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Abstract: Although forest ecosystems are fundamental sources of services and global 

biodiversity, their capacity to maintain these benefits in the future is potentially threatened 

by anthropogenic impacts such as climate change, land use, and unsustainable management 

practices. Thus far, studies focusing on forests and their services have gained less attention 

compared with studies on other biomes. Additionally, management practices may potentially 

undermine the capacity of forests to sustain biodiversity conservation and services in the 

future, especially outside protected areas. This study linked the concepts of biodiversity and 

forest ecosystem services at the national level in Italy. Through a downscaled review, we 

first analyzed management issues, challenges, and needs within the context of forest 

ecosystem services. We then carried out a survey on protected areas. The results show that 

forest biodiversity supports the provision of other services and, hence, needs to be preserved 

and supported by adaptive management practices. Current research on forest ecosystem 

services must extend policy trajectories to protected areas (i.e., National Parks) as centers of 

biodiversity and models of the sustainable use of resources. 
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1. Introduction 

Ecosystem services (ESs) are considered those tangible and intangible benefits that ecosystems 

provide to society. The concept of ESs was originally developed to raise awareness of biodiversity 

conservation [1]. Although forests are recognized as fundamental sources of ESs, they are continuously 

threatened or degraded by human-induced effects [2], such as global climate change [3], land use and 

cover change [4], and unsustainable management practices [5]. Indeed, the total loss of forest cover was 

approximately five million ha·year−1 between 2000 and 2010 [6]. In Italy, it has been reported that 

approximately 7000 ha·year−1 of forests have been converted to other land uses [7].  

A large number of studies concerning forest ecosystem services (FESs) have focused on policy 

measures and issues related to the decision-making process. Such studies examine ways to improve the 

availability of FESs at different scales, ranging from specific landscapes to the global perspective  

(e.g., [8]), and to preserve biodiversity and habitats (e.g., [9]). Forest management entails long-term 

decisions and addresses uncertain trends of future conditions and, thus, is often ancillary to other 

impending issues (e.g., [10,11]). Studies focusing on specific forest ecosystem processes (e.g., [12,13]) 

and on the effects of land use change on FES provision [14,15]) are still rare. In Italy, FESs have been 

mainly linked to the concepts of multi-functionality (i.e., the capacity of forests to provide several 

services simultaneously), naturalness, and biodiversity conservation [16]. Related research contributions 

have been scarce and in many cases refer to the assessment of the whole set of FESs (e.g., [17–20]) or 

to their economic evaluation (e.g., [21–24]). Despite the increasing importance of certain FESs  

(e.g., carbon sequestration, availability of mushrooms and truffles, opportunity for tourism and 

recreation, conservation of biodiversity and habitat integrity) for local communities in Italy, the main 

difficulty in forest management remains the assessment of the economic income from services rather 

than timber. In this sense, the successful implementation of regulatory instruments for FESs in Italy 

concerns payments for environmental services (e.g., [25]). On the other hand, public awareness about 

the importance of FESs is often neglected, especially within the context of decision-making processes 

regarding forest management at the local scale ([26]). 

Within the ES framework, biodiversity is closely linked to the ecosystems’ functionality and to human 

wellbeing in the following ways: (i) biodiversity has a multilayered relationship with other ESs—As a 

regulator of ecosystem processes, as a service in itself, and as a good [26]; (ii) the loss of biodiversity is 

one of the most influential drivers of ecosystem change in terms of primary production and 

decomposition [27]; and (iii) the loss of biodiversity-dependent ESs is likely to accentuate inequality 

and marginalization of the most vulnerable sectors of society [28]. These key points have been widely 

reviewed [29] and used as a basis to support research proposals aimed at biodiversity conservation 

worldwide (e.g., “The IUCN Red List of Ecosystems”; [30]). Moreover, several regulatory frameworks 

concerning the safeguarding of biodiversity and ESs are available at the global (e.g., CBD “2020 Aichi 
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Target”, www.cbd.int/sp/targets), European (e.g., “EU Biodiversity Strategy”; [31]), and Italian  

(e.g., Strategia Nazionale per la Biodiversità [Italian National Biodiversity Strategy]; [32]) levels. 

Considering that the management of ecosystems (forests included) depends on the scale at which it 

is implemented [33], the Protected Areas Network (PAN) plays a key role in addressing global 

biodiversity conservation (see, e.g., [34]) as well as the provision of other services [35]. For example, 

PAN covers more than 12% of the Earth’s land area, where more than 7.5 million ha belong to forest 

biomes [36]. In Italy, forests and other wooded lands that are included in PAN at the country level cover 

more than 1.5 million ha (approximately 50% of the total PAN). Italian forest stands are often degraded 

or oversimplified due to past management practices and other disturbances (e.g., drought, fires, 

abandonment of rural practices) [37]. Under these conditions, the conservation of biodiversity and the 

provision of services are widely compromised. Therefore, many forest areas are currently unmanaged or 

under protection, in contrast to areas that have been overexploited (e.g., [38]). Moreover, the abandonment 

of mountain areas and the urban sprawl have caused both the expansion and reduction of forests, 

respectively, and, subsequently, a rearrangement of sources for related services (e.g., [39]). However, 

old-growth forests within PAN are considered biodiversity hotspots in Italy and need to be valorized 

through close-to-nature forest management (e.g., [40]). 

Forest management will face significant challenges if the capacity of forests to provide FESs is to be 

maintained in the future under global change scenarios [41]. Accordingly, conventional forest 

management approaches (i.e., those mainly oriented toward maximizing economic income) need to be 

revised in order to implement the concepts of sustainability and resilience. Indeed, in contrast to the 

widely held view that forest management should provide services for human uses (e.g., thinning for 

timber production), maintaining forest functionality within the context of a changing environment may 

require focusing on the forests themselves and on strategies to reduce their vulnerability to increasing 

stress conditions (e.g., thinning for water yield).  

Forest conditions that best meet the demands for ESs must first be defined. Then, the management 

pathways that allow forests to be adapted to this target need to be identified. However, targeting forest 

sustainability is not an easy task, as it depends on legacies from past management as well as uncertainties 

in the future climate. For example, adaptive management [42,43], the ecosystem approach [44], and 

“resilience thinking” [45,46] should be considered as the most suitable forestry approaches addressing 

sustainability challenges [47]. In the same way, the systemic silviculture in Italy promotes the 

management of forests as complex adaptive systems for sustainability and resilience (e.g., [48]). 

