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Abstract
The Mediterranean basin is amongst the world’s main tourist destination, and its islands 
are a major attraction, being sites of historical, cultural and naturalistic importance. This is 
beneficial for the local economies, but it may also represent a great burden on the coastal 
environment, where other human pressures are concentrated. The awareness of detrimen-
tal side effects of tourism together with the importance to take into account social and 
economic facets has led to the concept of sustainable tourism, which, however, represents 
a goal far from being attained. A good opportunity to promote sustainable tourism was 
provided by the Interreg MED BLUEISLANDS project, whose main aim was to identify, 
address and mitigate the effects of the seasonal variation of waste generated by tourism 
on Mediterranean islands. Here, we present the methodological framework of the project 
aimed at biomonitoring coastal seawater in highly touristic sites using macroalgae as valu-
able bioindicators of seawater quality and improving its status through the implementation 
and assessment of mitigation measures that included also the involvement of stakehold-
ers. Outcomes of the project highlighted the effectiveness of such an integrated approach, 
confirming the importance of choosing proper indicators and tools that can support the 
development of management plans aiming to mitigate environmental impact and foster sus-
tainable tourism.
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1 Introduction

Islands are generally considered unique destinations to spend peaceful and idyllic holidays. 
The natural potential of the islands as “3S” destination (sun, sand and sea), viewed as the 
exact opposite to urbanized life, represents the foundation of the boom of mass tourism that 
interested many islands since the middle of the last century (Carlsen and Butler 2011). In 
particular, the impressive cultural heritage, coupled with the richness of natural sceneries 
and the mild climate, make Mediterranean islands among the major tourist destinations 
worldwide, substantially contributing to a great economic growth (Apostolopoulos and 
Gayle 2002). However, tourism cannot be viewed simply as an economic activity, having a 
great influence on socio-cultural and environmental aspects, especially in the islands where 
the intrinsic “insularity” leads to a multitude of constraints. Isolation, small spatial extent, 
limited resources and fragile ecosystems are among the main constraints that magnify the 
effects of tourism and make difficult the formulation of tourism management and develop-
ment plans in the islands (Ioannides et al. 2001).

Mass tourism, intended as massive fluxes of tourists concentrated in small areas and 
short periods, is particularly associated to serious environmental impacts, including land-
use conversion to respond to the high demand for accommodation and amenities, overex-
ploitation of natural resources, poor waste management, and habitat loss and degradation 
due to overcrowding and tourism-associated pollution (Davenport and Davenport 2006; 
Hall 2001). Therefore, uncontrolled tourism development and unsustainable tourist flows 
may compromise the ecosystem services that coastal environments provide leading to neg-
ative repercussions to tourism itself (Drius et al. 2019). Environmental deterioration is one 
of the most common causes of tourists’ disappointment and drives the choice of holiday 
destination (Torres-Bejarano et  al. 2018). Consequently, today many islands are dealing 
with the lowering of tourism fluxes because of the deterioration of the natural environment 
(Dodds and Graci 2012).

Although the need to implement sustainable practices for reducing the environmen-
tal impact of tourism and ensuring its long-term success has been invoked since the last 
30  years (Inskeep 1991), it is still a widely debated issue at both scientific and govern-
ment level (Mihalic 2016) lacking a common systematic effort. Important steps ahead have 
been recently done, as sustainability in the tourism sector has been recently included in 
the agendas of many international agencies (i.e. UN, UNDP, UNEP, UNESCO, UNWTO) 
(Cooper et al. 2018).

