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1. Premise
A typical natural forest ecosystem can be described using a number of key ecological qualities12:3233,
These include:

e Diversity of trees, species and habitats,

e Nativeness,

e Foreststand structure (including different-sized forest gaps, diverse tree ages or diameters and
vertical structure),

e Microhabitats of the living trees,

e Maturity of living trees and diversity of age classes,

e Presence of deadwood,

e Forest dynamics,

e Continuity in time of forest cover,

e Continuity in space, connectivity and large scales.

The combination and complexity of these key characteristics—none of which are exclusive, mandatory,
or binary2l—play a crucial role in determining the vulnerability, resilience, and adaptive capacity of
forests. It is important to note that different forest types may be shaped by different dominant
characteristics, and that, for each characteristic, more specific thresholds can be defined according to
forest type and climatic conditions (see e.g: Peterken, 199627).

However, in general, forests composed of more tree species are often richer in biodiversity, more
resilient and more functionally diversel434. The presence and diversification of structural elements
such as dead wood, microhabitats, senescent trees, forest gaps of different sizes, etc.) contribute to
increasing and enhancing forest biodiversity, and in turn, biodiversity positively influences ecosystem
functions and services, including CO, absorption in terrestrial ecosystems25. Continuity in time of
forest cover has strong implications on soil processes and the occurrence of species with low
dispersion rates. Large scales enable movement of species and genes, provide more flexibility for
adaptation and recovery from threats (resilience). Large scale conservation and maintaining or
restoring connectivity in landscapes is fundamental for the survival of many endangered species 21.

Maintaining or restoring the different components of forest biodiversity requires a comprehensive
concept that combines segregative (reserve) and integrative (off-reserve) conservation tools to sustain
species within the hotspots of their presence and throughout the matrix, at different spatial and
hierarchical scaless.

In line with these principles, the GoProForMED project implemented ecological networks within the
target habitats, which are actively managed for timber production. The objective of the ecological
network is to create a permanent system for the preservation of biological diversity and natural
dynamic processes that maintain the vitality and functionality of the project's target habitats. This
approach integrates several objectives of forest management, in particular the conservation aspect,
fire risk prevention, to be reconciled with the production aspect.

The ecological network, located in the forest matrix, consists of Core Areas, Islands for Biodiversity and
Habitat Trees. For a description of the planning, characterisation and materialisation of the ecological
network, please refer to the “Core Areas identification protocol” (version updated to 10.07.2024) and
to the “Islands for Biodiversity and Habitat trees identification protocol” (version updated to
23.07.2024).

In brief:



o Core Areas (CA) are areas characterised, in relative terms with respect to the forest stand, by
a high functional and qualitative value for the conservation of biodiversity, which constitute
the nodes of the ecological network. The function of the Core Area is that of a biodiversity
hotspot and of a source of diffusion of mobile species;

o Islands for Biodiversity (IB), within the project, are connecting areas between the Core Areas.
The IBs may already present conditions of high structural complexity (in terms of large trees,
tree microhabitats, deadwood at different dacey stages, open areas, etc.) and thus contribute
to increasing the degree of naturalness of the forest system, and to improving the overall
conditions necessary for the conservation of biodiversity;

e Habitat Tree (HT), within the project, have the function of stepping stones to strengthen the
connection between IBs and Core Area.

In the logic of the project, the Core Areas are considered as biodiversity hotspots, to be destined for
natural evolution. No intervention is therefore planned.

On the other hand, the Islands for Biodiversity, having been selected mainly on the basis of spatial
criteria, have varying ecological starting qualities.

The aim of the document is to illustrate the approach, methods and types of intervention to
maintain or improve the structural complexity of IBs.

The interventions proposed for IBs take into account the natural dynamics of ecosystems and aim to
favour the formation of mature and complex forest communities that support high specific
biodiversity. This silvicultural approach considers the characteristics and role of each tree in the
context of the natural dynamics of the forest.



2. Silvicultural Objectives for the Biodiversity Islands

Based on the foreword, the silvicultural objectives of Biodiversity Islands are to foster the presence of
large trees, habitat trees, open spaces rich in flowering herbaceous and shrub species, significant volu-
mes of deadwood at various stages of decay, and a high degree of both species and structural diversity.

