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4 Handbook for Sustainable Forest Management

Introduction 5

The LIFE Programme is the European Union’s instrument to finance projects for the conservation of
the environment, biodiversity and the fight against climate change.

The aim of the LIFE SySTEMiC Project (Close-to-nature foreSt SusTainablE Management practices
under Climate Changes) is to use the “modeling tool” based on genetic diversity to identify the best
silviculture practices to protect our forests in times of climate change. The basic idea is simple: the
greater the genetic diversity of trees in a forest, the more likely it is that some trees have genetic
characteristics that make them more adaptable to climate change, thus increasing the resistance and
resilience of the forest system.

Based on these premises, the main objectives of the project have been the following:

e To study the relationships between forest management and genetic diversity for eight forest tree
species in three European countries (Croatia, Italy, Slovenia) to identify the silvicultural systems
that maintain high levels of genetic diversity.

e Development of an innovative Genetic Biodiversity and Silvicultural model (GenBioSilvi) based
on the combination of advanced landscape genomics, applied genetics and silvicultural models
to support sustainable forest management.

e Disseminate the knowledge of the method across Europe and transfer its use in forestry practice

by involving different types of stakeholders.

The Web page of LIFE SySTEMIC project, including detailed protocols:
https://www.lifesystemic.eu/

Hojka Kraigher!, Kristina SeverZ, Andrej Breznikar?, Davide Travaglini3

! Slovenian Forestry Institute (SF), Slovenia

2 slovenia Forest Service (SFS), Slovenia

3 Department of Agriculture, Food, Environment and Forestry (DAGRI), University of Florence (UNI-
Fl), Italy

Sustainable, close-to-nature and multifunctional forest management

Sustainable, close-to-nature and multifunctional forest management is planned in a way to preserve
forests and all forest functions and ecosystem services, while at the same time guaranteeing profit to
forest owners. It can be described by the principles of the “Slovenian Forestry School” as described
by Kraigher et al. (2019):

« forest management is adapted to site characteristics and natural development of forests;

« active protection of natural populations of forest trees;

« protection and conservation of biodiversity in forests (including genetic diversity);

« supporting the bio-ecological and economic stability of forests by increasing the growing
stock;

« tending of all developmental stages and all forest forms for supporting of vital and high-
quality forest trees, which could fulfil optimally all functions of forests;

e natural regeneration is supported in all forests;

« if seed or seedlings are used, they should derive from adequate sources/provenances, and
only adequate species can be used.

Close to nature forestry uses forest management methods that promote conservation of nature and
forests, while deriving tangible and intangible benefits from a forest in a way to preserve it as a natu-
ral ecosystem of all its diverse life forms and relations formed therein. It is based on detailed forest
management planning, adapted to individual site and stand conditions as well as forest functions,
and considering natural processes and structures specific to natural forest ecosystems; it continu-
ously learns from processes in unmanaged forest reserves. Natural processes are altered as little as
possible, while still maintaining the financial profitability and social sustainability of forest manage-
ment. (Forest management by Mimicking nature, 2014).

Close-to-nature forestry mimics natural processes and structures as far as possible. Forest stands
should be renewed naturally and should imitate a mixture of tree species and forest stands of natural
forests. Forest management can directly influence tree stands in a forest ecosystem. Through natural
regeneration of forest stands, trees’ adaptability to conditions of specific growing sites and natural
dynamics is preserved. Silvicultural systems should be carefully selected in order to promote close-
to-nature approaches and mimic natural processes in forest stands.

Forests should be managed in a way to preserve their multifunctional role (ecological, social and
productive forest functions). This can be achieved only through maintenance of healthy forests and
their biodiversity, protection of their natural fertility and water sources as well as other beneficial
functions of forests in the water and carbon cycle, sustainable supply of wood and other products
from forest, profit and employment as well as means of recreation and other social benefits related
to forests.

Adaptation to individual growing site characteristics is the main direction of close to nature forest
development, which has been studied within LIFE SySTEMiC through a variety of sites.



