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Manuscripts must be submitted online at www.agrono-

my.it only; do not submit via e-mail or surface mail.

Manuscripts must be written in English. Authors whose
native language is not English are strongly recommended to
have their manuscript checked by a language editing service,
or by an English mother-tongue colleague prior to submis-
sion. Manuscripts should be saved and submitted as a single
WORD file containing the full text, references, tables and fig-
ures. In case of acceptance, original text and figures must be
provided for publication.

Original Articles should normally be divided into an
abstract, introduction, materials and methods, results, dis-
cussion and references. The abstract should contain a maxi-
mum of 400 words. A maximum of 20 authors is permitted,
and additional authors should be listed in an ad hoc appen-
dix. Review Articles: no particular format is required for
these articles. However, they should have an informative,
unstructured abstract of about 250 words. Reviews may also
include meta-analyses, guidelines and consensus papers by
scientific societies or working groups. These studies must
be conducted following proper, widely accepted ad hoc pro-
cedures. Short Communications are articles with a simple
layout and containing limited data (no more than two figures
or tables) and a small number of citations (not more than
25). They should be limited to 2,000 words of text (figure
captions, table headings and reference lists are additional to
this limit). Letters to the editor should be from 250 to 1,000
words in length. Authors of letters to the editor should pro-
vide a short title for their letter. 

Manuscripts should be double spaced with numbered
lines and wide margins and should be arranged as follows.
Title page: including the full title, the name(s) of the
author(s), their affiliation and the name of the correspon-
ding author to whom proofs and requests for off-prints
should be sent. Abstract: should not exceed 400 words.
Keywords: three to six keywords characterizing the content
of the article in alphabetical order. Introduction: a brief
introduction. Materials and methods: this section should
provide sufficient information and references on the tech-
niques adopted to permit their replication. Results: the con-
tent of this section should permit full comprehension of the
data reported in figures and tables. Discussion: this should
underline the significance of the results and place them in
the context of previous research. Acknowledgements: a brief
text. References (see below for style). References to per-
sonal communications and unpublished data should be
incorporated in the text and not placed under the numbered

References. Units: authors are recommended to use the
International System of Units (SI). Scientific names: com-
mon names of organisms should always be accompanied,
when first cited, by their complete scientific name in italics
(genus, species, attribution and, if appropriate, cultivar).
Formulae: mathematical formulae must be carefully typed,
possibly using the equation editor of Microsoft Word when a
paper contains several equations they should be identified
with a number in parentheses (e.g. Eq. 1). Please note that
each accepted paper will undergo technical and scientific
copyediting before publication. Tables: tables are numbered
consecutively in Arabic numbers without “no.” before the
number. References should be made in the text to each
table. The desired style of presentation can be found in pub-
lished articles. Titles of tables should be descriptive enough
to be able to stand alone. Do not present the same data in
tabular and graphic form. Figures: figures are numbered con-
secutively in Arabic numbers. References should be made in
the text to each figure. Each figure should have a caption. The
term “figure” is used also for graphs and photos. Symbols
and abbreviations used in figures can be defined in the fig-
ure caption or note or within the figure itself. Please avoid
the use of bold face or greater size for the characters.
Symbols and abbreviations used in figures can be defined in
the figure caption or note or within the figure itself. The fig-
ures must be submitted as .tif or .jpg files, with the following
digital resolution: 1. Color (saved as CMYK): minimum 300
dpi; 2. Black and white/grays: minimum 600 dpi; lettering of
figures must be clearly labelled. Movies can be submitted
and uploaded as “Supplementary Files” during the manu-
script submission procedure. Dimension should not exceed
5 MB. Citations in the text: the journal follows the “author,
year” style of citation. When a citation has one, two or three
authors, cite the reference throughout using the name(s)
and the date. When a citation has more than three authors,
cite the reference throughout the text with et al. following
the last name of the first author. When two or more refer-
ences are included in a grouping within a sentence, they are
arranged and separated by a semicolon. The first criterion is
the year (former citations precede recent ones); multiple
citations for a given year are further arranged alphabetically
and multiple citations for the same initial letter are arranged
as follows: first the citation with one author, secondly the
citation with two authors, then the other (with et al.). When
the same author has two references with different dates,
cite them in chronological order, separating the dates with a
comma; when the same author has two references with the
same date, arrange the dates as a and b (also in the refer-
ence list) and separated by a comma. Example: (Foury, 1967,
1972; Burns et al., 1970; Allen et al., 1990; Basnizki and Zohary,
1994; White et al., 1990a, 1990b). Citation should be made in
the text to each reference. Citations are listed in strict
alphabetical order by first author’ last names. Use capital
and lower case letters for authors’ names. If all authors are
identical for two or more citations, chronological order of
publication should dictate the order of citations. When more
than one paper in a given year is listed by authors whose
names are in the same order in each paper, the papers are
arranged in alphabetical order of the paper title. Use the fol-
lowing system to arrange your references:

1. periodicals: Hennighausen L.G., Sippel A.E. 1982.
Characterization and cloning of the mRNAs specific for the
lactating mouse mammary gland. Eur. J. Biochem. 125:131-41.

2. books: National Research Council 2001. Nutrient
Requirements of Dairy Cattle. 7th rev. ed. National Academy
Press, Washington, DC, USA.
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Energy metabolism. EAAP Publ. N. 11, Academic Press Ltd.,
London, UK, pp 441-3.

4. proceedings: Rossi A., Bianchi B. 1998. How writing the ref-
erences. Proc. 4th World Congr. Appl. Livest. Prod., Armidale,
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Reggiana. Degree Diss., Università di Milano, Italy.

6. material from a www site: Food and Drug Administration,
2001. Available from: http://www.fda.gov

7. in press: Manuscripts that have been accepted for publica-
tion but are not yet published can be listed in the literature
cited with the designation (In press) following the journal title.

8. other: Citations such as personal communication, unpub-
lished data, etc. should be incorporated in the text and NOT
placed into the Reference section. 
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This volume should be interpreted as a manual of best practices for
sustainable forest management deriving from the experience of the proj-
ect LIFE09ENV/IT/000078 ManFor C.BD coordinated by the National
Research Council through the Institute of Agro-environmental and
Forest Biology (CNR-IBAF). The other Project partners are: the Council
for Agricultural Research and Economics (CREA), the University of
Molise (UNIMOL), the Slovenian Forestry Institute (SFI) and the
regions of Veneto and Molise. In addition, the National Centre for Forest
Biodiversity of Verona and the Regional Office to biodiversity of Castel
di Sangro of the Italian National Forest Service (CFS), as well as the
Slovenian Forest Service (SFS) collaborated to the project. This manual
consists of several individual articles dealing with specific issues related
to the project. These articles are conceptually organized into five cate-
gories that from the description of the project and of its activities arrive
at providing operative indications for forestry operators (Table 1).

The first category is an introductory section where the project itself is
described in general terms and positioned into an international context. In
particular, Garfì et al. (2016) describe the forest governance at European
level, introducing the international forestry context referring in particular
to sustainable forest management experiences. This contribution contex-
tualizes into the international scenario the national forestry, focusing on
Slovenian and Italian forests in terms of forest governance/management
options/harvesting methods, and gives an overview on how the project
fitted into the two countries legislations. Finally, De Cinti and Kutnar
(2016) clarify the project aims and its modus operandi.

The second category of papers dealt with defining the requirements
of good practices for different aspects of forest services. 

This involves to describe the driver factors of forest services (i.e.,
structure, landscape, and deadwood) as well as the responses to these
drivers considered by the project (i.e., wood production, biodiversity
conservation, and carbon stocking). In particular, Frate and colleagues
(2016) describe the influence of landscape on forest responses. Chiavetta
and colleagues (2016) explain the effect of the forest structure on the

considered responses. Lombardi and Mali (2016) highlight the impor-
tance of deadwood in modifying forest responses. Kovač and Fabbio
(2016) describe the best conditions for optimizing the production of
wood in terms of driving forces. de Groot and colleagues (2016) illus-
trate the best conditions of driving forces for the conservation of inver-
tebrates. Costa and colleagues (2016) show the best conditions for the
conservations of amphibians and reptiles. Basile et al. (2016) explain the
optimal conditions for the conservation of birds. Kutnar et al. (2016b)
focalize on the best condition for the conservation of forest flora.
D’Andrea and colleagues ( 2016a) explain the optimal situation for the
maximum capacity of forests to remove carbon form atmosphere and
mitigate climate change. Finally, Di Salvatore et al. (2016a) synthesize
the optimal conditions for all the responses and propose a silvicultural
compromise that takes into multiple purposes of management.

The third group of papers describes the contributions of ManFor
C.BD to the improvement of multipurpose silvicultural practices. More
specifically, the papers show where and how the project activities were
carried out for the specific issues and what they indicated in terms of
best practices. In particular, Di Salvatore and colleagues (2016c)
describe the sites involved in the project. Fabbio et al. (2016) quantify
the effectiveness of the demonstration experiences carried out in terms
of production of wood. Zapponi and colleagues (2016) measure the
efficiency of the forestry options carried out in optimizing the conser-
vation of invertebrate species. Romano et al. (2016b) measure the effect
of the different forestry interventions on the conservation of amphibians
and reptiles. Balestrieri et al. (2016) focalize on the effect of forest man-
agement on the conservation on birds. Kutnar at al. (2016a) focalize on
the response of flora to forest management measures. Finally,
D’Andrea and colleagues (2016b) quantify the influence of the differ-
ent options of forest management on the process of carbon removal
from atmosphere by forests.

The fourth group of papers describe additional experiences carried
out within the framework of ManFor C.BD and that provided further
suggestion for the formulation of the best practices. These additional
experiences were non-conventional experiments not following the stan-
dard protocol of the ManFor experiences (i.e. one site - three manage-
ment options - three different responses - one message for forestry).
Rather, they were conceived for integrating the messages of the previ-
ous, standard experiences, where some further information was needed.
In particular, Bombi et al. (2016) focalize on the structure and compo-
sition of ground beetle communities at a spatial scale larger than the sin-
gle stands. Romano et al. (2016a) highlight the particular response of a
rare species of salamander to forest management. Mason and col-
leagues (2016) illustrate the creation, by means of ManFor C.BD for
the first time in Italy, of an area where forest is artificially made older
for improving its potentiality for biodiversity conservation. Tonti and
Marchetti (2016) show how the forest interventions carried out by the
project modified the forest at the landscape scale. Kobler (2016)
explains the effect of forest management on the fragmentation of
stands. Cammarano (2016) evidences the possibility of modeling forest
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Table 1. Structure of the present volume. The individual papers are organized in five different groups with different specific aims. The first group wants to introduce the
project ManFor C.BD and clarify the national and international context. The second group intends to define the best requirements for specific forestry purposes. The third
group aims to describe the project activities. The fourth group deals with additional experience related to the project. The fifth group synthesizes the results and provides
practical suggestions for forest managers. 

Introduction

Vittorio Garfì, Paolo Cantiani, Marko Kovac, Dalila Sansone, Giovanni Carraro,                                                           Italian and Slovenian forest governances within the International context
Nicola Pavone, Marco Marchetti                                                                                                                                           

Bruno De Cinti, Lado Kutnar                                                                                                                                                 ManFor C.BD a LIFE+ Project on forest multi functionality

Definition of the requirements of good forestry practices

Ludovico Frate, Maria Laura Carranza, Daniela Tonti, Andreja Ferreira, Marco Marchetti                                            Landscape as a driver of forest functions

Ugo Chiavetta, Mitja Skudnik, Claudia Becagli, Giada Bertini, Fabrizio Ferretti, Paolo Cantiani,                                Diversity of structure through silviculture
Umberto Di Salvatore, Gianfranco Fabbio                                                                                                                           

Fabio Lombardi, Boštjan Mali                                                                                                                                               Deadwood as a driver of forest functions

Marko Kovač, Gianfranco Fabbio                                                                                                                                         Wood production. Hereditary management systems and practices 
                                                                                                                                                                                                 in wood-production forests

Maarten de Groot, Livia Zapponi, Davide Badano, Serena Corezzola, Franco Mason                                                      Forest management for invertebrate conservation

Andrea Costa, Mario Posillico, Marco Basile, Antonio Romano                                                                                         Conservation of herpetofauna as a function of forestry

Marco Basile, Rosario Balestrieri, Maarten de Groot, Katarina Flajšman, Mario Posillico                                             Conservation of birds as a function of forestry

Lado Kutnar, Aleksander Marinšek, Carmen Giancola                                                                                                        Conservation of flora as a function of forestry
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Boštjan Mali, Matjaž Čater, Primož Simončič, Bruno De Cinti, Giorgio Matteucci, 
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Umberto Di Salvatore, Paolo Cantiani, Fabrizio Ferretti                                                                                                    From sectorial-optimum to multipurpose silviculture. How to compromise
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Katarina Flajšman, Mario Posillico                                                                                                                                      of the bird community?
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dynamics after treatments and simulating the mid- and long-term evo-
lution in term of forest structure. Ferlan (2016) describes a new method
for carrying out measures of soil respiration developed during the
ManFor activities. Finally, Picchio and colleagues (2016) measure the
impact on soil of the operations related to tree cut and removal.

The fifth and last category of papers are final contributions aimed to
allow other forest managers and operators to take advantage of the
ManFor teaching. These papers, and the second one in particular, are sup-
posed to represent a sort of vade mecum for all those involved in forest
management and interested in multipurpose sustainable forestry. Ideally,
reading these papers, they should know which is the best option to be
adopted in a certain context, how this choice should be communicated to
people, and how similar choices can be adopted in different contexts. In
particular, Recanatesi et al. (2016) evidence the importance of disseminat-
ing information about forest management to the general public and
explain the best way to do this. Di Salvatore et al. (2016b) provide a prac-
tical list of things to do under different conditions and for different purpos-
es, representing the real core of the present volume. Finally, Ferretti et al.
(2016) explain how the good forestry practices, proposed by this volume,
can be adapted to situations different from those existing in the ManFor
sites and applied successfully under variable conditions.

Therefore, the papers published in this volume can generally be read
as self-standing studies disentangling specific issues of forest science
but, more effectively, they can be seen as individual parts of a unique
process of learning that from experience generates knowledge. In this
light, the reader will have the possibility of going directly to the paper
which he is interested in, he can use uniquely the final list of practical
suggestions (Di Salvatore et al., 2016b) as a ‘field guide’, or he can go
through the entire manual and understanding the source of the best prac-
tices for sustainable forestry. For instance, an entomologist can be inter-
ested in reading only the paper on the large scale response of carabids
(Bombi et al., 2016), a forest manager can adopt only the indications
provided in the practical list (Di Salvatore et al., 2016b), and a student
in forest science can follow the entire manual for deepening the best
practices genesis. 
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Introduction

The European forests are characterized by a wide diversity of
forest types, extent of forest cover, ownership structure and socio-
economic conditions. EU forests are situated in very different eco-
logical environments, ranging from Boreal to Mediterranean, and
from Alpine to lowlands. In the EU-27 the forests and other wood-
ed lands (OWL) occupy, respectively, some 157 million ha (38%)
and 20 million ha (5%) of the EU’s land area. Over recent decade
(2000-2010) the EU forest area has increased by around 0.4% per
year due to afforestation and natural succession (UNECE/FAO,
2011). Sweden has the largest forest area in the EU total land area
followed by Finland, Spain and Germany (Figure 1). In Italy
forests and OWL occupy 11 million ha (37%), whereas in
Slovenia they cover 1.3 million ha (63%)  (UNECE/FAO, 2011).

Currently in the EU, only 60-70% of the annual increment is
being cut, therefore the growing stock of wood is rising. However,
according to Member States’ projections under Land Use, Land-
Use Change and Forestry (LULUCF), harvest rates are expected
to increase by around 30% by 2020 as compared to 2010. The 60%
of forests are owned by several millions of private owners, with
numbers set to rise as restitution of forest ownership in some
Member States continues. The remainder belongs to the state and
other public owners (European Commission, 2013a).

The EU’s land area is composed by different biotopes where,
forests habitats  have largest number of species on the continent

and provide important environmental functions, such as the con-
servation of biodiversity and the protection of water and soil.
Protected areas are about 12% (30 million ha) of the EU total land
area. Around 20% of these protected area under rather strict regu-
lation (none or minimum intervention), the remaining is based on
active management of the biodiversity with minor restrictions on
forest management (UNECE/FAO, 2011).

The Treaty on the EU Functioning makes no reference to spe-
cific provisions for an EU forest policy, however the EU has a
long history of contributing through its policies to implement sus-
tainable forest management and to coordinate Member States’
decisions on forests.

The Council Resolution on a Forestry Strategy for the European
Union was adopted in  (European Commission, 1998). It estab-
lished a framework for forest-related actions in support of
Sustainable Forest Management (SFM) based on the coordination
of the forest policies of the Member States and Community poli-
cies as well as initiatives relevant to forests and forestry.

The Strategy emphasizes SFM as defined by FOREST
EUROPE (former MCPFE – Ministerial Conference on the
Protection of Forest in Europe) with the multifunctional role of
forests as overarching principles for action. The Strategy states
that forest policy is competence of each Member States (based on
the principle of subsidiarity and the concept of shared responsibil-
ity), but the EU can contribute to the implementation of SFM
through common policies also on forest related fields. It also
emphasizes the implementation of international commitments,
principles and recommendations through national and/or sub-
national forest programs or equivalent instruments, as well as
active participation in all forest-related international processes.
Moreover, it stressed the need to improve coordination, communi-
cation and cooperation in all policy areas that are of relevance for
the forest sector. 

In response to the Council request, the EU Forest Action Plan
(FAP) was put forward and adopted in 2006 by the Commission.
The FAP (expired in 2011) formulates a core rationale for
European forest policy: “Forest for society: long-term multifunc-
tional forestry fulfilling present and future societal needs and sup-
porting forest related livelihoods” (European Commission, 2006).
It is based on the principles and elements identified in the EU
Forestry Strategy, and it covers the following four objectives, sub-
divided in 18 key actions (Figure 2):
- Improve the long-term competitiveness;
- Improve and protect the environment;
- Contribute to the quality of life;
- Foster coordination and communication between Community
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actions, as well as, between Community actions and the forest
policies of the Member States.
Currently, a new EU Forest Strategy is under discussion, with its

focus and contents still under negotiation.

Italian national level – Forestry law

The current policy heterogeneity within European level is the
consequence of unevenly distributed forest resources and to the
mentioned not specific EU competence on forestry sector. The
consequence of such situation is a heterogeneity of the national
laws leading every Country to define regulation instruments taking
into account their priorities. At Italian national level a Framework
Program for the Forest Sector (Programma Quadro Settore
Forestale, PQSF) was launched in 2009 to coordinate the sector as
a local implementation of the EU Forest Action Plan (PQSF, 2009).
The PQSF set up a National Coordination board (Tavolo di
Coordinamento Forestale, TCF) similar to the EU Standing
Forestry Committee and will last ten years.

Forestry and related topics are matters defined “di competenza
residua”, that means Regional authorities have the jurisdiction on
them. Italian Regions make specific laws to regulate the sector
(Forestry law and linked regulation according to the Italian legal
system) but these do not always includes other aspects as well as
environmental or biodiversity protection (main focus of other kind
of laws, often based on EU directives and touching Central govern-
ment authority). Considering both the aspects (regional autonomy
and different authority on) forest laws differs each from another
and show clear differences on the base of the time of approval.

Usually more recent ones are more complete and complex than the
ancient and reflect an increasing attention to such themes as biodi-
versity and protection. That is also the consequence of the general
international interest for the forests’ role and an answer to the new
social expectations.

An Italian forest law regulates silvicultural practices, describes
the type of admissible interventions, defines timing and proce-
dures, forestry planning rules and banning. 

All the forest laws approved by the Italian Regions involved in
the ManFor C.BD project (our subject in the following discussion)
mention biodiversity, ecosystem and landscape protection among
their purposes, and consider sustainable forest management the
key tool to pursue them. 

Forest planning is an important component of forest law content
and whole parts are dedicated at describing methodologies and
technical aspects. It is worthy to note that regional forest laws deal
with public and private forests and do not include protected areas.
Protected areas are under a specific national and regional regula-
tion, while if forest management plans includes them (partially or
not), an environmental impact assessment is needed (VAS),
according to specific EU directives. Furthermore protected areas
have their own authorities which opinion on every kind of inter-
vention or planning activities inside the area is mandatory. For pro-
tected areas we mean both those of national or regional interest (L.
394/1991) and those included in the Natura 2000 network (DPR
357/1997).

Another aspect to consider is the role recognized to certification
that is often promoted to guarantee sustainability in forestry sector.

Abruzzo (2014), Calabria (2012) and Friuli Venezia Giulia
(2007) Regions explicitly mention international agreement and
Italian government commitment on biodiversity, sustainable devel-
opment and climate change.

Despite the introductive part of any of these laws, few of them
specifically regulate aspects like carbon sequestration, effects on
biodiversity component or deadwood. They just claim as a sustain-
able and legal activity in woodland leads to the respect of the gen-
eral principles. Only two Regions Friuli and Toscana have a spe-
cific article on biodiversity. Friuli’s law (art. 18 LR n. 9 23/04/07
and DP Reg. n. 274 28/12/12) considers close to nature silviculture
the instrument to guarantee biodiversity conservation. In particular
foresees trees and dead trees retention to increase biodiversity and
maintain deadwood species habitat.

(i.e., Described Rules: during harvesting operation releasing of:
- 1 tree per 2 ha with dbh >60 cm (coniferous species) or >50 cm

(broadleaved species) assigned to undefined ageing, for harvest-
ing more than 1000 mc or more than 10 ha of interested surfaces.

- All the dead trees with dbh >60 cm (conifers) or >50 cm
(broadleaved), for harvesting more than 200 mc or 2.5 ha of sur-
face in coppices

- All the trees with cavity and dbh >30 cm, for harvesting more
than 200 mc or 2.5 ha of surface in coppices.)
Tuscany law regulate the harvesting of some protected species

(the list is provided by the art. 12 LR 39/2000), that must be
released if less than a minimum density (20 per ha), furthermore is
foreseen the release of an undefined ageing tree per ha, to be cho-
sen among the biggest ones. In this Region cutting systems differ-
ent from those described by law can be approved if aimed at par-
ticular cultural needs, conservation or animals habitats creation.

Hereafter is given a short description of Italian Regional law
contents dealing with the ManFor C.BD project main focus, even
if we want to remark again that there is not an uniform regulation
on these kind of topics. A chronological criterion is used to put in
evidence how policy perception has changed over time.
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Figure 1. Forest area (million ha) and share (percent) of land area by
country in year 2010 (UNECE/FAO, 2011).
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Veneto L.R. 52/1978 and L.R. 25/97
This is the oldest law among those considered. Despite changes

later approved, there are no references to such themes as biodiver-
sity, carbon storage, deadwood and so on. Among the purposes list-
ed, only a generic soil and environmental protection appears. 

However the legal body of Veneto Region includes lots of acts
with technical rules for different forest activities, in particular for
planning.

Toscana L.R. 39/00 and DPR 48/R 2003
This is one of the two forest laws including a specific article

focused on biodiversity. It aims at biodiversity conservation, natu-
ral habitats protection and multifunctional forest management.
Other kind of safeguards are put on monumental trees and sponta-
neous flora (ex a dedicated law L.R 56/00 “Norme per la conser-
vazione e la tutela degli habitat naturali e seminaturali della flora
e della fauna selvatiche” – “Rules for natural and seminatural
habitats, flora and fauna conservation and protection”).

Besides, Tuscany Region promote forest planning and certifica-
tion processes.

Removal of humus, soil, grass cover and leaves is forbidden
except particular condition; the branches management on the top
soil after cutting is also regulated, but not with a specific interest
for dead wood and its functional role.

Molise L.R. 6/2000
Despite approved years ago, in this regional law no detailed

rules on biodiversity and conservation in general are mentioned.

Law’s finalities include natural habitat conservation; existing bio-
diversity and ecosystems protection are mentioned among the
interventions to pursue them.

Nevertheless, a Regional technical document contains specific
rules and excludes from environmental impact evaluation some
interventions in protected areas belonging to Natura 2000 network
(D.G.R n. 1233/2009). The document lists the interested protected
habitats and the kind of precautions to observe, during silvicultural
operations, in order to avoid negative impact on biodiversity (flora
and fauna).

Friuli Venezia Giulia L.R. 9/2007
This law quotes International agreement on biodiversity and sus-

tainable development and among finalities appear: i) close to
nature silviculture recognition as the main instrument to protect
and enhance biodiversity of forest ecosystems (Natura 2000 net-
work included); ii) public intervention promotion in mountain
areas; and iii) sustainable and integrated management of forest
resources with its major costs recognition.

Besides the specific attention to biodiversity mentioned above
with a dedicated article (art. 18), there are two other interesting
aspects: the role of certification in promoting principles of sustain-
able management and the introduction of a new planning tool
PRFA (Forest and Environmental requalification project) support-
ing management plans.

Differently from other cases flora and fauna protection are not
regulated by other regional laws but has an own section, while for
forest ecosystem protection is foreseen the identification of a cer-
tain number of forest areas with an high biological and naturalistic
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Figure 2. The Forest Action Plan: objectives and key actions (EFI, 2012).
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value to design for undisturbed evolution dynamics (art. 67). This
areas would have a scientific role and are intended as an useful
condition for the elaboration of new management systems. The law
describes criteria for their identification and related banning.

Considering the landscape, cultural and touristic forest func-
tions, this law foresees the individuation and conservation of trees
and stands of natural, historical, cultural and spiritual interest. An
inventory of these elements is prescribed with specific manage-
ment rules.

Calabria L.R. 45/2012
This region promote the sustainable forest management to

favour: i) forest ecosystem functionality; ii) biodiversity conserva-
tion and development; iii) forested areas enlargement and enhance-
ment and their contribution to carbon cycle; iv) management plans
approval and control; v) certification processes.

Except from monumental trees and ancient forest stands protec-
tion there are no specific rules dealing with biodiversity or multi-
functionality.

Abruzzo L.R. 3/2014
Among the finalities of this law is interesting the recognition of

the forest contribution to climate stabilization. The law considers
the Italian government commitment on biodiversity, sustainable
management, climate change and greenhouses gases emission.
Maintaining and increasing biological diversity and protection of
high naturalist value areas are two of the objectives listed.

Forest planning is considered crucial to realize law finalities and
to guarantee sustainability; besides the Region promotes interven-
tions aimed at favouring forest biodiversity and certification pro-
cesses.  It is also claimed that public property is managed follow-
ing active and sustainable management principles to favour,
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Box 1 – Description of the Italian and Slovenian forestry sector 
(Short introduction and synthetic outline dealing with main forestry sector features: surfaces, management, typology, property, protected
areas’ extension, Natura 2000 Network)

ITALY
(Source Italian National Forest Inventory, 2005)
Italian forests occupy 8.8 million ha. Coppice is the main silvicultural system (41.8%) followed by high forest (36.1%).  Other wooded
lands cover about 1.7 million ha (INFC, 2005)
Even high forests are mainly “seminatural” (Italian Inventory sensu) and derive from natural regeneration promoted by silvicultural inter-
ventions. Young stage forests are few as the great part of harvesting lasted form the end of the World War II to the 70s. Only 3% of the
Italian forest surface is less than 20 years old.
Ownership is mainly private (66% of the total).
Beech high forests is the main category (about 1 million ha). These forests are above all “seminatural” or derived from abandoned or under
conversion coppices (transitory stands).

Microhabitats (wide and linear) are present in 40% of the Italian forests. 
Wide microhabitats are: clearings, water surfaces, moist areas, screes, abandoned buildings, rocks, while linear or punctiform microhab-
itats are: dry-walls, sources, monumental trees, trees with cavity, dead or wilted, burrow, caves.
The Italian forest total growing stock: 1.3 billion m3.
Beech high forest volume: 240 million m3

Current increment: 36 million m3 (4.1 m3·ha-1)
Prescribed cut: 13.8 million m3 (1.1% of the total growing stock)
The deadwood total volume: 76.5 million m3 (8 m3·ha-1).
Natural protected areas cover the 27.5% of national surface (share of national surface belonging to Natura 2000 network 19%).

SLOVENIA
Forests cover 1.2 million ha of the Slovenia's total land. 35% of the forests belong to the group of even-aged forests, 57% to uneven-aged,
ca. 4% to coppice and the rest to other groups such as multilayer forest, bushy forest, etc. 75% of forests are in private ownership and
25% belong to the state and municipalities (SFI, 2013).
The present forest structure is inconvenient. Its major problem is over-ageing, resulting in 67% of old growth forests, 5% of young growth
and in 28% of pole stands. Natural regeneration is the prevalent way of forest regeneration on approximately 97 %. Among tree species,
the highest shares belongs to Norway spruce and European beech (both 31%), silver fir (7%) and soak (ca. 5.5%)(SFI, 2013).
Other forest statistics (SFI, 2013): 
Mean growing stock volume: 333.9 m3·ha-1; 
Total growing stock volume: 400.7 million m3; 
Mean gross growing stock volume increment: 8.6 m3·ha-1;
Total annual growing stock volume increment: 10.3 million m3

Planned annual harvest: 6.0 million m3 (1.5% of the total growing stock volume)
Mean deadwood volume: 19.8 m3·ha-1;
Total deadwood volume: 23.8 million m3;
Areas under nature protection encompass 39.7% of the national territory (SEA, 2009). This area includes diverse protected areas, such as
national, regional and landscape parks and diverse reservations and areas belonging to the Natura 2000 network. Approximately 70% of
this territory belongs to forests.
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among other things the enlargement of fauna amount and biodiver-
sity. Describing the rules for monumental and old stands protec-
tion, occurrence and role of dead wood, as well as those of species
linked to microhabitats due to structural features, are considered.
In this case the law foresees dedicated management plans.

A further element to consider is the role of the other forest relat-
ed regulation that strong influence the sector, as well as at EU
level. The most relevant example is the National application of the
EU CAP policy; both the past and the present Rural National
Development plans contain forest measures dealing with increas-
ing of sustainability, enhancement of stability and management of
forests. 

Slovenian national level – Forestry law

Similarly to the EU and pan-European countries, Slovenia’s for-
est governance follow number of hard and soft laws that come
from the national, the EU and global level and regulate all aspects
of forests and forestry, ranging from traditional forest harvesting to
much more complex climate change.

Matters related to forests, sustainable forest management and
forestry in general are regulated by the national Forest Act (UrL
RS, 1993-2014) and its statutory instruments, in contrast, the
Nature Conservation Law (UrL RS, 1999-2014) reagulates matters
related to biological diversity, including forest biodiversity. In
addition to these two acts, the forest sector is also influenced by
numerous international legal documents, covering air pollution
and forest health (UN/ECE, 1979), conservation of biodiversity
(European Commission, 1992, 2010; UN, 1992), climate change
(UN, 1997; European Commission, 2013b), etc. 

Among the soft laws it is noteworthy to mention the Resolution
on the national forest program (UrL RS, 2007), promoting sustain-
able forest development, ecosystem and multipurpose forest man-
agement, National Renewable Energy Action Plan 2010-2020, pro-
moting better energy consumption and national Action plan to
increase the competitiveness of the forest-wood chain in Slovenia
by 2020 entitled “Wood is beautiful”, promoting more efficient
wood use. 

Forest Act (UrL RS, 1993-2014), adopted in 1993 is the most
important legislative forestry document. It regulates: i) forest man-
agement planning and the hierarchy of plans; ii) silvicultural prac-
tices and forest protection, harvesting and road construction to sus-
tain all forest ecosystem services; iii) designated forest areas; iv)
forestland transactions; v) public forest service and its compe-
tences; vi) forest research and vii) forest owner networking.

The Forest Act regulates the use of all forestlands of the country
regardless of ownership and designation status. Additionally it pro-
motes sustainable use of forest resources, forest ecosystem man-
agement, based on emulating natural forces and natural regenera-
tion, as well as multipurpose forest management, which only can
provide a variety of ecosystem services to the societies. In manag-
ing forest services, the current forest management practices pro-
mote the combination of integration and segregation approaches
(Hanewinkel, 2011; Simoncic et al., 2013). Although forest biodi-
versity is an inherent part of sustainable forest management, forest
biodiversity is regulated by forest biodiversity, regulated by the
Nature Conservation Law (UrL RS, 1999-2014). The most far-
reaching implication of the split jurisdiction between the two laws
the governance of the Nature conservation Law over forest man-
agement plans that are considered sectoral plans. Consequently,

these plans may not always be directly implemented in the field,
but may be subject to strategic environmental impact assessment
(European Commission, 2001). As far as biodiversity conservation
practices are concerned, they are still under development (Kovač,
2015). Because of a paucity of knowledge on the ecological
demands of the Natura 2000 qualification species, some provi-
sions, addressing ecological thresholds invasive species, the
amount of deadwood and species monitoring, are provided by the
Forest protection rule.   

Similar to forest sectors of the other European countries, the
Slovene forest sector is also overruled by sectors - such as nature
conservation, agriculture, energy industry, spatial planning and so
forth (compare Pülzl et al., 2013). The situation is hardly manage-
able because of insufficient collaboration within and between the
sectors at the governmental level and at lower operational levels
and also because of weakly developed competences for sectorial
performances (Kluvánková-Oravská et al., 2009). 

The complexity of demands thus makes the policy goals as a
whole inconsistent and difficult to attain. 
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The sense of the Project

The purpose of forests is not only the production of timber: they
play an important role in many important matters as climate regu-
lation, and biodiversity conservation, providing also opportunities
for recreation and study. 

Forest management practices are mostly focused on increasing
efficiency of growing and harvesting trees to achieve economic
goals. However, preserving and enhancing biodiversity have
become desirable forest management objectives in light of species
preservation and mitigation of climate changes worldwide.

Some 'new functions' of the forests, indeed, are becoming more
and more important than timber; sometimes even more important,
also from the economic point of view. The project LIFE + ManFor
C.BD (Managing forests for multiple purposes: carbon, biodiver-
sity and socio-economic wellbeing) was initiated to evaluate
multi-functionality of the forest and was co-funded by the
European Commission and coordinated by the National Research
Council through the Institute of Agro environmental and Forest
Biology (IBAF). The other Project partners are: the Council for
Agricultural Research and Economics (CREA), the University of
Molise (UNIMOL), the Slovenian Forestry Institute (SFI) and the
regions of Veneto and Molise. Italian National Forest Service
(CFS) collaborated through the National Center for Biodiversity
Forest of Verona for monitoring saproxylic arthropods and
through the Regional Office to biodiversity of Castel di Sangro
(AQ), for monitoring different vertebrate groups (Figure 1). 

Beside the Slovenian Forestry Institute (SFI), also the Slovenian
Forest Service (SFS) was involved in the field and dissemination
activities; Biotechnical Faculty, Department for Forestry and
Renewable Resources of Ljubljana took part in assessment of
selected invertebrate groups and some forest management aspects. 

Project objectives

The main project objective was to test the effectiveness of multi-
functional forest management practice in field (capability to
storage carbon from atmospheric CO2, management supporting
biodiversity, wood production, soil/slopes protection, etc.), pro-
viding data and further guidelines for the optimal forest man-
agement. 

At every project research site the following goals have been con-
sidered:

• Proposition and implementation of forest multifunctional man-
agement options,

• Evaluation of their actual applicability,
• Comparison between innovative/new management options and

traditional ones in the area,
• Selection of optimal approaches and promotion of their applica-

tion,
• Project result dissemination on different levels - from scientific

to the political-decision-making and general public level.

How does the Project work

Activities within ManFor C.BD project focused on ten sites
(test areas); seven in Italy and three in Slovenia. Each Italian test
area was about 30 ha in size while, each Slovenian site is com-
posed of a focal area of 0.4 ha, deputed to detailed measurements,
located within a wider monitored area of approx.70 ha. Large site
size facilitates the adoption of the proposed management opera-
tions even after the end of the project. Sites have been selected in
public forests, from the Serre Calabresi to the forests of Tarvisio
and also over Slovene - Italian border, within Slovenian Dinaric
Mountains (Figure 2).

At all sites, with the traditional management practices applied in
the area, two additional approaches, proposed by the project were
applied, to improve forest multi-functionality without compromis-
ing quality timber production.

The above compromise represented a key element of the project
philosophy. Indeed, the project highlighted the importance of sev-
eral ecosystem services (carbon sequestration and biodiversity
preservation up to all), maximizing their effect. At the same time,
the project maintained the centrality of the forest timber produc-
tion improving the quality of wood products.

Reconciling production with the other priority issues was an
ambitious goal for the project, requiring the cooperation of all the
project experts and understanding of priorities from different
fields. Before moving to the operational phase, the decision mak-
ing criteria proposed by the foresters of the project was studied
and discussed with other project group experts such as carbon spe-
cialists, biodiversity of vertebrate experts, invertebrate fauna, bio-
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diversity of flora, etc. From such comparison, an optimal solution
to reach criteria and demands from all groups and stakeholders was
created (Di Salvatore 2016). Competence and specialization of the
various groups constituted a guarantee of technical quality and a
multifunctional approach, while the presence of institutions and
managers who paid attention to the economic sustainability of the
interventions have guaranteed their overall economic soundness.
The meeting and, at times, the clash between various views is the
novelty and represents the new quality and the strength of the proj-
ect.

The comparison of the measurements (made ante and post har-
vesting) have been provided and would provide feedback of the
achieved objectives in the future.

Preliminary results show, that proposed management options by
the project, although different and sometimes more intensive than
the traditional ones, have maintained stable forest cover and
regarding biodiversity, the optimal structural diversity. Innovative

interventions emphasize the best phenotypes and the assortments
obtained by the thinning of the proposed management options by
the project, sometimes more valuable than traditional ways.
By the proposed treatments several goals were obtained:
• Material devoted to be used for permanent employment (an

advantage in term of increased carbon permanence time in the
wood),

• Greater revenue in economic terms,
• Vantages in terms of increased diversity (structural, vegetative,

wildlife), also at the landscape scale.

Senescence Islands

In the project proposed treatments, the release of an adequate
rate of deadwood distributed in all studied forests has been fore-
seen. Other studies (Mason et al., 2016) emphasized the impor-
tance and close relation between the stage of biodiversity and the
share of deadwood in the forests. Establishment of permanent
'micro-reserves' known as senescence islands along conventional
silvicultural treatments (îlot de sénescence, ÎdS) has been applied
and adopted in many forest management experiences mostly from
France, Switzerland, Canada Slovenia and United States.

The project put in practice proposed techniques in Italy for the
first time. The IdS structures are achieved by unconventional thin-
ning interventions aimed to concentrate the forest increment in big
trees, potentially (or actually) rich of microhabitats.

The ÎdS, together with "habitat trees" and the dead wood
released on the ground, constitute a network covering the harvest-
ed areas. This network helps the forest ecosystem to quickly regen-
erate its biodiversity level after any disturbances (e.g. harvesting).

Dissemination

To inform and engage visitors and local communities, the proj-
ect included many initiatives, activities, web sites, informative
manuals (Bino et al., 2015),, newsletters (Kutnar, 2013, 2014a,
2014b; Kutnar and Vilhar, 2015; Recanatesi et al., 2014, 2015) and
articles published at different levels (De Cinti et al., 2014 and pub-
lications discussed in the current supplement).

Within such examples “educational paths” were established on
every demonstration site (Cater et al., 2014a, 2014b, 2014c). The
paths are organized by stages, with information panels describing
the operations and consequences of performed measures. Studied
parameters and measurements were illustrated.

Another example is the  fairy tale book 'The Guardians of
Nature' published in collaboration with the CFS to promote the
message of the project among teachers and children (Favero et al.,
2014).
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Figure 1. Project meeting in Arezzo with most of the project members
(Courtesy of: Umberto Di Salvatore).

Figure 2. Locations of ManFor C.BD sites. 
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Introduction

A landscape is a heterogeneous land area composed of a set of
interacting ecosystems that is repeated in a similar way over wide
areas. This landscape pattern is driven by specific climate, geo-
morphology, soils, vegetation and disturbance regimes (Forman
and Godron, 1986). Each landscape is characterized by a specific
set and amount of ecosystems (said landscape composition) spa-
tially arranged in a precise manner (said landscape spatial pattern).
Such ecosystems or landscape elements can be briefly classified,
according with their extension and form, into three types: patches
(discrete areas of relatively homogeneous environmental condi-
tions that differ from their surroundings), corridors (strips of spe-
cific ecosystem types that differ from the adjacent land on both the
sides and that represent the physical linkage between focal patches
within a landscape), and the matrix (the background land use type
in a mosaic, characterized by extensive cover, high connectivity,
and/or control over dynamics that occur within patches and corri-
dors). A landscape mosaic derives from interacting biological,
geophysical and anthropogenic driving forces that give rise to dif-
ferent land uses, infrastructures, social organizations, institutional
arrangements, and cultural, spiritual, and utility values (Frost et
al., 2006). Landscapes change constantly but in the last decades,
humans have accelerated such changes with little thought to the
cumulative impact of such transformations (EEA, 2011). Over the
last fifty years, landscape mosaics have been modified more rapid-
ly and extensively than during any comparable period in human
history, largely to meet rapidly growing demands for food, fresh
water, timber, fiber and fuel. This has resulted in substantial gains
in human well-being and economic development, and has caused
increasing costs and degradation of many ecosystems (EEA,

2005). Millennium Ecosystem Assessment states that demograph-
ic development is an essential driver for ecosystem and land use
change (Nelson et al., 2006; EEA, 2011, Kroll and Haase, 2010).

Forest fragmentation and biodiversity

Forest landscapes have played a major role in human history;
forest fragmentation has often been accompanied by the popula-
tion growth and development throughout the world (FAO, 2012).
Forest landscapes are under constant dynamic changes, driven
predominantly by changes in management practices that are
responding to social, political and economic forces (Chen et al.,
2008). The current state of forested landscapes in the world is
mainly the result of former evolution in land use (Kienast, 1993).
For instance, temperate forests in European mountain and hilly
landscapes are currently distributed in a mosaic which derives
from a long period of extensive forest exploitation and agriculture
farming (Axelsson and Östlund, 2001; Rosati et al., 2010;
Carranza et al., 2012), followed by a recent, spontaneous refor-
estation process which occurred after the World War II rural exo-
dus and abandonment of traditional agricultural practices
(MacDonald et al., 2000; Rudel et al., 2005; Carranza et al.,
2007). On the contrary, natural forests in developing tropical and
subtropical countries are among the most overexploited and
threatened forest ecosystems worldwide (Hoekstra et al., 2005).
Major tropical and subtropical forests are seriously exposed to
illegal agricultural clearing, timber exploitation, and forest fires
(Carr et al., 2009; Honey-Rosés, 2009). 

Forest fragmentation is a landscape-level process in which a
large, intact area of a single forest type is progressively separated
into smaller, geometrically altered and isolated patches (Fahrig,
2003; Forman and Godron, 1986). The extent of forest fragmenta-
tion and overexploitation, which has negatively affected and
threatened many natural forests worldwide, represents one of the
most serious causes of biodiversity loss, which in turn significant-
ly influences both ecosystem structure and function. Many studies
have pinpointed the negative effects of forest overexploitation and
fragmentation with several and long-lasting environmental and
ecological consequences (Trombulak et al., 2004; Flaspohler et
al., 2010). Forest fragmentation also affects ecosystem functions,
such as hydrological cycles and soil dynamics (Rudel et al., 2005),
climate regulation (Nabuurs et al., 2003) and biodiversity (see
Fahrig, 2003 for a review). Forest fragmentation consists of two
interdependent components: forest loss and changes in forest spa-
tial configuration (Long et al., 2010). Understanding the effects of
these processes on biodiversity is essential for a successful and
efficient future forest conservation, but the existing literature does
not propose any univocal thesis. In particular, according to the
island biogeography theory (MacArthur and Wilson, 1967), forest
fragmentation may be expected to cause a reduction in the number
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or even the extinction of native forest species at local scale
(Zuidema et al., 1996). On the other hand, Forman (1995) postu-
lates a general principle, according to which larger patches, as
environmentally more heterogeneous, host higher species richness
than smaller patches. Rosati et al. (2010) illustrated this theory
with an example on Mediterranean forests, where a positive corre-
lation between patch sizes and diversity values of vascular plants
were confirmed. Latest research on European temperate forest
established that, some plant species may be more sensitive to frag-
mentation than others (Chiarucci and Bonini, 2005; Frate et al.,
2011; Carranza et al., 2012). Therefore the analysis of some diag-
nostic groups may be more suitable than species richness per se
and could offer a useful information for the future forest conserva-
tion and management. 

Forest harvesting and forest spatial pattern 

Forest harvesting includes logging with different cutting meth-
ods. In the forest management goals multiple uses and benefits
from forests are defined. With increasing emphasis on the benefits
provided by biological diversity, the spatial pattern of managed
landscapes has become an important management consideration
(Diaz and Apostol, 1992). 

Timber extraction can be considered a human induced distur-
bance that modifies spatial pattern of forests and causes a shift in
the ecological succession (Gustafson and Diaz, 2002). Harvesting
may be considered as similar to natural disturbances such as fire
and wind events (Attiwill, 1994), because it promotes regeneration
processes and succession pathways on established gaps
(Yamamoto, 2000). For example, the residual forest patches left
after different cutting systems, may have a spatial pattern similar
to that caused by wind events. The ecological effects of timber har-
vest and natural disturbance are usually temporary and forests
grow back by secondary succession mechanisms. At the same
time, harvesting activities differ from natural disturbances in con-
trolled frequency, intensity and applied area (Gustafson and Diaz,
2002). 

The extraction of timber in natural and semi natural forests is the
primary determinant of landscape pattern in managed forests. In
particular, timber extraction has significant consequences on land-
scape features as forest patch characteristics (size and shape) and
connectivity. Forest exploitation promotes the fragmentation pro-
cesses which in turn greatly affect biodiversity (Foley et al., 2005)
and many forest ecosystem services (Gamfeldt et al., 2013).
Indeed, an important effect of harvesting practices is the creation
of new patches that differ from other forested areas in terms of
dominant vegetation type, successional stage or canopy closure. In
addition, after harvesting new edge habitats may be established,
characterized by different environmental conditions (e.g., light,
moisture) than those of interior forests (Dupuch and Fortin, 2013).
The increase of edges in the forest mosaic has consistent effects on
biodiversity, promoting the presence of a consistent cohort of edge
and clearing species (for a review see Liernet, 2004; Fahrig, 2003;
Carranza et al., 2012) and the simultaneous decrease in the number
of core and true forest species (sensu Hermy et al., 1999). 

The adopted silvicultural system significantly affects the spatial
pattern and structure of forests and also the balance between edge
and interior areas. For instance, a check-board setting, character-
ized by several small-dispersed cutting-units, always creates a
more fragmented pattern than using large clumped cutting units (Li
et al., 1993). Yet, the check-board model generates longer edges
and reduces the extent of interior habitats (Franklin and Forman,
1987). Conversely, by adopting aggregated cutting units, more for-
est interior are retained (Figure 1).

The consequences of the edge effect are species-specific since
depend on the distance between the forest interior and the forest
patch boundary (e.g., Tonti et al., 2010). In Figure 1, an example
of edge effects expanding into forests for 10 meters is presented.
The initial condition is represented in Figure 1A and shows an
uncut forest: the portion of interior forest is 3.24 ha and the portion
of edge forest is 0.76 ha. The portion of edges and core areas varies
consistently with the pattern of timber harvesting. In the reported
example we assume an area of timber extraction equal to the 50%
of the existing forest area. Adopting the check-board model
(Figure 1B) the portion of interior forest is 0.18 ha while that of
edge forest is 1.44 ha. Conversely, in the aggregated model (Figure
1C) the portion of interior forest is 1.16 ha while that of edge is
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Figure 1. Patterns of timber harvesting of the 50% of existing forests according with two spatial models: (B) check-board model and (C) aggregated
model. (A) represents uncut forests. Dark green represents interior conditions whereas light green indicates edge conditions. Aqua green represents
the harvested areas. Each cell is 0.01 ha in size of the total 4 ha area. (Modified from Franklin and Forman. Landscape Ecology 1987; 1:5-18).
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0.76 ha.
The effects of such simple example on temperate forests may be

interpreted according to research performed on European temper-
ate forests (e.g., beech forests, turkey oak forests). For instance
Rosati et al. (2010) and Carranza et al. (2012) described the pres-
ence of a rich cohort of edge and clearing vascular plant species in
mosaics characterized by long edges (small irregular patches)
whereas true forest species (sensu Hermy et al., 1999) exclusively
occur on landscapes where core conditions are dominant.

Since the spatial shape of cuttings may have an important role
for biodiversity, the spatial pattern of forest cutting for conserva-
tion purposes, should look as natural as possible (Forman, 1995;
Saura et al., 2008). Unfortunately, increasing in the intensity of
human pressure (e.g., mechanized harvesting methods) had led to
the oversimplification of landscape shapes (Carranza et al., 2007)
which could drive to a reduction of the richness of important edge
taxonomic groups. For example, Saura et al. (2008) showed that
the simplification of forest patch shape irregularity is correlated
with a decrease of plant diversity and, birds, mammals and total
vertebrate species richness in the landscape. For these reasons,
much emphasis should be given on the shape irregularity as a key
variable to be considered for the management of forest harvesting.

Final remarks

Conservation of forest landscape biodiversity and functioning
requires the ability to predict the future responses and extent of
changes in biodiversity and function of forests, which would occur
as a result of forest disturbance (Chen et al., 2008). One should
distinguish between forests, fragmented because of agricultural or
urban activities and forested landscapes, such as mosaic of mature
and regenerating stands. In particular, sustainable management of
forest landscapes requires focusing on mosaics of patches and
long-term changes in these mosaics to integrate ecological values,
such as the maintenance of forest ecosystem integrity, biodiversity
conservation, and carbon sequestration, with economic and social
purposes, such as timber and recreation. A great challenge would
represent the forest management effect to the forest structure and
biodiversity and preservation of stability and productivity of forest
landscapes.
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Forest structure is a key element in understanding functionality
and resilience of forest ecosystems (Kint et al., 2004; Zenner and
Hibbs, 2000), and is described in general terms as the distribution
of biomass, i.e. the vertical and horizontal spatial arrangement of
plant species, tree sizes, age distribution and tree canopy layering. 

Stand structure attributes are increasingly recognized as of the-
oretical and practical importance in analysing management quality
in forest ecosystems, since stand structure i) is the most manipu-
lated element to achieve management goals; ii) it is a readily mea-
surable proxy for functions difficult to be measured directly; and
iii) it has an inherent value for wood production as well as in pro-
viding externalities e.g. aesthetical values or ecological niches
(Franklin et al., 2002; McElhinny et al., 2005). Therefore the
preservation of forest structural diversity has been considered as a
key issue in the guidelines for the implementation of Sustainable
Forest Management (SFM).

Stand structure is also considered as a basic element of diversity
(Fischer and Pommerening, 2003; Staudhammer and LeMay,
2011) under central European growth conditions, where it
achieves a comparatively higher importance, as tree species num-
ber is rather low, especially in mountain forests. 

According to Pretzsch (2010), the horizontal distribution pat-
tern of trees, tree density, tree size differentiation and tree species
intermingling are the main components of stand structure. Their
analysis provides also basic elements for recognition of the inter-
tree competitive mechanisms. Main silvicultural practices as thin-
ning and regeneration cuttings, heavily affect the stand structure
and its arrangement during the full stand life-span (Bailey and
Tappeiner, 1998), with direct impacts on the wildlife populations
(Harrington and Tappeiner, 2009), tree regeneration dynamics
(Getzin et al., 2008) and understory vegetation (Kembel and Dale,
2006). Silviculture basically acts repeatedly on the aggregation
and hierarchical organization of trees at its operational patch scale.

Different approaches have been developed to study the influ-
ence of practices, on the dynamics of forest structure: the spatial
individual tree models (Lexer et al., 2000), the permanent sample
plots (Sullivan et al., 2006) and the historic management records
(Montes et al., 2005). 

Type and intensity of management do not only have influence
on the ecological processes such as nutrient cycling, decomposi-
tion rates, regeneration patterns, but also on stand structure
dynamics (Taboada et al., 2006); besides, the first physiognomic
impact of forest management reflects in forest structure.

For a successful natural regeneration, a minimum level of light
reaching the understory is required, which enables seedlings to
grow and assure a future trees’ generation, especially when the
oldest trees are at the end of their life cycle. Optimal light condi-
tions vary for different tree species, shrubs or herbs according to
their shade tolerance. The species’ shade tolerance may vary in
different ecosystems and stage of their development. Intensity,
spatial and temporal distribution of light in the understory can be
manipulated through silviculture by designing and shaping the
harvesting, according to the overstory structure of a forest stand
(Angelini et al., 2015; Battaglia et al., 2002; Beaudet et al., 2002;
Leibundgut, 1891). As every species, phenological phase and pro-
cess, such as respiration, photosynthesis, transpiration, etc.
depend on the temperature, an optimum range of temperature may
be also defined. Out of this range, the efficiency decreases rapidly.
During vegetation period, high temperature increase the respira-
tion and transpiration, creating undesirable conditions for the for-
est regeneration. Most critical are temperature drops below 0°C in
the temperate forests, especially during the vegetation phase.
Temperature cannot be manipulated directly by human practices,
even though harvesting a large area (>5 ha) can provide more con-
tinental characteristic on the local micro-climate site and increase
extreme temperatures at the ground level (Carlson and Groot,
1997; Chen et al., 1993, 1999).

Water, as another key factor determining forest regeneration
processes, is influenced by the canopy cover. Large gaps may
induce increase in evapotranspiration, which can lead into stress
conditions. In high forests, we can shape structure through silvi-
cultural measures in order to create a convenient environment for
regeneration and retrieve a profitable wood products, as well
(Carlson and Groot, 1997; Chen et al., 1993, 1999).

Thinning is a silvicultural practice following the natural process
of density reduction due to competition among trees. Both natural
and the human-induced thinning tend to alter the stand structure.
Differently from regeneration felling, thinning is applied to stim-
ulate radial growth in remaining trees and to achieve desired goal-
characteristics. Different criteria can be adopted for thinning. The
simplest is the systematic approach, which consist of a simple
geometrical rule to harvest a predefined number of trees and could
be applied in plantations with recognizable planting patterns. The
result of the systematic thinning is a simplified structure, similar
to the original in the non-thinned stands. On the other side a selec-
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Table 1. List of potential indexes to assess stand structural diversity and inter-tree competition.

Index                                                                                          Equation                                                                              Variables                         Range
                                                                                                                                                                                                                                    and reference 

                                                                                                                                                                                                                                            values
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tive thinning can be used which consist on the selection of the can-
didate trees and the elimination of direct competitors. Between
these two approaches there are intermediate approaches such as
thinning from below and thinning from above. 

The stand structure induced by silvicultural practices has a
strong impact on the growing space availability and distribution.
The complexity of the process and factors involved in the forest
ecosystems would require a very long dissertation of this issue. 

Growing space differentiation determines a larger number of
niches to be populated by more species. Avoiding systematic thin-
ning or cutting on large areas (more than 1 ha) may increase
species’ richness (Torras and Saura, 2008). Additionally, selective
thinning should be preferred since it promotes higher structural
diversity (Gracia and Retana, 1996).

Secondly, the scale of differentiation depends on the trade-off
between economic and ecological efficiency. The approach to
determine the proper scale should be based on the minimal eco-
nomic efficiency. If there is no economic convenience, there is no
need to increase the differentiation scale of growing space.

The multidimensional character of forest stands makes it hard to
describe their own structure (Beckschäfer et al., 2013). An impres-
sive number of indexes have been consequently developed
(Pommerening, 2006) as proxies of the forest structure (Corona et
al., 2005; Neumann and Starlinger, 2001). Traditionally, forest
structure may be divided into horizontal and vertical components.
Table 1 summarizes a selection of spatially explicit and not spatial-
ly explicit indexes. This list is not exhaustive of all possible stand
structural information, but represents a comprehensive selection of
main structural and competition indexes.
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Introduction

For generations, people have looked on deadwood as something
to be removed from forests, either to be used as a fuel, or simply
as a necessary part of “correct” forest management. Deadwood is
supposed to harbour disease and even veteran trees are often
regarded as a sign that a forest is being poorly managed. Breaking
up these myths will be essential to preserve healthy forest ecosys-
tems and the environmental services they provide. In international
and European political processes, deadwood is increasingly being
accepted as a key indicator of naturalness in forest ecosystems
(MCPFE and EfE/PEBLDS, 2004). Forest policies have recog-
nized the need to preserve a wide range of forest ecosystem ser-
vices, such as the conservation of biodiversity (Nelson et al.,
2009). This can be done by including deadwood in national biodi-
versity and forest strategies, monitoring deadwood, removing sub-
sidies that pay for its undifferentiated removal, introducing sup-
portive legislation and raising awareness. 

The importance of deadwood in forests has been partially doc-
umented, and can be divided into the following inter-related cate-
gories (Harmon et al., 1986):
• Forest productivity;
• Providing habitat and structure to maintain biological diversity;
• Geomorphology of streams and slopes; 
• Long-term carbon storage.

The importance of each abovementioned parts varies through-
out the bio-geographical areas due to natural disturbance type, cli-
matic zones and moisture regime. 

The ecological role of deadwood

Deadwood may add a significant amount of organic matter to
the soil, provide habitat for decomposer organisms, retain mois-
ture through dry periods, offer a refuge for ectomycorrhizal roots
and their associated soil organisms, provide a site for asymbiotic
or associative nitrogen-fixing bacteria, represent a capital pool of
nutrients for the ecosystem, provide a site for the regeneration and
contribute to soil acidification and podsolization (Christensen et
al., 2003; Kruys and Jonsson, 1999).

All size classes of decaying pieces of wood contribute to the
long-term accumulation of soil organic matter because the lignin
and humus of well-decayed wood are rich in carbon constituents
(Maser et al., 1988). Deadwood improves the water holding
capacity and structure of the soil. In order to protect the productive
potential of a forest soil, a continuous supply of organic materials
is preferable.

Deadwood can also contribute to nutrient storage, which
includes the nutrients accumulated in the woody bole, large
branches, roots and stumps during tree growth and the nutrients
added from litterfall and throughfall (rain falling through the for-
est canopy) being intercepted by a down log rather than falling on
the forest floor. If the nutrients are added faster than they are
leached by rain, the result is positive nutrient storage. As the wood
decays, the nutrients are added to the available pool. Mechanisms
for removing the nutrients from deadwood and adding them to the
available pool vary in relation to climatic conditions, forest struc-
ture and soil characteristics (Laiho and Prescott, 2004). When
these mushrooms fall off the logs and decay, they are returning
nutrients from the downed wood into the available nutrient pool.
Arthropods and earthworms digest the complex, organic
molecules in down wood with the help of microorganisms in their
digestive systems and return the nutrients to the forest in their
frass. Thus, deadwood can be a reliable and steady source of nutri-
ents over more than 100 years. When coarse woody debris is
added to the ecosystem at regular intervals and is well distributed,
it represents a long-term source of nutrients (Keenan et al., 1993).

In some wet ecosystems, the tree seedlings with the best chance
of success are those that germinate on large pieces of woody
debris (Harmon et al., 1986). The understorey is dense, so no light
reaches seedlings on the forest floor. The decaying woody boles
provide a platform for successful germination and growth
(Lambert et al., 1980).

Deadwood also contributes to the soil formation and stabiliza-
tion, supporting biological organisms and interactions that are pre-
cious for the forest ecosystem health. This involves soil arthro-
pods, fungi, bacteria, animal waste and among other things,
decaying wood. 

There is no doubt that deadwood plays an important part in cre-
ating habitat for many plant and animal species in forests ecosys-
tems. Particularly, deadwood provides sites for nests, dens and
burrows; habitat for microbial decomposers (e.g., bacteria, fungi

Correspondence: Boštjan Mali, Department of Forest and Landscape
Planning, Slovenian Forestry Institute, Večna pot 2, 1000 Ljubljana,
Slovenija. 
E-mail: bostjan.mali@gozdis.si

Key words: biodiversity indicator, forest management, monitoring,
deadwood type, wildlife habitat.

©Copyright  F. Lombardi and B. Mali, 2016
Licensee PAGEPress, Italy
Italian Journal of Agronomy 2016; 11(s1):1-175
This study was supported by the project LIFE+ ManFor C.BD (LIFE09
ENV/IT/000078)

This article is distributed under the terms of the Creative Commons
Attribution Noncommercial License (by-nc 4.0) which permits any non-
commercial use, distribution, and reproduction in any medium, provid-
ed the original author(s) and source are credited.

Deadwood as a driver of forest functions
Fabio Lombardi,1 Boštjan Mali2 

1Department of Agriculture, Mediterranean University of Reggio Calabria, Italy
2Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana,
Slovenia

                                                   Italian Journal of Agronomy 2016; volume 11(s1)

                                                                           [Italian Journal of Agronomy 2016; 11(s1)]                                                            [page 23]

Non
-co

mmerc
ial

 us
e o

nly



and actinomycetes); a primary energy source for a complex food
web; hiding cover for predators and protective cover for their prey;
moist microsites (e.g., for amphibians, insects, worms, plants,
ectomycorrhizal fungi and tree roots); travel-ways across streams,
across the forest floor, beneath and through the snow; refugia dur-
ing disturbance and environmental stress (e.g., low moisture and
temperature extremes).

Deadwood represents a structural link with the previous stand
form in some natural disturbance types, and continuity of habitats
for some species (Hansen et al., 1991). Carey and Johnson (1995)
reported that along with understorey vegetation, coarse woody
debris is the most important habitat factor for small mammals.
These latter help to sustain the ecological processes in which they
are an integral part (e.g., the dispersal of seeds and mycorrhizal
fungi spores, the maintenance of healthy predator populations, and
the control of potentially harmful invertebrate populations)
(Hanski, 1998).

Arthropods are one of the most diverse groups of animals and
one of the least understood. Soil microarthropods, although largely
unidentified, are the most important arthropods in terms of their
impact on nutrient cycling. Groups of them associated with dead-
wood have been shown to increase the availability and suitability
of organic particles for decomposer communities, and contribute to
nutrient cycling and soil formation (Setälä and Marshall, 1994).

