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Abstract. Over the past few decades, both scientific community and policy makers focused on ecosystem services provided by forests due to 
their positive impact on human well-being and quality of life. In literature, there is a broad consensus that assessing and mapping ecosystem 
services is one of the most demanding challenges to address, but at the same time a key tool for effective forest management. This study aims 
to develop a method suitable to assess and map ecosystem services provided by deadwood islands located in managed forests. To this end, 
a geospatial analysis was developed in a case study in Italy to conduct an integrated investigation of ecosystem services provided inside and 
outside the deadwood islands (timber production, stand stability, outdoor recreation, biodiversity conservation). The innovative nature of 
this study is that it assessed ecosystem services provided by the deadwood islands within managed forests, an aspect that has not yet been 
investigated in the international literature. The results showed a positive correlation between the four ecosystem services provided by forests 
and in particular between: timber production and biodiversity conservation; outdoor recreation and stand stability; biodiversity conservation 
and stand stability. In addition, the results highlighted that the interventions implemented in the deadwood islands have a positive effect on 
the biodiversity conservation without compromising the provision of other ecosystem services. From a practical standpoint, the results of this 
study provide forest managers with insights into the impacts of deadwood islands on a wide range of ecosystem services, not just biodiversity. 
By doing so, managers can better understand the real impacts of this management system on forests.
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1. Introduction

In recent decades, the concept of ecosystem services (ESs) – 
defined as the direct and indirect contributions of ecosystems 
to human wellbeing (TEEB, 2010) – has become the leitmotiv 
of European Union’s environmental policies (Maes et al., 
2012). The EU 2020 Biodiversity Strategy integrated the 
sustainable use of ESs as a cornerstone of human economic 
development (Maes et al., 2013), while the new EU Forest 
Strategy for 2023 stressed the importance to maintain and 
improve the provision of ESs by European forests (EC, 2021). 

In particular, the Action 5 of the EU Biodiversity Strategy to 
2020 stressed the importance of mapping and assessing the 
state of ecosystems and their services across the country, 
assessing the economic value of these services, and promoting 
the integration of these values ​​into accounting and reporting 
systems at EU and national levels by 2020 (Maes et al., 2020). 
Recently, the European Commission (EC) published the 
guidelines on payment schemes for forest ESs (EC, 2023), 
in which the managerial and economic importance of the 
multiple services provided by forests to society (e.g., habitats 
for biodiversity, water purification, and regulation of floods 
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and climate) is reiterated and emphasized. Furthermore, the 
Guidelines on Closer-to-Nature Forest Management (2023) 
highlighted the positive effects of closer-to-nature forest 
management on biodiversity restoration and conservation, 
forest productivity and resilience to climate change, soil 
and water preservation. In 2024, the Nature Restoration 
Law (Regulation EU 2024/1991) emphasized the need to 
implement measures to restore degraded forest ecosystems 
(art.10) considering key indicators such as biodiversity (e.g., 
standing dead trees, lying deadwood, forest connectivity) 
and carbon cycle (e.g., organic carbon stock).

The theoretical concept of ESs was introduced into the 
environmental management by Ehrlich and Ehrlich in 
1981. Recently, the ESs have been studied from multiple 
perspectives: from natural-environmental sciences (Krsnik 
et al., 2023), to legislative (Phelps et al., 2015), to social and 
economic ones (De Meo et al., 2018).

Over the last few years, the notion of ESs has gone from 
being a purely theoretical concept to a practical-applicative 
one in forest management planning (Baskent et al., 2020; 
Müller et al., 2020). It can be said that the precondition 
of the multifunctional forest management paradigm is 
represented by a combination of benchmarking sustainability 
and management planning, aimed at the provision of 
a multitude of ESs such as wood and bioenergy production, 
protection against natural hazards, carbon sequestration, 
and biodiversity (Biber et al., 2020; 2021; Akujärvi et al., 
2021; Thrippleton et al., 2023). To integrate ESs into forest 
management planning choices, the assessment of ESs in 
time and space is of fundamental importance as well as 
considering the relationships (trade-offs or synergies) 
between ESs (Obiang Ndong et al., 2020). As emphasized 
by Peña et al. (2015), the explicit mapping of ESs is 
considered one of the main conditions for the inclusion of 
the concept of ESs into decision-making process. Spatially-
explicit assessment of ESs using GIS-based approaches is 
a key point to incorporate ESs among use allocation and 
management criteria (Tiemann & Ring, 2022). In fact, the 
EU 2020 Biodiversity Strategy also recognized the potential 
of mapping ESs for policy support, as maps are valuable 
representations of real conditions and powerful tools for 
communicating complex data and information in a simple 
way. In literature, Schägner et al. (2013) pointed out that 
over 140 studies have mapped ESs between 1995 and 2011, 
while recently studies on the assessment and mapping of ESs 
provided in managed forests have further grown (Paletto et 
al., 2015b¸ Thrippleton et al., 2023). In a literature review, 
Obiang Ndong et al. (2020) focused on characteristics of the 
spatial and temporal analyses of relationships between ESs 
in the studies published from 1998 to 2017. Based on the 
international studies, there is a knowledge gap regarding the 
assessment and mapping of ESs provided by forest areas with 

high biodiversity value (e.g., deadwood islands) compared 
to managed forests for timber production or recreational 
purposes.

The maintenance and protection of the deadwood 
islands – also known as Saproxylic Habitat Sites (SHSs) or 
îlot de senescence – is one of the most important biodiversity 
conservation measures that can be adopted in the production 
forests (Aerts, 2013; Mason & Zapponi, 2016). To maintain 
and improve forest biodiversity, deadwood  – defined as 
all non-living woody biomass not contained in the litter 
including woody debris, snags, standing dead trees, and 
stumps (Hagemann et al., 2009) – is a key component as 
emphasized in many studies (Lassauce et al., 2011; Paletto 
et al., 2014; Lombardi & Mali, 2016). However, deadwood 
plays a key role in forests positively influencing soil fertility 
and productivity, protecting against rockfalls and landslides, 
facilitating natural regeneration of forests, and contributing 
to climate change mitigation by temporary storing carbon 
(Herrero et al., 2016; Bayraktar et al., 2020). As highlighted by 
Lachat and Bütler (2008), SHSs are small and permanently 
unmanaged patches capable of providing sustainable 
habitats (e.g., microhabitat trees, lying deadwood, standing 
dead trees, old stumps) for saproxylic organisms. However, 
these areas aimed at the conservation of biodiversity can 
give rise to trade-offs with other ESs provided by managed 
forests. In particular, some studies highlighted the trade-offs 
between wood production and biodiversity conservation 
with special regard to the amount of coarse deadwood 
and the abundance of large trees (Biber et al., 2020). Other 
studies have found a trade-off between recreation services 
and biodiversity preservation due to the fact that visitors are 
more likely to carry out recreational activities in areas with 
good infrastructure and convenient transportation (Ge et 
al., 2022). Therefore, forests with a high naturalness value 
are the least suitable for recreational activities which can 
also have a negative impact on biodiversity (Ament et al., 
2017). However, it is important to highlight that SHSs have 
peculiar conditions compared to managed forests. First of 
all, SHSs are areas where timber is not harvested, and left 
as deadwood useful for saproxylic species, or is harvested 
only in order to create gaps favourable to increase locally 
the understory plant richness. Nevertheless, it is now widely 
recognized that a  multifunctional forest management is 
what allows reconciling the needs of timber production 
with the multitude of additional services offered by forest 
(Schwaiger et al., 2019). In addition, in the eyes of visitors 
the high amount of deadwood inside the SHSs may seem 
like a sign of mismanagement or as a threat to forest health 
(Sacher et al., 2022). Some European studies have shown 
that lying deadwood and standing dead trees in a  forest 
are generally disliked by visitors from an aesthetic point of 
view (Golivets, 2011; Jankovska et al., 2014) as they are not 
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associated with the concept of biodiversity conservation 
(Paletto et al., 2023a). Conversely, in extra-European 
contexts some studies have shown a positive perception of 
the younger generations towards diversified forests with 
lying deadwood and standing dead trees (Bayraktar et al., 
2024, 2025). Besides, the silvicultural interventions within 
the SHSs for the creation of microhabitat trees and lying 
deadwood, and the opening of gaps in the forest cover can 
influence stand stability and hydrogeological protection 
(Bachofen & Zingg, 2001; Selkimäki et al., 2020). Therefore, 
it appears relevant to investigate the potential trade-offs and 
synergies between biodiversity conservation and other ESs 
in forests with a high biodiversity value, such as deadwood 
islands.