56 Handbook for Sustainable Forest Management

While silvicultural systems do have an impact on fungal communities, their effect is often overshad-
owed by stronger influences of location and bedrock when accounted for. The significant effects
of these variables suggest that local environmental conditions and regional differences are crucial
determinants of fungal diversity and community structure. Consequently, while management prac-
tices are important, they should be considered alongside these other influential factors for effective
conservation and management of fungal biodiversity.

When examining beta diversity, which reflects changes in fungal community composition across dif-
ferent sites, the analysis revealed that bedrock type plays a critical role in shaping both the total
fungal community and the EcM community (Figure 3.4.2.5).
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Figure 3.4.2.5. NMDS based on Bray-Curtis distance (stress=0.1050) for communities of all fungi as
affected by the bedrock, location and management (unmanaged vs. managed).

PERMANOVA results showed that bedrock significantly influenced the composition of these commu-
nities, suggesting that the underlying geology and soil chemistry are among key drivers of fungal
community composition. This influence was more pronounced than that of silvicultural practices,
highlighting the foundational impact of abiotic factors on fungal communities. For the active EcM
community, while silvicultural practices did affect community composition, the effects of bedrock
remained substantial, underscoring its primary influence.
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3.5 GenBioSilvi model

Roberta Ferrante'2, Cesare Garosi'!, Cristina Vettori':3, Davide Travaglini!, Katja Kav¢i¢ Sonnen-
schein4, Donatella Paffetti’

! Department of Agriculture, Food, Environment and Forestry (DAGRI), University of Florence (UNI-
Fl), Italy

2 NBFC, National Biodiversity Future Center, Italy

3 Institute of Bioscience and Bioresources (IBBR), National Research Council (CNR), Italy

4 Slovenian Forestry Institute (SFl), Slovenia

Measuring genetic diversity is crucial to understand the health status of forest ecosystems in re-
sponse to climatic change as well as supporting conservation and management efforts.

Based on the results obtained, we can assume that there is high genetic diversity in all sites, but we
can’t conclude that there is significant genetic diversity between the sites even though they differ
in management types. Analyzing the pattern of genetic diversity distribution based on SSRs data, we
observed that old-growth forests have a complex and heterogeneous spatial genetic structure. The
spatial genetic structures observed in old-growth beech forests can be attributed to the non-random
mating between closely related individuals. Most beech seeds germinate close to mother trees, thus
contributing to the formation of such family structures. The management can affect the population
demography.

From the results obtained for each management type (see the deliverable Action B2 GenBioSilvi
model), it was possible to observe a complex spatial genetic structure similar to that reported for
old-growth forests at sites managed with individual tree selection thinning. Site 02 - Baldo’s Forest,
monospecific beech stands, reported the most complex spatial genetic structure among the managed
sites. Observing the various stands managed according to the uniform and irregular shelterwood,
we observed a trend of simplified spatial genetic structure. The complexity of the old-growth for-
est and Site 02 - Baldo’s forest implies a dynamic and adaptable ecosystem capable of responding
to environmental changes by generating new genetic variability through recombination and gene
flow between subpopulations. In addition, we observed a high number of SNPs correlated with cur-
rent environmental conditions across sites. The presence of these allelic variants associated with
bioclimatic indicators that best characterize the local environment is important. We found that Site
02 - Baldo’s forest presented a higher number of SNPs correlated with bioclimatic indicators and a
complex spatial genetic structure. Based on our results, we assumed that better conditions are found
in old-growth forests and individual tree selection system sites. Stand structure is a key element in
assessing ecological functions and services in forest ecosystems.

To describe biodiversity, we observed dendrometric data to define the forest structure of the ana-
lyzed sites. Thanks to this data, we can assume that the best structure observed is that characteristic
of a multi-layered uneven-aged forest. The sites that presented these characteristics are Site 02 -
Baldo’s Forest, Site 11 - Fonte Novello, and Site 25 - Rajhenavski Rog. A multi-layered uneven-aged
population supports the presence of natural regeneration because it shows gaps in canopy cover that
create ideal conditions for the establishment of natural regeneration. Furthermore, a multi-layered
forest increases the probability of sporadic species occurrence. In addition, multi-layered forest
allows high pollen dispersal, promoting genetic diversity. Therefore, based on the best parameters
used to define forest structure, we observed that sites characterized by multilayered uneven-aged
forest structure also exhibit complex spatial genetic structure and high genetic diversity.