Many nonvascular plant species and fungi are associated with
deadwood. The diversity of these species is related to the diversity
of substrates, including a variety of decay stages, and has been
linked to forest health (Amaranthus et al., 1994; Stelfox, 1995).
Variability in piece size contributes to this diversity. Some
bryophytes and fungi are restricted to very large pieces
(Soderstrom, 1988). 

Deadwood is also important in the geomorphology of terrestrial
ecosystems, due to the physical properties of large pieces of wood.
Upland sources of deadwood contribute to slope stability, soil sur-
face stability, prevention of erosion and control of storm surface
runoff. Particularly, on a steep slope, deadwood plays a crucial role
in soil stabilization, controlling the flow of water, soil and litter
across the forest floor. Material in any decay class, lying across the
slope will reduce soil movement down-slope. 

Finally, deadwood plays also a wider role by storing carbon to
mitigate global warming as efficiently as many young timber plan-
tations (Stevens, 1997). 

As the reality of climate change is widely recognised, carbon
sequestration (the storing of carbon in ecosystems) is gaining
attention as one way of reducing greenhouses gases (Dixon et al.,
1994). Major forest carbon pools include trees, understorey vege-
tation, deadwood, litter, and soil. Deadwood is important as it is
both a store and source of carbon but is generally the less studied
of the carbon pools. This will now change because national carbon
inventories are required under the Kyoto Protocol of the 1992
United Nations Framework Convention on Climate Change
(Woldendorp et al., 2002). Initial discussion on carbon storage
focused on fast-growing rotations of exotic plantations.

However, while these can quickly accumulate carbon, storage is
very temporary: average retention time of carbon in plantation
trees is only a few years because most of the fibre is used in paper
and other short life products that are either burned or degrade
quickly in landfill. Deadwood itself releases carbon to the atmo-
sphere -becoming a carbon source- during microbial respiration
from decomposer organisms. But in terrestrial ecosystems in cool
climates, microbial activity is restricted and decomposition very
slow, so that deadwood tends to act as a long-term storage site
(Angers et al., 2010). 

Deadwood in forest ecosystems

In forests, a deadwood biomass, which is mostly result of the
mortality (natural and human-induced), is composed of different
types of dead and dying woody material, occurring in numerous
forms with various decaying rates. Although deadwood has been a
subject of many studies, there is a large variability of definitions
for deadwood, which manly depend on the aim for which the study
is carried out (Rondeux and Sanches, 2010). While some authors
distinguish only two types of deadwood (standing and lying dead-
wood), a more detailed classification with four or five deadwood
components is used by others (Merganičová et al., 2012). There are
also differences concerning the use of terminology. In English-
speaking countries most often the term woody detritus or debris
instead of deadwood is used to describe dead and decaying pieces
of wood. For example, in earlier studies by the term coarse woody
debris (CWD) was meant snags, logs, chunks of wood, large
branches and coarse roots with variable minimum diameters
(Harmon et al., 1986). However, some other studies defined CWD
as a total woody necromass found in the forest, including the
woody fruits, buried wood and stumps (Pyle and Brown, 1999).
There also exists a discrepancy in the understanding of snags and
stumps between some authors (Merganičová et al., 2012). Beside
the difficulties with definitions and terminology, another important
issue refers to methods employed for deadwood assessment. 

A wide range of sampling techniques exists, such as sample plot
inventory, strip surveying, line intercept sampling, adaptive cluster
sampling, point and transect relascope sampling, and guided tran-
sect sampling (Ståhl et al., 2001; Ritter and Saborowski, 2012). As
there is no unique international standard for terms, definitions and
methods for deadwood, the estimates are generally not comparable
between different countries (Harmon and Sexton, 1996; Rondeux
and Sanchez, 2010), although it may be achieved using two possi-
ble approaches, standardization or harmonization (Rondeux et al.,
2012).

Different quantitative and qualitative indicators may assess
deadwood. In Europe, deadwood volume is used as one of the most
important indicators of forest biodiversity and is a focal compo-
nent of forest monitoring (Lassauce et al., 2011). The volume of
deadwood share is generally smaller in managed forests than in
natural forests (Lombardi et al., 2008; Jonsson and Siitonen,
2012a). Some studies have reported that quantity of deadwood in
managed forest ranges between 2 and 8 m3 ha-1 (Lombardi et al.,
2008), representing only values of 2-30% of the quantity in
unmanaged forests (Fridman and Walheim, 2000; Siitonen, 2001;
Lombardi et al., 2008). While the amount of deadwood in man-
aged forest depends mostly on the history and type of forest man-
agement (Green and Peterken, 1997; Bobiec, 2002; Banaś et al.,
2014), the amount of deadwood in unmanaged forests is deter-
mined by stand productivity and mortality. In these forest stands,
the volume of deadwood is usually higher. As example, in natural
and semi-natural temperate forests, estimates of deadwood volume
are often in the range of 14-222 m3 ha-1 (Bretz Guby and
Dobbertin, 1996). The most important primary mortality factor in
young stands entering the stem-exclusion stage is competition,
whereas in old-growth stands the mortality is mostly governed by
the natural disturbances (Jonsson and Siitonen, 2012a). According
to the review of Schelhaas et al. (2003) natural disturbances in the
European forest caused in the period 1950-2000 a damage of 35
million m3 of trees. In addition to the influence of different forest
management and disturbance regimes, the amount of deadwood in
forests depends on variables, such as forest type, its developmental
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stage, local soil and climatic characteristics (Lombardi et al.,
2008). Opposite to this, Böhl and Brändli (2007) reported that little
evidence of correlations between deadwood volume and such
parameters as management, site or stand attributes is evident. 

At the stand scale, a high amount of deadwood under natural
conditions not only leads to a larger diversity of substrates, but also
to a higher deadwood surface area (Lachat et al., 2013). At first,
higher amounts of available deadwood lead to more dead-wood
surface area that according to the island theory therefore a higher
species number on sampling units with a larger surface can be
expected. Secondly, larger surface areas lead to more different
available habitats (Müller and Bütler, 2010). Not only the volume,
but also maintaining diverse qualities of deadwood in terms of tree
species, decomposition stage, diameter, decay class, and type has a
positive effect on the conservation of saproxylic species assem-
blages (Lachat et al., 2013).
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Introduction

Silviculture is the art and science of managing forests to obtain
a variety of their goods and services for humans (Graham and
Jain, 1998; Fujimori, 2001; de Groot et al., 2002; Schütz, 2003).
Its development goes back to the 19th century, when societies in
many European regions began develop concepts for sustainable
use of forest resources due to the wood crisis and exacerbating for-
est conditions, both caused by the former unregulated and inten-
sive wood harvesting (Johann, 2006). Early steps towards sustain-
able forest management represent the Cotta (1804) and Hartig
(1804) forest area and forest volume allotment methods and the
Judeich forest age-class method (von Gadow, 2005). The aims of
all the three approaches were to establish homogeneous even-aged
forest stands with the maximized timber yields (Pukkala and von
Gadow, 2011). 

A significant breakthrough in silviculture was made by Gayer
(1898). Unlike Cotta and Hartig, both advocating pure stands, he
promoted irregularly-structured mixed forest stands and thus
introduced irregular shelterwood silviculture system and close-to-
nature silviculture science and practices (Schütz, 1999a, 1999b;
Pommerening and Murphy, 2004; Diaci, 2006a). Equally impor-
tant are the contributions of Gurnaud, Biolley (Schütz, 1999;
Biolley and Favre, 1980) and a number of forest practitioners and
scientists from other countries, who independently developed in
implemented the selection silvicultural system (Diaci, 2006a;
Bončina and Čavlović, 2009). All presently known silvicultural
systems have evolved from two contrasting silvicultural systems
such as the clearcutting and the selection system. The basic differ-
ences between them lay in the harvest and regeneration patterns,
both generating either even-aged or uneven-aged stand structures

(Fujimori, 2001; Diaci, 2006b). Although both systems are artifi-
cial, their impacts are comparable to the impacts of natural forces
such as large and small-scale wind and snowstorms, forest fires
and other hazards (Perera et al., 2007). Between the two extremes
reside a large group of shelterwood systems that comprise regular
and group shelterwood systems at one side and irregular shelter-
wood systems at another. While the first two reflect the features of
clearcutting systems such as the removal of old-growth tree
cohorts in two or more harvests within a short period of time
(Fujimori, 2001; Diaci, 2006b), the irregular shelterwood systems
are characterized by long regeneration periods, different regener-
ation patterns (e.g. regeneration in patches, extended patches and
irregular over a stand) and different concentration of harvests
(Table 1). In comparison to regular shelterwood systems, the irreg-
ular shelterwood systems are characterized by irregular single-tree
and grouped-tree cohorts that are more or less irregularly dis-
tributed across forest stands (Raymond et al., 2009). For a consid-
erable length of time silvicultural systems have been developed
for intensifying the wood production. By contrast, present silvi-
cultural systems, grounded on the principles of spatial order,
regeneration and tending of forest stands (Diaci, 2006b) aim to
assure and provide a number of additional forest ecosystem goods
and services such as water supply, sustaining and improving reten-
tion capacity of soils, mitigation of erosion, air filtering, carbon
storage, recreation, leisure, and so forth.

Types of forests in test sites

Even-aged pure beech forest
The largely prevailing customary technique is the mass tending

of standing crop to get stems sized and shaped likewise within the
planned rotation. Low (young stage) to mixed (following stages
up to harvesting) thinnings rule cultivation criteria following the
mass regeneration pattern under the shelterwood system. Such
technique is suited to beech requirements and well matches the
specific bio-ecological attributes, i.e. the mass regeneration, the
shade tolerance of beech, the natural trend to build up evenaged,
one-storied stands, and is aimed at getting quality timber
(Hofmann, 1991; Del Favero, 1992; Piussi, 1994; Bernetti, 1995;
Schütz, 1997). The shelterwood system is applied at different spa-
tial scales according to the ‘group’ or ‘uniform’ system, depending
on the evenness of site and standing crop as for dominant age, site
class, etc. The group system itself varies as for the area of inter-
vention from a minimum of less than half of hectare up to a few
hectares at a time. Much more recently, the technique known as
‘single tree-oriented silviculture’ is being applied into a few pre-
alpine forest districts. It foresees the early selection of a variable
number of final crop trees which are then submitted to a special
tending care to get high quality trees in terms of crown develop-
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ment, optimal stem size and attributes at the end of their cultivation
cycle. The catchword of this technique is ‘getting 80% of revenue
by 20% of crop trees’ (Bastien, 1997; Wolynski, 2002a, 2002b). 

The Apennines deciduous oak-mixed broadleaved
forest 

The long-lasting cultivation history and the irregular sequence
of manifold uses, to which these forests were submitted over cen-
turies, makes it difficult to define an optimum for wood produc-
tion, since the type itself of production spans from firewood to tim-
ber. The high variability too of physical environment within the
vegetation area originates a number of patches differentiated as for
site-index and tree species composition, Turkey oak (Quercus cer-
ris L.) (main tree sp.), beech (Fagus sylvatica L.), common maple
(Acer campestre L.), hop hornbeam (Fraxinus ornus L.), for
growth pattern and regeneration ability. Most of standing crops are
made up of trees regenerated from the seed and from agamic
regeneration on the same ground. The resulting optimum for wood
production is a silvicultural management, flexible enough to: i)
increase the value of single trees and of tree species valuable for
timber production; and ii) harvest firewood, where this production
is still the main foreseeable outcome. That means an approach able
to recognize in advance the potential target production at the patch
scale and to put in practice the more effective tending at each time
across the forest (Piussi, 1994; Bernetti, 1995).

The uneven- and even-aged Alpine mixed coniferous
forests

Two forest types are grouped here. A typical Alpine, uneven-
aged mixed forest and an even- aged forest. Both semi-natural and
reforestation forests are represented in a wide range of age-spans
within this type. As for the uneven-aged stands, the heritage selec-
tion system still provides the more effective operational technique
for the production of quality timber. Usually, the more valuable
tree species are being promoted over the cultivation cycles and one
(two) main species are prevailing in the standing crop, e.g. Norway
spruce (Picea abies. K.) with silver fir (Abies alba Mill.) or
European larch (Larix decidua Mill.) and beech (Fagus sylvatica
L.) /other broadleaves as accompanying species. 

Within the even-aged forests from reforestation, pure as a rule,
as well as within the semi-natural pure or mixed forests, the clear-
cut system, arranged in all its versions as for spatial arrangement
and widths, is the most used harvesting technique. The ways adopt-
ed are targeted to promote the regeneration of favourite species.
Pre-commercial thinnings are no more undertaken because of their
quite null revenue or carried out by machinery (feller/harvester and
forwarder). The following crop tending up to regeneration are
made up of thinnings aimed to reducing tree competition enough
to get a standing crop made by the awaited stem size and quality at
the time of final harvesting (Piussi, 1994; Bernetti, 1995, Piussi e
Alberti, 2015).
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Table 1. Basic features of silvicultural systems (Diaci, 2006b; Raymond et al., 2009).

Silvicultural       Clearcutting       Clearcutting             Shelterwood            Shelterwood           Irregular                           Irregular                 Irregular              Selection             Selection
type                                                                                                                                                        shelterwood                      shelterwood            shelterwood

Specific name      Clearcutting         Clearcutting                  Uniform                     Group-              Expanding-                         Continuous               Extended;                 Group              Single-tree
                                                                  with                     shelterwood              shelterwood                 gap                                     cover                      Delayed                selection              selection
                                                               reserves                                                                                    Bayerischer                         Badischer,              regeneration 
                                                                                                                                                                Femelschlag                    Schweizerischer                                                                                
                                                                                                                                                                                                            Femelschlag
Age                       Even-aged/          Even-aged/                 Even-aged/                Even-aged/         Uneven-aged/                     Uneven-aged/           Uneven-aged/       Uneven-aged/      Uneven-aged
arrangement          whole stand         whole stand                whole stand              whole patch    gap, group of trees               parts of a stand,       parts of a stand         even-aged                   
                                                                                                                                                                                                                   gaps                                                 only in groups 
                                                                                                                                                                                                                                                                                  of trees
Regeneration           Artificial              Artificial,                   Artificial,                  Artificial,               Natural                                Natural                      Natural                  Natural                Natural
origin                                                      natural                        natural,                      natural,                        
                                                                                                 combined                  combined
Regeneration       Concentrated,      Concentrated,            Concentrated,           Concentrated,       Concentrated                     Irregular foci,          Concentrated,            Irregular,             Irregular,
pattern                     large foci              large foci                    large foci                   large foci           and irregular                       continuous                large foci             continuous         continuous
                                                                                                                                    in patches                   foci                               recruitment                                             recruitment        recruitment
Harvesting                Strips,                  Strips,                    Tracts, parts                Seed-cut,            Single trees,                        Single tree,              Single tree,          Tree groups,        Single trees 
intensity                     tracts,                   tracts,                      of a stand                final cut of a       group of trees                    group of trees               group of              single trees                   
                              whole stand         whole stand                                                        patch                   in a gap                                                              trees, tracts                                                  
Final cut                       Yes                       Yes                              Yes                            Yes                   Optional                                  No                        Optional                     No                       No
Horizontal                 Single                  Single                   Two cohorts,            Two cohorts,           Irregular,                         Irregular, mix            Two cohorts         Irregular, mix     Irregular, mix 
structure                     cohort                   cohort                    single cohort            single cohort           mosaic of                       of cohorts and                                        of cohorts and       of trees  of 
                                                                                                 after final                  after final               cohorts                                  trees                                                         trees                 different 
                                                                                                   harvest                       harvest                                                                                                                                                              DBH
Vertical                    Regular,               Regular,                     Regular,                  Regular at             Regular at                            Irregular                  Regular at               Regular              Irregular
layer                         one layer              one layer                    one layer                  patch scale             gap scale                                                              group or            at group scale
                                                                                                                                                                                                                                                 strip scale                                                   
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Perspectives: factors and practices putting at
risk the wood production, other forest goods
and ecosystem services 

The recent changes in forest management goals, i.e. the fulfil-
ment of emerging other functions besides wood production, the
concurrent unclear re-assessment of a prevailing function per for-
est compartment or per defined forest patches, resulted both in the
generalized decrease of wood exploitation and in the prolongation
of customary rotations, as well. The age of harvesting has become
a somehow flexible concept and forests are experiencing the
lengthening of customary stand life span. Consequently, large for-
est areas are currently managed over the traditional rotation or are
in a post-cultivation stage, i.e. no more managed. Where the inter-
mediate harvestings (thinnings) are being applied, right the former
criteria of wood production-oriented silviculture are anyway, even
if less intensively, practiced. All of this, in spite of the older stand
ages reached in the meanwhile and of the perspective of a pro-
longed life-span. An early, exploratory phase between the technical
and the biological permanence-time is therefore in progress in
many public forests. (Guidi and Manetti, 2000; Fabbio et al., 2000;
Becagli et al., 2013; Fabbio e Bertini, 2008; Fabbio et al., 2016). 

Under such conditions, stands are getting thicker and older,
growing stocks are increasing and symmetrical tree competition
acts as a lasting attribute. The diffuse protection regime in terms of
cover, the onset of additional binding forces to the implementation
of a pro-active management, the less profitable wood harvesting,
the other than productive functions prevailing, contribute to the
current condition (MCPFE, 2011). 

This occurrence, and the shift towards less favourable environ-
mental conditions, may in short- to medium-term cause the
decrease in forest capability for providing the multiple ecosystem
goods and benefits through own woody and non-woody produc-
tions, the protective and recreational services and the inherent bio-
logical diversity as well.

Uneven-aged Dinaric fir-beech forests
A region spanning between the forested plateaus of Kočevski

Rog and Trnovo is home to the largest forested complex in
Slovenia. Its forests mostly belong to the group of unevenly-aged
Dinaric fir-beech forests, which is the nation’s second largest by
size (Dakskobler, 2008) and the largest in the high Karst region.
The forests experience extreme temperatures (min. -30°C, max.
35°C) and annual precipitation exceeding 1500 mm (Puncer,
1980). Less diverse are geological conditions as the largest portion
of the area lays on the carbonate parent rocks (Puncer, 1980).

According to phytosociological nomenclature (Weber et al.,
2000), the forests formerly termed Abieti-Fagetum dinaricum
(Puncer, 1980) have recently been renamed to Omphalodo-
Fagetum (Marinček and Košir, 1998; Surina, 2002). Although
shade tolerant species such as silver fir (Abies alba Mill.) and
European beech (Fagus sylvatica L.) are the predominant species
of this forest association (Puncer, 1980), because of the associa-
tion’s wide ecological amplitude and local influences of edaphic
factors, many other tree species such as Norway spruce (Picea
abies Karst.), sycamore (Acer pseudoplatanus L.) and Norway
maple (Acer platanoides L.), wych elm (Ulmus glabra Huds.) may
also be admixed (Puncer, 1980). 

Because of demands for wood, these forests have undergone
intensive management actions for at least two centuries (Kordiš et

al., 1993). Uncontrolled harvesting, aiming at fulfilling the needs
of mines, glassworks, industry and local residents, was replaced by
the regular management at the turn of the 19th century.
Consequently, previously used purposive cutting and clearcutting
have largely been replaced by the seed-tree and selection (plenter)
silvicultural systems (Kordiš et al., 1993), both favouring fir as the
main species. The selection system was introduced by Hufnagel
(1892) and Schollmayer (1906). 

Centuries long extensive forest management naturally had
strong impacts on the stands’ tree-species compositions, their hor-
izontal and vertical structures and standing volumes. As most of
the stands were even-aged and saw log-sized (Bončina, 2011;
Bončina et al., 2014), the forests were gradually transformed to
uneven-aged by means of selection system, irregular shelterwood
(i.e., expanding-gap and extended shelterwood) and their combina-
tions (Mlinšek, 1972; Kordiš et al., 1993; Klopčič and Bončina,
2011). Finally, since 1990, the nature-based forestry doctrine char-
acterized by natural regeneration, naturalness based on the Tuxen
potential natural vegetation models (Westhoff and Van Der Maarel,
1973), tree-species composition as an ideal composition, small-
scale management actions and long rotation periods, has been per-
vading the Slovene forestry (UrL RS, 1993-2014; Čas et al., 2011).

The recent assessment of regional forest management plans for
the period 2010-2020 has revealed that the current forest manage-
ment practices used in Slovene forests are not optimal (Čas et al.,
2011). For a variety of reasons, the annual harvest estimated to the
47% of gross annual increment (ca. 5 million m3 per year) is con-
siderably smaller than the allowable annual harvest that should
have reached 75% of gross annual increment in the period 2010-
2020 (UrL RS, 2007; Kovač, 2014). Additionally, about a half of
the present mature, that is saw log-sized forests is over-aged,
forests in general are insufficiently regenerated and many of them
also lack the recruitment of dominant and co-dominant species into
the crown canopy (Čas et al., 2011; Kovač, 2014). As the historical
reference overview shows, many of these problems are long-last-
ing (Pipan, 1967; Gašperšič and Kotar, 1986). 

Similar conditions prevail in the Dinaric fir-beech forests, which
do not develop sustainably (Kadunc et al., 2011a, 2011b, 2011c).
Not only the high shares of old growth forests and the insufficient
share of young phases are problematic, an insufficient recruitment
of fir into the canopy layer, caused by ubiquitous deer herbivores
also represents a serious problem (Klopcic et al., 2010; Nagel et
al., 2014) and the natural expansion of beech, which is taking back
the space in which it was suppressed at the turn of the 19th century
(Mlinšek, 1964). As assumed, both phenomena are altering these
forests into pure beech or mixed broadleaved forests and thus
change their ecological character and decrease their spatial extent
(Kovač et al., 2016). In addition to both factors, also problematic
is small-scale forest opening, not allowing more massive recruit-
ment of diverse tree-species into the crown canopy. 

A more courageous regeneration process with higher harvesting
and regeneration areas is thus a logical management option
(Kadunc et al., 2011a, 2011b, 2011c). In comparison to the present
way of regenerating, its major strengths are: i) potential capability
for the recruitment of all kind of tree species (light and shade-tol-
erant species) into the crown canopy; ii) better chances for poten-
tially sufficient regeneration and, in terms of developmental phas-
es, more balanced forest development, i.e. what can provide
ecosystem functions and services to the society in the long run; iii)
timely harvesting that helps sustain ‘vital and healthy’ forests,
potentially more resistant to disturbances; iv) good wood quality.       
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Introduction

Insects are a diverse group of terrestrial organisms, counting at
least one million of species and undoubtedly the predominant
portion of animal biomass, consequently representing an essential
component of every terrestrial environment. They are too often
simplistically perceived as a simple nuisance or as pests due to
the significant economic damages caused by a relatively small,
but notable percentage of species. However, the ecological role of
insects in forests is significant. Indeed, the present environment
is the result of hundreds of millions of years of co-evolution
between insects and plants, giving rise to the present biodiversity
and complexity (Grimaldi and Engel, 2005). Due to their abun-
dance and prevalence in forests, insects play a very important role
in food webs and energy flows through different trophic levels.
The variegated relationships between plants and insects vary
from antagonist, such as in case of phytophagous and
xylophagous species, to strictly mutualistic in case of pollinators.
In turn, herbivore species are preyed by insect predators and par-
asitoids, which are often the best regulators of their populations.
The richness of insect populations directly mirrors the diversity
and abundance of vertebrates that directly feed upon them or indi-
rectly depend on the plants/insects interactions (Price et al.,
2011). Finally, the rich community of detritivore and
saprophagous insects contributes to the decomposition of organic
matter and recycling of energy and nutrients, facilitating the col-
onization and the action of bacteria and fungi, thus actively par-
ticipating in the complex dynamics of pedogenesis (Price et al.,
2011). The spatial structure and the presence of dead or decaying

wood are key components in forest environments, noticeably
influencing insect diversity and their richness by supplying dif-
ferent microhabitats and triggering adaptations to specific niches
(Campanaro et al., 2011; Stokland et al., 2012). Saproxylic
organisms include a vast array of species depending, in at least
one stage of their life cycle, on dead or decaying wood, or upon
other organism living on this type of substrate (Speight, 1989);
not surprisingly most of them are represented by insects and other
arthropods. Many saproxylic insects are xylophagous, therefore
directly degrading deadwood by feeding on it; this category
includes many species with wood boring larvae, mainly belong-
ing to Coleoptera but also members of other orders such as
Hymenoptera Symphyta, Diptera and some Lepidoptera. These
groups can be divided in primary and secondary saproxylics,
according to the sequence on which they colonize the substrate:
the first ones live on recently dead wood, while the seconds settle
in more advanced stages of wood degradation (Campanaro et al.,
2011; Stokland et al., 2012). A diverse community of predators
and parasitoids both at the adult and larval stages attacks
xylophagous species, while mycophagous species feed on the
fungi growing on the wood. Finally, in the last stages of degrada-
tion, when wood loses its structure, it is colonized by a commu-
nity not dissimilar from that of leaf litter, mainly composed of
detritivores and fungivores (Campanaro et al., 2011; Stokland et
al., 2012). The important role of insects in these environments,
their diverse habitat requirements, ecological niches and notably
their rapid responses to environmental changes, allow to consider
some insect groups as excellent bioindicators of management and
consequently of state of preservation of forests. Indeed, the strict
relationship between saproxylic insects and the amount and type
of dead wood implies a very strong sensitivity to forest manage-
ment practices. Optimal management options to preserve this
taxon in managed forests are discussed in the following para-
graphs and summarised in Table 1.

Landscape structure and insect diversity

At the landscape scale, insects populations interact, supplying and
receiving colonists, and may suffer local extinctions (Price et al.,
2011). The colonization of new habitats is particularly important for
saproxylic species since their fundamental substrate, deadwood,
decays and progressively vanishes (Jonsson, 2012).The appreciation
of the transient nature of the key microhabitats of these organisms is
fundamental to understand how their preservation in a forest land-
scape cannot be ensured considering only habitat amount, but should
include temporal and spatial availability (Jonsson and Ranius, 2009).
For bark beetles for example, depending on scattered and ephemeral
resources, a habitat patch maybe suitable for just one generation
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(Lieutier et al., 2004). These organisms have evolved high dispersal
abilities, and the individuals can travel several kilometres of
unfavourable habitat to reach new breeding sites (Bouget et al.,
2015). Saproxylic beetles present a very diverse range of dispersal
abilities, with sex-dependent variations related to colonization
behaviours (Bouget et al., 2015). The importance of forest continuity
for species’ persistence is probably correlated with the prevailing dis-
turbance regime, with forest types characterized with stand-scale dis-
turbance hosting species with more efficient dispersal compared with
forest dominated by gap-phase disturbance (Jonsson, 2012). Forest
patches isolation affects the exchange of individuals between popula-
tions (Do and Joo, 2013), and suitable habitats could be unoccupied
because of isolation from neighbouring populations. Patch size
affects the richness of forest species (Ouin et al., 2006): in many
cases an increase of species diversity with forest patch size has been
observed, and a decrease below a certain threshold. For carabid bee-
tles for example, it is known, that they favour forest patches bigger
than 1 ha (Malmyszko and Sklodowski, 2011). For less mobile
species groups, like Collembola, lower threshold should be sufficient
(Heiniger et al., 2014). The metapopulation approach could guide
landscape management with predictive models, in order to reduce
extinction rates and increase colonization rates, through habitat
restoration and creating stepping-stones to increase patch connectiv-
ity (Thomas and Hanski, 2004). 

The implementation of ecological networks requires mainte-
nance of both spatial and temporal heterogeneity, in a complex
mosaic of patches of the same seral stage (Pryke and Samways,
2015). Agrosilvopastoral systems contributed to the preservation
of high levels of saproxylic diversity (Ramirez-Hernandez et al.,
2014). This traditional management brought an increase of land-
scape heterogeneity and a high availability of senescent trees,
and could be restored to effectively preserve forest landscape
biodiversity. The restoration of natural forest properties should
be planned on an extensive landscape scale and the potential
species pools. However, if the region has suffered a long and
intense exploitation the success of the operations maybe more
problematic (Kouki et al., 2012). In fragmented landscapes, the
consideration of multiple spatial scales together with short and
long-term dynamics of substrate availability (Bergman et al.,
2012) represents the future challenge for saproxylic biodiversity
conservation.

Forest management and insect biodiversity 

Forest type, stand age, openness, structure, heterogeneity and
humus layer influence the distribution of invertebrates. Most of these
factors can be affected by forest management. Forest type strongly
influences insect species composition (Bankowska, 1980; Franklin et
al., 2003; Buse et al., 2013). Thus, the comparison of different forest
types, such as mountainous versus lowland, deciduous versus conif-
erous, temperate versus Mediterranean and pioneer versus old growth
forests, highlights important differences in species composition. In
particular, host specific herbivores and wood boring insects and their
specialist natural enemies, such as parasitoids, are confined to certain
forest types. Oak forests are known to have the largest diversity of
insects. Many insect species included in the Habitats Directive
(92/43/EEC) like Lucanus cervus and Cerambyx cerdo are specialists
on oak trees. Beech forests harbour a lower insect diversity, but still
host species included in the Habitats Directive (e.g., Rosalia alpina
and Morimus funereus). The smallest diversity maybe found in conif-
erous forests. Although every forest type is characterized by its own
species composition, the tree diversity strongly influences communi-
ties. Indeed higher tree diversity equals insect abundance and variety
(Sobek et al., 2009a; Sobek et al., 2009b; Sobek et al., 2009c). 

Forest age is an important driver of species composition.
Assemblages of open habitat species change into old forest species
assemblages in a gradient from clear cut to old forests. Woodland
species tend to be more abundant between 30 and 60 years after
cutting, suggesting a correlation with the canopy closing (Koivula
et al., 2002; Niemela et al., 2007). In a Norway spruce stand it was
found that the age category of 70 to 75 years gave the highest num-
ber of forest species of multiple taxa, while in later stages the num-
ber decreased again (Purchart et al., 2013). The influence of the
age stand on forest insect assemblages depends on forest type,
however one of the main determining factors is the closing of the
canopy.

Forest gaps increase landscape diversity and have great effects
on invertebrate diversity. Gaps are mainly used by pioneer species.
Forest species facultative use gaps for food resources or group
there for reproduction (Chiari et al., 2013). Hoverflies frequent
gaps mainly to feed on nectar (Gittings et al., 2006), while some
beetles use stumps in gaps for reproduction (Hardersen et al.,
2012). The question what gap size would be most beneficial
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Table 1. Summary of optimal management recommendations to preserve invertebrate biodiversity.

Landscape structure              •      Forest patch size influences the diversity of species.
                                               •      Increase forest continuity to allow metapopulation dynamics.
                                               •      Build ecological networks to guarantee spatial and temporal forest heterogeneity. 
Forest management               •      Forest parameters due to management practices, such as: type, stand age, openness, structure, heterogeneity and humus
                                                      layer, influence invertebrate biodiversity.
                                               •      Higher tree diversity equals insect diversity. Broadleaf forests harbour more complex communities.
                                               •      Insect communities depend on stand age, tending to be more abundant a few decades after cutting, then decreasing again.
                                               •      Forest gaps increase landscape diversity, influencing insect species composition and abundance. To increase biodiversity
                                                      larger gaps are fundamental, while to preserve species smaller gaps are preferable. A network of forest gaps, used as 
                                                      stepping stones and corridors, safeguards meta-population. 
                                               •      Forest layers sustain insect communities, therefore, the maintenance of  a complex forest structure 
                                                      (herbaceous, shrub and canopy) is recommended.
                                               •      Humus layer affects species composition: a thicker layer harbours a greater biodiversity.
Deadwood management        •      It is a dynamic substrate: ensure continuous availability, diversifying types and decay stages.
                                               •      Compensate time-lag of deadwood natural restoration actively producing deadwood.
                                               •      Preserve veteran trees that have developed microhabitats and allow their replacement.
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depends on the aim of the nature conservation management. If the
main goal is to increase the biodiversity in forest areas, larger gaps
would help to maintain subpopulations of some pioneer species
which use openings as their habitat. In this case, it is also important
to maintain a network of forest gaps, which are used as stepping
stones and forest roads may serve as corridors in order to preserve
meta-populations (Bertoncelj and Dolman, 2013). If preservation
of invertebrates is highlighted, smaller gaps are more advisable
(Lange et al., 2014). Forest species are often not even able to cross
the edge with the clear cut site or show a strong decline in abun-
dance just a short distance from the forest edge. In non-managed
forest ecosystems, small gaps are created by fallen trees. In forest
management these small gaps can be created by single tree selec-
tion system. Especially, forest specialists take advantage of these
small gaps. In the United States, the single tree selection harvest-
ing increased the number of hoverfly and bee species for young
stands (<5 years), while click beetles were more species-rich in old
logged stands (15-20 years)(Nol et al., 2006). Also in small gaps
the hoverflies increased in the gaps in conifer plantages in Western
Europe (Gittings et al., 2006). 

Insects occur over the whole vertical range of the trees. Most of
different insect groups are specialized on particular forest layers
(Floren and Gogala, 2002; Floren and Schmidl, 2008; Sobek et al.,
2009d; Birtele and Hardersen, 2012). Carabid beetles and hover-
flies species are richer in the ground level (Birtele and Hardersen,
2012; Toigo et al., 2013), while Heteroptera are more abundant in
the canopy (Sobek et al., 2009d). In the herb layer occur many her-
bivores and others specialists. For example, in large fields of ram-
som (Allium ursinum) specialized hoverflies occur (Hövemeyer,
1987). Also habitat generalists are positively influenced by the
herbaceous layer (Toigo et al., 2013). Shrub layer is important for
various herbivores (Sobek et al., 2009b)and is also an indicator of
forest carabid species (Taboada et al., 2006). Many herbivores
occur in the canopy. Among hoverflies, larvae feeding in the
canopy are often associated with one species of aphid (Rotheray
and Gilbert, 2011). It is therefore recommended to have a rich
structure in the forest.

The humus layer contains a large diversity of soil invertebrates,
which live in the humus layer for food and shelter. Most of species
which are occurring in the humus, such as Collembola, are detri-
vores, which contribute to degrade organic materials. On the other
side, many predators, such as spiders and carabid beetles, frequent
the humus layer for prey. The humidity should be taken into con-
sideration, since in humid humus layers more forest invertebrate
species are present (Toivanen et al., 2014). The availability of the
humus layer also affects species presence: a thick layer harbours
many species of carabid beetles and other species (Sroka and
Finch, 2006). However, when it is removed and the soil is bare,
other non-forest species proliferate (Pihlaja et al., 2006). The
removal of the humus layer is usually correlated with open areas.
In these sites, the lack of humus attracts pioneer species such as
cicindelid beetles and bees, which dig nests in the bare soil.

Deadwood management for saproxylic insects
conservation

A considerable proportion of species of several insects orders,
such as Coleoptera and Diptera, relies on the presence of decaying
wood (Stokland et al., 2012). Deadwood represents both a key
trophic and microhabitat resource. Nevertheless, deadwood tends

to be insufficient in managed forests, and several factors concur to
its reduced natural input (e.g., whole-tree and veteran trees har-
vesting, shortened rotations and harvesting of veteran trees) and to
its lack of preservation (e.g., fuelwood harvest, destruction by
machinery) (Bouget et al., 2012a). 

Forest management not only affects the amount of available
deadwood, but also influences its quality. In particular, the compar-
ison of natural and managed forests highlights the lack of large
logs in advanced decay stage in the latter case (Siitonen et al.,
2000). Franklin et al.(2000) used the term ‘structural legacies’ to
refer to dead trees and coarse woody debris (CWD), stressing how
these elements have the potential of increasing post-harvest com-
plexity, and can promote the survival and reestablishment of forest
organisms. The dynamic nature of this substrate, which chemical
and physical conditions change over time, make the continuous
colonisation of new suitable habitats fundamental for the persis-
tence of saproxylic species (Lachat et al., 2013). Populations must
counterweigh local extinctions happening at different spatial
scales, from individual logs to forest stands, with frequent coloni-
sations to ensure their survival in a forest landscape (Jonsson et al.,
2005). Forest management should therefore focus on the spatial
availability of deadwood and also on its temporal continuity. For
deadwood to accomplish its role of structural legacy, a complete
range of typologies and decay stages should be available: sufficient
diameter to host sensitive beetle species (e.g., Brin et al. 2011 sug-
gest more than 30 cm in oak forests), and the importance of fine
woody debris (FWD, diameter <10 cm) should not be undervalued
(Bouget et al., 2012a). Moreover, large snags have proved to sup-
port more individuals per volume unite, and diverse and rarer
assemblages compared to logs (Bouget et al., 2012b) and stumps
represent a valuable long-lasting microhabitats (Brin et al., 2012).
The minimum total volume required to preserve biodiversity in
productive forests could be derived from thresholds values associ-
ated to the presence of saproxylic single species or communities.
For European forests, Müller and Bütler (2010) suggest to estab-
lish a landscape scale network of stands with a variable amount of
deadwood comprised between 20-30 m3/ha for boreal coniferous
forests, 30-40 m3/ha for mixed-mountain forests and 30-50 m3/ha
for lowland forests. Increasing the amount of available deadwood
to reach these minimum thresholds would take a long time if it
relies on the passive self-restoration that follows the abandonment
of forest activities (Bouget et al., 2014). Harmon (2001) coined the
world ‘morticulture’ to create a parallel between woody detritus
production and silviculture. Thus, morticulture, acknowledging the
dynamic nature of the forest system, focuses on site-specific goals
for the production of deadwood. The techniques presented by
Cavalli and Mason (2003) represent cost-effective intervention to
actively compensate the natural time-lag of deadwood restoration
(Zapponi et al., 2014).

Habitat-trees and saproxylic insects

A senescent tree might essentially have two destinies: either go
through a rapid death with a consequent decay succession or
develop hollow and wounds, that would represent new niches for
saproxylic organisms, conserving its vitality (Müller et al.,
2014). The first scenario would lead, in a variable amount of
time, to standing and lying deadwood, while in the second one to
the ‘habitat-tree’ (Figure 1). The slow decay of a biologically
mature tree, associated with fungus and insect colonization,
increases its value for saproxylic communities (Stokland et al.,
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2012). Since the biological maturity, i.e., the start of the hard-
wood decay and appearance of dead branches in the canopy,
occurs long after the commercial maturity (Alexander, 2008), the
preservation of such trees could be based on their exclusion from
the harvest applying diameter thresholds, thus the scarce high
ecological value elements still present in productive forests

would never be logged (Aerts, 2013). Furthermore, considering
that stem shape could influence the availability of substrate for
epiphytes, and branch orientation affects the suitability for bird
nesting and colonisation by lichens and invertebrates, tree form
could be used by foresters to target the retained structures
(Newton, 2007).
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Figure 1. Senescent dead wood microhabitats (nomenclature from Stokland et al., 2012 and Read, 2000). 1, Aerial roots feeding in the hole woody
detritus; 2, Bark covered by mosses; 3, Small basal cavity; 4, Wet basal cavity; 5, Bird lime; 6, Bracket fungi; 7, Brocken main trunk with deep
cavity; 8, Coarse decaying fallen limbs on the ground; 9, Crevices in the bark; 10, Dead branches in the canopy; 11, Dead roots; 12, Dead sun
exposed trunk; 13, Decaying branches; 14, Phytotelm; 15, Detached bark with dry wooded detritus; 16, Dry bark pocket with fine woody detritus;
17, Dry medium dead limbs; 18, Epiphytic plants; 19, Holes in branches; 20, Lichens living on senescent trees (i.e., Lobaria pulmonaria); 21,
Lightning strike; 22, Natural water pools; 23, Open wound surrounded with callus issue; 24, Proliferation of twigs caused by bacteria; 25, Root
damage from browsing; 26, Root fungal colonization; 27, Saproxylic fungal colonization; 28, Suspended dead broken limb; 29, Canker; 30, Wet
pocket with fine woody detritus; 31, Woodpecker foraging holes; 32, Woodpecker nesting hole; 33, Wound with sap run flux. Drawing by F. Mason.
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Introduction

Herpetofauna includes both amphibians and reptiles. Despite
the fact that these two vertebrate groups are often considered
together in the study of herpetology, they are quite different. They
come from independent lineages since 300 million years ago (Zug
et al., 2001) and have quite different reproductive systems,
behavioural traits and ecological requirements. Despite their bio-
logical and ecological differences, amphibians and reptiles may be
considered together regarding their conservation status. Both
groups, in the last decades, generated a lot of interest among
researchers and wildlife managers because of their worldwide
decline (Stuart et al., 2004; Gibbons et al., 2000). As a conse-
quence of their different biology and ecology, causes of amphib-
ians and reptiles decline should be studied separately: for example
they are both ectotherm, but while reptiles have integument cov-
ered with scales, amphibians have a permeable skin that makes
them more vulnerable to pollutants and desiccation. The major
part of amphibians have a biphasic life cycle with an aquatic life
stage (Wells, 2010) and are exposed both to terrestrial and aquatic
habitat disturbances. Both groups are threatened in the same way
by habitat disturbance and fragmentation. In the present chapter a
brief overview on the main effects of forest management practices
in relation to herpetofauna conservation is reported. The suitabili-
ty of different approaches and indicators used in literature to study
the effect of forest harvesting on herpetofauna is also discussed.
Finally, the effects at multiple scales, identifying at the same time
the best forestry practice for optimal conservation, are reported at
three levels: i) at landscape scale, ii) at forest level and iii) at
microsite level, related to deadwood retention. 

Indicators of herpetofauna response to forest
management - their suitability

Forests with many water bodies have generally higher amphibian
species diversity compared to reptiles. In the last years, amphib-
ians and reptiles conservation received an increased interest with-
in groups of researchers and wildlife managers focused on a mul-
titude of different approaches and indices to identify and under-
stand the causes of this decline. A large literature on this topic,
mainly focusing on papers related to forest management, was
reviewed as well as the state of the art of the methodologies cur-
rently employed in quantitative ecology and population biology,
that may be considered suitable for assessing and monitoring the
effects of forest management on herpetofauna. Although the major
part of the literature on this topic is referred to North-American
species and habitats nevertheless indices/approach selection and
application, field methodologies, data analysis and observed
effects (see following paragraphs) are fully transposable, as a
main guideline, to the European context.

One of the main concerns planning to estimate the effect of
forestry practices is the temporal scale of the study, and in partic-
ular the adoption of temporally and spatially stratified samplings.
In the major part of the examined literature the effects of forest
management is estimated comparing different indices between
unharvested and harvested sites. The best option is to conduct for-
est experiments, including different treatment levels, along with
control treatments, and to compare the selected metrics between
different treatments and between pre- and post- treatment (Todd
and Rothermel, 2006; Todd and Andrews, 2008; Todd et al.,
2009); such approach allows to discriminate variations due to for-
est management options, taking into account pre-existent discrep-
ancies between different sites. Even if the aforementioned option
is the most preferable, practically it is really expensive in terms of
time and sampling effort; then another suitable approach is to
compare sites with different management histories (Welsh et al.,
2008), if possible selecting sites with in-depth knowledge of pre-
existent herpetofauna assemblages. Even if the second option is
not preferable to compare the effects of different treatments, due
to the absence of pre-existent information on study sites, it allows
comparing long term effects of different forest practices on her-
petofauna (Welsh et al., 2008; Sung et al., 2012). As regards sam-
pling techniques and metrics commonly employed to study her-
petofauna responses to forest management a main distinction con-
cerns the target of the study: major part of the examined literature
focuses at population or community level, while at a lesser extent
some studies focus on individual metrics. As regards the individ-
ual level approach, a lot of metrics can be employed and compared
between harvested and unharvested sites: for example measure-
ment of body mass (Chazal and Niewiarowski, 1998), body length
and juvenile growth (Chazal and Niewiarowski, 1998; Todd and
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Rothermel, 2006), lipid and energy storage (Chazal and Nie -
wiarowski, 1998) and female fecundity (Chazal and Niewiarowski,
1998; Wahbe et al., 2004; Welsh et al., 2008) have been success-
fully employed for this purpose both on amphibian and reptiles.
Although there is a large use of different metrics, probably the
most suitable one is the Body Condition Index (Karraker and
Welsh., 2006; Wahbe et al., 2004; Welsh et al., 2008), which uses
body length and mass of individuals and is a good predictor of
individual physiological status (Jakob et al., 1996; Peig and Green,
2009). On the other side, even if individual metrics are suitable, a
population or community approach is preferable; however the
study of population dynamics, demography and abundance is more
time and effort consuming but give more accurate estimates. Many
authors employed different metrics such as species occurrence and
richness (Ashton et al., 2006; Sung et al., 2012), population abun-
dance (Ash, 1988; Harpole and Haas, 1999; Homyack and Haas,
2009), population structure (Todd and Rothermel, 2006; Welsh et
al., 2008) and immigration-emigration dynamics (Rittenhouse and
Semlitsch, 2009; Todd et al., 2009). In order to study population
abundance or other demographic parameters (such as survival,
stage-specific survival or recruitment) the most suitable method is
to perform a capture-mark-recapture study (CMR; for a compre-
hensive overview see Amstrup et al., 2010). This kind of study is
quite time and sampling effort expensive but, allowing precise esti-
mates of detection probabilities, it gives the most accurate esti-
mates of abundance and other parameters of interest; furthermore,
in the last years, new statistical models (such as N-mixture model;
Royle, 2004) have been employed to analyse, less expensively,
spatially and temporally repeated count data, obtaining reliable
estimates of detection probability and abundance, comparable to
those obtained with CMR studies. 

Forest management effects at a landscape
scale 

Considering the effect of forestry practices at a landscape scale,
in relation to herpetofauna conservation, the major threat is con-
nected with habitat loss and their fragmentation. Herpetofauna in
general, and amphibians particularly, are highly vulnerable to habi-
tat fragmentation for many reasons: for example amphibians have
low vagility and they suffer high mortality rates if crossing inhos-
pitable patches (Cushman, 2006). Habitat connectivity is therefore
a key function for herpetofauna conservation: a large number of
studies shows that low connectivity between terrestrial habitats
(e.g., forested areas) and aquatic reproductive sites is a cause of
low survival and, consequently, population decline (Cushman,
2006). In a similar way low, habitat connectivity between repro-
ductive sites and forested areas affects, at a larger extent, juvenile
survival and dispersal (Rothermel, 2004). Since in amphibians
post-metamorphic dispersal contributes for the major part to
regional persistence of the species (Preisser et al., 2001), to ensure
high levels of habitat connectivity is a main goal for amphibian
conservation at a landscape scale.

Forest structure effect on herpetofauna

The major part of the studies focused on the effects of clearcuts
on herpetofauna and, at a lesser extent, fewer studies took in
account multiple forest treatments and structural diversity. The
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Table 1. Indicators of herpetofauna response to forest management.

Sampling Framework           

Temporal and spatial              Comparison of Herpetofauna indices/        Plan different treatments and compare          Allows to better discriminate 
stratification                             metrics between harvested/                         pre- and post- treatment values                    the effect of forest management,
                                                 unharvested sites                                          for the selected metric                                    accounting for pre-existent
                                                                                                                                                                                               discrepancies between different sites
More expensive                                                                                             Compare metrics between sites with             Less expensive 
                                                                                                                      different management histories                      Allows to detect long term effects 
                                                                                                                                                                                               In-depth knowledge of pre-existent
                                                                                                                                                                                               herpetofauna assemblages and forest
                                                                                                                                                                                               management is required
Choice of indices and metrics

Target of the study                   Population or community                            Species occurrence and richness                    Capture-mark-recapture (CMR) is the
                                                                                                                      Population abundance and structure              most suitable method to estimate
                                                                                                                      Immigration-emigration dynamics                 population abundance and
                                                                                                                      Survival and recruitment                                demographic parameters; 
                                                                                                                                                                                               however this technique is time and
                                                                                                                                                                                               sampling effort expensive. The analysis
                                                                                                                                                                                               of repeated count data with N-mixture
                                                                                                                                                                                               model (see text for details) gives 
                                                                                                                                                                                               unbiased estimates of population 
                                                                                                                                                                                               abundance and is less expensive in
                                                                                                                                                                                               terms of time and sampling effort.
                                                 Individuals                                                   Body mass                                                       Although there is a large use of
                                                                                                                      Body length                                                     different metrics, probably the most 
                                                                                                                      Juvenile growth                                               suitable one is the use of Body 
                                                                                                                      Female Fecundity                                           Condition Index, which is a good 
                                                                                                                      Lipid and energy storage                                predictor of individual physiological 
                                                                                                                      Body Condition Index (BCI)                          status
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major part of the authors agrees that clearcutting negatively affects
both for amphibians and reptiles. Todd and Andrews (2009) esti-
mated the abundance of six snake species between unharvested
controls and clearcuts of Pinus sp. and reported a significant
decrease of abundance for all six species in clearcuts; similarly
Todd and Rothermel (2006) observed decreased survival of adult
toads (Bufo terrestris) in clearcuts and reduced growth of juveniles
in harvested areas. Taking into account frog (Ascaphus truei)
movements and shelter availability between unharvested and
clearcuts, Wahbe et al. (2004) reported a variation in post repro-
ductive shelter use and migration, probably due to microclimatic
variation in clearcut areas. Welsh et al. (2008) studied the popula-
tion structure of Plethodontid salamanders in young harvested for-
est and old growth forest and reported a decreased survival of
adults in recently harvested plots. Similarly Ash (1988, 1997)
reported that Plethodontid salamanders disappeared from clearcut
plots and returned to harvested sites after 4-6 years and estimated
that population abundance will equal the uncut areas after 25 years
from cut. As regards structural complexity McKenny et al. (2006),
studying the abundance of Plethodon cinereus in different forest
treatments, reported that forest treatments accounting for structural
complexity enhancement can maintain important microhabitat
characteristics for salamanders populations. Peterman et al. (2011)
focused on riparian forest structure and highlighted how riparian
forest harvesting can cause salamander emigration and, in long
term, decrease population abundance and viability. Finally, Knapp
et al. (2003) reported that even if timber harvesting reduces the
abundance of salamanders, such negative effect might be mitigated
concentrating high-intensity timber harvesting in small sized areas.

Effects of deadwood retention on herpetofauna 

Another fundamental aspect on herpetofauna conservation and
forest management is the retention of deadwood in harvested
areas; amphibians use deadwood in forest ecosystems for multiple
purpose such as feeding, mating and overwintering (Otto et al.,
2013). Many authors agree that deadwood retention in harvested
forest has a positive effect on amphibian populations (Ross et al.,
2000; Todd et al., 2009) especially for salamanders (Patrick et al.,
2006). The mitigating effect of deadwood retention is more impor-
tant during first years after cut when few shelters are available due
to biomass removal (Otto et al., 2013). Even if a lot of studies
enhanced the importance of deadwood for amphibians, there is a
lack of knowledge of amphibian response on deadwood structure
(e.g., deadwood dimensions); furthermore many studies give con-
tradictory results, reporting a positive effect of deadwood retention
before cutting but not after (Morneault et al., 2004); these incon-
sistencies are probably due to a biased estimate of abundance (Otto
et al., 2013; Schmidt, 2004). As a general approach deadwood
retention has to be considered as highly ameliorative practice for
herpetofauna conservation, and for amphibians in particular; avail-
ability of deadwood as cool and moist refugia is a primary needed
for lungless salamanders (e.g., Plethodontids) and was reported in
many studies (Homyack et al, 2011; Otto et al., 2013).

Table 1 synthesizes the indicators of herpetofauna response to
forest management discussed in this chapter.
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Introduction

Forests, typical habitats for birds in many regions, contribute to
the greater proportion of vertebrate species richness. Several bird
species live exclusively in forest, but what resources specifically
contribute to the suitability of forest habitat for birds?

The composition and the vertical structure of the forest greatly
affect its biological diversity (Puumalainein, 2001). If we analyse
the vertical layers of forests, we would understand how resources
belonging to different layers are exploited by different species.
Forest resources, most likely to influence bird presence and their
abundance are nesting, shelter sites and food availability (Martin,
1988; Verner, 1984). The ground is exploited by birds mostly for
food and nesting. Birds of prey hunt on small vertebrates, gener-
alist insectivorous searches for insects and other invertebrates, fru-
givorous and granivorous harvest the fallen fruits and seeds.
Specialists, like the woodcock (Scolopax rusticola), that catches
especially annelids, using the long bill as a probe, or the numerous
species that feed on saproxylic insects, dwelling in the deadwood
on the ground are also present. Few species nest directly on the
ground, like the nightjars (Caprimulgidae) and grouses
(Phasianidae), characterized by a mimetic plumage. The shrub
layer, that may vary from the sparse shrubs found in many man-
aged European beech forests to the dense and intricate vegetation
association at lower latitude, offers a lot of nest sites to several
bird species and guilds, and especially to song birds
(Passeriformes). These species build their nests among small
branches in the bushes, usually feed on berries or invertebrates
found on the same bushes, or directly on the ground. They have
usually a mimetic plumage and strong vocalizations (Cramp,

1988). The stem and the biggest branches represent the main feed-
ing grounds of many insectivorous birds, like treecreepers
(Certhidae) or woodpeckers (Piciformes). Onto the bark, often
covered in mosses, lichens and mushrooms, a great variety of
invertebrate constitute the greater proportion of the food of these
birds. Indeed, woodpeckers hunt saproxylic insect, which exca-
vate their tunnels inside the trunk. Snags, in fact, are fundamental
for these species to sustain a huge biomass of saproxilic insects.
The trunk is also characterized by many cavities, created by both
the natural detachment of dead branches and by cavity excavators,
like woodpeckers. Cavities are the primary nest site of many birds,
some of which are obliged cavity nesters, as they can provide shel-
ter from the majority of predators.

The canopy is essentially shaped by branches and filled by
fruits and leafs. The biggest branches provide support for the large
nests of many birds of prey (e.g., Accipitriformes), while the
smallest ones are occupied by smallest birds. This level, actually,
is the most complex, taking into account that it varies also hori-
zontally, due to the presence of clearings or streams and the differ-
ent tree species.

Norway spruce, European Beech, and Oak
forests and avifauna

The European forests usually show little variation among bird
communities, due to their relative small extant. Different forest
types could share many species, while differences between com-
munities originate mostly from different relative abundance of
species, than from species diversity. Exclusive or specialist birds
of a certain forest type are relatively few, compared to the overall
forest bird inventory of Europe (Fornasari et al., 2010).

Conifers, like the Norway spruce (Picea abies) has a fluctuating
seed production, that has a strong influence on the demography of
many seed-eater birds (Newton, 2006). A typical consequence is
the wide fluctuation in birds’ population abundance in forests, due
to the altered survival, reproductive success and erratic or invasive
movements. An emblematic genus strictly connected with conifer
is Loxia that includes various crossbill species. The breeding sea-
son of these species is not limited to a particular period of the year,
but they could eventually nest at every time in the year, which is
an extremely rare attribute for European birds. Crossbills follow
conifer fructification from region to region, causing invasive and
irregular movements both in time and space. Some species, which
are characteristic for conifer forests are the coal tit (Periparus
ater), the goldcrest (Regulus regulus), the firecrest (Regulus igni-
capilla) and the capercaillie (Tetrao urogallus).

Beech forests may be an uniform and homogenous habitat in
Italy, mainly because forestry generated a structurally monotonous
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landscape and also promoted a monospecific environment with
sparse underwood. Birds live in this forest type usually at variable
densities according to their ecological requirements and period of
the year, due to different phenology of each species (Balestrieri et
al., 2015). During winter beech forests are less suitable for insec-
tivorous and granivorous birds, while in the late spring they are
populated by many migratory species. Those, e.g,. the members of
taxa Phylloscopus, Ficedula, Silvia, occur from late April, deter-
mining an increase in the number of species and individuals until
late summer. These species exploit the beech forest during the
most flourishing period of the year. Few species are resident all
year round, principally the ones that can feed on resources con-
stantly available during the year, like saproxilic insects. Birds like
the red-breasted flycatcher (Ficedula parva), the woodwarbler
(Phylloscopus sibilatrix) are frequently observed breeding in these
forests. Oak forests usually present a mix of tree species, repre-
senting an heterogeneous habitat that can results in a greater bird
community, with more species and individuals (Bergner et al.,
2015). Also the structure of the forest is usually more complex,
with a dense underwood and a greater variation in canopies. Mixed
oak forests are found mostly at low altitude, so that many birds
exploit this habitat during winter. The majority of the species
occurring in oak forests belong to the group of the short-distance
migrants, that is they do not migrate across the Sahara, but remain
within the Mediterranean basin (Cramp, 1988). The phenology of
these birds is often described as partial-migrant, that means that
only a portion of the population migrate, while the remaining is
sedentary (Berthold, 2001). The breeding season of the bird com-
munity in oak forests, indeed, can be longer than the other forests,
as the community is composed by early nester, which season starts
in March, and late nester, the same as the beech forests (Bütler et
al., 2004). Moreover early nesters can have multiple nesting event
during the season, usually up to three broods. The breeding bird
species typical of this type of forest are middle spotted woodpeck-
er (Dendrocopos medius), black stork (Ciconia nigra) and com-
mon redstart (Phoenicurus phoenicurus) (Angelstam and
Mikusinski, 1994).

Forest management and avifauna

The recent National Forest Inventory (2015) has shown a slight
increase of the surface covered by forest in Italy. This process
seems to be shared in Europe, at least in the Mediterranean basin,
dating back from the early years of the XX century, due to the
gradual abandonment of pastures and farms (Farina, 1995; Vos and
Stortelder, 1992). As a consequence, secondary forests began to
cover the abandoned areas, creating a more fragmented landscape
than the original one (Noss and Csuti, 1997), that lacks of the sub-
stantial structural characteristics of the primary forests (Perry,
1994). These features have affected birds, changing communities
composition and species abundances (Burfield and Van Bommel,
2004). Forest specialist birds (e.g., Dryobates minor, Dendrocopos
major, Sitta europaea, Certhia sp.) benefited the most from this
semi-spontaneous reforestation, contrarily to generalist birds
(Tellini Florenzano, 2004). Major benefits may come from the
increased ageing of forests (Ferry and Frochot, 1970), resulting in
improved habitat characteristics like the augmentation of dead-
wood (Peace, 1962).

The increase of forest surface has matched the beginning of an
enhanced attention to biological conservation in forestry (Hansen
et al., 1991). Researches focusing on conjugating wood production

and biological conservation have determined the birth of the sus-
tainable forestry. In this context, ‘sustainable’ highlights a forestry
that attempt to maintain the ecosystem integrity, reducing the alter-
ation to forest structure, as well as to biodiversity, within the range
of natural disturbance (Lindenmayer et al., 2006). Unfortunately,
different species respond in different ways to forestry and for gen-
eralists taxa it can be expected a neutral, or even positive impact
on abundance (Bengtsson et al., 2000).

Forest specialist birds are those whose resources, needed for sur-
vival and reproduction, as well as to maintain a minimum viable
population, are found exclusively in forests. Usually, cavity nester
and bark feeder are included among specialist species (Verner,
1984). Forestry may affect negatively the abundance of these
species at many ecological levels: i) population, ii) guilds, and iii)
community.

Population
Within the order of Piciformes can be found the species which

are affected the more by forestry, due to their strong connection
with veteran, senescent and dead trees (Brichetti and Fracasso,
2007). Tree age is correlated with the abundance of natural cavi-
ties, created after the detachment of dead branches (Peace, 1962).
In this way the amount of deadwood increase, causing the prolifer-
ation of saproxilic invertebrates (sensu Mason et al., 2003) that, in
turn, improve food availability for woodpeckers (Newton, 1994).
Older trees, indeed, are more prone to necrotic processes in the
stem, and, as a consequence, have a softer bark, that could be eas-
ily more excavated by woodpeckers, that contribute to increase the
number of cavities, favouring the presence of other specialist, like
secondary cavity nester (Newton, 1994). Forestry can result in the
decrease of these microhabitats that could be replaced at a very
slow rate, and can consequently cause the disappearing of special-
ist birds, e.g. Certhia brachydactyla, Picoides tridactylus,
Dendrocopos leucotos or Sitta europaea (Roberge et al., 2008;
Robles et al., 2012). A fragmented landscape is another conse-
quence of forestry that could be harmful for bird population
(Fahrig, 2003). Edge sensitive species, like Dendrocopos medius,
could decline after the reduction of forest plot area (Kosiński,
2006). Fragmentation could also determine physiological stress
among nestlings (Suorsa et al., 2003).

Guilds
Since species that exploit the same resources could be grouped

into guilds (Root, 1967), which is a group of taxa sharing a similar
niches, forestry-dependent alterations that affect a species may
also affect the other species within the same guild (Severinghaus,
1981). Mature and old-growth forests are suitable for those species
included in cavity nester or bark foraging guilds (Bergner et al.,
2015; Nikolov, 2009), while forest harvesting may negatively
affects the species composition and abundance of insectivorous
guild (Czeszczewik et al., 2014).

Community
Forest alteration, however, affects the whole community, chang-

ing the proportion of specialist and generalist and influencing their
richness. Forest features, likely to influence avian community, are
the age of the patch, timber biomass and the area/perimeter ratio
(Caprio et al., 2008; Donald et al., 1998; Zipkin et al., 2009). The
alteration of these characteristics usually results in a decrease of
the specialists taxa within the community. Fragmentation, actually,
could have different impacts on community composition, resulting
in a decrease, as well as an increase, of species richness (Jansson
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and Andre, 2003; Zipkin et al., 2009). Indeed, fragmentation
increases the heterogeneity of the landscape, making available
habitat features shared from both dense forest and open habitat
dwellers, attracting more species (Fahrig, 2003). However, mature
forest, with high tree species richness, usually results in a greater
bird species diversity (Donald et al., 1998; Gil-tena et al., 2007). 

Forest management implications may be difficult to deduct, due
to the different and often unclear responses of birds. Usually,
researchers advices consist in the retention of older trees and in the
avoidance of logging activity during the breeding seasons.
However, some more specific advices and detailed cases can be
found in the literature. The correlation between the presence of
Picoides tridactylus and snag density led Bütler et al. (2004) to
suggest retaining a snag density at ≥5% of total basal area per 100
ha, as a measure to improve the presence of this species. King and
DeGraaf (2000) observed greater bird diversity in shelterwood
forests than both in clear-cut and mature forests. Birds are influ-
enced also by tree age truncation due to thinning, short-time rota-
tion plantation forestry and other form of intensive forest manage-
ment that create an even-aged forest (Kendrick et al., 2014;
Thompson et al., 2003). On the other hand, intensive logging that
leave undisturbed patches among harvested gaps is preferable for
cavity nester to a more uniform, although less intense, forest cut-
ting (Tozer et al., 2010).

