical cycles, climate regimes and vegeta-
tion and its organization at the community and population levels.
Also very different are their biodiversity features, which require a
dynamic approach to biodiversity conservation. Unlike other land
habitats, whose biodiversity portrayals vary mostly seasonally, the
biodiversity portrayals of forest stands change over time and space.
The changes are due to the longevity of trees, their growth dynamics
(Pretzsch, 2009; White & Walker, 1997), and fluctuating environ-
mental conditions and disturbances, including forest management
(Bergeron & Harvey, 1997; Decocq et al., 2004; Decocq et al., 2005;
Mitchell, Palik, & Hunter, 2002; Pressey, Cabeza, Watts, Cowling,
& Wilson, 2007). Specifically, a mature forest stand (i.e. a group
of large trees with diameter at breast height >50 cm) with its own
biodiversity portrayal (e.g. prevalent shade, only a few tree species,
specific animal species, little ground vegetation) inherently devel-
ops toward a young forest grove, whose biodiversity portrayal will
be more similar to open spaces than to closed forests (Fig. 2). This
simple statement asserts that neither a stand in particular devel-
opment phase nor its biodiversity portrayal can be conserved over
time on the same site but only in a wider area. This fact should be
respected when setting up the network and assessing its habitat

types.
3. Non-management vs. regular management approach
3.1. Disturbances as silvicultural tools

Despite sparse knowledge about the ancient portrayals of
Europe's natural forests, people’s imaginations usually portray
these forests as fully stocked landscapes with closed tree canopies.
Conversely, recent theories suggest that the ancient old-growth
forests were much more open than today because of a variety of
disturbances including human encroachments and grazing by large
herbivores (Bengtsson, Nilsson, Franc, & Menozzi, 2000; Mitchell,
2005). Regardless, the remnants of old-growth forests are vital for
modern forest and nature conservation management as they bring

information and knowledge for understanding natural processes
and the improvement of silvicultural techniques.

Studies dealing with biodiversity in pristine and managed
mature forests reveal many differences. While the compositional
traits of both forest types are similar (i.e. species richness of vascu-
lar plants), their structural traits differ significantly (Hale, Pastor,
& Rusterholz, 1999; Sitzia et al.,, 2012). Old-growth forests, for
instance, produce rather homogeneous forest structures, charac-
terized by a lower number of tree-species, and less structured
developmental phases and vertical layers (Schiitz, Saniga, Diaci, &
Vrska, 2016). Additionally, much longer life cycles produce diverse
structures, such as hollow and decayed trees along with large
amounts of deadwood being home to plant, fungi, and highly
specialized animal species, commonly found only in unmanaged
forests (Commarmot et al., 2005; Moning & Miiller, 2009; Miiller,
Hothorn, & Pretzsch, 2007; Sitzia, Campagnaro, Gatti, Sommacal,
& Kotze, 2015). Another important feature of old-growth forests is
regeneration. In contrast to managed forests, in which it is normally
planned, regeneration in pristine forests mostly occurs accidentally
as a consequence of more or less frequent disturbances. The distur-
bances with turnovers between 200 and 460 years (Nagel, Svoboda,
& Kobal, 2014) commonly produce between 0.01-0.5 ha large gaps
and open spaces (Nagel & Svoboda, 2008) which are regenerated
afterwards.

Studies also reveal that unevenness rarely occurs in the forests
(natural and managed) of the central temperate vegetation belt
(Schiitz et al.,, 2016) due to its unsustainability in the long run
(Schiitz, 2001). If it does occur, the structure is due to the presence
of more shade-tolerant tree species.

Slovenia's old-growth forests are scarce and small. Despite this,
these forests exhibit very similar traits, such as long generation
cycles and the tendency to accumulate large amounts of biomass.
Additionally, the forests are also bereft of all kinds of unevenness,
such as rich species compositions and fine-grained horizontal and
vertical structures (Boncina, 2000).

Because of their significance, compositional and structural traits
should be at the centre of research when dealing with disturbances
in old-growth and managed forests. Especially, because the inves-
tigations of processes in the forests allow the conclusions that
nature-based forest practices, mimicking natural ecological pro-
cesses, seem to be more likely to sustain the forest environment
and its goods and services (North & Keeton, 2008) than the nature
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Before felling in May 2012:
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Dominant tree species: Fagus sylvatica, Picea
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Dominant herb layer species: Omphalodes verna,

- Carex pilosa, Cardamine enneaphylios, Oxalis ace-
tosella, Sanicula europaea, etc.
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Hypericurn perforatum, Galeobdolon fla-

vidum, Scrophularia n
. -

\TOLME .