Starting from these considerations, the objective of this 
study is to develop a method suitable to assess and map ESs 
in the forest areas dedicated to biodiversity conservation, 
such as deadwood islands. The ecological questions that 
this study addresses are: What is the importance of the ESs 
provided by deadwood islands within managed forests? How 
can ESs provided by deadwood islands be biophysically 

assessed and spatially located to support decision makers? 
To this end, the research was implemented in one study area 
of the LIFE SPAN project (LIFE19 NAT/IT/000104) which 
aims to preserve saproxylic biodiversity in production forests 
through the creation of a network of SHSs. The innovative 
aspect of the present study is to assess ESs provided by the 
deadwood islands within managed forests, an aspect that 
has not yet been investigated in the international literature.

2. Materials and Methods

2.1. Study area

The study area is the Cansiglio Orientale forest (46 067° 
N, 12 405° E), located in the province of Pordenone (Friuli 
Venezia Giulia Region) in north-eastern Italy (Fig. 1). The 
Friuli Venezia Giulia Region is the owner of the Cansiglio 
Orientale forest (henceforth COF) since 1966.

The COF covers over 1,500 ha in three municipalities 
(Caneva, Polcenigo, Budoia) located in the Carnic Prealps, at 

Figure 1. Location of the study area (the Cansiglio Orientale forest) in the Friuli Venezia Giulia Region, Italy
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an altitude between 1,118 and 1,694 m a.s.l. More than 98% 
of the COF is covered by forests – European beech (Fagus 
sylvatica)-Silver fir (Abies alba)-Norway spruce (Picea abies) 
mixed forest (37%), European beech-dominated forest (29%), 
and Norway spruce-dominated forest (15%) – while only 
1.4% is covered by grasslands (meadows and pastures). The 
timber traded annually mainly derives from prescribed yield 
of Forest Unit Management Plan-FUMP (about 2,800 m3) 
and in lesser quantity from phytosanitary interventions 
(about 700 m3). In Italy, the FUMP is the forest compartment/
stand aimed to define technical plan and management 
practices of each individual forest Ownership (Paletto et al., 
2015a). The FUMP of the COF is divided in 91 units with 
an average surface of 17.17±12.29 ha, included in a range 
between a minimum of 0.30 ha and a maximum of 92.84 
ha. As a result, the COF can be considered as a forest with 
a main productive function, which is managed according 
to the principles of forest multifunctionality and the close-
to-nature approach. The silvicultural treatment applied in 
the uneven-aged European beech-Silver fir-Norway spruce 
mixed forests is the individual selection system of trees with 
a diameter equal to or greater than 55 cm. On the other hand, 
the even-aged European beech-dominated forests were 
managed through the strip-and-group felling system.

The average annual temperature is 5.1°C and the number 
of rainy days per year is about 100. The highest rainfall is 
in November (average of 230 mm), while December and 
January are the months with the lowest rainfall (average of 
100 mm). The ground is covered with snow from November 
to mid-March, with an average annual snowfall of 60–150 cm.

2.2.  Research Framework

The main objective of this study was to map the biophysical 
values of ESs provided by the SHSs. The proposed 
methodology was implemented and tested in the COF in 
which twenty-one new SHSs of approximately 2.5 ha were 
created for biodiversity conservation purposes by the LIFE 

SPAN project. In each SHS, the following interventions have 
been implemented (see Fig. 2):

–	 Creation of new microhabitat trees: on average, 10% 
of large living trees were involved in the creation of 
new microhabitats such as cavities, water-filled holes, 
girdled and uprooted trees;

–	 Creation of uprooted trees and lying deadwood in 
order to exceed the minimum threshold of 20 m3 of 
deadwood per hectare;

–	 Opening gaps: all trees in an area of 0.15 ha are cut 
and removed as commercial timber corresponding to 
an average volume of approximately 150 m3 to locally 
increase the understory plant species richness.

The aforementioned interventions and thresholds were 
defined by the LIFE SPAN project on previous experimental 
experience carried out in other Italian sites (Zapponi et al., 
2014). The impacts of interventions on forest ecosystem 
functions were quantified considering the definition and 
classification proposed by De Groot et al. (2002). Ecosystem 
functions can be defined as the capacity of natural processes 
and components to provide goods and services that satisfy 
human needs, directly or indirectly (De Groot et al., 2002). 
Those authors described 23 ecosystem functions, while 
in the present study the following ESs for each category 
were estimated: building and manufacturing (i.e. timber) 
in the production function; disturbance prevention in 
the regulating functions (i.e. hydrogeological protection); 
provision of suitable living spaces for wildlife species in 
the habitat functions (i.e. biodiversity and habitat); and 
recreation in information functions (i.e. outdoor recreation). 
Based on the interventions implemented in the SHSs and 
the categories of ESs, the potential impacts for each type 
of intervention on individual ecosystem services have been 
hypothesized and described in Table 1. The main steps for the 
biophysical assessment and spatial analysis of the selected 
ESs are explained in the following paragraphs, while Table 2 
summarises the input data, output data and the method 
adopted for each ecosystem services.