The general aim of this study is to link biodiversity and ESs at the national level by analyzing both 

management and research issues in wider contexts in terms of challenges and needs. The two main 

objectives of the study are as follows: (1) to examine the state of knowledge about FESs by downscaling 

the most representative literature from the global to the Italian scale and by analyzing the aims and 

content of national studies by comparing them with studies available at a broader scale; and (2) to analyze 

the implementation of FESs in forest management practices on a selection of Protected Areas in Italy as 

a model system to describe the current conditions and the desirable targets for close-to-nature forest 

management. 
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2. Methods 

2.1. Analysis of Management and Research Contexts 

The literature review is based on a “by-keywords” search using both the SCOPUS (www.scopus.com) 

and ISI-Web of Science (apps.webofknowledge.com) databases. The review on EU-funded research 

projects is based on a “free text” search using the Community Research and Development Information 

Service (CORDIS) of the European Commission (www.cordis.europa.eu). For the reviews, the reference 

time period was defined as 2000 to 2012. The main evaluation parameters are (i) the number of 

publications per year and (ii) the analysis of the main contents per publication. The review is structured 

according to the following review sections: (i) Review Section 1 (“ecosystem services at the global 

scale”) provides an overview of the scientific contributions concerning ecosystem or environmental 

services and their linkages with forests, mainly at the global level; (ii) Review Section 2 (“ecosystem 

service categories at the global scale”) analyzes the different service categories (generally for all 

ecosystems); (iii) Review Section 3 (“forest ecosystem service categories at the global scale”) analyzes 

the different service categories (specifically for forests); (iv) Review Section 4 (“ecosystem services in 

Italy”) concerns publications about ESs (and forests) at national level, i.e., Italy; and (v) Review Section 

5 (“projects within the context of ecosystem services”) looks at the number of available projects 

(concluded or currently underway) strictly linked to the FES topic. The number of publications is 

assessed per each review section independently. In other words, a publication found in Review Section 

1 can be found in Review Section 2 as well. Table 1 reports the main methodological characteristics of 

the literature review. 

Table 1. Details on the procedure adopted for the literature review. 

Review 

Section (RS) 

Review Section  

Title 
Search Engine Search Strength 

Evaluation Parameters 

(Expected Results) 

1 
Ecosystem services 

at global scale 

Scopus, ISI-Web 

of Science 

“ecosystem services” OR  

“environmental services” 

number of publications 

per year (n pub year−1) 

“ecosystem services” OR “environmental 

services” AND “forests” 

“forest ecosystem services” OR  

“forest environmental services” 

2 

Ecosystem services 

categories at global 

scale 

“provisioning services”  

AND “ecosystems” 

“regulating services” AND “ecosystems” 

“biodiversity services” OR “habitat 

services” OR “supporting services”  

AND “ecosystems” 

“cultural services” OR “aesthetic services” 

OR “amenity services” OR “tourism 

services” OR “recreational services”  

AND “ecosystems” 
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Table 1. Cont. 

Review 

Section (RS) 

Review Section  

Title 
Search Engine Search Strength 

Evaluation Parameters 

(Expected Results) 

3 

Forest ecosystem 

services categories 

at global scale 

 

“provisioning services” AND “forests” 

OR “forest ecosystems” 

 

“regulating services” AND “forests”  

OR “forest ecosystems” 

“biodiversity services” OR “habitat 

services” OR “supporting services” AND 

“forests” OR “forest ecosystems” 

“cultural services” OR “aesthetic services” 

OR “amenity services” OR “tourism 

services” OR “recreational services” AND 

“forests” OR “forest ecosystems” 

4 
Ecosystem services 

in Italy 

“ecosystem services” AND “Italy” number of publications 

per year (n pub year−1); 

analysis of the main 

contents (number of 

publications TA−1) 

“forest ecosystem services” AND “Italy” 

“ecosystem services” AND “forests”  

AND “Italy” 

“forest ecosystem services” (AND “Italy”) 

5 

Projects in the 

context of 

ecosystem services 

CORDIS  

Number of projects; 

main contents and 

objectives 

The publications found in Review Section 4 were then grouped into specific thematic areas (TAs) by 

verifying the consistency of their contents with the theoretical concepts and aims behind each TA. We 

selected the following TAs: (i) ES assessment (approaches, techniques, and methods); (ii) the role of 

ESs within the policy context; (iii) ESs in urban (and semi-natural) areas; (iv) ESs and local 

communities; (v) the economics of ESs; and (vi) ESs and land use, cover, and change (LUCC). These 

TAs were chosen for their significance in ES-related research. Following this approach, each publication 

has been analyzed for a specific TA. 

2.2. The Survey of Protected Areas in Italy 

A 20-page questionnaire on the role of FESs in socio-economic and planning contexts was prepared 

and then submitted to the authorities of a target group of National and Regional Parks (NRPs) in Italy. 

Fifteen NRPs were selected according to the following criteria: (i) regional representativeness (more 

than 80% of the NRPs should be represented) and (ii) forest area inclusiveness (more than 25% of the 

total forest area should be included). The questionnaires contained different “closed-questions” and were 

divided into the following seven sections: (i) general information; (ii) the main FESs provided; (iii) the 

local stakeholder-FES relationship; (iv) currently available governance instruments; (v) the main factors 

influencing decision-making processes; (vi) linkages between decision-making processes and research 

activities; and (vii) FES relevance in forest management. The interviewees (managers of the NRPs) were 

asked to answer the questionnaire by using ranking scales or true/false options. Then, the answers were 

separately analyzed for each section. Table 2 reports details about the calculation used to analyze the 
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questionnaire results. For further details about the structure of the questionnaires, the reader is referred 

to Supplementary 1. 

Table 2. Calculation made for each questionnaire section. 

Section  Calculation 

Section 1 – General description 

of the area 

No calculation 

Section 2 – Forest Ecosystem 

Services relevance 

A unique relevance value (REL) of each ecosystem service Division and for all of 

respondents was calculated by using the following equation: 

ܮܧܴ ൌ
∑ ቂ∑ ሺோா௅ೕሻ

೙
ೕసభ ቃ

೔
೘
೔సభ

௠
	ሾ0 ൊ 4ሿ  

Where: ܴܮܧ is the relevance value for the ecosystem services Division (e.g., nutrition, 
materials, energy, etc.); ܴܮܧ௝ is the relevance value for the j-th ecosystem service 

Group; n is the total number of ecosystem services Groups; and m is the total number 

of respondents.  

Section 3 – Relationship 

between local stakeholders and 

Forest Ecosystem Services 

A unique influence value (INF) was calculated for each Stakeholder typology and ES 

Division between all respondents by using the following equation:  

ܨܰܫ ൌ
∑ ሺூேி೔ሻ
೘
೔సభ

௠
	ሾെ1 ൊ 1ሿ  

Where: ܨܰܫ௜ is the influence value on the i-th ecosystem services Division; and m is 

the total number of respondents.  