. Early successional phase in
September 2015

Fig. 2. Development of forest succession in the 91KO - lllyrian Fagus sylvatica habitat type after intensive (100% removal of trees) regeneration felling (Kutnar, Eler, &

Maringek, 2015).

unfriendly ones. Notwithstanding the regional differences in the
concepts of SFM and their imperfections, silvicultural treatments
in the stands continue to remain the most important tool for emu-
lating natural disturbance dynamics (Adamic, Diaci, Rozman, &
Hladnik, 2016; Mitchell, Palik, & Hunter, 2002; Raymond, Bédard,
Roy, Larouche, & Tremblay, 2009; Schiitz, 1999). In this context, it
is also worth noting that the natural processes in Central Euro-
pean old-growth forests largely behave in accordance with the
intermediate diversity hypothesis; because of long time intervals
between successive disturbances and the competitiveness of the
shade-tolerant beech, they mostly produce homogeneous forests.

3.2. Alternation of species due to natural and man-made
disturbances - the case of mixed fir-beech forests

Alternation is the process of the trees of one species being
succeeding by another tree species (Fox, 1977). It may occurin man-
aged and unmanaged forests (Mélder, Streit, & Schmidt, 2014) and
may be triggered by natural, man-made or combined processes.
It occasionally poses a threat to the conservation of forest habitat
types.

For a considerable period, this process has also been experi-
enced by the unevenly aged fir-beech forests (Boncina, Gaspersic, &
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Downy oak forest:
Tree layer species: Quercus pubescens, Ostrya
carpinifolia, Fraxinus ornus, Acer campestre, Quer-
cus cerrls, Acer monspessulanum

Shrub layer species: Cornus mas, Ligustrum vulgare,
Cotinus coggygrla

Herb layer specles: Seslerla autumnalis, Mercurlalls
ovata, Helleborus multifidus subsp. Istriacus,
Brachypodium rupestre, Paeonia officinalls, etc,

5130-Juniperus communis formations on the calcareous

grasslands:

Shrub layer species: Juniperus communis, Rosa sp., Crataegus mo-
nogyna, Prunus spinosa, Cotinus coggygria, Ostrya carpinifolia, Frax-
inus ornus, etc,

Herb layer species: characteristic species of the Festuco-Brometea
class and the Scorzoneretalla villosae order, Chrysopogon gryllus,
Stipa eriocaulis, Danthonia alpina, Carex humilis, Festuca rupicola,
Scorzonera austriaca, Thesium divaricatum, Jurinea mollis, Muscari
botrioides, Leontodon crispus, Plantago holosteum, Knautia illyrica,
Helianthemum ovatum, etc.,, different spec. from the Orchidaceae f.

Cover of tree layer increases
from 0% to range between
60 to 95%;

Number of tree species in-
creases and diversity of
herb layer species decreases

Fig. 3. One possible development alternative: seral stages spanning from the 5130 — Juniperus communis formations on calcareous grasslands (top) (Kaligari¢ & Tréak, 2004)

to downy oak forest (Quercus pubescens) (bottom).

Diaci, 2003), belonging to the forest association of Omphalodo Fage-
tum. According to the Natura 2000 nomenclature and classification,
these forests are the subtype of the 91K0 - lllyrian Fagus sylvatica
forest habitat type (Kovac et al., 2016). The forests originate from
mature fir-beech forests that underwent large-scale shelter-wood
felling in the 19th century and were afterwards naturally regener-
ated by fir. After the period of intensive and unsuppressed growth
of fir, a single tree and group-selection management systems were
introduced. The great variability of their structures, created over the
last 60 years, is thus very likely attributed to the interactions among
factors such as alternated different management regimes, deer her-

bivory, and the decline of fir from the 1980s onward (Boncina,
Gaspersic, & Diaci, 2003).