Indeed, in the 2030 Agenda for Sustainable Development (UN 2015), sustainable tour-
ism is considered one of the tools to achieve multiple Sustainable Development Goals 
(SDG), covering from economy (SDG 8) to responsible consumption (SDG 12) to the 
marine environment (SDG 14). Similarly, sustainable coastal and maritime tourism is one 
of the 5 priorities of the EU Blue Growth Strategy (EU Commission 2017). Although the 
assessment of the tourism impact is among the main goals defined by the UN and EU strat-
egies, scientific-based approaches, such as environmental impact assessment and environ-
mental monitoring, are scant or severely constrained by time and funding, hence resulting 
of low scientific quality (Davenport and Davenport 2006). This is often coupled by low 
awareness and promotion of good practices for proper resource use and waste management. 
Within this framework, the Mediterranean Strategy for Sustainable Development MSSD 
(UNEP/MAP 2016) represents an important step towards the harmonization of socio-eco-
nomic and environmental issues, promoting also regional cooperation in support of sus-
tainable development in the Mediterranean area.
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Consistently with the MSSD, the European Interreg MED Programme supports inno-
vative projects for the enhancement of sustainability in the Mediterranean area. In this 
context, the Interreg MED BLUEISLANDS project (https ://bluei sland s.inter reg-med.
eu/) aimed to improve the knowledge about tourism-driven waste, build common guide-
lines and support synergies among Mediterranean islands, to accomplish sustainable tour-
ism patterns and promote circular economy in the Mediterranean area. In more detail, the 
BLUEISLANDS project gathered 14 partners from eight European countries in order to 
properly identify, address and mitigate the effects of the seasonal variation of waste pro-
duction as an effect of tourist flows, based on an integrated scientific and socio-economic 
approach. Among the other aims, the BLUEISLANDS project represented a good opportu-
nity to explore the relationship between coastal tourism and anthropogenic nutrient enrich-
ment in coastal seawater of highly tourism destinations in three Mediterranean islands: 
Cyprus, Sicily (Italy) and Rhodes (Greece). Anthropogenic nutrients can arise from land, 
e.g. sewage outfalls, septic tanks or inadequate sewage systems at resorts, and may cause 
the worsening of coastal seawater quality and deterioration of marine habitats facing tour-
ist beaches, which may, consequently, lose their aesthetic value and their functionality of 
recreation spots (Botero et al. 2015).

The purposes of the project, with reference to the issue of anthropogenic nutrients 
enrichment in coastal seawater in tourist sites, were achieved through a precise methodol-
ogy that defined the actions to be implemented. In particular, the project was structured 
into 3 phases: the “Studying phase”, to investigate the seasonal variation of anthropogenic 
nutrients in seawater using biological indicators; the “Testing phase” to propose solutions 
addressing the problem of seasonal variation of anthropogenic nutrients due to tourism, 
through the implementation and the assessment of a series of pilot activities; the “Transfer-
ring phase” to facilitate the exchange of knowledge among the project partners and exter-
nal stakeholders.

Here, we aim to describe the processes, tools and methods adopted within the frame-
work of the Interreg MED BLUEISLANDS project to biomonitor anthropogenic nutrients 
in coastal seawater of highly touristic sites at 3 Mediterranean islands (Cyprus, Sicily and 
Rhodes) and to improve seawater status through the implementation of pilot activities that 
actively involved stakeholders.

2  Methodology and results: the case study of three Mediterranean 
islands

The first step to set out the project activities consisted in the identification of the study 
islands, in agreement with the project partners. The islands of Cyprus, Sicily and Rho-
des were selected being very popular tourist destinations in the Mediterranean area, with 
a well-defined seasonality of demographic fluxes concentrated in small coastal towns and 
with an appropriate logistics for the implementation of the activities. Three popular coastal 
tourist beaches, Protaras (Cyprus), Giardini Naxos (Sicily) and Faliraki (Rhodes), charac-
terized by a high density of tourist facilities and small local businesses were selected as 
study sites in the three islands. In particular, the HORECA sector was exhaustively repre-
sented in all the 3 sites, with plenty of hotels, resorts, restaurants, cafes and kiosks both at 
beachfront at the back of the beaches. Moreover, a number of recreational activities, lidos, 
beach games and sport pitches, floating walkways and playgrounds, water sports and water-
craft, characterized the chosen beaches.

https://blueislands.interreg-med.eu/
https://blueislands.interreg-med.eu/
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2.1  Studying phase

In order to gather the background information on the relationship between tourism season-
ality and changes in seawater quality in the study sites, an experimental approach based on 
the ability of biological indicators to track spatial and temporal variation in anthropogenic 
nutrients was adopted. The use of biological indicators, namely organisms that undergo 
detectable variations in their natural status in presence of environmental alteration, is one 
of the most effective methods to evaluate and follow over time changes in the quality of 
the environment (Burger 2006). Therefore, in this study marine macroalgae were used as 
bioindicators, due to the high assimilation rates of nutrients present in the water column 
(Hurd et al. 2014). In particular, active biomonitoring experiments were carried out, based 
on the short-term transplantation of macroalgae from pristine donor sites to tourist sites to 
allow them to take up the nutrients available in the recipient seawater and record in their 
tissues the possible occurrence of anthropogenic nutrients (García-Seoane et al. 2018). A 
large body of literature showed that macroalgae are suitable bioindicators to track several 
types of anthropogenic input into coastal systems (e.g. sewage outflow, agriculture runoff, 
aquaculture effluents) at different spatial scales (up to a few km) from the input sources 
(e.g. Amato et al. 2016; Costanzo et al. 2001; García-Sanz et al. 2011).

