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• A “threats - ecosystem services - tour-
ism” conceptual framework is provided.

• Relations between coastal tourism and
cultural services are qualitatively
assessed.

• Coastal tourism industry can damage it-
self through ecosystem services' impair-
ment.

• Impacts from other human activities to
ecosystem services affect coastal tour-
ism.

• Multiple threat analysis provides insight
for sustainable tourism development.
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Coastal tourism is a growing industry sector in the Mediterranean Basin. This and the other human activities oc-
curring along the coastline share space and resources, leading to conflicts for divergent uses. Moreover, the over-
exploitation of natural resources degrades and depletes coastal habitats, with negative feedback effects for all
human activities. Hence, both tourism and the other human activities have to consider their dependence on
coastal ecosystem services, and act at technical and policy level to reach a compromise that preserves natural re-
sources in the long term. Here we provide a conceptual framework illustrating the complex relationships and
trade-offs among threats from coastal tourism and from other human activities and coastal ecosystem services,
with a focus on cultural ones.We discuss the negative feedbacks on tourism development and provide examples
of geospatial analysis on cumulative threats generated by other human activities and affecting tourism itself. The
proposed conceptual framework and the threat analysis aim at highlighting the negative feedback effects of
human driven threats on the development of Mediterranean coastal tourism, through an ecosystem service per-
spective. Both tools provide valuable insight for supporting decisionmakers and planners in achieving integrated
coastal management, with a focus on sustainable tourism.
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1. Introduction

The Mediterranean Basin is the preferred destination for more than
30% of the international tourists worldwide, especially during summer
months (Piante and Ody, 2015), and studies forecast that international
arrivals will amount to 500 million in 2030, with an average increasing
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annual rate of 2.6% (Plan Blue, 2016 and literature therein; UNEP/MAP,
2012). Spain, France and Italy have a leading role in the distribution of
tourist arrivals, with total market share over 60%, followed by the
rapid growth rates of the Southern and Eastern EUMediterranean coun-
tries (Piante and Ody, 2015; Satta, 2004). Coastal areas are those most
visited by tourists, so that coastal tourism often represents a major eco-
nomic driver and employment producer for these countries. Coastal
tourism has actually been identified as one of the five priorities of the
EU Blue Growth Strategy (EU Commission, 2017).

While it is unquestionable that tourism plays a crucial role in the
economic development of the Mediterranean region, it is undoubtedly
true that its continuous growth will exert increasing pressures on the
environmental resources of coastal zones. Themassive fluxes of tourists,
which often concentrate in relatively small areas, may have a huge en-
vironmental impact onMediterranean ecosystems and their functional-
ity, intensifying and cumulating with other human impacts of the local
population activities (e.g. waste, water consumption, and pollution).
In fact, more than one third of today's Mediterranean population live
on coastal areas exerting strong pressures on coastal ecosystems, with
increasing impacts in the last decades (Coll et al., 2012; UNEP/MAP,
2012). Habitat loss and degradation, pollution, alien species introduc-
tion, overexploitation of marine resources, and climate change are
among the most important threats in the region (Coll et al., 2010;
Costello et al., 2010). TheMediterranean Basin is at the same time a rec-
ognized hot spot of terrestrial and marine biodiversity (Bianchi, 2007;
Bianchi and Morri, 2000; Coll et al., 2010; Myers et al., 2000), hosting
high percentages of endemisms and emblematic species of conservation
concern, and thus highly vulnerable to human-driven threats. On the
other hand, the diversity of species and the complex mosaic of habitats
and landscapes lie at the heart of many tourist attractions in the Medi-
terranean and the good functionality of coastal ecosystems is a prereq-
uisite for coastal tourism and related economic activities to persist in the
long term. Hence, at least in principle, themaintenance of essential eco-
logical processes and the conservation of natural heritage and biodiver-
sity should coexist with sustainable tourism development.

The concept of “sustainable tourism” (sensu UNEP, 2005) has ap-
peared in the last decade in order to tackle a variety of problems, such
as ecological degradation, loss of cultural heritage and economic depen-
dence, originating from coastal tourism (UNWTO, 2013). Sustainable
tourism aims to meet the needs of tourists (e.g. infrastructures, but
also beauty and natural perceptions of recreational sites), taking into ac-
count the local population needs, the accommodation capacity and the
environment (Simpson, 2008). Ecosystem services (ES; Haines-Young
and Potschin, 2013; Kumar, 2010; MEA, 2005), i.e. the benefits people
obtain from ecosystems, are explicitly or implicitly used to evaluate
the progress towards sustainable development and they represent an
important integrated framework in sustainability science (Griggs et al.,
2013; Liu et al., 2015; Wu, 2013). The assessment of ES helps bridge
the conceptual gap between the ecological and social sciences, by
linking the state of ecosystems with human well-being and activities
(Böhnke-Henrichs et al., 2013).

The ES approach has started to appear also in environmental policies
addressing the sustainable development and management of coastal
zones, such as the Water Framework Directive (WFD, 2000/60/EC),
the Marine Strategy Framework Directive (MSFD; EC, 2008), the Inte-
grated Coastal Zone Management protocol (ICZM; EC, 2002), and the
Maritime Spatial Planning Directive (MSP, 2014/89/EC; Drakou et al.,
2017 and literature therein). Similar principles are expressed in the Eco-
system Approach (EcAp), the overarching pillar of UNEP/MAP, in the
European Biodiversity Strategy to 2020, which fully acknowledges the
central role of ES for our society, and in the Mediterranean Strategy
for Sustainable Development 2016–2025 (UNEP/MAP, 2016).

Despite the emergence of the ES concept in EU and Mediterranean
policy in support of the sustainable development and management of
coastal areas, the current growth paradigm of the Mediterranean tour-
ism sector still exerts pressures on environmental resources, which
may interact with other human activities and cause complex cumula-
tive effects on the marine and coastal environment and their services
(Halpern et al., 2008; Micheli et al., 2013). Coastal tourism itself can
be identified both as cultural service (e.g. Daniel et al., 2012; de Groot
et al., 2010; MEA, 2005), producing benefits for humans, and as driver
of ecosystem change (Church et al., 2017) and it is inextricably
entangled with regulating and provisioning services (Chan et al., 2012).

In this context any ES assessment of modelling in support of spatial
planning must take into consideration the interdependencies of ES
(the use of one may affect the provision of others), and their potential
trade-offs (the optimization of a single service often lead to reductions
or losses of other services), since they are the product of complex eco-
logical systems (Böhnke-Henrichs et al., 2013; Rodríguez et al., 2006).

The multifaceted interactions among ES and the human activities
need to be analysed thoroughly and urgently. Conceptual frameworks
disentangling these multiple links have started being developed in the
2000s, for instance in agriculture (e.g. Ribaudo et al., 2010), in fisheries
(e.g. Lopes et al., 2015) and in inland water management (e.g. Keeler
et al., 2012),whereas studies specifically investigating themajor threats
from coastal tourism and their interaction with other human activities
impinging on ecosystems, along with their implications for the long
term delivery of ES, are still lacking (Arkema et al., 2015;
Papageorgiou, 2016).

A valuable opportunity to explore themultiple links amongMediter-
ranean coastal tourism, ES and the other human activities was provided
by the MED project CO-EVOLVE (2016–2019; https://co-evolve.
interreg-med.eu/), which aims at analysing and promoting the co-
evolution of human activities and natural systems in Mediterranean
touristic coastal areas. This project gave the possibility to rapidly share
and cross-validate the produced information and frameworks among
the EU partners involved (Spain, France, Italy, Croatia, and Greece)
and to benefit from their expert-based assessment.