As assumed, the major problem of these forests is declining fir
which is being replaced by beech. In managed forests, alternation
is monitored with the research forest yield plots established some
60 years ago (Kobal & Hladnik, 2009) and with the periodical forest
inventorying of forest management units (ZGS, 2014). The same
process also unfolds in the pristine forest of Pecka (Fig. 4) in which
the shares of fir and beech have been significantly changed over the
last hundred years (ZGS, 2014).
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Fig. 4. Left — alternating shares of fir and beech in the old-growth remnant of Peika in the previous century. From the late 1950s onwards, the data have been collected via
full callipering at the occasions of revisions of the Forest Management Unit of Soteska (ZGS, 2014). Right: The remnant of old-growth Petka; Location: Forest Management
Unit of Soteska, SE Slovenia; Latitude=45°45'23.5"; Longitude =14 59'26.4"; Area: 59.50 ha; Set aside:1893; Forest habitat subtype: Omphalodo Fagetum; Mean standing
volume: 712m? ha-!; Mean increment: 11 m? ha~'; Share of conifers in standing volume=12.7% {fir 12.5%, spruce 0,2%); Share of broadleaves in standing volume = 87.3%

(beech 87.2%; other 0.1%) (2GS, 2014).

3.3. Regeneration and recruitment

Insufficient natural regeneration and recruitment of dominant
tree species are two more causes that need to be considered prior to
set strategies for the conservation of forest habitat types and sub-
types. Similar to alternation, both these processes are wide-spread
in the unevenly aged fir-beech forests in the Slovene part of the
Dinaric ridge and beyond (Diaci et al., 2008). Investigations show
that the fir recruitment rate into higher DBH classes has steadily
declined over the years (Klopcic & Boncina, 2011). This practi-
cally means that small fir trees, residing in shadowed understory
(although shade-tolerant and capable of reacting to light after being
released from the quasi-stationary stage; Schiitz, 2001), have not
fully exploited their potential. Although the data from the perma-
nent sample plots reveal that the current shares of fir in the share
of the stand basal area of the thickest trees remain large (Fig. 5;
Omphalodo Fagetum), this share tends to decline in all classes with
the DBH smaller than 30 cm (Boncina, Gaspersic, & Diaci, 2003).
Because observations and measurements of stand structures sug-
gest that fir will also decline in the future, it is likely that a more
courageous regeneration felling will have to be implemented in
order to sustain these forest habitat subtypes (Kova¢ & Fabbio,
2016).

Unlike fir, which has the potential to regenerate in small gaps,
human interventions are crucial for maintaining the shares of
sessile oak in the 91KO - Illlyrian Fagus sylvatica forest habitat
type subtypes (Fig. 5). The results of the previous Forest and
Forest Ecosystem Condition Survey (Kovac et al., 2016) showed
that the stocking indicators (i.e. share of species in basal area,
growing stock) of shade-intolerant tree-species are unfavourable.
Furthermore, observations in oak forests suggest that the success-
ful recruitment of sessile oak depends on the amount of light. In
old-growth forests, sessile oak cannot recruit as long as the struc-
tures of mature forests are sufficiently crashed, thus allowing a new
tree regeneration to develop unimpeded. In managed forests, natu-
ral oak regeneration works well by combining medium-sized gaps
with diffusely opened neighbouring stands. According to observa-
tions, their minimum sizes should span between at least 0.25 ha at
the initial stage to at least 0.5 ha at the pole stage (Schiitz et al.,
2016).

Within the Natura 2000 system, regeneration (i.e. natural,
artificial, and combined) silvicultural actions, composed of small

(0.1-0.25 ha) and medium-sized (0.25-1 ha) regeneration gaps and
largerareas(1-3 ha)and variable life cycles (i.e. shortening and pro-
longing rotation periods), seem to be a good approach for sustaining
the biodiversity of all forest habitat types.

Furthermore, to support animal species, forest management is
recommended to avoid abrupt transitions from mature to young
stands. Smooth transitions in several steps are especially beneficial
for birdlife and saproxylic beetles (e.g. De Groot et al., 2016). In the
case of low shares of mature stands in the neighbourhood, rich with
bird and beetle populations, it is convenient to shorten the rotation
periods on the areas to be regenerated and to accelerate the regen-
eration process. Moreover, in large regeneration areas, undergoing
final cuts, it would also be convenient to leave a certain amount
of retention trees (e.g. 10-20 trees/ha of low wood and economic
quality, with DBH > 20 cm) to natural ageing, to become new habi-
tats for bird and other species (Pasinelli, 2003; Mason et al., 2016).
When the ecology of tree species allows, and the regeneration areas
are sufficiently large, tree groups and habitat retentions are perhaps
better options (Gustafsson et al., 2012).