A detailed description of the experimental procedures implemented in the studying 
phase is available in Signa et al. (2020b). Briefly, the biomonitoring campaigns were con-
ducted in 2017 in Cyprus and Sicily and in 2018 in Rhodes, after agreeing with the Local 
Authorities the formal procedures to carry out the experiments while limiting any interfer-
ences with bathing and boating activities. The biomonitoring campaigns were conducted in 
three periods of the year, June, August and October, respectively, before, during and after 
the summer tourist peak, and in 3 sites, the tourist site and 2 reference sites characterized 
by the absence of tourist facilities. In the 3 sites, three species of intertidal macroalgae 
belonging to the genus Cystoseira, namely C. humilis in Cyprus, C. amentacea var. stricta 
in Sicily and C. compressa in Rhodes (Fig. 1) were collected from a donor site and trans-
planted for 3 days within removable devices installed in a grid of equidistant georeferenced 
points distributed along three transects at 100, 200 and 300 m distance from the coastline 
(at 200, 250 and 300 m in Sicily only). The accuracy of the distance from the coastline was 
of 10 m according to the handheld personal navigator used (GPS12, Garmin).

Fig. 1  The three species of macroalgae belonging to the genus Cystoseira used in the experiments a C. 
humilis used in Cyprus; b C. amentacea var. stricta used in Sicily; c C. compressa used in Rhodes. Indi-
vidual fronds and the natural settings of the three macroalgae are showed above and below, respectively
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Then the macroalgae were analysed for the ratio of the stable isotopes of nitrogen 
(expressed as δ15N‰), which gives indication of the origin of the nutrients assimilated 
(e.g. Cole et al. 2005; Fernandes et al. 2012; Mancinelli and Vizzini 2015; Mwaura et al. 
2017; Signa et al. 2012). The results were used to calculate the change in δ15N (Δ δ15N), 
as the difference of δ15N values recorded at the beginning and at the end of the experiment, 
and that indicates the extent of the enrichment in anthropogenic nutrients in the coastal 
water. Three levels of enrichments were established: Δ δ15N < 0.5‰; 0.5 < Δ δ15N < 1.0‰; 
Δ δ15N > 1.0‰ that indicated, respectively, a low, moderate or high occurrence of anthro-
pogenic nutrients in seawater.

The results obtained were summarized in easily readable outputs useful to be consulted 
by project partners during the decisional process aimed at defining the follow-up mitigation 
measures. For this purpose, the georeferenced data collected during the biomonitoring were 
interpolated in GIS maps, in which different colour contours indicate the different levels of 
the change in δ15N (Δ δ15N) recorded by macroalgae at the end of the transplant period. 
As an example, the GIS map elaborated for the tourist site of Cyprus (Fig. 2) indicates a 
moderate isotopic enrichment in the landward transect in June and October, which then 
increases and spreads up to the offshore transect in August (Signa et al. 2020b). Despite 
these results revealed a general moderate influence of anthropogenic activities on nutrient 
presence in coastal seawater, the spatial pattern seemed strictly associated to coastal inputs, 
thereby the relationship found with tourism seasonality suggested that specific strategies 
are needed to be proposed and adopted in order to further limit the presence of anthropo-
genic nutrients in the study sites investigated.

2.2  Testing phase

The main aim of the testing phase of the project was to overcome and mitigate the seasonal 
variation of anthropogenic nutrients into the coastal waters of the study islands due to tour-
ism, through the planning, implementation and assessment of pilot activities.