Deadwood plays crucial functional roles such as in nutrient cycling and as a carbon sink. The presence
of deadwood can promote germination and seedling development of tree species, acting as nursery
sites and thus contributing to forest renewal.
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Regarding the amount of deadwood, the best situation is observed in unmanaged sites that showed
a higher volume of deadwood.

Deadwood provides an important microhabitat for the development and conservation of species im-
portant to the forest ecosystem. In addition to deadwood, we observed other indicators related to
saproxylic microhabitats. The greatest number of microhabitats was detected at sites where there
are century-old individuals with stem deformations and cavities. The frequency of epixylic micro-
habitats is lower than saproxylic in all observed populations. Epixylic are used as indicators to assess
ecosystem conditions. The presence of these microhabitats is an important source of biodiversity.
Based on the obtained results, management types that allow for complex forest structures char-
acteristic of uneven-aged and multilayered stands increase the probability of observing different
microhabitat forms.

The majority of analyzed sites are pure beech stands. Some sites such as Site 29 - Gorski kotar, Vr-
bovsko, Site 25 - Rajhenavski Rog, and Site 12 - Venacquaro present sporadic species such as Abies
alba Mill., Prunus avium L., Acer spp. L., and Fraxinus spp. L. Sporadic species should be maintained
and where they exhibit natural regeneration this should be preserved and conserved and/or stimu-
lated.

Forest management practices, especially those involving tree harvesting, influence the soil commu-
nity, pivotal components for nutrient cycling, and the well-being of trees. These practices alter sub-
soil microbial dynamics, potentially leading to a reduction in ectomycorrhizal fungal diversity. This
decline can hamper tree growth and compromise the overall functionality of forest ecosystems. Con-
sequently, understanding these effects is imperative for fostering sustainable forest management.

The marked and significant differences observed in bacterial, ectomycorrhizal, and fungal commu-
nity compositions between close-to-nature, unmanaged, and medium intensity management strate-
gies are attributable to a variety of factors. Each management approach represents a distinct level
of disturbance to the forest ecosystem. Close-to-nature management aims to emulate natural dis-
turbances with minimal human interference, while unmanaged forests experience no human inter-
vention. Medium intensity management, however, may involve more intensive silviculture systems,
thereby introducing greater disruption to the ecosystem. In conclusion, we assumed that better soil
diversity is present in less impact and in old-growth forest-managed sites.

Analysing results, we observed that the condition that conserves and/or increases diversity is the
managed site with individual tree selection. This type of management is less impactful moreover it
mimics conditions normally found in old-growth forests and unmanaged forests. The removal of a few
individuals based on phenotype and position results in the formation of gaps in the tree cover that
encourages the growth of natural regeneration. Compared to old-growth forests, where regeneration
is predominantly on the borders, in sites managed with individual tree system, natural regeneration
is also stimulated within the stand. This type of management increases the complexity of the forest
structure presenting a multi-layered pattern, a typical characteristic of an uneven-aged forest. This
allows better pollen dispersal -high gene flow- since fewer barriers are present. This promotes ge-
netic diversity and increases spatial genetic complexity, leading to a greater occurrence probability
of new allelic variants that are essential in responding to climate change. In addition, a key aspect
of forest stand resilience is the presence of high biodiversity. Through our results, we have observed
that stands that exhibit higher genetic diversity also exhibits higher biodiversity at the ecosystem
and species levels.