Management interventions are carefully tailored to initiate or enhance natural processes that rein-
force the ecological role of Biodiversity Islands as stepping-stones across the landscape.

In areas where these key features are already well established, natural evolution is allowed to proceed
with minimal interference—interventions, if needed, are limited to encouraging the formation of new
deadwood to ensure a continuous gradient of decomposition stages.

In contrast, in areas where such features are absent or underdeveloped, targeted interventions are im-
plemented with the following aims:

OB1. Aim for a structure of maximum theoretical functionality

OB2. Promoting the presence of Very Large Trees (VLTSs)

OB3. Favour the presence of habitat trees

0B4. Favour the specific diversity of the forest

OB5. Favour a heterogeneous vertical structure

OB6. Favour the presence of open areas and flowering herbaceous and shrub species

OB7. Increase the amount of laying and standing deadwood

The objectives listed above are detailed below, and for each one the management tools that can be used
to achieve them are indicated.

OB1. Aim for a structure of maximum theoretical functionality. The Energy Equivalence Princi-
ple3lrepresents an application of the allometric approach that enables the quantification of how much
aforest’s current structural condition deviates from its theoretical maximum functional state. This mo-
del serves as a general and universally applicable tool for all forest types (see BOX 1).

Using this model, one can estimate the ideal diameter distribution of a forest stand that would optimize
resource use similarly to a naturally mature forest. The project’s silvicultural interventions are desi-
gned to guide forest stands toward this more complex structure, as defined by the model's reference
diameter distributions for each of the four target habitats.

In order to make this criterion more understandable and easier to apply, reasoning on structure is
carried out on the basis of 4 size categories:

Categories Saplings Poles Large
Diameter classes 10-15 20-35 40-55
(cm) (7,5-17,5) (17,5-37,5) (37,5-57,5)




Saplings—young, small to medium-sized trees falling within the 10 to 15 cm diameter classes—
along with Poles (medium-sized trees in the 20 to 35 cm diameter classes), constitute the dynamic
component of the forest. These trees are the most responsive to silvicultural treatments, as their
development can be significantly influenced by targeted interventions.

For medium to large trees, referred to as Large, selective actions may be planned to enhance the
presence of large deadwood. However, due to their considerable size and the general scarcity of
such trees in Mediterranean forest ecosystems, these interventions must be carefully targeted and
minimal to avoid compromising this important structural class.

Trees in the Very Large category (DBH > 60 cm) are primarily subject to conservation measures,
as they possess high ecological and landscape value. Their preservation is critical to maintaining
habitat complexity and continuity.

By comparing the actual diameter distribution of a forest stand—determined through structural
surveys of the Biodiversity Islands—with the reference distribution provided by the Energy
Equivalence Principle, it is possible to design interventions that specify the number of trees per
hectare to be felled or ring-barked.

This process involves identifying overrepresented (supernumerary) and underrepresented
(subnumerary) diameter classes. Supernumerary classes are reduced through selective cutting
or ring barking, while subnumerary classes are preserved and encouraged. When selecting
individuals for intervention, preference is generally given to the largest trees within a class if the
nextlarger class is underrepresented, in order to promote structural progression toward the target
distribution.

In stands where Saplings are underrepresented, interventions should focus on initiating or
supporting natural regeneration processes, including the development of existing regeneration
nuclei.




BOX 1 - The application of the Energy Equivalence Principle (EEP) in the
Montes Forest

Within a forest, the assemblage of trees of varying diameters reflects the dynamic interplay of birth and
mortality processes over space and time—this forms what is known as the forest structure, a key ecological
attribute of any forest community.

From a theoretical standpoint, it is possible to predict the size distribution of individuals within such a
community—one that optimally utilizes resources like light and water—by applying principles from
statistical mechanics to a simplified system. This mirrors the resource dynamics observed in mature,
structurally complex forests.

The Energy Equivalence Principle is a universal allometric model designed to predict the ideal diameter
distribution curve of a forest capable of fully utilizing available resources. It assumes that each tree’s resource
consumption is proportional to the size of its canopy. The resulting distribution curve represents the optimal
forest structure—a benchmark for maximum functional conditions.