Forest management and species in the Birds
Directive

Most forest bird species are under strong human pressures, their
populations are declining or have the potential to decline.
Therefore several of them have been listed in the Annex I of the
Directive 2009/147/CE of the European Parliament and of the
Council on the conservation of wild birds (Birds Directive) in
order to preserve their populations. Many species are forest spe-
cialists, but some are only facultative forest users, or forests pro-
vide only some of the resources they need to fulfill their biological
cycle. There are many species through many orders, which are
related to conifer, beech and oak forests in Central-Southern
Europe. The aim of this section is to describe the preferred forest
characteristics for several selected bird species within the Birds
Directive, which can be used as a paradigm for sustainable forest
management. The Collared flycatcher life history requisites theo-
retically could met our goals, however no studies exist to our
knowledge which quantitatively assess its resource selection at rel-
evant habitat levels and we will not examine this species. The
woodlark too is enclosed in Annex 1 of the Birds Directive but it
uses almost only forest edges; these, for practical reasons, have
few if any interest in forest management as they are usually left
untouched to meet a protection function against adverse climatic
factors.

The Black stork (Ciconia nigra) on a macro scale prefers large
continuous forest complexes (Treinys et al., 2009a) with negligible
human disturbances (Rosenvald and Lohmus, 2003). Nest sites are
in older stands with greater share of deciduous forests with grey
alders in Lithuania (Treinys et al., 2009b), while in Greece and
Spain Black storks were mainly breeding in pines with a smaller
share of Oaks (Cano Alonso, 2006; Vlachos et al., 2008). The nest-
ing trees had, on average, the following characteristics: average
DBH = 51 cm, average height = 14.5 m, average canopy height =
6.5 m and average age of 93 years. In the vicinity of the nest sites,

the total tree density was 32.35 trees/0.1 ha (±2.97), with a mature
tree (>46 years) and a density of 3.18 trees/0.1 ha on average
(Vlachos et al., 2008).
Honey buzzard (Pernis apivorus) prefers mostly coniferous

and mature forest stands. In Austria, the most common trees for
nesting of Honey buzzard were Scots Pine and Norway Spruce,
however in the areas that lacked of conifers, nests were always
placed on deciduous trees (Gamauf et al., 2013). They also prefer
mature tree stand, older than 50 year, wherein the most suitable are
tree stands older than 70 years (Keller et al., 2008). In Southern
Norway, the mean forest age where Honey buzzard’s nests were
located was 86.7 years and the mean number of trees in the nesting
sites was 86.4±33.4 (Selas, 1997). Tree diameter is also an impor-
tant factor in choosing the suitable nesting site as these species
usually select trees with greater diameter (Gamauf et al., 2013).
White-tailed sea-eagle (Haliaeetus albicilla) uses the lowland

forest for breeding. On a macro-scale the forest should be in within
4 km of a large stream or water body. Eagles do not seem to be
affected by the type of management at the nesting site, and the
presence and the proximity of anthropogenic infrastructure (roads
and settlements) did not affect breeding. The protection status did
not seem to affect the breeding in Finland (Santangeli et al., 2013).
However in Croatia the White tailed sea eagle breeds on minimally
425 m, but on average 2,742 m away from human settlements
(Radović and Mikuska, 2009). Bird prefers pendunculate oaks,
narrow leafed ash and white poplars as nesting sites. The prefer-
ence is for mature trees with an average DBH of 84.3 cm and stand
average age of 114 years. The minimum distance between breeding
sites is 348 m. (Radović and Mikuska 2009). 
Short-toed eagle (Circaetus gallicus) prefers on a landscape

scale open forests with nearby open shrubland (Bakaloudis, 2009;
Lopez Iborra et al., 2011; Barrientos et al., 2014). The nesting trees
have a large DBH (>40 cm) and trees are 12 m high with a 30-70%
of tree cover around them (Barrientos et al 2014). Preferred forests
are mature pine forests with Pinus nigra and P. brutia with a den-
sity of 236.13 trees/ha (±24.68) and a 36.5% average canopy clo-
sure. The nests are on average 273 m (±40.3) from the nearest for-
est opening (>0.5 ha). The dominant trees are 86.6 years old (±2.7)
and have a DBH of 46.9 cm (±0.9) and are 13.9 m high (±0.3)
(Bakaloudis et al., 2001).

The Capercaillie (Tetrao urogallus) is a forest specialist, which
is strongly affected by forest fragmentation (Rueda et al., 2013).
The species is mainly occurring in conifer forests with open
canopy cover with bilberry (Moss and Picozzi, 1994). In Finland,
the most frequently occurring DBH classes are between 10.5 to
14.5 cm in summer habitats while the winter habitats contained
trees with DBH classes between 14.5 and 18.5 cm (Miettinen et al.,
2010). The suitable age of the forest for the Capercaillie is highly
debated. Some studies mention more than 90 years (Aberg et al.,
2003), while others report that age classes of 30-40 years and more
are already suitable for Capercaillie (Miettinen et al., 2010). It is
suggested that thinning is a suitable way to maintain the habitat of
the Capercaillie (Miettinen et al., 2009), but also understory man-
agement, longer rotations and multicohort forest management are
considered as suitable tools (Miettinen et al., 2010). Setting fences
should be avoided because they can injure females while flying
(Baines and Summers, 1997). Clearcutting on the other hand is not
a suitable tool as this increases the predation of the eggs. Also
preparing forest tracks are not sustainable for the Capercaillie as
they avoid them (Summers et al., 2007) and they are more stressed
by increasing recreation (Thiel et al., 2006; Thiel et al., 2008).

The Hazel grouse (Tetrastes bonasia) is a forest specialist con-
fined to continuous forests (Kajtoch et al., 2012). The Hazel
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grouse only occurs in patches closer than 100 m from forest edge
in agricultural forest and 2 km from suitable habitat in intensively
managed forest. The Hazel grouse needs a minimum size of decid-
uous forest patch of 92 ha (±5.4) (Aberg et al., 1995). The species
prefers forests with an average of 25% spruce, with 5-40% decid-
uous trees, un-thinned forest stands of an age between 20-50 years,
dense understory; other tree species which are favored are alder,
mountain ash and willow (Aberg et al., 2003; Muller et al., 2009;
Sachot et al., 2003; Swenson 1993). The recommended forest
practice is natural regeneration of gaps or small-scale fellings
(Klaus 1991; Sachot et al., 2003).

For the conservation of Ural owl (Strix uralensis) populations,
it is essential to retain large cavity-forming trees in the forest. The
results of studies from Estonia, that were performed in forest with
46% Birch (Betula spp.), 17% Scots pine (Pinus sylvestris) and
15% Norway spruce (Picea abies), showed that in managed forests
the lack of large snags and tree cavities may limit the numbers of
Ural owls. Ural owls prefer to breed in tree cavities than in stick
nests (Lohmus 2003). Also in Slovenia, large tree holes are the
most frequently used nest-sites of Ural owls (Vrezec and Kohek,
2002).
Tengmalm’s owl (Aegolius funereus) is a species that occupies

mature and old forests (Hakkarainen et al., 2008; Hayward et al.,
1993; Laaksonen et al., 2004) with complex physical structure
(Hayward et al., 1993). The amount of old forest in the territory
influences not only reproduction and breeding success, but also
survivorship of male Tengmalm’s owls (Hakkarainen et al., 2008).
In a long-term population study in Finland, lifetime reproductive
success of Tengmalm’s owls strongly correlated with the amount
of old forests (Laaksonen et al., 2004). Old and dense forests pro-
vide better protection against predators, as well as greater avail-
ability of food (Hakkarainen et al., 2008; Laaksonen et al., 2004).
Clearcuts can have positive impact on Tengmalm’s owl
(Hakkarainen et al., 1996, 2003). In Spruce and Pine forests in
Finland, the owl pairs, nesting in territories with high (>30%) per-
centage of clearcut areas and plantations, had more fledglings than
areas with less cut areas. This was mostly connected with the abun-
dance of voles in clearcut areas, which represent a food source for
Tengmalm’s owl (Hakkarainen et al., 1996). Tree composition
influences their behavior - in western Finland, the size of home
ranges of male owls decreased with increasing cover of spruce
forests, which indicates that such forests are richer in prey than
pine forests and clearcut areas (Santangeli et al., 2012).
Pygmy owls (Glaucidium passerinum) do not depend so much

on coniferous woodlands as the Tengmalm’s owls (Blutz von
Blotzheim, 1980). In Oregon (USA) authors conclude that the
Pygmy-owls are limited primarily to closed-canopy forests domi-
nated by conifers, but are otherwise habitat generalists that occur
in a broad range of plant species associations (Sater, 2000). They
prefer mature and older forests (Giese and Forsman 2003; Strom
and Sonerud, 2001) that are structurally diverse and have abun-
dance of dead trees with cavities excavated by woodpeckers,
where they can nest (Giese and Forsman, 2003). They are strongly
forest-dependent species, what was also confirmed on the basis of
radio-tracking of 8 individuals in south-eastern Norway (Strom
and Sonerud, 2001). The same study also confirmed that Pygmy
owls express affinity towards forest edges, which is also connected
with the availability of prey in open areas. 

The Black woodpecker (Dryocopus martius) is a forest special-
ist that is not so sensitive to forest fragmentation (Rueda et al.,
2013). The main forests where it occurs are those with Scotch pine
and beech (Bocca et al., 2009; Domokos and Cristea, 2014). The
forest stands should have a dominant height of 22.8 m, age 104.9

year, with an average tree diameter of 27.4 cm, stand age >50 years
and a basal area of 22.1 m3/ha (Garmendia et al., 2006; Rolstad et
al., 1998). The characteristics of the nest trees are an average DBH
of 63.33 cm and an average tree height of 26.67 m (Domokos and
Cristea, 2014). They mainly breed in living beech, aspen and Scots
pine (Zahner et al., 2012; Rolstad et al., 2000) 

The White-backed woodpecker (Dendrocopos leucotos) is a
forest specialist and prefers mainly broad-leaved forests (Glutz
von Blotzheim and Bauer, 1980), low proportion of spruce planta-
tions, and a large amount of deadwood (fallen timber: 50-58.2
m3/ha, snags >11-20 cm DBH, 56 snags/ha) (Czeszczewik and
Walankiewicz, 2006; Czeszczewik, 2009; Gjerde et al., 2005;
Kajtoch et al., 2013). According to forest type there is a strong dif-
ference in the amount of deadwood which can be considered as
suitable for such a species: 36-58m3/ha in beech forests, and 10-20
m3/ha for coniferous (Mueller and Butler, 2010). The nesting trees
are mainly oaks and beech. The dominant height of the dominant
layer of these trees is 21.8 m, with an age 109.9 years, and an aver-
age DBH of 31.5 to 50 cm (Garmendia et al., 2006; Melletti and
Penteriani, 2003). A threshold was calculated that a landscape
should have 13% of suitable habitat before a population would go
extinct (Carlson, 2000). A forest management option that showed
positive effect is girdling and notching deciduous trees (Aulen,
1991).

In deciduous forests in Poland, Middle spotted woodpeckers
(Dendrocopos medius) selected older and oak-dominated forests.
They also avoided smooth-barked or young stands (<80 years old)
(Kosinski, 2006). In deciduous forests, oaks are the most common-
ly used tree species for nesting and the mean DBH of the nesting
tree is around 56 cm (Kosinski and Kempa, 2007). Forest manage-
ment, suitable for Middle spotted woodpecker should therefore
focus on large deciduous trees (dbh >40 cm), mainly oaks
(Kosinski and Kempa, 2007; Pasinelli, 2000). The stand structure
is an important factor in nest tree selection of Middle spotted
woodpeckers, as they like to nest near the forest edges. They also
prefer sites characterised by a higher diversity of vegetation
(Kosinski and Winiecki, 2004).

The Three-toed woodpecker (Picoides tridactylus) is a forest
specialist (Rueda et al., 2013), which prefers mainly old growth
stands with uneven vertical structures (Stachura-Skierczynska et
al., 2009). The typical stand characteristics are trees with a mean
DBH of 30.6 cm, an average spruce density of 578 trees/ha, and an
average deciduous trees density of 23 trees/ha (Pechaceck and
D’Oleire, 2004). The species occurs in forest landscapes with a
deadwood basal area of 1.3 m2/ha. The amount of deadwood is
between 11-30 m3/ha, with 15 m3/ha of standing snags (Pechaceck
and D’Oleire, 2004).
European nightjar (Caprimulgus europaeus) mostly occurs in

shrubs and forest edges (Bartolommei et al., 2013; Sierro et al.,
2001) and prefer open places, such as clear-felled areas, young
stands, windfall clearings etc. (Verstraeten et al., 2011). In
Switzerland, nightjars select oak scrubland and avoid dense forests
(Sierro et al., 2001). They also choose places with greater biodiver-
sity (Stasiak et al., 2013). In North Yorkshire, where the forest com-
position consists of Scots pine (Pinus sylvestris), Sitka spruce (Picea
sitchensis) and Japanese or hybrid larches (Larix sp.) and smaller
areas of native broadleaves and other conifers, nightjars settled in
younger and more opened plantations (Scott et al., 2010). They can
also settle in old and open stands that had wide forest tracks, which
represent smaller patches suitable for nightjars. Therefore, building
a network of gap-like microhabitats within the forest could positive-
ly affect nightjar populations (Verstraeten et al., 2011).
Red-breasted flycatcher (Ficedula parva) is a species that
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occurs in broadleaved forests and is mainly a cavity breeder
(Mitrus and Socko, 2004). The main forest characteristics of the
breeding sites are lying dead trunks, the amount of hornbeams and
the age of the stand. In the breeding sites tree density is on average
550 trees/ha, mean DBH is 31.2 to 47.5 cm, the number of lying
dead trunks is on average 0.3 in a radius of 8 m around the count-
ing point, percentage of hornbeams are 28.6 %; stand age was on
average 196.4 years (range=44-382 yrs) and the top canopy had a
closure of 79.3% (Wichmann and Frank 2007). 

In almost all species older forests are preferred. Especially for
woodpeckers a large amount of available deadwood makes a sig-
nificant difference. However, in some cases species have opposite
habitat preferences, which could be given conflicting situations
like between forest specialists and species, which use the forests
only facultative, or between Capercaillie and Hazel grouse.
Therefore, at a stand scale is important to consider the status of the
occurring species (at a local or country level, independently from
Birds Directive) to prioritize forest management choices. At the
same time on a landscape scale, a diversified forest management
strategy allowing the co-occurrence of forest patches with different
forest structures and different management goals should help
favoring the coexistence of viable populations of species with con-
trasting or dissimilar habitat preferences.
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Forest management – multipurpose aims and
sustainable way 

Sustainable use and conservation of forest ecosystem became
the most important environmental aims, even in reason of the
goals laid down in International Conventions and agreements
especially about climate change and conservation of biodiversity
(CBD, 1992; UNFCCC, 1992; Habitats Directive, 1992; MCPFE,
2003). As first consequence, in last decades private and public for-
est ownership focused to diversify structure in tree species, imple-
menting the improvement of forest production too. On the other
hand little importance had been given to understory vegetation
until some years ago. 

Forest management practices have mostly focused on increas-
ing efficiency of growing and harvesting trees to achieve econom-
ic goals. However, preserving and enhancing biodiversity have
become desirable forest management objectives in light of species
loss and climate changes worldwide (Roberts and Gilliam, 1995;
Brunet et al., 2000; Odion and Sarr, 2007; Ares et al., 2010). In
recent decades, the conservation of biodiversity has become one
of the important goals of managing forests in an ecologically sus-
tainable way (Lindenmayer et al., 2000). 

To support or even to increase the current biodiversity level, for-
est managers need to apply appropriate management measures.
Forest management is one of the primary drivers of diversity and,
according to the applied measures, may act as a factor of enhance-
ment or depletion of biodiversity. Especially within the managed
forests with significant biodiversity value, appropriate manage-
ment options need to be tested and implemented. 

The scope of forest management practices recently expanded
beyond economic goals to promote and maintain heterogeneous
and variable stand structures (Bormann et al., 2007; Thomas et al.,

2006). These practices, e.g., variable density thinning intermixed
with gaps, lead to small-scale variability of resource availability,
microclimate differentiation with diverse physical disturbances,
and competitive and facilitative interactions between overstory
and understory plant communities (Fahey and Puettmann, 2008;
Hale, 2003; Roberts, 2004; Neill and Puettmann, 2013). Thinning
and gaps impacts have been linked to greater abundance of forest
understory vegetation (Ares et al., 2010; Canham et al., 1990;
Thomas et al., 1999), greater plant species richness (Ares et al.,
2010; Chan et al., 2006; Reich et al., 2012; Thomas et al., 1999),
and associated impacts on wildlife habitat. 

The main efforts of modern silvicultural management focus on
a balanced use of the forest ecosystem resources (Siry et al.,
2005). Attempts to achieve this are done by mimicking the pro-
cesses naturally occurring in forest ecosystems (Gamborg and
Larsen, 2003). However, it is not well known to what extent the
close-to-nature silvicultural system improves the stability of the
forest ecosystem in terms of biodiversity (Durak, 2012). Within
this array of close-to-nature options, different types of manage-
ment may be implemented, and different effects on forest ecosys-
tem functioning are expected according to the type of manage-
ment used (Decocq et al., 2004, 2005; Schmidt, 2005). Therefore,
it is crucial to verify the outcomes of different types and the inten-
sities of forest management methods and measures. 

Forest management on understory vegetation
in forest ecosystem

The use of term understory is generally restricted to species of
shrub size and smaller (herb); so trees are not included, even if
there are some tree species small and occur below other trees. 

Understory plant communities represent most of the vascular
plant diversity in temperate forests, and the species present there
characterize a wide variety of growth forms and functional groups.
Moreover, understory plants identify important sources of food
and habitat for a large number of wildlife species (Felton et al.,
2010), as well as they influence on nutrient cycling (Hart and
Chen, 2006). Species composition and structure of understory pro-
vide to maintain complex structure and indigenous floras within
forest (Halpern and Spies, 1995; Thomas et al., 1999). Despite
their importance and a growing consciousness that understory
plants avail a special role in maintaining the structure and function
of forests, this component remains an underestimated aspect of
forest ecosystems. In particular, more information is needed on
how and how much different forest types influence the understory
composition and how understory vegetation response to different
management practices (Rad and Seyyedi, 2012). 

Many researches on the consequences of forest management for
plant species diversity and composition have focused on the suc-
cess of regeneration tree species and stand structure. Not many
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studies have concerned on response of understory plants to forest
silviculture. Even if information about this important biological
feature are scarce, significant knowledge and helpful consideration
are available to direct sustainable forest management guidelines. 

Multiple role, played by understory plant communities in forest
ecosystem, can both affect and be affected by forest management
activities (Roberts, 2004; Gilliam, 2007; Barbier et al., 2008), first
among everything tree cutting (Selmants and Knight, 2003; Ares et
al., 2010; Halpern and Lutz, 2013; Roberts and Gilliam, 2003).
Different methods of tree cutting can differentially influence
understory vegetation (Puettmann and Duvall, 1998) and a peculiar
cutting scheme could affect plant cover differently than it affects
species richness (Kreyling et al., 2008; Knapp et al., 2013). 

In literature, different response of understory plant species
diversity to clearcutting has been monitored and evaluated; small
effects on understory species richness in consequence to clearcut-
ting has been described for late successional forests types of north-
east North America (Moola and Vasseur, 2008); in forest stand
after less than 20 years clearcut harvesting has been observed an
increases of understory plant diversity, as a probably effect of early
successional colonizers (Moola and Vasseur, 2008; Kreyling et al.,
2008; Loya and Jules, 2008). 

Studies evaluating thinning treatments also show inconsistent
effects on understory plant species richness, on the other hand
some of them show positive effects on diversity (Thomas et al.,
1999; Metlen and Fiedler, 2006), others negative (Wyatt and
Silman, 2010), and some others no effect (Wayman and North,
2007; Schwilk et al., 2009). Many of these results may depend on
condition and successional age of the forest, forest type examined
and harvest treatment intensity and on which group of plant
species has been investigate; residual (Smart et al., 2006; Moola
and Vasseur, 2008), competitive, colonizing, or total. Successional
age of forest is an important consideration, comparing even-aged
silvicultural regeneration methods and uneven-aged methods. In
first case, the structure and amount of competition and resources
available on the forest floor changes more dramatically, and phases
of development move through time more uniformly (initiation,
stem exclusion, understory reinitiation, old growth), than in the
second case (Oliver and Larson, 1996; Smith et al., 2008).
Harvesting treatments differ significantly depending on whether
the aim is to promote regeneration (clearcut, seed tree, shelter-
wood), promote growth of the existing stand (thinning) or a com-
bination (selection).

Forest gaps and disturbances

In last decades particular attention has be paid to effects of gaps
on understory vegetation in different forests (Ehrenfeld, 1980;
Thompson, 1980; Metzger and Schultz, 1984; Collins and Pickett,
1987; Reader, 1987; Reader and Bricker, 1992; Hammond and
Brown, 1998; Fredericksen et al., 1999; Götmark et al., 2005;
Gilliam et al., 1995; Meier et al., 1995; Gilliam, 2002; Fahey and
Puettmann, 2008; Roberts and Zhu, 2002; Hart and Chen, 2006). 

According to Runkle (1992), a gap refers to an area within the
forest where the canopy (leaf height of the tallest stems) is notice-
ably lower than in adjacent areas. It is formed by the death
(absence from the canopy) of at least one-half of a tree. The largest
gap is created by the death of ten canopy trees or has a ratio of
canopy height to gap diameter equal to 1.0. Small canopy gaps are
usually a result of the natural mortality of trees or felling of indi-
vidual trees, while larger canopy gaps are often a consequence of

an external abiotic or biotic environmental factors, e.g. wind, fire,
snow, extensive bark beetles attacks (Bončina and Diaci, 1998).
However, gap influence is not always limited to the physical
canopy opening (Canham et al., 1990; Van Pelt and Franklin,
2000; Gray et al., 2002), and the extent of gap influence on the sur-
rounding forest were discussed too (Menard et al., 2002). Gap for-
mation in forests can have impacts on forest ecosystems beyond
the physical boundary of the canopy opening. The extent of gap
influence may affect responses of many components of forest
ecosystems to gap formation on stand and landscape scales (Fahey
and Puettmann, 2008). The gap size, shape, orientation and spatial
dynamics have important effects on many ecological factors and
processes in gaps. Both canopy release and gap creation induce
sudden changes in solar radiation and other micro-climate vari-
ables, such as air and soil temperature, rainfall, air humidity and
wind (Morecroft et al., 1998; Aussenac, 2000; Proe et al., 2001).
Gap formation effects forest processes within the gap area, such as
tree regeneration, stand structural development, and dynamics of
the understory layer (Canham and Marks, 1985; Collins and
Pickett, 1988; Spies et al., 1990; York et al., 2004; Čater et al.,
2014; Kutnar et al., 2015). Micro-climatic changes (Ritter et al.,
2005; Renaud and Rebetez, 2009) and the undesirable loss of nutri-
ents (Ritter and Vesterdal, 2006) are less pronounced in small
canopy gaps than in large areas of open space.

Seedling establishment may be favoured by creating small and
irregular gaps and by successive extension of gaps along the sun-
exposed gap edge. Circular gaps with diameters greater than stand
height contribute to increased ground vegetation coverage and hin-
der tree regeneration (Vilhar et al., 2014). Variation in understory
plant communities may be a useful tool in quantifying gap influ-
ence extent and may be a good indicator of overall response of bio-
diversity to gap creation (Fahey and Puettmann, 2008). 

According to Vilhar et al. (2014) the overall regeneration suc-
cess of beech in such conditions was greater along the gap edges,
which suggests that irregular gap shapes of small sizes should be
created to provide as many of optimal micro-sites as possible or
that the gaps should be expanded accordingly while accounting for
the specific micro-relief (e.g. avoiding larger canopy gaps on steep
south-facing slopes).

Functional groups and life traits

The niche concept is of prime importance in ecology, but the
quantification of plant species´ niches still remains open. Plant
functional traits developed by plants throughout the evolution to
increase their survival and dispersal rate in the high competitive
environment may be useful tools for quantifying species niche
parameters over environmental gradients (Silvertown et al., 2001;
Violle and Jiang, 2009). Plant traits are used as ecologists´ com-
mon language in order to make comparisons across regions and
scales, pool data and maximize the utility of the data (Evan et al.,
1999). An analysis of species traits is a useful tool to overcome the
problems of describing effects across borders of regions and coun-
tries and to overcome differences in taxonomy (Lavorel et al.,
1997). Also differences that are often difficult to detect because of
differences in species composition, stand ages, soil conditions, and
regional differences of species pools could be potentially revealed
by analyses of species traits (Graae and Sunde, 2000). Moreover,
it is intuitive that biological traits are potentially important for
understanding mechanisms of plant species responses to modifica-
tion of local habitat conditions, due to natural or anthropogenic
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causes. Forest harvesting even if applied with sustainable methods
can be results as a disturbance in forest ecosystem, influencing
stand- and landscape-scale patterns of forest structure and biodi-
versity. Species differ in biological attributes (traits) that are evo-
lutionarily adapted to a range of conditions (Levins, 1968; Kassen,
2002; Violle et al., 2007) and these characterize the species’ capac-
ity to reproduce, disperse and to persist in a habitat. The ability of
some of them to sprout from rhizomes, roots and various kinds of
storage organs, allow them to produce new shoots even after dif-
ferent year from disturbance. So functional traits are considered
measurable physiological and morphological characteristics that
drive the performance of an organism (McGill et al., 2006).

Species with different traits might respond in dissimilar ways to
habitat modification, with local changes in diversity structure and
composition as consequence of habitat alteration (Keddy, 1992;
Lavorel and Garnier, 2002; Hewitt et al., 2005). Therefore, species
traits may be very important as indicators of processes in forest
ecosystems, as these often operate on long time-scales and are
therefore difficult to record (Gitay and Noble, 1997). Even though
introduced long ago (Raunkiaer, 1934; Grime, 1977; Noble and
Slatyer, 1980; Box, 1981, 1996), the concept of Plant Functional
Traits has received new attention as one possible framework for
predicting ecosystem response to human-induced changes at a
global scale.

Utilizing characteristics of understory plants, for example clas-
sifying the understory community into functional groups, may fur-
ther aid in detection of gap influence and of other silviculture prac-
tices. Functional groups based on plant strategies such as those of
Grime (1977), may be especially informative in this type of analy-
sis. Grime advocates three strategies that have evolved in response
to combinations of stress and disturbance intensity: i) competitor
species (adapted to low stress and low levels of disturbance); ii)
ruderal species (adapted to low stress and high levels of distur-
bance); and iii) stress-tolerator species (adapted to high stress and
low levels of disturbance). In forest understory plants, stress is
most likely to be manifested in low availability of light and other
resources under a closed canopy (Grime, 1977), and high intensity
natural disturbance in these forests is primarily related to wildfire
(Franklin et al., 2002). 

Another trait-based approach is possible for assessment of
impacts of forest management practices on the adaptive capacity of
ecosystems. The relationship between overstory trees and under-
story vegetation for species grouped by traits that reflect food
availability for wildlife, for instances production of flowers, fleshy
fruit, and palatable leaves, was studied in different silviculture
options (Neill and Puettmann, 2013). 

Functional group approach is likely to be useful in highlighting
the mechanisms responsible for understory community response to
forest management. The understory also provides important habitat
for other taxa in forest ecosystems and may be a good indicator of
biodiversity in general (Hayes et al., 1997). 

Natura 2000 forest areas

Among the most significant nature-conservation areas in Europe
is the Natura 2000, which is a coherent ecological network of spe-
cial areas. Nearly 50% of Natura 2000 habitats are forests, and
approximately 23% of all EU forests are located within Natura
2000 sites (EU Forests and Other Wooded Land cover more than
42 % of EU land area) (European Commission, 2014). Natura
2000 has been designated under the EU m (European Commission,

1992) and EU Bird Directive (European Commission, 1979) to
assist in the maintenance of biodiversity on European territory, and
to preserve biodiversity and habitats in a favourable conservation
status. These two directives provide an integrated framework for
the identification, maintenance and protection of sites of high bio-
diversity value; they represent the European Union’s most concrete
act towards the achievement of international biodiversity policy
commitments, such as the Convention on Biological Diversity
(CBD, 1992), and they make standardized ecological monitoring
of biodiversity legally binding for the first time (Bock et al., 2005). 

Forest ownership enclosed in sites of network Natura 2000 are
subjected to particular management guidelines and recommenda-
tions, in order to maintain and protect the high naturalistic value
that they represent. It is widely recognised that one of the most
effective ways of maintaining biodiversity is to preserve habitats in
a favourable conservation status (Cantarello and Newton, 2006,
2008). On the other hand, Habitats Directives (1992) only indicate
the result to be achieved through national implementation, but does
not prescribe any concrete conservation measures, which need to
be applied for each habitat type and species. The implementation
of Natura 2000 in forests has led to conflicts related to different
interests and land use paradigms, e.g., balancing nature conserva-
tion and sustainable timber production (Niemelä et al., 2005;
Bouwma et al., 2010). However, forest management done in a sus-
tainable manner could even contribute to increasing biodiversity
(Lindenmayer et al., 2000). Therefore the Commission must assure
that the objectives of conservation are reached, but it does not have
any direct influence on the regional and local negotiation of the
management measures on Natura 2000 sites. It is task of local or
regional administrations to provides good practices of manage-
ment for habitat. In this crucial stage, scientific component can
help administrations in the draft of sustainable management guide-
lines. 

Mountain and high mountain forest represent a wide part of
habitat Natura 2000, but they also are ecosystems sensitive to envi-
ronmental alteration and to anthropogenic disturbances. Main goal
is to protect biodiversity represent by these habitat and adopt sus-
tainable management practices. 

In light of all precedent considerations, the aim of this study is
to analyse the effect of different management practices, with dif-
ferent harvesting density in various forest types.

In particular, it’s focused knowledge on the gap’s influences on
biodiversity on stand and landscape scales and understory commu-
nity response to gap creation, since it is especially considerable in
biodiversity important forest areas. In considered forest areas, gap
formation and other silvicultural options may be use as valuable
tool for preserving and increasing the current biodiversity level in
forests. 

Generally, the overall biodiversity of a forested area depends on
the biodiversity of individual communities and the spatial hetero-
geneity of the area. In these respects, the measures can be targeting
either of two levels. Spatial heterogeneity may be significantly
increased by gap formation and other similar silvicultural options
(Kutnar et al., 2015).

In Slovenia, Dinaric fir-beech forests (association Omphalodo-
Fagetum s. lat.) are one of the most extensive forest communities
within Natura 2000 in this part of Europe, and also one of the most
widespread forest types in Slovenia. They account for more than
10% of the Slovenian forest area (Dakskobler 2008) and belong to
the 91K0 - Illyrian Fagus sylvatica (Aremonio-Fagion) habitat
type of Natura 2000 (Kutnar et al., 2011, 2015.). This habitat type
includes different forests of common beech (Fagus sylvatica)
growing in the Dinaride range and in associated ranges and hills,
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with outliers in the South-eastern Alps, in the south-western
Carpathians and in the mid-Pannonic hills. In these forests, species
diversity is greater than in the Central European beech forests, and
the beech forests of the alliance Aremonio-Fagion are important
source of species diversity (European Commission, 2007). Beside
common beech other important tree species of these forests are fol-
lowing: Fagus moesiaca, Acer obtusatum, Ostrya carpinifolia,
Abies alba, Quercus cerris, Sorbus graeca, Tilia tomentosa
(European Commission, 2007).

Dinaric fir-beech forests are an example in which possible con-
flicting interests may appear. These forests are close-to-nature
managed, and the adaptive management and appropriate intensity
of forest management must be adjusted to the specifics, functions
and goals of Dinaric fir-beech forests, including biodiversity con-
servation (Kutnar et al., 2015).

In Slovenia, current standard practice in forest management and
silviculture is focused on small-area forest treatment, where atten-
tion is paid to the smallest detail in forest ecosystems and to the
external influences and interests that affect forest development
(Debevc, 2005). Forests are managed without clearcutting by
implementing regular thinning to encourage natural forest regener-
ation. 

In Italy, 30% of natural habitat types Natura 2000 are represent-
ed by forest (Genovesi et al., 2014), part of these forest are primar-
ily used for biomass production and for industrial raw material, in
particular beech forest, Turkey oak forest and Norway spruce for-
est. ManFor Italian sites were selected from forest areas within
Natura 2000, for example beech habitat types of 9110 Luzulo-
Fagetum beech forests, 9130 Asperulo-Fagetum beech forests,
9210 Apennine beech forests with Taxus and Ilex, 9220 Apennine
beech forests with Abies alba (and beech forests with Abies nebro-
densis), and spruce habitat type of 9410 Acidophilous Picea forests
of the montane to alpine levels (Vaccinio-Picetea), and Turkey oak
habitat type of 91L0 Illyrian oak-hornbeam forests (Erythronio-
Carpinion).

Because of the own definition of biodiversity1, there are not spe-
cific management practices to support increased biodiversity; the
definition does not entail only a variety of life, but includes also
genotypes and even ecological process and their inter-relationships
(Hunter, 1990; Oliver, 1992; Reid and Miller, 1989).Thus, differ-
ent species are functionally different, but they can coexist because
they are specialized for different niche (Hutchinson, 1957; McGill
et al., 2006). The best way to support a variety and abundance of
species is to provide a diversity of structure and vegetation (Allen
et al., 1996; Harris et al., 1979; Marion et al., 1986; Sharitz et al.,
1992). This includes both within and between-stand diversity
(Marion and Harris, 1982; Thill, 1990). Generally, an important
way to increase within-stand structural diversity is to maintain a
lower overstory density. A more open canopy lets a differentiated
understory to develop, providing indirectly forage and habitat for
wildlife too. Thinning early and often in rotation can allow to
maintaining an open canopy. Moreover, within and among stands,
it could be important for maintaining species and functional diver-
sity, maintaining or restoring a mosaic of forest structural classes,
the diversity of native tree species, and the distribution of features
(e.g., abiotic features, corridors, edges) (Dale et al., 2000).
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Introduction

Indicators are parameters which can be measured and corre-
spond to a particular criterion. They measure and help to monitor
the status and changes of forests in quantitative, qualitative and
descriptive terms that reflect forest values as seen by those who
defined each criterion. 

Several indicators have been proposed to assess Sustainable
Forest Management (SFM). At European level, the Pan-European
Indicators for Sustainable Forest Management (SFM), organised
in six criteria, were developed in 2002 by the Ministerial
Conference on the Protection of Forests in Europe. The first crite-
rion of this document (C1) promotes sustainable forest manage-
ment by describing the evolution and status of forest resources in
Europe and explaining/addressing forests’ contribution to the
global carbon cycles.

Carbon sequestration in forest ecosystems contributes to reduce
the concentration of greenhouse gases in the atmosphere. Carbon
accumulates in forest ecosystems through absorption (sequestra-
tion) of atmospheric CO2 and its assimilation into biomass (above
and below ground). Then carbon migrates from biomass in litter
(leaves) or in deadwood, and from these components to soil.
Carbon is retained for different periods in the forest biomass
(above and below ground biomass); litter, deadwood and soils.
Since the growth of European forests in general has predominated
over logging and other biomass removals, Europe forests are
major carbon sinks. Between 2005 and 2010, the average annual
sequestration of carbon in forest biomass reached 870 million tons

for the whole European region (including also not EU countries)
430 million tons corresponds to the EU-27 (Forest Europe, 2011).
This corresponds to 10% of the greenhouse gas emissions of the
European countries. The stock of dead organic matter and soil
organic carbon also seems to be increased (Forest Europe, 2011).

As forests are harvested, certain amount of carbon gets stored
and accumulated in forest products. So forest products play a fun-
damental role in the carbon cycle and for this reason they should
be considered in evaluating sustainability of forest management. 

In Table 1 a list of carbon SFM indicators found in MCPFE,
Canadian Council of Forest Ministers and National Report on
Sustainable Forests (USA) are presented.

Sometimes indicators do not reflect real ecological situation,
and for this reason we have modified some of them. In cases
where indicators did not consider important ecosystem compo-
nents, new ones were proposed (ManFor C.BD Indicators).

From net primary production to net biome
production 

Carbon cycling in forests varies significantly over time (e.g.,
annual, decadal) and space (regional, global), (Figure 1) while
both are directly regulated and affected by natural events (e.g., cli-
mate change, drought, wildfires, pest or disease outbreaks) and
human activities (e.g., deforestation, plantation establishment,
urbanization, management practices). 

Below a description of the parameters of carbon cycling is pre-
sented.

Gross primary production (GPP) refers to the total amount of
carbon fixed in the process of photosynthesis by plants in an
ecosystem. Global GPP is estimated to be about 123±8 PgC yr-1

(Beer et al., 2010). Net Primary Production (NPP) refers to the net
production of organic carbon by plants in an ecosystem usually
measured over a period of a year or more. It is obtained from GPP
by reduction of the amount of carbon respired by plants them-
selves (leaves, branches, stems and roots) in autotrophic respira-
tion (Ra):

NPP = GPP - Ra

NPP constitutes the total annual growth increment (both above
and below ground) and the amount grown and shed in senescence,
reproduction or death of short-lived individuals in a stand with the
amounts consumed by herbivores. Only the amount of carbon pro-
duced and lost in the year for which NPP is being calculated is
counted. 

The Net Ecosystem Exchange (NEE) and Net Ecosystem
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Production (NEP) refer to net primary production reduced for car-
bon losses in heterotrophic respiration (Rh): 

NEP=NEE = NPP - Rh

These terms are used somewhat interchangeably, with NEE used
more often to refer to fluxes when they are addressed from a mea-
surement of gas exchange rates using atmospheric measurements
over time scales of hours, whereas NEP is more often used to refer
to the same processes if measurements are based on ecosystem-
carbon stock changes, typically measured over a minimal period of
one year. However, these differences in usage are not firmly
embedded in formal definitions.

Total global NEE is estimated to be about 10 GtC yr-1 (Steffen
et al., 1998), with wide range of uncertainty and interannual vari-
ability around this estimate. Individual ecosystems may be posi-
tive, negative or in balance.

Net Biome Exchange (NBE) or Net Biome Production (NBP)
refers to the change in carbon stocks after episodic carbon losses
due to natural or anthropogenic disturbances have been taken into
account where Ld is the loss by major episodic disturbances
(Kirschbaum et al., 2001)

NBE = NEE - Ld
NBP = NEP - Ld

Some systems are not typically affected by irregular distur-
bances. In those systems, NBE = NEE. Eventually, the carbon may
be lost in a massive disturbance, such as in fire or after harvesting.
The loss due to disturbance would therefore be much greater than
the annual increment in carbon, so that in that period NBE <<0.
Summed over a longer time period, NBE will be close to zero, with
the many small positive annual increments balanced by the large
loss in the year of forest harvesting (i.e., NBE = SNEE - Ld). 

NBE could be monitored at the plot level over long periods,
which might include disturbance events or at larger spatial scales.

Changes in carbon fluxes and storage across forest landscapes
(i.e., across multiple ecosystems arranged in a cohesive mosaic)

have been difficult to understand and measure due to the complex
interactions between landscape structure and ecosystem processes
and changes in these interactions over time. The two critical issues
that should be accounted for any landscape-scale research are het-
erogeneity and scaling. Although both topics have received exten-
sive attention during the past 20 years, much less effort has been
spent on their relationship to carbon cycles, due mostly to the high
costs of such studies and a lack of effective methods. At the
ecosystem level, several methods (e.g., micrometeorological tech-
nique, biometric sampling, chamber-based flux measurement,
ecosystem modelling) can provide us with reliable estimates of
both fluxes and storage (Chen et al., 2004). However, scaling-up
of ecosystem-level carbon fluxes and storage to a landscape level
is not always accurate because of the presence of many smaller ele-
ments (e.g., corridors) and of interactions among patches (Desai et
al., 2008). 

Interaction between structure, management
and carbon cycling

The strong connection between forest structure, microclimatic
parameters, and tree ecophysiological behaviour, is well known
(Figure 2) (Aussenac, 2000). The first management result is the
modification of forest structure; this affects microclimatic param-
eters and tree physiology. 

In mature stands, characterized by closed canopies and higher
amounts of accumulated carbon stock, natural modifications (the
death of one or several trees) or silvicultural interventions modify
the forest structure and consequently climatic characteristics
depending on canopy opening. 

Consequently, all the modifications of microclimatic parameters
affect carbon cycle (e.g., growth, litter decomposition, soil respira-
tion). Thinning and cutting causes changes in the ecophysiological
behaviour of the trees (photosynthesis and transpiration phenomena).

In general the canopy is ‘organised’ to maximize carbon fixation
and usually in stands with high vertical variability sun leaves are
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Table 1. Indicators for Sustainable Forest Management (Canadian Council of Forest Ministers and National Report on Sustainable Forests, USA).

Indicator                                                                                                                                            Criteria                                                  References

Age structure and/or diameter distribution                                                                      Carbon stock and productivity                                1.3 MCPFE
Carbon stock                                                                                                                                                                                                      1.4 MCPFE
Growing stock                                                                                                                                                                                                    1.2 MCPFE
Increment and fellings                                                                                                                                                                                       3.1 MCPFE
Net change in forest ecosystem carbon                                                                                                                                                            4.1.1 CCFM
Forest ecosystem carbon storage by forest types and age class                                                                                                                      4.1.2 CCFM
Total forest ecosystem carbon pools and fluxes                                                                                                                                          5.22 NRSF-USDA
Soil condition                                                                                                                                         Soil                                                      2.2 MCPFE
Humus forms                                                                                                                                                                                                ManFor Indicators
CO2 emission of soil                                                                                                                                                                                     ManFor Indicators
Rate for compliance with locally applicable soil disturbance standards                                                                                                          3.1 CCFM
Deadwood                                                                                                                                         Deadwood                                                4.5 MCPFE
Energy from wood resources                                                                                                     Post management                                          6.9 MCPFE
Net change in forest products carbon                                                                                                                                                               4.1.3 CCFM
Forest sector carbon emission                                                                                                                                                                           4.1.4 CCFM
Avoided fossil fuel carbon emission by using forest biomass for energy                                                                                                  5.24 NRSF-USDA
Total forest products carbon pools and fluxes                                                                                                                                            5.23 NRSF-USDA
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more frequent. The upper canopy leaves have higher photosynthet-
ic rates as a consequence of higher quality and quantity of light (De
Angelis and De Luca, 1998; Matteucci et al., 1999).

When canopy homogeneity is disturbed by gaps, some of the
crown leaves would benefit from light stimulation (intermediate
zone leaves), while shade leaves in the lower parts of the crown
would not be able to adapt if radiation intensity is too high
(Aussenac, 2000).

Usually, the direct effect of cutting increases light intensity and
provides higher photosynthesis rate. In firstly dense and after heav-
ily thinned stands effects of temperature stress or photo-inhibition
phenomena are possible (Aussenac, 2000).
Under silvicutural treatments, one of the consequences of the

described phenomena is the stem circumference growth, that is
influenced by the:

- Increase of light in the lower parts of the tree crown, which
increase photosynthesis 

- Increase of soil water availability and reduction of water con-
sumption, which influences photosynthesis and stimulates
growth.

- Increase of nitrogen compounds released through faster humus
mineralization as a consequence of improved light under the
cover and an increase in the surface soil temperature.
Forest management affects soil C and N storage, due to the vari-

ation of microclimatic characteristics and input of new organic
matter. 

The general trends found by Johnson and Curtis (2001) indicate
that of high C/N ratio of residues becoming incorporated into soils
over the short-term with soil C re-equilibrating to lower levels and
to C/N ratios more similar to background as time passes. 

Regarding Carbon Cycling, silviculture residues, considering
the permanence time in the ecosystem, represent a point to analyse
in the organization of work during harvesting. If residues don’t
have positive effect on mineral soil carbon pool, for example in
warmer hardwood forest where they will be decomposed quickly,
should be better to remove them from forest and use as biomass to
burn instead of fossil fuel. Conversely, the residues input of nutri-
ents, which may result in long term carbon gains in above ground
biomass, should be considered.

If the latter is true, how do the C and economic costs of fertiliza-
tion compare with the costs of leaving residues on site (Johnson
and Curtis, 2001)?

Harvesting operation can affect the soil carbon pool. Forest floor
comprises the most dynamic part of SOC stock, estimating the
effects of these activities on SOC dynamics are critical to predict-
ing the local effects on ecosystem sustainability and global C
exchange with the atmosphere (Yanai et al., 2003).

Many studies have shown that the observed post-harvesting
decline in SOC is generally due to mixing and movement of the
organic material or litter layer into the mineral soil (Yanai et al.,
2003), soil erosion (Elliot, 2003), and leaching of dissolved organ-
ic carbon (Kalbitz et al., 2000). A good organization can reduce
these processes and consequently decrease SOC loss. 

Forest structure and management also affect soil respiration.
Soil temperature (driver of soil respiration) is affected by forest
structure particularly by the density of canopy. In general, soils
under forest cover are warmer in the winter and colder in the sum-
mer (Aussenac, 2000). 

Soil respiration is one of the major components of the ecosystem
C balance and contributes 50–95% of total ecosystem respiration
(Law et al., 1999; Xu and Qi, 2001; Janssens et al., 2001; Yuste et
al., 2005). It is the sum of multiple processes, such as root respira-
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Figure 1. Diagrammatic representation of the main terms describing
system carbon balances. Arrows indicate that GPP and NPP are
always positive (carbon gains by the system), NEE is usually, but not
always, positive, and NBE be positive or negative (Kirschbaum et al.,
2001). 

Figure 2. Interactions between climate and forest stand (Aussenac,
2000). 
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tion and microbial decomposition (Hanson et al., 2000; Kuzyakov,
2006) and varies significantly in time and space according to
small- and large-scale changes in the biological, physical, and
chemical properties of the soil (e.g., Xu and Qi, 2001; Hibbard et
al., 2005).

Roots contribute to total soil respiration through root respiration
and root litter C decomposition due to fine root turnover and root
exudates (Gower et al., 1996). Since root respiration and root litter
C decomposition depend on belowground C allocation by trees,
they can be closely linked to the forest structures (Stoyan et al,
2000; Savin et al., 2001; Søe and Buchmann, 2005). A significant
correlation exists between soil respiration and forest structural
parameters such as the mean DBH, total basal area, and maximum
DBH (Katayama et al., 2009). Thinning decreases stand density,
increase light and nutrient availability and changes soil tempera-
ture and moisture, and the amount of roots. Response of soil respi-
ration is very variable. It is probable that thinning can induce or
reduce root and microbial respiration. Thinning can directly affect
living roots (consequently root respiration) removing trees.
However, thinning can also reduce competition for soil
moisture/water and nutrients that stimulate production of surviving
trees, consequently with a higher roots production and roots respi-
ration (Ma et al., 2004).  

A new carbon pool: deadwood

Deadwood is a fundamental component of natural forests
(Christensen et al., 2005) and it is among the most important indi-
cators to distinguish natural from managed forests (Debeljak,
2006), as a consequence of reduced or no logging activities
(Emborg et al., 2000; von Oheimb et al., 2005). In a review on
deadwood amounts over 86 beech forest reserves across Central
Europe, Christensen et al. (2005) found that mean deadwood vol-
ume was 130 m3 ha-1 with a high level of variation (from ~0 to 550
m3 ha-1). Abundance of deadwood in natural forests varies greatly
depending on the present structural phase (Debeljak, 2006).

Deadwood may act as a sink for atmospheric carbon and is an
important structural and functional component of forest ecosys-
tems (Harmon et al., 1986).

The role of deadwood in nutrient cycling has been the subject of
many debates over the past decade. Policies encouraged and/or
required that woody debris to be left in the forest after the cutting
due to its inherent ability to retain essential nutrients. Deadwood
contains a substantial amount of carbon. If woody debris repre-
sents a high proportion of stored C in the forest, then management
that maintains debris on post-harvested sites would aid in retaining
C in the ecosystem and retard its return to the atmosphere.

According to Wolynski (2001) deadwood volume should
approach 10-15% of total live plus dead trees volume in adult
stands, increasing up to 25-30% in the ageing phase. In the tradi-
tional forest management the presence of deadwood is considered
negatively for several reasons. Historically, deadwood has been
removed in order to decrease firewood risk as well as to protect
timber from insect and fungal attacks (Radu, 2006). Consequence
of this type of management is a scarcity of deadwood in Italian
forests with only 8.8 m3 ha-1 on average.

Woody debris can serve as a temporary storage site for macronu-
trients such as nitrogen (N), phosphorus (P), potassium (K), calci-
um (Ca) and magnesium (Mg) (Krankina and Harmon, 1994;
Holub et al., 2001). Like C, these nutrients remain in woody debris
for a period of time but are released by decomposition eventually.

Nutrients can be immobilized in woody debris, rendering them
unusable to plants for long (or short) periods of time, but they are
eventually released through mineralization by microorganisms
(Kopra and James, 2005).

Management suggestions in view of the 
carbon cycle

Carbon cycle is affected by climatic, physiologic and human
factors (management). All are linked and response of one has
direct effect on the others. 

Considering the role of forest inside the carbon cycle, the forest
management should:
i) Maintain and preserve existing forests; 
ii) Increase the area of the forestland; 
iii) Increase the carbon stock density on the forested land (C/ha);
iv) Produce good quality wood.

These targets can be reached applying good management prac-
tices  (Di Salvatore et al., 2016).  
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The primary aim of our work is to provide an overview of the
compromises we did to match traditional silvicultural and a mul-
tipurpose approach. 

Clearly, we had to consider the framework of the general aim of
ManFor C.BD Project, or the possibility to manage a forest main-
taining the coexistence of different results such as a level of wood
production acceptable by local stakeholder, greenhouse effect mit-
igation and biodiversity guardianship.

Mainly, when we manage a forest using a traditional approach
our first goal or, more precisely, our unique goal is to reach the
maximum productivity ensuring forest regeneration and protec-
tion against soil erosion and flood. In other words we do not con-
sider to preserve some habitat trees, or to establish senescent
island reducing the wood production surface. Similarly we do not
take into account if the carbon fluxes are positive or negative.

In Table 1 we resume the main topics and the desired silvicul-
tural practices suggested by different sectorial experts (Basile et
al., 2016; Chiavetta et al., 2016; Costa et al., 2016; D’Andrea et
al., 2016; de Groot et al., 2016; Frate et al., 2016; Kovac and
Fabbio, 2016; Kutnar et al., 2016; Lombardi and Mali, 2016).

The results of the work carried out by the specialists of the
ManFor C.BD Project (Table 1) indicate that to improve biodiver-
sity level and carbon storage, while maintaining the economic sus-
tainability of silvicutural interventions, it is necessary to select
appropriate silvicultural treatments contemplating some good
practices both at stand and territorial scale, and combining silvi-
cultural adaptive strategies with technical and economic feasibili-
ty. So we can summarize the specialists’ suggestions as follows: 
- to increase diversity at stand and landscape scale; 
- to reduce habitat fragmentation at landscape scale;
- to increase deadwood amount;
- to increase retention of veteran and senescent trees.

The innovative silvicultural treatments proposed (selective thin-
ning and crown thinning) are intended to demonstrate that it is

possible to carry out thinning interventions characterized by high
levels of multifunctionality and to promote:
- the improve of economic value of the forest through increased

incremental reaction;
- the increase mechanical stability of the standing trees (htot/dbh

ratio decrease); 
- the vertical structural diversity to improve photosynthesis and

carbon storage;
- the production of good quality wood for marking durable prod-

ucts for competing materials having a larger atmospheric CO2

footprint;
- the increases in overall biodiversity: the opening of small gaps

in the canopy cover determines the possible coexistence of dif-
ferent species both animal and vegetal;

- the flexibility of future management options: the greater stabil-
ity of forest stand allows to increase the rotation length and to
have a wide range of silvicultural choices in phase of the regen-
eration of the forest.
Furthermore, as regards the increase of biodiversity level, of

deadwood and so of the amount of organic matter to the soil and
of the presence of microhabitat-bearing trees in the forest, the
innovative treatments provide some measures easy to apply and
economically sustainable:
- the retention, during thinning operations, of a fixed number (6-

8 per hectare at Pennataro-Montedimezzo) of veteran and
senescent trees (habitat trees) and trees that have a suitable
structure to be a microhabitat-bearing tree in the future (future
habitat trees);

- girdle or cut some selected trees in order to increase deadwood
availability and favour the growth of the trees with the highest
diameter, more likely to develop microhabitats;

- plan a forest area where implementing an ‘ageing patch’  liter-
ally from the French ‘îlot de sénescence’ (Cansiglio, Pennataro-
Montedimezzo). It consists of an area wide up to a few hectares
where trees are left to an indefinite ageing up to their death and
decay; where holes on standing trees and snags are being creat-
ed, where a part of living stems are partially cut along outer cir-
cumference up to cambium to make them becoming dead stand-
ing trees or felled and left on the ground to establish micro-habi-
tats, niches and corridors to insects and micro-fauna.

Finally, some different silvicultural techniques for managing
forest-dominated layer have been adopted and compared. In some
cases the thinning provides the release of intercropping trees or
removed only along hauling courses. In such way, the overall
stand structure moves both at stem and at crown level. The high
tree density of intercropped stand would promote regular mortali-
ty and the enrichment of the deadwood on the ground and standing
dead trees. In other cases (Pennataro-Montedimezzo) techniques
for the containment of the dominated layers have been adopted
with the aim to facilitate the renewal of the forest in the future: in
the low strata stumps are treated by releasing the dominated shoot,
while monocormic individuals would not harvested to avoid a new
growth from the stump.
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Table 1. List of main suggestions derived from sectorial experts contribution.

Topics and main suggestions proposed                                 Aspects involved and main suggestions proposed

Increase diversity at stand and landscape scale                             Invertebrates. Forest patch size influences the diversity of invertebrates’ species.
How. Changing silvicultural system.                                                 How. Increasing diversity larger gaps is fundamental, whilst preserving species’ 
Avoiding systematic thinning or cutting                                            smaller gaps is preferable.
on large areas  (more than 1 ha); selective                                         Flora. Supporting variety and abundance of species.
thinning should                                                                                   How. An important way to increase within-stand structural diversity is maintaining
be preferred since it promotes higher                                                 a lower overstory density. Thinning early and often in rotation can allow 
structural diversity.                                                                              to maintaining  an open canopy, maintaining or restoring a mosaic of forest 
                                                                                                            structural classes
                                                                                                            Carbon stock. increase carbon sequestration and carbon retention ability.
                                                                                                            How. i) Increment of the vertical structural diversity; ii) Production of good durable
                                                                                                            quality wood; iii) Residues management and deadwood release; iv) Organization of
                                                                                                            harvesting operations to reduce soil mixing (erosion, leaching, etc.) and engines
                                                                                                            emission
Increase deadwood amount                                                                 Invertebrates. Deadwood represents both a key trophic and microhabitat resource.
How. Not only the volume, but also                                                     How. Sufficient diameter to host sensitive beetle species (more than 30 cm in oak
maintaining diverse qualities of deadwood                                          forests); the importance of fine woody debris (diameter <10 cm). Large snags have 
in terms of tree species, decomposition stage,                                      proved to support more individuals per volume unite,  and diverse and rarer
diameter, decay class, and type has a positive                                      assemblages compared to logs and stumps represent valuable long-lasting 
effect on the conservation.                                                                     microhabitats. The minimum total volume required for European forests:  deadwood
                                                                                                                comprised between 20-30 m3/ha for boreal coniferous forests, 30-40 m3/ha for
                                                                                                                mixed-mountain forests and 30-50 m3/ha for lowland forests.
                                                                                                                Herpetofauna. Amphibians use deadwood in forest ecosystems for multiple 
                                                                                                                purpose such as feeding, mating and overwintering.
                                                                                                                Avifauna. Some species use deadwood in forest ecosystems for multiple purpose
                                                                                                                such as feeding and nesting. In almost all the three considered woodpecker species,
                                                                                                                the older forests are preferred.However, in some cases species have opposite habitat
                                                                                                                preferences, which could cause conflicting situations.
                                                                                                                Carbon stock. Deadwood may act as a sink for atmospheric carbon and is an
                                                                                                                important structural and functional component of forest ecosystems
Retention of veteran and senescent trees                                        Invertebrates. A considerable proportion of species of several insects’ orders, such
How. While many researchers consider                                             as Coleoptera and Diptera, relies on the presence of decaying wood. Deadwood
the release of 10 trees per hectare as adequate,                                 represents both a key trophic and microhabitat resource.
the rules of the various European countries,                                      Herpetofauna. As a general approach deadwood retention has to be considered as
as well as being quite dissimilar, provide                                          highly ameliorative practice for herpetofauna conservation,  and for amphibians 
a minimum release well below those values.                                      in particular; availability of deadwood as cool and moist refugia.
                                                                                                            Carbon stock. Increasing the amount of stored carbon in living trees.
Reduce habitat fragmentation                                                           Invertebrates. Forest patches isolation affects the exchange of individuals between
at landscape scale                                                                                  populations and suitable habitats could be unoccupied because of isolation from
                                                                                                                neighbouring populations. Patch size affects the richness of forest species: in many
                                                                                                                cases an increase of species diversity with forest patch size has been observed, and
                                                                                                                a decrease below a certain threshold.
                                                                                                                How. The restoration of natural forest properties should be planned on an extensive 
                                                                                                                landscape scale and the potential species pools. In fragmented landscapes, the co
                                                                                                                sideration of multiple spatial scales together with short and long-term dynamics of
                                                                                                                substrate availability represents the future challenge for saproxylic biodiversity
                                                                                                                conservation.
                                                                                                                Herpetofauna. Habitat connectivity is a key function for herpetofauna conservation:
                                                                                                                a large number of studies show that low connectivity between terrestrial habitats
                                                                                                                (e.g., forested areas) and aquatic reproductive sites is a cause of low survival and,
                                                                                                                consequently, population decline. In a similar way low habitat connectivity between
                                                                                                                reproductive sites and forested areas affects at a larger extent juvenile survival and
                                                                                                                dispersal.
                                                                                                                Avifauna. Unfortunately, different species respond in different ways to forestry and 
                                                                                                                for generalists taxa it can be expected a neutral, or even positive impact on abundance.
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Based on this silvicultural approach, the Forest Management
Plan results as the ideal tool to implement the outcomes of the
ManFor C.BD Project, and through which to take the most appro-
priate silvicultural techniques for optimizing multifunctionality of
forests.

It will be necessary that the Forest Management Plan gives full
details of silviculture treatments on a case-by-case basis, specify-
ing the different best practices in space and in time.

It is actually important to plan forest management at a not only
stand level but also at a landscape level. In such a way the benefits
derived from best practices silvicultural treatments fall on to the
entire forest and will be constant over time.
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Sites description

For the Italian sites, the geographic coordinates refer to the
centroid of the total Forest Management Unit (FMU) and the
altitudinal ranges refer to the small area (10 km2) (small square
frame presented for each site). For both Italian and Slovenian
sites, the landscape characteristics of sites refer to the 100 km2

area (big square frame presented for each site). 
In description of landscape driving force at Italian sites, the

percentage amount of land uses classes refers to the Corine Land
Cover (CLC) data (1:100,000) from 2006. Urban areas percent-
ages refer to the class 1.1.1: ‘Continuous urban fabric’ and 1.1.2:
‘Discontinuous urban fabric’. Agricultural areas percentages
refer to the class 2: ‘Agricultural areas’. The percentage of forest
areas refers to the class 3.1: ‘Forests’. The other semi-natural
lands percentages refer to the class 3.2: ‘Shrubs and/or herba-
ceous vegetation associations’. For Slovenian sites the main
landscape characteristics of landscape refer to Agricultural land
cover data (1:5000) from 2012 (Ministry of Agriculture and
Environment). The forest core area, defined as the forest area
sufficiently far from the forest edge in percentage is provided.
The distance from the forest edge was uniformly defined for
Italian (100 m) and for Slovenian sites (300 m). A summary
description of driving forces is also provided for each site.

General characteristics of plots and structural diversity indexes
for test site are provided. 

The survey methodology was carried out in two phases: 1) pre
management and 2) post management practice. The objective of
phase 1 was to collect information on and analyze the hetero-
geneity of forest stand structure and collect forest attributes
according to an inventory-like sample design. The objective of
phase 2 was to monitor the change in attributes after manage-
ment practice.

An area of 30 hectares, divided into nine compartments, was
devoted to the management trials at each site. Two or three the-
ses were identified and randomly assigned in three replicates to
each compartment (1 to 9). A cluster of three circular sampling
plots - with a different radius length considering the different
stand structure - was established within each compartment
according to a systematic design to survey mesuring parameters
(species, dbh, height, tree position, social rank, crown projec-
tions, etc.). At Lorenzago site a different approach was applied,
six plots only were established.  

For each site, the results presented in the relevant Tables are
the average of the circular sampling plots with their standard
deviations (SD).  

Volume data is obtained by applying INFC (National Forest
Inventory and Carbon Sinks) yield tables (Tabacchi et al., 2011).  

Structural diversity indices (Chiavetta et al., 2016):
BALMOD, Hg, Hg mod, CE, TD, TH, STVIdbh, STVIhtot, were
calculated according to Clark et al. (1954), Hegyi (1974),
Pommerening (2002), Pretzsch (2010), Schröder and von Gadow
(1999), Staudhammer and LeMay (2011).

Site 1. Cansiglio, Italy

General description of site
The area is located in the Veneto Region, in Province of

Belluno (at the border with the Province of Treviso) (Figures 1-
5; Tables 1-4). 

It is included in the Natural Biogenetic Reserve Pian
Parrocchia-Campo di Mezzo (established in 1977). The National
Forest Service of Italy directly carries on the management. 

The total area is 667 ha, and the dominant species is the beech.
The main management type is high forest treated with shelter-
wood cuttings. Generally, 700-1000 m3 of wood is extracted per
intervention, over 10 to 15 ha.
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Table 1. Cansiglio. General characteristics of site.