Pilot activities were defined based on the results of the biomonitoring campaigns 
carried out during the studying phase. In particular, although no dramatic extent but 

Fig. 2  GIS maps of the change in δ15N (Δ δ15N) at the tourist site of Cyprus in June, August and October 
2017. Maps are taken from Signa et al. (2020b)
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only a low to moderate anthropogenic enrichment was detected in coastal seawater of 
the three islands (see Signa et al. 2020b for more details), the findings of the studying 
phase were used as the main inputs for a decision support tool specifically developed 
to orient strategic and operational decisions depending on the different site-specific 
characteristics. In this way, the local partners of the three islands set a protocol of spe-
cific objectives and a description of the activities to be implemented.

There was a general consensus that pilot activities had to be centred on raising 
awareness of many stakeholders, from the beach users to the hotel managers, using 
also a variety of media available, about the environmental effects of tourism. There-
fore, an awareness-raising campaign was conducted in summer (mainly August) 
2019 in the same tourist sites where the biomonitoring was previously carried out. 
Several on-site dissemination events were conducted by setting information points at 
the beaches, where local project partners carried out the awareness campaign by (1) 
informing both tourists and local people not only about the project aims and activities 
but in general about the effects on the environment that stem from tourism practices, 
(2) fostering a correct behaviour of tourists (proper waste disposal, waste recycling, 
reduction in the input of organic matter into the sea), (3) promoting good practices in 
the field of sustainable tourism. Moreover, by conveying simple and clear messages, 
tourists were also informed about the importance of efficient wastewater management 
to avoid unpleasant deterioration of seawater, and about the threats and impacts of lit-
ter to coastal marine ecosystems and marine life. Furthermore, informative posters and 
leaflets about these issues were placed and distributed at the beaches, resorts, beach 
kiosks, diving centres and tourist offices. Beachgoers were also awarded of small gifts 
such as recyclable bags, reusable bamboo straws and cups, carton ashtrays for smokers, 
to discourage the use of single-use items. Websites of local newspapers were used to 
inform online users about the project activities going on in the islands, as well as social 
media and radio adverts disseminated environmental awareness messages. Finally, new 
bins for recycling and non-recyclable wastes were placed, and waste collections points 
and toilets were properly signalled.

The effectiveness of the pilot activities on the reduction in anthropogenic nutrients 
in coastal seawater was assessed by repeating, in August 2019, the same biomonitor-
ing campaign carried out in 2017 (2018 in Rhodes; see Signa et  al. 2020b for more 
details) during the studying phase and by comparing the results before and after the 
implementation of the pilot activities. In more detail, the transplant experiment was 
performed again in the tourist sites of the 3 islands and the frequency of the change in 
δ15N (Δ δ15N) data falling into the three predefined classes was compared between the 
2 campaigns. The threshold value of 80% of Δ δ15N data falling into the category low 
was considered the target to reach for considering successful the pilot activities imple-
mented. An example of the frequency of Δ δ15N data elaborated for the tourist site of 
Cyprus is reported in Fig.  3. Despite the target was not reached in Cyprus, the fre-
quency of Δ δ15N data falling in the category of δ15N enrichment of the transplanted 
macroalgae “Low” increased from 56% in 2017 to 75% in 2019 after the pilot activities 
implementation. Overall, the results of the assessment phase highlighted the effective-
ness of the pilot activities in all the islands: although the target was reached only in 2 
out of 3 islands, a substantial improvement was always evident by comparing the fre-
quency of the change in δ15N (Δ δ15N) data recorded in the 2 campaigns, respectively, 
before and after the implementation of the pilot activities.
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2.3  Transferring phase

The last phase of the project was specifically focused on a wide range of capitalization 
and dissemination activities by bringing the knowledge obtained throughout the project 
to as many people as possible. The main targets were operators of the tourism sector, 
local and international policy-makers and environmental managers.

3  Discussion

Reduction in the environmental impacts of tourism and the maintenance of the carry-
ing capacity of tourist destinations are key challenges today within the framework of 
sustainable tourism (UNEP/MAP 2016 and sustainable development. This is particu-
larly urgent in the Mediterranean area, given its environmental vulnerability (Coll 
et al. 2012), together with its leading position in the world tourism sector (Piante and 
Ody 2015), and especially in its islands, given their strong dependence on tourism and 
their limited opportunities to differentiate economic activities (Albers and Baldachinno 
2017). Nevertheless, the approaches mostly used to assess the tourism-driven social and 
environmental degradation are the analysis of the carrying capacity of tourist sites and 
users’ perception questionnaire-based surveys (Gonson et al. 2018), both often lacking a 
strong scientific base (Davenport and Davenport 2006).