As part of the LIFE GoProFor Med project, the EEP is being applied to the four target forest habitats to define
the characteristic reference distribution for each one.

A pilotapplication of the EEP was conducted in June 2023 at the project site in Montes (NU, Sardinia, Italy),
representing habitat 9340 - Quercus ilex and Quercus rotundifolia forests. This effort was carried out
under the framework of the Protocol for the Definition of the Degree of Disturbance in Mediterranean Forests
(Model H, Deliverable D3.1 - Technical and Operational Methodological Report for the Conservation
Improvement of the Four Target Habitats).

The objective of this pilot was to define both the current structural model of the analysed forest stands and
the potential structural model, which can serve as a reference for all forests belonging to habitat 9340.

From the resulting potential model, a reference diameter distribution (see Fig. 1) was established. This
distribution will guide the planning and implementation of interventions within the Biodiversity Islands
(Objective 1), ensuring alignment with the optimal structural condition.

Figure 1. Potential diametric distribution for habitat 9340 - Quercus ilex and Quercus
rotundifolia forests




OB2.Promoting the presence of Very Large Trees (VLTs). The term 'Large Size Trees' (VLTs) refers
to the IBP definition for Mediterranean areas!3, i.e. living trees with a diameter >57.5cm. Large trees
play an extraordinary range of crucial ecological roles, influencing the hydrological regime, nutrient
cycling and numerous other eco-systemic processes2?. They also play a crucial role for a wide range of
plant and animal species due to their microhabitats, size and large canopies, which offer shelter, food
and breeding sites for many species, particularly epiphytic species and cavity-nesting birds and
bats1823, thus contributing to forest biodiversity!3.

To ensure the achievement of this objective, it is essential to preserve existing trees belonging to
the "Very Large" category. In parallel, an intervention is implemented to increase their
representation by selecting candidate individuals and promoting their growth through the targeted
removal of directly competing trees.

Criteria for Selecting Candidate Trees:

e Diameter Category ""Poles™
Preference is given to trees with:
0 A good mechanical stability index (Height/DBH ratio < 80).
0 Well-developed crown depth (at least one-third of the total tree height).

O An unconstrained, well-balanced crown structure.

e Diameter Category ""Large"
Selection is primarily based on the tree’s ability to continue growing if released from
competition with surrounding trees.

e Groups of Two or More Trees
When two or more trees form a biogroup, they should be treated as a single functional unit.
Interventions should be planned to promote the development of the group as a whole.

e Additional Cross-cutting Selection Criteria

0 Include a proportion of minority species (in line with Objective 4), provided they have
the potential to reach large dimensions.
0 Prioritize native species located in ecologically strategic positions, such as the edges of

open areas or sites with specific soil conditions.



OB3. Favour the presence of habitat trees. Within the project a Habitat Tree (HT) is defined as "a
standing living tree that, in its current state, bears either”:

e atleast one tree microhabitat (TreM) listed in a list of TreMs identified as “priority” (BOX 2), or
e atleast one TreM found to be among the least frequent at site level, or
e atleast 3 different TreMs

Habitat Trees are considered of primary importance for forest biodiversity, as they provide ecological
niches (tree microhabitats) for sometimes highly specialised forest flora and fauna for at least part of
their life cycle67.11. Correctly identifying, protecting and managing these trees is essential for preser-
ving the ecological function and structural complexity of forests in the long term.

BOX 2 - Tree microhabitat

Definition (TreM): a distinct, well delineated structure occurring on living or standing dead trees, that
constitutes a particular and essential substrates or life site for species or species communities during
at least a part of their life cycle to develop, feed, shelter or breed (Larrieu et al. 2018).

Priority TreMs types
Grouped into the 7 forms identified da Biitler et al. 2020, following Larrieu et al. 2018.
All seven types’ are represented by at least one microhabitat.