The aim of this study is to develop, test and discuss a conceptual
framework, which characterizes the Mediterranean coastal ecosystems
and their services; the coastal tourism typologies and their relationwith
cultural services; the threats generated by coastal tourism and by other
human activities on ES; and their negative feedback effects in terms of
attractiveness to the coastal tourism industry itself. The framework is
shaped on the five CO-EVOLVE countries, but it can be generalized to
any coastal and marine area of the Mediterranean Basin and beyond.

The study is structured as follows: first, we illustrate the main
coastal ES occurring in the Mediterranean Basin, according to the prev-
alent ecosystem types. Second, we characterize the main coastal tour-
ism typologies and recreational activities. Third, we define the main
threats from tourism to coastal ecosystems, and those from other
human activities to tourism. Then, with the aid of the identified concep-
tual framework, we present and discuss a case study for the Italian
Northern Adriatic coast showing geospatial tourism threat analysis
exerted by (i) a single tourism typology (recreational boating) and by
(ii) multiple human activities to beach tourism. Findings are discussed
for their relevance in support of the conceptual framework and in rela-
tion to its contribution to the sustainable development of coastal tour-
ism in the Mediterranean.

2. Materials and methods

2.1. Linking tourism and ES to other human activities: a conceptual
framework

Conceptual frameworks in the forms of cascade models are used, in
the context of ES, to better represent the transdisciplinary nature of
the ‘ES paradigm’ (IPBES, 2012). The cascade model provides a useful
setting to schematically visualize the benefits arising from ES, their ef-
fects on human well-being, and the way institutional and social re-
sponses may influence the state of the ecosystems and, therefore,
their potential to deliver further services (Haines-Young and Potschin,
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Fig. 1. The three components (coastal tourism, other human activities and coastal ES) of
the conceptual framework, the TEO (Tourism-ES-Other human activities) loop and their
flows. Red arrows represent the threat flows, while green arrows represent the benefit
flows. The light grey loop arrow indicates the TEO loop. The yellow area represents the
trade-offs among the three components. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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2010). The conceptual framework adopted in this study is outlined in
Fig. 1. The aim of the framework is to schematically characterize the
complex relationships among coastal tourism (CT), the other human ac-
tivities (HA) and coastal ES (CES). Basically, we concentrated on two
types of relationships (benefits and threats) linking CES, CT and HA.
The red and green arrows represent the threat and the benefit flows re-
spectively. CES produce two unidirectional benefit flows towards CT
and HA, whereas they receive two unidirectional threat flows from CT
and HA. For example, while CES produce benefits to CT and HA such
as ensuring clean bathing water and supplying seafood, they are im-
pacted by threat factors generated from both components (e.g. water
pollution and fish overexploitation, respectively). Moreover, between
CT and HA a bidirectional threat flow exist. For instance, industry (HA)
can damage CT through noise pollution, whereas CT can favour alien
species introduction, which impair the development of aquaculture
(HA).

The threat flows produced by CT and by HA on CES ultimately pro-
duce feedback effects to CT itself, generating the “Tourism-ES-Other
human activities” (TEO) loop. In Fig. 1 the TEO loop is represented
with a light grey arrow originating from CES, encompassing HA and
CT, and ending in CES. The loop basically expresses two main concepts:
(i) CES are the fundamental components of the loop, as no CT or HAmay
exist if benefits from CES are no longer provided, and (ii) the threats
generated from HA and CT on CES ultimately negatively impact on HA
and CT themselves.

Possible trade-offs exist between CT and HA, which rely on interde-
pendent CES, and among all the three components. In fact, trade-offs
among different activities imply trade-offs among CES.

The components and the relationships making up the TEO loop are
described and commented in detail in the following paragraphs.
2.2. Characterization of coastal ecosystems and their services in the
Mediterranean

In order to define the main Mediterranean CES, the first component
of the TEO loop, we started with the characterization of the Mediterra-
nean coastal ecosystems. We performed a literature research on the
main ecosystem type classifications. Taking into consideration the pur-
pose and scale of our analysis, we adopted the global ecosystem types
classification proposed by the World Resource Institute (Burke et al.,
2001). Although this ecosystem type classification is coarse, it is suitable
to be connected to the associated CES typologies. The global ecosystems
classificationwas then applied to theMediterranean coastal andmarine
systems through a survey conducted among the CO-EVOLVE consor-
tium, where each partner was requested to select from the global clas-
sification the ecosystem types prevalently occurring along their coasts.
Project partners represent different relevant sectors (coastal managers,
researchers, regional authorities) and have long-term experience in
Mediterranean coastal management.

Similarly to the methodology adopted for defining coastal ecosys-
tems, we performed a literature review on the main CES classifications
to characterize those provided by Mediterranean coastal ecosystems.
We adopted and modified the classification schemes proposed by
Martínez et al. (2007) and Liquete et al. (2013), which appeared the
most appropriate for our purposes and which also take already into ac-
count former classifications, such as the Millennium Ecosystem Assess-
ment (MEA, 2005), The Economics of Ecosystems and Biodiversity -
TEEB (Kumar, 2010), and the EU Common International Classification
of Ecosystem Services - CICES (Haines-Young and Potschin, 2013).

According to this classification,we attributed themain CES to each of
the ecosystem typologies selected in the Mediterranean area, using a
threefold ES framework: (i) provisioning (all the products from ecosys-
tems, including food, materials, genetic resources and habitat), (ii) reg-
ulation andmaintenance (all the functions of ecosystems, which sustain
maintenance and regulation, including, e.g., air and water quality, cli-
mate regulation and natural hazards), and (iii) cultural (the non-
material benefits people obtain from ecosystems, including recreation,
cognitive development and aesthetic experiences).

2.3. Characterization of coastal tourism typologies and recreational
activities

The second component in the TEO loop is coastal tourism (CT). Due
to the close interaction between coastal and maritime recreational ac-
tivities, in this study CT comprises both tourism forms. The coastal one
refers to the beach-based (e.g. swimming, surfing, sun bathing) and
land-based recreation (all the other activities that take place in the
coastal area for which the proximity of the sea is a requisite), as well
as the associated supplies and manufacturing industries (Ecorys,
2013). Sea-based activities, such as boating, yachting, cruising, and nau-
tical sports, as well as the required landside facilities and manufactur-
ing, belong to maritime tourism (Ecorys, 2013).

