Caparrós‑Martínez et al.
Environmental Sciences Europe
(2022) 34:33
https://doi.org/10.1186/s12302-022-00614-2

Open Access

RESEARCH

Analysis and global research trends
on nautical tourism and green coastal
infrastructures: the case of coral reefs
and seagrass meadows
José Luis Caparrós‑Martínez, Rosa María Martínez‑Vázquez* and Jaime de Pablo Valenciano

Abstract
Background: This article aims to analyse the scientific production related to the impact worldwide of recreational
and sports tourism on the conservation and management of coast and marine green infrastructures. To this end, the
research focuses on two of the ecosystems, where this type of tourism exerts pressure on a global scale: seagrass
meadows and coral reefs. Based on Scopus and WoS databases, different levels of analysis have been carried through
the application of bibliometrics to identify the most prevalent topics and future research trends.
Results: The main results are summarised as follows. On the one hand, many publications in the scientific sector ana‑
lyse how tourism and recreational activity affect specific marine ecosystems, especially coral reefs. On the other hand,
the phenomenon of Global Change and the social and environmental effects on marine ecosystems with significant
tourism potential have been identified as one of the most studied research topics. Finally, emerging research trends
have been identified, including environmental monitoring and tracking programs aimed at controlling tourism,
aspects related to the participation of the population and local tourism sectors, and the role of ecotourism in marine
protected areas.
Conclusions: In conclusion, a greater commitment from the public administration and a greater social awareness of
the ecosystem services it generates is needed. If the species and the natural environment are not conserved and pro‑
tected, the tourist attractiveness of these areas would be lost and, ultimately, the tourism of the area would change,
with the consequent loss of well-being for the whole community.
Keywords: Green infrastructure, Blue infrastructure, Seagrass meadows, Coral reefs, Tourism
Introduction
Historically, mainstream economics has not valued the
environmental services provided by natural ecosystems.
However, recent research shows that the economic value
of natural ecosystems, in terms of their contribution to
human health and well-being, has an economic value
between 10 and 100 times greater than the cost related
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to its conservation [7, 15, 34, given that they are responsible for such important environmental services as climate change protection, food security and reduced risk
of environmental disasters and diseases.
Regarding nature-based solutions, green infrastructures take on an enormous role. Green Infrastructure
is defined as a strategically planned network of natural
and semi-natural spaces and other environmental elements designed and managed to offer a wide range of
ecosystem services [25]. This novel term tries to simplify
complex ecological concepts related to the functioning
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of ecosystems and the environmental services they provide, making an analogy between the infrastructure of
natural systems and artificial human systems, known as
Grey Infrastructure, such as roads, electrical networks,
or hydraulic infrastructures.
Green infrastructure is presented as an important
resource to achieve and maintain the health of aquatic
and coastal ecosystems and offer multiple benefits related
to increasing water availability for different uses: water
purification, conservation and protection of aquatic
biodiversity, as well as adaptation and mitigation of the
effects of climate change, such as sea level rise, increased
flooding, torrential rains or long periods of drought [57,
68].
Based on the Common International Classification of
Ecosystem Services (CICES) [32], these environmental
services are divided into three categories:

biological values, its functionality and the provision of
services.
Coastal and marine green infrastructures, such as coral
reefs and seagrass meadows, two of the marine ecosystems that receive the most pressure from nautical and
recreational activities, such as sport diving on a global
scale [10, 37], provide key environmental services for the
well-being and development of the world’s coastal and
littoral populations (Table 1). Coral reefs and seagrass
meadows provide a series of critical environmental services, such as the protection and defence of coastal populations against increasingly common extreme weather
events (devastating rains and floods) linked to climate
change, serving as a refuge and breeding areas for marine
species which are of interest to the fishing industry, and
the mitigation of the greenhouse effect through the fixation of organic carbon (blue carbon) [53, 72, 75].
However, the increasing human pressure on most touristic coastal areas is causing a deterioration of their natural resources and marine habitats, as well as a loss and
deterioration of the essential environmental services provided by marine ecosystems, such as coral reefs and seagrass beds.
Recreational and tourist services are particularly
important, because they represent one of the primary
sources of job creation and economic development in
coastal regions worldwide. According to the World Tourism Organisation, 80% of international tourism takes
place in coastal areas, more than 183 countries have
coastlines, and 37% of the world’s population lives in
coastal regions [74].
To address the study of global research trends on the
sustainability of nautical and recreational tourism and
its effects on marine green infrastructures precisely, this
bibliometric analysis has focused on two of the most
fragile marine ecosystems on a planetary scale (Fig. 1)
and most demanded by nautical, recreational and sports
tourism: coral reefs and seagrass meadows. These green
infrastructures are one of the most popular resources for
tourists, mainly due to the diversity of species they harbour, which has led to an exponential growth in recent
decades in activities, such as professional and recreational diving, sport fishing and nautical tourism [37].
Its practice is not risk-free and can produce negative
externalities on the environment. For example, nautical
recreational activities carried out in pleasure boats generate three types of environmental impacts: polluting the
marine environment, the transport of invasive species,
and the degradation of the seabed [10]. Along these lines,
if we look at the classification of damages to seagrass
meadows, Duarte [21] distinguishes direct and indirect
impacts caused by human activity. The former has to do
with mechanical damage (fishing, anchoring, dredging),

• Provisioning: services that nature provides directly
to the population. These are vital for the survival and
well-being of society, and a market price is applied to
them.
• Regulation: services provided by the ecological processes in nature, giving it the necessary resilience to
resist or adapt to anthropic pressures.
• Cultural: services related to the enjoyment of nature
that contribute to human beings’ personal or spiritual
development.
Green infrastructure includes green spaces and other
physical elements in terrestrial (natural, rural and urban)
and marine areas [25]. Marine green infrastructure
encompasses multifunctional marine areas of high ecological value, essential for the functioning of the marine
ecosystem, as well as for the provision of key environmental services, such as water quality, recreational
spaces, climate change mitigation and biodiversity conservation [62, 65]. On the other hand, the term marine
green infrastructure also helps to indicate possible linkages with green infrastructure in coastal areas and on
land [62].
In rural and urban terrestrial areas, the concept of
green infrastructure is widely accepted; however, in the
marine domain, its application is more novel, due according to certain authors to the scarcity of spatial data and
the dynamic nature of the marine ecosystem [62]. In
relation to this, one of the most important challenges is
to establish a methodology to analyse the connectivity
between marine ecosystems with each other and with
terrestrial ecosystems.
The delineation of marine green infrastructure, as
with terrestrial green infrastructure, can encompass several criteria that characterise the marine ecosystem, its
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Table 1 Environmental Services provided by the coral reef and seagrass meadow Blue Infrastructures
Type of ecosystem service

Description

Nutrition

Source of production for fishing. If these blue infrastructures ceased to exist, many of the edible species on which
the economy of coastal populations worldwide depends would be severely affected

Materials

For pharmaceutical and construction use

Improve water quality

Both seagrass beds and coral reefs produce more nutrients and oxygen than might be expected from their
volume. For example, some seagrass beds produce between 21 and 37 tons of oxygen per day

Coastal Erosion Protection

Through the hydrodynamic reduction of the waves, sand banks are formed on the beach and sediments are
accumulated

Biodiversity Maintenance

Coral reefs and seagrass meadows are some of the most biodiverse marine ecosystems. For example, while coral
reefs cover only 0.1% of the total surface of the oceans, they provide habitats for 25% of marine species

CO2 Capture

These ecosystems are very important carbon sinks, both for the amount of sequestration in the form of organic
matter, and for the duration of the deposits. For example, a Posidonia oceanica bush with a thickness of between
1 and 4 m can store 40 to 160 kg of organic carbon for approximately 6000 years, much better figures than those
of a tropical forest

Existence, Option and Legacy Values Existence Value is the value that these ecosystems have for people who do not use them directly or indirectly,
but who positively value their conservation. Option value refers to the value of keeping open the option of using
these ecosystems as a resource at a later date. Legacy value expresses the desire that future generations can
continue to enjoy these ecosystems
Education and Scientific Research