4. Monitoring, reporting, and sustainable management in
view of the dynamic approach to forest biodiversity

4.1. Toward reliable monitoring and reporting

In accordance with the HDirective and its supplementary doc-
uments, the assessment of the conservation status must refer to
the forest habitat type (EC, 2015; OJEC, 1992). A forest habitat type
is defined as a vegetation system composed of two or more inter-
acting forest habitat subtypes (Kovat et al., 2016). Consequently,
a habitat type is considered a mosaic of different forest stands in
different developmental phases (e.g. young, pole, mature stand),
belonging to different forest habitat subtypes and often consist-
ing of more forest associations. Furthermore, because the planning
process (Williams, 2011) operates only within known land bound-
aries, all forest sites that are subject to monitoring and assessment
must first be identified in the field and afterwards assessed in order
to produce valid overall estimates for habitat subtypes and types.

Such an understanding of the concept of forest habitat type is
especially meaningful for biodiversity conservation at the forested
landscape (Kovat et al., 2016) and forest ecosystem scales. Specif-
ically, if the forest habitat subtypes are well managed by using
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Fig. 5. Estimates of basal area and its structure by dominant tree species and DBH classes in four vegetation units of the 91KO - lllyrian Fagus sylvatica forest habitat type.
The estimates come from the 2012 Forest and Forest Ecosystem Condition Survey (Kovac et al., 2016).

different silvicultural strategies, they (as the constituent elements
of forest landscapes) help prevent the homogenization of forest
landscapes. The same holds at the forest ecosystem level where
these strategies assist in sustaining the tree species diversity of
forest associations and prevent them from amalgamating with the
neighbouring ones.

To obtain proper assessments, which spatial units are subject to
conservation, monitoring and reporting should also be known. For
all the three phases, it is vital to know whether a single forest area
with a specific tree-species composition at a specific site (i.e. a sin-
gle forest stand, belonging to a forest association), a group of such
stands in a larger forest complex, or all such stands in the region
or country is considered as a reporting and conservation unit. To
demonstrate this problem, consider the small-sized forest habi-
tat subtypes or forest associations (i.e. Querco petraeae-Fagetum,
Ostryo-Fagetum, Seslerio autumnalis-Fagetum, Omphalodo-Fagetum)
that belong to the heterogeneous 91KO — lllyrian Fagus sylvatica for-
est habitat type. If the stands belonging to habitat subtypes and
forest associations alone are considered conservation units, and

their biodiversity portrayals need to be sustained, only a free-style
silvicultural system (Diaci, 2006b) can be implemented. The same
areas must also be subject to monitoring and reporting. Conversely,
if these stands are considered part of the forest habitat types in the
landscape, region or nation, several management options, ranging
from free-style to shelter-wood techniques can be implemented,
less intensive monitoring can be introduced, and only one report
can be prepared.

4.2. Sustainable forest management vs. biodiversity

Dynamic changes in forest habitat types and subtypes make
management for biodiversity challenging. Unlike the biodiversity
portrayal of non-forest habitats, which can be considered static
over time, the biodiversity portrayals of forest habitat types and
subtypes must be always considered dynamic and temporary.
However, to steward the forest habitat types toward the desired
conditions (Kovac et al., 2016), the portrayals within the transition
periods of developmental phases or sub-phases (e.g. young forest
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stand consists of seedling, thicket, and sapling phases) can be con-
sidered static, whereby each of thern may last only a limited length
of time, e.g. 5-10 years.

SFM is about seeking trade-offs among different forest goods
and services (including biodiversity) while assuring their sus-
tainable provision and use over time by means of nature-based
management (Montréal Process, 2017; Forest Europe, 2015). Sus-
tainably managed forests that can only provide balanced services
thus need to be managed in a way to fit the habitat-type
demographic, standing volume, and sometimes even economic
equilibriums, In view of SFM, biodiversity is only one relatively
important forest habitat-type trait, which should not be favoured
over all other goods and services. A similar approach should also be
applied within biodiversity itself when more species share the same
environment (i.e. woodpecker vs, other birds; beech vs. long-horn
beetle).