Five main CT typologies were selected within the CO-EVOLVE part-
nership and adapted to the Mediterranean Basin: (i) beach tourism,
which includes all beach-based activities and nautical sports dependent
on beach facilities; (ii) urban tourism, which refers to visiting of coastal
villages and towns; (iii) cruise tourism, which includes cruising activi-
ties occurring near the coastline, such as embark/disembark facilities
and coastal navigation; (iv) recreational boating, which includes yacht-
ing; and (v) ecotourism, which involves environmentally responsible
travel and visitation to relatively undisturbed natural areas, in order to
enjoy and appreciate nature. The main coastal recreational activities re-
lated to these five CT typologies were identified through literature re-
search (Davenport and Davenport, 2006; Fish et al., 2016; Ghermandi
et al., 2010; Liquete et al., 2013) and CO-EVOLVE experts' consultation,
in order to adapt the obtained list to the specificities of the Mediterra-
nean. They were then organized according to Fish et al. (2016) (Fig. 2)
into four, often interrelated, groups of recreational activities:
(i) playing and exercising, which engage informal and physical interac-
tions between people and the natural environment, such as walking,
bathing, running, cycling, sitting, looking, and listening; (ii) creating
and expressing, which include activities inspired by natural environ-
ment; (iii) producing and caring, which comprise activities of engage-
ments with the natural environment, such as environmental
volunteering, citizen science; and (iv) gathering and consuming,
which involve passive and active engagements with the natural world,



Fig. 2. Recreational activities related to the five CT typologies. Activities are organized in
four recreational groups (coloured circles) on the base of Fish et al. (2016) classification.
Groups of activities are further enclosed into the three cultural CES categories defined
by Liquete et al. (2013) and placed in the outer circle of the figure. CT typologies are
depicted in the middle, partially overlapping with the four recreational activities groups,
as each CT typology includes various combinations of activities. This graphical expedient
expresses the impossibility of univocally relating each recreational activity to a single
cultural ES category and to a single CT typology. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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such as collecting wild food, fibre and ornaments. The four clusters can
be embedded into the three broader cultural CES categories (Fig. 2), ac-
cording to the scheme proposed in Liquete et al. (2013): (i) recreation
and tourism, (ii) symbolic and aesthetic values, and (iii) cognitive effect.
However, it is worth noting that the resulting categorization scheme
(Fig. 2) cannot be rigid as each CT typology includes various combina-
tions of activities and the same activity can be categorized in more
than one of the four groups.

Project partners were asked, by means of a structured interview, to
indicate the coastal recreational activities occurring in their country
and to rank, from 1 (low) to 3 (high), the importance of each activity
at the country level. Structured interviewswere preferred over other re-
searchmethods because they allowed ranking the different recreational
activities by providing the interviewees with univocal options, and also
because they allowed a clear comparison among countries.We adopted
a simplified evaluation scheme, which considered only three broad cat-
egories (low, medium and high) in order to limit the arbitrariness in
ranking.
2.4. Threats from coastal tourism and other human activities

The third components of the TEO loop are the other human activities
(HA). We detected five main HA, based on Piante and Ody (2015): ur-
banization (coastal artificialization and development), industry, trans-
port (including shipping), intensive agriculture, and fisheries and
aquaculture. Climate change was not specifically addressed in our anal-
ysis, as it is considered a result of complex interactions between natural
variability and human activities and thus not directly related to a single
activity.
Both CT andHAgenerate a threatflow toCES andultimately to CT, clos-
ing the TEO loop. The term “threat” can be viewed as the risk of ES reduc-
tion, partial or permanent loss of provision or impairment of their use,
due to a single or multiple anthropogenic effects (Maron et al., 2017;
Worm et al., 2006). In this study, threats include the ideas of “pressures”
and “impacts” conceptualized in the DPSIR (Driver-Pressure-State-
Impact-Response) framework adopted by the European Environment
Agency (Patrício et al., 2016). “Pressures” are defined as a result of a
driver-initiatedmechanism(humanactivity/natural process) causing anef-
fect on any part of an ecosystem that may alter the environmental state,
while “impacts” indicate the consequences of environmental state changes
in terms of substantial environmental and/or socio-economic effects
(Oesterwind et al., 2016).

We reviewed threats generated fromCT through a specific classifica-
tion, here named “CO-EVOLVE threat”, which integrates impacts pro-
duced from tourism, as reported by Davies and Cahill (2000), and
pressures listed in the MSFD. We focused only on what Davies and
Cahill (2000) define as “direct impacts” exerted by tourism, i.e. those
that are more easily and directly related to the tourism activity itself:
(i) travelling to a destination, (ii) from the recreational activities them-
selves at a destination, and (iii) from the creation, operation and main-
tenance of touristic facilities.

The literature reviewwe conducted allowedus performing a ranking
of the five CT typologies (see Section 2.3) in relation to CO-EVOLVE
threats. Specifically, we qualitatively assessed to what extent each CO-
EVOLVE typology (i) produces each CO-EVOLVE threat (“threats from
tourism”), and (ii) is targeted by each CO-EVOLVE threat (“threats to
tourism”). In order to limit arbitrariness in the evaluation, CT typologies
were ranked using a simplified system with three levels of concern
(low, medium or high), as done for the recreational activities.

2.5. Geospatial modelling of threats from and to CT: the Northern Adriatic
Sea case study

In order to test how the above mentioned HA interact with CT and
the implications for CT itself, we developed a case study focused on
two CT typologies: beach tourism and recreational boating. While the
former is an established form of mass tourism in the Mediterranean,
the latter is currently experiencing an increasing popularity, as reflected
by the manifold new marinas development and increasing leisure boat
industry (Nautica Report, 2016; Plan Bleu, 2011).

2.5.1. Study area
The case study area is located along the Italian coasts of theNorthern

Adriatic Sea (NAS, Fig. 3) totalling about 372 km of coastline. The area
includes three administrative regions, Friuli-Venezia Giulia (93 km), Ve-
neto (139 km) and Emilia-Romagna (140 km), and 36 municipalities.
The case study area was selected due to its popularity as recreational
area at national level (EC, 2017) and at the Mediterranean Basin level.
In addition, the NAS belongs to the most crowded marine areas of the
Mediterranean, where a multitude of sea uses (e.g. maritime traffic,
aquaculture, commercial fishery, oil and gas extraction) coexists with
intense recreational activities (Barbanti et al., 2017; Menegon et al.,
2018b). In the NAS important coastal tourism resorts are Rimini (1.6
million arrivals per year; Regione Emilia Romagna, 2016), Jesolo (over
1 million arrivals per year; Turismo Venezia, 2018), and Caorle (over
600 thousands arrivals per year; Turismo Venezia, 2018). Regarding
Venice municipality, only 5% of total arrivals are connected to beach
tourism and recreational boating, according to regional statistics (over
200 thousands arrivals per year recorded in the Lido of Venice;
Turismo Venezia, 2018). In the appendix (Fig. A1) arrivals for all the
coastal municipalities in the NAS are provided.

2.5.2. Dataset
The geospatial datasets applied for the analysis include locations ofma-

rinas, retrieved from Tools4MSP Geoplatform (2018), and annual statistics



Fig. 3. Case study area in the Italian Northern Adriatic Sea (NAS) and arrivals per year by
coastal municipality. Note: for Venice municipality only arrivals to Lido of Venice were
considered (Turismo Venezia, 2018).

Table 1
Dataset of human activities adopted from Piante and Ody (2015) and implemented in the
NAS case study area. Note: P/A – presence/absence; I – intensity.