1) Cavities:
e  Woodpecker “Flute”
Trunk-base rot-hole (closed top, ground contact)
Trunk rot-hole (closed top, no ground contact)
Semi-open trunk rot-holes
Chimney trunk-base rot-hole (in contact with the ground)
Chimney trunk rot-hole with no ground contact
Bark-lined trunk concavity
Hollow branches
2) Injuries and exposed wood:
Lightning scar
Fire scar
Bark shelter
Bark pocket
Crack
Fork split at the intersection
3) Crown deadwood:

e Dead top

4) Excrescences:
e Burr
e  Canker

5) Fungal fruiting bodies and slime moulds:
e  Perennial polypore
e  Annual polypore
e  Pulpy agaric
e Large pyrenomycete
6) Epiphytic and epixylic structures:
e  Bark microsoil
e Invertebrate nests
7) Fresh exudates:
e Saprun




Given that in the course of the intervention the utmost attention must be paid to habitat trees, iden-
tifying them and assessing their current and potential effectiveness, selective thinning can also be
carried out in favour of habitat trees. This is done with the aim, for example, of guaranteeing a longer
survival period or to determine structural diversifications of the stand hinged on their presence.

Thus, intervention can be envisaged against the direct competitors of subjected/dominated habitat
trees in order to favour their viability by reducing competitors, or to free fractions of deadwood in
the canopy in order to increase the degree of illumination, or, again, to strongly reduce the density
of the forest in contiguity with TreMs-rich habitat trees that are home to birds or bats, so as to make
them more favoured by these species. Please note: the elimination of competitors in favour of the
habitat tree must, however, take into account the types of DMH present. Indeed, some of them re-
quire shady conditions. In this case, the habitat tree only needs to be preserved, without the need to
cut the competitors, which provide the necessary shading conditions for those specific DMHs.

Finally, the analyses carried out in WP02 of the project showed that there is a potential connection
between habitat trees and plants that, in the previous cropping cycle, acted as 'standars'. Therefore,
it is recommended that these trees also be included among the target plants, even if they are not
currently classified as habitat trees. These trees are to be considered as potential habitat trees and,
therefore, silvicultural interventions can be envisaged for them in order to favour their vitality and
permanence in the forest.

OB4. Favour the specific diversity of the forest. Tree species composition of forest stands have been
shown to be key drivers of forest-associated biodiversity in several studies!.26. Specific diversity
ensures a wider variety of fruits, seeds, flowers and foliage available as food sources for wildlife?3.
Furthermore, many studies have provided ample evidence that trees biodiversity can influence key
ecosystem processes such as biomass production, nutrient cycling and pest regulation813. Finally, there
is a positive relationship between specific diversity and resilience, with more diverse systems
exhibiting less disturbance-induced variability30.

In order to encourage a specific mix in the stand, all trees belonging to sporadically present species
must be reteained. Furthermore, in the case of trees belonging to these species characterised by
good vigour, these can be favoured through selective thinning.

OB5. Favour a heterogeneous vertical structure. Forest stands naturally present a range and
complexity of structural factors, including size and diametric diversity of trees and vertical structure?t.
The diversity and development of vertical strata closely influence forest biodiversity, creating diverse
ecological conditions and niches that are preferentially used by different plant species, animals and
microorganisms3.13.28,

To promote a well-differentiated vertical forest structure, interventions targeting selected elite
trees should take the form of crown thinning (also known as thinning from above). This involves
removing dominant competitors or trees occupying the same canopy layer, while leaving the
lower, suppressed layers untouched.

When minor species tend to occupy the lower strata, it may be advantageous to concentrate the
thinning efforts within the dominant canopy layer, selectively and in small sections. This
approach helps create irregular canopy openings, which stimulate the growth and expansion of




the remaining trees' crowns into the newly available space, thereby enhancing vertical complexity
and fostering a more structurally diverse stand.

0B6. Favour the presence of open areas and flowering herbaceous and shrub species. Open areas
in forests increase the landscape diversity by influencing the composition and abundance of insect!0.
Forest species facultatively utilise these gaps for food resources, due to an increased presence of
blooms, or cluster there for reproduction®131517, Large open areas are crucial for increasing biodiver-
sity, while smaller areas are preferable for preserving species?0.

To enhance light availability at ground level and encourage the growth of flowering herbaceous
and shrub species, interventions should ensure the creation of open areas totaling 200-400 m? per
hectare, ideally distributed across two separate units. This target includes any pre-existing open
spaces and refers specifically to crown-free areas, not areas defined by the spacing between tree
trunks.