Nation                                   Italy
Region                                  Veneto
Management authority         National Forestry Service
Geographic coordinates       46°2'33.727'' N - 12°22'41.519'' E (WGS84-UTM)
Altitudinal range (m asl)      1040 ÷ 1450
Site protection                      Natural Biogenetic Reserve: Pian
                                             Parrocchia-Campo di Mezzo; Special
                                             Protection Zone (ZPS, 79/409/CEE) 
                                             and Sites of Community Importance 
                                             (SIC, 92/43/CEE).
Forest type                            Illyrian mountainous beech forest

Figure 3. Cansiglio. Forest management area map.Figure 1. Cansiglio. Site location.

Figure 2. Cansiglio. Landscape map (100 km2).
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Figure 4. Cansiglio. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).

Table 2. Cansiglio. Main mensurational parameters before and after thinning.

                                                                    Tree                Basal               Standing             Mean                    Mean            Dominant              Dominant 
                                                                  density               area                  volume                dbh                    height               dbh                      height 
                                                                  (n ha-1)           (m2 ha-1)            (m3 ha-1)              (cm)                       (m)                  (cm)                        (m)

Before thinning
     Control                      mean                     332                   40.2                    342.4                  39.5                       26.5                  56.2                         28.3
                                       st. dev.                    75                     4.8                      35.2                    2.4                         0.4                    4.4                           0.2
     Innovative                 mean                     321                   41.9                    561.2                  41.6                       26.7                  53.9                         28.2
                                       st. dev.                    40                     3.3                      31.0                    1.6                         0.2                    1.9                           1.2
     Customary                mean                     339                   39.6                    524.0                  39.5                       26.5                  51.8                         27.8
                                       st. dev.                    15                     5.8                      96.3                    2.5                         0.4                    1.2                           0.9
After thinning
     Innovative                 mean                     179                   26.6                    360.1                  44.1                       27.1                      
                                       st. dev.                    21                     1.8                        8.0                     1.7                         0.2
     Customary                mean                     226                   29.8                    397.1                  41.0                       26.7
                                       st. dev.                    17                     4.0                      66.2                    1.3                         0.2

Table 3. Cansiglio. Main structural diversity index before and after thinning.                                 

                                                                        BALMOD            Hg            Hg mod              CE                  TD               TH               STVIdbh         STVIhtot

Before thinning
    Control                        mean                           0.77              0.81               1.00                 1.22                 0.25              0.11                  0.53                0.16
                                        st. dev.                        0.11              0.23               0.19                 0.13                 0.06              0.03                  0.25                0.07
    Innovative                   mean                           0.66              0.77               0.97                 1.22                 0.19              0.07                  0.31                0.05
                                        st. dev.                        0.07              0.07               0.09                 0.08                 0.03              0.02                  0.09                0.02
    Customary                  mean                           0.67              0.79               0.95                 1.24                 0.19              0.06                  0.28                0.06
                                        st. dev.                        0.05              0.08               0.06                 0.05                 0.03              0.01                  0.11                0.06
After thinning
    Innovative                   mean                           0.46              0.34               0.47                 1.38                 0.19              0.07                  0.27                0.04
                                        st. dev.                        0.04              0.04               0.03                 0.04                 0.02              0.02                  0.09                0.02
    Customary                  mean                           0.53              0.47               0.59                 1.34                 0.18              0.06                  0.26                0.07
                                        st. dev.                        0.03              0.10               0.12                 0.02                 0.04              0.00                  0.09                0.08

Table 4. Cansiglio. General landscape characteristics.

Urban areas (%)                     Agricultural areas (%)                   Forests (%)                   Other semi-natural lands (%)              Forest core area (%)

1.32                                                           11.69                                        76.55                                               8.61                                                  65.89
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The forest is included in Special Protection Zones (ZPS,
79/409/CEE) and in Sites of Community Importance (SIC,
92/43/CEE). Since 1996, the forest is also included in the Italian
network of the forest ecosystem monitoring (CONECOFOR),
part of the of the UN/ECE International Cooperative Programme
of Forests (ICP Forests, http://www.icpforest.org) that, in 2009-
2010, was monitored under LIFE+ FutMon (http://www. fut-
mon.org).

Total area of the FMU is 35 ha. Altitude within FMU ranges
from 1100 m to 1200 m asl.

The designated site lies in a beech high forest compartment
aged 120 to 145 years. The forest has a long tradition of forest
management: basic rules applied are moderate thinning from
below or mixed, repeated every 20 years, while stand regenera-
tion is by group shelterwood system. Currently, the age of final
cutting is being shifted to a not-definite (at now) stand age, this
matching the emerging recreational, landscape and mitigation
functions. Site parameters (elevation, position, soil, rainfall
amount and pattern) are optimal for beech growth and such con-
ditions allow the prolongation of standing crop permanence time
(rotation length).

The traditional silvicultural system 
The traditional system was optimal when framed within classi-

cal rotation up to the age of 120-140 years (Muzzi, 1953;
Hoffman, 1967; Bessega, 2007). Current shift well-addresses the
emerging functions but no updating of silvicultural techniques
has been proposed to provide longer rotations. The achievement
of older stand ages implies to maintain the current sequestration
ability and higher growing stocks as long as possible.
Furthermore, the present homogeneous structure of cultivated

beech forests clashes with structural diversity connected to the
landscape and functional values of mature forest stands.

The innovative criteria applied: proposed manage-
ment options

The demonstrative/innovative criteria consisted of the identifi-
cation of a non-fixed number of scattered, well-shaped trees
(usually in the predominant-dominant social classes) and crown
thinning of neighbouring competitors to promote better growth
ability of selected trees at crown, stem and root level in the
future. These would be the main key-actions able to reach the
final, overmature stages and to regenerate the forest. The result-
ing harvested amount of wood is not far from the one extracted
by traditional thinning, but its spatial arrangement is different on
the ground and at crown level. Shape, size and distribution of
canopy gaps are also different between the traditional and the
new practice approach. The remaining standing crop is fully
maintained and would produce differentiation in crown layer,
stem distribution and stem size. Mortality of dominated or defec-
tive trees would promote the establishment of snags and lying
deadwood, at present understocked. A higher complexity of stand
structure and habitats may be reached through consistent prac-
tices, and support the diverse, concurrent demands currently
addressed to forest management. The trial compares traditional
and innovative technique, with also no-intervention or delayed-
intervention measure, which in the context of beech high forests
has sound reasons to be tested because of its wide application in
similar conditions. 

In addition, a further area has been planned where implement
an ‘ageing patch’ literally from French ‘îlot de sénescence’. It
consists of an area wide up to a few hectares where trees are left
to an indefinite ageing up to their death and decay; where holes
on standing trees and snags are being created, where a part of liv-
ing stems are partially cut along outer circumference up to cam-
bium to make them becoming dead standing trees or felled and
left on the ground to establish micro-habitats, niches and corri-
dors to insects and micro-fauna.

Site 2. Chiarano Sparvera, Italy

General description of site
The area is located in the Abruzzo Region, Province of

L’Aquila in a Regional Forest, included in the external protection
zone of the National Park of Abruzzo-Lazio-Molise and partially
in Natura 2000 site (SIC IT7110053) (Figures 6-10; Tables 4-6).

The total area is 766 ha and the main forest species is beech
(95%).

The main historical management type is coppice with stan-
dards, and is now under conversion to high forest. During last 20
years, the treatments aimed towards converting coppice to high
forest and towards thinnings to increase structural diversity (also
under LIFE NAT/IT/006244 and LIFE04 NAT/IT/00190). The
selected stand is not included in Sites of Community Importance
(SIC) or Special Protection Zones (ZPS) of Natura 2000 network.

Total area of Forest Management Unit is ~ 30 ha, the area con-
sist of 2 parts separated by a stripe of meadow and rocks. Altitude
within FMU ranges from 1700 m to 1800 m asl (Table 8).

The site lies in a beech forest located at the upper tree vegeta-
tion layer in the Central Apennines and has been managed as the
coppice system up to mid 19th century. Following the suspension

Figure 5. Cansiglio. Effect of the silvicultural treatment on canopy
cover.
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Table 5. Chiarano Sparvera. General characteristics of site.

Nation                                    Italy
Region                                 Abruzzo
Management authority        Regional Forests
Geographic coordinates      41°50'40.92'' N - 13°58'2.999'' E (WGS84-UTM)
Altitudinal range (m asl)    1525 ÷ 2085
Site protection                     External zone of the National Park of 
                                            Abruzzo-Lazio-Molise and partially
                                            in Natura 2000 sites
Forest type                          Apennine Corsican mountainous beech forest

Figure 8. Chiarano Sparvera. Forest management area map.Figure 6. Chiarano Sparvera. Site location.

Figure 7. Chiarano Sparvera. Landscape map (100 km2).
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Table 6. Chiarano Sparvera. Main mensurational parameters before and after thinning.

                                                                      Tree              Basal               Standing             Mean                    Mean            Dominant              Dominant 
                                                                   density             area                  volume                dbh                    height               dbh                      height 
                                                                   (n ha-1)          (m2 ha-1)             (m3 ha-1)              (cm)                       (m)                  (cm)                        (m)

Before thinning
     Innovative 40           mean                      1530                40.2                    296.6                  18.6                       14.1                  29.3                         16.7
                                       st. dev.                    110                  2.6                      31.7                    1.3                         0.4                    1.0                           0.4
     Innovative 80           mean                      1295                40.4                    303.8                  20.3                       14.6                  31.7                         17.1
                                       st. dev.                    215                  1.8                      35.2                    2.1                         0.6                    3.2                           1.0
     Customary                mean                      1277                36.7                    267.3                  19.7                       14.4                  30.3                         16.5
                                       st. dev.                    330                  5.0                      45.7                    2.0                         0.6                    3.9                           0.8
After thinning
     Innovative 40           mean                       659                 23.0                    177.1                  21.5                       14.9
                                       st. dev.                     66                   1.0                      10.9                    1.1                         0.3
     Innovative 80           mean                       645                 24.8                    192.1                  22.7                       15.3
                                       st. dev.                    172                  0.6                        9.7                     2.7                         0.7
     Customary                mean                       594                 23.1                    177.2                  23.3                       15.4
                                       st. dev.                    198                  3.8                      22.7                    3.2                         0.8

of fuelwood harvesting, the conversion into high forest has been
applied on two-thirds of the original coppice cover, while the
remaining forest consists of aged coppice structures. The desig-
nated area, 70 years old, is included into a wide compartment
under conversion. The practice of coppice conversion into high
forest consists of low to mixed thinnings of the transitory crop,
repeated every 20-30 years, usually performed for the first time
few years after the end of former rotation and up to the age of
regeneration establishment from seed. This step closes the con-
version stage and opens the high forest cycle. The abovemen-
tioned silvicultural system is applied throughout the Apennines
and pre-Alpine area of the country.

The traditional silvicultural system 
The traditional system works well if site-index is sufficient (as

in the case), but the resulting structures are very simplified
because of mass selection operated by thinning system applied all
over the conversion cycle (La Marca, 1980). Stands are usually
one-storied, with limited dbh range and a homogeneous distribu-
tion of trees and crown volumes.

The innovative criteria applied: proposed manage-
ment options

The applied demonstrative/innovative criteria consisted of the
preliminary choice of a number of 40-80 well-shaped phenotypes
per hectare (stem form and crown development are the relevant
attributes) and of cutting all surrounding competitors.
Intercropping trees were fully released or removed only along
hauling courses. In such way, the overall stand structure has been
moved both at stem and at crown level. The high tree density of

Table 7. Chiarano Sparvera. Main structural diversity index before and after thinning.

                                                             BALMOD             Hg             Hg mod               CE                   TD                        TH              STVIdbh        STVIhtot

Before thinning
     Innovative 40             mean               0.68                2.27                2.29                  1.11                  0.26                       0.14                 0.20              0.06
                                         st. dev.            0.02                0.07                0.08                  0.01                  0.01                       0.01                 0.05              0.01
     Innovative 80             mean               0.63                1.67                1.91                  1.19                  0.27                       0.14                 0.22              0.06
                                         st. dev.            0.06                0.16                0.05                  0.09                  0.03                       0.02                 0.09              0.03
     Customary                  mean               0.59                1.77                1.88                  1.19                  0.25                       0.13                 0.20              0.05
                                         st. dev.            0.08                0.65                0.48                  0.09                  0.03                       0.01                 0.11              0.02
After thinning
     Innovative 40             mean               0.39                0.73                0.81                  1.23                  0.23                       0.11                 0.17              0.04
                                         st. dev.            0.02                0.08                0.06                  0.01                  0.01                       0.01                 0.06              0.01
     Innovative 80             mean               0.40                0.64                0.78                  1.29                  0.24                       0.12                 0.18              0.04
                                         st. dev.            0.02                0.17                0.18                  0.10                  0.02                       0.02                 0.04              0.01
     Customary                  mean               0.33                0.66                0.79                  1.29                  0.18                       0.08                 0.13              0.02
                                         st. dev.            0.05                0.30                0.29                  0.11                  0.02                       0.01                 0.09              0.01

Table 8. Chiarano Sparvera. General landscape characteristics.

  Urban areas (%)                   Agricultural areas (%)                   Forests (%)                   Other semi-natural lands (%)              Forest core area (%)

                -                                                 9.03                                         34.78                                              51.42                                                 22.05
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intercropped stand would promote regular mortality and dead-
wood enrichment, where the establishments of further habitats
and related niches would be favoured. The trial compares the tra-
ditional technique and two innovative approaches different as for
the selected tree number (40-80) per unit area. 

Site 3. Lorenzago di Cadore, Italy 

General description of site
The area located in the territory of the town of Lorenzago di

Cadore, province of Belluno where the forest is owned by the vil-
lage of Lorenzago di Cadore (Figures 11-16; Tables 8-13). 

The total area is 1100 ha in size. It is bordering Friuli Venezia
Giulia Region. The climate is of Mesalpic type and the altitudinal
range is 800-1800 m asl.

According to altitude, the forest types are different:
fir forests of carbonatic and siliceous soils (800 - 1300 m);
secondary montane spruce forests (1000 - 1350 m);
spruce forests on carbonatic and siliceous soils (1300 - 1800 m)
The main management type applied is selection cuttings (from

single-tree to small groups), natural regeneration is present in all
variants. Annual cuttings: 1660 m3 (26% of annual increment).
The Lorenzago di Cadore area is included in one of the largest
Special Protection Zone of the Alps (ZPS IT3230089 ‘Dolomiti
of Cadore and Comelico’) and contains two Sites of Community. 

Total area of Foret Management Unit is 25 ha. Altitude within
FMU ranges from 925 m - 1220 m asl (Table 13). The site lies in
a mixed, uneven-aged coniferous forest (silver fir 51%, Norway
spruce 46%, European larch 2%, beech 1%) traditionally man-
aged according to the selection system. Every ‘n’ years the prac-
tice includes the contemporary: i) harvesting of mature trees; ii)
thinning in the intermediate storey; iii) progressive side cuttings
around the already-established regeneration patches to promote
their successful growth; iv) felling of defective stems and wither-
ing trees throughout. The less-intensive harvesting over the last
period has promoted the increase of growing stock over the
threshold usual to the uneven-aged type. This results in a less-
balanced distribution of mature and intermediate age classes (i.e.
large and medium sized trees), currently prevailing on young classes
and the regeneration layer. 

The traditional silvicultural system 
Mature trees and groups of dense intermediate-sized trees determine
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Figure 10. Chiarano Sparvera. Effect of the silvicultural treatment on
canopy cover.

Figure 9. Chiarano Sparvera. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).
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Table 9. Lorenzago di Cadore. General characteristics of site.

Nation                                    Italy
Region                                 Veneto
Management authority        Village of Lorenzago di Cadore
Geographic coordinates      46°28'21.713'' N - 12°28'13.079''E (WGS84-UTM)
Altitudinal range (m asl)     694 ÷ 1425
Site protection                     Special Protection Zone of the Alps 
                                             (ZPS - IT3230089: 'Dolomiti of Cadore and
                                             Comelico') containing two Sites of Community 
                                             Importance (SIC, 92/43/CEE). Forests of 
                                             Lorenzago are certified for Sustainable Forest 
                                             Management by PEFC
Forest type                           Subalpine and mountainous spruce and 
                                             mountainous mixed spruce silver fir forest; 
                                             subalpine larch arolla pine and dwarf pine 
                                             forest.

Figure 11. Lorenzago di Cadore. Site location.

Figure 12. Lorenzago di Cadore. Landscape map (100 km2).

Figure 13. Lorenzago di Cadore. Forest management area map.
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Table 10. Lorenzago di Cadore. Main mensurational parameters before and after thinning.

Area 1                              Tree                    Basal              Standing                   Mean                     Mean                      Dominant                    Dominant 
                                         density                 area                 volume                      dbh                     height                         dbh                            height 
                                         (n ha-1)             (m2 ha-1)            (m3 ha-1)                    (cm)                        (m)                            (cm)                              (m)

Before thinning
       Control                      750                        63.5                   847.1                        32.8                        30.7                             63.4                              34.5
       Innovative                 686                        53.3                   748.1                        31.4                        29.9                             68.9                              37.1
       Customary                 580                        58.8                   937.0                        35.9                        32.4                             71.5                              42.5
After thinning
       Innovative                 608                        43.1                   596.5                        30.0                        29.0
       Customary                 488                        46.4                   719.6                        34.8                        31.8

Table 11. Lorenzago di Cadore. Main mensurational parametres before and after thinning.

Area 2                              Tree                    Basal              Standing                     Mean                   Mean                       Dominant                  Dominant 
                                          density                 area                volume                        dbh                   height                          dbh                          height 
                                          (n ha-1)             (m2 ha-1)            (m3 ha-1)                      (cm)                      (m)                             (cm)                            (m)

Before thinning
       Control                       520                        55.1                   875.5                          36.7                      32.8                              68.2                             38.5
       Innovative                  481                        54.6                   828.2                          38.0                      33.5                              58.4                             38.3
       Customary                 676                        58.0                   904.2                          33.0                     30.82                             59.0                             37.6
After thinning
       Innovative                  216                        28.1                   424.1                          40.7                      34.7
       Customary                 389                        43.2                   693.1                          37.6                      33.3

Table 12. Lorenzago di Cadore. Main structural diversity index before and after thinning.

Area 1                              BALMOD                Hg                Hg mod                CE                     TD                        TH                STVIdbh                  STVIhtot

Before thinning
       Control                      3.00                      2.37                   2.75                   0.98                   0.41                       0.36                  0.93                         0.82
       Innovative                 3.46                      1.56                   2.37                   0.90                   0.41                       0.46                  1.00                         0.99
       Customary                3.44                      1.60                   2.19                   1.00                   0.44                       0.43                  1.00                         1.00
After thinning
       Innovative                 3.22                      1.09                   1.91                   0.86                   0.47                       0.46                  1.00                         0.99
       Customary                3.02                      1.39                   1.80                   0.99                   0.44                       0.43                  1.00                         1.00

Table 13. Lorenzago di Cadore. Main structural diversity index before and after thinning.

Area 2                               BALMOD              Hg                Hg mod                CE                     TD                        TH                STVIdbh                  STVIhtot

Before thinning
       Control                       2.80                     2.21                   2.42                   0.92                   0.43                       0.34                  0.83                         0.85
       Innovative                  2.18                     1.82                   2.00                   1.03                   0.36                       0.27                  0.67                         0.62
       Customary                  2.97                     1.21                   1.65                   1.03                   0.50                       0.46                  1.00                         1.00
After thinning
       Innovative                  1.32                     0.82                   0.97                   0.80                   0.32                       0.25                  0.60                         0.55
       Customary                  1.80                     1.31                   1.23                   0.94                   0.35                       0.25                  0.60                         0.60

Table 14. Lorenzago di Cadore. General landscape characteristics.

  Urban areas (%)                   Agricultural areas (%)                   Forests (%)                   Other semi-natural lands (%)              Forest core area (%)

             2.55                                              7.82                                         68.04                                               6.13                                                  57.49
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growing stock that is exceeding regular stocking. Such condition raises
because of shading, affecting survival and growth of the established
regeneration and preventing establishment of new regeneration patch-
es. The hauling system with horses used in the past allowed the fre-
quent harvesting of scattered mature trees; the use of tractors nowadays
makes harvest feasible, but needs to concentrate fellings on the ground
somehow (Bortoluzzi, 2002).

The innovative criteria applied: proposed 
management options

The contemporary harvesting of a few mature trees and thinning of
intermediate-sized trees is arranged into small groups, and allows min-
imal interventions with mechanized harvesting. Such demonstrati ve/in -
novative practice has been implemented by the opening of strip clear-
cuttings 60 m long (1½ top height) and 20 m wide (½ top height). Such
practice contributes to a more balanced structure, triggering establish-
ment of regeneration (canopy opening) and consenting to concentrate
log harvesting along each strip. These ‘light thinnings’ are NW-SE ori-
ented along the direction of maximum slope. Broadleaved trees and
young regeneration along the strips are being released. Cutting, as
usual, connects strips. Beech regeneration (eradicated in the past
because of low value compared to fir or spruce timber) is always
favoured to enhance tree species diversity. 

The different management options were applied in two different
areas (Area 1 and Area 2).

Figure 14. Lorenzago di Cadore, Area 1. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).

Figure 15. Lorenzago di Cadore, Area 2. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).

Figure 16. Lorenzago di Cadore, Area 1. Effect of the silvicultural
treatment on canopy cover.
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Site 4. Mongiana, Italy 

General description of site
The area is located in the Calabria Region, Province of Vibo

Valentia. The management is directly carried on by the National
Forestry Service of Italy (CFS) (Figures 17-21; Tables 15-18).

The selected forest area is included in the Marchesale
Biogenetic Reserve, Natura 2000 sites

The total area is 1257 ha and the altitudinal range is 750 ÷ 1170
m asl.

The forest types are beech managed as high forest and chestnut
(Castanea sativa) stands managed as coppice (a number of stands
are aged coppices. There is a small fraction of mixed beech-fir
high forest (5%). From 2000 to 2009, silvicultural interventions
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Table 15. Mongiana. General characteristics of site.

Nation                                    Italy
Region                                     Calabria
Management authority            Italian State forests
Geographic coordinates          38°29'52.433'' N - 16°14'28.316'' E (WGS84-UTM)
Altitudinal range (m asl)         894 ÷ 1276
Site protection                         Marchesale Biogenetic Reserve and 
                                                Natura 2000 site
Forest type                               Subatlantic submountainous beech forest

Figure 17. Mongiana. Site location. Figure 19. Mongiana. Forest management area map.

Figure 18. Mongiana. Landscape map (100 km2).
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Table 16. Mongiana. Main mensurational parameters before and after thinning.

                                                                    Tree              Basal              Standing               Mean                  Mean                    Dominant          Dominant 
                                                                  density            area                volume                  dbh                  height                       dbh                  height 
                                                                  (n ha-1)         (m2 ha-1)           (m3 ha-1)                (cm)                    (m)                          (cm)                    (m)

Before thinning
       Control                        mean                  523                41.2                   495.4                    32.2                     23.2                           50.5                    26.9
                                           st. dev.                71                  2.0                     16.2                      2.9                       0.7                             4.9                      1.1
       Innovative                   mean                  528                41.6                   484.3                    32.3                     23.2                           49.9                    25.4
                                           st. dev.                90                  7.0                    112.3                      5.2                       1.4                             7.2                      1.3
       Customary                  mean                  480                38.7                   471.7                    33.5                     23.4                           51.2                    26.8
                                           st. dev.                94                  5.2                    101.6                     6.2                       1.5                             7.6                      2.2
After thinning
       Innovative                   mean                  418                32.6                   380.2                    32.1                     23.1
                                           st. dev.                78                  6.2                     61.5                      4.7                       1.3
       Customary                  mean                  408                31.4                   381.3                    33.2                     23.3
                                           st. dev.               112                 1.9                     51.1                      5.8                       1.3

Table 17. Mongiana. Main structural diversity index before and after thinning.

                                                              BALMOD                 Hg                 Hg mod                 CE                 TD                   TH              STVIdbh           STVIhtot

Before thinning
      Control                       mean               0.95                    1.13                   1.31                    1.13                0.24                  0.12                 0.53                 0.15
                                          st. dev.            0.10                    0.33                   0.20                    0.01                0.01                  0.00                 0.14                 0.04
      Innovative                  mean.              0.93                    1.22                   1.25                    1.14                0.24                  0.11                 0.46                 0.10
                                          st. dev.            0.06                    0.22                   0.16                    0.13                0.02                  0.01                 0.12                 0.02
      Customary                  mean               0.95                    1.19                   1.24                    1.16                0.25                  0.12                 0.50                 0.14
                                          st. dev.            0.08                    0.23                   0.19                    0.25                0.02                  0.02                 0.12                 0.05
After thinning
      Innovative                  mean               0.84                    0.84                   0.96                    1.21                0.25                  0.11                 0.49                  0.11
                                          st. dev.            0.07                    0.16                   0.20                    0.10                0.02                  0.01                 0.12                 0.02
      Customary                  mean               0.86                    0.90                   0.89                    1.21                0.25                  0.13                 0.49                 0.15
                                          st. dev.            0.13                    0.27                   0.23                    0.09                0.03                  0.02                 0.08                 0.06

Table 18. Mongiana. General landscape characteristics

   Urban areas (%)                  Agricultural areas (%)                   Forests (%)                   Other semi-natural lands (%)              Forest core area (%)

              0.82                                            17.33                                        78.81                                               1.81                                                  68.34
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Figure 20. Mongiana. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).
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were implemented over 108 ha.
Total area of Foret Management Unit is ~30 ha. Altitude within

FMU ranges from 1000 m to 1100 m asl  (Figure 19).
The site lies in a beech high forest, originated from regenera-

tion following the final cutting by the shelterwood system or
clear-cut or clear-cut with reserves, performed at mid 19th centu-
ry close to the end of the World War II. The designated compart-
ment is about 70 years old. Its location in the upper part of the
mountain system is typical for beech forests in Southern
Apennines. The interception of fogs, wet winds and rain originat-
ed on the sea makes the physical environment sufficiently moist
all over the year. As for the stand structure, older trees, scattered
or grouped along streams, are remnants of previous cycle; tree
density is variable and small patches of silver fir consisting of
mother trees and their regeneration cohorts, are present in a few
sectors of the compartment.

The traditional silvicultural system 
The traditional system made up of periodical low thinnings is

rather conservative and only occasionally opens the canopy. It
makes, as already stated for other beech forests, the stand struc-
ture homogeneous, besides its former, natural discrepancy (CFS-
UTB Mongiana, 2011; Mercurio and Spampinato, 2006).

The innovative criteria applied: proposed manage-
ment options

The demonstrative/innovative criteria consisted of the identifi-
cation of 45-50 trees per hectare i.e. ‘the candidate trees’ and
removal of direct competitors. Couples of neighbouring trees

have been selected for the purpose. No thinning has been applied
in the space between candidates or where groups of older trees
have naturally spaced the structure. Silver fir patches have been
set free all around from beech crown cover. The applied criterion
and the aim of practice is similar to the one applied at the
Cansiglio forest. The thesis of delaying any intervention is also
addressed here because of the young age of standing crop and of
the variable stand texture made of different tree densities.
Traditional and innovative technique, plus the delayed-interven-
tion are being compared in Marchesale forest.

Site 5. Montedimezzo-Pennataro, Italy 

General description of site
The area is located in the Molise Region, Province of Isernia,

close (or included in) to Montedimezzo Natural State Reserve,
established 1971; MAB-UNESCO Biosphere Reserve; Natura
2000 SIC and ZPS sites (Figures 22-26; Tables 19-22).

The total area is ~400 ha and its altitudinal range is 900-1300
m asl. The forest type: pure or mixed stands of Turkey oak
(Quercus cerris) (lower elevation) beech forest, generally mono-
layered (higher elevation). The main management type is high
forest.

The future management plan includes measures especially for
experimental and educational purpose in four separate units: i)
coppice: thinning and small cuttings; ii) high forest above cop-
pice: natural evolution; iii) monoplane high forest: interventions
only on battered old or sick trees, control of the regeneration,
experimental plantation of yew (Taxus baccata); iv) biplane-
Multiplane high forest: small cuttings inside 5 ha management
units with the formation of gaps not exceeding 200-300 m2

experimental plant of yew. Total area of Foret Management Unit
is ~30 ha. Altitude within FMU ranges from 900 m to 1000 m asl
(Figure 24).

The experimental area has been settled in a Turkey oak forest.
Other complementary broadleaves (maples, hornbeam, beech,
other minor spp.) are scattered or grouped within the main oak
layer. The terrain is not homogeneous; steep slopes and presence
of large rocky outcrops make forests less dense. Remnants of
grazed areas under forest cover are still perceptible with light
canopies and large-sized, open-grown trees. Stand structure, gen-
erally dense, is anyway irregular per patches depending on tree
size and arrangement of standing structure. Standing and lying
dead trees are present. Two main stand ages prevail: young and
overgrown forest, originated from the coppice system applied in
the past and from the management under the high forest system.

The prevalent age is 60-70 years, but there are also several
individuals of Turkey oak estimated age between 130-140 years
originated as a result of a clear cut with reserves from the end of
1800.

The traditional silvicultural system 
The traditional system performed extensive low thinnings over

the last 40 years and a few seed cuttings in the aged forest patch-
es - not followed by the removal of seed trees - suspended any
active forest management. Such condition favoured other species
like than oaks to provide mixed forest. The main management
type is high forest and aged coppice, partly in conversion to high
forest (Garfì e Marchetti, 2011; Marchetti, 2008). 

[page 76]                                                             [Italian Journal of Agronomy 2016; 11(s1)]                                      

                 Article

Figure 21. Mongiana. Effect of the silvicultural treatment on canopy
cover.
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Table 19. Montedimezzo-Pennataro. General characteristics of site.

Nation                                       Italy
Region                                    Molise
Management authority          Italian State forests
Geographic coordinates         41°44'21.124'' N - 14°11'37.679'' E (WGS84-UTM)
Altitudinal range (m asl)       821 ÷ 1206
Site protection                        Collemeluccio Natural State Reserve; 
                                               MAB-UNESCO Biosphere Reserve; 
                                               Natura 2000 SIC and ZPS sites.
Forest type                             Downy oak forest; Subatlantic 
                                               submountainous beech forest

Figure 24. Montedimezzo-Pennataro. Forest management area map.Figure 22. Montedimezzo-Pennataro. Site location.

Figure 23. Montedimezzo-Pennataro. Landscape map (100 km2).
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Table 20. Montedimezzo-Pennataro. Main mensurational parameters before and after thinning.

                                                                   Tree               Basal              Standing               Mean                  Mean                    Dominant          Dominant 
                                                                 density             area                volume                  dbh                  height                       dbh                  height 
                                                                 (n ha-1)          (m2 ha-1)           (m3 ha-1)                (cm)                    (m)                          (cm)                    (m)

Before thinning
       Turkey oak forest       mean                2281                43.7                   457.1                    16.3                     17.1                           41.9                    23.3
                                          st. dev.               345                  2.2                     54.7                      1.1                       0.8                             4.6                      1.2
       Mixed forest               mean                1684                38.6                   402.6                    16.7                     17.4                           44.1                    25.5
                                          st. dev.               303                  4.6                     63.3                      1.3                       0.7                             2.7                      1.3
After thinning
       Turkey oak forest       mean                 943                 25.3                   275.1                    19.4                     18.8
                                          st. dev.               266                  3.5                     54.0                      2.2                       1.1
       Mixed forest               mean                 817                 24.9                   274.1                    20.1                     19.2
                                          st. dev.               139                  4.4                     58.8                      2.7                       1.2

Table 21. Montedimezzo-Pennataro. Main structural diversity index before and after thinning.

                                                               BALMOD               Hg                 Hg mod                 CE                 TD                   TH              STVIdbh            STVIhtot

Before thinning
      Turkey oak forest       mean                1.28                  1.98                   1.99                    1.05                0.41                  0.31                 0.77                   0.56
                                          st. dev.              0.06                  0.45                   0.29                    0.03                0.02                  0.02                 0.14                   0.08
      Mixed forest              mean                1.39                  2.12                   2.11                    0.97                0.40                  0.29                 0.88                   0.63
                                          st. dev.              0.15                  0.26                   0.12                    0.05                0.02                  0.02                 0.06                   0.12
After thinning
      Turkey oak forest      mean                0.83                  0.72                   0.76                    1.15                0.43                  0.32                 0.75                   0.51
                                          st. dev.              0.08                  0.19                   0.11                    0.05                0.03                  0.02                 0.16                   0.13
      Mixed forest               mean                1.00                  0.82                   0.92                    1.13                0.42                  0.30                 0.83                   0.63
                                          st. dev.              0.17                  0.09                   0.08                    0.10                0.03                  0.03                 0.18                   0.16

Figure 25. Montedimezzo Pennataro. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).
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The innovative criteria applied: proposed manage-
ment options

Two pro-active theses have been tested within the experimen-
tal area. One aimed at maintaining the structure and composition
typical of the ‘cerreta’, i.e. the oak- dominated forest and the his-
torical model of management in the inner areas of Central
Apennines. The other thesis aimed towards natural evolution of
mixed forest, which is now prevailing as the extensive manage-
ment practice. The first option consists of the identification of 60
trees per hectare, i.e. ‘tree candidate’, of Turkey oak among the
best individuals. Around the candidate a selective thinning is per-
formed to facilitate the expansion of the crown and growth, while
individuals of Turkey oak that are not competitiors are left. Low
to crown thinning has been applied between candidates or where
groups of older trees have naturally spaced the structure. In the
low strata stumps are treated by releasing the dominated shoot,
while monocormic individuals would not harvested to avoid a
new growth from the stump. The second treatment consists of the

identification of tree candidates of different species from the
Turkey oak selective thinning to improve the expansion of the
canopy and the full development of the tree. In the low strata,
stumps are treated by releasing better and dominant shoot, while
monocormic individuals will not be affected by the cut to avoid
a new growth from the stump. In view of biodiversity, in both
options, living or dead trees that provide ecological niches
(microhabitats) such as cavities, bark pockets, large dead branch-
es, epiphytes, cracks, sap runs, or trunk rot are preserved.

In addition, a further area has been planned where implement
an ‘ageing patch’ literally from French ‘îlot de sénescence’. It
consists of an area wide up to a few hectares where trees are left
to an indefinite ageing up to their death and decay; where holes
on standing trees and snags are being created, where a part of liv-
ing stems are partially cut along outer circumference up to cam-
bium to make them becoming dead standing trees or felled and
left on the ground to establish micro-habitats, niches and corri-
dors to insects and micro-fauna.

Site 6. Tarvisio, Italy  

General description of site
The area is located in the Friuli-Venezia Giulia Region,

Province of Udine. It is owned by ‘Fondo Edifici del Culto’ of
Ministry of Internal Affairs, under direct management by
National Forest Service of Italy, Local Office for Biodiversity
(UTB) of Tarvisio  (Figures 27-31; Tables 23-26).

The total area is 23.362 ha, 15.152 ha with forests. The altitu-
dinal range is 750-2750 m (asl) with two main forest types:
mixed forests of spruce, beech, pine (8946 ha) and subalpine
spruce (1263 ha). Main management type is high forest with
close-to-nature silviculture. Forests are treated with border-shel-
terwood or group-shelterwood (Femmelschlag) cuttings. Long
history of forest management plans (1888) is present in the area.
It is a Mixed forests of spruce (Picea abies) (54%), beech (Fagus
sylvatica) (29%), silver fir (Abies alba) (7%), larch (Larix decid-
ua) (5,5%), black pine (Pinus nigra) and Scot’s pine (Pinus
sylvestris) (4,5%). The average growing stock is 280 m3/ha, the
increment 4.58 m3 ha-1 yr-1. Annual cuttings is of about 30.000
m3. The forest is partly included in Special Protection Zones
(ZPS, 79/409/CEE) and in Sites of Community Importance (SIC,
92/43/CEE).

Total area of Foret Management Unit is ~30 ha. Altitude within
FMU ranges from 1000 m to 1100 m asl  (Figure 29). 

The designated forest compartment is a Norway spruce and sil-
ver fir pole stage forest originated from regeneration following
harvesting of the previous crop. A few other species are scattered
within the standing crop, mainly larch and beech. Specific com-
position in terms of growing stock is as follows: 91% Norway
spruce, 2% silver fir, 1% larch, 6% beech and other broadleaves
(source: management plan). Stand structure is naturally dense
with many standing and lying dead trees under the main storey;
living crowns are in the upper part only; scattered broadleaves
(mainly beech) reach the main crop layer as co-dominant and
dominant trees.

The traditional silvicultural system 
This stage of the life cycle was traditionally submitted to pre-

commercial thinnings to reduce inter-tree competition and man-
age the release of main crop population. Now, no such practices

Figure 26. Montedimezzo Pennataro. Effect of the silvicultural treat-
ment on canopy cover.

Table 22. Montedimezzo Pennataro. General landscape characteristics.

   Urban    Agricultural        Forests      Other semi-natural             Forest core 
areas (%)    areas (%)             (%)                lands (%)                        area (%)

     0.53             43.86                 42.46                    12.23                               36.68
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Table 23. Tarvisio. General characteristics of site.

Nation                                   Italy
Region                                Friuli-Venezia Giulia
Management authority      'Fondo Edifici del Culto' of Ministry of Internal 
                                           Affairs, under direct management by 
                                           UTB-Tarvisio
Geographic coordinates     46°29'16.084'' N - 13°36'10.08'' E (WGS84-UTM)
Altitudinal range (m asl)   1000 ÷ 1100
Site protection                    The forest is partly included in Special
                                           Protection Zones (ZPS, 79/409/CEE) and in 
                                           Sites of Community Importance (SIC, 
                                           92/43/CEE)
Forest type                         Subalpine and mountainous spruce and 
                                           mountainous mixed spruce silver fir forest; 
                                           Subalpine larch arolla pine and dwarf pine 
                                           forest; Alpine Scots pine and Black pine 
                                           forest.

Figure 29. Tarvisio. Forest management area map.Figure 27. Tarvisio. Site location.

Figure 28. Tarvisio. Landscape map (100 km2).
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Table 24. Tarvisio. Main mensurational parameters before and after thinning.

                                                                   Tree               Basal              Standing               Mean                  Mean                    Dominant          Dominant 
                                                                 density             area                volume                  dbh                  height                       dbh                  height 
                                                                 (n ha-1)          (m2 ha-1)           (m3 ha-1)                (cm)                    (m)                          (cm)                    (m)

Before thinning
       Innovative 1              mean                 1501                47.7                   424.7                    20.4                     18.2                           35.0                    22.3
                                          st. dev.               171                  3.5                     41.3                      0.5                       0.1                             1.6                      0.4
       Innovative 2              mean                 1513                37.9                   326.6                    18.8                     17.5                           33.3                    21.5
                                          st. dev.               279                  2.2                     18.8                      1.1                       0.6                             2.1                      0.7
       Customary                 mean                 1438                35.7                   320.3                    18.3                     17.3                           33.7                    21.7
                                          st. dev.               250                  9.8                    104.6                     1.4                       0.5                             2.1                      1.5
After thinning
       Innovative 1              mean                  590                 25.8                   246.7                    24.1                     19.5
                                          st. dev.                79                   3.9                     42.1                      1.1                       0.2
       Innovative 2              mean                  904                 24.7                   219.6                    21.0                     18.3
                                          st. dev.              525*                 4.1                     27.4                      2.8                       1.2
       Customary                 mean                 1073                28.5                   259.5                    19.2                     17.7
                                          st. dev.               369                  5.1                     44.4                      2.8                       1.1

Figure 30. Tarvisio. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).
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are feasible at this stage because of the high cost of manpower as
compared with neglected revenue (Hoffman, 1971). 

The innovative criteria applied: proposed 
management options

The only way to solve the traditional silvicultural problem and
implement a sustainable silviculture is with the mechanization of
thinnings. Such practice has been already addressed in neighbour-
ing Austria, where specific machineries for Alpine forests have
been developed and tested successfully. Local forest responsible
already experienced a positive test with equipment suited to work
into pole stage stands and flexible enough to vary the harvesting
pattern on the ground. The resulting tree spacing is not systematic
because the release of designated trees may be accounted by a
skilled operator. Following the inspection to the test area, the deci-
sion was taken to base the demonstrative/innovative trials on the
use of above-mentioned machinery (innovative for our country).
The design will compare the thesis of mechanization by two differ-
ent densities of tree release: i) a prevailing pre-commercial thin-
ning criterion resulting in a lower density release and with an esti-
mated time of repetition of 40 years; ii) a more ecologically-based
thinning criteria resulting in a higher density release and a shorter
time of repetition. Instructions to the operator would include in
both cases the full release of canopy trees whenever species diver-
sity occurs (e.g., broadleaved trees). A supplementary thesis would
compare: a) a manually implemented thinning in one of patches of
compositional diversity randomly occurring throughout the pre-
dominant coniferous texture; and b) a mechanically implemented
(but always oriented to preserve tree diversity) thinning, into an
adjacent patch. Both patches would be analytically described ex
ante to allow the comparison of results. Adjacent forest areas char-
acterized by different, both earlier and more adult stages and spe-
cific habitats (e.g., wet areas or natural clearings in the tree tex-
ture), would be reserved untouched to make possible further com-
parisons with neighbouring.

                 Article
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Table 25. Tarvisio. Main structural diversity index before and after thinning.

                                                               BALMOD               Hg                 Hg mod                 CE                 TD                   TH              STVIdbh            STVIhtot

Before thinning
      Innovative 1               mean                1.04                  3.14                   2.84                    0.94                0.32                  0.24                 0.37                   0.27
                                          st. dev.              0.04                  0.38                   0.29                    0.05                0.01                  0.02                 0.04                   0.04
      Innovative 2              mean                1.02                  3.24                   2.70                    0.92                0.30                  0.21                 0.36                   0.24
                                          st. dev.              0.02                  0.37                   0.13                    0.06                0.02                  0.04                 0.08                   0.12
      Customary                  mean                1.07                  2.81                   2.57                    0.95                0.30                  0.22                 0.42                   0.29
                                          st. dev.              0.15                  0.56                   0.61                    0.06                0.01                  0.06                 0.11                   0.10
After thinning
      Innovative 1              mean                0.55                  1.05                   1.04                    1.07                0.32                  0.18                 0.33                   0.15
                                          st. dev.              0.08                  0.14                   0.06                    0.10                0.05                  0.05                 0.06                   0.03
      Innovative 2               mean                0.74                  1.68                   1.40                    1.05                0.32                  0.20                 0.36                   0.20
                                          st. dev.              0.18                  1.21                   0.85                    0.09                0.03                  0.03                 0.08                   0.03
      Customary                  mean                0.88                  2.16                   1.85                    0.95                0.31                  0.21                 0.41                   0.23
                                          st. dev.              0.17                  0.87                   0.55                    0.07                0.02                  0.02                 0.12                   0.01

Figure 31. Tarvisio. Effect of the silvicultural treatment on canopy
cover.

Table 26. Tarvisio. General landscape characteristics.

   Urban areas (%)                  Agricultural areas (%)                   Forests (%)                   Other semi-natural lands (%)              Forest core area (%)

              3.41                                             7.55                                         74.05                                               9.92                                                  57.71

Non
-co

mmerc
ial

 us
e o

nly



Site 7. Vallombrosa, Italy 

General description of sites
The area is located in the Toscana Region, Province of Firenze.

The management is carried on directly by the National Forest
Service of Italy – Local Office for Biodiversity (UTB) of
Vallombrosa. The area is included in a biogenetic reserve of
Vallombrosa (Natura 2000), established in 1977. (Figures 32-35;
Tables 27-30).

The total area is 1279 ha (forest cover: 99%). The altitudinal
range is 450-1450 m (asl) with: i) pure fir forests (50%); ii) beech
forests in higher zones; iii) calabrian pine (Pinus laricio) in lower
areas; iv) deciduous forests dominated by chestnut (Castanea
sativa). The main management type is high forest. Forest man-
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Table 27. Vallombrosa. General characteristics of site.

Nation                                 Italy
Region                                    Toscana 
Management authority           Italian State forests
Geographic coordinates         43°44'21.48'' N - 11°34'34.679'' E (WGS84-UTM)
Altitudinal range (m asll)       839 ÷ 1450
Site protection                        Biogenetic reserve of Vallombrosa 
                                                (Natura 2000); part of area (100 ha) 
                                                of pure fir is included in the 'Silvomuseo' 
                                                (silvicultural museum)
Forest type                              Apennine Corsican mountainous beech 
                                                forest; Mediterranean and Anatolian
                                                fir forest.

Figure 34. Vallombrosa. Forest management area map.Figure 32. Vallombrosa. Site location.

Figure 33. Vallombrosa. Landscape map (100 km2).
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Table 28. Vallombrosa. Main mensurational parameters before and after thinning.

                                                                   Tree               Basal              Standing               Mean                  Mean                    Dominant          Dominant 
                                                                 density             area                volume                  dbh                  height                       dbh                  height 
                                                                 (n ha-1)          (m2 ha-1)           (m3 ha-1)                (cm)                    (m)                          (cm)                    (m)

Before thinning
       Control                     mean                   503                 54.5                   781.5                    39.7                     28.5                           53.0                    31.3
                                        st. dev.                196                  4.0                    129.4                    10.1                      2.7                             8.3                      2.6
       Innovative                mean                   508                 56.9                   826.9                    38.7                     28.4                           52.8                    31.7
                                        st. dev.                  95                   2.9                     93.8                      4.6                       1.3                             5.7                      1.8
       Customary                mean                   588                 54.3                   751.8                    34.5                     27.2                           46.8                    30.2
                                        st. dev.                  96                   1.9                     22.4                      2.0                       0.7                             1.2                      0.7
After thinning
       Innovative                mean                   316                 36.7                   538.2                    39.5                     28.6
                                        st. dev.                  43                   2.7                     72.8                      4.4                       1.2
       Customary                mean                   572                 53.2                   737.4                    34.6                     27.2
                                        st. dev.                  89                   2.2                     30.5                      1.7                       0.6

Table 29. Vallombrosa. Main structural diversity index before and after thinning.

                                                               BALMOD               Hg                 Hg mod                 CE                 TD                   TH              STVIdbh            STVIhtot

Before thinning
      Control                       mean                0.72                  1.23                   1.34                    1.22                0.28                  0.17                 0.46                   0.19
                                          st. dev.              0.15                  0.48                   0.40                    0.16                0.02                  0.02                 0.12                   0.02
      Innovative                 mean                0.77                  1.29                   1.31                    1.32                0.25                  0.12                 0.42                   0.12
                                          st. dev.              0.04                  0.22                   0.14                    0.09                0.04                  0.04                 0.15                   0.05
      Customary                  mean                0.78                  1.45                   1.39                    1.31                0.22                  0.12                 0.29                   0.10
                                          st. dev.              0.12                  0.36                   0.23                    0.09                0.03                  0.04                 0.04                   0.03
After thinning
      Innovative                  mean                0.62                  0.72                   0.70                    1.41                0.28                  0.14                 0.47                   0.14
                                          st. dev.              0.04                  0.11                   0.06                    0.04                0.07                  0.06                 0.18                   0.08
      Customary                  mean                0.77                  1.40                   1.33                    1.32                0.23                  0.12                 0.29                   0.10

Figure 35. Vallombrosa. Number of trees per hectare for 5 cm dbh class (before and after thinning and for each silvicultural options).

Table 30. Vallombrosa. General landscape characteristics.

   Urban areas (%)                  Agricultural areas (%)                   Forests (%)                   Other semi-natural lands (%)              Forest core area (%)

              2.24                                             6.39                                          85.5                                                5.87                                                  74.19
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agement is carried on following the Management Plan 2006-2025
with the main objective to revive the naturalness of the present
forest stands. An area of 100 ha of pure fir is included in the
‘Silvomuseo’ (silvicultural museum), where the traditional man-
agement of clear-cutting and artificial regeneration is carried on.
Average annual cuttings performed directly by UTB -
Vallombrosa are 1500 m3, mainly of conifers. The Vallombrosa
forest is widely known because of its old management history
closely linked to forestry practiced by the local Benedictine
Abbey. Current standing crops originate from the natural beech
cover, from coppice conversion into high forest at mid eighteenth
century as well as from the reforestation of pastures beyond the
pristine forest edge. 

Physiognomy varies between the more regular structure of the
even aged crops, grown dense and one-layered with reduced,
upper-inserted crowns, and the less homogeneous structure of the
former coppice crop. This is made of the scattered, grown-up
standards and the stems selected on the original stools, now
indiscernible from trees originated from seed. Such composite
heritage is still recognized in the current physiognomy of the
beech forest, 110-160 years old at the test area. At Vallombrosa,
similarly to other public-owned forests, the age of final cutting is
being shifted; such adjustment well-matches the merging recre-
ational, scenic and mitigation functions of the forests. Site
parameters (elevation, position, soil, rainfall amount and pattern)
are optimal for beech vegetation; such conditions also well sup-
port the prolongation of stand permanence time. Total area of
Foret Management Unit is ~30 ha. Altitude within FMU ranges
from 900 m to 1000 m asl.

The study area is positioned within adult, 100-170 years-old
beech high forest compartment. The forest of Vallombrosa has a
long tradition of forest management up to the early sixties of
1900, in accordance with silvicultural criteria ruling the produc-
tive beech forests, i.e. periodical moderate thinnings from below
or mixed up to the rotation time, usually occurring at 90-100
years as a function of site-class and according to the ‘maximum
yield rotation’. Stand regeneration was performed by the group
shelterwood system. As in other public forests managed by the
National Forest Service, the age of final cutting is being shifted
since the second half of 1900 to a not-definite (at now) stand age,
matching and optimizing at best the emerging recreational, land-

scape and mitigation functions. Site parameters (elevation, posi-
tion, soil, rainfall amount and pattern) are optimal for beech
growth and these conditions allow the prolongation of standing
crop permanence time.

The traditional silvicultural system 
The traditional silvicultural system has been optimal when

framed into the classical rotation up to the age of 100 years. Even
if current shift well-addresses the emerging functions, no updat-
ing of silvicultural techniques has been proposed to match longer
rotations nowadays. The achievement of older stand ages implies
to maintain the status of ‘health and vitality’ both at individual
and at stand level, to ensure current sequestration ability and
higher growing stocks. It clashes with the present, homogeneous
structure, heritage of beech forests previously cultivated for pro-
duction purposes. The achievement of an individual structural
diversity by spotty interventions seems to be the first, basic step
to meet the awaited functional goal (Ciancio, 2009).

The innovative criteria applied: proposed manage-
ment options

The demonstrative/innovative criteria consisted of the identifi-
cation of a not-fixed number of scattered, well-shaped trees (usu-
ally in the predominant-dominant social classes) and of crown
thinning of neighbouring competitors in order to promote the
future development of selected trees at crown, stem and root
level. These will be the main key-points able to reach the final,
overmature stages and to regenerate the forest. Shape, size and
distribution of canopy gaps are also different between the tradi-
tional and new practice. The remaining standing crop is fully
maintained and would produce differentiation in crown layer,
stem distribution and size. Mortality of dominated or defective
trees will promote the establishment of snags and lying dead-
wood, at present understocked. A higher complexity of stand
structure and habitats may be reached through consistent prac-
tices, and support the diverse, concurrent demands currently
addressed to forest management. The trial compares traditional
and innovative technique, plus the no-intervention or delayed-
intervention thesis that, in the context of beech high forests, has
sound reasons to be tested because of its wide application in sim-
ilar conditions.
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Site 8. Kočevski Rog, Slovenia 

General description of sites 
The area is located in the southeastern part of Slovenian

Dinaric region. The majority of forest area is owned by the state.
The research plots are located within forest management unit
(FMU) Črmošnjice within the forest compartments N° 3, 6 and
12 (Figures 36-41; Tables 31-34).

The total area of FMU is 6580.08 ha (5910.39 ha of forest -
89.8%). The altitude ranges from 230 m to 1077 m (Kopa).
Average yearly precipitation is 1590 mm (ARSO, 2014). Parent
material is limestone and dolomite, where leptosols, cambisols
and luvisols are present. 

Omphalodo-Fagetum with European beech, silver fir, and
Norway spruce as main tree species is the predominant forest
type. Wych elm, sycamore maple and some other tree species are
also present (Kutnar et al., 2015).

The average standing volume amounts to 351.6 m3 ha-1 and the
increment to 9.4 m3 ha-1 yr-1. A significant part of these forest-
lands is included in the NATURA 2000 network (Slovenian
Forest Service, Forest management plan FMU Črmošnjice 2007-
2016).
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Table 31. Kočevski Rog. General characteristics of site.

Nation                                     Slovenia
Region                                    Kočevje
Management authority           Slovenia forest service  (SFS) and
                                               Farmland and Forest Fund of the Republic of
                                               Slovenia (SKZG RS), Local unit Črmošnjice
Geographic coordinates         45.668°N, 15.033°E (WGS84-UTM)
Altitudinal range (m asl)        799 ÷ 896
Site protection                        Forest is included in Special Protection 
                                               Zones (ZPS, 79/409/CEE) and in Sites of 
                                               Community Importance (SIC, 92/43/CEE)
Forest type                              Mixed forest of European beech, silver fir 
                                               and Norway spruce (Dinaric fir-beech forest)

Figure 38. Kočevski Rog. Forest management area map and precise
locations of research plots.Figure 36. Kočevski Rog. Site location.

Figure 37. Kočevski Rog. Landscape map (100 km2).
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Table 32. Kočevski Rog. General characteristics of nine plots and structural diversity indexes. On each plot three different treatments were tested
(cut of 100% GS, 50% GS and 0% GS).

                                                                                                                   Pre-treatment                 
                                     General characteristics                                                               Structural diversity indexes* 
Treatment        Main species                 N ha-1              BA m2/ha-1         GS m3/ha-1                 RI        SH          SI             EV          Aggr.        Ming    SizDiff

100%                      Beech                         325                     26.68                  352.65                       3        2.43        0.90          1.53          0.59          0.08       0.51
100%                         Fir                            463                     27.74                  389.82                       4        2.54        0.90          1.27          0.62          0.21       0.52
100%                      Spruce                        595                     38.26                  467.23                       4        2.58        0.92          1.29          0.60          0.49       0.54
Mean                                                          461                     30.89                  403.23                       4        2.52        0.91          1.36          0.60          0.26       0.52
St. dev.                                                       135                      6.40                    58.46                        1        0.08        0.01          0.15          0.02          0.21       0.02
50%                        Beech                         325                     27.70                  325.66                       4        2.25        0.88          1.13          0.62          0.45       0.52
50%                           Fir                            580                     24.39                  306.66                       3        2.54        0.91          1.60          0.60          0.22       0.50
50%                        Spruce                        493                     41.20                  536.82                       4        2.79        0.94          1.40          0.61          0.55       0.51
Mean                                                          466                     31.10                  389.71                       4        2.53        0.91          1.38          0.61          0.41       0.51
st. dev.                                                        130                      8.90                   127.75                       1        0.27        0.03          0.24          0.01          0.17       0.01
0%                           Beech                         478                     34.49                  447.04                       6        2.54        0.91          0.98          0.61          0.50       0.51
0%                             Fir                            328                     32.51                  443.64                       5        2.79        0.93          1.20          0.61          0.68       0.51
0%                          Spruce                        328                     35.05                  543.00                       5        2.61        0.92          1.13          0.59          0.72       0.55
Mean                                                          378                     34.02                  477.89                       5        2.65        0.92          1.10          0.60          0.63       0.52
st. dev.                                                         87                       1.33                    56.41                        1        0.13        0.01           0.11           0.01          0.12       0.02
100%                      Beech                           0                        0.00                     0.00                         0        0.00        0.00          0.00                                              
                                                                                                                  Post-treatment                

100%                          Fir                              0                        0.00                     0.00                         0        0.00        0.00          0.00                                              
100%                      Spruce                          0                        0.00                     0.00                         0        0.00        0.00          0.00                                              
Mean                                                            0                        0.00                     0.00                         0        0.00        0.00          0.00                                              
St. dev.                                                         0                        0.00                     0.00                         0        0.00        0.00          0.00                                              
50%                        Beech                         433                     20.84                  241.74                       3        2.19        0.88          1.38          0.62          0.50       0.52
50%                           Fir                            153                      9.22                   117.49                       2        2.29        0.89          2.29          0.67          0.14       0.52
50%                        Spruce                        325                     23.76                  306.40                       4        2.69        0.93          1.34          0.58          0.59       0.50
Mean                                                          303                     17.94                  221.88                       3        2.39        0.90          1.67          0.62          0.41       0.51
st. dev.                                                        141                      7.69                    96.01                        1        0.26        0.03          0.54          0.05          0.24       0.01
0%                           Beech                         478                     34.49                  447.04                       6        2.54        0.91          0.98          0.61          0.50       0.51
0%                             Fir                            328                     32.51                  443.64                       5        2.79        0.93          1.20          0.61          0.68       0.51
0%                          Spruce                        328                     35.05                  543.00                       5        2.61        0.92          1.13          0.59          0.72       0.55
Mean                                                          378                     34.02                  477.89                       5        2.65        0.92          1.10          0.60          0.63       0.52
st. dev.                                                         87                       1.33                    56.41                        1        0.13        0.01           0.11           0.01          0.12       0.02
*Description of calculated indexes are provided in Chiavetta et al. (2016).

Table 33. Kočevski Rog. Forest characteristics at stand level.

                                                                                    Before                                                                                                       After
                                                             Mean          Minimum       Maximum                                               Mean              Minimum            Maximum

Relief (elevation: m asl)                        853                  772                   930                                                       853                      772                       930
Relief (slope: °)                                      16                     0                      45                                                         16                         0                          45
Tree canopy (height: m)                       19.4                  0.0                   36.3                                                      16.5                      0.0                       35.0
Tree canopy (cover: %)                        73.0                  0.0                  100.0                                                     57.0                      0.0                      100.0

Table 34. Kočevski Rog. General landscape characteristics of site.

        Urban areas (%)                   Agricultural  areas (%)                 Forests  (%)                 Other semi-natural lands (%)          Forest core area (%)

                    0.7                                                 4.5                                           94.8                                                0.0                                                  68
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Traditional silviculture system and innovative crite-
ria applied

The area around this test site has been intensively managed for
several centuries. After long-lasting practice of clear-cutting and
some other irregular forms of harvesting, in 1892 Hufnagel intro-
duced the selection system, which became the main management
system in the region. That system was practiced until the late
1950s. The loss of vitality of silver fir between the 1960s and late
1980s, omnipresent ungulate browsing as well as the gradual
shift from selection silviculture system to improved irregular

shelterwood system resulted in the decline of fir and its insuffi-
cient ingrowth (Šubic et al. 2007, Šubic 2007). 

The innovative criteria refer to the size of the regeneration
gaps. In terms of natural disturbances the experiment mimics
three types of disturbances resulting in small regeneration gaps
(control = solely diffuse light), medium-sized (half cut = diffuse
and direct light) and large-sized regeneration areas (full cut =
direct light). Consequently, it will be possible to investigate the
most convenient type of gap for particular species as well to
make trade-offs between biodiversity poorer and richer forest
stands.  
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Figure 39. Kočevski Rog. Number of trees per hectare for 5 cm DBH class for three main tree species.

Figure 40. Kočevski Rog. Basal area for three main tree species. Left,
pre-treatment; right, post-treatment.  

Figure 41. Kočevski Rog. Forest pattern at stand level.
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Site 9. Snežnik, Slovenia 

General description of sites
The area is located in the southern part of Slovenian Dinaric

region. The majority of forest area is owned by the state.
Research plots are located within the FMU Snežnik within the
forest compartments N° 1 and 2 (Figures 42-47; Tables 35-38).
The total area of the FMU is 1983.02 ha (1894.22 ha of forest -
95.5%). The altitude ranges from 600 m to 1095 m. Average year-
ly precipitation  (ARSO, 2014). Parent material is limestone and
dolomite, where leptosols, cambisols and luvisols are present.
The predominant forest type is Omphalodo-Fagetum character-
ized by European beech, silver fir, and Norway spruce as main
tree species. Wych elm, sycamore maple and some other tree
species are also present (Kutnar et al., 2015). The mean standing
volume is 442 m3 ha-1 and the increment is 8.3 m3 ha-1yr-1. The
forests are mainly included in NATURA 2000 network
(Slovenian Forest Service, Forest management plan FMU
Snežnik 2005-2014).

Description of the traditional silvicultural system
and the innovative criteria applied

A systematic and organized forest management planning has
been present in the area since the beginning of the 20th century
when Schollmayer (1906) introduced his approach to selection
cutting. The current silviculture system is close-to nature silvi-
culture promoting regular group-shelterwood and improved
irregular shelterwood system.  Similarly to the previous site, the
innovation applies to the investigation of the sizes of the regen-
eration cuts. 
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Figure 44. Snežnik. Forest management area map.Figure 42. Snežnik. Site location.

Figure 43. Snežnik. Landscape map (100 km2).

Table 35. Snežnik. General characteristics of site.

Nation                                   Slovenia
Region                                  Snežnik
Management authority         Slovenian Forestry Service (SFS) and 
                                             Farmland and Forest Fund of the Republic 
                                             of Slovenia (SKZG RS), Local unit Snežnik
Geographic coordinates       45.6718° N; 14.4599° E (WGS84-UTM)
Altitudinal range (m asl)     731 ÷ 774
Site protection                      Forest is included in Special Protection Zones
                                             (ZPS, 79/409/CEE) and in Sites of Community
                                             Importance (SIC, 92/43/CEE)
Forest type                           Mixed forest of European beech, silver fir and
                                             Norway spruce (Dinaric fir-beech forest)
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Table 36. Snežnik. General characteristics of plots and structural diversity indexes. On each plot three different treatments were tested (cut of
100% GS, 50% GS and 0% GS).