Figure 2. Graphical representation of the Saproxylic Habitat Site (SHS) structure
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Table 2. Input data, output data, method adopted, and spacialization unit for the ESs considered in the study

Input Data Source/method Output Data Spazialization unit
Timber production (provisioning services)

Volume and biomass prescribed 
(m3 ha-1 yr-1)

Forest Management Plan 
(FUMP) and algorithms of 
Italian NFI

Prescribed yield from FMUP 
(m3 ha-1 yr-1) Forest management unit (ha)

Volume and biomass harvested 
(m3 ha-1 yr-1)

Field measurements of the LIFE 
SPAN project and algorithms of 
Italian NFI

Extraordinary yield in the 
SHSs (m3 ha-1 yr-1) SHSs areas (ha)

Stand stability (regulating services)
Tree diameter at breast height 
(m) LiDAR data Slenderness Coefficient at 

stand level
Homogeneous areas of Slenderness 
Coefficient (ha)

Tree height (m)
Outdoor recreation (cultural services)

Managed forest landscape Questionnaire administered to 
the visitors

Ranking visitors’ preferences 
assigned to managed forests 
and SHSs (5- point Likert 
scale)

SHSs areas (ha)

SHS landscape
Land uses

Focus group with experts Weight assigned to indicators 
(priority values AHP)

Grasslands area (ha)
Forest type Forests area (ha)

Water elements Hydrological network (buffer zone of 20 m)

Paths and roads Paths and roads network (buffer zone of 
10 m)

Accommodation facilities Forest types area (ha)

Points of interest

Accommodation facilities (buffer zone of 
1 km)

Points of interest (buffer zone of 1 km)

Biodiversity and habitat provision
SHSs

Focus group with experts Weight assigned to indicators 
(priority values AHP)

SHSs area (ha)
Land uses Grasslands area (ha)

Forest type
Forests area (ha)
Forest types area (ha)

Ecotones Ecotones (buffer zone of 10 m between 
grasslands and forests)

Water elements Hydrological network (buffer zone of 50 m)

Table 1. Hypothesized potential impacts of different interventions in Saproxylic Habitat Site (SHS) on different ecosystem services

Interventions in the SHSs Ecosystem services Potential impacts

Creation of new microhabitat 
trees

Timber production Subtraction of living trees from timber production
Hydrogeological protection Change of the slenderness coefficient
Outdoor recreation Visual impact due to the presence of standing dead trees
Biodiversity and habitats Providing shelter and habitat for some saproxylic species

Creation of uprooted trees and 
lying deadwood

Timber production Potentially productive living trees transformed into uprooted trees and lying 
deadwood

Hydrogeological protection Change of the slenderness coefficient
Outdoor recreation Visual impact due to the presence of uprooted trees and lying deadwood
Biodiversity and habitats Providing shelter and habitat for some saproxylic species

Opening gaps

Timber production Harvesting and marketing of wood cut in the gaps
Hydrogeological protection Increased risk of erosion or landslides
Outdoor recreation Decreasing canopy cover and landscape diversification
Biodiversity and habitats Potential increase in floristic biodiversity
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2.2.1. Timber production
Biophysical assessment 
Timber production was assessed because it can be 
considered as the most important ES of the forest production 
function (Duncker et al., 2012; Schwenk et al., 2012). Timber 
production was estimated considering the volumes of timber 
harvested through ordinary forestry interventions, within the 
units of the Forest Unit Management Plan (FUMP) during its 
15-year duration (2022-2036), and the specific silvicultural 
interventions within the SHSs (years 2022-2023).

In the SHSs where timber has been removed during the 
opening of the gaps and marketed, this volume has increased 
the value of the provisioning service. Conversely, where 
trees have been cut down and not removed, this volume 
has increased the deadwood volume as a key component of 
supporting services (trade-off between timber production 
and biodiversity conservation).

From a methodological point of view, timber production 
was quantified through the following steps. Volume (m3) 
and biomass (kg) of both stem, large and small branches 
were estimated using the algorithms of the Italian National 
Forest Inventories (NFI) by species (Gasparini & Tabacchi, 
2011). The allometric equations used in the estimation of 
the volume and biomass of the three main species (i.e., 
European beech, Norway spruce, silver fir) at stand level are 
thus synthesizable (Eqs. (1)-(3)):

Vi = b0 + b1 ∙ d2 ∙ h ∙ + b2 ∙ d
Dw1i = b0 + b1 ∙ d2 ∙ h + b2 ∙ d
Dw2i = b0 + b1 ∙ d2 ∙ h + b2 ∙ d

where: Vi is the volume for the i-th species (m3); Dw1i is 
the biomass of stem and large branches for the i-th species 
(kg); Dw2i is the biomass of small branches for the i-th 
species (kg); d is the diameter at breast height (cm); h is the 
tree height (m). The coefficients b0, b1, and b2 are assigned 
according to Gasparini and Tabacchi (2011).

Spatial analysis
The total prescribed yield (m3) was assigned to each unit of 
the COF from a spatial point of view based on the current 
FUMP. Consequently, the total prescribed yield of each unit 
has been divided by the number of years foreseen in the 
FUMP (i.e., 15 years) to obtain the annual prescribed yield 
(m3 yr-1). After that, the extraordinary yield inside the SHSs 
was assigned to the corresponding SHS based on the timber 
removed and marketed.

The biophysical map of the timber production in the 
COF was obtained by considering ordinary and extraordi-
nary yield per management unit.

2.2.2. Stand stability
Biophysical assessment
Stand stability was selected in the disturbance prevention 
function because it is strictly related to the hydrogeological 
protection provided by forests (Dorren et al., 2004). In 
other terms, stand stability is the probability that significant 
damage occurring to the considered forest stand in a certain 
interval of time (Herold & Ulmer, 2001). As highlighted in 
the literature, several variables contribute to the assessment 
of stand stability, such as tree species, slenderness coefficient, 
crown length and form, root anchorage, vertical stand 
structure (Gardiner et al., 1997; Herold & Ulmer, 2001).

In this study, the Slenderness Coefficient (hereinafter SC) 
was adopted for the assessment of stand stability, as it results 
the most commonly used variable in studies on forest 
resilience to natural hazards, such as snow and wind 
(Skrzyszewski & Pach, 2020). Tree SC is a dimensionless 
value based on the ratio of tree diameter at breast height 
(Dbh) and total tree height (H), for which low values 
represent high stand stability (Vacchiano et al., 2016). 
Usually, the SC is used as the main indicator of single-tree 
mechanical stability (Schelhaas et al., 2007), but at stand-
level it can be considered as a fair proxy of the ability of the 
forests to maintain the protective function and general 
mechanical stability. According to Cantiani and Chiavetta 
(2015) and Marchi et al. (2018), the Eq. (4) was adopted to 
calculate the SC for each tree in the units of COF:

where: SCi is the slenderness coefficient of the i-th tree; 
THTi is the total height of the i-th tree (m); Dbhi is the tree 
diameter at breast height of the i-th tree (m).

SC of the single trees in the COF was assessed using 
LiDAR data (LAS point cloud, courtesy by Friuli Venezia 
Giulia Region,

https://irdat.regione.fvg.it/consultatore-dati-ambientali-
territoriali). According to Šmudla (2004) and Adeyemi and 
Adesoye (2016), the SC values of single trees were divided 
into three classes: SC≤80 represents high stand stability 
(class 1); 80<SC≤90 moderate stand stability (class 2); SC>90 
low stand stability (class 3).

Spatial analysis
From a spatial point of view, a moving window raster analysis 
was used with the aim of aggregating single trees in areas with 
homogeneous SC value. To reduce the abundant presence of 
very small polygons (the so-called “salt-pepper” effect), areas 
less than 1000 m2 were aggregated (“diluted”) to the nearest 
larger polygon and assigned to the corresponding SC class. 
In this way, the ex-ante slenderness map of the COF was 
obtained. For each SHS, an average value of SC was estimated 

SCi = THTi
DBhi



Mapping of ecosystem services provided by deadwood islands in managed forests 87

after the realization of the silvicultural interventions (i.e. 
creation of habitat trees and lying deadwood, opening of 
gaps). The new SC values were attributed to the corresponding 
units and the ex-post slenderness map of the COF was 
obtained. For additional information on spatial analysis of 
stand stability see Sergiacomi et al. (2024).