The creation of open areas represents a disturbance to the ecosystem and should therefore be
carried out with minimal impact, carefully selecting the starting points for generating these
environments (for example, choosing areas where herbaceous species are already present, even if
in limited quantity). Recommended strategies include expanding existing edges, initiating from a
small canopy gap and progressively enlarging it in the direction of the light source, or reducing tree
crowns near rocky outcrops.

In the latter case, however, it is necessary to assess each situation individually, considering the
orientation of the rocky areas in relation to light exposure and the associated fauna. For instance,
if the rocky area faces north, it is likely that the associated species are shade- and moisture-loving,
and in such cases, canopy cover should be maintained.

In dense stands, it is advisable to create canopy openings no larger than 100 square meters,
accompanied by a series of lighter thinnings around the gap to maximize the ground-level light
gradient.

In the presence of non-native species, the feasibility of this type of intervention should be carefully
evaluated to avoid creating conditions that favor their proliferation.

Furthermore, it is recommended to avoid opening clearings in young stands, as this may result in
coppice regrowth from stumps rather than the establishment of flowering herbaceous species.

OB7. Increase the amount of laying and standing deadwood. It is estimated that between 20 and
40% of forest plants, animals and fungi depend on dead or dying wood in at least one stage of their
life413. Maintaining different qualities of deadwood in terms of tree species, diameter, decay class and
type (standing or laying) has a positive effect on the conservation of saproxylic species communities?°.
Furthermore, deadwood is not only recognised as a key element for saproxylic species, but is also
known for its important function in nutrient release and water retention!®. Regarding the size of
deadwood, larger sizes have been identified as essential for the conservation of saproxylic species, for
several reasons: being more heterogeneous they offer more ecological niches and microhabitats, which
in turn influence the diversity of saproxylic species??; size influences the stability of microclimatic con-
ditions and the availability of the resource, as large deadwood decomposes more slowly, remaining
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available for longer, influencing larval development and ensuring the development of different stages
of decomposition1624; large standing deadwood is important for bats and birds, which exploit these
structural elements for feeding and nesting or roosting?%; furthermore, large elements are normally
scarce in managed forests, and it becomes crucial to preserve them1619,

Within the project, a minimum diametric threshold of at least 17.5 cm is considered!3 and a target
quantity of deadwood of at least 20 m3/ha?? is aimed for, gross of existing deadwood and taking
into account the intervention limits determined by the application of the forest's potential natural di-
stribution (OB.1) and the impact limits imposed for each size category (see section 3).

The interventions planned within the Biodiversity Islands do not include timber extraction.
All trees selected for removal with a DBH greater than 17.5 cm will instead contribute to the
quota of deadwood. During marking operations, it is strongly recommended to manage cuts and
girdling in a way that ensures maximum heterogeneity in the distribution of the material. To this
end, it is advisable to vary density by placing deadwood both in accumulations and as isolated
individuals; modulate light exposure by alternating between sunny and shaded areas; diversify
microclimatic conditions by intervening in both moist hollows and drier ridges; structure spatial
distribution by favoring irregular concentrations over uniform layouts; and finally, differentiate
the types of deadwood by including both standing and fallen trees.

Ring barking (see BOX 3) may be used as an alternative to felling, especially when a gradual decay
process is preferred. Depending on the technique applied, the decomposition timeline can be
longer or shorter than that resulting from conventional cutting.

This approach offers several benefits:
e Itavoids sudden release effects that may destabilize nearby elite trees;
e It minimizes the risk of mechanical damage to elite trees during felling operations;

e [t can also be used on senescent trees, even of large size, to accelerate their natural decay
process and enrich structural diversity.

In highly frequented areas—such as recreational zones, trails, or footpaths—standing
deadwood may pose safety hazards. In such cases, it is advisable to fell the tree and leave it on
the ground, ensuring both ecological benefit and public safety.

To increase the diversity of lying deadwood and contribute to erosion control, trees may be cut
at a height of approximately 1 meter above ground.

10



BOX 3 - Types of ring barking

Ring barking consists of removing the outer layers of a portion of the trunk (outer bark and
phloem) down to the cambium, with the aim of limiting the development and reproduction
capacity of the ring barked individual by inducing a slow process of decay.