Human activities Uses Indicator

Aquaculture Aquaculturea,b P/A
Fisheries Trawlingc I – hours of activities calculated

through Vessel Monitoring System
(VMS)

Small scale fisheryg I – fishing effort expressed in 5
classes of intensity: from very low
to high

Industry Off-shore sand
deposita,g,h,i,j

P/A

Liquefied natural gas
terminal (LNG)f

P/A

Oil and gas
extractionb,k,l,m,n, oil and
gas researchb,k,l,m,n

P/A

Renewable energy
facilities (offshore wind
farms)c,f

P/A

Tourism Marinaso I/PR – distance from the marinas
and number of boats/marinas

Transport Naval based activitieso I/PR – distance from the cargo
ports and port capacity

Urbanization and
intensive

River and coastal urban
areaso

I – modelled nutrient input
(Nitrogen and Phosphorus)
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for the tourism arrivals at municipality level for Friuli-Venezia Giulia
(Regione Friuli-Venezia Giulia, 2015), Veneto (Turismo Venezia, 2018)
and Emilia-Romagna (Regione Emilia-Romagna, 2016). Datasets on differ-
ent coastal human activities were retrieved from the Tools4MSP
Geoplatform (2018; Table 1) and can be downloaded from Menegon
et al. (2018c).
agriculture
Other Cables and pipelinesb,d P/A

Coastal defense workb,e P/A
Dumping area for
dredgingb

P/A

Military areasb,h P/A

a Veneto Region (www.regione.veneto.it).
b SHAPE-Shaping a Holistic Approach to Protect the Adriatic Environment between

coast and sea (www.shape-ipaproject.eu).
c Blue Hub, JRC in-house platform to exploit big data in the maritime domain

(www.bluehub.jrc.ec.europa.eu).
d OTE S.A. – Hellenic Telecommunication Organization (www.ripe.net).
e SIT-Apulia Region (www.sit.puglia.it).
f OGS-Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (www.ogs.trieste.it).
g CNR-ISMAR-Italian National Research Council-Institute of Marine Sciences

(www.cnr-ismar.it).
h MIPAAF-Italian Ministry of Agriculture, Food and Forests (www.politicheagricole.it).
i Emilia Romagna Region (www.regione.emilia-romagna.it).
j Arenaria S.r.l. (www.arenariasabbie.com).
k MEDTRENDS-The Mediterranean Sea: Trends, Threats and Recommendations

(www.medtrends.org).
l MESMGR-Ministry of Economy, Sector for Mining and Geological Research

(www.petroleum.me).
m CHA – Croatian Hydrocarbons Agency (www.azu.hr).
n MISE-Italian Ministry for Economic Development (www.sviluppoeconomico.gov.it).
o Modelled.
2.5.3. Cumulative pressure and tourism threat analysis
Threat analysis is based on tourism-oriented specification of the

Tools4MSP modelling framework (Menegon et al., 2018b and 2018d).
The framework provides geospatial modelling tools oriented to MSP
and ICZM, including cumulative effects assessment (CEA), which have
been applied in differentmacro-regional, national and regional contexts
(Barbanti et al., 2017; Depellegrin et al., 2017). In the case study, threats
to and from tourism are based on a cumulative pressure (CP) index ap-
plied within a buffer of 3 nm, which is considered as area of most in-
tense interaction among touristic activities (Barbanti et al., 2017).

Two cases of tourism-oriented threat analysis were tested: (i) Threats
from tourism to tourism (Th from CT): geospatial analysis of CP exerted
by recreational boating onbeach tourism sites; and (ii) Threats fromcumu-
lative human activities to tourism (Th to CT): geospatial analysis of CP
exerted by multiple human activities on beach tourism sites. The threat to
the cultural service “Recreation and tourism” is tested using the number
of arrivals permunicipality as proxy for the societal demand for coastal rec-
reation (Böhnke-Henrichs et al., 2013).

The algorithm applied for cumulative pressure analysis in coastal
area is adopted from Menegon et al. (2018c) and can be defined as
follows:

CP ¼
Xm

j¼1

P j

where

P j ¼
Xl

i¼1

wi; j D Uið Þ �Mi; j
� �

ð1Þ

whereas:

U = i-th human activity
P = j-th pressures derived from the MSFD
wi, j = use-specific relative pressure weight
D(Ui)= intensity or presence/absence of i-th activity over the region
of analysis
Mi, j = 2D gaussian kernel function used for pressure dispersion
* = convolution operator
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U defines the 15 most relevant human activities in the study area
(Table 1); P are the seven environmental pressures defined according
to theMSFD:marine litter, significant changes in thermal regime, intro-
duction of synthetic compounds, introduction of non-synthetic sub-
stances and compounds, introduction of other substances, inputs of
fertilisers and other nitrogen and phosphorus-rich substances and in-
puts of organic matter; wi, j is an expert-based weighting factor (from
0 to 1) defining the contribution of the use i in generating pressure j;
D(Ui) is the normalized score of the geospatial datasets of U (Table 1),
representing the intensity (score 0 to 1) of an activity or defining its
presence-absence (score 0 or 1). The full geospatial dataset is available
within the Tools4MSP Geoplatform (www.tools4msp.eu) or under
Menegon et al. (2018c). The functionMi, jmodels the pressure propaga-
tion using the Tools4MSP modelling framework. For further details on
the dispersion function we refer to Menegon et al. (2018a and 2018b).
The algorithm for tourism threat (TThreat) analysis is presented in
Eq. (2):

TThreat ¼ CPTh to=from CT � CT ð2Þ
Table 2
List of coastal ecosystems and main associated CES.
Modified after Martínez et al. (2007) and Liquete et al. (2013).

Coastal ecosystem types Coastal ecosystem services

Provisioning

Sandy shores Habitat/refugia
Raw material

Estuaries Habitat/refugia
Food production
Raw material

Coastal shelf Food production
Raw material

Evergreen needle leaf forests Food production
Raw material

Evergreen broad leaf forests Water supply
Food production
Raw material
Genetic resources

Shrublands Food production
Raw material
Genetic resources

Permanent wetlands Water supply
Food production
Habitat/refugia
Raw material

Coralligenous habitats Habitat/refugia
Food production
Raw material

Sea grass Raw material

Swamps-floodplains Habitat/refugia
Raw material
Food production

Grasslands Food production
Raw material
Genetic resources
whereas CP is the cumulative pressure as described in Eq. (1) and CT re-
fers to coastal tourism expressed as the normalized value of tourism ar-
rivals within the coastal municipalities of the study area (Fig. 3). The CP
can be applied flexibly to identify threats to tourism (CPTh to CT) and for
the analysis of threats from tourism (CPTh from CT).

3. Results and discussion

3.1. Coastal ecosystems and their services in the Mediterranean area

Eleven coastal ecosystem types were identified in this study, and the
main Mediterranean CES for each of them are shown in Table 2.

CES provided by thedifferent ecosystem types include a large variety
of ecosystem processes and functions as well as controlling compo-
nents, which have been analysed in the literature only partially and
prevalently from a qualitative point of view (Liquete et al., 2013;
Salomidi et al., 2012). The provision of CES is strongly linked to the dis-
tribution, size and conservation status of the different natural habitats
(Dobson et al., 2006; Maes et al., 2012). According to the reviews by
Regulation and maintenance Cultural

Disturbance regulation
Pollination
Erosion control
Storm protection

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Disturbance regulation
Nutrient cycling
Biological control
Storm protection

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Nutrient cycling
Biological control

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Climate regulation
Waste treatment
Biological control

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Climate regulation
Disturbance regulation
Water regulation
Erosion control
Nutrient cycling
Waste treatment

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Pollination
Gas regulation
Waste treatment
Biological control

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Gas regulation
Disturbance regulation
Waste treatment
Storm protection

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Disturbance regulation
Waste treatment
Biological control
Storm protection

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Nutrient cycling
Storm protection

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Gas regulation
Disturbance regulation
Water regulation
Water supply
Waste treatment

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

Gas regulation
Climate regulation
Water regulation
Erosion control
Waste treatment
Biological control
Pollination
Storm protection

Recreation and tourism
Symbolic and aesthetic values
Cognitive effect

http://www.tools4msp.eu
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Barbier et al. (2011) and Liquete et al. (2013), most information world-
wide is found for intertidal areas such as coastal wetlands, beach and
dune systems, where water purification, coastal protection, climate reg-
ulation and life cyclemaintenance are themost commonly CES assessed
(Everard et al., 2010; Tomlinson et al., 2011). Subtidal areas, such as
coralligenous habitats and seagrass meadows, are also well studied,
mostly for their provision of habitat, spawning and nursery grounds
for commercial fish species, for coastal protection from storms and ero-
sion and for carbon storage (Bos et al., 2007; Harris et al., 2010; Hicks,
2011).