This refers to the characteristics and resources of coral reefs and seagrasses as a source of scientific research,
education, or training

Tourism and recreational activities

Coral reefs and sea meadows constitute a marine green infrastructures of great aesthetic beauty and, therefore,
with a high potential for the development of activities related to the enjoyment of nature, making them vital
economic elements from the point of view tourism

Resource. Own compilation based on [9, 18, 22–24, 48]

Fig. 1 Main risks of nautical tourism

coastal constructions, aquaculture, eutrophication, and
sedimentation, while the latter focus on the effects of climate change (increased extreme weather events, rising
sea levels, and ultraviolet radiation, etc.).
Given the current and future relevance of tourism
activities and their impact on the conservation and management of marine green infrastructures for the wellbeing and development of many of the planet’s coastal

populations, such as reefs and seagrass meadows, in this
study, we address the research trends associated with this
issue.
The main contribution of this research is linked with
the usefulness that marine infrastructures can provide to
the development of coastal, nautical and maritime tourism for sustainable growth, under ecological and social
responsibility.
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The findings are relevant for researchers, professionals, and researchers focused on marine green infrastructures and nature-based solutions as tools to face current
global environmental problems, such as climate change
and other environmental risks, marine pollution, loss of
biodiversity, or the risk posed by introducing exotic species. The results may also be of great interest to researchers focused on aspects of sustainable tourism in marine
and coastal areas.

In the third phase, both databases were processed to
perform a more complete analysis of the scientific production through bibliometrix, an R software package
with a user-friendly interface [1]. This tool offers analysis
at different levels: sources, authors, and documents. In
addition, it offers an analysis of the clusters and the conceptual structure of a scientific field, which is very useful for interpreting the results obtained through thematic
evolution, thematic maps, and trend themes (Fig. 2).

Methodology
In the first phase, the search criteria were limited to
tourism, coral reefs and seagrass meadows, mainly due
to a growing awareness of the importance of preserving
marine meadows which are currently being overexploited
as a result of human activity, particularly those related to
tourism.
In the second phase, of the selected elements, "tourism" and "coral reef," or "seagrass meadows", a total of
876 documents were obtained in the Scopus database.
These were then filtered by articles (615) for the period
1973–2021. For the WoS database, a total of 2,467 documents and 2,226 articles were obtained for the period
1977–2021.

Fig. 2 Methodological schema

Results and discussion
Clustering analysis

An initial analysis was carried out on the conceptual
structure, in two dimensions: dimension 1 on the x-axis
is the variable "documents", while dimension 2 on the
y-axis is the variable "keywords". After applying the
clustering algorithm, different bibliometric maps were
obtained depending on the type of database used (WoS
or Scopus) centred on Author Keywords. The size of the
clusters in each bibliometric map was determined by the
number of terms and their weight or similarity index. The
colour of each cluster was randomly assigned. The proximity between words corresponds to shared substance:
keywords are close to each other, because a large proportion of articles treat them together.
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After executing different tests, it was decided to analyse
the bibliometric maps resulting from the Author Keywords
as these differentiated the thematic groups more consistently.
Figure 3 shows the clusters according to Scopus. The Blue
Cluster, made up of seven items, integrates research related
to the problem that coral reefs are suffering as a consequence
of the impact of tourist activities, especially significant in
Thailand [5, 16, 36, 59, 78]. This section includes research
related to the study of both direct and indirect effects of tourism activities on the natural and fisheries resources of coral
reefs. In the scientific literature that addresses this issue,
there is a wide variety of research related to the impacts generated by tourist activity, both directly (such as the effects of
recreational diving) and indirectly (such as pollution from
sewage or increased sedimentation or turbidity of the waters
surrounding coral reefs as a result of dredging operations in
ports) [17, 33, 41, 44, 60, 77].
The large number of scientific publications about recreational diving in coral reefs is due to the fact that it is an
activity in current expansion, to the point that it is a tourist
market of economic importance for close to 100 countries
and territories [66].
The Green Cluster, comprising of four items, encompasses research related to the vulnerability of coral reefs
and seagrass meadows to the effects of Global Change