The main recommended techniques are described below:

a) Deep ring barking: this consists of using a chainsaw to make two ring cuts around
the trunk in the basal part of the stem, 4-5 cm deep and about 50 cm apart, and
removing the entire portion of the trunk with equal thickness to the depth of the cut,
present between the two cuts. This type of ring barking causes the plant to decay
faster than the two techniques described below.

b) Superficial ring barking: this consists of removing a ring of approximately 50 cm in
height of the superficial tissues (outer bark and phloem) only. This type of ring
barking can be carried out using a billhook or a manual debarker.

c) Partial ring barking: this consists of a superficial ring barking with the release of
an intact connection strip of the superficial tissues (outer bark and phloem). In this
way, the process of decay is further slowed down compared to types a) and b)

11




3. Intensity of interventions

The silvicultural intervention consists of selective thinning, carried out either tree-by-tree or
in groups, beginning with the identification of candidate trees—vigorous individuals with
well-developed crowns or those of high ecological value, such as habitat trees—followed by
the removal of 1 to 3 competing trees for each selected candidate.

The intensity of the intervention is generally low and adapted on the initial stand structure
and ecological conditions.

On Islands for Biodiversity that represent mature stands with good ecological conditions, the intensity
of intervention will be reduced to a minimum in order to conserve existing conditions. Punctual
interventions may be carried out, if necessary, to achieve one or more of the seven defined objectives.

In contrast, a higher intervention intensity may be applied in Biodiversity Islands where stand volume
is predominantly concentrated in the medium-sized trees (20-35 cm DBH).

For stands in an early developmental stage, predominantly composed of individuals in the sapling
class, extensive intervention is considered premature. In such cases, targeted actions may be carried
out, if necessary, to promote the growth of larger individuals and potential habitat trees.

Table 1. Summary table of the types and intensity of intervention (expressed as % of the number of trees), based on the structural
characteristics of the stand

Stand structural characteristics Intervention type Intensity

Mature stands, articulated Preservation of current conditions.
structure
Punctual tree-oriented silviculture

Stand volume is more interventions aimed at achieving Ob. 1-7
concentrated in the 'large’

and 'very large' categories

Regularly structured adult
stands or irregularly
structured young-adult
stands;

Selective thinning to achieve Ob. 1-7

Stand volume is more
concentrated in the “poles”

category

Ensure the conservation of all habitat trees
Regularly structured young and larger plants.
stands;

Punctual tree-oriented silviculture
Stand volume is more interventions only when necessary to favour
concentrated in the larger trees and habitat trees (OB2 and 3).

“saplings” category

12



4.

10.

11.

12.

13.

14.

15.

References

Ampoorter E., Barbaro L., Jactel H.,, Baeten L., Boberg J., Carnol M., Castagneyrol B., Charbonnier Y.,
Dawud S.M., Deconchat M., De Smedt P., De Wandeler H., Guyot V., Hattenschwiler S., Joly F.X,,
Koricheva J., Milligan H., Muys B., Nguyen D., Ratcliffe S., Raulund-Rasmussen K., Scherer-Lorenzen
M., van der Plas F., Van Keer J., Verheyen K., Vesterdal L., Allan E., 2020. Tree diversity is key for
promoting the diversity and abundance of forest-associated taxa in Europe. Oikos, 129 (2020), pp.
33-146,10.1111/0ik.06290

Anfodillo T., Carrer M., Simin, F., Popa I, Banavar ].R., Maritan A, 2013. An allometry-based
approach for understanding forest structure, predicting tree-size distribution and assessing the
degree of disturbance. Proceedings of the Royal Society B: Biological Sciences, 280(1751),
20122375.

Basile M., Balestrieri R., de Groot M., FlajSman K., Posillico M., 2016. Conservation of birds as a
function of forestry. Ital ] Agron 11, 42-48, 2016.

Bauhaus, |, Baber, K. and Miiller, J., 2019. Dead Wood in Forest Ecosystems. Oxford Bibliographies.
Ecology. Oxford Bibliographies. Article. https://doi.org/10.1093/0B0/9780199830060-0196
Bollmann K. & Braunisch V., 2013. To integrate or to segregate: balancing commodity production
and biodiversity conservation in European forests. In: Kraus D., Krumm F. (eds) 2013. Integrative
approaches as an opportunity for the conservation of forest biodiversity. European Forest Institute.
284 pp.