Section 4 – Governance 

instruments at work in the area 

Answers were converted into numeric values, as follows: TRUE in 1, and FALSE in 0. 

Section 5 – Factors considered 

in decision-making processes 

Answers were converted into numeric values, as follows: TRUE in 1, PARTIALLY 

TRUE in 0.5, and FALSE in 0. 

Section 6 – Decision-making 

processes and research 

activities 

Answers were converted into numeric values, as follows: TRUE in 1, PARTIALLY 

TRUE in 0.5, and FALSE in 0. 

Section 7 – Forest Ecosystem 

Services relevance in forest 

management 

The influence value of ecosystem services in Forest Management (FESFM) was 

calculated for each of the three elements (priority, difficulty, and relevance) and for 

each FES Division by using the following equation:  

ܯܨܵܧܨ ൌ	
∑ ሺிாௌிெ೔ሻ
೘
೔సభ

௠
	ሾ0 ൊ 5ሿ  

Where: ܯܨܵܧܨ௜ is the influence value of the i-th FES in forest management; and m is 

the total number of respondents.  

The means resulting from the survey on FES relevance and the priority for management guidelines 

were normally distributed and compared with a t-test for paired samples with a significance of p < 0.05 

(SPSS Inc., Chicago, IL, USA). 

3. Results 

3.1 Downscaling Exercise 

We found more than 9000 records for both search engines. Table 3 summarizes the main  

outcomes of our literature review. No result was found for the “forest ecosystem services” AND “Italy” 

search strength. 
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Table 3. Summary of review results in terms of number of records found, and relative 

differences per search engine (time period: 2000 to 2012). 

Review 
Section 

Review Section Title Search Strenght 
SCOPUS 

(A) 
ISI-Web of 
Science (B) 

Relative 
Difference (A–B)

1 
Ecosystem services at 
global scale 

“ecosystem services” OR 
“environmental services” 

7313 7425 −112 

“ecosystem services” OR 
“environmental services” AND 
“forests” 

1695 6504 −4809 

“forest ecosystem services” OR 
“forest environmental services” 

145 179 −34 

2 
Ecosystem services 
categories at global 
scale 

“provisioning services” AND 
“ecosystems” 

70 43 27 

“regulating services” AND 
“ecosystems” 

62 31 31 

“biodiversity services” OR 
“habitat services” OR 
“supporting services” AND 
“ecosystems” 

69 55 14 

“cultural services” OR 
“aesthetic services” OR 
“amenity services” OR “tourism 
services” OR “recreational 
services” AND “ecosystems” 

108 406 −298 

3 
Forest ecosystem 
services categories at 
global scale 

“provisioning services” AND 
“forests” OR “forest 
ecosystems” 

17 11 6 

“regulating services” AND 
“forests” OR “forest 
ecosystems” 

14 13 1 

“biodiversity services” OR 
“habitat services” OR 
“supporting services” AND 
“forests” OR “forest 
ecosystems” 

14 25 −11 

“cultural services” OR 
“aesthetic services” OR 
“amenity services” OR “tourism 
services” OR “recreational 
services” AND “forests” OR 
“forest ecosystems” 

42 226 −184 

4 
Ecosystem services in 
Italy 

“ecosystem services” AND 
“Italy” 

20 25 −5 

“forest ecosystem services” 
AND “Italy” 

0 0 0 

“ecosystem services” AND 
“forests” AND “Italy” 

2 8 −6 

5 
Projects in the context 
of ecosystem services 

Deatailed results in Supplementary 2 

We selected 350 papers as the most relevant in understanding the ES research topic according to their 

relative citations, publishing dates, and keywords. We analyzed the same papers in terms of their content, 
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results, conclusions, and relevance within the ES topic. In Review Section 4, we reviewed 34 

publications previously grouped into different TAs. Detailed results per review section are reported. 

3.1.1. Review Section 1—Ecosystem Services at Global Scale  

Figure 1 reports the number of publications from 2000 to 2012 for Review Section 1. 

 

Figure 1. Trends of the number of publications per year for Review Section 1, as found by 

using SCOPUS (a) or ISI-Web of Science (b). 
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Considering the search strength of “ecosystem services” OR “environmental services”, the number 

of publications increased by 1382 (SCOPUS; Figure 1a) and 1434 (ISI-Web of Science; Figure 1b) units 

after the Millennium Ecosystem Assessment in 2005. In this case, the total number of publications for 

SCOPUS was 1.6% less than that for ISI-Web of Science in 2012. Considering the “ecosystem services” 

OR “environmental services” AND “forests” search strength, the number of publications increased by 

331 (SCOPUS; Figure 1a) and 1372 (ISI-Web of Science; Figure 1b) units after the Millennium 

Ecosystem Assessment in 2005. In this case, the number of publications reported by SCOPUS was  

three times less than that obtained from ISI-Web of Science. Considering the “forest ecosystem services” 

OR “forest environmental services” search strength, the number of publications increased by 19 

(SCOPUS; Figure 1a) and 26 (ISI-Web of Science; Figure 1b) units after the Millennium Ecosystem 

Assessment in 2005. In this case, the total number of publications was 25% less than that for ISI-Web 

of Science in 2012. These results demonstrate the global interest by the research community on  

ES-related topics, especially after the Millennium Ecosystem Assessment release in 2005. 

3.1.2. Review Sections 2 and 3—Ecosystem Service Categories at the Global Scale (Including  

Forest Ecosystems) 

Figure 2 reports the number of publications from 2000 to 2012 for Review Sections 2 and 3. 

 

Figure 2. Trends of the number of publications per year for Review Sections 2 (a,b) and 3 

(c,d), and for SCOPUS (a,c) and ISI-Web of Science (b,d). 
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Considering the “provisioning services” AND “ecosystems” (PROV-E) and “regulating services” 

AND “ecosystems” (REG-E) search strengths, the results show that the number of publications rapidly 

increased after 2008 (Figure 2a,b). In the case of SCOPUS, the number of publications increased from 

two in 2008 to 23 in 2012 (PROV-E) and from three in 2008 to 22 in 2012 (REG-E). In the case of  

ISI-Web of Science, the number of publications increased from one in 2008 to 12 in 2012 (PROV-E) 

and from two in 2008 to 12 in 2012 (REG-E). A similar trend was observed when using “provisioning 

services” AND “forests” OR “forest ecosystems” (PROV-FE) and “regulating services” AND “forests” 

OR “forest ecosystems” (REG-FE) as search strengths (Figure 2c,d). In the case of SCOPUS, the number 

of publications increased from one in 2008 to six in 2011 (PROV-FE) and from one in 2008 to five in 