2.2.3. Outdoor recreation
Biophysical assessment
Cultural services are all non-material benefits, which derive 
from the ecosystem and which people can enjoy (MEA, 
2005). Among the cultural services, many studies focused 
on the outdoor recreation in forests as it is the one with the 
greatest social and economic positive impacts (Caglayan et 
al., 2020; Riccioli et al., 2020; Termansen et al., 2013).

In this study, outdoor recreation in the COF was assessed 
through a survey questionnaire administrated face-to-face 
(June – September 2023) to a sample of visitors (N=119). 
The survey was aimed at analysing visitors’ visual-aesthetic 
preferences towards forests managed for timber production 
versus forests managed for biodiversity conservation. To this 
end, in the questionnaire two images of the COF managed 
for different purposes (timber production vs. biodiversity 
conservation) were shown to the respondents. The first image 
showed the COF without deadwood as in forests managed 
for timber production, while in the second one with a high 
amount of deadwood – as in the SHSs – was shown. Respond-
ents were asked to assign their preferences from an aesthetic 
point of view using a 5-point Likert scale format (from 1 very 
ugly aesthetic landscape to 5 very nice aesthetic landscape). 
The results of the survey were used to define the ranking of 
visitors’ preferences using it as a proxy for the recreational 
attractiveness of the forests managed differently. In addition 
to the question used in the present analysis, the survey allowed 
for a broader assessment of outdoor recreation in the COF (for 
further information see Sergiacomi & Paletto, 2025).

Spatial analysis
The biophysical map of the outdoor recreational value 
was realized through a raster analysis implemented with 

the IDRISI Selva 17.0 software (trial version). The spatial 
distribution of values ​​was done based on the fuzzy theory 
which assumes that the judgment on spatial issues must be 
characterized by a certain degree of uncertainty to avoid 
establishing fixed definitions and boundaries (Malczewski, 
1999). The uncertainty is incorporated by establishing fuzzy 
sets (classes of biophysical and geographical characteristics) 
which was formulated trough a linear fuzzy membership 
function.

Seven indicators related to the recreational attractiveness 
were included in the spatial analysis. The concept of fuzzy 
logic, adopted for some of the indicators used in this 
study, was introduced by Zadeh (1965). Biber et al. (2021) 
stressed the usefulness of adopting the fuzzy function for 
the development of indicators in the field of forest ESs 
assessment. Those authors argued that this utility is greater 
for services that can be evaluated mainly in a qualitative 
way, such as in the case of cultural (e.g., recreation) and 
supporting (e.g., biodiversity) services. The fuzzification 
process aimed to normalize the considered indicators in 
a  continuous variation between 0.00 and 1.00, by using 
different so-called membership functions, such as the 
monotonically decreasing or increasing linear functions 
adopted in this study (Fig. 3). The coefficient values of the 
fuzzy functions for the recreational indicators are shown in 
Annex 1.

Accommodation facilities and points of interest were 
mapped as the most attractive elements such as structures 
and accommodation facilities, panoramic points, nature 
emergencies (Lee et al., 2010; Sergiacomi et al., 2022). In 
addition, accommodation facilities and points of interests 
can provide an excellent opportunity to sensitize visitors 
experiencing the local culture (Lončarić et al., 2021). At the 
methodological level, a buffer zone of influence was drawn 
around accommodation facilities and point of interest to 
consider the reinforced attractiveness of the surrounding 
area according to a decreasing linear fuzzy function (see 
Fig. 3) between 0 and 1 km (Annex 1).

A second recreational indicator is the paths and trails 
network considered as a positive element for the recreational 

Figure 3. Linear membership 
functions: (a) monotonically 
increasing; (b) monotonically 
decreasing



Alessandro Paletto, Carlotta Sergiacomi﻿88

attractiveness of a  forest site. As found by De Meo et al. 
(2015), forest visitors appreciate the naturalness of the 
landscape, but without having to forego basic infrastructure 
such as path and trails. In addition, the types of recreation 
that Skłodowski et al. (2013) consider “active” (i.e., running, 
bicycling, walking, hiking, etc.) is more frequently practiced 
on paths and nature trails. Also in this case, a decreasing 
linear fuzzy function (see Fig. 3) among 0 m and 10 m is 
considered (Annex 1).

Grasslands have been identified as a further indicator that 
influences the recreational attractiveness of a site according to 
the literature (Bengtsson et al., 2019; Garrido et al., 2017). Be-
sides, Marzetti et al. (2011) observed that visitors tend to pre-
fer the presence of grasslands within the forests, both because 
they create a landscape diversification and because they allow 
preserving semi-natural habitats, increasing biodiversity.

Water elements (e.g., ponds, streams, wetlands) have 
been considered as the fourth indicator with appositive 
effect on the recreational attractiveness. In fact, it is widely 
recognized the importance of the water elements in forest 
(Pastorella et al., 2017), regardless of the activities that can be 
practiced such as fishing, sailing and canoeing (Abildtrup et 
al., 2013). Also in this case, a decreasing linear fuzzy function 
(see Fig. 3) between 0 m and 20 m (Annex 1), which was 
considered as the maximum distance at which to visually 
appreciate a water element, was taken into account.

The last indicator considered in the study was the forest 
composition distinguishing between: pure conifer forests, 
pure broadleaved forests, and mixed forests. In literature, 
many studies found that the recreational value of the mixed 
forests is higher compared to pure forests (Abildtrup et al., 
2013; Grilli et al., 2014). Termansen et al. (2013) found that 
recreational choices are affected by tree species composition, 
with broadleaved forests being preferred to conifer forests.

Finally, the SHSs was considered as the less attractive 
indicator based on survey data. In fact, visitors prefer forests 
with a low amount of deadwood compared to areas with 
a high amount of deadwood in accordance with the results 
of this survey and the international literature (Golivets, 2011; 
Jankovska et al., 2014; Tyrväinen et al., 2003). In particular, 
the average values of preferences derived from the survey 
results were used proportionally to weight the map of 
traditionally managed forest with that of the SHSs.

The Analytic Hierarchy Process (AHP) was adopted 
to aggregate the seven indicators into a  single aggregate 
indicator of recreational attractiveness. AHP is an efficient 
method for spatial multi-criteria decision analysis (Saaty, 
1990; Kordi & Brandt, 2012). In addition, other studies 
performed AHP for the mapping of recreational suitability 
(Caglayan et al., 2020; Lee et al., 2010). In this study, a panel 
of five experts on forest planning and management was 
selected and involved in assigning weights to the indicators to 

consider all aspects related to the biophysical characteristics 
of ESs provided by forests. The criteria used to select the 
experts were the following: (Grilli et al., 2017): (i) expertise 
in the field of forest ESs; (ii) a deep knowledge of the Alpine 
forests; and (iii) no direct stake in planning and management 
of the study area (COF). The selected experts had the 
following knowledge backgrounds: two graduates in forestry 
with expertise in forest planning and management; one 
graduate in natural sciences with expertise in biodiversity 
conservation; one ecological economist with expertise in ESs 
valuation; and one graduate in social sciences with expertise 
in cultural services valuation. Experts were asked to compile 
the pairwise comparison matrix, which allowed calculating 
the weights to be assigned to each indicator (Table 3). The 
final map of recreational attractiveness was created by 
aggregating the seven indicators using a weighted sum.