In the Mediterranean, data and methods to assess the provision of
coastal ecosystem services are much more limited when compared to
inland ones. However, according toMangos et al. (2010), theMediterra-
nean Basin is able to deliver an immense richness to its inhabitants and
visitors, economically translated into 26 billion € per year. This impres-
sive figure arose from an economic valuation based on five CES (food
production, recreation and tourism, climate regulation, disturbance reg-
ulation, and waste treatment) in five Mediterranean ecosystems (sea
grass meadows, coralligenous habitats, hard substrate areas with
photophilic algae, soft substrate areas, and the open sea). Regarding
Mediterranean lagoons and estuaries, useful indications on the main
CES supplied can be retrieved from a recent Pan-European review,
which analysed 14 case studies, three of which in the Mediterranean,
where CES were identified and their relative importance assessed
(Lillebø et al., 2016). A wide range of CES was identified specifically
for the Mediterranean sites, both in the provisioning (e.g.: wild animals
and their outputs, animals from in situ aquaculture,fibres and otherma-
terials from plants, algae and animals, genetic materials from all biota,
surface water, and ground water) and regulating categories (e.g. bio-
remediation and filtration/sequestration/storage by micro-organisms,
algae, plants, animals, control of erosion rates, flood protection, main-
taining nursery populations and habitats, pest control, decomposition
and fixing processes, and global climate regulation by reduction of
greenhouse gas concentrations). Little quantitative information exists
to date for the CES capacity of Mediterranean coastal dunes. Studies fo-
cussed mainly on carbon storage potential and habitat provision of
dunes along theAdriatic Sea coastline (Drius et al., 2016). A comprehen-
sive review on coastal dunes at European level (Everard et al., 2010)
provides a large list of CES supplied by dunes, including sand extraction,
climate and water regulation, storm protection, water purification and
waste treatment, habitat provision, and recreation.

Cultural CES remain less explored than the other CES categories
(Rodrigues, 2015) and somehow more difficult to address (Drakou
et al., 2017): beaches, intertidal mudflats, and dunes are the best
assessed coastal habitats as regards their importance in providing op-
portunities for recreation and leisure (de Oliveira and Berkes, 2014;
Everard et al., 2010; Garcia Rodrigues et al., 2017). Investigations on cul-
tural CES evidence their linkswith ecological integrity and, in particular,
the positive effect of biodiversity, which sustains a larger number of rec-
reational activities (Chung et al., 2015) and represents a determining
factor for diving locations (Ruiz-Frau et al., 2013). Coastal communities
have always shown strong bonds to the sea due to the local identity and
natural and cultural sites, linked to traditions and religion, which are
numerous in the coastal zone. Both coastal and inland societies value
the existence and beauty of charismatic habitats and species such as
coralligenous habitats or marine mammals. Moreover, the appeal of
coastal ecosystems is usually linked towilderness, sports, or iconic land-
scapes and species.

Recreation and tourism are clumped together and generally in-
cluded in the cultural ES (e.g. de Groot et al., 2010; MEA, 2005),
among the benefits gained by humans from interactions with nature,
since they supply the society with crucial values, such as physical exer-
cise, aesthetic experiences, intellectual stimulation, inspiration, and
other contributions to physical and psychological well-being (Daniel
et al., 2012). Sometimes their role is even overemphasised, being con-
sidered as the chief representative of the cultural ES (Milcu et al.,
2013). In practical terms it is difficult to disentangle touristic from
local recreation outdoor activities, even though they have distinct eco-
nomic consequences in terms of spatial (i.e. tourists tend to gather in
better known areas and facilities) and expenditure patterns (i.e. tourists
make a greatest use of accommodation and transport).

Some authors claim that tourism should be instead considered
among the provisioning services (Abson and Termansen, 2011), in par-
ticular when a strict economic dependence on this service for the com-
munities exists (Daw et al., 2011; Rounsevell et al., 2010). Others
(Kumar, 2010; de Groot et al., 2013) criticize the inclusion of tourism
as a cultural service, since it should not be considered as a service, but
rather as an outcome. Whatever the view, tourism is anyway based on
the resource dependencies across the full range of ES, representing a
driver of their change, both in a positive and negative way (Church
et al., 2017). On the one hand, certain forms of tourism, such as ecotour-
ism, are tightly connected with the values people assign to the natural
resources and may influence positively the way ecosystems are main-
tained and managed. On the other hand, mass tourism may represent
a threat for coastal ecosystems, leading to the degradation of the terres-
trial and marine environment and of their ability to support all the ser-
vice categories (Church et al., 2017).

Cultural CES can generate synergies and trade-offs among them and
with other ES categories. Focusing on recreation and tourism, such CES
is considered in synergies with aesthetic and cultural heritage, while it
trades off in particular with the CES habitat/refugia, with some kind of
food production (e.g. in situ aquaculture), and with energy production
(Garcia Rodrigues et al., 2017).
3.2. Main Mediterranean coastal recreational activities

Twenty-one coastal recreational activities were identified for the
Mediterranean area (Table 3). Overall they belong to the five detected
CT typologies, although some activities are more related to certain ty-
pologies than others (see Section 2.3 and Fig. 2).

The analysis based on the CO-EVOLVE partners' survey showed that
swimming and sun bathing are the most relevant coastal recreational
activities in all countries. The French and Croatian partners assigned a
higher importance score to sports like sailing, kayaking and walking
compared to the other partners. On the other hand, little ormedium im-
portance was assigned to more nature-related activities, such as obser-
vation of animals (insects and birds) or plants and snorkelling and to the
utilization of natural resources. Italy, France and Greece regarded the
use of molluscs/crustaceans very important. In general, low importance
was assigned to plants if compared to animals (birds). All partners but
Spain considered relaxation very relevant. Croatia was the only country
acknowledging the high relevance of quietness. Lastly, activities such as
scientific and dissemination initiatives were regarded as of relatively
scarce relevance.

The results stress that relaxation is a very relevant benefit provided
by coastal ecosystems. Relaxation is beneficial in particular to those in-
dividuals coming or normally living in an urban context, where daily
stress and loss of identity are more likely to occur (Daniel et al., 2012).
Moreover, since in most people's mind coastal systems are associated
to great natural sceneries and a deep sense of wellness, recreational ac-
tivities like nautical sports or nature observation may play a relevant
role in connecting peoplewith nature, reducing alienation from the eco-
systems and the resources they provide. Coastal ecosystems are highly
correlated with restorative experiences and positive emotions
(Ashbullby et al., 2013; White et al., 2010, 2013; Willis, 2015), and
they provide inspiration for arts,material for ecological research and ed-
ucation, information and awareness (Liquete et al., 2013). According to
our results, dissemination and scientific activities were considered of
much lower importance, compared to the other identified activities,
showing that the educational value of coastal ecosystems shall be fur-
ther acknowledged.