[39, 67, 73]. In the case of corals, this cluster would
include research related to the threat posed to this type
of green infrastructure by the warming and acidification
of the oceans because of the increase in atmospheric
CO2 and the indirect consequences of this problem for
related tourism industries.
The research in this section concludes that Climate
Change poses a direct threat to coral reefs and seagrasses.
For example, the increase in the frequency and intensity
of hurricanes attributed to climate change affects the natural resilience of these ecosystem types [54, 76]. Another
direct cause of climate change is that the increase in CO2
levels affects the chemistry of the oceans, causing an
increase in their acidity and, therefore, a reduction in the
calcification capacity of coral skeletons [40, 71].
In relation to this last aspect, this cluster also includes
another group of research linked to the use as indicators
for making projections on the effects of Global Change,
the changes that are occurring in these marine green
infrastructures, such as coral bleaching or the reduction
in the surface area of certain seagrass meadows, such as
posidonia oceanica [27, 42, 58, 56].
The Red Cluster encompasses a broad set of keywords
related to the conservation and management of these
ecosystems and the environmental services they provide

Fig. 3 Cluster of author keywords—Scopus
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[2, 6, 11], as well as human activities that impact them.
Tourism activities stand out due to their frequency of
appearance in the cluster [3, 26, 29 61, 79].
This cluster would also include a frequent group of
publications aimed at studying the tourist carrying
capacity of different coral reef and seagrass areas around
the world [55, 64]. On the other hand, this cluster would
also include social and economic research related to the
impact that the environmental degradation of this type of
green infrastructure has on the tourism operators linked
to it [20].
In Fig. 4, and regarding the WoS database, the Blue
Cluster comprises eight items, including publications
related to the conservation and study of the diversity of
Mediterranean seagrass meadows [13, 46, 49, 70].
The appearance of this cluster highlights the existing
scientific interest in studying aspects related to the biology and ecology of this type of green infrastructure in
Mediterranean marine ecosystems. The Green Cluster,
made up of 15 items, includes the line of research mentioned in the previous bibliometric map of the Scopus
database, referring to the study of environmental services
and their social benefits linked to the conservation and
management of these marine ecosystems (coral reefs and
seagrass meadows).

In this sense, both the blue cluster and the green cluster highlight the importance of research related to the
important environmental services provided by these
green infrastructures, such as their role as carbon sinks,
in preventing beach erosion by attenuating waves and fixing sand, or as key refuge and breeding sites for species of
commercial interest [9, 53].
From the point of view of tourism, it is worth highlighting research that attempts to demonstrate the relationship between the environmental degradation of these
green infrastructures and the loss of the value tourists
perceive from the underwater environment, with the aim
of defending the need to carry out management based on
the conservation and sustainable use of these valuable
ecosystems [79].
The Red Cluster includes a broad set of items related to
the role that seagrass meadows and their sediments play
as a carbon store ("blue carbon", "carbon sequestration")
and, therefore, as an aid for the mitigation of Climate
Change [4, 30, 43, 47, 63, 69, 72]. Research in this area is
providing results that indicate that seagrasses are a key
ecosystem type for organic carbon storage.
Finally, concerning the bibliometric map of the WoS
database, the absence of research related to the influence
of tourism on the conservation of coral reefs and seagrass

Fig. 4 Cluster of author keywords—WoS
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meadows stands out, an area of study which is clearly
present in the Scopus database.

• We understand that the interest in monitoring may
be due to the fact that these ecosystems have suffered
an accelerated process of decline and environmental
deterioration in recent years [31].
• On the other hand, the appearance of the keywords
"marine tourism" and "governance" among the most
current research trends points to an increase in
research related to the consequences of touristic
use of these green infrastructures, as well as the role
played by the population in their conservation and
management [10, 14, 35, 41].
• Somewhat less novel, but also important, is research
related to environmental services and the conservation of marine protected areas [19, 35, 38, 45].

