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Abstract

Among marine habitats, the coralligenous represents one of the most important biodiversity
hotspots, also playing an important role in the carbon cycle. Coralligenous is a biogenic habitat
of the circalittoral zone formed by calcareous structures built by crustose coralline algae and
other assemblages of calcifying organisms. Due to its structural complexity, it is also
considered one of the most vulnerable marine habitats, very sensitive to environmental
changes, such as climate change, and to other anthropogenic impacts such as fishing activities.
Trawling is the most harmful fishing method that is causing the degradation of large areas of
coralligenous reef concretions. Small-scale and sport fishing can also cause damage to the most
sensitive organisms of the coralligenous habitat that can be damaged or removed by fishing
gear, both during the fishing activity and in the case of the involuntary abandonment of stranded
or damaged fishing nets, also known as “ghost nets”. In this study, the global scientific
literature on coralligenous habitat was explored, with a particular focus on human impacts and
fishing activities. The analysis was carried out using the VOSviewer software, generating
network maps based on literature data retrieved from the Scopus database. The results show
that the scientific literature is mainly concentrated in Italy, proving the important contribution
provided by the Italian research on the topic. The results also highlight a research gap in the
application of environmental accounting methods to quantify and value natural capital and

ecosystem services associated to the coralligenous habitat, and their loss due to human impacts.
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1. Introduction
The coralligenous habitat is one of the most important biocenosis of the Mediterranean Sea for
its high structural complexity that promotes a huge floral and faunal abundance and diversity
(Garrabou et al., 2002; Ferrigno et al., 2018; Ballesteros, 2006). For this reason, it represents
the most important hotspot of biodiversity (Ferrigno et al., 2024), after Posidonia oceanica
meadows (Boudouresque, 2004).
Many of the benthic species it hosts are endemic, sensitive, and protected, such as the red coral
Corallium rubrum (Boudouresque, 2004; Ferrigno et al., 2020; Coll et al., 2010). Due to its
high associated biodiversity, coralligenous habitat provides a wide range of important
ecosystem services to humans (Tonin, 2018). In particular, they provide provisioning services
through fishing, regulating services such as climate regulation through sequestration and
storage of carbon, and cultural services due to the beauty of marine landscapes and diving
tourism (Ballesteros, 2006; Buonocore et al., 2020a,b; Chimienti et al., 2017).
Due to its structural complexity developed in specific and stable environmental conditions, the
coralligenous is among the most vulnerable marine habitats since any variation of these
conditions can affect its organisms that cannot easily adapt to changes (Piazzi et al., 2012; Gatti
et al., 2015b). Therefore, its stability is threatened both by global impacts such as climate
change and local impacts such as fishing pressure (Piazzi et al., 2012; Bavestrello et al., 2014;
Gambi et al., 2010; Bo et al., 2014; Rendina et al., 2019; Iborra et al., 2022). In fact, in the last
decades, the increase of fishing activities is negatively affecting coastal benthic communities,
reducing and degrading the structural heterogeneity of coralligenous assemblages (Gilman,
2015; Ferrigno et al., 2018a; Ferrigno et al., 2021; Rendina et al., 2020b; Piazzi et al., 2012,
Gatti et al., 2015a; Betti et al., 2020). Bottom trawling is considered the most destructive fishing
method causing the degradation of vast areas of coralligenous concretions (Boudouresque et
al., 1990). This fishing technique generates a direct mechanical damage because it destroys the
biostructure and an indirect damage because it adversely affects the macroalgal primary
production as a result of increased water turbidity and sedimentation rates (Cerrano et al., 2001;
Clark and Koslow, 2007; Althaus et al., 2009; Relini and Tunesi, 2009; Piazzi et al., 2012;
Bavestrello et al., 2014; Bo et al., 2014; Ferrigno et al., 2024).
Even small-scale and sport fishing can cause serious damage to coralligenous organisms by
damaging or removing them with fishing gears such as lines and gillnets (Bavestrello et al.,
1997; Ferrigno et al., 2018). The loss of fishing gears, also known as “ghost nets”, in addition

to damaging benthic and pelagic organisms, introduces xenobiotic compounds into the marine
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food web, generating toxic effects in marine animals and potential harm to human health
(Rochman, 2015; Markic et al., 2018; Pauna et al., 2019). These direct impacts, together with
those caused by climate change, lead to a deterioration in the functions of this marine habitat
and the loss of associated ecosystem services (Althaus et al., 2009; Vihervaara et al., 2019;
Buonocore et al., 2021; Liu et al., 2021a,b; Grande et al., 2023).