Biitler R., Lachat T., Larrieu L., Paillet Y., 2013. Habitat trees: Key elements for forest biodiversity.
Integrative Approaches as an Opportunity for the Conservation of Forest Biodiversity. In: Kraus D.,
Krumm F. (eds) 2013. Integrative approaches as an opportunity for the conservation of forest
biodiversity. European Forest Institute. 284 pp.

Biitler R., Lachat T., Krumm F., Kraus D., Larrieu L., 2020. Know, protect and promote habitat trees.
Fact sheet for practitioners 64: 12 p.

Cardinale B.], Duffy ].E., Gonzalez A., Hooper D.U., Perrings C., Venail P., Narwani A., Mace G.M,,
Tilman D., Wardle D., Kinzig A.P., Daily G.C., Loreau M., Grace ].B., Larigauderie A., Srivastava D.,
Naeem S. 2012. Biodiversity loss and its impact on humanity. Nature. 486. 59-67.
10.1038/nature11148.

Chiari S., Bardiani M., Zauli A., Hardersen S., Mason F., Spada L., Campanaro A., 2013. Monitoring of
the saproxylic beetle Morimus asper (Sulzer, 1776) (Coleoptera: Cerambycidae) with freshly cut
log piles. ]. Insect Conserv. 17:1255-1265.

De Groot M., Zapponi L., Badano D. Corezzola S., Mason F. 2016. Forest management for
invertebrate conservation. Italian Journal of Agronomy. 11. 32-37.

Directorate-General for Environment, 2023. Guidelines on Closer-to-Nature Forest Management.
Luxembourg: Publications Office of the European Union.

Dudley N., 2011. Authenticity in Nature: Making Choices about the Naturalness of Ecosystems.
London: Earthscan,224 p.

Emberger C., Laurrier L., Gonin P., 2016. Dix facteur clés pour la biodiversité des espéces en forét.
Comprendre I'Indice de Biodiversité Potentielle (IBP). Paris: Institut pour le Développement
Forestier, 58 p.

Forest Europe, 2020. State of Europe’s Forests 2020. https://foresteurope.org/wp-
content/uploads/2016/08/SoEF_2020.pdf

Gittings T. O’Halloran J]., Kelly T., Giller PS., 2006. The contribution of open spaces to the
maintenance of hoverfly (Diptera, Syrphidae) biodiversity in Irish plantation forests. Forest Ecol.
Manag. 237:290-300.

13


https://doi.org/10.1093/OBO/9780199830060-0196
https://foresteurope.org/wp-content/uploads/2016/08/SoEF_2020.pdf
https://foresteurope.org/wp-content/uploads/2016/08/SoEF_2020.pdf

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gossner M.M. Lachat T., Brunet ], [sacsson G., Bouget C., Brustel H., Brandl R., Weisser W.W., Miiller
J., 2013. Current Near-to-Nature Forest Management Effects on Functional Trait Composition of
Saproxylic Beetles in Beech Forests. Conservation Biology 27(3):605-614.

Hardersen S., Toni I, Cornacchia P., Curletti G., Leo P., Nardi G., Penati F., Piattella E., Platia G., 2012.
Survey of selected beetle families in a floodplain remnant in northern Italy. B. Insectol. 65:199-207.
Hofmeister |., HoSek |., Brabec M., Dvorak D., Beran M., Deckerova H., Burel |, Ki'izZ M., Borovicka J.,
Bét'ak J., VaSutova M., Malicek ]., Palice Z., Syrovatkova L., Steinova ], Cernajové I., Hola E.,
Novozamska E., Cizek L., larema V., Baltaziuk K., Svoboda T., 2015. Value of old forest attributes
related to cryptogam species richness in temperate forests: a quantitative assessment. Ecol. Indic.,
57 (2015), pp. 497-504, 10.1016/j.ecolind.2015.05.015

Lachat T. Bouget C. Biitler R, Miiller J., 2013. Deadwood: quantitative and qualitative
requirements for the conservation of saproxylic biodiversity. In: Kraus D., Krumm F. (eds) 2013.
Integrative approaches as an opportunity for the conservation of forest biodiversity. European
Forest Institute. 284 pp.