Trend analysis

The graphs depicting the evolution of the research topics are presented below. The vertical nodes represent a
group of keywords, and the edges show their evolution
over time. The total of co-occurrences gives the size of
the cluster.
The most recent research trends (Fig. 5) are reflected by
the keywords "surveillance", "marine tourism", and "governance". A second, more traditional trend is represented
by the keywords "marine protected areas", "conservation",
"environmental services", and "coral bleaching".
Given these results, the following leading lines of
research are proposed:
• Among research related to coral reefs and seagrasses,
there has recently been a growing interest in aspects
related to monitoring and surveillance monitoring,
marine tourism and governance.

Fig. 5 Research trends by author keywords (Scopus)

Overall, there is some evolution in research trends.
In the period 2007–2013, research related to fisheries and marine protected areas were of greater interest;
in the period 2014–2016, coinciding precisely with the
growth of nautical tourism activities, issues related to the
sustainability of tourism activities are becoming more
important. In the 2017–2018 period, other issues that

Caparrós‑Martínez et al. Environmental Sciences Europe

(2022) 34:33

Page 8 of 13

also affect the conservation of these ecosystems, such
as climate change, biodiversity or carrying capacity in
marine protected areas, began to dominate, until today,
when topics such as monitoring, surveillance and governance are more important.

• In addition, there is an evolution of the "economic
evaluation" concept towards the concept of tourism,
which once again highlights the scientific interest in
evaluating the impact of tourism activity in coastal
areas.
• Finally, an evolution is observed from the concept
"marine protected areas" towards the term "diving",
from the concept "coral reefs" towards "marine protected area", from the concept "ecotourism" to that of
"marine protected areas". This is evidence of the scientific interest in research related to ecotourism in
marine protected areas.

Analysis of thematic evolution

According to Scopus, Fig. 6 represents the evolution of
the thematic areas, divided into two periods: the first,
1973–2014, is shown in the left column, and the second,
2015–2021, is shown on the right. The following substantial changes are observed:
• On the one hand, the term "coral" starts as a single
topic and diverges towards topics related to tourism
and diving. Likewise, there is an evolution of the concept "recreation" towards the terms "coral" and "diving". This evolution seems to highlight the scientific
community’s interest in diving tourism in coastal
areas and coral reefs due to the relevance of this tourist activity to the areas’ economic development and
the deterioration and impact that this activity produces in these sensitive green infrastructures.

Fig. 6 Evolution of Scopus research topics

Figure 7 identifies the evolution of the term "coral reefs"
towards the concept of "conservation" and of the terms
"Posidonia oceanica", "Thalassia testudinum", and "seagrasses" towards that of "blue carbon", evidence of the
growing interest in research related to coral reef conservation and the role seagrass meadows play as carbon stores
(blue carbon) to mitigate the effects of climate change.
For example, a study has shown that one hectare of Posidonia oceanica meadow has the capacity to sequester and
remove the same amount of carbon from the atmosphere
as 17 hectares of pristine Amazonian forest [28].
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Fig. 7 Evolution of WoS research topics

Thematic map analysis

There are different ways of analysing the themes of a
research field. The strategy diagram offers an interesting means of classifying thematic maps of a research
field through keywords. This is a proposal by Callon, Courtilan and Laville (1991). The strategy map is
obtained by applying a clustering algorithm on the
network of words represented in a coordinate system
composed of centrality (x-axis) and density (y-axis),
differentiating four zones according to these two variables. The first quadrant addresses motor issues; the second quadrant addresses basic and cross-cutting issues;
the third quadrant relates to highly developed and isolated issues; and the fourth quadrant groups emerging
or declining issues [8, 12].
That said, from the point of view of Scopus and Keywords Plus (Fig. 8) that the basic themes are "tourism"
and "coral reefs". As driving research themes, the most
developed are "climate change" and "marine protected
areas".
"Recreation" and "sustainability" appear as specific
themes, as do "resilience" and "climate change", with diving and conservation being the declining themes.
As noted in the results of the previous sections,
Fig. 8 shows the environmental, economic and social

importance of tourism on coral reefs, as well as the
risk posed by climate change to this type of green
infrastructure.
For WoS (Fig. 9), the Author Keywords, "water quality"
and "recruitment", stand out as specific and highly developed themes. In this regard, as noted above, ocean acidification as a consequence of the effects of climate change
is an issue of concern, because it causes a reduction in the
calcification capacity of coral skeletons [40, 71].
"Coral reefs" appear as highly developed and central
themes. "Seagrass meadows" appear as an emerging theme,
positioning it as an essential piece in carbon sequestration
and other benefits in the form of ecosystem services and,
therefore, of economic value [52]. Indeed, the progressive
loss of seagrass meadows increases emissions and accelerates climate change [50, 51]. The core topics focus on
seagrass species such as marine eelgrass and Posidonia
oceanica providing essential services for maritime-coastal
ecosystems and human well-being.