Based on the results obtained during the analyses, through the observation of these indicators it
is possible to simulate the genetic diversity status of the stand and guide users toward sustainable
management to conserve and/or increase the genetic diversity present.
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Considering the results obtained from the analysis of all biodiversity indicators, we developed a mod-
el that describes the current status of genetic resources within the site. This model was developed
to help forest users for checking the current status of stand biodiversity and providing guidelines
for sustainable management. To develop a user-friendly suitable model, we observed that it is pos-
sible to identify a set of key indicators that are more representative. The indicators at the basis of
the model can indirectly describe the genetic diversity status of the stand, as seen from the results
obtained. In addition, it is also possible to identify some indicators that are more representative of
biodiversity in terms of deadwood, microhabitat, and species diversity. For this reason, we decided
to exclude in the form developed for users the data collection on genetic diversity and soil diversity
that are difficult to observe. In this regard, we have developed a model that involves the observation
of some key indicators that describe the current status of the analyzed stand. The selected indicators
are shown in Table 3.5.1.

Table 3.5.1. Description of selected indicator useful for users to describe the status of the stand.

Categories Indicators Description
Forest structure DBH standard deviation Variability in tree DBH
within the stand
Percentage of trees in Presence of the target species
regeneration layer natural regeneration
DBH class distribution curve Complexity of horizontal

and vertical forest structure

No. of population strata

Deadwood Standing deadwood presence Description the presence of dead-
wood functioning as microhabitat

Coarse woody debris

Species diversity Species richness Number of all species present
in the stand regarding both the
presence of adults’ individuals

and regeneration

Percentage of non-target
individuals regeneration

Microhabitat Percentage of individuals Presence of key microhabitat
with cavities form for biodiversity

Percentage of individuals
with Injuries and wounds

Percentage of individuals
with Deformation

The model involved the production of a form that requires the compilation of certain parameters that
can be easily observed in the field by users. Based on our results, we have chosen value thresholds for
each selected indicator. The annotation of the actual real data for each indicator will produce a score
based on the selected thresholds. The final score is associated with the identification of the current
status of the stand analyzed. For each final score, indications are provided regarding possible actions
to be taken to implement sustainable management of the stand (Figure 3.5.1). Below is the example
of the form we produced for compilation (Figure 3.5.2). Instead, Figure 3.5.3 shows the compiled
form based on the actual data obtained from the Site 02 - Baldo’s forest.
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Figure 3.5.2. Forest population assessment form structure.
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Final Score: 8

Figure 3.5.3. Forest population assessment form structure with Site 02-Baldo’s forest data.
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Overview of silvicultural systems

Sustainable and close to nature forestry uses forest management methods that promote conserva-
tion of nature and forests in such a way that they are preserved as natural ecosystems with all their
diverse life forms and the relationships that exist within them. It is based on detailed forest manage-
ment planning, adapted to individual site and stand conditions as well as forest functions, and con-
sidering natural processes and structures specific to natural forest ecosystems. Natural processes are
altered as little as possible, while still maintaining the financial profitability and social sustainability
of forest management (Veseli¢, 2008).

Silvicultural systems for beech stands should be carefully selected in order to promote close-to-na-
ture approaches and mimic natural processes in forest stands. Within LIFE SySTEMiC four silvicultural
approaches in beech stands were analysed:

« Irregular shelterwood system where forest regeneration takes place in openings and gaps,

« individual tree selection system where trees of different dimensions and age are presented on
a small surface area,

« uniform shelterwood where the old stand is removed in a series of cuttings (usually three cut-
tings in case of beech) for establishment of a new even-aged stand under the shelter of the old
one,

« Unmanaged forests, where natural processes in forest are not affected by forest management.

Analysed silvicultural systems are described in detail in the introduction of this handbook.

The LIFE SySTEMIC project analysed twelve beech stands, corresponding to four European Forest
Types (EFT) has been studied: 6.6 Illyrian sub-mountainous beech forest; 7.2 Central European moun-
tainous beech forest; 7.3 Apennine-Corsican mountainous beech forest and 7.4 Illyrian mountainous
beech forest. Results, described in previous chapters, show that silvicultural systems with reduced
impact are more favorable in light of genetic variability preservation, such as individual tree selec-
tion and low scale irregular shelterwood system.

Figure 3.6.1. Irregular shelterwood
system is a common way for man-
agement of beech stands.
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