2011 (REG-FE). In the case of ISI-Web of Science, the number of publications increased from one in 

2008 to four in 2011 (PROV-FE) and from one in 2008 to three in 2011 (REG-FE). After 2011, there 

was a decline in the number of publications, down to four (both PROV-FE and REG-FE) for SCOPUS and 

down to one (PROV-FE) and five (REG-FE) for ISI-Web of Science. Considering the “biodiversity 

services” OR “habitat services” OR “supporting services” AND “ecosystems” (BIO-E) and “cultural 

services” OR “aesthetic services” OR “amenity services” OR “tourism services” OR “recreational services” 

AND “ecosystems” (CULT-E) search strengths, the results show that the number of publications 

generally increased from 2005 to 2012 (with different trends during this period) for both SCOPUS and 

ISI-Web of Science (Figure 2a,b). In particular, the number of publications for BIO-E increased from 

one in 2005 to 14 in 2012 (SCOPUS) and from zero in 2005 to seven in 2012 (ISI-Web of Science). 

CULT-E increased from three in 2005 to 40 in 2012 (SCOPUS) and from eight in 2005 to 93 in 2012 

(ISI-Web of Science). A different trend was found for the “biodiversity services” OR “habitat services” 

OR “supporting services” AND “forests” OR “forest ecosystems” (BIO-FE) and “cultural services” OR 

“aesthetic services” OR “amenity services” OR “tourism services” OR “recreational services” AND 

“forests” OR “forest ecosystems” (CULT-FE) search strengths (Figure 2c,d). In the case of BIO-FE, 

SCOPUS reported that the number of publications fluctuated from zero to four in 2005 to 2008 (only 

one publication was released in 2004) and then from five to one in the 2010 to 2012 period. A different 

trend regarding the number of publications was registered by ISI-Web of Science for BIO-FE: from zero 

to five (2005 to 2008) and from two to six (2010 to 2012). In the case of CULT-FE, the number of 

publications generally increased from zero to nine (SCOPUS) and nine to 45 (ISI-Web of Science) from 

2005 to 2012. 

3.1.3. Section 4—Ecosystem Services in Italy 

Figure 3 shows the publications grouped per TA for the “forest ecosystem services” AND “Italy” 

(ES-IT) and “ecosystem services” AND “forests” AND “Italy” (ES-F-IT) search strengths. No results 

were found for “forest ecosystem services” AND “Italy”. 

For Review Section 4, the total number of publications in the 2000 to 2012 period was 25 (for 

“ecosystem services” AND “Italy” search strength; ES-IT) and eight (for “ecosystem services” AND 

“forests” AND “Italy”; ES-F-IT) (SCOPUS; Figure 3a). In the case of ISI-Web of Science, the total 

number of publications in the 2000 to 2012 period was 20 (ES-IT) and 2 (ES-F-IT) (ISI-Web of Science; 

Figure 3b). By analyzing the main contents, the consistency of each publication with the related TA can 

be summarized as follows: (i) most publications focus on the “ES assessment” TA (nine for ES-IT and 
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three for ES-F-IT in the case of SCOPUS; seven for ES-IT in the case of ISI-Web of Science); (ii) very 

few publications focus on “The economics of ES” (one and one for ES-IT and two and one for ES-F-IT 

in SCOPUS and ISI-Web of Science, respectively) and “ES and local communities” TAs (one and two 

for ES-IT and one and one for ES-F-IT in SCOPUS and ISI-Web of Science, respectively); (iii) no 

publication for ES-F-IT was found for the “ES and LUCC” TA in either SCOPUS or ISI-Web of Science. 

 

Figure 3. Number of publications per TA as found in Review Section 4 for SCOPUS  

(a) and ISI-Web of Science (b). 
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Table 4. List of surveyed National and Regional Parks. Information has been reported by the respondents in Section 1 of the questionnaire. 

Park Name 
IUCN 

Classification
Covered 
Regions

Covered 
Provinces 

Covered 
Municipalities

Total 
Area 

Forest 
Area 
(%) 

Managed 
Forest 

Area(%)

Main Forest 
Category 

“Pineta di Appiano Gentile e Tradate” Park [Parco Pineta di 
Appiano Gentile e Tradate] 

Ib 1 2 15 4828 0.72 1.000 
Scots pine and black 
pine forests 

“Mont-Avic” Natural Park [Parco Naturale Mont Avic] Ib 1 1 2 5800 0.28 0.000 
Scots pine and black 
pine forests 

“Vesuvio” National Park [Parco Nazionale del Vesuvio] II 1 1 13 8482 0.44 0.541 
Coniferous 
plantations 

“Prealpi Giulie” Natural Park [Parco Naturale delle Prealpi 
Giulie] 

Ib 1 1 6 9402 0.49 0.782 
European beech 
forests 

Aurunci mountains Natural Park [Parco Naturale dei Monti 
Aurunci] 

Ib 1 2 10 19,374 0.59 0.947 
Hop-hornbeam and 
flowering ash mixed 
forests 

“Dolomiti Bellunesi” National Park [Parco Nazionale delle 
Dolomiti Bellunesi] 

II 1 1 15 32,000 0.69 1.000 
European beech 
forests 

“Foreste Casentinesi, Monte Falterona, e Campigna” National 
Park [Parco Nazionale delle Foreste Casentinesi, Monte 
Falterona e Campigna] 

II 2 3 10 36,800 0.87 0.781 
European beech 
forests 

“Abruzzo, Lazio e Molise” National Park [Parco Nazionale 
d'Abruzzo, Lazio e Molise] 

II 3 3 24 50,000 0.58 0.655 
European beech 
forests 

Adamello Natural Park [Parco Naturale dell’Adamello] Ib 1 1 18 51,000 0.46 0.062 
Other broadleaved 
forests 

Adamello-Brenta [Parco Naturale Adamello-Brenta] Ib 1 1 40 62,050 0.81 1.000 
Norway spruce 
forests 

“Monti Sibillini” National Park [Parco Nazionale dei Monti 
Sibillini] 

II 2 4 19 69,439 0.42 0.956 
European beech 
forests 

“Majella” National Park [Parco Nazionale della Majella] II 1 3 39 74,100 0.66 NA 
European beech 
forests 

“Gargano” National Park [Parco Nazionale del Gargano] II 1 1 18 121,400 0.52 1.000 
European beech 
forests 

“Stelvio” National Park [Parco Nazionale dello Stelvio] II 4 4 23 130,700 0.29 0.762 
Norway spruce 
forests 

“Pollino” National Park” [Parco Nazionale del Pollino] II 2 3 56 192,000 0.58 0.140 
European beech 
forests 
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3.1.4. Review Section 5—Projects in the Context of Ecosystem Services 

The results for Review Section 5 can be summarized as follows: (i) since 2000, the total number of 

EU-funded projects focused on ES-related topics and, in particular, FES is 68 (29% to be concluded 

after 2012); (ii) Italy is included in 24 of the project consortia (coordinator in three of them); and  

(iii) 25% of the projects have specific objectives and activities correlated with the FES topic, whether 

totally or partially (10.3% and 14.7%, respectively). For detailed results, the reader is referred to 

Supplementary 2. 