Lindenmayer D.B. & Laurance W.F., 2016. The ecology, distribution, conservation and management
of large old trees. Biol Rev Camb Philos Soc. 2017 Aug;92(3):1434-1458. doi: 10.1111/brv.12290.
Epub 2016 Jul 7. PMID: 27383287.

Mansourian S., Rossi M. and Vallauri D., 2013. Ancient Forests in the Northern Mediterranean:
Neglected High Conservation Value Areas. Marseille: WWF France, 80 p.

Mic6é E. Martinez-Pérez S., Jordan-Nufiez ]., Galante E. Micd-Vicent B., 2022. On how the
abandonment of traditional forest management practices could reduce saproxylic diversity in the
Mediterranean Region. Forest Ecology and Management, Volume 520.
https://doi.org/10.1016/j.foreco.2022.120402.

Mollet P., Birrer S., Pasinelli G., 2013. Forest birds and their habitat requirements. In: : Kraus D.,
Krumm F. (eds) 2013. Integrative approaches as an opportunity for the conservation of forest
biodiversity. European Forest Institute. 284 pp.

Motta R. 2020. Why do we have to increase deadwood in our forests? How much deadwood does
the forest need? Forest - Rivista di Selvicoltura ed Ecologia Forestale. 17. 92-100.
10.3832/efor3683-017.

Naeem S, Thompson L, Lawler S. et al., 1994. Declining biodiversity can alter the performance of
ecosystems. Nature 368, 734-737 (1994). https://doi.org/10.1038/368734a0

Penone C., Allan E,, Soliveres S., Felipe-Lucia M.R., Gossner M.M,, Seibold S., Simons N.K,, Schall P.,
van der Plas F., Manning P., Manzanedo R.D., Boch S., Prati D., Ammer C., Bauhus ]., Buscot F,,
Ehbrecht M., Goldmann K, Jung K., Miiller ]., Miiller ].C., Pena R., Polle A., Renner S.C., Ruess L.,
Schonig I, Schrumpf M., Solly E.F., Tschapka M., Weisser W.W., Wubet T., Fischer M., 2019.
Specialisation and diversity of multiple trophic groups are promoted by different forest features.
Ecol. Lett,, 22 (2019), pp. 170-180, 10.1111/ele.13182

Peterken G.F., 1996. Natural Woodland: Ecology and Conservation in Northern Temperate Regions.
Cambridge: Cambridge University Press, 540 p.

Puumalainein J., 2001. Structural, compositional and functional aspects of forest biodiversity in
Europe. Geneva Timber and Forest Discussion Pape. Geneva, Switzerland.

Rigo F., Paniccia C., Anderle M., Chianucci F., Obojes N., Tappeiner U., Hilpold A., Mina M., 2024.
Relating forest structural characteristics to bat and bird diversity in the Italian Alps. Forest Ecology
and Management, Volume 554. https://doi.org/10.1016/j.foreco.2023.121673.

Silva Pedro M., Rammer W. Seidl R., 2015. Tree species diversity mitigates disturbance impacts on
the forest carbon cycle. Oecologia 177, 619-630. https://doi.org/10.1007 /s00442-014-3150-0
Simini F., Anfodillo T., Carrer M., Banavar ].R., Maritan A., 2010. Self-similarity and scaling in forest
communities. Proceedings of the National Academy of Sciences, 107(17), 7658-7662.

14


https://doi.org/10.1038/368734a0

32. Vallauri D., 2007. Biodiversité, naturalité, humanité. Application a 1'évaluation des foréts et de la
qualité de la gestion. Rapport scientifique. Marseille: WWF France, 86 p.

33. Vallauri D., André J., Génot J-C., De Palm, J-P. and Eynard-Machet R. (coord.), 2010. Biodiversité,
naturalité, humanité. Pour inspirer la gestion des foréts. Paris: WWF/Tec & Doc, 474 p.

34.Van der Plas F. et al, 2016. Jack-of-all-trades effects drive biodiversity-ecosystem
multifunctionality relationships in European forests. Nature Communications, 7, Article 11109.
https://doi.org/10.1038 /ncomms11109

15