Table 3. Weights of recreational indicators for the Cansiglio 
Orientale forest

Indicator Wi Weight
Accommodation facilities Wacc 0. 4014
Point of interests Wpoi 0. 2754
Paths and trails Wroa 0. 1476
Grasslands Wpas 0. 0907
Water elements Wwat 0. 0552
Forest composition Wfor 0. 0296

2.2.4. Biodiversity and habitat provision
Biophysical assessment and spatial analysis
Forests are privileged places for the biodiversity conservation 
which, in turn, is essential for the provision of all other ESs 
(Brockerhoff et al., 2017). The methodology adopted for 
mapping the biodiversity value of the COF is explained 
below. In this case, five layers capable of increasing the value 
of biodiversity and one disturbance layer were identified 
as indicators. In accordance with the literature, the SHSs 
have been considered the elements with the highest level 
of biodiversity (Zapponi et al., 2014). In fact, some studies 
have demonstrated the positive impacts of deadwood islands 
on saproxylic biodiversity conservation, especially for target 
species such as hermit beetle (Osmoderma eremita), Alpine 
longhorn beetle (Rosalia alpine), Phloeostichus denticollis 
(Cateau et al., 2013; Rose & Callot, 2007).

Secondly, ecotones – i.e., transitional areas between grass-
land and forest – was also considered. In literature, Myster 
(2012) stated that ecotones have important implications for 
biodiversity, as well as for the provision of other ESs by the re-
gions for which it represents the borders. In this study, a corri-
dor of 10 m between grasslands and forests area was adopted. 
Regarding forest types, an increasing level of biodiversity has 
been considered in accordance with the literature and can 
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be summarised as follows (Asbeck et al., 2019; Cavard et al., 
2011): conifer pure forests → broadleaved pure forests → 
mixed forests Additionally, tree and shrub species diversity 
was found to be slightly higher in broadleaved forests than 
in conifer forests (Gao et al., 2014). Subsequently, the water 
elements were considered as the fourth indicator. In a recent 
study, Canedoli et al. (2018) found that the presence of water 
elements favoured species occurrence and abundance both 
at a landscape and local scale. In that study, a buffer zone 
of river corridors was considered, according to a decreasing 
linear fuzzy function (see Fig. 3) between 0 m and 50 m. The 
coefficient values of the fuzzy functions for the biodiversity 
and habitat provision indicators are shown in Annex 1.

Similarly to what was done for outdoor recreation, 
a panel of five experts assigned weights to the indicators of 
biodiversity and habitat provision. An AHP was performed 
to calculate the weight of the five indicator (Table 4) and 
aggregate them into a  single aggregate biodiversity and 
habitat indicator (Saaty, 1990).

Table 4. Weights of biodiversity and habitat indicators for the 
Cansiglio Orientale forest

Sub-indicator Wi Weight
SHSs Wshs 0.5128
Ecotones Weco 0.2615
Grasslands Wpas 0.1290
Water elements Wwat 0.0634
Forest composition Wfor 0.0333

Human elements have been considered a phenomenon 
of biodiversity disturbance in accordance with the literature 
(Battisti et al., 2016; Piragnolo et al., 2014). In the study 
area, the road and path network was considered as the main 
factor disturbing biodiversity due to recreational activities 
(Marcantonio et al., 2013). However, it should be noted that 
the level of disturbance generated by recreational activities 
(e.g., walking or hiking) is rather low compared to other type 
of disturbances, such as fragmentation caused by different 
land uses (Kays et al., 2017; Marzano & Dandy, 2012). 
Methodologically, an increasing linear fuzzy function (see 
Fig. 3) between 0 m and 10 m was adopted. The threshold of 
10 m was chosen since generally most visitors do not stray 
far from the trails. Subsequently, the biodiversity map was 
obtained by overlapping the biodiversity indicator map with 
the disturbance of paths and roads network. The indicator 
adopted for the biodiversity assessment is dimensionless and 
the values are comprised between 0 and 1.

2.2.5. Trade-offs and synergies between ESs
In the last step, a Pearson correlation analysis was performed 
to evaluate the spatial trade-offs and synergies between 
individual ESs. The Shapiro-Wilk and Anderson-Darling 

tests showed that the data followed a normal distribution 
(p=0.328 and p=0.531 respectively), so the parametric 
Pearson correlation test was applied. The Pearson correlation 
is a test that measures linear correlation between two sets 
of data whose values vary between −1 and 1. According to 
Mazziotta et al. (2022) synergies between pairs of ESs were 
defined as positive correlations (r > 0) and trade-offs as 
negative correlations (r < 0).

The results of Pearson correlation were used as a starting 
point for the creation of the final map. The four ESs maps 
were aggregated into a summary map to highlight the total 
value of the ESs on the site.

3. Results

3.1. Timber production

The results showed a total prescribed yield of 41,620 m3 in 
the 15 years of FUMP corresponding to an average timber 
value equal to approximately 30.5 m3 per unit per year. 
Regarding the harvested tree species, the results showed 
that 41% is from softwood species (17,184 m3 of Norway 
spruce and silver fir) and 59% is from hardwood species 
(24,436 m3 of European beech). The prescribed yield in the 
FUMP period highlighted values within a range between 
a minimum of 1,460 m3 in year 2032 and a maximum of 
3,580 m3 in year 2031.

In addition to the prescribed yield, the silvicultural 
interventions implemented in the SHSs have impacted on 
timber production in two directions: increasing timber 
production in seventeen SHSs, in which the wood resulting 
from the opening of gaps was harvested and marketed; 
decreasing timber production and increasing biodiversity in 
four SHSs, in which the wood resulting from the opening of 
gaps was left for the saproxylic species. A total timber volume 
of approximately 2,800 m3 (187 m3 yr-1) was harvested from 
the seventeen SHSs (167 m3 per SHS), while a total timber 
volume of 580 m3 (39 m3 yr-1) was transformed into lying 
deadwood (145 m3 per SHS). Observing the data by tree 
species, the results showed that the harvested and marketed 
timber was represented by two thirds by European beech, by 
one third by conifers (17.1% of Norway spruce and 16.5% 
of silver fir), while the timber left on site as lying deadwood 
was almost exclusively European beech (93%).

For spatial analysis, the timber production in the SHSs 
was added to the prescribed yield value obtained for all 
units of the COF from the current FUMP. Figure 4 showed 
the final map of the timber provision for the COF after the 
creation of the SHSs. Observing the map, it is interesting 
to highlight that only two units assume a negative value in 
terms of provisioning services. These are the units that host 
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an SHS in which no timber cutting is planned in the 15 years 
of FUMP, but where cutting interventions within the LIFE 
SPAN project were carried out leaving wood as deadwood on 
site. Moreover, more than 49% of the units have a low overall 
prescribed yield value (i.e., less than 50 m3 yr-1). In addition, 
14% of the units have a prescribed yield value between 50 m3 
yr-1 and 100 m3 yr-1, while 29% between 100 m3 yr-1 and 150 
m3 yr-1. Only 11% of the units have a prescribed yield value 
greater than 150 m3 yr-1. It should be noted that the annual 
prescribed yield value from FUMP for COF corresponds to 
4,162 m3 yr-1. As a consequence, silvicultural interventions in 
the SHSs resulted in an overall increase that led the annual 
yield of the COF to a value of 4,388 m3 yr-1.