3.2. Implementation of FES  

3.2.1. General Information 

Questionnaires were filled out by the managers or technical personnel employed at the 15 selected 

NRPs in Italy. The related characteristics (see Table 4) demonstrate that the selection criteria were 

fulfilled in terms of the Regions represented and forest area covered. 

The following insights can be obtained from the results of section 1: (i) the total surveyed area is 

31.4% of the total NRP area (867,375 ha vs. 2,760,337 ha); (ii) the total surveyed forest area is 471,181 ha, 

which is 4.5% of the total forest area in Italy; and (iii) the average forest area is approximately 56% of 

the total PAN, of which 69% is managed (completely managed for 31% of NRPs). From the 

administration point of view, the NRP selection included more than 72% of the total number of regions 

and autonomous provinces in Italy. 

3.2.2. What is the Relevance of Forest Ecosystem Services within Protected Areas? 

Figure 4 shows the relevance of FES in NRPs, as resulted from Section 2 of the questionnaires. 

 

Figure 4. Bar chart reporting the Forest Ecosystem Services (FES) relevance (grouped by 

Division) in surveyed NRPs. Relevance values vary from very low (0) to very high (4). Bars 

refer to Standard Deviation (SD) values. 
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For the FES relevance survey, the t-test shows the following: (i) the improvement of tourism and 

recreation services is considered of average importance (3.3 ± 0.51) but shows higher relevance than, 

e.g., the provision of raw materials (wood and fiber, among the others) (1.9 ± 0.79) (p < 0.01); (ii) the 

enhancement of interactions with forest ecosystems (here defined as conservation of the landscape 

identity) is considered less important (2.5 ± 0.83) than, e.g., the improvement of tourism and recreation 

services (3.3 ± 0.51) (p < 0.01); (iii) the maintenance of ecosystem processes and functions (including 

biodiversity conservation and habitat protection) is considered more important (2.8 ± 0.76) than, e.g., 

the availability of non-wood forest products (1.9 ± 0.97) (p < 0.01), wood mobilization and timber 

extraction for energy purposes (2.1 ± 0.83) (p < 0.01), and bioremediation (2.2 ± 1.21) (p < 0.01);  

(iv) hydrogeological protection and bioremediation are considered less important (2.7 ± 0.51 and  

2.2 ± 1.21, respectively) than the improvement of tourism and recreation services (3.3 ± 0.51) (p < 0.05 

and p < 0.01, respectively); and (v) biomass-based energy sources are considered less important  

(2.1 ± 0.83) than, e.g., hydrogeological protection (2.7 ± 0.51) (p < 0.05). 

High variability in the results indicates the relevance values of the bioremediation services  

(SD = 1.20), non-wood forest products, and fresh water availability (SD = 0.93). Low variability 

indicates the relevance values of both hydrogeological protection and the improvement of tourism and 

recreation concerns (SD = 0.51 for both). These aspects demonstrate the following: (i) most likely, there 

was a partial lack of knowledge (or misunderstanding) of some of the ES definitions, particularly 

regarding forests, when assessing their relevance; and (ii) some of the ESs were not always considered 

primarily forest services and were thus not assessed in the same way by all the respondents. 

3.2.3. How Do Stakeholders Influence Forest Ecosystem Services Provision? 

Figure 5 reports the impacts of different stakeholder typologies on the whole set of FESs (Section 3 

of the questionnaire). 

The results from Section 3 of the questionnaire reveal the following: (i) nature conservationists such 

as NGOs, the European Union, the Park Authority, and other public bodies have a positive impact on 

the whole set of FESs, ranging from 0.28 for the availability of non-wood forest products and fresh water 

to 0.64 for the conservation of landscape identity; (ii) agriculture and pasture have few positive impacts 

(e.g., on non-wood forest products and fresh water availability, 0.38) and more negative impacts, 

especially on bioremediation (−0.26) and biodiversity conservation and climate change mitigation 

(−0.12); (iii) the tourism sector plays a positive role for all FESs, especially regarding the improvement 

of tourism and recreation concerns (approximately 0.56); (iv) the forestry sector generally has no impact 

on FESs at all, thus registering the highest positive values for the production of raw materials (0.48) and 

biomass-based energy supply (0.40); (v) recreational activities (such as hunting, mushroom picking, and 

skiing) are generally seen as relatively negative influencing factors on FES provision (between −0.07 

and −0.17 for most FESs); (vi) education and research activities are considered the most influencing 

drivers for improving FES provision, with values ranging from 0.46 (production of raw materials and 

biomass-based energy supply) to 0.87 (improvement of tourism and recreation concerns); (vii) public 

institutions (intended here as Army-related activities) are considered limiting factors for FES provision 

(e.g., −0.36 for bioremediation); (viii) local users and farmers, on average, have no impact on FES 

provision (the values are approximately 0 for all FESs); (ix) local inhabitants are seen as drivers of FES 
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provision, especially regarding the improvement of tourism and recreation services and the conservation 

of landscape identity (0.58 for both); and (x) the manufacturing sector is the most negative influencing 

factor (i.e., the most limiting agent) for the FES provision, with values ranging from −0.05 for  

biomass-based energy supply to −0.52 for biodiversity conservation and climate change mitigation. 

 

Figure 5. Spider charts showing the different impacts of stakeholder typologies (top of the 

charts) on FES. Impacts are represented by solid lines, and related values range between −1 

(negative) to 1 (positive). No impact corresponds to 0 value. Impacted services are lettered 

on chart’s crowns as follows: non-wood forest products/fresh water availability (A); 

Production of raw materials (B); Timber extraction for energy supply (C); Bioremediation 

(D); Hydrogeological protection (E); Biodiversity conservation and climate change 

mitigation (F); Improvement of tourism and recreation concerns (G); and Conservation of 

the landscape identity (H). See Table 2 for calculations and Annex 1 for nomenclature. 