To date, the importance of coralligenous habitat is recognized internationally and numerous
management and protection plans have been adopted to ensure its conservation in the
framework of the Barcelona Convention (Tribot et al., 2016; UNEP, 2008, 2017).
Coralligenous assemblages are monitored in the Mediterranean Natura 2000 network (La Mesa
et al., 2019) and included in the broad category “reefs” of the EU Habitats Directive 92/43/EC
(E.C., 1992). In addition, coralligenous was recently included among the habitats of particular
interest under the Marine Strategy Framework Directive (MSFD), which assesses the “Good
Environmental Status” (GES) of European marine waters (European Parliament, Council of
the European Union 2008; European Commission 2010). It is also considered a useful indicator
for the monitoring of the ecological status of coastal waters, according to the European Water
Framework Directive (WFD, 60/2000/EC) because it represents a habitat very sensitive to
environmental changes (Ferrigno et al., 2017,2020; Piazzi et al., 2022). For all these reasons,
it is essential to monitor its ecological quality and health status to ensure its conservation
(UNEP, 2019).

While many studies on the importance of the coralligenous habitat were published, a
comprehensive overview of the literature on coralligenous habitat and anthropogenic impacts
is still missing. To fill this gap, we performed a bibliometric network analysis to explore the
global scientific literature on coralligenous habitat and human impacts, with a particular focus
on fishing.

2. Material and Methods
2.1 Bibliometric Network Analysis

In this study, the VOSviewer software (version 1.6.20) (Van Eck and Waltman, 2018) was used
to perform a bibliometric network analysis exploring the global scientific literature on the
relationships between (i) “Coralligenous” and “Impacts”, and (ii) “Coralligenous” and
“Impacts” and “Fishing”.

Bibliometric network analysis is a tool useful to quantitatively analyze trends and patterns of
large amounts of data, integrating bibliometrics and social network analysis (El Alam et al.,

2024). Bibliometrics uses different quantitative and statistical analysis to investigate
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knowledge structure and track the evolution of fields of science and related networks (Reuters,
2008; Zou et al., 2018). Social Network Analysis is a methodology that allows to investigate
social relationships and has been applied in many fields of science to analyze social structures
(Scott, 2007).

Bibliometric network analysis quantitatively explores the relationships between different
variables such as countries, researchers, organizations, authors, and keywords related to the
subject under investigation, also developing network maps and statistics (Chen et al., 2016;
Geremiaetal., 2024). This method allows the creation, visualization and interpretation of maps
based on bibliometric network data, showing different clusters representing the classification

of output results. The main technical terms used by the software are described in Table 1.

Table 1. Terminology used by VOSviewer software (Van Eck and Waltman, 2018).

Term Description
Items Obijects of interest (e.g., publications, researchers, keywords, authors).
Link Connection or relation between two items (e.g., co-occurrence of keywords).

Link strength

Network

Cluster

Number of links
Total link strength

Attribute of each link, expressed by a positive numerical value. In the case of co-authorship links,
the higher the value, the higher the number of publications the two researchers have co-authored.

Set of items connected by their links.

Sets of items included in a map. One item can belong only to one cluster.
The number of links of an item with other items.

The cumulative strength of the links of an item with other items.

Different types of analysis can be generated by the VOSviewer software. In this study, the
generated maps show the network of co-occurrence of keywords through a co-occurrence
analysis (Table 2). The “total link strength” determines the size of items while the “link
strength” determines the thickness of each connection (Table 1). The resolution parameter
determines the number of clusters. The higher its value, the higher the level of detail and
therefore the number of clusters. The user can arbitrarily set its value to display an accurate
number of clusters (Van Eck and Waltman, 2018). In this study, a resolution of 5 was applied

throughout the analysis.