Table 3
Main coastal recreational activities in the Mediterranean Basin, and their relative importance per country. Activities' importance was assessed based on CO-EVOLVE partners' expertise.
Symbols: white - low importance; pale green - medium importance; green - high importance.

Recrea�onal ac�vi�es Italy France Croa�a Spain Greece

Observe birds

Observe fish and cetaceans

Observe scenery

Observe other animals/insects

Observe plants

Swimming

Sun bathing

Cycling

Running

Dog walking

Walking

Snorkelling, scuba diving

Angling, spearfishing

Nau�cal sports (sailing, water-skiing, kayaking)

Ornamental use of plants (e.g. Limonium spp.)

Use of birds (hun�ng included)

Use of molluscs/crustaceans

Quietness (for example through natural sounds)

Relaxa�on

Scien�fic ac�vi�es

Dissemina�on ac�vi�es (e.g. nature guided
tours, exhibi�ons in visitor centres)
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3.3. Threats from and to coastal tourism in the Mediterranean

The integrated classification of CO-EVOLVE threats includes nine cat-
egories, which have the advantage to integrate the main impacts and
pressures from and to CT in a single combined framework (Table 4).
The list of CO-EVOLVE threats includes well-established pressures
such as solid waste and water pollution and emerging ones such as
light pollution. Three new threat categories are added, in comparison
to Davies and Cahill's (2000) scheme: alien species, noise pollution
and light pollution. While threats from tourism are well documented
(Bellan and Bellan-Santini, 2001; Davenport and Davenport, 2006;
Hall, 2001; Piante and Ody, 2015; Plan Bleu, 2016), information on neg-
ative feedbacks effect to tourism itself are mainly qualitative and have
been mostly extrapolated from socio-economic and management stud-
ies (e.g. Balance et al., 2000; Keeler et al., 2012).

Solid waste production (which includes above all plastics items and
debris), air andwater pollution,mass consumption of resources and en-
ergy (mostly due to accommodation), and onsite activities and trans-
portation are all threats generated by tourism (Pan Bleu, 2016). In the
Mediterranean, tourism and in particular beach tourism and cruising
are considered to be predominant sources of land-based litter (e.g.
Cappato, 2011; EU Report, 2011; Ivar do Sul et al., 2011). A study con-
ducted on 13 beaches in the Mediterranean Sea found that the quantity
of litter on a beach is inversely related to its geographical distance to a
population centre and directly related to the number of visitors
(Gabrielides et al., 1991). Urban tourism can also significantly contrib-
ute to total waste, to the extent that the amount of municipal waste
can be used as a proxy to calculate seasonal tourism trend in towns
(Mateu, 2003). Moreover, marine litter from tourism and non-touristic
activities can spread very easily to other coastal destinations, leading
to aesthetic deterioration. Natural resources overuse is a major threat
for the Mediterranean coasts, especially considering water scarcity in
combination with the projected effects of climate change. Water use
by coastal resorts for swimming pools, laundry, golf courses, showers,
gardens, toilets and kitchens can be excessive, putting at risk the vitality
of a destination in the long term (Honey and Krantz, 2007). Several ac-
tivities related to CT (particularly linked to cruising and to a lesser ex-
tent to beach, recreational boating and urban tourism) can



Table 4
Comparison among environmental pressures (MSFD), impacts from CT according to Davies and Cahill (2000), and CO-EVOLVE threats. Examples of CO-EVOLVE threats and of their neg-
ative feedback effects to CT are provided.

MSFD pressures Impacts from CT CO-EVOLVE
threats

Examples of CO-EVOLVE threats Examples of negative feedbacks
to CT

Input of litter (solid waste, including
micro-sized litter)

Waste pollution Solid waste Marine debris produced by crowded beaches can directly
damage the coastal flora and fauna and change the structure
of the seabed.

Destinations hosting polluted
habitats lose attractiveness,
especially for ecotourism.

Input of nutrients (fertilisers and
other nitrogen and
phosphorus-rich substances)

Water pollution Water
pollution

Pressure on existing sewage treatment plants can lead to
overflows during peak tourist season. During peak usage
(summer) significantly high faecal coliform counts tend to be
found in waters with high recreational boating activity.

Seaside resorts whose water
bathing quality decreases are no
longer competitive

Input of synthetic and non-synthetic
substances and compounds

Air pollution Air pollution Gas emission due to leisure travels by cars and planes. Breathing problems, nuisance,
loss of attractiveness, climate
instability.

Resource use Resource use Excessive water comsumption in touristic structures relevant
in regions facing water scarcity.

Destinations affected by water
scarcity cannot thrive in the long
term.

Physical disturbance to seabed,
change of seabed substrate or
morphology, extraction of
material

Habitat/Ecosystem
alteration and
fragmentation

Ecosystem
degradation
and
fragmentation

Land cover changes due to touristic infrastructure
development. Recreational boating can cause damage to
marine habitats such as seagrass beds through propellers or
by dragging anchors over the seafloor. Littering and trampling
on seabed.

Destinations hosting degraded
habitats lose attractiveness.

Extraction of, or mortality/injury, to
wild species (by recreational
fishing and other human
activities)

Impacts on wildlife Wildlife
disturbance
and
exploitation

Recreational spearfishing and fauna and flora collection
reduce population size and its vitality and they influence
wildlife behavioural patterns and fitness.

Destinations whose economy is
based on seafood resources can't
sustain demand in the long term.

Disturbance of species (e.g. where
they breed, rest, and feed)

Input or spread of non-indigenous
species

Alien species Release of non-native species through discharge of ballast
water by cruise ships can alter communities and coastal food
webs.

Alien species can clog water
treatment facilities,
compromising bathing in coastal
waters.

Input of anthropogenic sound Noise pollution The noise made by boat engines and propellers interferes
with sea mammals communication systems.

Popular ecotouristic activities
such as whale watching are
negatively affected.

Input of other form of energy (light,
electromagnetic fields, and heat)

Light pollution Artificial light from coastal touristic infrastructures alters
wildlife reproduction and nesting (e.g. sea turtles).

Wildlife observation spots lose
value; view of the Milky Way
loses attractiveness.
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significantly contribute to water pollution through introduction of
wastewater nutrients, faecal pathogens, oils and antifouling. Keeler
et al. (2012) interlinked changes in water quality (water clarity, fish
abundance, noxious algal blooms and the like) to change in the provid-
ing cultural ES (including several recreational activities, like bathing,
swimming, angling and nature viewing) and associated these to
changes in values of such activities (e.g. diminished recreational
opportunities).