 
3.2. Stand stability

The results of stand stability in the COF showed an average 
SC value of 77.57 (SD=15.33), with a minimum of 27.74 
and a maximum of 141.52. The results are distributed by 
stand stability class as follows: 63.1% of the forest area is 
in Class 1 (i.e., SC≤80, high stability); 15.3% is in Class 2 
(i.e., 80<SC≤90, medium stability); 21.6% is in Class 3 
(i.e., SC>90, low stability). The main descriptive statistics 
for the three classes are shown in Table 5. A non-normal 
distribution of the SC values was assessed through both the 
Shapiro-Wilk test and Anderson-Darling test (W=0.996, 
A2=75.575, p<0.0001). Therefore, the Kruskal-Wallis non-
parametric test was applied to observe whether there are 

statistically significant differences between the three classes 
of stand stability (p<0.0001).

Table 5. Descriptive statistics for the three stand stability classes 
based on Slenderness Coefficient in the Cansiglio Orientale forest

Stand 
stability Mean(±SD) Median 1st quartile 3rd quartile

Class 1 71.13±13.56 70.66 61.28 80.67
Class 2 82.76±8.70 84.66 80.38 87.89
Class 3 92.20±12.24 93.82 89.39 98.63

After the creation of SHSs, the new SC values were 
assessed for each unit considering that gaps of approximately 
0.5 ha were created by removing all the trees (see Fig. 5 black 
areas). The results showed that the overall stand stability of 
the COF has slightly improved with a decrease in the mean 
SC value of -0.43 (SD=0.95) included in a range from -2.73 
to +0.98. In 61.9% of the units the SC value was decreased 
with a consequent increase in stand stability; in 38.1% of the 
unit the SC value has slightly increased with a consequent 
decrease in stand stability; in the last remaining units 
(5%) the SC value remained unchanged. Considering the 
overall SHSs areas (approximately 3.5% of total forest area), 
the impact of the silvicultural interventions on the stand 
stability of the COF as a whole is negligible. The map of 
the stand stability for the COF considering the silvicultural 
interventions in the SHSs is shown in Figure 5.

Figure 4. Map of timber provision value of the Cansiglio Orientale 
forest. *in grey, the units where no timber cutting is foreseen in the 
period considered (classes of 50 m3/unit)

Figure 5. Stand stability map of the Cansiglio Orientale forest 
by classes (high stand stability in red; medium stand stability in 
orange; low stand stability in grey; gaps where all the trees have 
been cut down in black) after the realisation of the SHSs
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3.3. Outdoor recreation

The results of the questionnaire survey showed a  higher 
visual-aesthetic preference assigned by the visitors for forest 
area without deadwood (mean±st.dev.: 4.43±0.84) than for 
forest area with high amount of deadwood (2.66±1.36). 
The Mann-Whitney non-parametric test showed statistical 
significant differences between the preferences assigned to 
these two photos (p<0.0001). In other terms, the managed 
forests are preferred by our sample of visitors to the SHSs in 
proportion 62:38. Therefore, a preliminary operation has been 
carried out to aggregate the forest indicator map with the SHSs 
indicator map considering the aforementioned proportion.

The map of the recreational value of the COF with the 
continuous values has been divided into five classes as 
reported in Figure 6, to facilitate the analysis of data. The first 
class, which represents values below 0.1, covers about 43.7% 
of the study area. The second (0.1-0.2) and the third class 
(0.2-0.3) represent a still relevant percentage of the examined 
territory, respectively 19.3% and 14.6%. The fourth class (0.3-
0.4) is a slightly lower area (8.3%) compared to the fifth and 
last class (>0.4) that covers approximately 14.1% of the total 
forest area. In this case the difference between the three types 
of forests and the presence of grasslands or water elements 
does not particularly affect the outputs. Elements of greater 
influence on recreational attractiveness are accommodation 
facilities, points of interest and the paths and trails network. 

In fact, the results showed that the areas with maximum 
value are in correspondence of the path and trail network 
in proximity of an accommodation facility, while areas with 
minimum value are in correspondence of the pure conifer 
forests located in the most distant areas to accommodation 
facilities, points of interest, and paths and trails. In the SHSs, 
the recreational value tends to decrease very slightly in 
relation to surrounding values. Finally, the results highlighted 
that the mixed forests assume slightly higher recreational 
values than pure broadleaved and conifer forests.

3.4. Biodiversity and habitat provision

The results of the biodiversity and habitat provision are 
were mapped considering five classes included in a range 
between 0 and 1 as shown in Figure 7. The first class with 
the lowest level of biodiversity (less than 0.05) covers 46.4% 
of the study area in correspondence of the conifer and 
broadleaved forests. The second class (values between 0.05 
and 0.15) includes mixed forests (49.3%) of the COF. The 
three classes with the highest level of biodiversity cover small 
portions of the study area: the third class includes grasslands 
and watercourses (0.7%), the fourth class includes ecotones 
(0.4%), while the last one the SHSs (3.2%). These results 
underlined the high value of biodiversity in SHSs compared 
to other forest areas with significantly higher biodiversity 
indicator (BI) values.

Figure 6. Map of the recreational value of the Cansiglio Orientale 
forest by classes within a range between 0 (minimum value) and 1 
(maximum value). The recreational indicator (RI) is dimensionless

Figure 7. Map of the biodiversity value of the Cansiglio Orientale 
forest divided in classes within a  range between 0 (minimum 
value) and 1 (maximum value). The biodiversity indicator (BI) is 
dimensionless
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3.5. Trade-offs and synergies between ESs

The results of the Pearson correlation showed a  synergy 
between all four ESs provided by the COF. Considering 
all 91 forest management units (Table 6), the results 
highlighted a  statistical significant correlation between: 
timber production and biodiversity conservation (r=0.473, 
p<0.0001); outdoor recreation and stand stability (r=0.460, 
p<0.0001); biodiversity conservation and stand stability 
(r=0.569, p<0.0001).

Table 6. Matrix of Pearson’s correlation (r) between ecosystem 
services in the 91 forest management units of the Cansiglio 
Orientale forest

Timber 
provision

Stand 
stability

Outdoor 
recreation

Biodiversity 
conservation

Timber provision 1 0.050 0.194 0.473**
Stand stability 0.050 1 0.460** 0.569**
Outdoor 
recreation 0.194 0.460** 1 0.224

Biodiversity 
conservation 0.473** 0.569** 0.224 1

Note: *p<0.05; **p<0.01

Focusing only on SHSs (Table 7), the results showed 
a  similar situation characterized by positive correlations 
between the four ESs. However, it is interesting to pointed 
out that in the SHSs the positive correlation between 
biodiversity conservation and timber production (r=0.734, 
p<0.001) increases as well as between timber production and 
stand stability (r=0.393, p=0.078). Conversely, the positive 
correlation between outdoor recreation and the other 
three ESs registered lower values compared to the other 
correlations.