Here, we described the scientific-based approach that has been applied in the frame-
work of the Interreg Med BLUEISLANDS project and that falls within one of the main 
challenges of the European Interreg Programme, which is “to study, test and capitalize 
innovative tools and actions towards the enhancement of tourism sustainability in the 
Mediterranean” (https ://susta inabl e-touri sm.inter reg-med.eu/). Overall, the 3-step meth-
odology applied within the BLUEISLANDS project was fruitful to accomplish the pro-
ject’s goals, namely the development of effective approaches and tools to monitor and 
mitigate the adverse environmental effects resulting from the seasonal variation of waste 
in Mediterranean islands in relation to the touristic flows.

Fig. 3  Comparison of the 
frequency of the change in δ15N 
(Δ δ15N) data indicating ‘Low’, 
‘Moderate’ and ‘High’ presence 
of anthropogenic nutrients in 
coastal seawater of the Tourist 
site of Cyprus, as resulted from 
the biomonitoring campaigns 
carried out during the study 
phase (2017) and the testing 
phase of the project (2019). 
The threshold of the target to be 
reached in 2019 is also indicated

https://sustainable-tourism.interreg-med.eu/
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During the first phase of the project (i.e. the studying phase), the manipulative exper-
iments that were carried out in highly touristic sites of Cyprus, Sicily and Rhodes based 
on short-term microalgae transplantation, allowed to highlight temporal variation in the 
occurrence of nutrients of anthropogenic origin in coastal seawater. Results were care-
fully analysed, mapped and compared among periods, and showed that the increase in 
tourists during the peak season (i.e. summer) was associated with an increase in anthro-
pogenic nutrients in coastal seawater (Signa et al. 2020b). The increase in anthropogenic 
nutrients may arise from sewage discharge into coastal waters due to the population rise 
during the high season and/or recreational and bathing activities (Signa et  al. 2020b), 
but the method adopted did not allow to discern the contribution of these two poten-
tial sources of nutrients. However, the main strength of the approach used arises from 
the effectiveness of the chosen indicators (macroalgae and nitrogen stable isotopes) to 
detect the origin of nutrients in coastal seawater (e.g. Costanzo et al. 2001; Viana et al. 
2011; García-Seoane et al. 2018), combined with the ability of GIS maps in summariz-
ing data in a simple and easily readable way. Good indicators should be able, indeed, to 
track trends over space and time in response to stressors (Burger 2006), and, at the same 
time, they should be efficient in communicating the meaning of the highlighted trends to 
stakeholders with various interests and backgrounds (e.g. policymakers, scientists, the 
general public and the media).

A plethora of sustainable tourism indicators and indices have been developed so far to 
monitor through time and inform about the level of sustainability of many tourist desti-
nations, but most of them focus on socio-cultural and political sustainability rather than 
environmental sustainability (Mihalic 2016; Torres-Delgado and Saarinen 2014 and ref-
erences therein). Great attention is paid, indeed, to the use of energy by air transport in 
the calculation of the ecological footprint, which is considered a valuable environmental 
indicator of sustainable tourism (Gössling et al. 2002; Hunter and Shaw 2007). In contrast, 
although the quality of bathing water is a key element for tourists, and hence one of the 
major resources to be safeguarded in tourist destinations (Lucrezi and van der Walt 2016), 
it is rarely considered in the development of tourism indicators. For instance, the research 
carried out by Blancas et al. (2010) in Spain is one of the few cases in which a set of envi-
ronmental indicators centred on waste management and beach use and condition was used 
to evaluate the tourism sustainability of coastal destinations. Among these, the percentage 
of beach area with Blue Flag status was used in the study. The Blue flag prize is one of 
the world’s most diffused eco-labels awarded to beaches, according to a series of stringent 
environmental, educational, safety, and accessibility criteria, among which seawater quality 
is one of the pillars and is based on the analysis of microbiological and physical–chemical 
variables.