3.2.4. What Are the Main Governance Instruments at Work in Protected Areas? 

The results from Section 4 of the questionnaire show that some of the most important governance 

instruments regarding biodiversity conservation (gen. nature conservation) and FES provision are at 

work in more than 50% of the cases. Downscaled by implementation level, these instruments are “EU 
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regulatory frameworks” (93% of respondents), “Regional Forest Law” (86% of respondents), and 

“Regional Forest Plan” (64% of respondents); “Watershed Plan” (71% of respondents) and “Forest 

Landscape Management Plan” (50% of respondents); and “Management and Conservation Plan” (71% 

of respondents). On the other hand, other important governance instruments, such as “National Strategies 

and Forest Action Plans”, “Forest Certification Instruments”, and “Eco-labels for local agricultural products” 

are not yet widely available or implemented (36%, 29%, and 29% of respondents, respectively). 

3.2.5. What Are the Main Factors Influencing Forest Management with the Objective of  

Services Provision? 

Figure 6 shows the results regarding the roles of different factors (e.g., local stakeholders, FES 

analysis) in decision-making processes and forest management concerns (Section 5 of the questionnaire). 

 

Figure 6. Bar chart showing the relative percentage of respondents to several sentences 

regarding the role of different factors (local stakeholders, FES analysis, etc.) in  

decision-making processes in surveyed NRPs. 

The results from Section 5 of the questionnaire can be summarized as follows: (i) FES assessment is 

included in decision making processes, and analysis of their tradeoffs is considered in implementing 

forest management (true for 62% and 55% of respondents, respectively); (ii) nature conservation is 

implemented by adopting specific policy guidelines (true for 62% of respondents); (iii) stakeholders are 

partially engaged in decision-making processes (true for 43% of respondents), for which they are not 

recognized as relevant (see “Local stakeholders’ perception about their relevance in decision-making 

processes”, which is true for 27% of respondents), and they have rather few relationships with forest 

managers (true for 42% of respondents); (iv) bottom-up and top-down approaches in forest governance 

are not completely balanced (true for 44% of respondents); (v) knowledge-transfer and trans-disciplinarity 

are generally lacking (true for 36% of respondents); and (vi) scientific and technological progress or 

advances are not always taken into account in forest management (true for 43% of respondents). These 

results have a high level of uncertainty. In fact, the “False/Not Available (NA)” answers correspond to 

13% of respondents, on average. Moreover, the “Partially true” answers (36% of respondents, on 
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average) do not offer more details allowing a deeper analysis of the results (or of the differences 

regarding the “True” answers). 

The results from Section 5 of the questionnaire yield the following insights: (i) although FESs are 

assessed for decision-making objectives and their trade-offs are considered while managing forests (see 

Figure 6), there is no specific information about the level of detail in quantifying FESs, the 

methodologies applied, or the quality of data used for such purposes (see Supplementary 1, Section 5); 

(ii) stakeholders are not especially involved in decision-making processes, so they do not consider their 

opinions as relevant for forest management; and (iii) there is not always a good balance between the  

top-down and bottom-up approaches (see Figure 6). 

3.2.6. How Are Research Activities and Outcomes Used for Managing Forest Ecosystem  

Service Provision? 

Figure 7 shows how the research is linked to the management of forests and their services within the 

surveyed NRPs. 

 

Figure 7. Bar chart showing the relative percentage of respondents to several sentences 

regarding the role of research (related activities, results and advances) in decision-making 

processes in surveyed NRPs. 

The results from Section 6 of the questionnaire can be summarized as follows: (i) authorities support 

researchers and their activities within the NRPs (true for 92% of respondents), they are in cooperation 

with several research bodies at the national level (true for 78% of respondents), and they participate in 

different research projects (true for 57% of respondents); (ii) although the authorities perceive the 

support of research outcomes to be essential for improving practical forest management (true for 57% 

of respondents), research projects do not consider the two-way exchange between stakeholders and 

decision-makers (true for 35% of respondents). 
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3.2.7. How Does Current Management Ensure Forest Ecosystem Service Provision in Protected Areas? 

Figure 8 reports the ranking of three important FES-Forest Management linkages (Section 7 of the 

questionnaire): (i) priority for management guidelines, (ii) difficulty in quantifying and valuing the 

service, and (iii) relevance for local communities (in terms of expected benefits). 

 

Figure 8. Bar chart reporting the ranking values o of priority, difficulty and relevance of 

each FES for forest management. Bars represent the Standard Deviation (SD) values. 

Concerning the priority for management guidelines, the t-test shows the following: biodiversity 

conservation has higher priority (4.76 ± 0.57) than, e.g., the conservation of landscape identity  

(3.69 ± 0.99) (p < 0.01); hydrogeological protection has higher priority (4.23 ± 0.79) than, e.g., wood 

mobilization and timber extraction (2.69 ± 1.43) (p < 0.01); and the improvement of tourism and 

recreation services has higher priority (4.15 ± 0.76) than, e.g., bioremediation (1.92 ± 1.54) (p < 0.01). 

Meanwhile, non-wood forest products availability and bioremediation services show lower priority  

(1.92 ± 1.26 and 1.92 ± 1.54, respectively) than, e.g., biodiversity conservation (4.77 ± 0.58) and 

hydrogeological protection (4.23 ± 0.80) (p < 0.01). The improvement of tourism and recreation services 

is considered more relevant for local communities (4.07 ± 0.91) than, e.g., wood mobilization and timber 

extraction (2.92 ± 1.20) (p < 0.05), biodiversity conservation (2.76 ± 1.04) (p < 0.01), and conservation 

of landscape identity (2.92 ± 1.20) (p < 0.05). In contrast, bioremediation shows lower relevance for 

local communities (1.58 ± 1.08) than, e.g., fresh water availability (3.38 ± 1.33), hydrogeological 

protection (3.84 ± 1.02), and climate change mitigation (1.69 ± 0.72) (p < 0.01). 

Considering the difficulty in quantifying and valuing the services, the respondents gave very low 

ranking values. These results indicate that it is not difficult to have a quantitative or qualitative 

assessment of a given FES, including its economic evaluation. For example, the conservation of 

landscape identity was ranked as the most difficult of the assessed FESs. Of course, this element  
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(i.e., “relevance”) shows a higher variability (SD between 1.23 and 1.84) compared with “priority” (SD 

between 0.57 and 1.54) and “difficulty” (SD between 0.72 and 1.49). 