Table 7. Matrix of Pearson’s correlation (r) between ecosystem 
services in the 21 SHSs of the Cansiglio Orientale forest

Timber 
provision

Stand 
stability

Outdoor 
recreation

Biodiversity 
conservation

Timber provision 1 0.393 0.140 0.734**
Stand stability 0.393 1 0.224 0.513
Outdoor 
recreation 0.140 0.224 1 0.054

Biodiversity 
conservation 0.734** 0.513 0.054 1

Note: *p<0.05; **p<0.01

Finally, the maps of the four ESs considered were 
overlapped through an operation of sum. Each map has been 
given the same weight since the COF is managed according 
to the principles of forest multifunctionality and a close-to-
nature approach is adopted. In other words, all ESs were given 

equal weight without prioritizing them. From the map of the 
global value (Fig. 8), expressed by a dimensionless indicator 
between 0 and 1. The results showed that the highest values 
are concentrated in correspondence with mixed forests 
characterized by a high recreational attractiveness or a high 
amounts of harvested wood. Finally, the results showed that 
the SHSs areas are characterized by high values ​​mainly due 
to the biodiversity and habitat provision, but also secondarily 
to the positive impacts on other ESs.

 
4. Discussion

4.1. Effects of deadwood islands on ecosystem services

The proposed method assessed and mapped the ESs provided 
by the SHSs within managed forests. To this end, four ESs – 
such as timber production, stand stability, outdoor recreation 
and biodiversity – were considered in an integrated manner. 
The results provided by this study provide a preliminary 
picture of the role of deadwood islands in providing ESs 
beyond the biodiversity and habitat provision. Furthermore, 
spatial allocation of ESs values and their mapping can be 
considered a useful tool to support decision makers in forest 
planning and management (Peña et al., 2015; Tiemann & 
Ring, 2022). As emphasized by Mazziotta et al. (2016), an 
aggregated map of ESs values is useful to consider the 
habitat requirements of multiple species and to encourage 
the movement of wildlife species in the ecosystem.

Figure 8. Map of the aggregated value of the ecosystem services 
provided by Cansiglio Orientale forest. The ES global indicator (GI) 
is dimensionless
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Regarding the management of deadwood islands in the 
managed forests, it is essential to assess the potential positive 
or negative effects on different ESs (Schwaiger et al., 2019). 
The effect of silvicultural interventions in SHSs – creation of 
microhabitat trees, lying deadwood and opening of gaps – on 
the provision of ESs are shown in Table 8.

Table 8. Ecosystem services supply in the SHSs of the Cansiglio 
Orientale forest

ES category ES ∆ Description

Supporting 
services

Biodiversity 
conservation ++

Increase in saproxylic diversity due 
to the creation of microhabitat trees 
and lying deadwood and in floristic 
diversity due to the opening of gaps.

Provision-
ing services

Timber 
provision +/-

Loss of area for timber production 
in presence of the interventions 
of microhabitat trees and lying 
deadwood creation.
Increase in traded timber resulting 
from the opening of gaps.

Regulating 
services

Stand 
stability -

Slight decrease in stand stability 
in presence of the interventions 
of microhabitat trees and lying 
deadwood creation.
No data in the gaps

Cultural 
services

Outdoor 
recreation +/-

Decrease in recreational attrac-
tiveness of the site due to the high 
amount of lying deadwood and 
standing microhabitat trees.
Increased visual-aesthetic landscape 
value near the gaps.

The biodiversity value is mainly related to the tree species 
composition (mixed forests vs. pure conifer/broadleaved 
forests), age (uneven vs. even-aged), horizontal and vertical 
stand structure (Cavard et al., 2011). Uneven aged mixed 
forests are considered those with the highest biodiversity 
value as highlighted by many authors (Wang et al., 2019), 
but the presence of watercourses, ecotones, and grasslands 
can increase this value (Canedoli et al., 2018; Myster, 2012). 
However, the results of this study showed that the creation 
of SHSs within managed forests increases biodiversity value 
with special regard to the saproxylic species and floristic 
diversity as previously highlighted by other studies (Aerts, 
2013; Mason & Zapponi, 2016). In particular, opening gaps 
has positive effects on biodiversity, timber provision, forest 
landscape diversification without compromising stand 
stability.

Regarding the provisioning services, the present study 
showed that the timber production is strictly related to the 
prescribed yield indicated in the FUMP as already stressed by 
other authors (Bont et al., 2018; Eid et al., 2002). However, the 
main findings also highlighted that the creation of SHSs for 
biodiversity conservation within the production forest led 
to an overall increase of the value of timber provision. This 

result is not in line with the international literature which 
highlights a trade-off between biodiversity conservation and 
timber production (Faith et al., 1996; Mazziotta et al., 2023; 
Selkimäki et al., 2020).

Regarding the deadwood islands, Mazziotta et al. (2023) 
found a  spatial trade-off between the economic value 
of timber harvesting and deadwood volume in a  boreal 
forest in Central Finland. However, Augustynczik et al. 
(2018) estimated that the allocation of deadwood islands in 
production forests leads to a very low reduction in the Net 
Present Value (NPV) of less than 1%. Conversely, the results 
of this study showed an increment in timber production 
due to the opening of the gaps, chosen as an intervention 
to increase floristic biodiversity in the SHSs. In this way, all 
trees removed from the gap have contributed to increase the 
overall value of timber supply, compensating for the loss of 
production area (approximately 2.5 ha for each SHS out of 
a total of approximately 1500 ha of forest). Therefore, timber 
production does not necessarily have to be in contradiction 
with biodiversity conservation. Opening gaps through total 
felling of trees inside the SHSs temporarily increases the 
supply of timber, but this practice is not sustainable in the 
long term period (Hjältén et al., 2017), while maintaining 
or increasing lying deadwood and standing dead trees on 
the site supports saproxylic species (Seibold et al., 2015). 
Rather, effective synergies can be achieved between timber 
production and biodiversity conservation when biodiversity 
is integrated into the broader concept of management (Biber 
et al., 2021; Duncker et al., 2012).

With regard to stand stability, our results highlighted that 
the creation of SHSs improves stand stability in over 60% of 
cases with a positive effect on hydrogeological protection. As 
emphasized by some authors, silvicultural interventions (e.g., 
early thinning, selective cutting) can positively influence 
stand stability by reducing the risk of wind and snow 
damage (Kerr & Haufe, 2011; Marchi et al., 2018; Cantiani 
& Chiavetta, 2015). In the creation of SHSs, some living trees 
are selected to create standing microhabitat trees, realizing 
basal pockets and nesting cavity on their surface, while 
other subjects are felled to produce lying deadwood, thus 
affecting stand stability. In fact, as emphasized by Zapponi 
et al. (2014), living trees selected as microhabitat trees have 
diameter at breast height between 40 and 75 cm that could 
also contributed effectively to the stand stability. However, it 
should be noted that opening large gaps within SHSs could 
have the effect of increasing windthrow risk in accordance 
with the current literature (Drăgoi & Barnoaiea, 2018).