Table 2. Different VOSviewer types of analysis (Van Eck and Waltman, 2018).

Analysis

Co-authorship

Co-occurrence

Citation

In co-authorship networks, researchers, research institution, or countries are linked to each other
based on the number of publications they have authored jointly.

The number of co-occurrences of two keywords is the number of publications in which both
keywords occur together in the title, abstract or keyword list.

In citation networks, two items are linked if at least one cites the other.




2.2 Bibliographic research and data collection

Documents were collected on February 1%, 2024 from the web search engine Scopus. The
search string used was composed by the terms: “Coralligenous’ and “Impacts” and “Fishing”
to explore the relationship among them.

The research on the relationships between “Coralligenous” and “Impacts” resulted in 87
documents published in a timeframe ranging from 2004 to 2024, while that on the relationship
between “Coralligenous” and “Impacts” and “Fishing” resulted in 22 documents published in
a timeframe ranging from 2008 to 2022.

The data were exported as .csv files and imported into the VOSviewer software.

3. Results and Discussion
3.1 Coralligenous and Impacts

The research on the Scopus database resulted in 87 documents published since the year 2004.
The main keywords related to “Coralligenous” and “Impacts” are shown in Table 3, classified
according to occurrence. The topics most related to the theme “Coralligenous” and “Impacts”
are those characterized by a higher value of the occurrence. The network map in Figure 1 shows
the co-occurrence of keywords based on the “link strength”. The analysis of the co-occurrence
of keywords generated 940 results. Then, inserting a thesaurus file to avoid repetitions between
singular and plural of the same word and applying a threshold of 5 occurrences, 61 keywords
were generated and grouped in 5 clusters related to different disciplinary fields, among which
zoology (red cluster), conservation (yellow cluster), monitoring (blue cluster), management
(green cluster) and climate change (violet cluster). The larger the items and the smaller the
distance between them, the greater is their correlation strength, as shown in the map (Figure
1).

The main keywords were “Mediterranean Sea”, “Ecosystems”, and “Biodiversity” (Table 3).
In addition, an analysis of the temporal distribution of keywords between the scientific
publications related to “Coralligenous” and “Impacts” was also performed to identify main

trends in the evolution of the scientific literature on the topic (Figure 2).



Table 3. Keywords most related to the themes “Coralligenous” and “Impacts”.

Keywords Occurrence
Mediterranean Sea 61
Ecosystems 31
Biodiversity 26
Coralligenous habitats 26
Benthos 19
Coral reef 18
Climate change 16
Algae 15
Anthozoa 15
Coral 15
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Figure 1. Co-occurrence map of keywords related to “Coralligenous” and “Impacts”.
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Figure 2. Temporal distribution analysis of keywords on “Coralligenous” and “Impacts”.

From the temporal distribution analysis, we observe that the most recent focus is on the themes
of “Conservation”, “Climate Change” and “Fishing Impact” which underlines the recent
increase in awareness on the importance of coralligenous habitats and the need to preserve
them, especially from the anthropogenic impacts due to fishing activities. For this reason, in
section 3.2 we expand the review of the literature by investigating more in depth the
relationships between coralligenous and fishing impacts.

Table 4 shows the top five authors publishing on “Coralligenous” and “Impacts” ranked by
total number of documents. Figure 3 shows the co-authorship network map based on the
number of publications and it includes only authors with at least 3 publications. The total

number of authors publishing on “Coralligenous” and “Impacts” was 385.
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Figure 3. Co-authorship network map of Authors on “Coralligenous” and “Impacts”.

Table 4. Top 5 most productive authors related to the keywords “Coralligenous” and “Impacts”.