                                                                                                                   Pre-treatment                 
                                     General characteristics                                                                Structural diversity indexes* 
Treatment            Species                     N ha-1               BA m2/ha-1         GS m3/ha-1                 RI        SH          SI             EV         Aggr.      Ming     SizDiff

100%                      Beech                         220                      37.67                  651.52                       4        2.21        0.87           1.11          0.58         0.16         0.49
100%                         Fir                           388                      38.26                  496.25                       2        2.53        0.91          2.53          0.60         0.50         0.51
100%                      Spruce                        408                      47.05                  669.50                       4        2.18        0.87          1.09          0.56         0.39         0.52
Mean                                                         338                      40.99                  605.76                       3        2.31        0.88          1.58          0.58         0.35         0.51
St. dev.                                                       103                       5.25                    95.26                        1        0.19        0.02          0.83          0.02         0.17         0.02
50%                        Beech                         383                      41.73                  646.98                       4        2.20        0.87          1.10          0.56         0.05         0.52
50%                           Fir                           380                      45.27                  587.54                       2        2.38        0.89          2.38          0.54         0.40         0.49
50%                        Spruce                        465                      49.59                  651.01                       3        2.24        0.88          1.41          0.59         0.51         0.50
Mean                                                         409                      45.53                  628.51                       3        2.27        0.88          1.63          0.56         0.32         0.50
st. dev.                                                        48                        3.94                    35.54                        1        0.10        0.01          0.67          0.03         0.24         0.02
0%                          Beech                         325                      32.02                  437.50                       4        2.45        0.91          1.22          0.58         0.45         0.51
0%                             Fir                           315                      42.30                  579.08                       3        2.52        0.91          1.59          0.58         0.46         0.52
0%                          Spruce                        510                      44.91                  594.18                       5        1.99        0.83          0.86          0.55         0.52         0.53
Mean                                                         383                      39.74                  536.92                       4        2.32        0.88          1.22          0.57         0.48         0.52
st. dev.                                                       110                       6.81                    86.43                        1        0.29        0.04          0.37          0.02         0.04         0.01
                                                                                                                  Post-treatment                

100%                      Beech                           0                         0.00                     0.00                         0        0.00        0.00          0.00                                             
100%                         Fir                             0                         0.00                     0.00                         0        0.00        0.00          0.00                                             
100%                     Spruce                          0                         0.00                     0.00                         0        0.00        0.00          0.00                                             
Mean                                                           0                         0.00                     0.00                         0        0.00        0.00          0.00                                             
St. dev.                                                        0                         0.00                     0.00                         0        0.00        0.00          0.00                                             
50%                        Beech                         198                      25.85                  412.11                       4        1.99        0.83          0.99          0.55         0.08         0.49
50%                           Fir                           178                      25.06                  326.65                       2        2.05        0.83          2.05          0.57         0.15         0.53
50%                       Spruce                        210                      26.23                  354.35                       3        1.99        0.84          1.26          0.59         0.44         0.54
Mean                                                         195                      25.71                  364.37                       3        2.01        0.84          1.43          0.57         0.22         0.52
st. dev.                                                        16                        0.60                    43.60                        1        0.03        0.00          0.55          0.02         0.19         0.03
0%                          Beech                         325                      32.02                  437.50                       4        2.45        0.91          1.22          0.58         0.45         0.51
0%                             Fir                           315                      42.30                  579.08                       3        2.52        0.91          1.59          0.58         0.46         0.52
0%                         Spruce                        510                      44.91                  594.18                       5        1.99        0.83          0.86          0.55         0.52         0.53
Mean                                                         383                      39.74                  536.92                       4        2.32        0.88          1.22          0.57         0.48         0.52
st. dev.                                                       110                       6.81                    86.43                        1        0.29        0.04          0.37          0.02         0.04         0.01
*Description of calculated indexes are provided in Chiavetta et al. (2016).

Table 37. Snežnik. Forest characteristics at stand level.

                                                                                    Before                                                                                                       After
                                                              Mean         Minimum       Maximum                                               Mean              Minimum            Maximum

Relief (elevation: m. asl)                        754                 658                   793                                                       754                      658                       793
Relief (slope: °)                                       14                    0                      41                                                         14                         0                          41
Tree canopy (height: m)                        25.1                 0.0                   37.4                                                      21.3                      0.0                       36.7
Tree canopy (cover: %)                         74.7                 0.0                  100.0                                                     56.3                      0.0                      100.0

Table 38. Snežnik. General landscape characteristics of site

        Urban areas (%)                   Agricultural  areas (%)                 Forests  (%)                 Other semi-natural lands (%)          Forest core area (%)

                    1.7                                                17.7                                          80.4                                                0.2                                                  39
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Figure 45. Snežnik. Number of trees per hectare for 5 cm DBH class for three main tree species. 

Figure 46. Snežnik. Basal area for three main tree species. Left, pre-treatment; right, post-treatment.  

Figure 47. Snežnik. Forest pattern at stand level.
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Site 10. Trnovo, Slovenia 

General description of sites
The area is located in the southwestern part of Slovenian

Dinaric region. The majority of forest area is owned by Slovenian
state. Research plots are located within the FMU of Trnovo with-
in the forest compartment N° 30  (Figures 48-53; Tables 39-42).

Total area of FMU is 4614.18 ha (4325.04 ha of forest - 93.7
%). Altitude ranges from 550 m to 1445 m. Average yearly pre-
cipitation (ARSO, 2014). Parent material is limestone and
dolomite, where leptosols, cambisols and luvisols is present.

Predominant forest type is Omphalodo-Fagetum with
European beech, silver fir, and Norway spruce as main tree
species. Wych elm, sycamore maple and some other tree species
are also present (Kutnar et al., 2015). 

The mean standing volume amounts to 292.0 m3 ha-1 and the
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Table 39. Trnovo. General characteristics. 

Nation                                   Slovenia
Region                                   Snežnik
Management authority         Slovenian Forestry Service (SFS) and
                                              Farmland and Forest Fund of the Republic of
                                              Slovenia (SKZG RS), Local unit Trnovo
Geographic coordinates        45.9889° N, 13.7589° E (WGS84-UTM)
Altitudinal range (m asl)      772 ÷ 824
Site protection                       Forest is included in Sites of Community
                                              Importance (SIC, 92/43/CEE)
Forest type                            Mixed forest of silver fir, European beech and
                                              Norway spruce (Dinaric fir-beech forest)

Figure 50. Trnovo. Forest management area map.Figure 48. Trnovo. Site location.

Figure 49. Trnovo. Landscape map (100 km2).
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Figure 51. Trnovo. Number of trees per hectare for 5 cm DBH class for three main tree species. 

Figure 52. Trnovo. Basal area for three main tree species. Left, pre-treatment; right, post-treatment.  

Figure 53. Trnovo. Forest pattern at stand level.
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increment to 6.2 m3 ha-1 yr-1. The large portions of forests are
included in the NATURA 2000 network (Slovenian Forest
Service, Forest management plan FMU Trnovo 2003-2012).

Description of the traditional silvicultural system
and the innovative criteria applied

Long history of forest management planning is present in the
area. The first forest plans were published in the 18th century
(Flamek, 1771). However, the first ordinances used for forest
regulation come from the 15th century. The main management
type today is close-to nature silviculture. While forests with the
larger shares of broadleaves are treated with the group-shelter-
wood (Femmelschlag) system, mixed fir-beech-spruce forests are
managed with the improved irregular shelterwood silviculture
system. 

Similarly to both earlier mentioned sites, the innovation crite-
ria refer to the sizes of the regeneration cuts. It is assumed that
the sizes will make possible to determine the best way of regen-
eration for the dominant species as well as to make trade-offs
between different ecosystem services such as wood production,
carbon storage, biodiversity and many others. 
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Table 41. Trnovo. Forest characteristics at stand level.

                                                                                    Before                                                                                                       After
                                                              Mean         Minimum       Maximum                                               Mean              Minimum            Maximum

Relief (elevation: m asl)                         811                 770                   889                                                       811                      770                       889
Relief (slope: °)                                       18                    0                      44                                                         18                         0                          44
Tree canopy (height: m)                        25.3                 0.0                   37.7                                                      21.5                      0.0                       37.2
Tree canopy (cover: %)                         72.9                 0.0                  100.0                                                     56.4                      0.0                      100.0

Table 42. Trnovo. General landscape characteristics of site.

        Urban areas (%)                   Agricultural  areas (%)                 Forests  (%)                 Other semi-natural lands (%)          Forest core area (%)

                    1.7                                                15.2                                          83.0                                                0.1                                                  34
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Introduction

The project titled ‘Managing forests for multiple purposes: car-
bon, biodiversity and socio-economic wellbeing’ inherently
reflects its goals such as: i) the demonstration of the effectiveness
of forest management options in meeting multiple objectives
(slope protection, climate change mitigation, biodiversity conser-
vation, wood and non-wood productions, aesthetical and recre-
ational values); and ii) the provision of the data and guidelines for
best-practices. Any multipurpose management is expected to
address different forest functions (ecosystem services) in the same
forest compartment. However, in practice, multipurpose forestry
may be established in different management units or groups of
units according to their position, site index, tree species composi-
tion, outstanding qualities, etc. In practice this system is known as
the ‘small-scale segregation theory’ (Paletto, 2001; see also
Ammer and Puettmann, 2009). It implies that a prevailing func-
tion is addressed on different patches of the same compartment
and the choice repeated on the full forest cover. Under this
assumption, the compliance and fulfilment are scaled throughout
the forest, this accomplishing as a whole the awaited goals. 

For wood production, the working hypothesis was developed as
follows: i) taking into account the heritage techniques ruling
wood-oriented cultivation experienced and validated for each for-
est type; ii) considering the main driving forces currently acting
i.e. the climate/environmental/operational shift in progress; iii)
adjusting and designing well-grounded techniques to overcome
possible constraints limiting nowadays the practice of forestry; iv)
implementing the new techniques as a pro-active adaptive man-

agement process, i.e. provide a set of practices at the operational
scale open to check and further tuning by a continuous monitoring
as in the basic assumptions of the ‘adaptive approach’; v) compar-
ing new and customary management practices, in addition to no-
management where this option is being practiced or where it well-
simulates a more extensive management practice.       

The evenaged pure beech forests

The customary technique, common to all the case studies, is the
mass tending of standing crop according to the main, but not
exclusive, wood production purpose. 

The working hypothesis moved from the following rationale: i)
finding out effective cultivation techniques to maintain and
improve quality timber production; ii) facing up to the emerging
changes by a pro-active, adaptive silviculture; iii) meeting the mit-
igation demand whilst maintaining tree ‘health and vitality’; iv)
promoting types and levels of biological diversity at the stand
level, i.e. at the operational level of silvicultural practices. This
assuming that their spatial/temporal repetition as in forest plan-
ning will ensure the establishment and maintenance of the mosaic
at the upper scales; v) taking into account the evidence of the
delayed culmination of growth pattern in progress, mostly due to
climate warming and nitrogen fertilization (Bertini et al., 2011a,
2011b; Ferretti œ., 2012, 2014). 

The economic sustainability of techniques employed is a basic
requirement to make them easily enforceable in the practice of
management. Carbon sequestration implies the maintenance of a
consistent growth efficiency for the expected stand life-time, this
being too the basic awaited attribute for growing out ‘healthy and
vital’ higher stocks. In the meantime, role of the applied practices
is to reduce current evenness while implementing cost-effective
interventions. 

The proposed adaptive silvicultural practices focused on tree
canopy, i.e., the physical layer where tree growth takes place,
where individual potential is being naturally developed or may be
promoted through crown differentiation, where an active interface
works between inner, outer and the full range of intermediate con-
ditions. The assumption was the design of manipulative practices
usefully addressed to the main crown layer to make available fur-
ther growing space, promote a more effective crown-stem-root
ratio, ensure further growth, differentiate current evenness, get
patches inside housing more diverse living communities.

Basically, it means to move from a mass tending aimed at grow-
ing trees sized and shaped likewise as in the customary practice,
to a targeted crop tending. This is aimed to support and promote
both the growth pattern and the more balanced development of
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best phenotypes (crown thinning) or a set of selected trees (selec-
tive thinning) within the dominant layer. The progress of shifting
conditions calls for its enforcement even at different, intermediate
ages of stand lifespan as in the case-studies, in spite of the custom-
ary application ruling each thinning type since the earlier stages of
stand development. 

Both method and context of practices’ enforcement inform the typ-
ical attributes of an adaptive approach. The replicated design com-
pared i) the customary practice i.e., the low to mixed thinning over
the full standing crop; ii) the innovative criterion, i.e. (a) the crown
thinning at the older sites of Cansiglio (age 120-145) and
Vallombrosa (age 100-170); (b) the selective thinning releasing a pre-
fixed number of trees (40-80 per unit area) and removing direct
crown competitors at the younger sites of Chiarano and Mongiana
(age 70). The thesis of no-intervention has been added at the three
high forest sites both as ‘control’ and as current management choice. 

The sites of Cansiglio and Vallombrosa
The demonstrative/innovative criterion consisted of the identifi-

cation of a not-prearranged number of scattered, well-shaped trees
(usually in the predominant-dominant social classes) and of crown
thinning, i.e. removal of neighbouring competitors to promote the
growth ability of selected trees at crown, stem and root level. The
resulting harvested wood (Table 1) is higher than the one extracted
by the traditional thinning, its spatial arrangement is quite diverse
both at the ground and at the crown level. Shape, size and distribu-
tion of canopy gaps are also different between the traditional and
new practice. The remaining standing crop is fully maintained and
will produce differentiation in the crown layer, stem distribution
and size. Mortality of dominated or defective trees will promote
the establishment of snags and lying deadwood, at present under-
stocked. A higher complexity of stand structure and habitats will be
in this way reached. The trial compared the traditional and innova-
tive technique, plus the no-intervention or delayed-intervention
thesis that, in the context of beech high forests, has sound reasons
to be tested because of its practice in similar conditions. 

The current, conservative plan ruling management at Vallom -
brosa did not foresee any cutting within the compartment for the
time of its enforcement. That is why the marking by local staff was
limited to a few, heavily defective or damaged trees. The amount
of harvested wood is therefore nearly null as compared with the
innovative thinning and, in general, with removals implemented at
the other sites. 

As for the assortments, the 88.3% was allotted as firewood and
the 11.7% as parquet.

The site of Chiarano
The demonstrative/innovative criteria applied at this beech site

under conversion into high forest consisted of the preliminary
choice of a number of 40 and 80 well-shaped phenotypes per
hectare and removal of all neighbouring competitors. Stem form
and crown development were the relevant attributes of the selec-
tion. Intercropped dominated trees were cut according to the local
manager advice because it (i) made easier the hauling process; (ii)
provided a further revenue in terms of harvesting. The uniform
phenotypes making up the current stand originated from stools, as
compared with stems from seed aged likewise, will be sensitive to
the selective thinning applied. In this way, the overall stand struc-
ture will be moved and an individual differentiation will be trig-
gered at the crown level. The intercropped stand will promote reg-

ular mortality and deadwood enrichment, the establishment of fur-
ther habitats and related niches. The customary technique, i.e, low
to mixed thinning over the full standing crop,  is the comparative
thesis.

Removals (Table 1) are more similar here at both options. The
stock is fully made of firewood. 

The site of Mongiana
The demonstrative/innovative criterion consisted of the identifi-

cation of 45-50 candidate trees per hectare and removal of direct
competitors. Also couples of neighbouring trees were selected at
this purpose. No thinning was applied in the space between candi-
dates. The silver fir patches scattered within the beech forest were
fully released and set free around from the broadleaved cover. The
thesis of delaying any intervention was also addressed here
because of the young age of standing crop and of the variable stand
texture made of different tree densities. The traditional low to
mixed thinning technique supplemented the trial.

Removals (Table 1) are a bit higher as for the innovative criteri-
on. The assortments were made by saw-logs: 56.1 and 47.0%; logs:
24.6 and 27.7%; firewood: 19.3 and 25.3% for the innovative and
customary tecniques (I.&C.), respectively. 

The Apennines deciduous oak-mixed
broadleaved forest

The site of Pennataro
The traditional system made up of extensive low thinnings per-

formed over the last 40 years and seed cuttings in the more aged
forest patches - not followed by the removal of seed trees - had as
a matter of fact suspended any active forest management at these
forest types. This condition promoted the vegetation of other sub-
sidiary species than oak, the natural evolutive pattern moving
towards a mixed forest. 

Within the experimental area, two different silvicultural options
were tested. The option 1 was aimed at maintaining the typical
structure and composition of the ‘cerreta’, i.e. the oak-dominated
forest and the historical model of management in these inner areas
of Central Apennines. The adopted criterion consisted of the iden-
tification of 60 Turkey oak trees per hectare or ‘candidates’, select-
ed among the best phenotypes (distance about 13-14 m).
Competitors were felled all around the candidate trees. Low to
crown thinning was applied on the whole intercropped cover
according to the variable stand structure. Stools in the understorey
were managed releasing one dominated shoot to avoid new
resprouting.

The option 2 was aimed at better addressing natural evolution
towards a mixed forest as in the criterion at now prevailing under
the extensive management applied. It consisted of the identifica-
tion of species different from oak as ‘candidate trees’ and of the
selective thinning of neighbouring competitors to promote canopy
expansion and the more balanced development of candidates.
Stools in the understorey were thinned releasing one shoot to avoid
resprouting.

The harvested amount (Table 1) is higher at option 1. The stock
is fully made of firewood.
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The unevenaged and evenaged Alpine mixed
coniferous forests

The site of Lorenzago
The mixed, uneven-aged coniferous forest (silver fir 51%,

Norway spruce 46%, European larch 2%, beech 1%) (Lorenzago
1) was traditionally managed according to the selection system i.e.,
the contemporary (every n years) i) harvesting of mature trees, ii)
thinning of the intermediate storey, iii) side cuttings around the
already-established regeneration patches to promote their success-
ful growth, iv) felling of defective stems and of withering trees
throughout. The less-intensive harvesting over the last decades
promoted the increase of growing stock over the threshold usual to
the uneven-aged type. This condition resulted in a less-balanced
distribution of mature and intermediate age classes (i.e., large and
medium-sized trees) currently prevailing on young classes, in the
shading of the established regeneration layer affecting both its sur-
vival and growth, but also preventing the establishment of new
regeneration patches. The hauling system with a local breed of
horses used in the past allowed the frequent harvesting of scattered
mature trees; the use of tractors nowadays makes harvest still fea-
sible, but fellings need to be more concentrated on the ground. The
criterion tested here implemented the contemporary harvesting of
a few mature trees and the thinning of intermediate-sized trees
both of them arranged per small groups. It made possible the
mechanized harvesting. Such demonstrative/innovative practice
was implemented by the opening of clear-cut strips 60 m long and
20 m wide (½ of top height). Cuttings as usual made strips con-
nected. This practice contributed a more balanced equilibrium of
the storied structure, triggering regeneration establishment
(canopy opening) and allowing to concentrate side log harvesting
along each strip. These ‘light thinnings’ were oriented along the
slope. Broadleaved trees and young regeneration on the strips were
released. Beech regeneration eradicated in the past because not
valuable as compared with fir and spruce timber, was always
favoured to enhance tree specific diversity.

A second exp. site (Lorenzago 2) was established in an evenaged
management unit where current tree composition made of Norway
spruce (dominant) and European larch (complementary sp.), is
shifting towards the pure Norway spruce stand. The aim here was
to promote the successful regeneration of larch to maintain both
the specific diversity and the presence of the more valuable sp. as
for timber production. The requirements of larch, light-demanding
since the time of regeneration, have been fulfilled with the opening
of clear cuts all around single trees or small groups of larch trees
to promote suited environmental conditions to the specific regen-
eration. Norway spruce is the case the species removed. A further
applied criterion was aimed at maintaining the presence of both
tree species within a unevenaged stand structure (i.e., the local cus-
tomary technique into these mixed crops made up of valuable
conifers). A third thesis is the control (no thinning) to address the
monitoring of natural succession in progress.

The harvested amount (Table 1) is higher with the customary cri-
terion at site 1, whilst the opening of gaps following the innovative
criterion at site 2, makes harvesting nearly double within this thesis
in terms of basal area and standing volume removals.

Assortments provided are mostly made of timber for structural
uses: 88.4 and 85.1%; pallets: 11.6 and 14.9% (I.&C.), respective-
ly at site 1. The resulting mass is quite exclusively made of struc-
tural timber at site 2 (99.8%) for both the applied criteria. 

The site of Tarvisio
The designated forest compartment was a Norway spruce (91%)

and silver fir (2%) pole stage originated from regeneration follow-
ing the harvesting of previous crop. A few other species, mainly
larch and beech (7%), were scattered within the standing crop.
Stand structure was naturally dense with many standing and lying
dead trees under the main storey. Scattered broadleaves (beech)
reached the co-dominant to the dominant crop layer. This stage of
the life cycle was traditionally submitted to pre-commercial thin-
nings to reduce inter-tree competition and manage the release of
main crop population. At now, this practice is no more feasible
because of the high manpower cost compared with the quite null
revenue of harvesting. The only way to implement a sustainable
silviculture was the mechanization of thinnings, practice already
addressed in neighbouring countries as in Austria where specific
machinery for the Alpine forests have been developed and tested
successfully. The feller/harvester, suited to work also into pole
stage stands, is flexible enough to vary the harvesting pattern on
the ground. The resulting tree spacing is not systematic because the
release of designated trees may be accounted by a skilled operator.
The demonstrative/innovative trials were based on the use of the
above machinery (innovative for our country). The design com-
pared two different densities of tree release: i) a prevailing pre-
commercial thinning criterion resulting in a lower density release
with an estimated time of repetition of 40 years; ii) a higher density
release and a shorter time of repetition. Instructions to the operator
included in both cases the full release of canopy trees whenever a
dendrological diversity occurred (e.g., broadleaved trees). A sup-
plementary thesis compared the manually implemented thinning
into patches of compositional diversity, randomly occurring

                 Article

Table 1. Charasteristics of the thinnings.

Removals percentage     Tree density    Basal area      Standing volume

Cansiglio
   Innovative                            44.2                 36.5                       35.8
   Customary                           33.3                 24.7                       24.2
Vallombrosa                                                                                      
   Innovative                            37.8                 35.5                       34.9
   Customary                            2.7                   2.0                         1.9
Chiarano                                                                                            
   Innovative 40                      56.9                 42.8                       40.3
   Innovative 80                      50.2                 38.6                       36.8
   Customary                           53.5                 37.1                       37.1
Mongiana                                                                                          
   Innovative                            20.8                 21.6                       21.5
   Customary                           15.0                 18.9                       19.2
Pennataro                                                                                           
   Turkey oak forest                58.7                 42.1                       39.8
   Mixed forest                        51.5                 35.5                       31.9
Lorenzago 1                                                                                      
   Innovative                            11.4                 19.1                       20.3
   Customary                           15.9                 21.1                       23.2
Lorenzago 2                                                                                      
   Innovative                            55.1                 48.5                       48.8
   Customary                           42.5                 25.5                       23.3
Tarvisio                                                                                              
   Mechanized 1                      60.7                 45.9                       41.9
   Mechanized 2                      40.3                 34.8                       32.8
    Manual                                25.4                 20.2                       19.0
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throughout the predominant coniferous texture, with the mechani-
cally implemented thinning into an adjacent patch. Areas charac-
terized by both younger and more adult stages and specific habitats
(e.g., wet grounds or natural clearings in the tree texture), were
reserved untouched to make possible further comparisons with the
neighbouring forest crop submitted to thinning.

The harvested amounts (Table 1) are well scaled across the the-
ses tested. As for the assortments, the 79.6 is made by saw logs, the
18.6 by tree biomass and 1.8 by firewood, as a whole.

Perspectives: Pros and Cons of the approach

Each innovative criterion applied at the test-sites has first taken
into account the forest management type ruling the test-sites,
wood-production in the case. All the concurring goals building up
the project aims were considered in the design of the operational
techniques. The assembly of more than one function on the same
ground is always a compromise among a set of targeted goals. The
resulting goodness of fit will be verifiable within the planned mon-
itoring activity in the follow-up of the project. The definition of an
‘adaptive approach’ seems basic because it implies the continuous
check of outcomes as well as their adjustment under the current
dynamic condition.         

The Dinaric fir-beech forests

Dinaric fir-beech forests form the dominant forest type in the
Slovenian test sites of Kočevski Rog, Snežnik and Trnovo.
According to forest management plans, more than 75% of these
forests are managed by the group shelterwood and irregular shel-
terwood silviculture systems, while once prevalent single tree and
the group selection systems are practiced only on ca. 5% of forest-
lands (ZGS/OE-Kočevje, 2012; ZGS/OE-Postojna, 2012;
ZGS/OE-Tolmin, 2012). For more than 40 years these forests have
been subject to the process of over-ageing. Specifically, within the
last four decades the rotation periods of the forests have been pro-
longed and presently last between 150-170 years (ZGS/OE-
Kočevje, 2012; ZGS/OE-Postojna, 2012; ZGS/OE-Tolmin, 2012).
Additionally, the forests managed by the shelterwood silviculture
systems lack young growth and the selection forests suffer insuffi-
cient recruitment into the canopy (Klopčič et al., 2015). Because
of these interacting processes, significant changes are detected
among the tree species compositions, which normally would con-
sist of European beech, silver fir, Norway spruce, sycamore and
wych elm. However, once considerably high shares of fir in the
standing volume, which is the dominant species, diminished from
25-50% to 5-15% (ZGS/OE-Kočevje, 2012; ZGS/OE-Postojna,
2012; ZGS/OE-Tolmin, 2012) and are still declining. At present
they are sufficient only in old growth reserves (Klopcic et al.,
2010; ZGS/OE-Kočevje, 2012; ZGS/OE-Postojna, 2012;
ZGS/OE-Tolmin, 2012). According to the explanations of forest
science, the current state of these forests is the result of the follow-
ing sequence of events: Changed management system and steadily
increasing ungulate browsing first caused the insufficient regener-
ation of fir and the prevalence of beech (Čater et al., 2014; Klopcic
et al., 2010; Nagel et al., 2014), in turn, this in terms of tree species
composition unfavourable regeneration caused insufficient har-
vesting that lead to over-ageing (Gašperšič and Kotar, 1986). 

To withstand the process of fir decline in the shelterwood forests
as well as to increase the shares of other dominant and co-domi-
nant species, a regeneration experiment (two-factor design with
three pseudo-replications) was designed. Its main aim was to test
whether or not more intense regeneration harvests (no cut = con-
trol; ca. 50% canopy reduction = intermediate intensity; 100%
canopy removal = high intensity) on the plots with the diameters of
ca. two stand heights would accelerate spatially more extensive
and species-richer regeneration (Table 2).

Perspectives: Pros and Cons of the approach 

Current forest science and practices promote several techniques
to be used in managing mixed fir-beech forests (Bončina, 2011).
The proposed approach, characterized by spatially larger harvest
and regeneration areas, is not really a new one and it has occasion-
ally been applied to some areas in the region. The regeneration pat-
tern has its origin in the natural disturbances and it can be found in
many stands exposed to wind disturbances and snow and ice
storms (Diaci et al., 2010). In comparison to the current regenera-
tion pattern in the region, the proposed approach has the following
advantages:

i) Capability of regeneration of light-demanding tree species
and the establishment of micro-site conditions for potential
regeneration of shade-tolerant tree species such as beech and sil-
ver fir. Potential regeneration of shade-tolerant species is to be
understood as the regeneration under the shelter of the light-
demanding tree species that usually occurs much later after the
initial regeneration (Diaci et al., 2010; Čater et al., 2014).
ii) In terms of growth phases, the potentially more intensive
regeneration contributes to more balanced forest development
that only can provide ecosystem functions and services in the
long run; 
iii) Timely harvesting helps sustain vital and healthy forests,
which are potentially more resistant to all kind of disturbances
and pests; 
iv) Larger openings, initially regenerated by a variety of light-
demanding and bush species, not only represent shelters for
incoming shade-tolerant species, but they are also forage areas
for wildlife. Consequently, their occurrence reduces the pressure
of herbivory of palatable species in the openings (from the edge
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Table 2. Basal area before and after management actions

Removals percentage                         0%               ca. 50%           ca. 100%
Basal area                                   Before/after*   Before/after*    Before/after*

Kocevski Rog - European beech        34.5              27.7/20.8            26.7/0.0
Kocevski Rog - silver fir                     32.5               34.4/9.2             27.7/0.0
Kocevski Rog - Norway spruce          35.1              41.2/23.8            38.3/0.0
Sneznik - European beech                   32.0              41.7/25.9            32.0/0.0
Sneznik - silver fir                               42.3              45.3/25.1            42.3/0.0
Sneznik - Norway spruce                    44.9              49.6/26.2            44.9/0.0
Trnovo - European beech                    33.7              37.1/22.9            37.8/0.0
Trnovo - silver fir                                 49.7              41.4/9.51            51.0/0.0
Trnovo - Norway spruce                      50.9              58.0/26.0            42.5/0.0
*Before/after action (harvest); Kocevski Rog - European beech/silver fir/Norway spruce, the prevalent
species on the plot is European beech/silver fir/Norway spruce.
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towards the centre of regeneration area) and in the other areas. 
v) Potentially good wood quality.
The approach also has shortcomings as follows:
vi) Greater exposure to erosion in steep terrains and increased

germination of weedy plants; 
vii) Larger variation of ecological conditions; wider temperature
extremes and more intense transpiration; 
viii) Prevalence of light-demanding species in the first regener-
ation stages;
ix) More demanding tending and tree-species mixture regula-
tion. 
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Indicators adopted to estimate the response

Coleoptera
Coleoptera are the largest insect order, being almost ubiquitous

in terrestrial environments, such as forests. They occupy an
extremely wide range of ecological niches, with a broad range of
specializations both at the adult and larval stages (New, 2010), and
are the predominant group of saproxylic organisms and the main
xylophagous insects in Europe, and consequently particularly ade-
quate as bio-indicators to evaluate the preservation of forest envi-
ronments (Stokland et al., 2012). As a single group may not be suf-
ficient to assess the richness or abundance of other taxa, an inte-
grate approach, combining different beetle families representative
of different communities, habitat requirements or functional
groups, is preferable (Koivula, 2011). Among beetle families,
Carabidae, Scarabeoidea, Buprestidae, Cerambycidae and other
xylophagous groups are commonly used as bio-indicators. Due to
their abundance in beech forests, three families illustrative of dif-
ferent trophic levels and functional groups, Carabidae, Ceram -
bycidae and Curculionidae Scolytinae, have been selected to eval-
uate the effect of forest management. Carabidae, or ‘ground bee-
tles’, are one of the largest families of the order. Most species are
predators of other invertebrates at the larval and adult stages but
they also include granivores and mycophagous species. As
betrayed by their common name, most carabids are ground or soil

dwellers but a considerable number of species lives on trees or in
association with aquatic environments (New, 2010). Arboricolous
carabids are often associated with deadwood, living under barks or
preying upon xylophagous insects (Campanaro et al., 2011).
Ground-dwelling species are also affected by the presence of dead
wood, as they often find shelter or overwinter under fallen logs,
stumps or other woody debris. Carabid beetles are renowned for
their role as bio-indicators: their taxonomy is relatively stable, their
ecology and life histories are well known, they are widespread and
easily collected by means of standardized methods, and an exten-
sive literature on their ecological importance is available (Koiwula,
2011). Cerambycidae, or ‘longhorn beetles’, are conspicuous
insects for their often remarkable dimensions, body pattern and
long antennae. They are well known from the taxonomic point of
view, easing their identification. These beetles are one of the best
example of xylophagous insects, as their larvae bore into the wood
usually under bark, albeit they also include species feeding on roots
or herbs (Turnbow and Thomas, 2002). Cerambycidae comprise
both primary and secondary saproxylics; some species are strictly
associated with particular tree species and/or well defined condi-
tions, such as old trees or type of woody debris on forest floor
(Campanaro et al., 2011). Longhorn beetles also include species of
great economic importance, being important forest pests. The
adults of some species feed on pollen, therefore they are directly
influenced by the presence of open environments (Turnbow and
Thomas, 2002; New, 2010). Curculionidae Scolytinae, commonly
known as ‘bark and ambrosia beetles’, are a very important group
of xylophagous insects of ecological and economical importance.
Bark beetles typically colonize fresh wood, attacking recently
dead, dying or weakened trees, therefore representing an example
of primary saproxylics (Campanaro et al., 2011). Most species live
between bark and wood, leaving characteristic marks and many
have a strict symbiosis with fungi, carrying spores and cultivating
hyphe in their galleries. However, due to their habits, some species
are considered serious pest, being prone to outbreaks and transmit-
ting fungal diseases (Rabaglia, 2002). Forest management prac-
tices influence beetle species composition and abundance not only
by varying the amount of dead wood or presence of old trees but
also by changing environmental conditions such as shade, moisture
or presence of herbaceous vegetation, with a direct impact on soil-
dwelling or nectarivores species.

Syrphidae
Hoverflies (Diptera, Syrphidae) are a worldwide spread family

that live in a variety of habitats (e.g. grassland, woodlands), where
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they form diverse and species rich communities (Speight, 1989).
The Italian fauna is the richest in Europe, counting about 530
species (Birtele 2011), while Slovenia with 307 species, is the
country with the highest number of species per surface unit (de
Groot and Govedič, 2008; Van Steenis et al., 2013). Adults are
anthophilous and heliophilous, their appearance resembles bees
and wasps, while their larvae have very diverse trophic needs,
related to their elected habitat (Birtele, 2011). In forests, adults can
be mainly found along the margins and in clearings, and in the
transition areas between woodland and open habitats, where there
the availability of flowers is highest (Gittings et al., 2006).

The choice of hoverflies as a target group is justified by the fact
that they are good bio-indicators (Sommaggio, 1999; Burgio and
Sommaggio, 2007). Their larvae use many ecological niches in
forests (Sommaggio, 1999), and larvae of saproxylic species tend
to be very sensitive to stress and environmental changes. These lar-
vae are highly bounded to microhabitat related to deadwood, such
as holes and stumps; hence the presence in forests of different
typologies of deadwood is fundamental for their conservation.
Finally, the ecology of many species has been studied thoroughly,
using standardized sampling methods, and the data has been gath-
ered in a European database developed by Martin Speight
(Speight, 2014).

Methods used for measuring the indicators

The abundances and occurrences of target groups, such as
saproxylic beetles and flies were studied with different methods to
maximize the range of species recorded. Thus, the sampling
involved the use of five types of traps: Malaise, window, pitfall,
emergence traps and sticky traps. Malaise traps were used to catch
mainly Diptera, actively flying through the forest understory
(Ausden and Drake, 1997; Ozanne, 2005).These kind of traps have
widely been used in surveys of insect abundance and diversity
(Campbell and Hanula, 2007), usually because they collect vast
numbers of insects, giving an excellent return for effort than any
other single trap (Ausden and Drake, 1997). Window traps were
used to collect flying beetles (Ausden and Drake, 1997), associated
with specific understory resources, such as dead wood (Ozanne,
2005). These traps are known to respond to the immediate sur-
roundings of the trap location (Sverdrup-Thygeson and Birkemoe,
2009), and thus are particularly suitable for monitoring and com-
paring forest habitats (Alinvi et al., 2007). In Slovenia, the
pheromone Galloprotect 2D was used in association with the win-
dow traps to attract longhorn beetles. Pitfall traps were used to
sample Carabidae (Woodcock, 2005). Emergence traps were used
to sample adult insects emerging from high stumps, since it is the
most relevant method to obtain insights into substratum associa-
tion for most saproxylic species (Brin et al., 2012). Transects were
performed to survey hoverflies using a sweep net (Ssymank,
2004). The transects were only done when there was a temperature
above 17°C and less than 1/5 of cloudiness.

On the Italian sites the sampling design included 1 Malaise trap
and 3 window traps per plot, activated for all the adults flight sea-
son, using 70° ethanol as preservative. Samples were collected
every second week and target groups were successively deter-
mined. Emergence traps were set only in Lorenzago di Cadore site,
taking advantage of the widespread presence of high stumps. In
this latter case, the sampling design took into account two diameter
classes (32-42 and 54-64 cm) and two decay stages (2 and 3 of
Hunter’s decay scale) of stumps, with 7 traps for each combina-

tion, for a total of 28 emergency traps distributed inside the stand.
In Slovenia the sampling activities took place after the harvest-

ing. Carabid beetles and hoverflies were sampled on all plots while
the longhorn beetles only on plots characterised by Norway spruce
and silver fir. Hoverflies were sampled with one sticky trap and
one transect per plot three times per year. For carabid beetles, in
one plot, five pit fall traps were set using salt and water as conserv-
ing method. One in the centre, and the rest in the 4 cardinal points,
12 meters east from the centre. The sampling was done during
three periods of one week, at the beginning of June, July and
August. For longhorn beetles, on every plot with Norway spruce
and silver fir, the traps were set from the beginning of May till the
end of October. Every month the samples were collected. The sam-
ples were determined in the laboratory. Transects were conducted
every month to monitor the abundance of Morimus funereus.

Observed response to the different forest
treatments

Syrphidae
In Slovenia, the forest treatments were very small scale, and

since hoverflies are very mobile, they did not have strong effect on
the number of hoverfly species. The abundance was highest on
plots with 50% reduction of living stock. Different species were
observed in completely open plots, plots with 50% reduction of
living stock and plots without harvesting. Guilds also reacted con-
trastingly to the cutting intensity. The saproxylic species occurred
in low densities. There was a small increase of species on plots of
50% intensity and the open plot. In the controlled areas, the
saproxylic species Brachypalpus laphriformis was found. In the
completely open areas, the saproxylic species Xylota ignava and X.
segnis were found. The species which feed on microorganisms
were most abundant on the total clear cut. The species that feed on
plants had low abundances and therefore no response was
observed. Most of the hoverfly species, which were observed on
the plots, were feed on aphids and other animals. From these, the
lowest number of species was observed on the completely open
areas while in the areas without cutting and only 50% cutting
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Figure 1. Estimated Syrphidae richness (S est) in the Cansiglio forest
found increasing sampling duration, in the plots where the different
management options were performed: innovative (n=2), traditional
(n=2), control (n=2) and before the harvesting (n=3). 
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intensity the number of predatory hoverflies was higher. In gener-
al, cutting did not affect hoverflies.

In Italy, an increase in species richness associated with the inno-
vative forest management practices was observed in both beech
and spruce-fir forests, suggesting the suitability, in the short term,
of this treatment to preserve biodiversity. In the Cansiglio beech
forest (Figure 1), the plots where the innovative and traditional for-
est management were performed showed a higher species richness
compared to both the control plots and the survey performed a year
before the harvesting. Considering the ecology of the recorded
species (preferred forest type and age, clearing use and larvae diet)
there were not remarkable trends in their distribution in the differ-
ent plots. Three metrics derived from the analysis of forest struc-
ture significantly correlated with the axes of the detrended corre-
spondence analysis (DCA): PI (Pielou’s distribution index), CE
(Clark and Evans’ aggregation index) and Cl2000 (foliage clump-
ing) (Figure 2). Thus, the variation of horizontal heterogeneity, in
terms of tree distribution and canopy closure, could represent one
of the driving forces of the observed pattern. For the Lorenzago
forest, the highest species richness was observed in the innovative
and control plots. The innovative plots showed the highest abun-
dance of individuals associated with over-mature forests, saprox-
ylic species with larvae that develop in decaying wood. Conversely
the traditional and control samples showed a dominance of indi-
viduals with aphid-feeding larvae. 

Coleoptera
In Slovenia, the long horn beetles responded significantly to the

harvesting regime. Different species were observed in control and
completely open plots. A large increase of species was observed
from the control to the completely open plots. The species
Raghium inquisitor, R. mordax, Monochamus species and
Sticuleptura rubra were more associated with open areas.
Oxymirus cursor was more associated with the controlled and 50%
intensity plots. Large differences in species composition were con-
firmed between sites. In Kočevski Rog was observed the smallest
and in Trnovo the biggest number of individuals. Species in this
group are clearly associated with harvesting regime, which makes
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Figure 2. Detrended correspondence analysis (DCA) of hoverfly
(Syrphidae) species, displaying species (blue points) and sites (traps in
the different plots): ante (1), control (2), traditional (3) and innovative
(4). Arrows identify the forest structure metrics that significantly cor-
related with the DCA axes: PI (Pielou’s distribution index), CE (Clark
and Evans aggregation index) and Cl2000 (foliage clumping). 

Figure 3. Bark beetle (Curculionidae, Scolytinae) species richness esti-
mated by first-order Jackknife richness estimator (Jack1), in the plots
where the different management options were performed: a)
Cansiglio, b) Chiarano and c) Mongiana. 

Figure 4. Principal component analysis (PCA) of bark-beetle
(Curculionidae, Scolytinae) species collected in: a) Cansiglio and b)
Mongiana. Lines show the variation of environmental variables signif-
icantly correlated with the ordination axes, Clark and Evans’ aggrega-
tion index (CE) and basal area respectively.
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them good indicators.
The carabid beetles are predatory species and are less related to

trees as they are highly mobile. Such pattern was also observed in
the response to the harvesting regime. No differences in number of
species between the cutting regimes were registered. However,
several pioneer species like Cicindela germanica, C. sylvicola, C.
campestris and Amara sp. were observed on the completely open
plots. In general, intensive harvesting did not affect the carabid
species composition; harvesting was in positive correlation with
the presence of the pioneer species in the forests.

In Italy, for the Cansiglio forest the results highlighted a higher
species richness of Cerambycidae in the innovative plots, and a
decrease in the number of observed species in the control plots
compared to the survey performed before the harvesting. We can
thus infer a shift of the individuals towards the innovative sectors
with the impoverishment of contiguous sectors. In Lorenzago as
well, the highest species richness of Cerambycidae was observed
on the plot where the innovative treatment was experimented. 

For what concerns bark-beetles, species richness did not vary
significantly among the different harvest methods tested by the
project (Figure 3). The principal component analysis highlighted
the effect of different structural variables (Figure 4): in Cansiglio,
the Clark and Evans’ aggregation index was significantly correlat-
ed with the PCA axes (r2=0.36, P=0.032) while for Mongiana the
basal area was the most relevant variable (r2=0.49, P=0.005). None
of the considered structural parameters was significant for the ordi-
nation of the species collected in Chiarano. Our results support the
influence of specific structural factors only for the sites historically
managed as high forest.
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Introduction

Amphibians and reptiles species diversity in the Manfor C.BD
sites was assessed using herpetological standard census method-
ologies (Heyer et al., 1994; McDiarmid et al., 2012). Species
diversity greatly varies among sites (Table 1; Figure 1). The site
areas range between 30 and 35 hectares with the exception of the
site Monte di Mezzo -  Pennataro (about 400 ha). 

Species richness, for both amphibians and reptiles, did not vary
before and after silvicultural treatments, and even on control sites
without treatment. Aquatic sites used by amphibians as breeding
sites before forest harvesting were used by the same species after
treatments as well. The number of reptile species, generally
recorded as a result of the encounter of single individuals since
their abundance in forest environment is often very low, was also
confirmed. New treatments in studied forests did not affect her-
petofauna species richness. However, we have to interpret such
results with caution, since effects were measured within a very
short time interval after thinning treatments and, consequently,
they have therefore little significance. Low vagile species
(amphibians and reptiles) disappear from environment only in the
event of a drastic and sudden environmental change (habitat
destruction or loss). 

Amphibians and reptiles are quite different and their response to
forest management may be opposite and conflicting (Verschuyl et
al., 2011). As a general rule, amphibians are more susceptible to
timber harvesting than reptiles. 

Reptiles may benefit by clearcutting or thinning because such
measures provide environment with higher solar radiation, which
is an important habitat characteristic for ectothermic vertebrates
(Kiester, 1971) but, at the same time, effect may be also negative,
as clearcutting may not provide adequate night-time thermal
cover. Thinning, on the other hand, may provide a more suitable
environment for many reptiles than closed-canopy forest stands
(Todd and Andrews, 2008).

Conversely, for amphibians that require minimal environmental
moisture, clearcutting causes negative effects (DeMaynadier and
Hunter, 1995; Pough et al., 1987; Ash, 1997; Semlitsch et al.,
2009). Effects of thinning and partial harvesting on amphibians
species richness and populations are more complicated than in
reptiles, because available data show contrasting response patterns
(Pough et al., 1987; Harpole and Haas, 1999; Grialou et al., 2000;
Renken et al., 2004; Semlitsch et al., 2009). In thinned forests, we
did not confirm extreme variation in biophysical characteristics,
and in particular in moisture, to make habitats unsuitable for the
occurrence of amphibians. Comparisons of species richness
before and after harvesting could not provide significant differ-
ences (Ford et al., 2000). Robust results may be obtained by
analysing finer parameters at population level rather than those
related to species richness.

A more detailed example: the study of
Bombina variegata (Linnaeus, 1758) in the
Tarvisio forest

The Yellow-bellied toad (Bombina variegata, Figure 2) is a
small anuran distributed in central and southern Europe; with
regard to LIFE+ ManFor C.BD areas this species occupies the
major part of the Slovenian territory while in Italy it is mainly dis-
tributed in the north-eastern part of the country (Di Cerbo and
Bressi, 2007). Bombina variegata is surely one of the best candi-
date to study the effects of alternative forestry practices, since it is
considered threatened and listed on Appendix II of the Bern
Convention and on Annexes II and IV of Natural Habitat
Directive, it depends on small and ephemeral reproductive sites
that are more susceptible to desiccation, and is more exposed to
microhabitat alteration (Scheele et al., 2014).

One of Yellow-bellied toad population has been studied using
two different approaches to evaluate the effect of forestry prac-
tices on the biology and demography of the species. In Tarvisio
forest, the study site consisted of a reproductive pond, located in
spruce (Picea abies) forest, and was included into an area subject-
ed to two different treatments, performed in September 2013: an
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innovative/demonstrative treatment and a traditional one. The
demonstrative/innovative treatment consisted of the identification
of a not-fixed number of scattered, well-shaped trees in the domi-
nant social classes and crown thinning of neighbouring competi-
tors to increase the future growth ability of selected trees. The tra-
ditional treatment consisted in a pre-commercial thinning to reduce
inter-tree competition and manage to release the main crop popu-
lation. For the study of forest harvesting effects on Bombina two
different metrics/approaches were employed: the study of individ-
ual physiological status, through the analysis of body condition
index (BCI) (Jakob et al., 1996), and the study of demographic
parameters estimated with capture-mark-recapture analysis. With
regards to BCI, the Scaled Mass Index (SMI), basically calculated
on the residuals obtained from the regression of body mass and
body length, was selected as the more accurate index and the more
representative of the individuals physiological status (Peig and
Green, 2009); while, taking into account the analysis of population
demography, a capture-mark-recapture study (Amstrup et al.,
2010) has been conducted, using the robust design (Pollock, 1982).
This particular model employs a stratified sampling design and
fully reflects the data as they are recorded by researchers: it con-
sists in primary periods, between two of them the population is
considered open to birth/mortality and immigration/emigration,
and secondary periods, when the population is considered closed
and the abundance can be estimated (Pollock, 1982). For both BCI
and demographic analysis, data were collected during two years
(2012-2013) before the forest treatment and one year (2014) after
the forest treatment. Sampling were performed monthly from May
to August/September, depending on the seasonal activity of the
species. During sampling individuals were captured on reproduc-
tive site; sex, snout-urostyle length (SUL) and mass were deter-
mined, while a picture of the ventral pattern was taken in order to
perform individual photo identification. With regard to the analysis
of BCI we also collected data on a similar site, 330 meters away,
where no forestry practices were applied, to evaluate if observed
variations are attributed to forest treatment or to seasonal trend. In
2013 we obtained data for BCI from 129 individuals (93 and 36 in
treatment and control site respectively) while in 2014 we measured
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Table 1. Species inventory in the seven Italian sites. Occurrence of a given species is shown for each site.

                                                          In Dir. 92/43/CEE as           Cansiglio     Chiarano    Lorenzago di     Mongiana         Monte di         Tarvisio   Vallombrosa
                                                                                                                               Sparvera          Cadore                             Mezzo–Pennataro                              

AMPHIBIA                                                                                                                                                                                                                                            
    Salamandra salamandra             Not included                                                                             X                      X                                               X                    
    Ichthyosaura alpestris                 Not included                                 X                                                                                                                      X                    
    Lissotriton italicus                       Triturus italicus                                                                                                   X                                                                      
    Lissotriton vulgaris                      Not included                                                                                                                                                          X                    
    Salamandrina perspicillata         Salamandrina terdigitata                                                                                                              X                                            
    Bufo bufo                                      Not included                                                                                                                                  X                     X                    
    Bombina variegata                       Bombina variegata                                                                                                                                                X                    
    Hyla intermedia                           Hyla arborea                                                                                                       X                                                 
    Rana italica                                  Rana italica                                                                               X                                                 X                                            
    Rana temporaria                          Rana temporaria                                                                                                                                                   X                    
REPTILIA                                                                                                                                                                                                                                              
    Iberolacerta horvathi                   Lacerta horvathi                                                                                                                                                    X                    
    Anguis fragilis                              Not included                                                                                                        X                                               X
    Podarcis muralis                          Podarcis muralis                                               X                                                                         X                                          X
    Natrix natrix                                                                                                                                                                                                                X
    Vipera aspis                                  Not included                                                                                                                                                                               X
    Vipera berus                                 Not included                                                                                                                                                          X                    

Figure 1. Species number separated for amphibians, reptiles and their
sum (herps) in Italian sites. 

Figure 2. Yellow-bellied toads (Bombina variegata) during the mating
season in a pond of the Tarvisio forest.
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62 individuals (41 and 21 in treatment and control site, respective-
ly). In both sites the SMI was significantly lower after forest treat-
ment was applied (Mann Whitney U test; P<0.001; full data report-
ed in Table 2). In analysis of capture-mark-recapture data, between
2012 and 2014 data from 105 distinct individuals were obtained.
Three main demographic parameters were selected as mainly rep-
resentative of a possible effect of forest management: i) the esti-
mated abundance of the population, ii) survival of individuals, iii)
parameters of emigration (Kendall and Bjorkland, 2001). Different
models were built and model ranking evaluated using AIC
(Akaike, 1973) and considering that models with a difference in
AIC lower than 2 points have the same empirical support
(Burnham and Anderson, 2002). Taking into account the estimated
abundance of the population the models with more empirical sup-
port accounted for abundance variation between sessions but not
for a treatment effect (Figure 3); in the same way the best ranked
model accounted for constant survival, not affected by forest treat-
ments and, with respect to immigration and emigration, all the high
ranked models accounted for a random movement of individuals to
and from the reproductive pond. In conclusion, with regard to the
studied population of Bombina variegata, no significant effect of
forest harvesting has been detected on the physiological status and
demographic parameters of this amphibian. Even if observed
decrease of body condition index between 2013 and 2014 in the
treatment site could be interpreted as a negative effect of forest
harvesting, the employment of a control site similar to the treat-
ment, as discussed in Costa et al. 2016, avoided erroneous inter-
pretations of the observed metric.
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Table 2. Results of Scaled Mass Index of Bombina variegata in the
Tarvisio forest before (2013) and after (2014) forest treatment.

SMI                                     2013                                            2014
                                 Mean           Std. Err.                Mean             Std. Err.

Control                      5.27                 0.15                     4.86                   0.08
Treatment                  7.85                 0.06                     7.48                   0.10

Figure 3. Graphical interpretation of population estimated abundance
N-hat from CM analysis. 
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The Italian experience

Study area 
Bird species richness and diversity have been assessed on each pro-

ject site before and after applied treatments but for Lorenzago di
Cadore site, where bird community surveys have been conducted after
the first portion of the site has been treated. The effects of different
treatments were not considered relevant, due to the small spatial scale.
Indeed, the considered effect was ‘before’ and ‘after’ applied logging.
In addition, the extant study areas have been extended beyond the
boundary of the ManFor plot to assess the effects of logging on an area
more likeable to represent the whole forest bird community. At two
sites (Chiarano and Tarvisio) the plot and the buffer area were different
in structure compared to other research plots. The core stand in
Chiarano-Sparvera was managed as coppice with standard until early
70’s of XX century, when a conversion to even-aged high forest took
place in the late 80’s. Differently from every other ManFor site,
Chiarano-Sparvera it is not embedded into a forest matrix but it is sur-
rounded by primary and secondary grassland and pastures, but for the
northern edge. This last one borders a beech stand managed as coppice
with standard but heavily exploited in the early-to-mid 80’s, where the
control sampling points are located as it is the only available portion of
forest bordering the ManFor site. Tarvisio site is characterised by a
‘subalpine spruce forest’ with dense regeneration stands of Norway
spruce and silver fir with interspersed beech. The buffer area is char-
acterised mainly by mature conifer stands and beech.

Methods 
Survey consisted of a 5 minutes unbounded point count.

Sampling has been carried out in year 2012-2015 from early-May
to late-June. Surveys started at sunrise, ending at 11 a.m. (local
time: UTC+2h); every bird detected has been recorded to the
species level by both aural and visual cues (Balestrieri et al.,
2015). Non-forest species, i.e. species occasionally detected while
crossing the area, were not involved in the analysis.

Presence of significant bird species was compared before and
after applied measures. Targeted species are listed as threatened in
the Italian IUCN Red List (Peronace et al., 2012) and in the Annex
I of the Directive 2009/147/CE of the European Parliament and of
the Council on the conservation of wild birds (Birds Directive). In
addition, a focus on the guild of bird specialists was provided,
comparing the presence of insectivorous cavity nesters (Newton,
1994; Verner, 1984). Such approach focused on the lower
resilience of insectivorous cavity nesters to habitat alterations
(Czeszczewik et al., 2014; Donald et al., 1998; Woodley et al.,
2006). Both approaches were applied at every project site. At
Chiarano-Sparvera, Mongiana and Tarvisio sites, similarity per
area has been assessed using the Morisita index (Morisita, 1962)
and species diversity indexes have been calculated to assess the
effect of treatments on bird diversity (Shannon and Wiener, 1949;
Simpson, 1949).

Results and Discussion

The presence of threatened and Birds Directive species
decreased or did not changed after applied treatments (Table 1).
Insectivorous cavity nesters response to treatments mirrored those
of the whole bird community (Table 2). The analysis of similarity
for Chiarano-Sparvera, Mongiana and Tarvisio sites showed no
differences between communities before and after treatments
(Morisita index for every paired comparison >0.9, P=1). Diversity
indexes were similar before and after treatments; in Tarvisio diver-
sity after thinning even increased (Figure 1).

Contrary to other, more intensive, harvesting practices and
treatments (Czeszczewik et al., 2014; Woodley et al., 2006), our
results indicate that the applied treatments may have not signifi-
cantly affected  bird communities, at least during the time of
observations. The use of a different silvicultural measures may
prove beneficial for different bird guilds, e.g. forest canopy spe-
cialists, ground nesters or insectivorous (King and DeGraaf,
2000). Our results also indicate that the guild made by the most
forest-specialized birds can be negatively affected by applied
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treatments, since in three sites 2 species disappeared (Table 2).
Disappearance of such species may be interpreted as an early
warning of forest ecosystems deterioration, although it should be
stressed that our results are referred to a limited period following
treatments. We suppose that in the long time bird communities may
‘react’ to the alteration through a dynamic equilibrium. Eventual,
negative, short-term effect may be concealed, at the community
level, by an increase in number of open-habitat species or by the
presence of larger forest patches around the study sites, supple-
menting further resources, buffering the negative effects of har-
vesting. Bird species richness is correlated with both larger trees
and sparser tree distribution (Carrillo-Rubio et al., 2014). Applied
treatments have had small effects on bird diversity likely because
of their conservative character. The implementation of the applied
innovative forestry practices at the Italian sites, can guarantee in
the long period the opportunity for the forest bird community to
recover from disturbance. Such practices need to be addressed
locally; as a general approach we suggest retaining snags, stumps
and deadwood (Bütler et al., 2004; Czeszczewik et al., 2014), cre-
ating a landscape mosaic with larger patches (Roberge et al.,
2008), assuring the naturalness of the tree assemblage (Caprio et
al., 2008; Gil-Tena et al., 2007), and preserving a reasonable num-
ber of ‘large’ and veteran trees whenever possible (Ellis and Betts,
2011). Forest management influences the structure and could ben-
efit specific bird assemblages by sustaining forest multi-function-
ality. Although the choice of the bird assemblage is partly in the
manager’s hands, we noted and stressed that, among the insectivo-
rous guild, there are more protected and specialist species.

The Slovenian experience

Study area and methods
At Slovenian sites, mainly composed of mixed silver fir and

beech forests, the treatments consisted of: i) no harvesting; ii) 50%
removal of the trees (living stock); and iii) and complete removal
of all trees. Each treatment has been applied on randomly placed
plots. Bird surveys were not accomplished according to a formal
before-and-after applied measure scheme (i.e., in the same plot
before and after the harvesting took place), only after the treat-
ments. Notwithstanding such a shortcoming, and because control
plots (i.e., un-harvested) were available for comparison, we were
confident that our results could be at least roughly regarded as a
fairly affordable proxy to a formal before-and-after sampling
design. According to the adopted sampling protocol, 27 bounded
points (radius 35 m) were surveyed within each of the three areas
(Kočevski Rog, Snežnik and Trnovo). Sampling took place in
April and May/June 2013 and each point has been surveyed twice
for both aural and visual bird cues for 10 minutes.

Results and Discussion

In total 48 bird species were observed at the research plots in
Slovenia. Thirty-two species were found in Kočevski Rog, 31
species in Snežnik and 37 species in Trnovo (Table 3). It was inter-
esting to observe that in spite of intense or even complete wood
extraction on some plots; some bird forest specialist species were
still recorded. Three-toed woodpecker, Black woodpecker, Ural
owl and Pygmy owl are all regarded as forest specialists, which are

                 Article

Figure 1. Diversity indexes computed at three ManFor sites before and
after treatments. Index values showed no differences after treatments.

Table 1. Number of species listed in the Italian IUCN Red List or in the
EU Bird Directive detected before and after the ManFor treatments.

Site                                              Before                              After

Italian Red List
       Cansiglio                                  1                                      1
       Chiarano                                   3                                      1
       Lorenzago                                1                                      1
       Mongiana                                 0                                      1
       Pennataro                                  1                                      1
       Tarvisio                                     1                                      1
Birds Directive
       Cansiglio                                  1                                      0
       Chiarano                                   1                                      1
       Lorenzago                                4                                      4
       Mongiana                                 1                                      0
       Pennataro                                  0                                      0
       Tarvisio                                     2                                      1

Table 2. Number of species included in the insectivorous cavity nester
guild detected before and after the ManFor treatments.

Site                                              Before                              After

Cansiglio                                        10                                    10
Chiarano                                         13                                    12
Lorenzago                                       11                                    11
Mongiana                                       11                                    10
Pennataro                                        11                                    11
Tarvisio                                           12                                    11

Table 3. Number of bird species on three Slovenian research sites. The
number of species is presented for both the control and treatment
plots, according to the intensity of the applied silvicultural measures
(50% or 100% removal). The number of species for each site repre-
sents all detected species on the sites, also independently from point
count sampling.

Number of species
Research site            Control                50%           100%        Whole site

Kočevski Rog                 9                         9                  4                    32
Snežnik                          11                       12                 2                    31
Trnovo                           14                       10                 5                    37
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affected by habitat loss (Rueda et al., 2013). The species’ compo-
sition was as expected in a managed forest. Results suggest a cer-
tain adaptability (in terms of resistance or resilience) to distur-
bances by those species, which were still present notwithstanding
the year before sampling heavy forestry operations were going on
and in some plots there was a substantial or complete removal of
the trees. Forest areas surrounding the experimental plots were left
untouched which may be alternative reason for the presence of bird
specialist species; such a spatial arrangement of harvested vs.
unharvested sites could have acted as a habitat buffer to mitigate,
at least for a short time, the effects of harvesting.

On Slovenian sites a strong decline in the abundance and num-
ber of bird species comparing control plots and plots with com-
plete removal of trees was evident. There was also a strong differ-
ence in the species occurring according to different cutting intensi-
ties. For Kočevski Rog, 9 species were observed on the control
plots and four species observed on plots with the 100% removal.
On Snežnik, 11 species were observed on the control plot, and only
two species on plots with the 100% removal. In Trnovo 14 species
were found on the control plots. On plots with 100% removal only
five bird species found.  Presence of canopy species (e.g.,
Firecrest, Goldcrest and tits), dead wood dependent species (e.g.,
great spotted woodpecker) and forest dependent species (e.g., Ural
owl) has not been evidenced completely open areas. Some species,
known to use open areas, like the wren and the robin, were
observed in the area. On plots with 50% cutting intensity, the bird
species composition was similar to the unmanaged (control) plots.

Our results show that the applied treatments at research sites in
Slovenia affect the diversity of bird species. In open areas with
100% intensity removal, the number of species declines dramati-
cally and almost no open-area bird species replace the forest
dwelling ones. We hypothesize that the spatial scale of the treat-
ments was too small to inhabit open habitat species on research
sites.
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Slovenian research sites

Experimental design 
Three test sites within Dinaric fir-beech forests in Slovenia

[Kočevski Rog (KR), Snežnik (S) and Trnovo (T)] have been
selected (Kutnar et al., 2015). These forests thrive on high alti-
tude karst areas with diverse soil and climate conditions, which
are highly favourable for the growth of forests as there is plenty
of rainfall and high air humidity. Such forests grow at an altitude
of 700 to 1200 m asl in a diverse land configuration. Different
processes, such as silver fir decline and uneven-aged forest 
management in the previous 40 years have created a great vari-
ability of forest structures (Kobal and Hladnik, 2009). 

On each test site, an area of karst depressions (sinkholes) was
preselected. Nine were randomly selected for each test site, and
the circular plots of 0.4 ha were set at the bottom of each (27
plots in total).

To test the effects of forest management, three different silvi-
cultural measures were applied on selected plots in 2012. On one
third of all plots (3 per each site), all trees (100% of growing
stock) were cut on 0.4 hectares. On one third of all plots, 50% of
the growing stock was evenly harvested over selected plots.
Immediately after tree logging on two thirds of plots, the logs,
and thick branches were pulled out from logging sites and skid-
ded to a landing. On the last third of selected plots, no logging
was implemented, and plots were considered as control.

Vegetation assessment
Plant species diversity was studied in the central part of the

0.4 ha plots at the bottom of sinkholes (Kutnar et al., 2015). On
400 m2 of the circular plots, the cover estimation of vertical veg-
etation-layers and plant species diversity was performed accord-
ing to the modified ICP-Forests protocol (Canullo et al., 2011).
Furthermore, the percentage cover of each vegetation layer, the
share of bare soil, the surface rocks and cover of deadwood were
estimated. All vascular plant species were recorded in three ver-
tical layers (herb, shrub, and tree layer) separately. A separate
record was made for each species in the different vertical layer.
The estimation of plant species cover was done using a modified
Barkman’s method (Barkman et al., 1964). Nomenclature of
species names followed Mala Flora Slovenije (Martinčič et al.,
2007) and Flora Europaea (Tutin et al., 1964-1980, 1993).