4. Discussion 

4.1. Issues at Stake in FES Research 

Taking into account the limitations of our review exercise (i.e., lack of information concerning the 

impact of research contributions to the topic of forest ecosystem services), the results from review 

Section 1 demonstrate poor integration of knowledge on FESs within adaptive governance at the local 

level, including scientific concepts in forest management strategies. Despite the increasing global 

awareness among scientists of the importance of ESs since the Millennium Ecosystem Assessment 

release in 2005 (as also noted by [49,50]), our review reveals that the number of publications on FESs 

has been relatively stable (see Figure 1). Although we found a certain variability concerning the number 

of publications between the SCOPUS and ISI-Web of Science search engines, the results show similar 

trends. Moreover, there were 10 times fewer FES-related publications compared with those obtained 

when considering “ecosystem services” and “ecosystem services and forests” (see Figure 1). This 

indicates that the role of forests in the ES framework has not been completely treated, is not widespread, 

and is not even considered of primary importance. Review Sections 2 and 3 show that cultural services 

(CULT-E and CULT-FE) are treated in a relatively high number of publications (nearly double that of 

the other service categories) (see Figure 2). This is partially explained by the fact that cultural services 

have gained more attention over the last few years (see, e.g., [51–53]). This inconsistency between the 

search strength and the obtained results may depend on the level of detail of the used keywords as well 

as the search engine itself. Generally, ISI-Web of Science produced a larger amount of results compared 

with SCOPUS for two reasons: in the first case, keywords were searched within the “topic” field, while 

in the second case, they were searched for within the “abstract, title, and keywords” fields. Therefore, 

the unstructured results by service type may be due to the tendency to treat different services as integrated 

parts of a “whole group”. The results available for each service category may help identify the  

trans-disciplinary role of forest resources, ranging from the socio-economic to the biophysical to the 

policy and planning contexts (e.g., [54]). This is the case, e.g., for biodiversity, which is a key term in 

ES and FES contexts. Compared with other service categories, biodiversity conservation is specifically 

addressed in 14% (SCOPUS) and 6% (ISI-Web of Science) of publications. In the case of forests, 

biodiversity conservation is treated in 5.5% (SCOPUS) and 10.5% (ISI-Web of Science) of publications. 

Regarding forest resources, Thompson et al. [55] reported that 76% of the 21 reviewed studies showed 

a direct relationship between increased biodiversity (measured as tree and understory species richness) 

and increased primary productivity. Similarly, Thompson et al. and Balvanera et al. [55,56] confirmed 

that plant diversity enhances belowground plant and microbial biomass and decomposer activity and 

diversity, resulting in greater diversity of primary consumers and a lower number of invasive species 

relative to systems with low levels of productivity. In addition, Gamfeldt et al. [57] found consistent 

positive relationships between tree species richness (contrasting plots with five and one tree species) and 

multiple ESs, thus confirming that the conservation of forest stand diversity is needed to safeguard the 

future potential of high levels of multiple ESs (for further examples, see [58]). Cardinale et al. [29] 
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outlined two important directions to be undertaken: (i) detailing the mechanistic links between ecosystem 

functions and services; and (ii) developing theoretical approaches that can link small-scale research 

(mechanistic focus of biodiversity and ecosystem functioning) to the large-scale patterns that are the 

focus of biodiversity and ESs. 

Taking into account the results from Review Section 5, research projects that entirely focus on the 

FES topic are still rare at the continental scale (see Supplementary 2). Indeed, some important European 

research pathways regarding the ES topic were not found through RS E. Such is the case, for example, 

of the RUBICODE (“Rationalizing Biodiversity Conservation in Dynamic Ecosystems”, at: 

www.rubicode.net) project, which ended in 2009. RUBICODE reviewed information on ESs for the 

main terrestrial and freshwater ecosystems in Europe and provided an operative framework to rationalize 

biodiversity conservation strategies ([59,60]). Therefore, since the “EU Biodiversity Strategy” [31], the 

importance of mapping and assessing ESs has gained more attention among scientists, up to the 

establishment of the MAES (Mapping and Assessment of Ecosystems and their Services) Working 

Group, with the main purpose of supporting Member States in fulfilling the requirements of Action 5 

“Action 5 of the EU Biodiversity Strategy requires Member States, with the assistance of the 

Commission, to map and assess the state of ecosystems and their services in their national territory by 

2014, assess the economic value of such services, and promote the integration of these values into 

accounting and reporting systems at EU and national level by 2020” of the “EU Biodiversity Strategy” [61]. 

Italy was not involved in the pilot study phase (up to the end of 2014). Of course, RSE does not currently 

consider FES-related projects underway at the national level in Italy. However, a deeper analysis 

indicates that several FES projects are in fact currently underway at the national level in Italy. Some 

examples are as follows: (i) the INTEGRAL (“Integrated Management of European Forest Landscapes”; 

at: www.integral-project.eu) project, which specifically aims to diminish the discrepancies between 

policy and management approaches to improve the potential of European forest landscapes to deliver 

multiple services and to provide management guidelines according to the ecological and socio-economic 

contexts; (ii) the MIMOSE (“Development of innovative models for multiscale monitoring of ES 

indicators in Mediterranean forests”) project, which aims to build and implement a set of spatially 

explicit indicators for mapping and valuing ESs in the Mediterranean area [62]; and (iii) the LIFE+ MGN 

(“Making Good Natura”; at: www.lifemgn-serviziecosistemici.eu) project, which aims to develop innovative 

approaches to environmental governance to preserve agro-forest-ecosystems and to establish instruments 

for the qualitative and quantitative valuation of ESs in the study sites of the Natura2000 Network. 

Considering the above-mentioned issues and the recent enormous efforts by the EU (e.g., [63]) and 

its Member States to implement the ES approach within development strategies, Italy does not yet have 

its own proposal [64]. Thus far, the applied research on forests and other ecosystems (including the 

services they provide) has suffered from the scarcity of available data; the fragmentation and differentiation 

of both on-the-ground and remotely sensed information; the weakness of trans-disciplinary cooperation 

among universities, national research institutes, and local administrative bodies at the national level; and 

the notable reduction of economic investments in research, innovation, and development (−1.6% 

between 2011 and 2012; [65]). 
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4.2. Issues at Stake in Managing Forests for Services Provision 

The conservation of biodiversity, the improvement of tourism and recreation services, and 

hydrological protection are the most relevant FESs both for forest management purposes and local 

community needs (see Figure 4). They also have the highest priorities toward effectively implementing 

management guidelines (see Figure 8). These results may depend on the following factors: (i) biodiversity 

conservation is the primary objective of the Protected Areas establishment, taking into account its key 

role both in Italy [66] and globally [67]; (ii) the tourism sector and recreation activities are two of the 

key economic drivers for improving the wellbeing of people living within the Protected Areas boundaries 

(see, e.g., [68]); and (iii) the regulation of hydrological regimes to protect human infrastructures against 

floods, runoff erosion, avalanches, or other natural hazards is one of the most important forest functions, 

especially if regulated by specific laws and restrictions, as in Italy [69]. However, the provision of 

timber, fiber, and other forest products is considered less relevant (see Figure 4). This is partially because 

most of the regulatory frameworks of the NRPs in Italy strictly limit the use of forest resources for 

economic purposes (including timber extraction and transformation), at least in their core areas for 

biodiversity conservation (see [33]). In this sense, our results confirm that although provisioning services 

generate economic benefits for local populations living in the Mediterranean area (for a complete review, 

see [70]), they are generally in conflict with other services, especially with biodiversity conservation 

(see, e.g., [71]). In practice, management can be better implemented by adopting an integrated approach 

that takes into account economic, socio-cultural, and ecological features (e.g., areas for commercial use 

vs. areas for nature conservation). In this way, less obvious services for the current state of local 

conditions can also be valorized in the future (e.g., bioremediation, hydrogeological protection). 