Following the studying phase, the strategic and innovative decision tool designed to set 
the operational decisions to be carried out according to the different site-specific charac-
teristics, allowed to plan the follow-up pilot activities to be implemented in the islands 
and to set the target to be reached through the pilot activity implementation. By this point, 
the site-specific pilot activities implemented by the project partners constituted the basis 
for the testing phase, while the following assessment step constituted the practical testing 
phase of the project, as the obtained results, in terms of fulfilment of the established tar-
gets, highlighted the effectiveness of the measures implemented in the mitigation process. 
This phase was characterized by the involvement of various types of stakeholders, to raise 
their awareness on the environmental impact of tourism and promoting sustainable choices. 
In particular: (1) a network with HORECA and tourist stakeholders (e.g. managers and 
employers of diving centres, lidos and tourist offices) was created as they were directly 
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involved in the pilot activities implementation; (2) tourists were reached during the imple-
mentation of the pilot activities in the high tourist sites, where they were informed about 
the site-specific environmental issues and their active role in making a difference; there 
is a general consensus about the efficacy of engaging an open dialogue with people for 
promoting best practices making them feel an active part of the solution (Diamantis 2000; 
Mihalic 2016). Therefore, activities like direct speaking to beachgoers and dissemination 
of informative posters at the entrance of the main local services were effective in delivering 
the message of sustainable use of the tourist site; (3) policy-makers and competent authori-
ties were informed about the results of the 2-year monitoring of seawater depending on 
tourist flows; proactive proposals through the definition of guidelines for the development 
of action plans that minimize the negative effects of tourism on the coastal ecosystems and 
encourage the establishment of good practices and circular economies for sustainable tour-
ism were made.

Moreover, throughout the project duration, and especially in the transferring phase, the 
project partners organized many events focusing on the relationship between waste man-
agement, environmental impact and tourism. All these events were a great opportunity to 
meet many other stakeholders, offering great visibility to the BLUEISLANDS project, the 
related goals, the activities implemented and the results achieved. This is certainly another 
positive aspect of the project, as effective communication and collaboration among stake-
holders are crucial to building up a strategy to foster sustainable tourism, which indeed 
embraces the environment, social and political aspects, as well as the broader context of 
sustainable development (Gabarda-Mallorquí et al. 2016; Zolfani et al. 2015).

Lastly, the BLUEISLANDS project represented a big challenge and opportunity for sci-
entists and stakeholders to have a proactive dialogue about issues (i.e. the seasonality of 
waste generation due to tourism in the Mediterranean area) rarely addressed on such wide 
scale before. Indeed, although there are places where the tourism sector exerted strong 
pressures on the public administrations to ensure optimal bathing water quality by prop-
erly managing the wastewater treatment processes (Gabarda-Mallorquí et al. 2016), in most 
cases, poor or inefficient wastewater management during the high peak season is still a 
critical issue to be addressed.

4  Conclusion

Sustainable tourism in Mediterranean islands is an important driver needed to requalify 
the tourist offer in response to a growing international demand for sustainability, while 
preserving the natural heritage, communities and ecosystems. The long-term success of 
tourism depends on the maintenance of the appeal of tourist destinations and user satis-
faction, which, in turns, depends on good environmental quality. Therefore, it is increas-
ingly evident the urgent need for a holistic approach that embraces both environmental, 
economic and social aspects in support of tourism policies focused on monitoring and miti-
gation measures based on scientific evidence, innovative approaches and strong synergies 
between the scientific community and tourism stakeholders. The Interreg Med BLUEIS-
LANDS project follows this direction, moving from the classical monitoring approaches 
toward an integrated approach based on the application of scientific-based indicators and 
the implementation of mitigation measures. This is consistent with the Mediterranean 
Strategy for Sustainable Development (UNEP/MAP 2016), which highlights the impor-
tance of the involvement of the scientific community and the development of analytical 
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tools able to assess and forecast tourism-related impacts in support of policymakers. Main 
project findings showed a low to moderate influence of anthropogenic activities in the tour-
ist sites studied and an overall improvement of the seawater quality throughout the project, 
confirming the importance of raising public awareness on environmental issues and how 
a direct dialogue with stakeholders allows to positively influence their behaviour. Such an 
approach that combines the reliability of the scientific approach with the direct involve-
ment of interested parties had the potential to be highly successful in accelerating policy 
changes towards the development of effective management of sustainable tourism.
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