The impact level of each threat generated by CT (Table 5) suggested
that some of the CT typologies are more impacting than others on the
coastal ecosystems. However, it is worth noting that the availability of
reliable information on the five CT typologies was uneven, with cruise
tourism on the top list as to data availability (Cappato, 2011 and litera-
ture therein). On the bottom list, we could place urban tourism, for
which few studies dealing with its environmental impact could be
found (Ashworth and Page, 2011; Lloret et al., 2008). Such discrepancy
must be accounted for while ranking the five CT typologies in terms of
environmental impact. Overall, cruising, an increasing touristic activity
in the Mediterranean (MedCruise Association, 2014; Perseus, 2013),
turned out to be the most impacting CT typology, followed by beach
and urban tourism. On the other hand, ecotourism has the lowest envi-
ronmental impact. Cruise, beach, and urban tourism resulted the most
responsible for air and water pollution and solid waste in comparison
to recreational boating and ecotourism, although recreational boating
could be as damaging as cruising if considering small spatial scale (e.g.
Albanis et al., 2002; Diez et al., 2002). Previous studies have suggested
that vessels have the potential to affect air quality in coastal regions
and in ports, with air sulphur emission equal or exceeding land based
emission (Capaldo et al., 1999). Especially during summer time, also
urban and beach tourism may contribute to peaks of air pollution due
to intense transports to reach such destinations. All CT typologies but
ecotourism generate water pollution due to the release of sewage dis-
charge (faecal contamination), detergents, antifouling paintings, and
leakage of oil from engines. Such discharges are often illegal and they
can occur in pristine areas (Davenport and Davenport, 2006). Eutrophi-
cation can also be a direct consequence of CT: poor run-off control dur-
ing touristic infrastructure construction and afterwards can lead to high
sediment concentrations and nitrification in seagrass beds and in
coralligenous habitats (Honey and Krantz, 2007). Light pollution can
be assumed to be mainly a consequence of urban tourism, followed by
beach tourism and cruising (mainly artificial lighting of coastlines, tour-
ist resorts, marinas, and cruise ships, see e.g. Davies et al., 2014; Kyba
et al., 2011). Although the best-known impact of artificial light is the
disorientation experienced by sea turtles hatchlings (Chepesiuk, 2009;
Lutcavage et al., 2017; Witherington and Martin, 2000), light pollution
effects are still not adequately studied, especially on marine habitats
(Davies et al., 2014 and literature therein) and in particular in relation
to touristic activities. However, a new form of ecotourism, the “dark
sky nature tourism” is on the rise, proving an interest for the issue
(Smith, 2008). All CT typologies but cruising and recreational boating
have medium environmental impact in terms of noise pollution. Cruise
ships and recreational boats have a high one (Racko et al., 2013): under-
water noise, in fact, has proven to interferewith seamammals' means of
communication (e.g. ACCOBAMS, 2016; Erbe, 2002). Alien species are
another kind of threat for which data collection is still far from being
complete. Since there is enough evidence on the heavy role played by
cruise vessels in transferring invasive organisms, the highest impact
can be assigned to cruise tourism, and to activities linked to ecotourism
and recreational boating (boat anchors, SCUBA equipment, ballast and
bilge water, and fouled hulls; Anderson et al., 2015 and literature



Table 5
Ranking, based on literature review, of the five CT typologies according to the CO-EVOLVE threats from CT. The level of concern of each threat produced by each CT is ranked as low (light
pink), medium (dark pink) or high (red). Eco - ecotourism.

CT typologies

Cruise Beach Urban Eco Boa�ng
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therein), while beach tourism is likely responsible for weakening resis-
tance to invasions through ecosystem degradation and fragmentation
(e.g. Stachowicz et al., 2002). Wildlife can be disturbed by all CT
Table 6
Ranking, based on literature review, of the five CT typologies according to the CO-EVOLVE threa
(light blue), medium (turquoise) or high (blue). Eco - ecotourism.
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Solid waste

Ecosystem
degrada�on

Water
pollu�on

Noise
pollu�on

Light
pollu�on

Wildlife
disturbance

Alien species

Resource use
typologies at medium level. Ecotourism boats for instance have proved
to interfere with cetaceans' behaviour (Blane and Jaakson, 1994), while
beach tourism, recreational boating and cruise tourism have largely
ts to CT. The level of concern of each threat impinging on each CT typology is ranked as low

CT typologies

Urban Eco Boa�ng
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contributed to the decline of endangered species such as the monk seal
Monachus monachus through disturbance and habitat deterioration
(Johnson and Lavigne, 1999).

The ranking on the level of concern of CO-EVOLVE threats towards
CT (Table 6) showed that solid waste, ecosystem fragmentation and
degradation and water pollution are the ones most affecting CT typolo-
gies (in particular beach and ecotourism). Impacts here should be con-
sidered as those affecting benefits and development of the coastal
tourism industry, for instance by decreasing landscape attractiveness
for tourists (in terms of perception of naturalness and cleanliness of
beaches and dunes) and by compromising their wellness perception
(examples are disgraceful odours and difficulties in breathing). The
analysis showed also that some CO-EVOLVE threats mainly target spe-
cific CT typologies. For instance, light pollution targets in particular eco-
tourists interested in observing nocturnal fauna (Longcore and Rich,
2004), whereas water pollution and ecosystem degradation and frag-
mentation affect mainly ecotourism and beach tourism (Pendleton
et al., 2001), by compromising both recreational (bathing, snorkelling,
walking on beaches and sand dunes) and non-material activities, like
observation of natural scenery, sense of identity and inspiration.

3.4. Geospatial analysis of multiple threats to and from coastal tourism: a
case study

Fig. 4a illustrates cumulative pressures from human activities on
beach tourism. The areas with the highest pressure are located in the
proximity of (i) municipalities that experience high level of urbaniza-
tion, such as Muggia (CP = 6.5), Trieste (CP = 4.0) and Ravenna (CP
= 5.6), of (ii) coastal municipalities influenced by transitional water
Fig. 4. a) Threats to tourism: CP from all activities on coastal areas and threats to touristic (Th
recreational boating and threats from tourism (Th from CT) on coastal municipalities (beach to
(in front of Venice lagoon), and of (iii) those influenced by fluvial dis-
charge such as the Adige River and in the south of the Po River outlet,
like Codigoro (CP = 4.3). In terms of threats to tourism, potentially
very highly affected coastal municipalities are located in Emilia-
Romagna (e.g. Rimini, Cervia) and Veneto Region (Jesolo).

In Fig. 4b results for the CP from recreational boating illustrate that
coastal areas at highest CP (3.6) are located in the Gulf of Trieste and
in the proximity of Venice Lagoon outlets (CP=3.8). In contrast, coastal
areas of Emilia-Romagna region show lower pressures from recrea-
tional boating. Coastal municipalities subjected to the highest threat
from recreational boating are located in Veneto (Jesolo, Cavallino-
Treporti and S. Michele al Tagliamento) and Friuli-Venezia Giulia
(Duino-Aurisina, Monfalcone, and Lignano Sabbiadoro).

The case study illustrates the flexibility of the proposed modelling
approach in taking into account the tourism threat analysis in the
frame of the TEO loop. The integrated analysis of CT threats is particu-
larly relevant for coastal planning, as it takes into consideration how
co-existing CT typologies (in the case study beach tourism and recrea-
tional boating) may negatively interact among each other, by generat-
ing threats such as, for instance, waste production (e.g. nutrient load,
marine litter) and water pollution (e.g. introduction of synthetic and
non-synthetic compounds). These threats impair coastal ecosystems
and their services, with negative effects for the development of both
CT typologies. Similarly, proximity of recreational boating facilities and
boats density along coastal areas have relevant effects on the distribu-
tion of pressures and ultimately on the recreational value of beach tour-
ism. Moreover, the results produced in the tested case study can be
relevant to assess coastal areas that require highest management prior-
ity, due to the presence of intensive human activities. A better
to CT) coastal municipalities; b) Threats from tourism to tourism: CP scores generated by
urism).
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prioritization of management actions requires further knowledge on
the type of touristic activities in coastal municipalities, and the available
infrastructure (e.g. number of beaches, overnight stay facilities, etc.)
ideally supported by field surveys on the socio-economic value of recre-
ational areas, such as travel cost assessment (Depellegrin and
Blažauskas, 2013) or contingency valuation methods (Jala and
Nandagiri, 2015).