The plant species diversity was assessed before and two years
after applied measures.

Data analysis
The cover of herb layer, species richness (N), and the Shannon

diversity index (H´) were calculated for plot and site levels.
These parameters have been determined before and two years
after the implementation of silvicultural measures.

The following measures of diversity were investigated:
1) Species richness (N) refers to number of species within

given plot.
2) Shannon diversity index (H´) is a measure that describes the

structural composition of communities (Pielou, 1975):

H´=-∑R

(i=1)
pI ln pi

where pi is relative frequency of species in a record.

The differences between treatments in herb cover, species
number, and Shannon index were tested using one-way ANOVA
followed by Tukey post-hoc tests at significance level 0.05 after
data was tested for normality and homogeneity of variances. The
main compositional and diversity gradients of study sites and
plots were extracted by detrended correspondence analysis
(DCA) (Hill and Gauch, 1980; McCune and Grace, 2002) using
PC-ORD 6.0 Package (McCune and Mefford, 2011). DCA is an
eigenvector ordination technique based on correspondence anal-
ysis (CA or RA). In this study, DCA ordinates both study
plots/sites and plant species simultaneously, and are geared to
ecological-diversity data sets (the eigenvalues are related to
diversity and structural parameters in this case). Based on plant
species composition before and after logging, plots from three
sites are plotted in a DCA ordination space. Differences among
plots and sites were indicated graphically.
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Results

Forests stands on all three study sites are dominated by
European beech (Fagus sylvatica), European silver fir (Abies
alba) and Norway spruce (Picea abies). Some other tree species,
mostly found in understory layers include sycamore maple (Acer

pseudoplatanus), wych elm (Ulmus glabra), common ash
(Fraxinus excelsior), rowan (Sorbus aucuparia), small-leaved
and large-leaved lindens (Tilia cordata, T. platyphyllos), manna
ash (Fraxinus ornus), whitebeam (Sorbus aria), Norway and
Bosnian maples (Acer platanoides, A. obtusatum), and common
aspen (Populus tremula) (Kutnar et al., 2015).

Before applied silvicultural measures, a total of 151 plant
species on all 27 plots of 400 m2 were recorded. Two years after
the implementation of measures, 250 plant species were deter-
mined in total. Due to change of ecological conditions or succes-
sional and seasonal dynamic, six species from the first assess-
ment were not confirmed again. A total of 105 new plant species
appeared on all plots; most of them were early successional
species and non-typical forest plants. The majority of these
species appeared in the forest gaps created by high intensity log-
ging measures.

Before the logging, the mean number of species per plots was
48.8; and varied between 29 and 68 per plot, and the value of the
Shannon diversity index H’ was between 1.23 and 3.32 (mean:
2.41). After the logging, the mean species number per plots was
70.4, and varied between 41 and 106 per plot. The value of the
Shannon diversity index H’ after the logging was between 2.04
and 3.81 (mean: 3.07).

Before logging on the selected sites, the tree canopy was
dense, and forest stands were closed; the mean value of visually
estimated cover of the tree layer was 95.4%. After the logging,
light conditions at the bottom of forest stands were significantly
different than before. Two years after the applied silvicultural
measures, the cover of the tree layer was only 48.0%, and the tree
cover in control plots remained almost the same as at the begin-
ning of the experiment.
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Figure 1. Mean cover of herb layer, species number and Shannon index
on plots of three sites [Kočevski Rog (KR), Snežnik (S) and Trnovo (T)].
A comparison before (1) and after (2) logging is presented. The error
bars represent standard errors of the mean. The letters denote homoge-
neous groups of treatments at a 0.05 significance level; means with the
same letter are not significantly different from each other. Significant
increases of average herb layer cover, plant species number and
Shannon diversity index after logging were recorded at all three sites. 

Figure 2. DCA ordination of three sites [Kočevski Rog (KR), Snežnik
(S) and Trnovo (T)]before and after logging, based on species compo-
sition (presence/absence). The hollow symbols indicate the plots before
(in 2012), and full symbols indicate the plots after the logging (in 2014),
respectively.
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The change of light conditions in forest stands resulted in the
development of an herb layer, including herb species,
graminoids, and saplings of different woody plants. Before log-
ging, the herb layer cover varied between 21.7% in Snežnik site
and 37.2% in Trnovo site (Figure 1). Two years after logging, a
significant increase of herb layer cover was recorded, varying
between 38.9% at the Snežnik site and as high as 63.1% at the
Trnovo site.

Before logging, the highest mean species number was recorded
at the Snežnik site (55.8 species); and the lowest number of 43.1
species at the Trnovo site (Figure 1). Significant increases in the
number of plant species after logging were recorded at all three
sites. The mean species number per plot was the highest at the
Snežnik site (78.1 species) and the lowest at the Kočevski Rog
site (65.9 species). However, the highest relative change in mean
species number was established at the Trnovo site, where the
number of species rose by 56%. The relative changes of species
number at the other two sites were 39% (Kočevski Rog) and 40%
(Snežnik). 

Before logging, the mean Shannon diversity index varied
between 2.31 (Trnovo site) and 2.53 (Kočevski Rog). After
logging, the mean Shannon diversity index increased by 19%
at the Kočevski Rog, 38% at the Snežnik site and 26% at the
Trnovo site. It varied between 2.91 (Trnovo) and 3.30
(Snežnik) (Figure 1).

Based on plant species composition before and after logging,
27 study plots from three test sites are plotted in the DCA ordi-
nation space in Figure 2. Significant differences in species compo-
sition among three sites at the beginning of the experiment have
been observed. The three groups of plots from different study sites
indicating the state before logging are well separated in ordination
space. The magnitude between control plots and plots with logging
of 100% of growing stock may be observed.

Discussion 

Three test sites were selected in Slovenia within the Dinaric fir-
beech forests (association Omphalodo-Fagetum s. lat.) belonging
to the Natura 2000 habitat type of 91K0 - Illyrian Fagus sylvatica
forests (Aremonio-Fagion). Regardless of the fact that all test sites
were selected and studied within the same forest and habitat type,
the reactions of plant species on implementation of silvicultural
measures were site specific (Kutnar et al., 2015). The implementa-
tion of different silvicultural measures caused different magnitudes
of plant species turnover. With higher intensity of logging, from
control without logging-to-logging 50% of growing stock, and to
logging 100% of growing stock, the species turnover increased.
The total number of plant species before the implementation of the
silvicultural measures was 151, and more than 100 new plant
species, mostly early successional species and non-forest plants
appeared in the forest gaps created by high intensity logging mea-
sures. More open conditions, such as those created by gap forma-
tion, e.g., 100% growing stock logging in our study, result in high-
er variability in the extremes of ambient air and soil temperatures
(Heithecker and Halpern, 2006), thus benefiting species that can
tolerate such extremes. It is likely that such conditions would
change over time as over-story canopies close and shrub layer
species recover from logging operations. Thus, the impacts of thin-
ning and gap formation on understory species groups will likely
decrease over time, even though long-term impacts have been doc-
umented (Bailey et al., 1998; Lindh and Muir, 2004). To preserve

the spatial heterogeneity of the wider area, new openings in the 
forest stand should be made in several year intervals.

In addition to the increased plant diversity and changed func-
tional composition of the vegetation, other benefits of gaps created
by logging could be expected. Managing of forests may improve
food availability for wildlife and insect pollinators. Lower oversto-
ry densities, thinnings and gap creation are associated with the
diversification of ecosystem functions and services, specifically
the provision of food and habitat for wildlife, as evidenced by a
higher cover of flowering, fleshy fruit and more palatable plant
species (Neill and Puettmann, 2013). Species-rich forest gaps in
Dinaric fir-beech forests have high feeding potential for larger her-
bivores and, consequently, they may reduce the harmful effect of
the browsing of young trees in the nearby forest stands (Klopčič et
al., 2010). It is expected that increased plant diversity also pro-
motes diversity of other organisms, such as insects and other pol-
linators (Neill and Puettmann, 2013). Management actions that
create such mosaic forest structures also improve habitat suitability
for many bird species, including the endangered capercaillie (Graf
et al., 2007). However, the size and position of gaps in Dinaric fir-
beech forests should be carefully adjusted to sensitive karst terrain
(Čater et al., 2014) and to climate change predictions (Kutnar and
Kobler, 2011; Kutnar and Kobler, 2014), especially in the southern
exposed slopes, in order not to jeopardize forest regeneration and
soil productivity (Kutnar et al., 2015). The short-term effects of
forest management on forest biodiversity is the first step in the
long-term development of forest stands, and for this reason the use
of more sustainable forest management options is heavily reliant
on the profound understanding of interactions between manage-
ment methods and the forest vegetation (Durak, 2012). 

Appropriate forest management in Natura 2000 forests may con-
tribute to very different biodiversity issues, but, in the context of
particular habitat types, the key biodiversity factors and indicators
of conservation status need to be defined first. However, it is com-
monly known that a high level of plant species diversity itself is
one of the significant factors of favourable conservation status of
forest habitats. It is even more important if forest management
functions as a factor of enhancement of biodiversity in a wider
sense and contributes to biodiversity conservation (Kutnar et al.,
2015).

Italian research sites

Sampling method 
To evaluate understory flora and vegetation response to silvicul-

tural practices vegetation samples has been carried out. The per-
centage cover for each layer of forest structure (tree, shrub and
herbaceous layer), a list of vascular flora and percentage cover for
each species through a visual estimate has been recorded within
plots of 400 m2 of square plot, positioned on the same units where
structural and deadwood measurements were realized, for a total of
140 plot. Aspect, slope, rockiness, stoniness and bedrock were also
recorded. Moreover in the same plots, phytosociological relevés
(Braun Blanquet, 1928, 1932; Tüxen, 1937; Westhoff and Van der
Maarel, 1973; Géhu and Rivas-Martinez, 1981) have been carried
out in order to define quantitatively vegetation types, to detect cor-
relations between the vegetation communities and the environmen-
tal factors and to identify Habitat Natura 2000 (phytosociological
syntaxonomy has been recognized as a basic reference for all of
European member states). 
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Data analysis
Species of vascular flora were defined following Pignatti (1982)

and the nomenclature according to Conti et al. (2005). 
The vascular plant species list and relative percentage cover reg-

istered in each plot has been structured in a matrix associating to
each inventoried species biological (Raunkiaer, 1934) and choro-
logical (Pignatti, 1982) information. 

Five life-form macro-categories were considered: Chamephytes
(Ch), Geophytes (G), Hemicryptophytes, Phanerophytes (Ph) and
Terophytes (T). Regarding Chorological types following macro-
categories were analyzed Endemic, Steno-Mediterranean, Euri-
Mediterranean, Montic Mediterranean, Eurasian, Atlantic,
Orophyte, Boreal, and Cosmopolitan.  

Chorological and life forms spectra, cover of herbaceous layer,
species richness and Shannon diversity index (H’) were calculated
for every plot and site levels before and after management prac-
tices. 

Indicators were calculated for groups of similar plots in each test
sites, with the assumption that forest management treatments are a
grouping factor.
Structural descriptors:
1) Cover of shrub and herbaceous forest layer; 
2) Number of species recorded for each Life form group 
3) Total cover for each Life form group, and
4) Frequency of all species occurring in each plot sites for each

chorological type.
Biogeographical descriptor:
1) Number of species inventoried for each chorological type 
2) Total cover for each chorological type, and
3) Frequency of all species occurring in each plot sites for each

chorological type.
Biodiversity descriptors:
1) Species richness (N) refers to number of species within every

plot.
2) Shannon diversity index (H´) is a measure that describes the

structural composition of communities (Pielou, 1975):

H´=-∑R

(i=1)
pI ln pi

where pi is relative frequency of species in a record.
The differences before and after treatments and among different

treatments in shrub and herbaceous layer, Life forms and chorolog-
ical spectra, species number and Shannon index were tested using
SPSS (Statistical Package for Social Science) applying Student t-
test, at significance level 0.05 (Table 1).

Results

Results of analysis carried out highlighted slight changes of
understory flora indicators, except for biogeographical descriptor,
for which insignificant alterations have been observed. Probably
the driving forces of this category of descriptor are not due to dif-
ferent forest management applied, but to environmental factors.

Significant changes regards structural descriptors especially in
total cover for each Life form group (Figure 3).

Cover’s increase of Hemicryptophytes and Terophytes seems to
be related to forest practices, with a significance of P=0.05. 

Species richness (Figure 4) and species cover (Figure 5) are
affected by silvicultural treatments, as highlighted from the
Student t-test (Tables 2 and 3).

Discussion

Significant changes on understory flora and vegetation after sil-
vicultural treatments has been recorded in investigated sites; in
particular cover species increases in all different forest treatments.
Although not in all the sites a common trend was observed about
other structure descriptors and biodiversity indicators. The
response of plant species to different forest treatments are quietly
site specific and depends on forest types. Moreover, even if silvi-
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Figure 3. Cover of Life forms recorded before and after silvicultural
treatments in Mongiana test site. Ch, Chamephytes; G, Geophytes; H,
Hemicryptophytes; P, Phanerophytes; T, Terophytes; I, innovative
treatment; T, traditional treatment; NP, no practices.

Table 1. Results of the Student t-test on life forms cover before and
after silvicultural treatments. 

                             Life forms
Thesis                                                    Ch         G          H         P          T

Innovative                    -                          -            *           -          *
Traditional                    -                          -            -            -           -
No Practice                   -                          -            -            -           -
*P<0.05.

Table 2. Results of the Student t-test species richness before and after
silvicultural treatments.

Thesis                                                         Number of species

Innovative                                                                  *
Traditional                                                                  -
No practice                                                                 -
*P<0.05.                                                                                                                 

Table 3. Results of the Student t-test on species cover before and after
silvicultural treatments

Thesis                                                                    Cover

Innovative                                                                  *
Traditional                                                                 **
No practice                                                                 -
*P<0.05, **P<0.05.                                                                                              Non
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cultural treatments’ design is different, they do not strictly affect
understory vegetation; gaps created by low logging have simulated
circumscribed natural disturbances, such as the fall of old tree. In
that situation understory plant species are tolerant and so they
overcome this short-term effect. Forest treatments applied to test
sites demonstrate to be sustainable, especially for diagnostic
species of Habitat Natura 2000. 

In Italy, there are other LIFE projects which aim to promote the
long-term conservation of particular forest community, such as
beech forest belonging to habitats 9210* and 9220*. The impor-
tance to ensure the conservation of the species, which characterize
these habitats, is due to their sensitivity to climate change and

global warming and inappropriate management actions. LIFE+
Fagus, LIFE+ Faggete del Taburno, LIFE RESILFOR1 intend to
improve ecosystems conservation status focusing on regeneration
of silver fir, yew and holly and on enhancement of diversity levels
for the focus taxa. 
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Figure 5. Cover Species cover before and after: ante and post silvicul-
tural treatments in different thesis in management practices, Cansiglio
test sites.

Figure 4. Species richness before and after silvicultural treatments in
different management practices, Cansiglio sites.
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Effect of management on carbon stock and
sequestration

Forests are a key component of the global carbon cycle. It has
been estimated that of the 480 Gt of carbon emitted by anthro-
pogenic activities (fossil fuel and land-use change related emis-
sions) since the start of industrial revolution, 166 GtC (35%) have
been absorbed by forest ecosystems, 124 GtC by oceans (25%),
while 190 GtC (40%) remained in the atmosphere, causing the rel-
evant increase of CO2 concentrations that is the main driver of cli-
mate change (House et al., 2002). In this respect, the role of man-
aged forests is crucial as several studies attributed to the forests of
the Northern hemisphere, a large part of which is managed, a promi-
nent role in the carbon cycle of the last 20 to 30 years (Schimel et
al., 2001). The C cycle begins with the process of CO2 assimilation
by plants that determines the delivery of assimilates to the plant
internal store, which may then be used for growth, reserve or
defense. In trees, growth adds biomass as foliage, wood and roots.
The annual cycle of plant part losses, arising in the form of the lit-
terfall derived from above- and below-ground parts, migrates car-
bon to the soil and feeds back to the heterotrophs of the ecosystem
which use the energy stored in the organic matter and recycle nutri-
ents as a major resource for further plant growth (Schulze, 2000).

Methods 
In both countries assessment procedures have been carried out on

ManForC.BD representatives sampling plots. Basing measurements
on a classic forest inventory approach (structure, stocks, increment)
and biomass assessment on allometric equations are collected in all
sites. Tree diameters at man breast height (DBH), of all plot trees,
have been measured and these data, together with tree heights, have
been used to assess the total arboreal biomass (carbon stock ~0.5
biomass).

Concerning leaves and fruits annual production, the litter funnel
trap method has been used at plot level in three test sites in Slovenia
and in beech stands in Italy (Cansiglio, Chiarano and Mongiana sites).

Soil carbon pool was estimated using a systematic sampling in each
sub-plot. A quite different approach has been used. In Italy, undis-
turbed soil cores has been collected down to 40 cm or more (where
possible), sampling mineral soil by pedological horizon depth.
Sampling size has been of three core for each sub-plot at sites where
treatments will be replicated (3 treatments, 3 plot per treatment, a total
of 27 sub-plots and 81 soil samples). 

On the same point, soil litter has been collected by a 20×20 cm
metal frame. 

In each Slovenian subplot, at three sites (1 m far from subplot cen-
tre, according to azimuths of 0, 120 and 240) soil sampling was per-
formed. Mineral soil was sampled by fixed depths (0-10 cm, 10-20
cm, 20-40 cm, 40-60 cm, 60-80 cm), until reaching parent material.
Soil litter was collected on square area 25 × 25 cm (area = 625 cm2)
and sampled material from all three points were put together (com-
posite samples).

The humus forms, more recently used as significant indicators of
soil organic carbon (SOC) storage (De Vos et al., 2015) and coincid-
ing with the sequence of organic (OL, OF, OH, H) and underlying
organo-mineral horizons (A, AE, Aa) (Zanella et al., 2011) was col-
lecetd in the italian beech stands of Cansiglio, Chiarano and
Mongiana sites. Sampling size has been of three core for each plot at
sites where treatments will be replicated (3 treatments, 3 plot per
treatment, a total of 27 topsoil samples). Soil, humus form and litter
sampling was repeated in all sites after silvicultural operations, so
near as possible to previous sampling holes.

In each plot, deadwood was assessed within one plot of 13 meters
of radius concentric within the plot established for structural measure-
ments. Coarse woody debris  were measured when more than half
base of their thicker end lied within the plot. A threshold height of 1.3
m was used to distinguish stumps (less than 1.3 m) from snags (higher
than 1.3 m). Decay level classification of each deadwood piece was
carried out visually by the system proposed by Hunter (1990). 
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Result and lesson from ManForC.BD sites
The first and very visible effect of forest management is a decre-

ment of aboveground biomass. 
In Italian site, the mean amounts of carbon removed by harvest-

ing operations in innovative and traditional options were 47±13
and 34±13 MgCha-1, respectively. The management effects on
biomass of the innovative and traditional approach were not differ-
ent, the amount of carbon stored in stems and branches decreased
of 33±9 % and 26±7 %, respectively.

In the Slovenian sites, the cutting percentage were constant 50%
and 100% of living above ground biomass, and the mean amount
of carbon removed by harvesting operations was 114 MgCha-1.

In the Italian sites, carbon stored in deadwood increased of 4.91
and 4.13 MgCha-1 in innovative and traditional management, gain-
ing of 202% and 194%, respectively. In all the innovative manage-
ment options dead downed woods and girdled trees (future snags)
were created.  

In the Slovenian sites deadwood carbon pool increased of 588%
in the plot where half of living biomass was cut and 1154% where
all the trees were cut. After harvesting operations, the amount of
carbon stored in deadwood increased of 26 and 54 MgCha-1,
respectively.

Along the north-south transect of the Italian peninsula the lowest
values of Soil Organic Carbon (SOC) are in the northernmost site
of Cansiglio where the average value is 65±15 MgCha1. In
Chiarano and Mongiana values are higher: the average content of
SOC, indicates similar values in the two sites 93±8 and 94± 9 MgC
ha-1, respectively.

In Italian sites the innovative and traditional forest management
did not create any significant variation in soil carbon pools. These
results suggest first at all the low impact of forest operations upon
the soil. Overall to discuss results we have to consider that the
changes in soil are very slowly processes with a larger temporal
scale, because different input of deadwood, litter aboveground or
roots biomass could produce changes in the soil carbon pool in the
next years. In fact the effect of different treatments has involved
most superficial horizons (OF, OH) of humus form, with a trend
from less active forms to other more active, showing a different
storage of SOC in topsoil profile, in Cansiglio and Mongiana sites.

In Italian sites Innovative and traditional management options
reduced the forest carbon stock of 33 and 41 MgCha1, respective-
ly. In the Slovenian sites the reduction of carbon stock was 67 and
143 MgCha1 for 50% and 100% biomass cutting, respectively
(Figure 1).

Effect of management on soil CO2 emission 

Carbon dioxide is produced in soils by roots and soil organism
and, to a small extent, by chemical oxidation of carbon-containing
materials. CO2 is released from soils in the process variably
referred to as soil respiration. The rate at which CO2 moves from
soil to the atmosphere is controlled by the rate of CO2 production
in the soil, the strength of the CO2 concentration gradient between
the soil and the atmosphere, and the properties such as soil pore
size, air temperature, and wind that influence the movement of
CO2 through and out of the soil (Raich and Schlesinger, 1992).

Forest management could influence environmental characteris-
tics that are involved in soil respiration (Tedeschi, 2003; Ma et al.,
2004).

Methods
In Chiarano, every 15-20 days the measurements has been per-

formed by an IRGA (infra-red gas analyser) technology instrument
commercialized as EGM-4 Environmental Gas Analyzer for CO2,
equipped with a soil respiration chamber (SRC1, PPSystems) and
a soil temperature sensor. Measurement was carried out overlap-
ping the soil chamber on a 15 cm diameter PVC collars, previously
placed on the forest floor. 

Three of the nine plots have been selected (one for each treat-
ment). In each plot, measurements are performed in the three sub-
plots, where 6 collars have been placed following the following
criteria: 
- a first one is randomly placed close to the sub-plot centre;
- a second one at three meters from the centre along the line of

maximum slope; 
- the other four are placed respectively at an increasing distance

from the center, of 6, 9, 12, and 12 m with an angle of 90 degrees
from each other starting from the second.
Such design describes a ‘spiral arrangement’ inscribed in a 13 m

radius circle. In order to avoid measuring soil respiration too close
to trees, the collars positioning occurs at a distance not less than
one meter from the plants.

Soil flux measurement in Slovenia has been conducted by a
slightly different method than in Italy. Manual measurement
includes a LI-6400 console with battery pack, 6400-09 soil cham-
ber and soil temperature probe that connects to the LI-6400 sys-
tem, which allows for temperature measurements to be integrated
into the data set.

CO2 flux measurements require extensive sampling. Slovenian
methodology includes three repetitive cycles on each point of the
plot.

The Slovenian protocol foresees also the use of an automatic
device (a prototype suitably adapted to the measurements request-
ed for the Project purposes, see Ferlan, 2016).

Result and lesson from ManFor sites
In all sites soil temperature is the main driver of soil CO2 efflux. 
In Chiarano, the sensitivity of soil respiration (SR) to tempera-

ture (slope of regression lines) is greater in the plots where the tra-
ditional treatment occurred and in a plot without any silviculture
operation, than in the plots where the innovative treatments have
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Figure 1. Carbon stock in six study sites. Blue, carbon stock before sil-
vicultural treatments; red carbon stock after silvicultural treatments.
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been performed (Figure 2). 
A strong correlation between the basal area (the main index

structure of forest stands) and the sensitivity of soil respiration to
temperature was found in this site. After cutting, in the plot with
highest basal area (Figure 3), proxy of root biomass, higher CO2

effluxes were measured. These results suggest the importance of
root respiration (autotrophic component) in this high elevation
ecosystem. 

The differences among the plot are reflected in the annual soil
CO2 effluxes to the atmosphere. 

Analysing the whole growing season (from June 2013 to
October 2013) we observed that the plot under traditional treat-
ment lost a greater amount of carbon (576 gC m-2) than
Innovative40 (462 gC m-2) and Innovative 80 (394 gC m-2). 

In Mongiana site soil respiration ranged from 0.13 μmol 
CO2 m-2 s-1 of February to 2.65 μmol CO2 m-2 s-1 of August. Also
in this site soil temperature have a significant effect on soil respi-
ration. Also in this site management options had a significant effect
on CO2 soil effluxes. Plots with innovative options showed higher
annual mean respiration than traditional and no practice plots.

On Slovenian sites a significant relation between soil temperature
and CO2 soil efflux has been confirmed (Figure 4). Different relation
was confirmed for plots with predominating beech (Figure 5).

Evident changes as the result of higher decomposition rates in
beech-predominant stands have been evidenced after applied silvi-
cultural measures, compared to silver fir or predominating spruce

stands (Figure 5). Decrease in efflux rates during following period
was similarly more pronounced in predominating beech stands.
Absolute response values were higher on plots of Trnovo and
smallest on Snežnik sites.

At the beginning of growing period changes were highly pro-
nounced in beech forest stands, contributed to higher response in
broadleaved species than in conifers (fir, spruce).

Level of SR in beech predominating stands was higher on all
plots and increased even more after the applied silvicultural mea-
sures in September, compared to silver fir and spruce predominat-
ing stands.

Results confirm response differences connected with cutting
intensity: highest change was measured on plots with 100% inten-
sity and lowest on control plots. Differences between different
sampling microsites (within each plot) are also connected with dif-
ferent temperature conditions (Figure 6).

Through experiences of ManFor sites it is possible to suggest
that:
1. Carbon fluxes are different in regard to predominating tree

species;
2. Soil temperature and forest structure affects soil respiration;
3. Intensity of silvicultural treatments affects release of below

ground carbon;
4. Recovery to balanced stage/equilibrium is inversely proportion-

al to silvicultural treatments intensity.
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Figure 2. Response of respiration to temperature. The points in black represent the measures in 2013 while the points in red represent the measures
in 2014. The vertical axis is a logarithmic scale. I80, innovative 80 management option; I40, innovative 40 management option; Trd, traditional
management; Ctr, control without any management. 
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Effect of management on microclimatic
parameters

Microclimate is the suite of climatic conditions measured in
localized areas near the earth’s surface. The importance of micro-
climate in influencing ecological processes such as plant regener-
ation and growth, soil respiration, nutrient cycling, and wildlife
habitat selection has become an essential component of current
ecological research (Davidson et al., 1998; Epron et al., 1999;
Buchmann, 2000; Morén and Lindroth, 2000).

Natural modifications (windbreaks or the death of one or several
trees) or artificial intervention by the forester (clearfelling, clear-
ing, strip felling, shelterwood, seed felling, thinning) modify the
microclimatic characteristics (Tedeschi, 2003; Katayama et al.,
2009).  The sensitivity of the microclimate to structural transfor-

mation (e.g., timber harvesting and the resultant stand-level
changes in over-story height) offers strong potential for monitoring
ecosystem at multiple spatial scales.

Methods
In Chiarano three permanent sensors (ECH2O-TE/EC-TM,

Decagon Devices) were installed for measuring the temperature
and humidity of soil and air.

Every sensor has a probe, place at a height of 1.80 m, for the
measurement of temperature and relative humidity of the air and
four probes for the measurement of temperature and humidity
(Volumetric Water Content) of soil. Probes for the measurement of
soil parameters are place at a depth of 5 and 10 cm (two at 5 cm
and two at 10 cm).

In all Slovenian sites continuous measurements were performed
on centre, north and south of each plot (27x3=81 measurements
points).
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Figure 3. The relationship between the sensitivity of respiration to tem-
perature (K) and the basal area after the silvicultural treatments
(Gpost). Each point indicates a sub-plot (13 m radius). The dashed line
represents the regression line (R2=0.82).

Figure 5. Average soil respiration rate according to predominating tree
species.

Figure 4. Relation between soil CO2 fluxes and soil temperature on
Slovenian sites. Each points represent the mean of a sampling plot
(Čater, 2015). Figure 6. Average values of soil respiration, all 27 plots included. 
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Result and lesson from ManFor sites
In Slovenian sites a great effect of forest management on maxi-

mum temperature was found (Figure 7) differently to air humidity
(Figure 8). In case of high temperature a difference of 6°C was
observed between the plots where the total aboveground biomass
was cut and the control ones. 

In Chiarano the different management options do not have sig-
nificant differences (Figure 9). Curves of temperature and humid-
ity of the air measured in the traditional and innovative 80  are
totally overlapped. 

Data collected during the project  shows that significant effect
are evaluable only in case of drastic management options (cutting

of 100% living biomass).  
In Chiarano innovative ad traditional management options don’t

have any different effects on the microclimatic parameters.

Wood products and carbon cycling

Long term storage of carbon in products delays or reduces emis-
sions. Use of wood products can also reduce emissions if they sub-
stitute for products with higher carbon emission processes. As for-
est biomass is harvested carbon is shifted from forest ecosystems
to forest products held in products and landfills. The rate of accu-

                 Article

[page 122]                                                           [Italian Journal of Agronomy 2016; 11(s1)]                                                                           

Figure 7. Average daily maximum and minimum temperatures measured in the Slovenian sites during 2012 and 2014 growing seasons.
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mulation of carbon in products can be influenced by the mix of
products and uses (USDA, 2011).

Consequently forest management plays a central role in provid-
ing good quality wood to the production chains, for this reason we
compared the potential wood assortments obtainable by the differ-
ent management options. Also the use of wood biomass for pro-
ducing heat and energy has an impact on global carbon cycle.
Since the burning of wood avoids the emissions of many possible
fossil fuels, the avoided CO2 emissions may be stated in terms of
offsetting the burning of fossil fuels (USDA, 2011).

Methods 
In the Italian beech forests we estimated the potential obtainable

assortments from the different type of management, using a yield
table that provide also the obtainable assortments. For each site we

used the suitable fertility class comparing the site height and diam-
eter with the values in the table (Castellani et al., 1972).

We considered 4 type of assortments: saw log (diameter >30 cm,
length >4 m), yule log (diameter 15-30 cm), fuel wood (diameter
10-15 cm) and bundle (diameter <0 cm).

Result and lesson from ManFor sites
The quality of woody products is strongly dependent by the

biomass before treatments (Figure 10). Inside the sites, the result
of different management options is a different woody production.
In the Italian beech forests of the project, the innovative manage-
ment options could provide higher quality products (Figure 11). In
mature forests (Cansiglio and Mongiana) the saw log amount rep-
resents 38% and 24% of the total woody products in innovative
and in traditional options, respectively. 
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Figure 8. Average daily maximum and minimum air humidity measured in the Slovenian sites during 2012 and 2014 growing seasons. 
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Introduction

An investigation of carabid beetle communities of a managed
spruce forest has been carried out in eastern Alps (Cadore, Veneto
region, Italy) from May to September (2013). We positioned the
pitfall traps across different sample units (i.e., forest stands), at an
elevation between 800 and 1500 m asl, in order to collect carabid
beetles. The study of the species composition and of the ecological
structure of carabids assemblages allows to understand each struc-
tural parameters of communities and to analyse in detail how the
ground beetle communities are influenced by the structure and the
morphology of the forest and by the forest management. This type
of information could be useful for understanding the impact of
management activities in biological communities and for promot-
ing good practice of sustainable forest management.

Response indicators 

Species richness
We collected ground-beetles from Coleoptera order, in particu-

lar species belonging to Carabidae, often used in biodiversity
assessment and conservation plans as they are easily captured, tax-
onomically well known, abundant, respond to changes in habitat
structure and are sensitive to environmental variables (Brandmayr
et al., 2005). We measured the number of species present in the
sample area. The number of sampled species (i.e., observed
species richness) per sampling unit represents a basic characteris-
tic of community and also basis for establishing further ecological
models and conservation strategies (Gotelli and Colwell, 2001).
Quantifying species richness defines differences between sites and
addresses the saturation of local communities colonized from
pools of sample area (Cornell, 1999). Number of total species esti-

mated in the sample area using estimators’ parameters (Chao,
Jackknife and Bootstrap estimators) was also applied, where total
species richness of the entire site was evaluated using a function
based on individual species frequency in the sample sites (Colwell
and Coddington, 1994). Estimates of total species richness may
predict the size of the community in the sample area. We reported
the result obtained with the first order Jackknife estimator because
it is particularly effective in representing highly intensity sampled
communities (Colwell and Coddington, 1994).

Community diversity
Species diversity distribution in the sample area by computing

species diversity indices was also evaluated, combining richness
with relative abundance of species. The use of diversity indices
(Shannon-Wiener, Simpson and InvSimpson indices) may mea-
sure level of species distribution heterogeneity present in the com-
munity of interest and the apportionment of species within the
community (measure of evenness) (Frosini, 2004). Species rich-
ness, diversity indices and estimated richness parameters in the
different sample sessions for each forest stand (i.e. sample unit)
were provided to analyse Carabid beetle communities in details.
Qualitative and quantitative ecological approach was used, to
explain the variation in the structure of the species assemblages.

Indicator species 
Indicator species for every sample unit and for the the habitat

type were defined. We used Indicator species Analyses (IndVal) to
explore the characteristic species of every forest typology, using
the combination of species relative abundance and its relative fre-
quency of occurrence in the various groups of samples (Dufrêne
and Legendre, 1997). Statistical significance of the species indica-
tor values was assessed using a randomisation procedure.
Indicator species were defined as the most characteristic species
of each taxonomic group, found preferably in a single group of
habitat type and present in the majority of sites belonging to the
same group (Dufrêne and Legendre, 1997).

Methods 

Pitfall traps
Pitfall traps were used to collect ground-beetles species (Ward

et al., 2001); even if biased and inaccurate in estimating the abso-
lute density, the method is useful in the monitoring and assessment
of local population changes (Spence and Niemelä, 1994).
Advantages are ease of their construction and deployment and
their capacity for longer trapping periods. Traps consist of plastic
cup filled of attractive liquid, placed in the ground. Traps were
also protected by the transparent roof (Figure 1). With such
approach, we caught beetle individuals with more efficiency and
selectivity, providing protection from the rain and preventing the
capture of small mammals.
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Spatial design
Sampling was performed in South-eastern Alps, in the territory

of Lorenzago di Cadore municipality (Belluno province, Veneto,
Italy). Activities were carried out in the woodlands (1082 hectares)
and in the main valleys (Val de Cridola, Val Frison, Val del Piova
and Val Mauria), characterized by forests of Norway spruce and
Silver fir with a minimum part of larch and beech. 92 pitfall traps
were installed randomly and positioned across eleven sample for-
est stands, each with 28.16 ha of an average size (Figure 2) and ele-
vation between 800 and 1500 m asl.

One of these stands corresponded to the ManFor Lorenzago site.
The total number of pitfall traps, corresponding to eight traps per
sample unit, represented the minimal unit to assure sufficient rep-
resentativeness of the Carabidae local communities (Ward et al.,
2001; Pearce et al., 2005; Baini et al., 2012). Traps were located
more than 50 m apart and from the forest edge (Digweed et al.,
1995; Magura et al., 2000; Baker and Barmuta, 2006). The poten-
tial of trap proximity, either in spatial autocorrelation of species
assemblages (Spence and Niemelä, 1994), or in depletion of the
local invertebrate fauna (Digweed et al., 1995; Ward et al., 2001),
was considered in the design and interpretation of results. 

Temporal sessions
Pitfall traps were active during May 17th - September 6th period

in 2013. Before and after that time no ground beetle activity was
evidenced. Traps were emptied and refilled every second week
during sampling time. All beetles were removed from the traps and
Carabidae identified to species level (Figure 3). 

Observed response to forest management

Tempo-spatial changes in species richness
A total of 7420 individuals belonging to 22 different species of

Carabidae were collected. Species have different distribution pat-
terns, different temporal ranges of activity, food habits, and wings
morphologies (Table 1). Species richness reached the maximum
value in the third sample sessions (June/July), due to early-breeder
species, followed by the decrease to the similar value as at the
beginning during last session (September) because of late-breeder
species. The highest values of total species richness were close to
observed species richness (around 23 species). The values obtained
by our sample gave an insight about the sample effort higher than
90% (calculated as ratio between expected and observed species
richness in the entire study area), if we consider that estimated
richness represent the total communities present in the sample
area. The conclusion indicates that we have represented approxi-
mately the whole community present in the sample area by
installing 92 traps. The highest values of estimated species rich-
ness occurred in the second sampling session (beginning of June),
and gradually decreased afterwards.

Tempo-spatial changes in community diversity 
High values of community diversity indices, due to high hetero-

geneity in the species distribution were obtained, particularly dur-
ing the first half of the season. The maximum value of diversity
was reached in the second, third, and fourth sampling session, indi-
cating high heterogeneity of the species abundance, with a signifi-
cant turnover in replacement of species, that are more active during
the springtime period. After this period, the diversity gradually
decreased until the end of the season (Figure 4). 
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Figure 1. The pitfall trap. 

Figure 2. Sample units distribution in the municipality of Lorenzago di
Cadore, district of Belluno, Veneto (IT). Black dots indicate trap posi-
tions. Sample units are delimited by grey lines.

Figure 3. Temporal trend of species richness for ground beetles across
the activity season. Sampling sessions span from mid-May to early-
September. The lines represent the mean richness value. (A) The num-
ber of species is calculated as the average richness among all the con-
sidered forest stands. The grey band indicates the range of variation
across stands. (B) The estimated species richness is the total number of
species in an assemblage and is calculated estimating the number of
undetected species in an assemblage (Jackknife estimator).  The grey
band indicate the standard error in the calculation.
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Tempo-spatial changes in indicator values 
Indicator species, as the most abundant and frequent in all sam-

ple units, were linked to specific stands characteristics; they were
mainly specialized alpine forest species, influenced by forest habi-
tat typology. Furthermore, stands characterized by critical environ-
mental conditions, showed a high number of indicator species
(stand M; Figure 5). In fact, stand M is characterized by critical
environmental factors (temperature of -16°C and an altitude value
around 1500 m) and some of the indicator species of this stand
show a high degree of habitat specificity in order to survive (e.g.,
Cychrus attenuatus, Pterostichus unctulatus, Abax paral-
lelepipedus). For example, in our study we considered the wing
morphology as a specialisation character. We obtained a high num-
ber of brachypterous species of Carabidae (species lacking wings)
that characterized stands with critical environmental conditions,
showing a low dispersion power (In the stand M, all indicator
species are brachypterous except Leistus nitidus). 

Environmental correlates of beetles activity

In order to understand which environmental parameters influ-
ence the level of beetle activity, we performed Generalized Linear
Models (GLM) on species abundances by using different variables
related to forest structure, land morphology, and site climate as
drivers. Overall, the parameters with a stronger effect on ground
beetle communities are land orientation, minimum mean tempera-
ture, soil geology, and potential height (Figure 6). 

Influence of forest structure, deadwood, and
landscape on measured indicators

The surface-active carabid beetles are highly sensitive to habitat
changes (Brandmayr et al., 2005). In our study, carabid beetles
resulted particularly influenced by forest structure and morpholo-
gy. More in detail, forest structure, sun exposition and soil type
influenced indirectly carabid fauna by changing microclimate con-

ditions and presence of prey. In fact, some species are specialized
for a certain type of soils due to their prey. For example, Cychrus
attenuatus and C. angustatus are linked to well-drained, low con-
tent of calcium carbonate and acid forest soils, while other species
(e.g. Molops piceus, Carabus creutzeri) prefer soils characterized
by a high content of clayey materials, rich in calcium carbonate,
and lower acidity in order to find their prey. The presence of dead-
wood is another important characteristic. In fact, some carabid
species (e.g. Carabus creutzeri) resulted particularly influenced by
the presence of deadwood for specific reasons, such as the use of
deadwood for hibernation (Lövei, 1996). 

Finally, we obtained that the general seasonal activity of a
Carabid beetles communities in alpine ecosystems begins immedi-
ately after snow melting for many species. Nevertheless, the
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Figure 4. Temporal trend of species diversity for ground beetles across
the activity season (Shannon-Wiener index). The species diversity of
the Shannon-Wiener Index is calculated as the average diversity
among all the considered forest stands. The grey band indicates the
standard deviation across stands.

Figure 5. Canonical Correspondence Analysis (A) and indicator species for each forest stand (B).
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Figure 6. Relative importance of different parameters on ground beetles abundance.

Table 1. List of species (with subspecies) collected in the study area with indication of food adaptation, microhabitat and wing morphology.

Species                                                                                                  Food adaptation         Micro-habitat                                     Wing morphology

Carabus (Eucarabus) arcensis venetiatus Bernau, 1914                       Oligophagous                   Forest                                                 Brachypterus
Carabus (Tachypus) cancellatus emarginatus Duftschmid, 1812          Polyphagous                    Forest                                                 Brachypterus
Carabus (Tomocarabus) convexus dilatatus Dejean, 1826                    Polyphagous                    Forest                                                 Brachypterus
Carabus (Platycarabus) creutzeri creutzeri Fabricius, 1801                Oligophagous                   Forest                                                 Brachypterus
Carabus (Megodontus) germarii germarii Sturm, 1815                        Oligophagous             Forest/Prairie                                           Brachypterus
Cychrus angustatus Hoppe & Hornschuch, 1825                                  Oligophagous                   Forest                                                 Brachypterus
Cychrus attenuatus attenuatus (Fabricius, 1792)                                   Oligophagous                   Forest                                                 Brachypterus
Leistus nitidus (Duftschmid, 1812)                                                         Oligophagous                   Forest                                                  Macropterus
Notiophilus biguttatus (Fabricius, 1779)                                                Oligophagous                   Forest                                                  Macropterus
Ocydromus deletus deletus (Audinet-Serville, 1821)                              Polyphagous              Forest/Prairie                                            Macropterus
Pterostichus (Bothriopterus) oblongopunctatus (Fabricius, 1787)         Polyphagous                    Forest                                                  Macropterus
Pterostichus (Haptoderus) unctulatus (Duftschmid, 1812)                    Polyphagous                    Forest                                                 Brachypterus
Pterostichus (Cheporus) burmeisteri burmeisteri Heer, 1838               Polyphagous                    Forest                                                 Brachypterus
Pterostichus(Pterostichus) fasciatopunctatus (Creutzer, 1799)               Polyphagous                    Forest                                                 Brachypterus
Molops piceus austriacus Ganglbauer, 1889                                         Oligophagous                   Forest                                                 Brachypterus
Abax (Abax) parallelepipedus inferior (Seidlitz, 1887)                         Oligophagous                   Forest                                                 Brachypterus
Abax (Abax) pilleri Csiki, 1916                                                              Oligophagous                   Forest                                                 Brachypterus
Harpalus laevipes Zetterstedt, 1828                                                        Polyphagous              Forest/Prairie                                            Macropterus
Trichotichnus (Trichotichnus) laevicollis (Duftschmid, 1812)               Polyphagous              Forest/Prairie                                            Macropterus
Synuchus vivalis vivalis (Illiger, 1798)                                                    Polyphagous              Forest/Prairie                                            Macropterus
Laemostenus (Actenipus) elegans (Dejean, 1828)                                 Oligophagous                   Forest                                                 Brachypterus
Lymodromus assimilis (Paykull, 1790)                                                    Polyphagous              Forest/Prairie                                            Macropterus

Non
-co

mmerc
ial

 us
e o

nly



observed species richness values show in the central part of the
sample, later in the season, a higher number of species having its
activity peak (late-breeder species). Each period, between May and
September, has therefore its specific assemblage of species and,
consequently, its relative importance for that species. In fact, the
entire good season should be considered a sensitive period for
Carabidae diversity, and during this period particular care should
be paid in carrying out activities with a high potential impact in
forest habitats.
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Introduction

Our aim was to investigate if and how some features of trees
affect the occurrence of salamanders, using occupancy level
(MacKenzie et al., 2002) as a proxy of tree suitability. The
Spectacled salamanders belonging to the genus Salamandrina are
two Italian endemic species, occurring in hilly and mountain
forested areas, as well as in Mediterranean maquis (Angelini et al.,
2007). Salamandrina perspicillata (Savi, 1821; Figure 1) occurs
in Northern and Central Apennines while S. terdigitata
(Bonnaterre, 1789) occurs in southern Italy (Romano et al., 2009).
The spectacled salamanders (both under the name of S. terdigitata
because their split is relatively recent: Mattoccia et al., 2005,
Nascetti et al., 2005) are included in the annex II and IV of the
Habitats Directive. Terrestrial activity of a population of
Salamandrina perspicillata was studied in the ManFor site
Pennataro and Montedimezzo (Central Italy), a mixed deciduous
forest dominated by beech, situated at about 900 m asl, to high-
light some ecological traits of this salamander and the implication
for conservation during forest management.

Trees as shelters: suitability of different trees
to offer shelter for Salamandrina

Amphibians are the most abundant class among vertebrates in
many forest ecosystems (deMaynadier and Hunter, 1995). Both
completely terrestrial and semi-aquatic amphibians need suitable ter-
restrial shelters for preserving them from hostile environmental con-

ditions (Rittenhouse et al., 2008). The role of trees in providing shel-
ter sites for leaf-litter amphibians is well known since almost 40
years (Voris, 1977; Jaeger, 1980; Seebacher and Alford, 2002) as tree
holes and buttresses are often used as preferred refuges. The relation-
ships between some trees features and occurrence of salamanders
were investigated using occupancy level (MacKenzie et al., 2002) as
a proxy of tree suitability. On the experimental hectare forest plot, all
trees with diameter at breast height (DBH) above 10 cm were con-
sidered as a potential shelter site for salamanders. For all those trees,
DBH, number of buttresses (BUT; i.e., tree roots that extend above
ground as a plate like outgrowth of the trunk supporting the tree) and
the number of ground level cavities (HOL; i.e., cavities created
between stumps and soil in the vicinity of the buttresses loops) were
recorded. Samplings were conducted six times from October to
November 2013, during comparable weather conditions. Occurrence
of salamanders was recorded for each tree. Data were analysed using
the ‘occupancy’ approach (MacKenzie et al., 2005) to define the suit-
ability of the trees. The sampling units, where the state variable have
been measured, were the sites (i.e., the trees) in which the species
could occur or not. The occupancy approach allows to model the
parameters of interest as function of different covariates (MacKenzie
et al., 2005). Our modelling approach present two parameters of
interest, hierarchically estimated: the probability of occupancy at a
site (ψ) and the probability of detection (p), dependent on the pres-
ence of an individual at a site (MacKenzie et al., 2003). Tree covari-
ates were used to model the occupancy, while the detectability was
modelled as time dependent (i.e., it could change among occasions).
All possible combination of models with covariates were implement-
ed, then, model selection proceeded through Akaike Information
Criterion (AIC) ranking (Akaike, 1973), taking into account that
models with a ΔAIC >2 do not have the same empirical support,
showing substantial differences (Burnham and Anderson, 2002). In
addition, AIC weight (AICw) was calculated to estimate the impor-
tance of every covariates in explaining salamanders’ occupancy
(Burnham and Anderson, 2002).

Average DBH of selected trees was 28.30±13.74 cm (mean ±
s.d.), BUT = 3.89±2.36 and HOL= 2.42±2.20. We observed sala-
manders on 168 trees out of 384 (Figure 2), resulting in a naïve
occupancy of 0.44.

Among the sixteen candidate models, those allowing for a
change in detectability among surveys had the best empirical sup-
port. Regarding the site covariates, three models were better sup-
ported (with AIC score <2): ψ~DBH (ΔAIC = 0; AICw = 0.41),
ψ~DBH+HOL (ΔAIC = 0.85; AICw = 0.27), ψ~DBH+BUT
(ΔAIC = 1.56; AICw = 0.19). Estimate of proportion of area occu-
pied (PAO), i.e. the estimate of the trees occupied, resulted in 0.70
(CI95% = 0.46 - 1). Each covariate showed a positive correlation
with the occupancy estimation.

The importance of high quality forest habitat for biodiversity
conservation is well known. Many studies have emphasized the
role of forest canopy in protecting amphibian from dehydration
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(Rothermel and Semlitsch, 2002). Alteration of those habitats, e.g.,
clearcutting, may have strong negative effects, such as reduction
both in abundance and in dispersal capability of individuals
(Patrick et al., 2006). Recent research efforts have focused at the
stand level, describing the trend of abundance or occupancy as the
stand characteristics changed (e.g., stand-age or amount of coarse
woody debris - Patrick et al., 2006; McIntyre et al., 2012). In con-
trast, our research focused at smaller extent, investigating single
tree features to provide fine-grained proxies of tree suitability as
shelter by means of occupancy level.

The results showed that ground level holes and buttresses are
essential in providing shelter sites for spectacled salamanders.
Both features are correlated with tree diameter, therefore trees with
bigger diameter are expected to have more holes and buttresses
than smaller trees. Tree size is usually related to tree age. Retention
of bigger/older trees provides better shelter for salamanders, and
trees with higher number of buttresses and holes should be pre-
served. 

The evidence that amphibians often use trees as shelter sites is
an information available only for tropical environments (Voris,
1977). Our research results highlighted importance of trees in the
temperate zone environment. The detection of which tree features
play an important role in maximising the suitability of a tree to
serve as shelter for salamanders have clear consequences to com-
bine forest management and biodiversity conservation 

Terrestrial seasonal movements of
Salamandrina: implication for forest harvesting

Among the main negative consequences of logging on amphib-
ian and reptile populations is a high risk of crushing (Penman et
al., 2005). Harvesting directly affects amphibians, reptiles and
other small terrestrial vertebrates through operations which may be
responsible for more than half of the deaths in a given population
(Penman et al., 2005; Escobar et al., 2015). 

Most of European amphibians have two distinct life stages: an
aquatic egg-larval stage and a terrestrial stage after metamorpho-
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Figure 1. The spectacled salamander Salamandrina perspicillata,
endemic to the Apennines and living in forests and scrubs

Figure 2. Study plot (one hectare) near a stream which is a breeding
site of Salamandrina perspicillata. Circles show the position of each of
the 384 trees with DBH >10 cm. Red circles are the trees used as shelter
by salamanders in autumn 2013.

Figure 3. Density of salamanders in spring (green) and autumn
(orange) as recorded at different distances from the breeding site (a
stream). Circles show the plot (100 sq m) location. Circle size is propor-
tional to the density of salamander in the whole sampling season, which
ranges from smallest ones to largest one. Density categories are: 0 sala-
mander/m2; 0.01-0.02; 0.03-0.05; 0.6-0.10; 0.11-0.15; 0.16-0.20; 0.21-
0.28; 0.30-0.40; >0.40) (density >0.16/m2). 
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sis. Adults return to the aquatic breeding sites many times during
their life for reproduction. The management of aquatic habitat only
is not enough to preserve amphibian biodiversity. During the end
of the twentieth century, terrestrial habitats surrounding breeding
pools were considered as priority areas for the maintenance of the
juvenile and adult populations in American countries (Welsch et
al., 1995; Semlitsch, 1998). Information about the required size of
these buffer areas is very heterogeneous, varying from a minimum
if 15 m around pools (New Hampshire Division of Forests et al.,
1997) to a larger buffer distance of approx. 120 m (Calhoun and
deMaynadier, 2002). 

Terrestrial distribution pattern of Salamandrina perspicillata
was studied in spring and autumn, when salamanders are more
active. The distribution around the breeding stream during the
reproductive time (spring) and after post breeding migration
toward terrestrial shelters (autumn) was studied. The study was
performed on a plot of about one hectare, on a northeast-
facing slope, with dominant beech, where salamanders occur in
higher density. 

Seven parallel transects 150 m long and 50 apart, with the breed-
ing stream were identified, covering a total distance of approximate-
ly 300 m from the stream. On each transect salamanders were count-
ed 6 times both in spring and autumn, in five square plots of 100
square meters. Plots on the same transect were placed every 30 m.

A total of 161 and 290 salamanders were found in spring and in
autumn, respectively. Overall mean density of salamander per plot
(0.9 and 0.75 in autumn and spring, respectively) did not vary sig-
nificantly between the two seasons (Wilcoxon test for paired data,
W = 318, p = 0.08). The salamanders distribution in the studied
area greatly differed between autumn and spring, as can be seen in
Figures 3 and 4). 

Comparisons for paired data using Wilcoxon test between num-
ber of salamanders on the same transect during two seasons
(Figure 4) showed differences between the transect closest to the
stream (about 10 meters from the stream), where salamanders were
significantly more abundant in spring than in autumn, and the three
furthest transects (i.e., from about 200 meters up to about 300 m),
where salamanders were significantly more abundant in autumn
than in spring. Correlation between distance from the stream and
number of salamanders was highly significant in spring (Spearman
correlation, r = -0.95; p = 0.004) but not in the autumn (r = -0.28;
p = 0.544).

Results obtained in field experiment show, that in autumn sala-
manders were largely widespread in the forest (at least up to 300 m
from the stream) while in spring they occurred at high density only
near the breeding site, and their occurrence rapidly decreasing after
about 100 m from the stream. 

Understanding the movement of animals is critical to many
aspects of management and conservation. For amphibians with a
biphasic life cycle, movements around breeding sites are crucial
for populations reproduction and their survival (Semlitsch and
Bodie, 2003; Semlitsch, 2008). The magnitude of migration from
and toward aquatic breeding site is taxon and environment specific.
As a general rule, frogs and toads exhibit higher migration capabil-
ity (about 200-370 m from their breeding sites as minimum and
maximum mean respectively) compared to salamanders and newts
(140-290 m; Semlitsch and Bodie, 2003).
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The ÎdS development in the European context 

Ever since the European conference in Lisbon on the protection
of European forests (1998), the importance of deadwood preserva-
tion for ecosystem conservation represents a well-established con-
cept. The conservation of the species that depend on deadwood
(i.e., saproxylic; Speight, 1989) in productive forests is achieved
through two approaches, complementary to natural reserves: the
set aside of small forest patches and the preservation of habitat
trees, which work as stepping-stones to increase the connectivity
of a forest landscape (Lachat and Bütler, 2007). The creation of
small forest reserves has been experimented in different countries:
in France and Swiss as îlots de senescence1 or senescence islands,
and in northern Europe as ‘woodland key habitats’. 

The first woodland key habitat (WKH) definition was coined in
Sweden in 1990 (Norén et al., 2002) as an environment, a habitat
patch, where saproxylic species (often red-listed) could be expect-
ed. Afterwards, more emphasis has been given to forest structure
and history (Timonen et al., 2010). The main idea behind WKHs
is rather common in northern European countries (e.g., Sweden,
Finland, Norway, Latvia, Estonia and Lithuania): to conserve bio-
diversity in productive forests by preserving small habitat patches
(0.7 to 4.6 ha) for maintaining landscape-level biodiversity. 

Aging islands (ÎdV) and senescence islands (ÎdS) were estab-
lished mainly in public forests, for the first time on the initiative
of the Office National des Forêts (ONF) for what concerns France,
and in several Swiss Cantons at federal level (e.g., Argovie, Berne,
Fribourg e Vaud).

The French Office National des Forêts (ONF, 2009a, 2009b)
and the Forest Vocabulary (Bastien and Gauberville, 2011) pro-

vide the following general definitions: 
Îlot de sénescence (ÎdS): small forest stand left free to evolve

and where no harvest activities take place, preserved until its
physical termination, thus until tree collapse (physical utilization).
The ÎdS are preferably composed by trees of reduced economic
value that show important biological features (hollows, dead-
wood, etc.). 

Îlot de vieillissement (ÎdV): small forest stand that has gone
beyond the optimum yield, and that benefits from a prolonged
sylvigenic cycle. Forest management can take place inside the
ÎdV, to ensure that the trees retain their productive function. Trees
are thus harvest before their market price falls. 

Îlot de vieux bois (ÎdVB): island of senescent deadwood, term
used to refer to both ÎdS and ÎdV.

The ÎdS, compared to the ephemeral ÎdV, represents the most
effective conservation strategy. Actually, the temporary nature of
ÎdV may be detrimental, transforming them in an ecological trap.
Furthermore, the ONF definition of ÎdS (ONF, 2009a, 2009b) pre-
sents perilous ambiguities since its preservation is guaranteed only
until its ‘physical collapse’. In fact, for an ÎdS to be assimilated to
a strict nature reserve it should be exonerated from any manage-
ment intervention. 

ÎdS and ÎdV were conceived in and put into practice in
Switzerland as part of a federal program of collaboration among
the Cantons: between 2008 and 2011, 918 ha of ‘îlots de senes-
cence’ were established mainly in Vaud, Fribourg, Berne and
Argovie. For what concerns France, the majority of them were
implemented by the ONF and are nowadays widespread in many
regions, such as Rhône-Alpes, Savoie, Ile-de-Franc, Parc national
des Cévennes, etc. The ONF has established the target of manag-
ing the 3% of the forest areas as ‘vieux bois’ (old wood) by 2030,
and the 1% of them should be allocated to ÎdS (Rouveyrol, 2009).
Scientific publications on the ‘Îlots’ are rather scarce, while there
are reports on their application and a copious grey literature is
available on the web (Vallauri, pers. comm., 2015). 

ÎdS implementation costs

The creation of ÎdS by private owners may be compromised by
the lack of a suitable economic support, and by the responsibilities
associated with security issues (Rouveyrol, 2009). The report by
Arnaudet and Bastianelli (2013) demonstrated that the implemen-
tation of ÎdS and ÎdV by private owners depends on the availabil-
ity of economic contributions and on effective divulgation. In
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France, deadwood preservation for biodiversity has been dealt,
acknowledging public and owners, considering it as a public issue,
with the development of specific programs such as RESINE
(Deuffic and Bouget, 2011).

The ONF definition of ÎdS (ONF, 2009a, b) lays itself to two
interpretations, which overlap on the economic estimate of their
cost. The fundamental difference among the two views is on the
final destiny of the area assigned to the ÎdS: if after tree collapse it
should return to traditional silviculture (thus falling in the ÎdV def-
inition) or kept as a strict forest reserve, where all management
activities are excluded for indefinite time. In this latter case,
Biache (2009) bases the economic estimate on the opportunity
cost, derived from the benefits lost indefinitely keeping the ÎdS
instead of managing it. The value of an ÎdS, ÎdS network or
retained tree network depends on a fundamental concept of
forestry economics: the realization principle, financial process that
establishes the current value of a capital according to the formula:
Vcurrent= Vfuture/(1+r)n (r, actualization rate; n, number of years)
(Biache, 2009; Chevalier et al., 2009), keeping the ÎdS instead of
managing it. The value of an ÎdS, could be estimated with the the-
oretical method based on the unit value, where the ÎdS cost equals
the net potential profits after the ÎdS creation, actualised to the date
a and brought to infinite duration  (Biache and Rouveyrol, 2011).
For the year a, the forest unit value would be:

where Ri and Di respectively represent the income and expenses for
the year i, and r the actualization rate. There are a few practical
applications of the estimate of the economic costs of an ÎdS, as lost
profit for the owner (Biache, 2009; Chevalier et al., 2009; Biache
and Rouveyrol, 2011). The obtained figures are very diverse,
depending on the actualisation rate, fertility class, forest species,
etc. In a study carried in French state property, a cost of 8750 €/ha
and an actualisation rate of 1.76% were estimated by Biache and
Rouveyrol (2011). In Switzerland, compensations for private own-
ers are available, as an all-in refund of 1600-2400 €/ha for 50 year
commitments, and approximately of a half for 25 year commit-
ments. In France, private owners of forests in the Natura 2000 net-
work can benefit from compensations for the ÎdS actualisation and
habitat-tree retention. The payout for retaining 30 trees in 0.5 ha,
with at least 10 trees bearing microhabitats or species included in
the Annex II of the Habitat Directive can reach 2000 €/ha
(Arnaudet and Bastianelli, 2013). This latter compensation is
designed for ÎdVs. The criteria to benefit from the Natura 2000
payouts are described in specific manuals (e.g., DREAL PACA,
2013). To the ÎdS cost estimation, a part from their role for biodi-
versity conservation, there are multiple added values that should be
considered, such as the recreational, aesthetic, spiritual compo-
nents, non-forest utilities which should be taken into account
(Chevalier et al., 2009).

The ÎdS for forest biodiversity conservation
and other functions

The importance of landscape connectivity for the conservation
of invertebrates has been included in the Pan-European
Biodiversity and Landscape Diversity Strategy (Haslett, 2007).

The expansion of protected areas is often limited by the scarcity of
economic resources and competing goals, thus the integration of
micro-reserves in production and protection forests (Kraus and
Krumm, 2013) represents a cost-effective intervention (Mason and
Zapponi, 2015). ÎdS are ultimately old-growth forests that, accord-
ing to Peterken’s definition (1996), ‘identify both managed and
unmanaged woods in Europe and apply generally to stands with
more than 200 years growth’. The ecosystem services provided by
the old-growth forests (Wirth et al., 2009) may be of spiritual
and/or aesthetic nature, but also many other services such as the
provision of genetic resources, non-timber products, and habitat
for wildlife (hunting and ecotourism), the sequestration of carbon,
the prevention of floods and erosion. Old-growth forests remove
carbon dioxide from the atmosphere, storing it in living and dead
woody tissues and slowly decomposing organic matter in litter and
soil (Luyssaert et al., 2008). Old-growth attributes are of crucial
importance for  biodiversity conservation, notably for saproxylic
taxa and, more generally, for forest specialists (Paillet et al., 2015) 

Deadwood management and its acceptance

The amount of dead wood found in managed and unmanaged
forests varies and depends on the time of last disturbance, the
amount of input (mortality) at the time of the disturbance, natural
mortality rates, decay rate, and management (Köhl et al., 2008;
Mason, 2004). The effectiveness of the amount of dead wood pre-
served by the ÎdSs and by other retained structures requires the
development of an ad hoc assessment systems and modeling tools
based on sound science i.e., including the monitoring of the con-
stant and negative exponential decay rates, the average annual
transfer into and out of dead wood stock (IPCC, 2003).