Author Documents Citations Total link strength
Piazzi, Luigi 12 351 33
Linares, Cristina 8 416 17
Bavestrello, Giorgio 7 121 24
Cecchi, Enrico 6 186 18
Enrichetti, Francesco 6 78 20

3.2 Coralligenous and Fishing Impacts
To obtain a more selective knowledge of the scientific literature focused on the relationship
between the “Coralligenous” and the impacts related to fishing activities, a further investigation
was carried out using as research string the terms “Coralligenous” and “Impacts” and
“Fishing”. The search on the Scopus database generated 22 documents from 2008 to 2022,
more concentrated over the last decade, thus showing a growing recent interest on the topic
(Figure 4).
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Figure 4. Temporal trend of publications on “Coralligenous” and “Impacts” and “Fishing”.

In the network map of Figure 5 the thickness of each connection is based on the “link strength”.
The analysis of the co-occurrence of keywords generated 383 results. Inserting a thesaurus file
to avoid repetitions between singular and plural of the same word and applying a threshold of
5 occurrences, 16 keywords were generated and grouped in 3 clusters related to different
disciplinary fields, among which zoology (blue cluster), conservation (red cluster) and
monitoring (green cluster).

Table 5 shows the first 10 keywords classified by “occurrence”. Among the main keywords we
find “Mediterranean Sea”, “Ecosystems”, and “Biodiversity”, highlighting the focus on
biodiversity conservation of coralligenous habitat on which the generation of ecosystem
services flows depends. It is worth nothing that, although both in scientific and policy contexts
there is a great interest for the biophysical and economic assessment of the ecosystem services
loss due to human impacts, the topic “ecosystem accounting” does not appear among the main
keywords. Likewise, timely research topics such as natural capital and the framework adopted
by the United Nations for the assessment of ecosystem services (SEEA-EA) are not highlighted
by the results, although they represent important tools for assessing the potential loss of
ecosystem services caused by fishing impacts.

Figure 6 shows the temporal distribution of keywords related to “Coralligenous” and “Impacts”
and “Fishing”.

From the temporal distribution analysis, among the most recent keywords we find “Italy”,
“Conservation”, “Environmental Monitoring”, and “Remotely Operated Vehicles”, which
underline the recent focus on conserving and monitoring the Coralligenous habitat, and the
important role played by the Italian research in this context.
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The total number of authors publishing on “Coralligenous” and “Impacts” and “Fishing” was
89. Figure 7 shows the co-authorship network map based on publications number, including
only authors with at least 2 publications. Table 6 shows the top five authors publishing on

“Coralligenous” and “Impacts” and “Fishing” ranked by total number of documents.

Table 5. Keywords most related to the theme “Coralligenous” and “Impacts” and “Fishing”.

Keywords Occurrence
Mediterranean Sea 16
Ecosystems 11
Fisheries 11
Biodiversity 9
Benthos 9
Remotely Operated Vehicles 9
Italy 7
Coral 6
Anthozoa 5
Animals 5

fishingmpact

cael

Figure 5. Co-occurrence map of keywords related to the themes “Coralligenous ” and “Impacts” and “Fishing”.
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Table 6. Top 5 most productive authors related to the keywords “

Coralligenous” and “Impacts” and “Fishing”.

Author Documents Citations Total link strenght
Bavestrello, Giorgio 5 78 23
Bo, Marzia 5 78 23
Enrichetti, Francesco 5 78 23
Sandulli, Roberto 3 96 8
Angiolillo, Michela 2 107 3

4. Conclusions

In this study, the global scientific literature on coralligenous habitat was explored through a
bibliometric network analysis focused on the relationships between coralligenous and impacts,
with particular reference to fishing impacts.

The results show that the scientific literature on this topic is mainly concentrated in Italy,
proving the important contribution provided by the Italian research on the topic. The results
also highlight a research gap in the application of environmental accounting methods to
quantify and value natural capital and ecosystem services associated to the coralligenous
habitat, and their loss due to human impacts. To fill this gap, future studies could be focused
on the integrated assessment of the biophysical and economic value of the coralligenous habitat
applying standardized assessment frameworks such as the SEEA Ecosystem Accounting
(SEEA EA) adopted by the United Nations Statistical Commission. This multicriteria approach
to the assessment of the benefits provided by the coralligenous habitat to humans could support
the development of effective monitoring and conservation programs while informing policy

makers in charge for ensuring the sustainable management of marine habitats.
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