Although the presented model incorporates seven threats, addi-
tional pressures need to be considered in future applications. This in-
cludes visual impacts that can have considerable effect on coastal
tourism (Depellegrin et al., 2014; Griffin et al., 2015) or light pollution
effects on leisure relevant marine species such as turtles (Kamrowski
et al., 2012; Truscott et al., 2017). Model outputs also suggest the need
of an integrated management of the coastal area, taking into account
human activities that may generate potential pressure with long dis-
tance effects (e.g. synthetic compounds or marine litter; Kenny et al.,
2017).

3.5. From coastal tourism to coastal tourism: an ecosystem service
perspective

The abovementioned complex trade-offs between threats generated
from and directed to CT, and the implications for CT development are
schematized in Fig. 5. The diagram represents an in-depth visual analy-
sis of the TEO loop, where each component is further expanded based
on the study outcomes. Bymeans of multiple connecting arrows, the di-
agram shows (i) how CT and the other HA impinge on CES through CO-
EVOLVE threats; (ii) how CO-EVOLVE threats affect CES impairment;
Fig. 5. Expanded TEO loop conceptual framework, highlighting the implications of the threats fr
by CT and its threats to CES and thus to recreational activities. Thin grey arrows represent the
different colours: purple (cultural), turquoise (regulation and maintenance), and blue (provisi
negative effects (orange boxes) produced by a reduced supply in CES. The thick red arrow
development of CT industry. (For interpretation of the references to colour in this figure legen
and (iii) how such reduction in CES supply affects the development of
CT. The effects generated by the other HA on coastal activities are not
highlighted in the diagram, to enhance its readability. The CT loop is
represented through thin red arrows, which flow from the CT industry
through CO-EVOLVE threats and CES, till the negative effects for CT de-
velopment. A thick red arrow reconnects the negative effects generated
by the reduction in CES supply to the CT industry, closing the loop.
Going into details, CO-EVOLVE threats produce a flow of impacts that
impinge on the supply of CES, particularly on regulating (turquoise
boxes) and provisioning (blue boxes) CES. The multiple effects pro-
duced by the impairment of the CES have a cascade negative effect on
several aspects that determine CT success: bathing water quality,
water supply, food availability, air quality, landscape integrity, climatic
stability, coastal protection, and the perception of biodiversity value. A
deterioration in these aspects generates a decrease in the value of
coastal recreational activities (brown box), which in turn depend on
cultural CES integrity (highlighted in purple). However, as the diagram
clearly shows, coastal recreational activities lose value due to the im-
pairment of cultural, regulating and provisioning CES.

It's alsoworth noting thatwhile each threat targets a specific CES, re-
ducing its supply, the generated cumulative negative effects from the
CO-EVOLVE threats impinge on several aspects crucial for the CT indus-
try, such as bathing water quality, coastal protection, perception of bio-
diversity value, seafood availability and so on. An example can better
clarify such complex flow. The CT cruise industry pollutes the coastal
waters of a beach resort; water pollution (CO-EVOLVE threat) nega-
tively affects coastal water nutrient cycling (regulating CES), fact that,
in the long term, provokes a decrease in bathing water quality in the
om and to CT for CT development. Thin red arrows indicate the negative effects generated
negative effects pathways generated by the other HA. CES categories are evidenced with
oning). The black frame indicates the dependence of the recreational activities on a set of
at the bottom of the diagram shows the effects of the impairment in CT assets for the
d, the reader is referred to the web version of this article.)
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resort (negative effect on CT). Indeed, a satisfactory bathingwater qual-
ity is crucial for most of coastal recreational activities, such as swim-
ming, snorkelling, spearfishing, and nautical sports. Therefore, a
coastal resortwhose bathingwater quality is poor is likely to lose attrac-
tiveness and ultimately to decline.

Although the focus of the expanded conceptual framework is on CT,
the other HA generate a flow as well, represented in Fig. 5 through thin
grey arrows. Threats from HA have themselves multiple effects on all
CES, and eventually on recreational activities that are the core element
for CT development. For instance, intensive agriculture can generate
the threat “water pollution”, whose negative effects range from de-
creased seafood production (provisioning CES) to reduced integrity of
coastal habitats (provisioning CES), eventually lowering the value of
recreation and tourism (cultural CES). Therefore, not only tourism itself
but also other HA can damage the CT industry. Negative feedback effects
for tourism development can be primarily tracked through the loss of
cultural benefits such as leisure, relaxation, inspiration, wellness, and
aesthetic attractiveness, but also through the loss of provisioning and
regulating CES (for example climate regulation and coastal protection).

The expanded framework depicted in Fig. 5 emphasizes the role of
CES as central pillar to guarantee the survival of CT and to guide the
management of conflicts among HA in the long term. Among CES, cul-
tural ones are of outmost importance in this process, as the contribution
to human well-being coming from the interactions, at different level,
with nature represents the main link with the non-material benefits
of cultural CES and it highlights the need of a holistic sustainable
management, which should consider the ways in which nature
impacts on humans as much as how humans impact on nature
(Willis, 2015).

4. Conclusions

This study provides an original conceptual framework, which was
conceived in the context of the cascade models, whose main purpose
is, on one hand, to link the benefits arising from ES with their effects
Fig. A1.Arrivals by coastalmunicipality of the ItalianNorthernAdriatic Sea. Datasets for arrivals
2015 (Friuli-Venezia Giulia Region). *Refers only to the arrivals recorded in Lido of Venice.

Appendix A
on human well-being, and, on the other hand, to show how human ac-
tivities may negatively influence ES capacity to deliver further services
(Haines-Young and Potschin, 2010). In particular, our framework
aimed at characterizing CES, CT and the other HA in theMediterranean,
and at disentangling the complex interactions among these three com-
ponents. Threats from CT and to CT are based on a newly proposed clas-
sification, which integrates themain impacts and pressures fromCT in a
single combined framework, and proposes novel threat categories like
for instance light pollution. Such classification can be applied to other
coastal areas of European Seas. Cumulative threats models supported
by the conceptual framework and applied to beach tourism and recrea-
tional boating offered a tool to address trade-offs between CT and the
other HA. This tool proved valuable in supporting the identification of
areas at highest trade-off to beach tourism, and effective in conveying
coastal management and planning information to decision-makers
and authorities at different administrative levels (regional and local).
In future the conceptual framework can be further coupled with socio-
economic indicators, to better understand the value of the coastal re-
source for recreation. In this frame, MSP and ICZM can play an essential
role in promoting sustainable development of CT, by creating synergies
with other coastal and maritime activities.

This study contributed to a better definition of the components in
need of attention while addressing coastal sustainability, and also pro-
vided a concrete test whose methodology and results are transferrable
to other touristic coastal regions. In order to enable CT to contribute in
a positive manner to socioeconomic well-being and even to be a
positive force for nature conservation, pathways to sustainability need
to require a secure supply of all CES. The study embraces such vision,
by mainstreaming CES as central component of the conceptual
framework.
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