The retention of deadwood and veteran trees has historically
been perceived as a dangerous negligence. Deadwood was tradi-
tionally removed to reduce fire risk and ease planting, and to limit
the spreading of pests that might attack living trees. However, the
attitude of managers towards this critical resource for biodiversity
is changing, recognising that rather than being a threat, it plays a
key role for ecosystem functionality (Swanson and Chapin, 2009).
Jonsson and Siitonen (2012), to plead for deadwood conservation,
underline that pest outbreaks are caused by three main factors: i)
the introduction of tree species outside their optimal climatic con-
ditions (e.g. Ips typographus in spruce lowland forests); ii) excep-
tional disturbance events; and iii) the introduction of alien pest
species (e.g., Bursaphelenchus xylophilus in Iberian pine forests).
Thus sanitary felling and deadwood removal from the ground rep-
resent neither a panacea nor a guarantee against pest outbreaks.
Considering fire risk, the optimum amount of CWD could be
established balancing ecological benefit and excessive fire hazard
(Brown et al., 2003). Size and decay class should be taken into
account, when establishing deadwood volumes to be retained, tac-
knowledging that smaller deadwood may contribute more to fire
intensity than to habitat value (Knapp, 2015). The preservation of
senescent and dead trees has been discarded also because it poses
safety risks associated with branch felling. To evaluate the oppor-
tunity of retaining this structures, a Site Risk Assessment should be
performed, to detect any hazards posed by particular trees
(Blakesley and Buckley, 2010). Furthermore, the retention of these
elements should be avoided close to public roads, footpaths and
recreational areas. If a tree of high value, for conservation or
amenity, represents a risk to people, it can be kept at a distance
diverging access routes or facilities, placing warning and explana-
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tory signs (Lonsdale, 2000). Davies et al. (2000) offer a detailed
account of how legal safety responsibilities can be fulfilled to
achieve the conservation of veteran trees. In a few Italian public
forests, a security protocol has been applied to visually monitor
trees with the potential risk of falling. These trees are generally
retained at a distance from paths that equals at least their height
(Campanaro et al., 2007; Mason, 2004).

The ÎdS and forest certification (PEFC, FSC)

The most spread forest certification system are the Forest
Stewardship Council (FSC) and the Programme for Endorsement
of Forest Certification schemes (PEFC), both based on the forester
commitment to comply with principles and criteria that ensure for-
est sustainable management. Nevertheless, ÎdS are not yet included
in either certification system (Rouveyrol, 2009). 

The Swedish Forestry Act requires the after harvest retention of
a number of trees equal to the 2-10% of the total timber value
(FAO, 2010). 

General guidelines

The concepts and definitions of the WKH and of the Îlots from
France, Switzerland and Italy, can be summarized as follows: 
- they represent small areas of mature forest (microreserves), left

free to evolve for a definite (ÎdV) or indefinite amount of time
(ÎdS and WKH); 

- WKH and French ÎdS generally do not take into account the con-
nectivity. Conversely, in Switzerland ÎdS were designed as part
of a network of habitat trees and large natural reserves (Lachat
and Bütler, 2007). For example, in the State forest of Ramboillet
ÎdS forest connectivity is based on the river and streams net-
works (Temoin, 2009). 
The criteria for the design of the microreserves in Cansiglio and

Pennataro for the ManFor C.BD project are based on the ONF
(2009) concepts, adding an active management component. Where
the stands present a high structural and compositional homogene-
ity, such as for the Cansiglio experimental site, it could be advis-
able to apply active restoration techniques, to avoid a prolonged
biostatic phase and the risk of local extinctions (Bouget et al.,
2014). The accelerated senescence of an ÎdS (pre-senescence treat-
ment; Speight, 1989) can be achieved girdling or cutting the
youngest trees in order to increase deadwood availability and
favour the growth of the trees with the highest diameter, more like-
ly to develop microhabitats. This further development modifies the
ÎdS definition.

Thus, ÎdS are areas with a surface ranging between 0.5 and 20
ha, set aside for indefinite aging, where if the initial condition
require it, specific interventions are carried out to maximize struc-
tural and individual biodiversity, ensuring the continuity of habitat-
trees in both space and time. 

The Life ManFor C.BD Project experience

Pro ÎdS silvicultural interventions aim at the coexistence of differ-

ent development stages: from open areas (where initial stages of
forest succession could start) to mature/old trees with microhabi-
tats. The tree spatial distribution can be focused on target single
trees or small groups, according to the ecology of the considered
tree species. The final goal is to increase, in time, the availability
of microhabitats, both quantitatively and qualitatively. 

Deadwood dynamism plays an essential role: from standing
deadwood (snag, girdled trees) to laying deadwood completely
decayed, a complete succession will take place, where every stage
will be characterized by microhabitats with specific physical and
chemical, and their associated biodiversity (Gosselin et al., 2006;
Schiegg Pasinelli and Sutter, 2000). It is clear that such a way of
preserving each decomposition stage guarantees a ‘temporal con-
tinuum’ in the forest ecosystem (Dodelin et al., 2004; Gosselin et
al., 2006).

Protocol for the realisation of the ÎdS in the
ManFor C.BD project

I.    Assessment of forest composition and structure; 
II.   Establish management goals, which may include:

a.  Preserve and increase openness to favour forest renewal;
b.  Thinning around the selected MHTs and FHTs, to remove
competitors;

III. Identify (considering the diameter at breast height (DBH) dis-
tribution, structure and microhabitat presence): 

a.  Mature Habitat Trees (MHT): selected because of their
habitus, qualitative and quantitative presence of microhabitat.
They will become veteran trees, increasing microhabitat avail-
ability in the short and medium-term and deadwood in the
long-term;
b.  Future Habitat Trees (FHT): trees that have a suitable struc-
ture to replace the present HT in the future;
c.  Deadwood elements: will contribute to the 'deadwood com-
partment' (sensu Bormann and Likens, 1994): either as stand-
ing dead trees (snags and girdled trees) or as downed trees;
d.  Non-target trees: irrelevant for what concerns the silvicul-
tural treatment. Trees that do not have the MHT or FHT key
features, they would be left free to evolve and their manage-
ment will be established the next felling;
e.  Canopy openness, for natural seed regeneration 

IV. Plant selection criteria, applied to single trees or small groups
of 2-3 trees, considering the following criteria:

a.  DBH (diameter at breast height);
b.  Microhabitat presence;
c.  Tree habitus (crown insertion height, crown radium, crown
deadwood presence, etc.); 
d.  Spatial distribution, ensuring at 20 m between the target
trees;

V.   Tree marking operation, see Figure 1.

In the ÎdS areas, the data have been collected through three cir-
cular survey plots (measurement of DBH and heights) of 20 m
(Cansiglio) and 13 m (Pennataro) radius. For each site, the results
presented in the Tables 1-6 are the average of the three survey plots
with their standard deviations (SD). Volume data is obtained
applying INFC (National Forest Inventory and Carbon Sinks) for-
mulas (Tabacchi et al., 2011).
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Application of the protocol to the ManFor
C.BD sites

Cansiglio Forest
The designed area lies in a beech (Fagus sylvatica L.) high for-

est compartment aged from 120 to 145 years. The average basal
area is 39 m2 ha-1 and the mean DBH is 41.5 cm. The current status
of the forest is the result of a long history of forest management:
moderate thinnings (from below or mixed) repeated every 20
years, and regeneration by group shelterwood system.

During the tree marking operation pro ÎdS, mature habitat trees
(MHT) and the future habitat trees (FHT) have been identified. A
20 meters distance among trees has been established, taking into
account groups or couple of trees with microhabitats occurrence.
Subsequently a thinning has been performed: competitor trees
have been girdled or cut and left on site. Dominant trees were cut
in order to favour the maturation of MHT the FHT development.
Afterwards, the remnant trees (about the 50% of the competitors)
will be girdled, in two or three seasons, to ensure the continuous
availability of deadwood.

Besides, open areas have been promoted and preserved in order
to stimulate seed regeneration, and to favour the early stages of for-
est succession.

In terms of basal area, the silvicultural treatment brought a
decrease of the 27% (Table 3). Therefore, the treatment ‘pro ÎdS’ is
comparable to the thinning traditionally performed in the Cansiglio
beech high forest (Di Salvatore et al., 2016). Furthermore, the silvi-
cultural treatment ‘pro ÎdS’ increased of 42 m3 ha-1 the volume of
laying deadwood released, and of 40 m3 ha-1 of standing deadwood.

Pennataro Forest
The designed area lies in a Turkey oak (Quercus cerris L.) forest

with other complementary broadleaves, such as maples (Acer sp.)

and hornbeam (Carpinus betulus L.). The prevalent age is 60-70
years, but there are also several individuals of Turkey oak with an
estimated age between 130-140 years, originated as a result of a
clear-cut with reserves made at the end of 1800. The average basal
area is 37 m2 ha-1 and the DBH average 27 cm.

During the tree marking operation ‘pro ÎdS’, mature habitat trees
(MHT) and the future habitat trees (FHT) have been identified.
MHT’s competitors have been cut and left on the ground, to
increase the amount of deadwood present in the forest. Instead,
FHT’s competitors have been girdled. For several years they will
stimulate the growth of seedlings for potential replacements of
MHT, and will also provide a stock of deadwood. Since the mini-

                 Article

Figure 1. Tree marking operation for the Pennataro sampling plot. 

Table 1. Cansiglio ÎdS. Average values of the survey plot main param-
eters, before and after the silvicultural treatment. 

                                                                   Before thinning  After thinning

Tree density (n ha-1)                                         292±68               210±24
Basal area (m2 ha-1)                                         39.1±6.8             28.6±2.1
Standing volume (m3 ha-1)                            547.9±92.0         401.0±29.2
Stem phytomass (Mg3 ha-1)                         349.3±58.6         255.6±18.6
Small branch phytomass (Mg3 ha-1)              72.8±12.3            53.3±3.9
Stump phytomass (Mg3 ha-1)                          11.0±1.8         8.0±0.6 (live); 
                                                                                                3.0±0.5 (dead)
Total aboveground phytomass (Mg3 ha-1)    433.1±72.8         316.9±23.0
Mean DBH (cm)                                              41.5±1.4             41.8±1.3
Mean height (m)                                              26.1±0.3             26.8±0.2
Dominant trees DBH (cm)                              49.2±1.2             48.3±0.8
Dominant trees height (m)                              28.8±1.7             29.5±0.5

Table 2. Cansiglio ÎdS. General effect of the selvicultural treatment on
the deadwood volume, considering standing dead trees and downed
trees.

                                                                    Standing   Downed        Total
                                                                   dead trees     trees               

Tree density n ha-1                                            40±21         42±23          82±44
Basal area (m2 ha-1)                                          5.4±2.8       5.0±2.3       10.4±5.1
Standing volume (m3 ha-1)                             77.1±39.9   69.8±30.7   147.0±70.1
Stem phytomass (Mg3 ha-1)                           49.2±25.4   44.5±19.6    93.7±44.7
Small branchphytomass (Mg3 ha-1)                10.2±5.3      9.3±4.1       19.5±9.3
Stump phytomass (Mg3 ha-1)                           1.5±0.8       1.4±0.6        2.9±1.4
Total aboveground phytomass (Mg3 ha-1)    60.9±31.5   55.2±24.3   116.1±55.4
Mean DBH (cm)                                             41.7±1.2     39.8±3.3      40.8±1.9
Mean height (m)                                              26.1±0.3     25.7±0.8      25.9±0.4

Table 3. Cansiglio ÎdS. Intensity of the selvicultural treatment,
expressed in percentage values.

                                            Tree density          BA         Standing volume
                                                   (%)               (%)                  (%) 

Standing dead trees                     13                    14                      14
Downed trees                               15                    13                      13
Total                                             28                    27                      27
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mum suggested DBH for girdling is 25 cm (Cavalli and Donini,
2003), competitors with smaller diameters became downed trees. 

In terms of basal area the treatment pro ÎdS brought a decrease
of the 25%, and then it is comparable, from this point of view, to
the traditional thinning performed in Molise’s Turkey oak forests
treated by shelterwood system (Cantiani et al., 2010).

The silvicultural treatment pro ÎdS increased laying deadwood
to a total of 70 m3 ha-1 and standing deadwood to 40 m3 ha-1

(Table 5).
As stated before, the first goal of an ÎdS is to reach as soon as

possible a higher level of biodiversity by speeding up the natural
effects of forest successions and of the associated deadwood decay

processes. Both the demonstration sites show that it is crucial to
analyse of the initial structure of the forest in order to predict the
effects of the pro ÎdS silvicultural treatment and its future struc-
ture. Knowing the structure, it will be possible to define a manage-
ment plan focused on old-growth forests characteristics. The dura-
tion of the felling cycle will be set according to specific tree
species’ ecological characteristics.
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Table 4. Pennataro ÎdS. Average values of the survey plot main param-
eters, before and after the silvicultural treatment.

                                                                    Before thinning After thinning

Tree density (n ha-1)                                           656±83               495±73
Basal area (m2 ha-1)                                          36.7±4.3             26.7±3.1
Standing volume (m3 ha-1)                              411.4±61.7         298.2±42.8
Stem phytomass (Mg3 ha-1)                            272.8±40.6        197.3±27.9
Small branch phytomass (Mg3 ha-1)                51.5±7.6             37.6±5.3
Stump phytomass (Mg3 ha-1)                             7.3±1.1         5.3±1.1 (live); 
                                                                                                  2±0.4 (dead)
Total aboveground phytomass (Mg3 ha-1)      331.7±49.3        240.2±33.9
Mean DBH (cm)                                               27.0±2.5             26.3±2.1
Mean height (m)                                               22.0±0.9             21.8±0.7
Dominant trees DBH (cm)                               43.9±4.4             46.0±5.6
Dominant trees height (m)                                25.4±1.1             27.0±1.3

Table 5. Pennataro ÎdS. General effect of the selvicultural treatment on
the deadwood volume, considering standing dead trees and downed
trees.

                                                                     Standing   Downed       Total
                                                                    dead trees     trees              

Tree density n ha-1                                              48±30         113±47       161±38
Basal area (m2 ha-1)                                           3.7±2.8        6.3±1.5      10.0±2.3
Standing volume (m3 ha-1)                              44.0±35.7    69.2±16.7  113.2±30.6
Stem phytomass (Mg3 ha-1)                            29.4±23.7    46.1±11.2   75.5±20.5
Small branch phytomass (Mg3 ha-1)                 5.4±4.4        8.6±1.9      13.9±3.7
Stump phytomass (Mg3 ha-1)                            0.8±0.6        1.2±0.3       2.0±0.5
Total aboveground phytomass (Mg3 ha-1)      35.5±28.7    56.0±13.4   91.4±24.7
Mean DBH (cm)                                              30.6±1.5      28.2±3.9     29.4±2.0
Mean height (m)                                               23.2±0.4      22.3±1.3     22.7±0.7

Table 6. Pennataro ÎdS. Intensity of the selvicultural treatment,
expressed in percentage values.

                                             Tree density          BA         Standing volume
                                                    (%)               (%)                  (%) 

Standing dead trees                       7                    10                      11
Downed trees                                17                   17                      17
Total                                              24                   27                      28
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Introduction

Fragmentation of forest habitats is among several factors caused
by the consequence of forest management, depending on type of
silvicultural system and besides, the spatial scale in which the phe-
nomena is studied (Frate et al., 2016).

At the Italian sites of the LIFE+ ManFor C.BD, different criteria
(not managed, traditional and innovative forest management)
were applied on small areas of about 3 hectares within forest man-
agement areas (FMAs) of about 30 hectares. Both criteria involve
the application of ‘selection cutting’ (single tree selection, group
selection or a combination of both). 

The main aim of ‘traditional’ forest management criteria is the
reduction of competition and optimization growing space distribu-
tion for the most appropriate tree species within the forest popula-
tion. With ‘innovative’ approach the aim was to increase structural
diversity within forest stands (Di Salvatore et al., 2016b). 

Harvesting in the dominant tree canopy layer causes small
openings or larger gaps and consequently causes discontinuity of
the continuous canopy cover. In addition, gaps change microcli-
matic conditions at the local scale, various response of the tree
species involved and also changes in the spatial pattern of forest
habitats. 

To understand the influence of the forestry practices applied in
the ManFor C.BD (Di Salvatore et al., 2016b) on the forest land-
scape spatial pattern, for each Italian site the forest treatments
were simulated within equal-area landscape frames of 10 km2. The
area of landscape frame was chosen according to the size of a
generic fauna species home range and on the basis of the remote
sensing data availability. Landscape frames were spatially defined
from the geographic centroid of each FMA (Figure 1).

Methods

Treatments were simulated by HARVEST 6.1 (Gustafson,
1999). It is a spatially explicit and rule-based stochastic model
which simulates the timber management of forested landscapes by
applying silvicultural techniques to maps of forest mosaics and
operates on a grid-cell (raster) representation of the landscape. 

The forest spatial pattern after timber harvesting is simulated in
‘neutral’ (random) landscape (Gustafson and Loehle, 2006), an
ideal solution to overcome problems related to initial conditions of
forest stands (that can to reflect past management actions of the
various owners) (Gustafson and Loehle, 2006). Neutral model
landscapes use algorithms to produce patterns that are neutral rel-
ative to all spatial processes except the ones being experimentally
manipulated (Gardner et al., 1987; Gustafson and Parker, 1992),
generating neutral stand maps that are independent of past man-
agement. 

The forest landscape mosaic of Italian sites (10 km2 size areas)
was represented by a 5 m x 5 m grid-cell size. The simulation of
harvest activity by HARVEST required a set of four input maps:
forest age map (Age), forest type map (FT), management area map
(MA), and a forest stand identification number (ID) map (Figure
2). The simulation provided scenario maps of the different forest
management options (not managed, traditional and innovative
scenarios). For each option ten simulation replicates were gener-
ated. The forest landscape spatial pattern of each resulting sce-
nario was classified and mapped by the Mathematical
Morphological Spatial Pattern Analysis (MSPA) based on the free-
ware GUIDOS (Graphical User Interface for the Detection of
Objects and Shapes) software (developed by the JRC-IES and
available at URL: http://forest.jrc.ec.europa.eu/download/soft-
ware/guidos), on binary forest/non forest maps. 

The GUIDOS application (according to a specific user defined
depth-of-edge) allows an automated classification per pixel and
description of the geometry, pattern and connectivity of the forest
landscape. The forest spatial pattern is classified into seven main
classes:
- Core pixels are defined as forest pixels whose distance to the non-

forested areas is greater than the defined edge width. All other forest
pixels not corresponding to the core (habitat) areas are assigned to
one of the six following remaining pattern classes.

- Edge (external perimeter of core patch);
- Perforation (perimeter of perforation in core patch);
- Bridge and loop (when same core) connectors between cores; 
- Branches (pixels that do not belong to any of the previously

defined categories. They emanate from boundaries as edge or
perforation); 

- Islet/fleck (isolated non-core forest patches). 
The choice of the depth-of-edge clearly influence the classifica-

tion results. For more details on the use of MSPA and GUIDOS
application please see the specific bibliography (Vogt et al., 2006;
Estreguil et al., 2007; Vogt, 2009). 
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Honnay et al. (2002) suggest a distance of 20-25 m from the
external forest border as maximum permeability capability of inva-
sive species to permeate in the interior temperate forests. 

Beyond this distance local ecological conditions are maintained
and do not cause the ‘edge effect’ for interior vegetation species.
For the MSPA within the 10 km2 landscape areas at Italian research
sites, a  25 m edge width was defined. 

The MSPA classification can be conducted with 4- or 8-neigh-
bourhood rule. For Italian sites, the 8- neighbourhood rule was
used i.e. two pixels of the same class belong to the same landscape
element if they share either one of their sides or vertices.

As indicators of levels of changes in the forest spatial pattern
and connectivity, the amount of ‘core’ and ‘bridges’ (connection
elements) between the different forest management options (not
managed, traditional and innovative) were used. 

Modelling the forest treatments

Treatments were simulated within ‘stands’ (from stand ID map)
and on the 100% of available amount of FMA (from MA map). In
the model this map remained constant throughout the simulation
period. Treatments were simulated as applied in the period of one
year without successional processes. Forests were considered even
aged and in proper age for harvesting (from the Age map). The
‘protective forest areas’ (if present and identified by the forest
management plan of the site) and forest types different from that
considered in the simulation (from FT map) were assumed as not
managed forests. The forest thinnings were assumed as applied to
dominant canopy trees. The age of harvested areas was reset at 1
year and for the spatial pattern analysis considered as gaps. The
harvesting of a single tree was assumed to cause gap within the for-
est canopy of a minimum 25 m2 (according to the landscape cell-
size 5 m x 5 m). The harvesting simulation of more than one single
tree or trees with a crowns size bigger than 25 m2 were simulated
by the aggregation of more pixels. The algorithm of simulation
randomly chooses stands inside a forest management and then har-
vests small openings within those stands. 

The percentage of simulated gaps within canopy gaps was relat-
ed to the mean crown size collected in the field and to the plot size
(1256.64 m2). The percentage differed between sites and forest
management approaches.

The HARVEST simulator assumes that the likelihood of harvest
of a stand (ID) within given forest type (FT) and management area
(MA) is solely related to the age (Age) of the stand, although it is
known, that also other conditions influence the harvesting deci-
sions in field. Simulator randomly selects suitable stands from the
ones that meet the age criteria and eventually adjacency constraints
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Table 1. Summarization example of parameters used by HARVEST 6.1 simulator for the Cansiglio site.

                                                                                                        Traditional                                                                            Innovative

Dispersion method: Group selection                     Group selection randomly chooses stands and then harvests small openings within those stands
Proportion to cut in stands                                                                0.17 (%)                                                                                 0.33 (%)
Revisit interval (yrs)                                                                              20                                                                                           20
Management area ID                                         1 (Beech forest managed, not protective forest                  1 (Beech forest managed, not protective forest 
                                                                                               and coniferous forests)                                                          and coniferous forests)
Forest type value                                                                         1 (Beech forest)                                                                     1 (Beech forest)
Average harvesting size                                                                     0.0025                                                                                      0.05
Standard deviation                                                                              0.0025                                                                                    0.0025
Minimum harvesting size                                                                   0.0025                                                                                    0.0025
Maximum harvesting size                                                                  0.0075                                                                                    0.0075
Minimum age allowed for the harvesting                                             80                                                                                           80
Minimum time since the last harvest                                                    20                                                                                           20
Percent to cut (>0.1)                                                                             100                                                                                         100
Green up interval (yrs)                                                                           20                                                                                           20
Buffer distance                                                                                      100                                                                                         100

Figure 1. Example of the spatial definition of landscape investigation
within the ManFor C.BD project (Site 3: Lorenzago di Cadore, Italy).
From the geographic centroid of the forest management areas (for
each site along the Italian transect) two portions of landscape were
drawn. Within larger area of 100 km2 (light blue in picture) the land-
scape characteristics were analysed, which also included smaller area
of 10 km2 (light red in picture) for the detailed analysis, where forest
treatments were spatially distributed by the simulation model. 
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and over a time period of a decade or more, mimics the pattern
found in managed forests (Gustafson and Crow, 1999).

An example of the simulation parameters used by HARVEST is
shown in Table 1. Parameters refer to the simulation of treatments
applied at the Cansiglio site. 

Figure 3 shows schemes of resulting forest pattern at stand level

within plots (1256.64 m2). The Figure 4 shows an example of the
modelled treatments scenarios for Cansiglio site, classified by
GUIDOS. An example of comparison between resulting classes
from the MSPA for the three treatments scenarios for the Cansiglio
site is presented in Table 2, which shows the innovative approach
creating bigger fragmentation in regard to the traditional approach,
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Table 2. An example of the MSPA developed by GUIDOS for the Cansiglio site.

                                                           Not harvested                                                    Traditional                                                        Innovative 
                                                   ha                                %                                 ha                                       %                                ha                                %
Branch                                     47.10                            0.41                              1.50                                    0.15                             1.90                             0.19

Edge                                        28.63                            2.86                             16.63                                   1.66                            16.54                            1.65
Perforation                                4.54                             0.45                                 0                                         0                                  0                                   0
Islet                                              0                                  0                                   0                                         0                                0.17                             0.02
Core                                        760.94                          76.09                           196.37                                 19.54                          192.76                          19.28
Bridge                                       1.12                             0.11                            485.89                                 48.59                          419.21                          41.92
Loop                                         1.71                             0.17                             10.21                                   1.02                             3.70                             0.37
Non forest/holes                     197.75                          19.77                           288.18                                 28.82                          364.51                          36.45

Figure 2. Example of input maps (Site 1: Cansiglio) for the simulation. 1) FT: derived by the classification of multispectral RapidEye imagery. This
map is used by HARVEST to apply harvest rules to the correct forest type. 2) MA: defined from the forest management plans,  used to apply the
specified harvesting strategy to the correct management area. 3) Age: map containing cells whose values represent the age (in years) of the forest
in each cell. It is used to determine if cells meet the age constraints for harvesting. Information on forest age were obtained by the forest manage-
ment plans, when available. 4) ID: map of stand ID numbers, where each stand ID value is a unique integer <64,535. This map is used to track
harvesting activity in stands.

Figure 3. The resulting forest-stand pattern following the two forest management criteria applied in two plots within Cansiglio site (for more details
on the applied criteria: Di Salvatore et al., 2016a). It is possible to note the higher density of gaps / openings  after applied thinning within innova-
tive approach in regard to the traditional way.
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as shown by the decreasing amount of core areas (192.76 ha), com-
pared to the not managed scenario (760.94 ha). In both simulated
treatments (innovative and traditional), the increasing of bridge
class was confirmed as the result of a more fragmented core area
(traditionally: 485.89 ha; innovative: 419.21 ha). 

The fragmentation of core areas due to the harvesting activities
is a temporary phenomena that will persist for the period of the nat-
ural processes of forest restoration. As showed for the Cansiglio
site, results of simulation may be in agreement with the ‘innova-
tive’ approach, aiming to create more species diversity in the forest
patches. Such phenomena was explained with the intermediate dis-
turbance hypothesis (Connel, 1978), assuming maximum values of
floristic richness in moderately disturbed environment. Forest
treatments produce new forest edges where new colonization of
species are possible and influence the overall values of floristic
species (Frate et al., 2011) due to the creation of new climatic con-
ditions (Forman, 1995; Lovejoy et al., 1986; Kapos, 1989;
Laurance et al., 1998; Farina, 2001).
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Figure 4.  Details of forest spatial patterns resulting maps classified by GuidosToolbox for different scenarios: an example for Cansiglio site. Green,
core areas; red, bridges; black, edge areas; blue, perforations; grey, non forested area.
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High-resolution 3-D remote sensing was used to determine
change in forest stand fragmentation for the three Slovenian test
sites before and after applied silvicultural measures. A multi-tempo-
ral aerial lidar scanning campaign was performed over the
Slovenian test sites. The 3-D lidar data were first processed into
intermediate products, the 1-meter resolution raster maps, relating
to the gradients of bare ground relief, vegetation height, and canopy
cover percentage. These maps were then the basis for further
detailed identification of gaps in canopy cover reflecting the conti-
nuity of canopy cover. The first phase was computing the digital ele-
vation model (DEM) showing the bare ground relief using the REIN
algorithm (Kobler et al., 2007). In the next stage this enabled deter-
mination of height above bare ground of each lidar point in the point
cloud, which was necessary to compute all the further raster layers.
The criterion “Continuity of forest canopy cover” corresponds to
the change indicator Spatial pattern of gaps in the forest stand
canopy, related to the MCPFE indicators 3.1 Increment and fellings,
4.2 Regeneration and 4.7 Landscape pattern (MCPFE 2015). The
discontinuities (gaps) in forest canopy reaching to the ground are
the centres of forest rejuvenation. Their areal percentage and spatial
juxtaposition is an important indicator of forest stand developmen-
tal and ecological status. The indicator is gleaned from the lidar
based high-resolution digital canopy model (DCM), depicting the
vegetation heights, estimated from lidar point cloud with known rel-
ative heights above bare ground. DCM vegetation heights were
computed in a rectangular grid with the horizontal resolution of 1m
x 1m. All types of lidar returns were taken into account (first, last,
only, intermediate). For each return its height above the bare ground
was computed using bilinear interpolation from the neighbouring
DEM grid points. The highest lidar return within each grid cell was
considered as the vegetation height for this grid cell. The gaps in
forest stand canopy have been identified from DCM as those areas
where vegetation heights do not exceed 1 m, i.e. discontinuities or
gaps in the forest canopy cover. In addition, the depth of the internal

forest environment was computed as distance (proximity) to the
nearest gap in forest stand canopy. The results for the 70 ha
Kočevski Rog test site (as an example of the 3 test sites in Slovenia,
where lidar-based criteria were tryed) are shown in the figures
below. Visual comparison of the before and after treatment DCM
maps (Figure 1) clearly show the spatial pattern of the treatments.
The mean forest canopy height in the Kočevski Rog test site
decreased from 25.3 m to 22.7 m, for pre-treatment and post-treat-
ment period, respectively. A more detailed analysis is given in
Figure 2, where the pre- and post-treatment distributions of the for-
est vegetation heights at the site are compared. After treatment the
forest heights below 10 m show a dramatic increase in area.  The
DCMs in Figure 1 are the intermediate products used as the basis
for forest gap / forest fragmentation mapping and analysis in the fol-
lowing figures. Figure 3 shows the change of spatial pattern of gaps
in the forest stand canopy and the change in the depth of the internal
forest environment due to the treatments. The mean distance to for-
est gap in the Kočevski Rog test site decreased from 13.6 m to 9.6
m, for pre-treatment and post-treatment period, respectively, which
indicates a considerable change in microclimate and growing con-
ditions. This is more clearly seen from the chart in Figure 4 which
indicates an increase in areas closer than 10 meters to forest edge
and a corresponding general decrease in areas further from the for-
est edge. A less scattered spatial pattern of treatments might have a
less pronounced effect on the internal forest environment. Another
aspect of forest fragmentation due to treatments is the mean forest
gap area at the test site, which increased from 7.9 m2 to 33.4 m2,
before and after the treatment, respectively. Figure 5 shows both an
increase in the number of gaps, as well as an increase in the size of
the gaps.  All the demonstrated forest stand lidar-based criteria,
show different aspects of sylvicultural treatment effects at the forest
stand scale. This has important implications since in Slovenia a
country wide lidar dataset has meanwhile became available and
these finding will have practical implications for forest management
in Slovenia in general and for sylvicultural intervention in particu-
lar. Specifically, it was shown: 1) The average forest stand height
change can be estimated from multitemporal lidar data, thus quan-
tifying the intensity of cutting in a forest stand. This feature can be
put to use in forest inspection where exceeding allowed cut or even
illegal cuts can be identified accurately, reliably, and on large areas.
If a model-based link between average stand height and stand age is
established, then the balance of age classes on large areas can be
reliably determined. The inappropriate balance of age classes in
Slovenia has been suggested as a long term problem of Slovenian
forests (Kovač 2014, Kovač et al. 2016). 2) The depth of internal
forest environment has been shown to influence forest rejuvenation
and the species mix of the rejuvenated forest stand, but also species-
specific habitat suitability and several forest- and ecosystem servic-
es (Hladnik 2005, Rugani et al. 2013). This criterion is depending
not only on the area of cut forest but also in the spatial pattern of
cuts. The former can be gleaned from the forest gap area (number
and size of forest gaps), easily derived from the DCM, while the lat-
ter can be quantified from the dedicated map of the distances to the
nearest gap.
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Figure 2. The comparison of forest vegetation heights distributions at
the Kočevski Rog test site before and after applied measures. The
chart corresponds to the maps in Figure 1.

Figure 1. The digital canopy model DCM (i.e., forest vegetation
heights) for the Kočevski Rog test site. Situation before (left) and after
applied measure (right). The DCM horizontal resolution is 1 m. The
DCM is the intermediate product used as the basis for forest gap / for-
est fragmentation mapping and analysis.

Figure 4. The change in the distances to the nearest gap in forest stand
canopy before and after applied measures. The chart corresponds to
the maps in Figure 3.

Figure 5. The change in the number and the size of forest gaps due to
treatments.

Figure 3. Kočevski Rog test site - the spatial pattern of gaps (white
areas) in the forest stand canopy and the depth of the internal forest
environment (as distance to the nearest gap in forest stand canopy,
shown with the colour scale). Conditions before (left) and after applied
measures (right). The gaps in forest stand canopy have been identified
from DCM as the areas where vegetation heights do not exceed 1 m.
The map horizontal resolution is 1 m.
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Introduction  

Growth models represent important tools for forest researchers
and managers, particularly because of their ability in exploring
management options and silvicultural alternatives. For example,
foresters may wish to compare the long-term effect of two man-
agement strategies on both the forest and on future harvests. With
a growth model, they can examine the forecasted outcomes of the
two strategies and can make their decision objectively. The pro-
cess of developing a growth model may also offer interesting new
insights into stand dynamics. 

The simplest growth models are the traditional yield tables.
They predict stand development (e.g. growth of mean diameter)
for a given ‘reference stand’. Yield tables always refer to a given
site condition, forest structure and management option. In prac-
tice, they are only used for even-aged, pure stands. However, with
the shift toward all-aged and mixed species managed forests, new
growth models are required to support sustainable management.
An answer to this request is given by individual-based models that
predict the development of all trees within a forest, where the level
of resolution is the tree with its specific neighbouring competition.
In principle, this allows to predict tree growth with the required
flexibility regardless of species mixture, age distribution, spatial
structure or management strategy. 

The core of these models is a set of mathematical equations
describing neighbouring competition, growth and mortality at the
tree level and an algorithm that systematically applies these equa-
tions to all trees within a stand. In order to allow the required flex-
ibility and reliability of these models, the core equations should be
based on a high number of observations (at the tree level) covering
all the situations to be modelled. For example, the model SILVA
discussed in this chapter is based on about 155,000 tree observa-
tions (Pretzsch et al., 2002). 

Several those models have been developed in the last decades.
Among them, SILVA has a particularly attractive feature. Core

equations and parameters describing the site effect on tree growth
are separated from those describing the competition effect. This
should allow an easier transferability of SILVA to forest stands,
different from those used for model construction. In SILVA, a tree
is described by the following key variables: tree species, tree posi-
tion (x, y), diameter at breast height (dbh) and height (h). Then,
based on allometric relationships, the three-dimensional crown
shape is calculated. In turn, crown shape together with dbh and h
are used to describe neighbouring competition. Finally, based on
competition, tree growth and mortality are calculated for all trees
every 5 years (time step). SILVA is parameterized for 5 species:
Norway spruce, Silver fir, Scots pine, Common beech and Sessile
oak (for details see Pretzsch et al., 2002).

In this article we discuss the applicability and use of SILVA on
one forest site studied within the ManFor Project.  

Preliminary settings

Before executing a simulation run, site conditions and a detailed
description of the ‘initial’ forest must be specified. We now
describe how we dealt with these two preliminary settings. In par-
ticular, note that evaluating the site-specific parameters is the first
step for applying SILVA to Italian forests. 

Site parameters

In SILVA, the site conditions are described by 9 environmental
variables describing temperature, precipitation, soil type and
atmosphere at the site. For most simulation purposes, the environ-
mental conditions are kept constant, but they may also be altered
during a simulation run if desired. After a complex procedure,
these 9 variables are transformed into 4 site-specific parameters.
Three of these parameters (A, k, p) describe the dominant height
growth curve and the last parameter (ESto) acts as a modifier for
diameter growth. The dominant height growth curve is as follows:

where h100 is the dominant height (i.e. the mean total height of the
100 largest trees per hectare) and t is the stand age. Then, the
(species-specific) potential height growth curve is calculated as
hpot(t) = Fspeciesh100(t). Where Fspecies is a species-specific coeffi-
cient (Pretzsch, 2009). 
Since the procedure for transforming the 9 environmental vari-
ables into the A, k and p parameters is quite complex (Pretzsch,
2009), we decided to directly estimate the site-specific parameters
by comparing simulations with measured data.

Here, we are interested in simulating the time evolution of a for-
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est site in the Cansiglio region, which received three different sil-
vicultural treatments within the ManFor Project. In order to esti-
mate the relevant site parameters, we used growth data from the
CONECOFOR project (Ferretti et al., 2008) where a 0.25 ha stand
in the Cansiglio forest has been monitored from 1996 to 2009. In
SILVA the equation for diameter growth for the beech species can
be summarized as ∆dbh = ESto × f(dbh). This fact enabled us to
easily estimate ESto. Then, in order to estimate the height growth
curve, we used an equation based on the French National Inventory
described by Seynave et al. (2008). In their equation two out of the
three parameters are kept constant and only one parameter identi-
fies the curve written above. We tried different values of this
parameter to find the best fit between simulated and measured data
(Figure 1).

Initial forest

Once the site parameters have been fixed, SILVA takes as input
the initial position, diameter and height of all trees in the stand to
be simulated and produces as output the final position, diameter
and height of surviving trees after a desired time period (e.g., 100
years). Since this initial forest is rarely known with the required
precision, SILVA provides a module that simulates the initial forest
based on less detailed information, such as diameter distribution
(Pretzsch, 1997). However, in this case, detailed measurements
were taken in several small sampling areas and they were used to
simulate a more realistic initial forest.

Specifically in the Cansiglio site, silvicultural treatments were
applied to nine 3 ha areas (plots) each of which is described in
detail by 3 circular sampling areas with radius 20 m (subplots). To
use this information, we followed Pommerening and Stoyan
(2008). They describe a method for simulating a map of trees with-
in a large plot from nearest neighbour summary statistics (NNSS)
sampled in small circular subplots. Very shortly, their algorithm
goes as follows: 
i) NNSS for the small subplots are calculated (NNSSobs); 
ii) the same NNSS are calculated for a simulated random forest

within the large plot but outside the small subplots (NNSSsim); 
iii) one tree is randomly selected among the simulated ones and its

position is randomly changed until the difference between
NNSSobs and NNSSsim is small enough. 
In the final forest map, trees outside the subplots are simulated,

while tree inside the subplots are measured. Several choices for
NNSS are possible. As the relative positions of trees with different
size are important for correctly evaluating spatial competition, we
used as NNSS the histograms of distance to the first nearest neigh-
bour for two size classes. An example is given in Figure 2 (left
panel). The yellow circles are the actual sampling areas, while
trees outside the circles have been simulated, based on NNSS mea-
sured within the circles.

Results and discussion

After having determined the site-specific parameters, we com-
pared the output from SILVA with measured data from yield tables
and from the CONECOFOR data mentioned above. Unfortunately,
it turned out that simply modifying site-specific parameters is not
enough to apply SILVA to Italian sites. The main problem was the
natural mortality. Mortality rates higher than expected were prob-
ably due to the individual height/diameter ratio, which is used as a
mortality component in SILVA (Pretzsch et al., 2002). Presently,
we have not enough data to correctly parameterize natural mortal-
ity. Therefore, we suppressed the natural mortality in the following
simulations. This is acceptable only in case of short-term simula-
tions and if silvicultural treatments are applied repeatedly.       

In the Cansiglio site, three management options have been
applied. They are called ‘No practice’, ‘Traditional’ (thinning from
below; about 25% of basal area is removed) and ‘Innovative’
(selective thinning + thinning from below; about 40% of basal area
is removed). Forest structure before and after the treatment have
been simulated following criteria described by Söderbergh and
Ledermann (2003). Each treatment was assigned to three plots. In
particular, plot 4 received the innovative treatment. However, in
order to compare treatments, we simulated the evolution of plot 4
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Figure 1. Mean diameter and mean height curves. Green line represent data measured in 1996, 1999, 2005, 2009. Red lines are the simulated data
(natural mortality has been suppressed).
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under all treatments. First, the initial structure of plot 4 has been
simulated as described above (Figure 2, left panel). Then, the
selected treatment has been applied (Figure 2). Finally, forest evo-
lution has been simulated with SILVA (the No practice treatments
without natural mortality has been plotted for reference).

Some simulation results are presented in Figure 3. They are the
evolution of basal area and of the average competition index  dur-
ing 50 years. KKL is a measure of the reduced light availability
because of neighbouring competition (Pretzsch et al., 2002;
Pretzsch, 2009). It usually ranges from zero for open grown trees
to about 30 for highly suppressed trees. Values around unity are
typical of co-dominance. From both panels the higher severity of
the innovative treatment is clear. It is interesting to note that within
the innovative treatment the competition index keeps low for a
long period. In other words, this means that light availability is
generally higher than in the other treatments. This could have
important consequences for the forest habitat.
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Figure 2. Simulation of plot 4 in the Cansiglio site before and after two alternative treatments. Size of circles is as large as crown diameter. Red
trees are the selected crop trees in the innovative treatment. Yellow lines are the sampling areas.

Figure 3. Simulated evolution of plot 4 in the Cansiglio site under three alternative treatments. Left: basal area. Right: the competition index KKL
(see the text for details). Treatment is applied during the first time step (5 years).
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Introduction 

Despite the widespread use of chambers for soil respiration (Rs)
measurements, no standard is established with regard to the
dimensions and type of chamber to perform these measurements. 

The problem with non-steady state chambers is how to mark
and prepare the measuring point for a campaign or continuous
measurements. Very often different types of collars are used.
Collars can be placed very carefully less than 1 cm deep in the soil
with extreme care, so that no roots are cut. In this case, the collar
is about 5 cm above ground. Over longer term, the soil inside the
collar is exposed to different conditions: the collar can affect the
wind speed above the ground and also the soil water content and
temperature on the very first layer of the soil. Alternatively, the
collars may be placed deeper into soil to cut the roots and prevent
the measuring point to be overgrown with roots from aside. This
changes the environment in the soil very much and affects the Rs
flux (Kutsch et al., 2010). Measuring Rs with non-steady chamber
technique has many sources of errors, such as using collars and
preparing measuring point by removing live plants. The basic
problem of measurements in natural ecosystems is heterogeneity
which may be particularly well expressed in soil with the process-
es of Rs. For a better measurement of specific soil parameters it is
not sufficient to perform multiple measurements at one point, so
the parameters should rather be measured simultaneously at sev-
eral points. These requirements make measurements more expen-
sive, but they provide a better insight into the temporal and spatial
dynamics of monitored parameters. Measurements made in closed
dynamic chambers allow us to get the Rs value for shorter periods,
e.g. hours. Some researchers made their own automatic systems
for Rs measurements, tested them, and used them in their research.
In all these systems, the chambers have to be installed on the mea-
suring area and should allow the closing of chamber before mea-
surement and its re-opening after it. They must be designed in a
way that minimizes a long-term impact on the measuring point.

The majority of researchers use a system, on which only the lid of
the chamber is opened, and its perimeter stays at the measurement
point (McGinn et al., 1998;Edwards and Riggs, 2003; Delle
Vedove et al., 2007). To perform Rs measurement, all photosyn-
thetically active biomass above ground has to be removed at the
measuring point. Between 8% and 52% of total fixed CO2 in assim-
ilates during photosynthesis is respired by roots (Lambers et al.,
1996;Atkin et al., 2000). Part of assimilates allocated in roots is
used by organisms associated with plant roots in the rhizosphere.
The release of exudates, secretions and root residues results in a
much higher concentration of micro-organisms in the rhizosphere
around the roots in comparison to the soil not directly influenced by
the roots (Grayston et al., 1997). Therefore, removing live photo-
synthetic plants drastically changes the measuring point that is set
for use for soil respiration measurements. If we cut the green part of
the plant and leave the roots in the soil, we change the ratio of dead
and live roots and therefore give more food to decompositors; con-
sequently the Rs is overestimated. If we cut the green part of the
plant and wait several months for roots to be decomposed, and mea-
sure Rs after that, there is a possibility that we would underestimate
the Rs. If the measuring point would be large because of big cham-
ber diameter, the roots from side will not overgrow the volume.
Furthermore, when aboveground biomass is removed on a larger
area, the microclimatic conditions above ground change, too. The
measurement of the realistic Rs is not easy and we must take into
account possible sources of errors due to the choice and manage-
ment of measuring points. Apart from Rs measurements, it is neces-
sary, especially in the more heterogeneous ecosystem, to perform
measurements of soil moisture and soil temperature. Both parame-
ters can, in some cases, explain 80% of the time variability cases of
Rs (Tang et al., 2006). To carry out the measurements of soil mois-
ture there are different implementations of sensors available, while
for soil temperature measurements most commonly thermocouples
are used. Measurements of soil processes in karst ecosystems are
more important, since the influx of carbon from the karst ecosystem
to the atmosphere could be significantly contributed to by geogenic
CO2 (suggested in studies by Emmerich, 2003; Kowalski et al.,
2008; Inglima et al., 2009; Serrano-Ortiz et al., 2009, 2010). This
makes CO2 research in karst ecosystems even more complex and
demanding. To eliminate or minimize described errors, a solution
with a special chamber design must be found which will not seri-
ously affect and change the environmental conditions around the
measuring point and which would allow the measurement of Rs
with minimum removal of living plants required. A system with the
new chamber design must have the possibility to measure Rs with
different chambers in case of soil heterogeneity. 

Chamber, datalogger and multiplexing system

Portable soil respiration systems such as LI-6400-09 do not
allow a deeper insight into the temporal variability of Rs. For this,
automated systems for measuring soil respiration are needed.
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Drawback of existing systems is their very high price of approxi-
mately EUR 80.000,00. Another drawback may be the impact of
mechanical parts of the automatic chamber into the measuring
point. Collars that are inserted around the location and provide sta-
bility of the chamber can affect the measurement point and could
have the effect on increasing temperature and/or soil moisture. In
the Laboratory for Electronic Devices, which was established in
2009 at the Slovenian Forestry Institute, an automatic chamber
with an improved mechanism for opening and closing was develo-
ped. The automatic soil respiration system includes automatic
chamber(s) with electronics, central data storage electronic devices
and infrared gas analyser LI-840.

The first step in the development of automatic soil respiration
system was to construct the automatic chamber with electronics
(Figure 1). As for all micrometeorological measurements also this
instrument should not be too bulky. All known apparatus for cap-
turing a gas flow (gas flux system chambers) have a big body with
collar and the body has installed an electronic system with a clos-
ing and opening mechanism and they are usually too bulky for
micrometeorological measurements. Such construction of the
chamber have an impact on the measuring point and consequently
to temperature and humidity of measuring point. Our aim was to
move the part with electronic system and the opening and closing
mechanism as far as possible from the measuring point to min-
imise the impact on it. Total height of the newly designed chamber
is 100 cm and the lower part of the moving chamber is around 70
cm above the measuring point. To construct an apparatus for cap-
turing a gas flow also on very heterogenic surfaces, an improve-
ment was elaborated to minimize the chamber diameter. Chamber
diameter is only 9 cm, which allows researchers to install it on
stony and rocky surface.

For vertical moving of the chamber, a servo motor (GS-5515MG
15 kgcm-1) was used. The motor was rebuilt to move either in
clockwise or counter clockwise direction, continuously. Sensing
the position of chamber is controlled by two magnetic switches,
which are installed along the path of moving chamber. In addition,
a test of the moving part of chamber was done. The electronic sys-
tem in the chamber was programmed to move the chamber down
and up continuously once per minute to test the servo motor per-
formance. The test started on 25th of February 2011 and motor was
found broken on 19th of April 2011. According to this, it could be
concluded that the motor was reliably working for 51 days. That
also means that motor made 73440 movements of chamber along
the vertical axis. From the practical point of view the measure-
ments of Rs once per hour could be performed continuously for
more than 8 years. For the electronic system in the chamber a
microcontroller ATmega8 (Atmel Corporation, San Jose, CA) was
used. It is a low-power CMOS 8-bit microcontroller based on the
AVR enhanced RISC architecture. Peripheral devices and compo-
nents are connected to the microcontroller. 

Each chamber can operate independently from other chambers
and does not require a central data storage electronic device. The
electronic system in the chamber can be broken down into four
constituent parts: the start and stop control part (1), the measuring
part (2), the chamber control part (3) and the data transmission part
(4). The start and stop control part of the chamber electronic sys-
tem is responsible for starting the measurement and for waking up
the electronic system from power-down mode. For start-up of the
system, an interrupt pin of microcontroller with pull up resistor
was used. The trigger for starting the measurement is a signal
going from 5V towards 0V. The signal can be sent by pushing the
button or it could be generated in central data storage device or in
the electronic system of the chamber. The measuring cycle lasts 3

minutes and after ending, the electronic system of the chamber
sends a signal going from 5V towards 0V to trigger the next cham-
ber if they are connected in series. After the measuring cycle, the
chamber enters into power-down mode to lower the power con-
sumption to 5 microamperes.

When the chamber electronic system wakes up, the measuring
part of the circuit performs the measurements. The microcontroller
of the chamber electronic system has a built-in 10-bit analog to
digital converter (ADC converter). Therefore only a 100 mH
inductor and a 100 nF capacitormust be applied to perform an
accurate voltage reading. Due to this feature, there is no need to
construct a peripheral analog to digital converter and fewer com-
ponents are needed. The chamber electronic has two single ended
channels for measuring voltages between 0 and 2500 mV. One
channel is reserved for voltage reading from IRGA and another for
any other sensor with output signal from 0 to 2500 mV can be
used. Therefore only an accuracy test of voltage readings with
chamber electronic was performed. For this purpose we used a lab-
oratory voltage generator (Digimaster, DF1730SB5A) generating
voltage in range from 0 to 2500mV. Voltage was measured with
chamber electronic and simultaneously with a laboratory Digital
Mutilmeter (M-3890D-USB, Metex Instruments, Seoul, Korea)
connected to a PC for logging. Values were logged every second. 

Linear regression between data from our system and Digital
Mutilmeter was done (n=1548, R2 = 0.998, slope=1.002, inter-
cept=-0.188). From these results we can see that our system under-
estimates voltage by approximately 0.2 mV, which is for the equip-
ment that can measure voltage from 0 to 2500 mV negligible.
From simultaneous measurements accuracy of chamber electronic
measurements was calculated and it was ±0.22% for testing range.
For measuring temperature usually differential or single-ended
voltage measurements and different types of sensors are used.
Most frequently used are thermocouples or thermo-sensitive resis-
tors with negative or positive temperature coefficients. There are
also several types of integrated circuits, which can measure tem-
perature and convert data to a digital signal. For chamber electron-
ic factory calibrated temperature sensors DS18B20 (Maxim
Integrated Products, Sunnyvale, CA) with ±0.5°C accuracy in the
range between -10°C and +85°C were used. The sensors use 1-wire
communication protocol (1-Wire is a registered trademark of
Maxim Integrated Products, Inc). Despite manufacturer guarantee
that sensors are calibrated, we performed a test with seven temper-
ature sensors and classical meteorological thermometer (mercury
thermometer). As a testing media, water with ice was used and
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Figure 1. Automatic soil respiration system. Left, schematic view of
automatic chamber design. Middle, automatic chamber installed on
the field. Right, central data storage electronic with multiplexer con-
taining 2x16 electromagnetic valves. 
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appropriate hand mixing was performed. Temperature ranged from
4 to 17°C and values were logged or manually read every 30 min-
utes. For each temperature sensor, linear regression with mercury
thermometer measurements (n = 12) was made. From all parame-
ters of linear regression (N = 7), we calculated means and standard
deviations (R2 = 0.997±0.001, slope = 0.975±0.023, intercept =
0.124±0.377). With these temperature sensors, the temperature is
slightly underestimated compared with the mercury thermometer.
From simultaneously measurements accuracy of chamber electron-
ic measurements was calculated and it is ±1.1% for testing range.
Each chamber has option to connect four temperature sensors and

one frequency domain sensor EC-5 (Decagon Devices Inc.,
Pullman, WA) for measuring soil water content was used. For cor-
rect supply voltage of 2.5 V for the sensors, regulator LD1117
(SGS-THOMSON Microelectronics) was used. Sensor output
ranges from 250 to 1000 mV at a 2.5 V supply voltage and sup-
posed to be proportional to volumetric soil water content. IRGA is
set up to output each second and ranged from 0 mV to 2500 mV.
Single ended channel reserved for IRGA measuring voltage every
second. After the measurements on single-ended channel and chan-
nels for temperature, the chamber control part of chamber electron-
ic system starts to control the chamber measurement. The first step
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Figure 2. Electrical schematic of chamber electronic circuit board.

Non
-co

mmerc
ial

 us
e o

nly



is to trigger the multiplexer to switch the right valve if the cham-
bers are connected in series. After this, it takes 30s to vent all the
tubes between the IRGA and the chamber. The next step is to move
the chamber down to the measuring point, wait for 160 s to finalize
the measurement of CO2 concentration, and move the chamber
back up to open position. For moving the chamber up and down
two magnetic switches and a motor, connected to two relays for
clockwise and counter-clockwise movement are used. 

The data from chamber electronic system to the central data stor-
age or other media is transmitted via a serial interface (baud rate:
9600, Data bits: 8, Parity: none, Stop bits: 1, Handshaking: none).
For this communication an integrated circuit MAX232 with capac-
itors was used. To establish serial communication with computer it
would also be possible to use a serial to USB converter. Hyper
Terminal (Windows) or any other free software for reading data
from serial ports can be used. Every second chamber electronic
system sends a line with comma separated data that includes cham-
ber id, year, month, day, hour, minute, second, CO2 concentration
and five channels of temperature and voltage readings. 

For the central data storage device a microcontroller ATmega32
(Atmel Corporation, San Jose, CA) was used. It is a low-power
CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. An interface for SD cards to store data and a multi-
plexer to switch data transmission relays and valves between
chambers is connected to the microcontroller. The whole system
was named Ukulele. The software for microcontrollers (chamber
electronic and central data storage) was written in a BASIC-like

language (BASCOM-AVR, MCS Electronics, Holland) for
Microsoft Windows XP. The program was compiled in microcon-
troller assembly language and uploaded to the microcontroller
using a programmer (PROGGY AVR, AX Elektronika, Slovenia)
via AVR Studio 4 software (Atmel Corporation, San Jose, CA). 

The electrical schematic of the circuit board was drawn (Figure
2) and the circuit board was made at the Laboratory for Electronic
Devices at the Slovenian Forestry Institute. The schematic was
transferred to the circuit board, which was drilled out on a small
CNC machine in the same laboratory. 

The developed automatic soil respiration system has closed
dynamic chambers. CO2 concentration in this type of chambers
increases during the measurements and the change of CO2 concen-
tration during time is represented by the slope of the least squares
regression line relating CO2 concentration and time (), where a rep-
resents flux gradient d[CO2]. Final Rs flux (µmolCO2m-2s-1) calcu-
lation is done using equation:

                 
(eq. 1)

where V and A represents volume and area of a chamber in m2,
respectively. P0 and T0 are air pressure and temperature at time
zero. R is the universal gas constant (8.314 Jmol-1K-1).
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Figure 3. Slovenian patent certificate. Figure 4. Application certificate for the European patent.
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Patent

For the innovative measuring equipment for capturing a gas
flow, Slovenian patent was accepted under number SI 23967
(Figure 3). We also applied for the European patent; the application
is still in progress (Figure 4). 
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Introduction

In silvicultural treatments, the methodologies of felling, pro-
cessing and extraction have to be planned on a larger scale; they
cannot be sporadic events, not connected to the social, environ-
mental and economic contexts. The forest operations have to be
planned during implementation and execution of the working
phases.

Three harvesting methods are commonly used in forest opera-
tion: cut-to-length systems (CTL), tree length system (TLS) and
whole-tree harvesting (WTH). In CTL, trees are felled and pro-
cessed at the stump before extracted to landing (Maesano et al.,
2013; Spinelli et al., 2010a). In TLS, trees are felled, de-limbed
and topped at the stump before extracted to landing (Rushton et
al., 2003). In WTH, trees are felled and removed to a landing area
where they are processed, thereby reducing potential fire severity
more than other methods, which left slash within the stands
(Marchi et al., 2014; Picchio et al., 2012a, 2012c). The main forest
operations are felling and processing, bunching and extraction.
Felling and processing can be efficiently carried out by chainsaw.
The introduction of harvester and feller increased productivity and
reduced costs of forest operation, especially in comparison with
motor-manual (chainsaw) felling and processing on wide forest
surfaces to cut (Wang et al., 1998). The ground slope and rough-
ness are the main limiting conditions for the introduction of these
modern machineries.

Wood bunching and extraction could be performed mainly by
skidding, forwarding or cable yarding, with different perfor-
mances in terms of productivity. Extraction by skidder with winch
is the most affordable in thinnings or similar silvicultural treat-
ments due to the low effective costs and its flexibility.
Traditionally, the cable of the winch is used in bunching logs or
trees to skid trail (winching). In such way, only the limited part of
the topsoil layer is damaged by skidder compression, while the
rest remains unharmed (Ampoorter et al., 2012). Today, skidder

with grapple could be used on terrains with moderate slopes. To
maximize the performances of skidding systems, a network of
strategically planned forest trails is necessary to ensure a good
productivity and minimize the impact on forest soil (Picchio et al.,
2011, 2012a, 2012b). The extraction by forwarder or by tractor
and trailer is usually not recommended in the first thinning and in
the selective thinning due to the considerable size and weight of
these machines. In cable yarding, trees are removed by skyline
cable system and can be processed at the stump or at the landing.
Cable yarding is generally reserved for steep slopes, where the use
of ground-based forest equipment is restricted.

The impacts on the environment, especially on soil and residual
trees, is an important aspect to be considered in forest operation
planning. The area affected by soil disturbance (compaction, rut-
ting, soil mixing and displacement) may range between 10 and
70% of the total logged stand and the impact on the ecosystem can
be substantial (Grigal, 2000; Frey et al., 2009; Picchio et al.,
2012b). The damaged trees due to forest operations may range
between 4-21% of the total post harvest stand (Picchio et al.,
2011; Spinelli et al., 2010b; Vasiliauskas, 2001). Other impacts,
directly linked to the logging operation should be assessed,
because they contribute to the ecological footprint of a product or
a production cycle. For example the energy input may range
between 56 to 900 MJ m-3 (Picchio et al., 2009; Balimunsi et al.,
2012; Maesano et al., 2013; Vusic et al., 2013), or CO2 emissions
may range between 1.3 to 7.2 kg m-3 (Valente et al., 2011; Vusic
et al., 2013).

Planning, design and execution of forest operation in silvicul-
tural treatments have to take into consideration also the potential
impacts.

In four ManFor sites (Pian Cansiglio, Tarvisio, Chiarano e
Mongiana) forest treatments were applied and studied. The plan-
ning of logging methodologies were not done on a large spatial
and temporal scale. The single forest operation was planned only
during implementation and execution of the work phases. To
assess the impact on the environment on the basis of recent scien-
tific publications (Parisi et al., 2005; Marchi et al., 2014; Visuc et
al., 2013), were analysed soil, top soil and air modification due to
forest operations.

Materials and methods

To assess the impact on the environment for the silvicultural
treatments applied on some ManFor sites, pollutant emissions,
some soil characteristics and post harvest stand situation were
analysed.

The study of working time and productivities are the prelimi-
nary approach to the pollutant emissions evaluation. Working
times were recorded for every single phase to evaluate efficiency
of workers, by a chronometric table Minerva equipped with three
centesimal chronometers. To calculate outputs on different plots,
effective time and delays in the work routine up to 15 min (UT,
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unavoidable time and AT, avoidable time) were taken into consid-
eration (Picchio et al., 2009). Based on working times for volume,
the productivity per worker for the different operations was calcu-
lated as an average gross productivity (PHS15 productivity) and
average net productivity (PHS0 productivity) (Savelli et al., 2010). 

Pollutant emissions due to the extraction operations at both sites
were determined as described by Vusic et al. (2013). Emissions
generated from the fuel were calculated as the sum of emissions
produced by fuel combustion (Efc) and emissions produced during
the fuel production, transport, and distribution (Efp). The emis-
sions related to lubricant consumption were calculated as the sum
of the emissions produced by both the production processes (Eop)
and the reprocessing of used oils for the purposes of combustion
(Eor). For the logging wound analysis (Picchio et al., 2012a), mea-
surements were performed on four plots per method, adjacent to
the forest road and projected 90 m into the forest, (the average dis-
tance). Each plot was 40 m wide, for a unitary surface of 3600 m2.
Aboveground damage was determined by visual inspection on all
standing trees. Once the wound was detected, the following data
were recorded: tree diameter at breast height (DBH); hierarchical
and geographical positions of the tree within the stand; location,
size, and depth of the wound. These parameters were translated
into numerical classes. Wound size and depth classes were multi-
plied to obtain a synthetic damage severity index. Wounds with an
index larger than 6 were considered severe, and capable of affect-
ing tree growth, quality and survival (Picchio et al., 2011, 2012a;
Tavankar et al., 2015).

Impact on forest soil was studied as described by Marchi et al.
(2014). For the study three transects for each harvested forest have
been identified. Each transect was rectangular (width 2 m, length
50 m) and located parallel to the contour lines. In these transects
we have measured and recorded the portions of damaged and
undamaged soils by logging operations.

The impact on soil was assessed on twenty (20) randomly select-
ed sampling plots (SP). On every plot, we measured bulk density,
pH, organic matter content, penetration resistance, and shear
strength. Each SP consisted of a circular area 12 m in diameter,
where two different points (PO) were selected based on visual
assessment (e.g. presence or absence of bent understory, crushed
litter, ruts or soil mixing) to represent disturbed and undisturbed
soil conditions, respectively. As a control, for the effect due to the
silvicultural treatment, it was considered a forest area neighbour-
ing, managed, but not impacted for more than 10 years, in this area

20 randomly selected SP have been identified. One measurement
each PO for bulk density, pH, organic matter, and three measure-
ments for penetration resistance and shear strength were per-
formed. For the microarthropods extraction and QBS-ar index
application, three soil cores 100 cm2 and 10 cm deep were sampled
in each soil typology. Microarthropods were extracted using a
Berlese-Tüllgren funnel; the specimens were collected in a pre-
serving solution and identified to different taxonomic levels (class
for Myriapoda and order for Insecta, Chelicerata and Crustacea)
using a stereo microscope. Soil quality was estimated with the
QBS-ar index (Parisi et al., 2005; Blasi et al., 2013; Venanzi et al.,
2016).

Statistical analyses were carried out with the Statistica 7.1 (2007)
Software. As a first step, data distribution was plotted and checked
for normality (Lilliefors) and homogeneity of variance (Levene test).
All the data points then underwent to t-test, ANOVA or MANOVA
test, to test the effect of different treatments or were processed using
the non parametric ANOVA the Kruskal-Wallis test.