However, in day-to-day management, biodiversity conservation
is often interpreted too rigidly and does not support sustainable
forest development. Typical examples come from the conservation
guidelines, which often command i) such high shares of mature
stand phases that do not match the normal shares, defined by sus-
tainability models (i.e. normal forest model; von Gadow, 2005)
and ii) site-unsuitable free tree-species compositions of the habi-
tat types that cannot be achieved due to all sorts of infestations
or long-term presence of foreign/invasive species. In the latter
case, persevering with only site-suitable tree-species compositions
would be in contradiction with the ecosystem management princi-
ples (Schlaepfer, Gorgerat, & Biitler, 2004), ecosystem stewardship
(Chapin et al., 2010), and the insurance hypothesis (Bengtsson,
Nilsson, Franc, & Menozzi, 2000).

Finally, in addition to the respect of natural dynamics, biodiver-
sity conservation as part of SFM strongly depends on the amount
of stewardship capacity. This should be grounded on mutual trust
and understanding among stakeholders, willingness, preparedness
for joint-fact finding, collaboration and dealing with conflict as well
as for sharing the responsibility. Naturally, a sufficient operational
capability to carry out the tasks should also exist.

5. Conclusions

To better conserve biodiversity, forest habitat types, and their
species, much effort has recently been expended on the explo-
ration of new (Di Salvatore et al., 2016) and the justification of
existing approaches to forest management. While the majority of
these approaches are solidly grounded in ecological science, some
of them are suggested to be used in day-to-day management with-
out prior considerations of the nature of the environments in which
they would supposedly work well. Similar conclusions may be
drawn from the Natura 2000 system, which also has built-in flaws
and conundrums that should be openly discussed, resolved, and
changed.

An essential message, summarized from the explored natural
processes, is, that biodiversity, as one of the many traits of for-
est habitat types or ecosystems, is to be understood dynamically
in time and space. Both the biodiversity portrayal and the natu-
ralness of forest habitat types are transitory, and they can neither
always be considered correct (Kovaé et al., 2016; Noss, 1999), nor
can they be conserved over a longer period (Fig. 4). Moreover,
the system of desired conditions, assisting in achieving natural-
ness, is often misused. This is especially true when it is considered
as a rigid, unchangeable statement, instead of an avenue leading
toward likely future conditions. Much less rigidness should also
be reflected by the Natura 2000 network itself. For many reasons
(i.e. mistakes in databases, among other reasons) the system should
be occasionally updated (i.e. unsuitable areas out, suitable areas in)

and open for the replacement of permanent sites with floating ones
when needed.

The next message is that natural structures and regeneration
patterns are not directly transferable to managed forests. While
old-growth forests are strongly shaped by the hazardous events
that may wipe out a part or the whole population, the structures
and species of managed forests are likely to be sustainable. As such,
they also host many shade-tolerant and —intolerant plants species
and in such a way complete the habitats with resting and forag-
ing spots for permanent and migratory animal species (Connelly,
Schroeder, Sands, & Braun, 2000; Graf, Bollmann, Bugmann, & Suter,
2007). The introduction of the regeneration patterns of various
sizes (i.e, 0.10-3.00 ha) should also work well. In doing so, espe-
cially important is the rule that regeneration patterns and sizes
must always correspond to the ecology of species. Many studies
(Molder et al., 2014) and examples in the field reveal that the
relation between them is underestimated, as many forest types
of the central temperate vegetation belt suffer the loss of species
diversity. On the basis of the stocking indicator trends of the dom-
inant tree species in the 91K0 forest habitat subtypes, it is possible
to predict that shade-tolerant beech will likely prevail over time
if the regeneration patterns do not change and deer herbivory
does not diminish. In addition to fir, especially endangered species
seem to be admixed shade-intolerant species, such as sycamore
maple, hornbeam, whitebeam (Sorbus aria), mountain ash (Sorbus
aucuparia), which all need larger open spaces to regenerate. Sim-
ilarly, sessile oak, the dominant species of the small-sized Querco
petraeae-Fageturn forest habitat subtype, also needs larger regen-
eration gaps.

European forests have been influenced by man for several hun-
dreds of years (Fabbio, Merlo, & Tosi, 2003; Peterken, 1996). In
the course of events, they have changed their pristine character
in terms of tree-species compositions and fine-grained structures.
Beingadapted to natural and man-made disturbances, they harbour
the prevalent majority of forest biodiversity and provide numerous
goods and services to society. To assure their proper functioning
in the future, further investigations should primarily address the
development of i) suitable management regimes, based on ecolog-
ical science, ii) common sets of indicators to be used for assessments
of their conservation status in biogeographical regions, and iii)
models for valuing the conservation status of habitat types and
making trade-offs between biodiversity and other services.
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