Regarding the cultural services, this study showed that 
the highest outdoor recreational value is in areas where 
there are accommodation facilities and points of interest 
(e.g., panoramic points, natural and historical landmarks) 
and more widely along the paths and in proximity of 
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grasslands. In literature, other studies have emphasized that 
the recreational attractiveness of forests is strictly related to 
the amenities available at the site as-well-as the biophysical 
context (Lingua et al., 2023). More precisely, Ciesielski and 
Stereńczak (2018) found that the recreational attractiveness 
is influenced by accessibility of forest area, forest appearance 
(e.g., tree species composition, age, stand structure), forest 
management condition (e.g., leisure infrastructure), and 
factors disturbing forest perception (e.g., noise, litter, too 
many visitors). Ziernicka-Wojtaszek and Malec (2022) 
stressed that recreational attractiveness is not only related 
to the infrastructure but also to the aesthetics of the 
surrounding landscape. Besides, the target of visitors to 
a site, with their attitudes (e.g., activities carried out) and 
aesthetic preferences, can play a key role in choosing the 
most frequented areas. In this sense, the main findings of 
this study demonstrated that the outdoor recreational value 
increases in mixed forests compared to pure conifer and 
broadleaved forests and slightly decreases in proximity to 
the SHSs. The latter is due to the lower visitors’ aesthetic 
preferences for landscapes characterized by a high amount 
of deadwood (within the SHSs) compared to forest areas 
without deadwood. In fact, the outcomes of the questionnaire 
survey highlighted a clear preference for the managed forests 
compared to the landscape of the SHSs. These results are 
in line with the international literature, which highlights 
people’s preferences for mixed forests compared to pure 
conifer and broadleaved forests (Grilli et al., 2014) as-well-as 
for forests characterized by a low or no amount of deadwood 
(Golivets, 2011; Tyrväinen et al., 2003). However, the loss of 
outdoor recreational value in SHSs is negligible due to the 
small size (approximately 2.5 ha) and spatial distribution of 
deadwood islands throughout the forest.

4.2. Management recommendations

The positive effects on biodiversity conservation are the key 
aspect of creating a network of SHSs in managed forests. The 
effects are widely documented in the international literature 
and considered an effective biodiversity conservation 
strategy (Cateau et al., 2013; Mason & Zapponi, 2016; Rose 
& Callot, 2007). However, the creation of SHSs may have 
an impact on other ESs that must be considered in order 
to mitigate negative effects and enhance synergistic effects.

Timber production is potentially in conflict with 
biodiversity conservation as emphasized by some authors 
(Sedmák et al., 2020; Ciesielski et al., 2024). However, the 
results of this study highlighted that in the SHSs this trade-
off is partially offset by the sale of additional wood obtained 
from opening the gaps. From a practical point of view, the 
choice of where to locate SHSs is of key importance to 
avoid conflicts between timber production and biodiversity 

conservation. In these senses, forest areas with an high 
stumpage value and located near forest roads should be 
avoided, preferring marginal areas.

The creation of SHSs within managed forests could 
have potential negative effects on stand stability due to 
the opening gaps and creating microhabitat trees. As 
highlighted by Ciesielski et al. (2024), trade-offs incur in 
mountain forests where canopy cover prevents soil erosion, 
landslides and other hydrogeological disasters. Based on 
these considerations, the creation of SHSs must be done 
following some precautions First of all, the opening of the 
gaps should not exceed 0.1-0.2 ha in order not to increase 
the windthrow risk related to the margin effect (Gadow, 
2000) and fragmentation (Holeksa et al., 2017). Secondly, 
the choice of living trees to produce lying deadwood and 
standing microhabitat trees should be made considering the 
slenderness coefficient (SC) of the individual trees, in order 
not to raise excessively the overall stand slenderness value.

Regarding outdoor recreation, our results showed that 
the high amount of microhabitat trees, lying deadwood and 
standing dead trees within the SHSs is perceived negatively 
by visitors. Other studies found that European visitors 
aesthetically prefer forests with little deadwood to those 
with a high amount of deadwood (Jankovska et al., 2014; 
Pastorella et al., 2016; Paletto et al., 2023a), while Notaro 
et al. (2019) found that the opening of gaps in forest cover 
has a potential positive effect on the aesthetics of the forest 
landscape in the eyes of visitors. As highlighted by Paletto 
et al. (2023b), the negative perception of visitors is mainly 
due to a low level of knowledge of the relationship between 
deadwood and biodiversity conservation. In practice, it is 
desirable that forest managers inform visitors about the role 
and importance of deadwood and SHSs in order to raise 
social awareness. Lee et al. (2010) found that there is a wide 
variety of strategies to captivate visitors, making them more 
aware of the issues of biodiversity, which could contribute 
to increase the preference for high biodiversity areas such as 
SHSs. However, it is important to underline that the loss of 
recreational value within the SHSs is negligible at a landscape 
scale, because other aspects play a  more key role in the 
recreational attractiveness of a  site (i.e. accommodation 
facilities and points of interest).

To further reduce the potential impacts of SHSs on 
recreational attractiveness, it could be useful to locate these 
areas away from accommodation facilities, points of interest, 
paths and trails. Alternatively, a  potential valorisation of 
the SHSs could be to reconnect the nodal points of the 
recreational service by transforming the SHSs into new 
points of interest. To do this, information panels, notice 
boards and deviations from the original trails could be 
created to allow privileged views for visitors to appreciate 
the high level of biodiversity of the area.
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Finally, we can assert that interventions to create SHSs 
in managed forests have overall positive effects, firstly on 
biodiversity and secondly on other ESs, provided that some 
key measures are adopted such as: (i) realization of SHSs 
away from paths and roads network and in areas that are 
not visible to visitors; (ii) opening of gaps in SHSs with area 
less than 0.2 ha to reduce the risk of soil erosion and natural 
hazards (landslides and storms); (iii) select microhabitat trees 
over trees with lower timber value so as not to compromise 
stumpage value; (iv) avoid the creation of lying deadwood in 
forests at risk from biotic threats (e.g., Norway spruce forests 
affected by the bark beetle).

5. Conclusions

In the present study was to implement a  methodology 
capable of analysing in an integrated manner the effects of 
the creation of SHSs on different ESs was implemented in 
accordance with the forest management strategies adopted. 
In particular, geospatial analysis tools appear to be useful to 
provide valuable results to decision makers of forest areas. 
The consequent results can be used to select the areas within 
the managed forests in which to create the SHSs. The key 
principles for the identification of SHSs can be summarized 
as follows: (i) select marginal areas from a  logistical/
economic point of view, in order not to compromise the 
timber production; (ii) prefer areas with a low slenderness 
coefficient, in order not to increase the windthrow and 
snow risk; (iii) choose areas far from points of interest 
and path network, in order not to reduce the recreational 
attractiveness of the site.

From a methodological point of view, the main strengths 
were considering the impacts of SHS creation on multiple 
ESs and spatially representing the value of ESs to support 
forest managers and planners in future choices. Conversely, 
one of the main weaknesses is having considered only the 
slenderness coefficient as a proxy for stand stability, while 
other variables were not included in our study such as tree 
species composition, crown length and form, root anchorage, 
vertical stand structure. A second weakness is related to the 
analysis of trade-offs and synergies that has been based only 
on the positive or negative correlation between ESs in pairs.

Future insights can be developed on the use of this 
methodology at different scales (e.g. regional or national) 
and for different types of values (e.g. monetary values). 
However, the most important result observed appears to 
be the possibility of promoting the conservation of forest 
biodiversity and at the same time not to compromise the 
provision of other ESs, through the adoption of the right 
analysis tools that can lead to the most effective management 
choices.
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ANNEX 1

Coefficient values of the fuzzy functions for the recreational and biodiversity indicators for the Cansiglio Orientale forest

Parameters of the membership functions
a

(m)
b

(m)
c

(m)
d

(m)
Recreational indicators

Points of interest 0 1000 - -
Paths and trails network - - 0 10
Water elements - - 0 20

Biodiversity and habitat provision indicators
Water elements - - 0 50
Paths and trails network - - 0 10