Results

Tarvisio site
On the study area harvesting has been performed with high level

of mechanization on the basis of Hippoliti classification (1997).
The felling and processing operations were done by harvester,
while bunching, extraction and transport operations by forwarder.
Three silvicultural treatments were applied, one traditional and two
innovative, working productivity analysis are shown in Table 1.

The pollutant emissions (Table 2) caused by fuel production pro-
cess (Efp) were negligible in comparison with those caused by fuel
combustion (Efc), with the exception of HC. The combustion pro-
cess was responsible, on average, for 93.8% of CO2, 97.8% of CO,
32.2% of HC, 97% of NOx, and 95.1% of PM emissions.

The smaller pollutant emission values were calculated for treat-
ment ‘Innovative 1’, which allowed a reduction in GHG emissions
than other two treatments, ranging from 3 to 5%. From the analysis
of the damage to the trees released after the treatment we can
observe that the traditional treatment had highest amount of dam-
ages (6%), followed by the ‘innovative 1’ (2%); no damage was
found in the treatment ‘innovative 2’.
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Table 1. Logging operation productivities for the three applied treatments.

Operation                                    Parameter                  Traditional treatment                  Innovative treatment 1                        Innovative treatment 2

Felling and processing                PHS15 (m3/h)                                 20.6                                                 21.5                                                         19.0
                                                     PHS0 (m3/h)                                 21.1                                                 22.1                                                         19.2
Bunching-extraction                   PHS15 (m3/h)                                10.0                                                 10.0                                                         10.0
                                                     PHS0 (m3/h)                                 10.9                                                 10.5                                                         10.9

Table 2. Logging operation GHG emissions, for the three applied treatments.

Treatment                CO2 (g m-3)                   CO (g m-3)                    HC (g m-3)                   NOx (g m-3)                    PM (g m-3)             CO2eq (g m-3)

Traditional                      13983                              141                                  17                                  235                                  24                           98100
Innovative 1                   13464                              135                                  15                                  228                                  21                           94800
Innovative 2                   13992                              143                                  19                                  239                                  26                           99100
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On average, damaged trees by logging operations were classi-
fied as dominant in both traditional and innovative 1 treatment.
Regarding the average location of the damage, two main situations
have been observed: in case of the traditional treatment, the wound
position on the ground level was on the collar, while in the treat-
ment ‘innovative 1’, wound position on the ground level were on
roots. Assessing the size of the wounds on trees, the middle classes
appeared similar in both treatments and amounted to an average
value found ranging between 50 - 200 cm2. Depth of the wound on
the released trees in both treatments (traditional and innovative 1)
were profound, both affecting tree fibres.

Logging operations affected over 17±4% of the stand surface for
the three treatments, with highest rate found for the ‘innovative 1’
(21%) and a minimal rate for the traditional (14%) treatment.

Soil bulk density, organic matter content and QBS-ar index were
significantly affected by extractions in all three treatments (Figure
1). Resistance to penetration and shear strength, due to soil typol-
ogy, were not possible to be sampled due to specific soil typology.

Cansiglio site
On the study area harvesting has been performed by an average

level of mechanization (Hippoliti, 1997). The felling and process-
ing operations were done by chainsaw, while bunching and extrac-
tion operations were done by wheeled tractor equipped by forest
winch. The silvicultural treatments applied were two: traditional
and innovative 1, working productivity analyses are shown in
Table 3.

The pollutant emissions (Table 4) caused by the fuel production
process (Efp) were negligible in comparison to those caused by

fuel combustion (Efc), with the exception of HC. The combustion
process was responsible, on average, for 93.8% of CO2, 99.4% of
CO, 33.6% of HC, 97.9% of NOx, and 100% of PM emissions.

The lower pollutant emission values were calculated for treat-
ment ‘Innovative 1’, which allowed a reduction in GHG emissions
of 6% compared to traditional one.

Traditional treatment had highest negative effect (67%), fol-
lowed by the ‘innovative 1’ (64%).

On average, damaged trees by logging operations were domi-
nant in the traditional treatment, and codominant in the ‘Innovative
1’ treatment. For both treatments wound position on the ground
level were on the collar. Size of the wounds on trees in the middle
classes was similar for both treatments, on average value between
10 to 50 cm2. Depth of the wounds in both treatments (traditional
and innovative 1) was light, affecting only the bark of the trees.

Logging operations affected over 39±4% of the stand surface in
both treatments, with 42% in the ‘innovative 1’ and 35% in the tra-
ditional approach.

Soil bulk density, organic matter content, pH, QBS-ar index,
penetrometric and shear resistance (Figure 2) were significantly
affected by extraction in both treatments.

Mongiana site
On the study area harvesting has been performed by an average

level of mechanization (Hippoliti, 1997). The felling and process-
ing operations were done by chainsaw, while bunching and extrac-
tion operations were done by wheeled tractor. Two silvicultural
treatments were applied, working productivity analysis are shown
in Table 5.
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Table 4. Logging operation GHG emissions, for the applied treatments.

Treatment                CO2 (g m-3)                   CO (g m-3)                    HC (g m-3)                    NOx (g m-3)                    PM (g m-3)             CO2eq (g m-3)

Traditional                       8897                               101                                  10                                  151                                  21                           54000
Innovative 1                    8545                                95                                   10                                  142                                  19                           51000

Table 3. Logging operation productivities for the applied treatments.

Operation                                       Parameter                                         Traditional treatment                                            Innovative treatment 1

Felling and processing                   PHS15 (m3/h)                                                       13.6                                                                            14.5
                                                        PHS0 (m3/h)                                                        17.4                                                                            18.7
Bunching-extraction                      PHS15 (m3/h)                                                        3.1                                                                              4.8
                                                        PHS0 (m3/h)                                                         3.4                                                                              5.6

Table 5. Logging operation productivities.

Operation                                       Parameter                                         Traditional treatment                                            Innovative treatment 1

Felling and processing                   PHS15 (m3/h)                                                        7.4                                                                              7.1
                                                        PHS0 (m3/h)                                                         8.6                                                                              8.2
Bunching-extraction                      PHS15 (m3/h)                                                        3.7                                                                              5.4
                                                        PHS0 (m3/h)                                                         4.0                                                                              6.1

Table 6. Logging operation GHG emissions, for the two treatments applied.

Treatment                CO2 (g m-3)                   CO (g m-3)                    HC (g m-3)                    NOx (g m-3)                    PM (g m-3)             CO2eq (g m-3)

Traditional                     6857.2                             150.8                               15.1                               225.7                               31.0                         75000
Innovative 1                  7108.6                             160.7                               16.5                               238.5                               32.0                         78000
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The pollutant emissions (Table 6) from the fuel production (Efp)
were negligible in comparison with those due to fuel combustion
(Efc), with the exception of HC. The combustion process was
responsible, on average, for 93.9% of CO2, 99.3% of CO, 33.5% of
HC, 97.7% of NOx, and 99.9% of PM emissions. The lower pollu-
tant emission values were calculated for traditional treatment. This
treatment has allowed a reduction in GHG emissions than the other
treatment (4%).

Again, traditional treatment caused more damages (38%), than
‘innovative 1’ (20%). In traditional treatment average damaged
trees were co-dominant and dominant in the ‘Innovative 1’ treat-
ment. In both treatments wound position on the ground level was
on the collar, while the size of the wounds on trees were of middle
class, similar for both treatments and amounted in average between
10 to 50 cm2. In both treatments damages found were light, affect-
ing only the bark.

Logging operations affected over 34±11% of the stand surface,
mostly the ‘innovative 1’ (45%) and least the traditional way

(23%). Soil bulk density, organic matter content, pH, QBS-ar
index, penetrometric and shear resistance (Figure 3) were signifi-
cantly affected by extraction in both treatments.

Chiarano site
On the study area harvesting has been performed by a low level

of mechanization (Hippoliti, 1997). The felling and processing
operations were done by chainsaw, while bunching and extraction
operations were done by animals (mules). Three silvicultural treat-
ments were applied, one traditional and two innovative ones,
working productivity analysis are shown in Table 7.

The pollutant emissions (Table 8) from the fuel production pro-
cess (Efp) were negligible in comparison with those due to fuel
combustion (Efc), with the exception of HC. The combustion pro-
cess was responsible, on average, for 62% of CO2, 99% of CO, 7%
of HC, 96% of NOx, and 99.9% of PM emissions.

The lower pollutant emission values were in ‘Innovative 1’ treat-
ment. This treatment has allowed a reduction in GHG emissions
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Figure 1. Tarvisio. Studied main soil characteristics, their percentage
changes compared to the undisturbed soil, for the three treatments
applied.

Figure 2. Cansiglio. Main values of soil studied characteristics, pre-
sented as the percentage changes compared to the undisturbed soil.

Table 8. Logging operation GHG emissions, for the applied treatments.

Treatment                 CO2 (g m-3)                  CO (g m-3)                    HC (g m-3)                    NOx (g m-3)                    PM (g m-3)             CO2eq (g m-3)

Traditional                      3172.3                             18.3                                 9.5                                 33.3                                 4.2                          13500
Innovative 1                   3113.1                             18.3                                 8.9                                 32.7                                 4.1                          12900
Innovative 2                   3122.2                             18.4                                 8.9                                 32.8                                 4.1                          13100

Table 7. Logging operation productivities for applied treatments.

Operation                                    Parameter                  Traditional treatment                  Innovative treatment 1                        Innovative treatment 2

Felling and processing                PHS15 (m3/h)                                  2.2                                                   2.3                                                           2.3
                                                     PHS0 (m3/h)                                  3.6                                                   3.7                                                           3.7
Bunching-extraction                   PHS15 (m3/h)                                 1.2                                                   1.2                                                           1.2
                                                     PHS0 (m3/h)                                  1.3                                                   1.5                                                           1.5
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than the other treatment ranging between 1-2%.
Highest negative damage impact was evidenced in ‘Innovative

2’ treatment (56%), followed by the ‘Innovative 1’ (50%) and then
the traditional one (44%).

Damaged trees by logging operations were classified as codom-
inant in the traditional and ‘Innovative 2’ treatments, and dominant
in the ‘Innovative 1’ treatment. In traditional and ‘Innovative 2’
treatments, the wound position on the ground was on the collar,
while in case of the ‘innovative 1’ treatment it was on roots. For
traditional and ‘Innovative 1’ treatments wounds were in size of
middle class between 50 to 200 cm2 and for the ‘Innovative 2’
treatment amounted between 10 to 50 cm2. The depth of the
wounds in all treatments was middle, affecting the phloem of the
trees. Logging operations affected over 18±4% of the stand surface
in all three treatments, mostly in the ‘Innovative 2’ (22%) and least
in the traditional (14%) treatment.

Soil bulk density, organic matter content, pH, QBS-ar index,
penetrometric and shear resistance (Figure 4) were significantly
affected by extraction in all the treatments.

Conclusions

To comprehensively assess the potential and the sustainability of
different systems, equal weight was given to the studied variables
and presented in a table. For every variable were reported in Table
9 the main results, expressed as suitable, unsuitable and neutral
referred to a sustainable system of reduced impact logging. From
the data analysis it is possible to note as the different silvicultural
treatments applied had impacted differently on the 4 sites studied,
although at least one of the innovative treatments had provided the
best result. Considering the different mechanization levels
employed, on average, the less impactful results are by average
and low levels of mechanization. However the high mechanization
level employed in Tarvisio site has not led to significant differ-
ences. Overall it is evident that the combination of planning and
technical management of interventions leading to fit the reduced
impact logging purpose.
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Figure 3. Mongiana. Main studied soil characteristics studied and per-
centage changes compared to the undisturbed soil.

Figure 4. Chiarano. Main studied soil characteristics studied, percent-
age changes compared to the undisturbed soil.

Table 9. General qualitative assessment of the treatments applied on the four ManFor sites. 

Treatment                                                       Tarvisio                                Cansiglio                            Mongiana                                     Chiarano      
                                                               T             I1             I2                T                   I1                   T                   I1                         T             I1          I2

Productivity                                          N             S              U                N                   S                   U                   N                         U              N           N
GHG emissions                                     U             N              U                N                   S                   U                   U                         N              S           N
Trees wound                                          U             U              S                 U                   U                   U                   S                         U              U           U
% of disturbed soil                                S             N              S                 N                   U                   N                   U                         S              N           U
Bulk density variation                          N             U             U                N                   S                   N                   N                         N              S            S
Organic matter variation                       S             N              U                N                   S                   N                   S                         N              N           N
pH variation                                          N             U              S                 U                   N                   N                   N                         N              N           N
QBS-ar variation                                   U             S              N                U                   N                   U                   N                         U              S           N
Penetrometric resistance                        -               -               -                 N                   N                   N                   N                         U              U           N
Shear resistance                                     -               -               -                 U                   U                   U                   U                         U              U           N
S, suitable; U, unsuitable; N, neutral.
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Forests are an important part of European environment and
economy. When well managed, they provide a number of ecosys-
tem services, e.g. clean air and water, wildlife habitats, beautiful
scenery, places for recreation and over 5000 wood or non-wood
products (MCPFE, 2015). Wood products also play an important
role in terms of greenhouse effect mitigation since they store car-
bon (Penman et al., 2003). Wood requires less energy to be
extracted, processed and transported than other materials
(UNECE) and represents a source of clean energy.

Forestry today is considered more and more marginal, as the
focus of modern society in many cases aims towards short-term
benefits. The pressures of demands are increasing and without
proper tools the basic principles are neglected. Demonstrating the
importance and raising general awareness may be achieved only
by didactic examples from the praxis. 

LIFE+ projects give much importance to the demonstration and
dissemination of the achieved results, including publications of
manuals, CDs, scientific and popular articles and other editorial
products, as we will see later. In the ManFor C.BD project, the
first decisive step in communication was to ‘talk’ with local com-
munities and to provide the right messages to residents and visi-
tors of the test areas - an operation (always needed when it comes
to forestry issues), that made smooth flow of the project.

Harvesting operations in managed forests are often perceived
by general public as damage to the forest or even as destruction,
especially if new methodologies and criteria are introduced.
Therefore it is important to communicate to different target groups
to dispel the skepticism and communicate promptly through insti-
tutional meetings, workshops, meetings with the press, popular
articles on newspapers and magazines, with key concepts: 
- thinnings are a phase of sustainable forest management, essen-

tial for the health and stability of the forests;

- harvesting is one of the essential phases of the forest manage-
ment cycle, that maintains ecological and economical stability; 

- proposed approaches aim to harmonize socio - environmental
functions with the productive use of forest resources to benefit
local communities. Public would understand and adopt these
messages and become a participant, rather than opponent of the
process.
The communicating parties should accept and focus on simplic-

ity, the most important principle of communication: a simple,
clear and well-explained approach provides the message to every-
one, including children.

In case of thinnings, basic concepts have often been misunder-
stood by non-professionals, and sometimes even by experts from
other branches of natural sciences. To maintain clarity we should
avoid technical terms and describe them as ‘periodical interven-
tions of cutting, that foresters use to adjust the wood density and
preserve structure stabile’. Actions are planned by people who are
able to interpret the various dynamics of the forests and are pro-
vided by experienced personnel.

The communication within the ManFor project also aimed to
clarify mistaken assumption, that reintroduction of historically
managed forests to natural evolution processes may not involve
some short term (unpleasant) consequences, that provide balance
and benefits both to the forest stability and society over longer
time periods. If such measures would not be taken, short-term
benefits would outbalance the long-term forest stability. 

We must provide information for the people and whole commu-
nities that managed forests require human interventions, apart
from old growth reserves, that provide continuous evolution cycle
without human interactions. Indeed, if we enjoy today such
healthy woods, it is because of the secular, sustainable manage-
ment approach adopted in the past. Interruption and abandoning
such approach would in most cases consequently lead to regres-
sion processes, before evident, gradual rehabilitation. Delaying of
planned interventions and measures could also inhibit regenera-
tion and close to nature forest processes, that would be hard or
even impossible to reach after missed windows of opportunities.

If processes in forests are balanced and tuned, they do not
stretch in the contrasts and are in accordance also with other land-
scape elements. 

In view of mitigation of the greenhouse effect and conservation
of biodiversity one of the main project objectives was the effective
demonstration of multifunctional forest management, in which the
key elements are the ability of the forest for CO2 atmospheric car-
bon storage, biodiversity management, timber production, etc. and
then dissemination of results and examples of good practices
along other, also different levels. From the technical-scientific to
the political decision and the general public message: the entire
population, adults and children, as users of the forest and seden-
tary citizens, scholars and graduate students and by people with
different level of qualifications.
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The ManFor C.BD experience has once again highlighted,
importance of building an effective communication plan. The
bases, in the project, are formed by the local communities from
various sites where the project was developed. The population also
expects a dialogue with experts and staff who work in nearby field.
Through careful work of communication, it is possible to gain the
consideration and trust of both involved parties.

What are the most effective means of communication? The
ManFor experience shows that the ‘dissemination’ of the project
reaches a significant target, when it varies and is based on different
platforms. Not only of sectorial and general publications and,
much essential (because exceptionally followed), the worldwide
web, but also on various other, sometimes unconventional commu-
nication channels.

Under ‘dissemination’, educational paths were established in
stages on every project site. The ManFor C. BD. is accompanied
by the ‘Life’ brand, an EU instrument that is used to finance
demonstration projects: we wanted to leave a legacy to the local
community and all forest visitors of the test areas, the trails in the
woods in which it is explained what is being done, and how, at that
particular point.

In nine sites (Tarvisio, Cansiglio, Lorenzago di Cadore,
Chiarano, Mongiana, Pennataro, Trnovo, Kočevski Rog, Snežnik),
these demonstration routes (Figure 1), trails of forest management,
these exceptional instruments of communication ‘for all’, may now
be visited in the forests and will remain there after official conclu-
sion of the ManFor C.BD project, scheduled for spring 2016 (Čater
et al., 2014a, 2014b, 2014c).

The stages vary from four to six and through illustrative panels
explain the key principles of forestry and the development of the
European project ManFor C.BD By following the marked path
explained on the panels, one can ‘touch’ the practical implementa-
tion of the theories tested by the project in the real forest environ-
ment. The panels would help to understand the differences
between the traditional and the innovative management approach-
es of the forest, explain how carbon is quantified, which selected
animal indicator species of biodiversity are monitored, and which
appropriate management indicators are measured, always using the
simple language.

The installation of each path has been accompanied by the offi-
cial inauguration, an event aimed at involving local authorities and
media attention.

A ‘Collaborative learning program’ for forest practitioners was
elaborated in cooperation between Slovenian Forestry Institute and
Slovenian Forest service to promote and incorporate new findings
into forestry praxis. A visualization tool (software) of forest stands
and indicators has also been developed between both Slovenian
institutions and University of Ljubljana based on field data from
demonstration areas and tested by forest practitioners in field; the
tool helps to select appropriate thinning intensity by taking into
account timber production, biodiversity and carbon sequestration
indicators (Figure 2).

Another example of ‘unconventional communication’ developed
within the project ManFor C.BD is the realization, in collaboration
with the State Forestry Corps, an original and courageous editorial
initiative, a storybook set in the Cansiglio forest, written and con-
ceived by Paola Favero, commander of the Forest Service of
Vittorio Veneto, in collaboration with Bruno de Cinti, technical
manager of the Project, and the artist-climber Mauro Lampo, the
‘father’ of Giauli (Figure  3).

Just the Giauli, creatures half a gnome and a half tree, are the
protagonists of the book, which combines science and fantasy and
is titled ‘The guardians of nature’ (Favero et al., 2014). The stated
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Figure 1. Notice board at Snežnik (left) and Cansiglio sites (right).
Courtesy: M. Čater and B. De Cinti.

Figure 2. A software visualization tool of forest stands and indicators. 

Figure 3. Fairy tale cover 'I custodi della natura'. 
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objective of the publication is to awake the sense of man’s respon-
sibility for the environment, but also to spread the concepts of
forestry, carbon sinks, biodiversity. The book has been printed and
distributed (for free) as part of Project ManFor C. BD and it is
clearly intended for children, in the belief that they can learn more
easily the issues described and, why not, also be messengers for the
most distracted adults.

Biodiversity conservation, carbon sequestration and wood pro-
duction objectives were introduced on periodical seminars for
teachers in Slovenian kindergartens and schools along with several
workshops for children. Events were organized in order to learn
and raise awareness on the topics, related to forest ecosystems and
natural processes in the forests.

Among other publishing tools that cannot be missed - as seen
before - the telematics ones. Since its very beginning, the Project
LIFE+ ManFor C.BD had its website (at www.manfor.eu) which
has been repeatedly redesigned during the five year period and is
regularly updated with news, reports and results.

The site represents a valuable showcase about the project activ-
ities that provide clear message to the public. On the home page,
there is what may be called the ID of ManFor C.BD Data related
to the views of ManFor website, press releases at the end of the
project made by website editors, are really astonishing: about
200.000 views in two years, with particular focus during special
events, as the inaugurations of Dem paths or for Annual Meetings.

Even more dynamic and easier to create and manage than the
website, is the Facebook page of the Project. Social networks
became fundamental to keep attention high for every activity, even
the scientific one. This section is less concentrated on the theoret-
ic-scientific news spread and more concentrated on news. You can
consider it as an agenda of the Project activities. 

‘Best forest owner award for 2015’ with Slovenian Forest
Service has been organized at Snežnik demonstration site in
Slovenia, where project objectives and results were presented with
big interest to the forest owners, forestry practitioners, representa-
tives of Ministry of Agriculture, Forestry and Food and also media.

Another popular tool that has accompanied the project ManFor
C.BD from its beginning and has excellent impact results, is the

digital newsletter. We published two country-specific periodical
newsletters: ‘ManFor Novice’ and ‘ManFor Magazine’ (Figure 5),
two online magazines that have been regularly realized to provide
updated information of the work progress, images, comments and
interviews to ManFor team of researchers (to study a forestry
issue) or other targeted communities that work in the environmen-
tal sector (and have direct link with ManFor activities) (Kutnar,
2013; 2014a, 2014b; Kutnar and Vilhar, 2015; Recanatesi et al.,
2014, 2015).

The first number of the newsletter, published in 2013, was
opened by an exclusive interview to the then Environment
Minister Andrea Orlando, who spoke of the importance of forests
in terms of the green economy and biodiversity. To achieve (and
maintain) such target which includes the institutions, partner orga-
nizations and all structures surrounding the project, ManFor
Magazine has proved very effective. A similar web magazine has
been published in Slovenia: all publications, Italian and Slovenian,
in addition to being sent to a selected mailing list, have the advan-
tage of being able to be placed and made available for download-
ing on the ManFor web site, thus giving a double opportunity of
communication.

In spite of worldwide web’s significant opportunities, one also
should not forget the power of ‘traditional’ media: printed paper,
television and radio broadcasts. To show a message during a show
of the most visited channels becomes today more and more impor-
tant. Within ManFor C.BD, coordinators participated in some
shows of the main Italian tv (Rai), during main and most reliable
private daily news bulletin (Sky Tg24), and in several national
newspapers: La Repubblica, Corriere della Sera, Il Messaggero, il
Tempo, just to name a few, and in several local newspapers.
Scientific topics are becoming more and more actual in the daily
news spread (based on Ansa data), in particular those targeting cli-
mate change, biodiversity or ecology. In such context, the timing
and the message context have to be well prepared, so the possibil-
ities to be published are bigger. The request to take part in a daily
show at Sky Tg24, just to make an example, has been forwarded
for March 21st, International Day of Forests. To talk about new
ways of woods handling, on that day, immediately looked very
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Figure  4. Network of Forest Kindergartens and Schools of Slovenia in Kočevski Rog demo-area (left) and primary school students learning and
raising awareness on the topics. Courtesy: M. Rupel.
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proper to the Editors of Sky Tg24. As well as the concept of carbon
absorption from the atmosphere made by forests becomes more
and more important every time you talk about greenhouse effect,
or climate that keeps on changing. Constantly reading the newspa-
pers, always being informed about not only on the development of
the scientific project, but also on the most discussed topics in the
world surrounding us, are the essential duties of the communicator.
Media are his goals and allies.

We don’t have to forget that researchers are, in many cases, the
ones who offer a service to newspapers (and not the other), and the
community in general. When dealing with environment, forests,
biodiversity, as for the group of researchers of the project LIFE +
ManFor C.BD, it is essential to send messages and show directions
so the relations between man and environment progress in more
and more sustainable direction. In such way the benefits for the
people and society are obtained and also the key elements of natu-
ral heritage are preserved.
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Figure  5. Slovenian and Italian periodical newsletters.
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Introduction

This section can be considered as the core of the project results
and as an important output of its overall activities, being ManFor
CBD a demonstrative project.

Some of the suggestions enclosed in the chapter are derived
from data produced during the project activities. Other sugges-
tions come from observations made by the project experts during
the planning and the execution of practical activities as the tree
marking, the harvesting, the pre and post harvesting surveys, etc.
(Balestrieri et al., 2016; Basile et al., 2016; Bombi and Gnetti,
2016; Chiavetta et al., 2016; Costa et al., 2016; D’Andrea et al.,
2016; Di Salvatore et al., 2016; Fabbio et al., 2016; Frate
D’Andrea et al., 2016; Giancola et al., 2016; Lombardi and Mali,
2016;  D’Andrea et al., 2016; Mason et al., 2016; Picchio et al.,
2016; Romano et al., 2016a, 2016b; Tonti and Marchetti, 2016;
Zapponi et al., 2016)

Part of the suggestions provided in this section have also been
gained during the dissemination activities that have allowed the
project experts to meet many people connected to the forests in
various forms and at different levels, collecting several opinions
and points of view.

Choosing a silvicultural treatment - from
problem statement to management solutions 

Choosing a silvicultural treatment depends on several factors
that can be summarized in three fundamental questions: what the
history of the forest is, its current status and how it will evolve in
the future. Each time, a silviculturist will need to answer to these
three questions, adopting the following reasoning framework
(Figure 1).

Taking into account the Sustainable Forest Management
paradigm (defined at the Montreal Process, 1987), to balance
social, economic, ecological, and cultural needs of present and
future generations (Wyder, 2001; Tabbush, 2004) and to maintain
resources based on the multiple use of forests (Garcıa-Fernandez
et al.. 2008), the application of the chosen silvicultural treatment
should consider a series of good forestry practices. The aim of this
section is to provide a list of best and effective practices to achieve
goals related to forest health and vitality, silviculture, timber pro-
duction, biodiversity conservation, recreation and other social
aspects to forest owners, foresters, public entities and others
involved in forest management and silvicultural operations.

The suggestions, derived from project ManFor C.BD activities,
are divided into two parts: considering silviculture and biodiversi-
ty conservation.

Best practices pro - silviculture

Selective thinning 
The treatment consists of the preliminary choice of a predefined

number of well-shaped phenotypes per hectare (candidate trees)
and cutting of all surrounding competitors in order to promote the
future growth ability of selected trees at crown, stem and root
level.

The management objective is to provide a sufficient number of
good-quality dominant trees for the subsequent selection process.
A defined number of frame trees is then identified and promoted
through thinning from above in the actual selection phase. After a
number of interventions, these trees will form the dominant part of
the stand. In the release phase, management focuses on creating
and maintaining free growth conditions for the crowns of the
frame trees in order to guarantee persistent high increment in vol-
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ume and value (Schädelin, 1934).
The conditions of the forest stand should be such as to respond

to the chosen intervention.
Every time, the number of candidate trees should be define

according to the local conditions (climate, soil, orography and
aspect) and forest structure stage. Then, referring again to the local
conditions, the amount of neighbouring competitors of crown to
thin must be defined. The choices should be done considering the
main goal, i.e. maintenance of forest health and vitality, and con-
sidering that the thinning should be intense enough to trigger other
processes such as crowns gaps.

Main operations of selective thinning:
i) define the number per hectare of candidate trees and their spa-

tial distribution (average distance between candidate trees)
ii) select candidate trees that give the best guarantee of stability

and vitality: stem form (height/diameter at breast height ratio
– htot/dbh) and crown development (relative crown length
cl/htot) are the relevant attributes. A htot/dbh ratio of 80 (or
0.8, depending on the measurement unit used for calculation)
is often quoted as a critical threshold between stable and
unstable trees. Open-grown trees typically have htot/dbh
ratios below 50 (0.5) (Burschel and Huss, 1997); open-grown
trees where the crown reaches down to the ground will show
a c/h ratio of 1, and a value of ~0.5 is commonly considered
to be the stability threshold (Schütz, 2001). A couples of
neighbouring trees could be selected as candidates too.

iii) identify ‘competitors trees’ and ‘indifferent trees’;
iv) localized thinning (dominant layer): remove competitors

around candidates (more light and space) ;
v) leave standing indifferent trees, especially if their cut only

represents a financial cost;
vi) release intercropping trees or removed only along hauling

courses. In such a way, the overall stand structure moves both
at stem and at crown level. The high tree density of inter-
cropped stand would promote regular mortality and deadwood
enrichment, where the establishments of further habitats and
related niches would be favoured;

vii) identify permanently the candidates trees, both for the control
and for the subsequent silvicultural interventions. 

Selective thinning increases:
- mechanical stability of the standing trees and forest stability in

general; 
- economic value of the products (leads to a more valuable timber

assortments); 
- structural diversity of forest. 
Shape, size and distribution of canopy gaps is also different

between the selective and other thinning. The remaining stand-
ing crop is fully maintained and will produce differentiation in
crown layer, stem distribution and size. 

Selective thinning are recommended as the primary method to
develop and manage quality hardwood stands for the produc-
tion of high value sawtimber and veneer logs.

Crown thinning 
Identification of a not-fixed number of scattered, well-shaped

trees (usually in the predominant-dominant social classes) and of
crown thinning of neighboring competitors in order to promote the
future growth ability of selected trees at crown, stem and root
level. These will be the main key-points able to reach the final,
overmature stages and to regenerate the forest.

Crown thinning, or thinning from above, involves removal of
trees from the dominant and codominant crown classes in order to
favor the best trees of those same crown classes. Large intermedi-

ates that interfere with crop trees can also be removed. The method
stimulates the growth of selected, preferred trees (quality) without
sacrificing the production of quantity.

To optimize growth, the remaining stand should also be thinned.
Release the best dominant and codominant trees by removing high
risk, low vigor competitors.

To be most effective, crown thinning requires considerable skill in
tree selection and density management. The timing and intensity of
thinning are important in managing stem form and natural pruning.

Main operations of selective thinning:
i) identify best dominant and codominant trees that give the best

guarantee of stability and vitality: stem form (height/diameter
at breast height ratio – htot/dbh) and crown development (rel-
ative crown length cl/htot) are the relevant attributes: a
htot/dbh ratio of 80 (or 0.8, depending on the measurement
unit used for calculation) is often quoted as a critical threshold
between stable and unstable trees. Open-grown trees typically
have htot/dbh ratios below 50 (0.5) (Burschel and Huss,
1997); open-grown trees where the crown reaches down to the
ground will show a c/h ratio of 1, and a value of ~0.5 is com-
monly considered to be the stability threshold (Schütz, 2001);
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Figure 1. The silviculturist reasoning framework, showing the differ-
ent factors involved in the process.
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ii) identify ‘competitor trees’ and ‘indifferent trees’;
iii) remove competitor trees (more light and space) ;
iv) leave standing indifferent trees, especially if their cut only

represents a financial cost;
v) release intercropping trees or removed only along hauling

courses. In such a way, the overall stand structure moves both
at stem and at crown level. The high tree density of inter-
cropped stand would promote regular mortality and deadwood
enrichment, where the establishments of further habitats and
related niches would be favoured;

vi) in the case of mixed forests, it is important to choose which
specie (or species) silvicultural practises has to favour.

In the case of mature forests, crown thinning should be preferred
to selective thinning because of minor stability issues that could be
take place in the first years after interventions (Piussi and Alberti,
2015).

Light thinning
The mixed, uneven-aged coniferous forests, such as the case of

Lorenzago, need a special care. The contemporary harvesting of
a few mature trees and thinning of intermediate-sized trees, all of
them being arranged into small groups, allow a minimum degree
of mechanized harvesting. Such demonstrative/innovative prac-
tice have been also implemented opening strips of clear-cutting
This practice contributes to a more balanced equilibrium of the
storied structure, triggering regeneration establishment (canopy
opening) and allowing to concentrate log harvesting along each
strip. These ‘light thinning’ are NW-SE oriented along the direc-
tion of maximum slope in order to ensure the maximum lighting.
Broadleaved trees and young regeneration on the strips are being
released. Cutting as usual get strips connected. Beech regenera-
tion (eradicated in the past because not valuable as compared
with fir and spruce timber), is always favored to enhance tree
specific diversity.

Select the best sites where the stripes can be opened consider-
ing the presence of seed trees and orographic conditions (NW-SE
oriented stripes).

Define the stripes width and length: 1½ top height long (for

Lorenzago 60 m) and ½ top height wide (for Lorenzago 20 m).
In addition to stripes implementation, define the intensity of

the contemporary harvesting of a few mature trees and the thin-
ning of intermediate-sized trees both of them arranged per small
groups.

Forest harvest
In silvicultural treatments, felling, processing and extraction

have to be planned on a larger scale; they should not be sporadic
events, not connected to the social, environmental and economic
contexts. The forest operations have to be planned during imple-
mentation and execution of the working phases.

Felling and processing by chainsaw and skidding-winching
extraction is the methodology suitable for a lot of these silvicul-
tural treatments. To maximize the performances and minimize
the impacts this methodology needs an appropriate logging sys-
tem, in this case ‘cut to length’ or ‘tree length’ system.

The application of an high mechanization level, for example
harvester and forwarder, in some cases is possible, but it needs
more attention. Machines appropriate to the tree dimensions and
to the level of tree density. Put slashes and brushwoods on the
tracks to minimize the soil impacts due to compaction.

Bunching and extraction by mules or horses is possible only
for very low harvesting intensity and only for firewood produc-
tion. The impacts due to this methodology are close to the other
methodologies, but the performances are drastically low.

For a sustainable forest management appropriate training of
technicians and operators is necessary, to maximize the perfor-
mances and minimize the impacts of the new forest technologies.

Best practices pro – biodiversity conserva-
tion

Landscape
In general terms, forest fragmentation is negative for biodiver-

sity conservation. Nevertheless, when species typical of forest
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Figure 2. Patterns of timber harvesting of the 50% of existing forests according with two spatial models: (B) check-board model and (C) aggre-
gated model. (A) represents uncut forests. Dark green represents interior conditions whereas light green indicates edge conditions. Aqua green
represents the harvested areas. Each cell is 0.01 ha in size of the total 4 ha area. (Modified from Franklin and Forman. Landscape Ecology 1987;
1:5-18).
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edges deserve particular measures for ensuring their conservation
(e.g., rare species), increasing the ratio between forest edge and
interior can be helpful. The adopted silvicultural system signifi-
cantly affects the spatial pattern and structure of forests and also
the balance between edge and interior areas. For instance, a
check-board setting, characterized by several small-dispersed
cutting-units, always creates a more fragmented pattern than
using large clumped cutting units. Yet, the check-board model
generates longer edges and reduces the extent of interior habitats
(Figure 2B). Conversely, by adopting aggregated cutting units,
more forest interior are retained (Figure 2C).

Conserve forest water bodies (e.g., streams, cattle ponds) and
riparian habitats to support the diversity of birds, bats and
amphibians. Small ponds and rivers in forests are typically
insect-rich habitats and offer further foraging opportunities.
Corridors along streams are used as foraging sites and for dispersal
by several animal species.

Ensure forest connectivity: while planning forest practices and
patches utilizations, it will be crucial to avoid creating isolated
stands; hedgerows and tree-lines connecting forests or areas of
woodland could also be beneficial. Networks of trees, particularly
those following historic boundaries and natural features such as
streams, with a rich variety of tree and shrub species, should be
preserved. Such areas are often where ancient trees of great values
as habitat are found.

The preservation of large patches of unmanaged forest on a
regional scale represents the first step to preserve forest bat popu-
lations. The release of small groups of potentially suitable trees
(such as trees with roosting cavities), or even single ones
widespread inside the woodland, would permit colonization and
movement of bats across the whole forest patch and improve the
connection of optimal reproduction areas.

Increase forest continuity to allow insects’ metapopulation
dynamics. Favour forest landscape heterogeneity to guarantee spa-
tial and temporal resource availability. A diversified forest man-
agement strategy allowing the co-occurrence of forest patches with
different forest structures (sensu lato) and different management
goals, could help favouring the coexistence of viable bird popula-
tions as well, supporting species with contrasting or dissimilar
habitat preferences.

Forest structure
Support the achievement of older stand ages, maintaining the

status of ‘health and vitality’ both at individual and stand level, to
ensure current sequestration ability and higher growing stocks.  

Higher tree species diversity equals insect diversity: since
broadleaf species tend to sustain more complex communities, priv-
ilege mixed species stands. Broadleaf species tend to offer a higher
abundance and diversity of microhabitats, thus this applies to other
forest species as well (e.g., bats). In case of supplying implanta-
tion, prefer native tree species.

For insect communities, to increase the availability of blossoms,
a network of forest gaps, used as stepping stones and corridors
would be preferable. Forest layers sustain different species, there-
fore, the maintenance of a complex forest structure (herbaceous,
shrub and canopy) is recommended.

Maintaining cattle grazing and browsing inside clearings creates
a variable semi-open forest, which is a good foraging habitat for
bats.

Seedling establishment may be favoured by creating small and
irregular gaps and by successive extension of gaps along the sun-
exposed gap edge. Circular gaps with diameters greater than stand
height contribute to increased ground vegetation coverage and hin-

der tree regeneration. Irregular gap shapes of small sizes should be
created to provide as many of optimal micro-sites as possible or the
gaps should be expanded accordingly while accounting for the spe-
cific micro-relief (e.g. avoiding larger canopy gaps on steep south-
facing slopes).

Where low strata could be an obstacle to regenerate main species
(i.e. hornbeam could obstacle Turkey oak regeneration), the low
strata stumps are treated by releasing the dominated shoot, while
monocormic individuals would not be harvested to avoid a new
growth from the stump.

Deadwood and senescent and veteran trees
Increase the mortality of dominated or defective trees to pro-

mote the establishment of snags and lying deadwood, at present
understocked. Forest management should focus not only on the
spatial availability of deadwood, but also on its temporal continu-
ity.

For deadwood to accomplish its role of structural legacy, a com-
plete range of typologies and decay stages should be available.
Compensate the time-lag of deadwood natural restoration actively
increasing deadwood volumes, taking into account values relevant
to the considered structure. The minimum total volume required to
preserve biodiversity in productive forests could be based on
thresholds values statistically derived from literature. To sustain
saproxylic species diversity, we experimented the artificial
increase of deadwood in the plots where the innovative criteria
were implemented, calibrating this intervention as the 5% of the
standing volume after harvest. This approach allowed the increase
and diversification of deadwood in the shorter term, releasing
standing and downed trees, and reaching a final volume of at least
10 m3/ha.

Planning and establish senescent islands (îlots de sénescence):
areas of a few hectares where trees are left to an indefinite ageing,
up to their death and decay. In these areas the availability of dead-
wood and senescent trees rich in microhabitats is higher compared
to the rest of the stand. Structural diversity may be increased with
specific artificial interventions, in order to reach deadwood vol-
umes of at least 30 m3h-1, girdling a part of the living stems to cre-
ate standing dead trees, or leaving whole felled trees on the ground.
Pro îlot de sénescence silvicultural treatments aim at the coexis-
tence of different development stages : from open areas (where ini-
tial stages of forest succession could start) to senescent trees with
microhabitats. The tree spatial distribution can be focused on sin-
gle target trees or small groups, according to the ecology of the
considered tree species. The final goal is to increase, in time, the
availability of microhabitats and deadwood, both quantitatively
and qualitatively, preserving each decomposition stage to guaran-
tee a “temporal continuum” in the forest ecosystem.

Preserve and increase roosting opportunities for bats, conserving
standing dead trees, decaying and big trees with cavities. Snags,
used for roosting by barbastelle bat as well as other strictly related
forest bats species, may be created by girdling, injecting or inocu-
lating large stems inside managed woodlands. Where habitat trees
are absent or scarce is suggested the adoption of artificial roosts
sites as the bat box. 

In order to support biodiversity, release living or dead trees that
provide ecological niches (microhabitats) such as cavities, bark
pockets, large dead branches, epiphytes, cracks, sap runs, or trunk
rot. Standing and fallen dead wood, hollow trees, old groves and
special rare tree species should be left in quantities and distribution
necessary to safeguard biological diversity. Preserve veteran senes-
cent trees that have developed microhabitats and allow their
replacement.
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Deadwood retention in harvested forest has a positive effect on
Amphibian populations as well, and its mitigating effect is more
important in the first years after cut when few shelters are available
due to biomass removal.

Cavities, created by both the natural detachment of dead branch-
es and by cavity excavators, like woodpeckers are the principal
nest site of many birds, some of which are obliged cavity nesters:
thus trees bearing these structures should be retained.

Girdle or cut some selected trees (and left on the ground) in
order to increase deadwood availability and favour the growth of
the trees with the highest diameter, more likely to develop micro-
habitats.

Forest harvest
Trees with bigger diameter are expected to have more holes and

buttresses than smaller trees. Consequently, retention of
bigger/older trees is a good forestry practice and, among large
trees, those with higher number of buttresses and holes should be
preferred and preserved.

Even if timber harvesting reduces the abundance of salaman-
ders, this negative effect may be mitigated concentrating high-
intensity timber harvesting in small sized areas. 

Prefer harvesting and logging techniques with a reduced impact.
The disturbance of species included inside the Annex IV of
EC/92/43 Habitats Directive, is prohibited even outside Special
Areas of Conservation (SACs). Hence, forestry plans should be
scheduled taking in consideration the potential and real impact on
species’ activity.

Logging that leaves undisturbed patches among harvested gaps
is preferable for cavity nester to a more uniform, although less
intense, forest cutting.

At a stand scale it is important to consider the status of the
occurring species (at a local or country level, and also indepen-
dently from Birds directive) to prioritize among forest manage-
ment choices.

Carbon sequestration and carbon stock
Increment of the vertical structural diversity to improve the pho-

tosynthesis, that means a higher carbon uptake from atmosphere.
Production of good quality wood (partially related to the 1st point)
for making durable products for competing materials having a larg-
er atmospheric CO2 footprint. Residues management and dead-
wood release, which can improve the C/N ratio in the soil and
release nutrients in the middle and long terms.  

Organization of harvesting operations to reduce mixing and
movement of organic material/litter layer with mineral part of soil,
soil erosion and leaching of dissolved organic carbon nitrogen.

Information for managers of large forest
areas

Stakeholders involvement
The population expects a dialogue with those who work in its

territory. Through careful work of communication, it is possible to
meet this need, gaining the consideration and trust of the people.

When it comes to forestry issues, always talk with local commu-
nities and to get the right messages to residents and visitors of the
test areas.

To be effective, communication of a scientific project, especially
if linked to forest management and the innovative concept of ‘mul-

tifunctionality’ of forests, must use a language ‘to everyone’,
which captures the attention but above all that can be understood.

The researchers, in many cases, offer a service to newspapers
(and not the other), and the community.

Effective communication tools
- Educational courses in stages from implanting in the woods, on

each site
- Web site
- Newsletter
- Meeting and congress
- Social network
- Publishing products
- Media relations and press office 
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Introduction

The aim of paper is to provide an overview of options and
results and how these can be scaled up and transferred to other
forests. The adaptability of implementations tested, is also dis-
cussed.
ManFor C.BD suggests the opportunity of managing forests for-
merly devoted mainly to wood production balancing different
goals such as: 
i) the productive functions; 
ii) the maintenance or development of the inherent carbon

sequestration and stock ability (i.e, the mitigation function); 
iii) the maintenance and development of structural, compositio-

nal and functional biodiversity at the different operational
scales.

All of this, can be defined as a multi-purpose management, i.e., a
conceptual framework not based on forest uses, but on the goals to
be achieved. These are being identified first, then suited practices
are being designed and implemented at the purpose. The method
wants to: 
i) get a multifunctional role from a former prevailing function; 
ii) achieve this in an adaptive way, i.e., have the chance to test,

monitor and adjust the initial choices over time; 
iii) compare customary management techniques with the new-

established practices to verify the degree of fulfilment of
awaited function(s).     

Each country concerned, Italy and Slovenia, besides the com-
mon forest types included in the trials, has got an own background
as for management heritage and practices of forestry. Within the
common ManFor C.BD framework, each of them has tackled
complementary questions. Basically, the Italian approach handled
the question of tending fellings (intermediate thinnings) in eve-
naged forests and of the recovery of selection cutting in an uneve-
naged Alpine forest. Slovenian implementation focused on the
regeneration cutting techniques to match the further step of the
forest cultivation cycle. Both of them have to be read as a suite of
approaches across the stand life-span within the common working
hypothesis. 

The Italian contribution originates from the evidence that most
of public forests, formerly devoted to wood production following
certified management plans (i.e., managed according to a prevail-
ing function at the scale of forest compartment), are nowadays
much more extensively managed or somehow in ‘a post-cultiva-
tion phase’. Reasons why are the diffuse perception of the emerg-
ing functions concerning - especially - public forests. These issues
range from a generalized protection purpose, to the aesthetical and
recreational values, up to carbon sequestration (mitigation) in the
view of climate change. All of this implies, first, the elongation of
former rotations still established in accordance with the maximum
volume production. The evidence of this pattern is on the ground
and many forests are nowadays experiencing the elongation of
customary stand permanence time (rotation length). In addition,
we witness the suspension or slowdown of the practice of silvicul-
ture because any wood harvesting (intermediate or final) clashes
with the conservative aptitude prevailing at the political and tech-
nical decision-making levels. All of this, is spite of the relatively
uniform stand structures established by the wood-oriented goal
ruling previous management and of silviculture applied over the
past decades across the same forests. The prominent concept of
the ‘large scale segregation’, i.e. pursuing a prevailing function
only, e.g. production or protection over full compartments, does
not allow any scaling down as in the ‘small scale segregation’,
where a prevailing role is distributed over different forest patches
in a way that the full cover is managed in accordance with a multi-
purpose goal.

In this context, the main driver of trials at Italian sites was the
maintenance of forest ‘health and vitality’ as the basic attribute to
implement, over the following stand life-span, the manifold await-
ed functions.

At the meantime, the innovative criteria applied were designed
under the common goal of reducing current evenness outcome of
past management, mostly devoted to produce stems sized alike at
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the final harvesting under regular stand structures. This applies to
the evenaged stands, i.e six out of the seven case-studies. In the
unevenaged forest of Lorenzago, an already established canonical
model well-fitting the multifunctional purpose, the choice was
made to restore suited condition to maintain the unevenaged struc-
ture in terms of type, size and arrangement of cuttings, taking into
account also the potential mixture with the broadleaved spp.
already present within the standing structure.

Another common goal of all the practices designed and imple-
mented within ManFor C.BD was the preventive accurate estimate
of their technical and economical feasibility in each physical,
structural and management context. This point was believed to be
the first condition for testing, monitoring and getting transferable
results. 

Under this assumption, the mechanization of thinning practices
(felling-harvesting-forwarding) has been implemented as for the
pre-commercial thinnings (the case of Tarvisio), whilst the more
suited hauling systems have been selected in advance at each site,
proposed and shared with the local technical staff and responsible. 

Technical feasibility of the proposed silvicul-
tural approaches

All the silvicultural options tested are described in the textbooks
and in literature, even when they are innovative to the routine of
forestry practice into the forest types and contexts examined. The
reader can easily find out their technical descriptions into Kovac
and Fabbio, 2016. The heritage management systems and practices
into wood-oriented production forests and Fabbio et al., 2016.
Optimizing forest management regimes to get best possible out-
comes: compromise or best-fitting choice for one or more ecosys-
tem services?

Benefits arising from the approach are in principle synthesizable
under the following points:
- Practices implemented give the right input to move the uniform

stand structure in the evenaged stands by the crown thinning or

the selective thinning methods. Practices implemented will
allow the further differentiation of individual crowns, a well-
constructed canopy texture, a more effective occupancy of
growing space within the crown layer, the temporary change of
the interception ability; 

- Opening of gaps modifies locally inner site conditions in terms
of incoming light and rainfall to the soil, air temperature, soil
microbiological activity, soil respiration, etc., creating condi-
tions suited to new habitats and related ecological niches, these
including also non-wood productions;

- A better crown to stem ratio will promote growth pattern and
carbon sequestration in the short to medium run and the ‘health
and vitality’ of trees over longer life-spans;

- Tree growth and related carbon storage in the living biomass and
in the soil will enhanced by the reduced competitive pressure;  

- Attention to the successful natural regeneration and the tending
of the other, even if complementary, tree species  will promote
patches and level of compositional diversity;   

- Higher structural heterogeneity is basic to a better occupancy of
growing space and to the functioning of trees as well as of the
other living communities in the whole forest system;

- Parallel implementation of customary practices and of the no-
intervention thesis (where this condition is in progress) is a
sound benchmark to the options tested;

- Adaptive nature of criteria established within the project needs
the careful monitoring and the adjustment and tuning of each
step in  the follow-up, when needed. It implies an effective man-
agement and a considerable change in the customary standards
ruling so far public forests.

- Theory of the ‘small scale segregation’ intermediate to the theo-
ries of  ‘large-scale segregation’ and ‘equal priorities’ (i.e. pres-
ence of multiple uses at the same time on the same forest area)
seems to fit at best the goals of the work implemented within
ManFor C.BD. 

- To sustain saproxylic species diversity, associated to the innova-
tive criteria, we experimented the artificial increase of dead-
wood, calibrating this intervention as the 10% of the standing
volume after harvest. This intervention allowed the increase and
diversification of deadwood in the shorter term, releasing stand-
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Table 1. Slovenian results: pros and cons.

PROS

Rise of public awareness, increase of interest in wider share of population
Increased yields taking into account the specifics of local sites
In situ insight into natural processes and their effects
Comparison between before and after measure effect of different parameters
Spatial-temporal comparison of effects on stand and landscape level
Public acknowledgement of benefits from professional approach (planning, measures, long term benefits)
Sustainability of presented research results on a local scale
Less is more - explanation
Constant verification of adaptation processes in changing environment
CONS

Drawing and generalizing conclusions out of ecological scope
Spreading site-specific responses from local to regional or broader level
Site degradation
Predomination of short term- over long term-benefits solutions to achieve current (short-term goals)
Research conclusions not reaching operative forestry
Loss of identity and standards (EU, regional level) of forestry sector, consequences at national and local level
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ing and downed trees.
- Conservation of saproxylic species was supported by the cre-

ation of senescent islands (Mason et al., 2016), where structural
diversity, deadwood and microhabitat availability was maxi-
mized with specific artificial interventions. 
The Slovenian contribution (Table 1) originates from the evi-

dence that in the changing and unstable environment it is essential
to adapt all management activities in such way, that production and
continuous forest cover remain stable as they provide all further
ecological and social benefits. Only the stable structure with adap-
tive silvicultural system (to environmental and site conditions)
would ensure further stability and would optimize (not maximize)
our long term outputs. 

The knowledge and culture in forest management requires close
to nature approach. Crucial is the role of silviculture that respects
nature potential of the forest sites, represented by the regeneration
processes and tending. By tending we understand all measures,
aiming towards balanced growth of trees and stands that manage-
ment goal is optimized in best possible way (Leibundgut, 1984).
Growth processes in forests are managed by light, affecting the
between and within species competition. Supporting the quality
with tending young stands and later with thinning, the share of
quality assortments is increased and quality of future and emerging
stands is improved both in biological and mechanical way to
assure optimal sustainability. 

General aims/guidelines:

- Preservation of site fertility and productivity;
- Tending of young and tending selection (thinning) of adult

stands;
- Principle of individuality;
- Focus on the function carriers - the selected individuals; 
- Natural regeneration;
- Continuous forest cover; 
- Tuned silvicultural planning;
- Mimicking natural processes;
- Sustainability on smallest area with consideration of economic

and nature motifs;
- Preservation of stabile stand structure;
- Succession development after silvicultural measures of bigger

intensities on different locations and sites (according to predom-
inant tree species);

- Evidence and observation of competitive strength of different
(predominating) tree species.
If most of abovementioned items could be accomplished, all

questions regarding biodiversity and carbon stock etc. would be
encompassed and automatically provided by regular management
praxis on all (different) levels.

Correct and well-tuned spatial-temporal measures may vary
among different silvicultural systems. Most of Dinaric fir-beech
forests were gradually transformed from old-growth conditions
and have never experienced clear cut silvicultural systems and
extensive planting (Bončina, 2011), where selection system and
irregular shelterwood (femel) system within the compass of close-
to-nature silviculture were predominantly applied. They were man-
aged with continuous cover silvicultural systems, especially with
single-tree selection systems, irregular shelterwood or their combi-
nation (Mlinšek, 1972; Bončina, 2011).

Close to nature silvicultural systems

The selection system, developed as the main alternative to the
clear-cutting system has a long tradition in Slovenia, Switzerland,
and France and is also called the plenter system or plentering
(Schütz, 2001). Selection stands are characterized by stand struc-
ture and tree growth patterns, where trees of different sizes (height
and diameter at breast height - dbh) and ages grow together in
areas smaller than 0.1 ha. Understory trees recruit to the upperstory
when light conditions are favourable (Schütz, 2001).

If trees are grouped in larger cohorts, we define it as types of
irregular shelterwood systems (Matthews, 1999; Raymond et al.,
2009). Patch sizes vary from a few hundred square meters to a few
hectares, with often indistinctive edges and dynamic horizontal
structure, because of silvicultural measures, tree growth, regenera-
tion and natural disturbances. To optimize the potential of different
stand patches and to take into consideration the variety of stand
dynamics, a freestyle silviculture was introduced by Mlinšek
(1968), where combination of elements of different silvicultural
systems are adapted to the structural and developmental character-
istics of the forest stand and to site conditions at the micro-spatial
scale. In such way, a suitable treatment (e.g. thinning or selection
cutting) or a combination of treatments (e.g. gap creation with
additional planting) was to be determined on every microsite and
location.
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Page viii, "focus on the genus Salamandrina" should be "focus on the genus Salamandrina"

Page 1, in “From the experience of LIFE+ ManFor C.BD to the Manual of Best Practices in Sustainable Forest Management” for the
author Primož Simončič, the correct affiliation is: 
Slovenian Forestry Institute, Ljubljana, Slovenia

Page 5, in “Italian and Slovenian forest governances within the International context”, for the author Marko Kovač, the correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia

Page 14, in “Landscape as a driver of forest functions”, for the author Andreja Ferreira the correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia

Page 18, in “Diversity of structure through silviculture”, for the author Mitja Skudnik, the correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia

Page 23, in “Deadwood as a driver of forest functions” for the author Boštjan Mali, the correct affiliation is:
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia

Page 24, in “Deadwood as a driver of forest functions”, “values of 2÷30%; in the range of 14÷222 m3 ha-1” should be: “values of 2-30%;
in the range of 14-222 m3 ha-1”

Page 27, in “Wood production. Hereditary management systems and practices in wood-production forests”, for the author Marko Kovač,
the correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia

Page 28, in “Wood production. Hereditary management systems and practices in wood-production forests” the right Table 1 is:

Errata Corrige. De Cinti et al., (Eds). From the experience of LIFE+ ManFor C.BD
to the Manual of Best Practices in Sustainable Forest Management
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Silvicultural       Clearcutting       Clearcutting             Shelterwood            Shelterwood           Irregular                           Irregular                 Irregular              Selection             Selection
type                                                                                                                                                        shelterwood                      shelterwood            shelterwood

Specific name      Clearcutting         Clearcutting                  Uniform                     Group-              Expanding-                         Continuous               Extended;                 Group              Single-tree
                                                                  with                     shelterwood              shelterwood                 gap                                     cover                      Delayed                selection              selection
                                                               reserves                                                                                    Bayerischer                         Badischer,              regeneration 
                                                                                                                                                                Femelschlag                    Schweizerischer                                                                                
                                                                                                                                                                                                            Femelschlag
Age                       Even-aged/          Even-aged/                 Even-aged/                Even-aged/         Uneven-aged/                     Uneven-aged/           Uneven-aged/       Uneven-aged/      Uneven-aged
arrangement          whole stand         whole stand                whole stand              whole patch    gap, group of trees               parts of a stand,       parts of a stand         even-aged                   
                                                                                                                                                                                                                   gaps                                                 only in groups 
                                                                                                                                                                                                                                                                                  of trees
Regeneration           Artificial              Artificial,                   Artificial,                  Artificial,               Natural                                Natural                      Natural                  Natural                Natural
origin                                                      natural                        natural,                      natural,                        
                                                                                                 combined                  combined
Regeneration       Concentrated,      Concentrated,            Concentrated,           Concentrated,       Concentrated                     Irregular foci,          Concentrated,            Irregular,             Irregular,
pattern                     large foci              large foci                    large foci                   large foci           and irregular                       continuous                large foci             continuous         continuous
                                                                                                                                    in patches                   foci                               recruitment                                             recruitment        recruitment
Harvesting                Strips,                  Strips,                    Tracts, parts                Seed-cut,            Single trees,                        Single tree,              Single tree,          Tree groups,        Single trees 
intensity                     tracts,                   tracts,                      of a stand                final cut of a       group of trees                    group of trees               group of              single trees                   
                              whole stand         whole stand                                                        patch                   in a gap                                                              trees, tracts                                                  
Final cut                       Yes                       Yes                              Yes                            Yes                   Optional                                  No                        Optional                     No                       No
Horizontal                 Single                  Single                   Two cohorts,            Two cohorts,           Irregular,                         Irregular, mix            Two cohorts         Irregular, mix     Irregular, mix 
structure                     cohort                   cohort                    single cohort            single cohort           mosaic of                       of cohorts and                                        of cohorts and       of trees  of 
                                                                                                 after final                  after final               cohorts                                  trees                                                         trees                 different 
                                                                                                   harvest                       harvest                                                                                                                                                              DBH
Vertical                    Regular,               Regular,                     Regular,                  Regular at             Regular at                            Irregular                  Regular at               Regular              Irregular
layer                         one layer              one layer                    one layer                  patch scale             gap scale                                                              group or            at group scale
                                                                                                                                                                                                                                                 strip scale                                                   
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Page 56, in “Improving carbon sequestration and stocking as a function of forestry”, for the authors Boštjan Mali and Mitja Skudnik, the
correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia
for the authors Tom Levanič and Matjaž Čater, the correct affiliation is:
Department of Yield and Silviculture, Slovenian Forestry Institute, Ljubljana, Slovenia
for the author Primož Simončič, the correct affiliation is: 
Slovenian Forestry Institute, Ljubljana, Slovenia

Page 61, in “From sectorial-optimum to multipurpose silviculture. How to compromise” for the author Umberto Di Salvatore, the correct
affiliations are:
CREA-SEL, Council for Agricultural Research and Economics, Forestry Research Centre, Arezzo
EcoGeoFor, Dipartimento di Bioscienze e Territorio, Università degli Studi del Molise, Pesche (IS), Italy

Page 64, the correct authors of “ManFor C.BD sites and the drivers of forest functions” are:
Umberto Di Salvatore, Daniela Tonti, Marco Bascietto, Ugo Chiavetta, Paolo Cantiani, Gianfranco Fabbio, Claudia Becagli, Giada
Bertini, Dalila Sansone, Mitja Skudnik, Milan Kobal, Lado Kutnar, Andreja Ferreira, Andrej Kobler, Marko Kovač, Fabrizio Ferretti
The affiliation of Marco Bascietto is: 
CREA-ING Council for Agricoltural Research and Economics, Research Unit for the Agricultural Engineering Monterotondo (RM) Italy

Page 96, in “Wood production. Optimizing forest management regimes to get best possible outcomes: compromise or best-fitting choice
for one or more ecosystem services?”, for the authors Marko Kovač, Špela Planinšek and Mitja Skudnik, the correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia

Page 118, in “Did ManFor C.BD forest treatments influence carbon stock and sequestration?”, for the authors Boštjan Mali and Mitja
Skudnik, the correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia
for the authors Tom Levanič and Matjaž Čater, the correct affiliation is:
Department of Yield and Silviculture, Slovenian Forestry Institute, Ljubljana, Slovenia
for the author Primož Simončič, the correct affiliation is: 
Slovenian Forestry Institute, Ljubljana, Slovenia

Page 135, in “Îlots de senescence in the ManFor C.BD sites” for the author Umberto Di Salvatore, the correct affiliations are:
CREA-SEL, Council for Agricultural Research and Economics, Forestry Research Centre, Arezzo
EcoGeoFor, Dipartimento di Bioscienze e Territorio, Università degli Studi del Molise, Pesche (IS), Italy

Page 146, in “Forest fragmentation at forest stand level at three test sites in Slovenia”, for the author Andrej Kobler the correct affiliation is: 
Department of Forest and Landscape Planning and Monitoring, Slovenian Forestry Institute, Ljubljana, Slovenia

Page 162, the right authors of “Informing people about forest management and field operations” are:
Matteo Recanatesi, Bruno De Cinti, Matjaž Čater, Flavia Sicuriello, Pierluigi Bombi, Giorgio Matteucci, Urša Vilhar
The affiliation of Matjaž Čater is: 
Department Yield and Silviculture, Slovenian Forestry Institute, Ljubljana, Slovenia
The affiliation of Urša Vilhar is:
Department of Forest Ecology, Slovenian Forestry Institute, Ljubljana, Slovenia.

Page 167, in “How results from test area can be suggested as ‘good practice’” 
for the author Primož Simončič the correct affiliation is: 
Slovenian Forestry Institute, Ljubljana, Slovenia
The affiliations of Umberto Di Salvatore are:
CREA-SEL, Council for Agricultural Research and Economics, Forestry Research Centre, Arezzo
EcoGeoFor, Dipartimento di Bioscienze e Territorio, Università degli Studi del Molise, Pesche (IS), Italy

Page 173, in “Exportability of options and results to other forests”, for the author Matjaž Čater , the correct affiliation is: 
Department of Yield and Silviculture, Slovenian Forestry Institute, Ljubljana, Slovenia

                 Errata Corrige
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