Conclusions
The results provide a series of general ideas (volume, evolution, trends, and areas) on the current state of a field of
research focused on the global impact of coastal tourism
on the conservation and management of two of the key
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marine ecosystems, such as seagrass meadows and coral
reefs.
The more significant development and employment
opportunities that the tourism sector offers in these
coastal areas have led to a considerable increase in the
population of the coastal areas, where these habitats have
developed in recent decades. As identified in this study,
this population growth has led to major socio-economic
and environmental changes.
First, the results suggest great interest in studying how
tourism and recreational activities affect marine ecosystems. Of particular note is the scientific production
related to the study of the impact of diving and nautical
tourism activities on the coral reefs. Similarly, the academic community is also interested in research on the
need for a greater commitment by the public administration and society in general to carry out tourism management of these infrastructures based on conservation and
sustainable use.
What these publications try to demonstrate is that the
tourism potential of these spaces is closely related to
their ecosystem values. If they are not preserved, there
is a risk of losing the economic benefits associated with
tourism. That said, it is interesting to value the figure of

the coastal informer as a facilitator between the public
administration and society, with the aim of raising community awareness of the ecosystem services that marine
infrastructures provide for our well-being.
Another prevalent research topic in this area of knowledge is related to the effects that the Global Change phenomenon is having on the key environmental services
that these marine ecosystems provide to the local population and the future impact that the tourism sector may
have in these areas, whether negatively, accelerating these
processes of change, or positively, favouring the conservation and resilience of these ecosystems.
In relation to this section, the results of this study have
detected two aspects of great scientific interest. On the
one hand, the increasingly evident impact of climate
change on coral reefs due to ocean acidification, which
causes the deterioration and collapse of this type of ecosystem. In addition, on the other hand, issues related to
the fundamental role that seagrasses play as a CO2 sink
and, therefore, in contributing to the mitigation of the
impacts of climate change.
The environmental and socio-economic effects that
Climate Change has on these ecosystems, coral reefs, and
seagrass meadows highlight the need to work with public

Fig. 8 Thematic map of author keywords on Scopus
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administrations (national, regional, and local) and nongovernmental agents to develop governance processes
aimed at strengthening the community coastal organisation and agree on long-term policies for the management
and conservation of natural resources, as well as the
management of natural risks.
In this sense, it is vital when developing public policies
to consider the formulation of regulations and procedures that encompass good ecological practices that benefit all the agents involved, both from the economic point
of view and that of community social development.
On the one hand, this study has identified as main
research trends, environmental monitoring and tracking programs aimed at controlling tourism through indicators of "biological quality", such as seagrass meadows
and coral reefs, aspects related to the participation of the
population and local tourism sectors in the management
and conservation of these marine ecosystems and, finally,
the role of ecotourism in marine protected areas.
However, this work is not without its limitations. Only
the role of tourism in two types of marine ecosystems,
seagrass meadows and coral reefs, have been analysed.
Although these ecosystems have the greatest tourism
potential on a planetary scale, it would be interesting to
repeat this bibliometric analysis process for other marine

ecosystems and compare the results with this work to
analyse their differences and similarities.
In relation to futures lines of research, it is necessary to conduct more research on the economic valuation of the environmental services provided by this
type of marine green infrastructure. The results of this
line of research would facilitate the evaluation of their
natural capital, which in turn would greatly support
decision-making processes and an understanding of the
economic losses that could lead to the deterioration or
disappearance of these marine ecosystems.

Fig. 9 Thematic map WoS author keywords
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