Although the NRP management authorities use research activities to support biodiversity monitoring 

and forest management for ES maximization, there is no knowledge transfer to local communities (see 

Figure 7). This means research outcomes and advances are not delivered to and shared with people, such 

as stakeholders or inhabitants, despite “education and research” being considered the most positive 

drivers for FES provision (see Figure 5). Through participatory events, the research community can 

communicate FES values and trends within an economic context to local managers and stakeholders to 

increase the awareness of the importance of preserving natural capital. On the other hand, NRP 

management authorities should encourage these events and make more efforts to involve local 

stakeholders in forest management decisions. Understanding the role stakeholders play in management 

and FES provision is extremely important because of the value of ESs in relation to their views and 

needs [72] and because such provision improves the human–environmental system relationship  

(e.g., [73]). Moreover, adaptive forest management properly builds on the sharing of management 

responsibility among different sets of stakeholders operating at different levels [74]. From the results in 

Figure 5, it is clear that the relationship between local stakeholders and the provision of FESs depends 

on at least two main factors: (i) the identified stakeholder typology (public bodies, inhabitants, and 

private companies) and (ii) the stakeholder’s behavior with regard to FES provision (provider or 

consumer, source or beneficiary). Regarding the stakeholder typology, the “nature conservation”, 

“education and research”, “tourism”, and “forestry” sectors show the highest positive influences (seen 

as public bodies and institutions), especially regarding biodiversity conservation, habitat integrity, and 

the maintenance of the cultural and spiritual values of FESs. However, inhabitants and private companies 
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are seen as impacting FES provision. Regarding stakeholder behavior, the providers (“nature 

conservation” and “education and research”) are obviously considered drivers of FES availability. 

However, the users (i.e., “local inhabitants”, “recreation activities”, and the “manufacturing sector”) are 

considered barriers to FES availability. The negative influence of stakeholders on FES provision may 

be reduced through adopting specific regulatory frameworks and economic incentives to compensate for 

the provision of certain fundamental services (e.g., biodiversity conservation, climate change mitigation) 

(i.e., Payment for Environmental Services).  

Our results confirm that forest management for maximizing biodiversity conservation and services 

provision in Protected Areas in Italy needs to be effectively implemented, except for some positive 

examples (e.g., [75]). Through a comparison with other Countries (e.g., [76]), our results demonstrate 

that forest management in Protected Areas in Italy mainly suffers from: (i) the scarcity of funding (in 

terms of level and security), which underlies many other issues; (ii) the undersupply of tangible benefits 

to local communities (i.e., effective visitor and tourism management); and (iii) the absence of specific 

natural resource management activities and/or meaningful management plans. As a consequence, 

adequate solutions should be found in order to safeguard benefits from forest resources, especially in 

Protected Areas, where impacts from external drivers are strongly reduced (see also [77]). In Italy, as 

also outlined by [78], management priorities in Protected Areas should be oriented to: (i) maintain and 

conserve biological diversity, through balancing with alternative services; (ii) preserve landscape 

heritage; (iii) promote tourism and recreation opportunities; and (iv) bridge the gap between academic 

and traditional knowledge, especially regarding forestry activities. 

5. Conclusions 

In conclusion, our review, which focused on literature and projects, offers the opportunity to deeply 

understand the issues, future challenges, and current lack of information regarding FES-related research 

at the European and Italian levels. The fundamental role of forest ecosystems in improving human  

well-being needs to be better understood and investigated more deeply at the local level (e.g., the effects 

of forest bathing on human health), especially regarding the linkage among ecosystem processes, the 

services provided, and the whole environment. For example, the improvement of knowledge on FESs 

can be realized by concentrating research efforts on modeling and mapping ES fluxes (from sources to 

beneficiaries). Although this challenge generally concerns the entire scientific community at the global 

scale, it is particularly amplified within the Italian context. Indeed, our results demonstrate that, 

particularly within the context of FESs, there is a large gap (in terms of number of publications and level 

of participation in project consortia) between Italian contributions and those at the global level. Other 

challenges for FES research in Italy include improving the interchange of knowledge among researchers, 

scientists, experts, technicians, and local communities as well as effectively involving stakeholders’ 

needs in decision-making processes. In particular, stakeholders have to be actively involved in several 

steps during research activities and at an earlier stage of FES assessment. This aspect can be further 

developed by enabling a bottom-up, community-centered approach in forest management. We conclude 

that forest management has to be built on the perceptions and needs of local communities and 

stakeholders through a bottom-up approach in decision-making processes (not currently underway, at 

least in NRPs).  
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The survey of NRPs in Italy allowed an investigation into whether the current forest management is 

oriented toward biodiversity conservation and the maximization of FES provision. Considering that the 

human-induced effects on forest ecosystems and biodiversity have been largely proven, current forest 

management practices and silvicultural interventions should be translated from monetary-centered to 

more sustainable and holistic approaches. Especially in fragile and degraded forest environments (i.e., 

in mountain areas), forest management is called to ensure forest health, vitality, and stability over the 

long run, to maximize ecosystem functioning, and to provide the whole set of FESs. In Italy, PAN can 

play an active role in conserving forest biodiversity and preserving the delivery of all FESs. Having a 

large portion of the country under nature conservation regimes, PAN is particularly suitable when 

considering the human-induced effects of land use change at the expense of natural environments. 

However, what are the challenges outside Protected Areas? Searching for the best FES trade-offs 

requires the adoption of “resilience thinking” in forest management, which evolved from the concept of 

“sustainability” and “ecosystem-based” approaches.  

In agreement with both the international and national commitments, the development of a National 

Ecosystem Assessment Framework in Italy—as already adopted in other countries around the world 

(see, e.g., [79,80])—is urgently needed to better orient decisions within a sustainable framework, 

especially within the forest sector. This framework can be used to map and assess (both ecologically and 

economically) FESs at the local to national levels, thus contributing to the monitoring of biodiversity 

conservation and the resilience of forest ecosystems. 
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