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Abstract

Aim: Gorgonian forests are among the most complex of subtidal habitats in the
Mediterranean Sea, supporting high biodiversity and providing diverse ecosystem
services. Despite their iconic status, the geographical distribution and condition of
gorgonian species is poorly known. Using multiple online data sources, our primary
aims were to compile, map and analyse observations of gorgonian forests in Italian
coastal waters to assess the biological complexity of gorgonian forests, evaluate im-
pacts and vulnerable species, and identify areas of special interest inside and out-
side of marine protected areas (MPAs) to help prioritize conservation strategies and
actions.

Location: Italy. Mediterranean Sea.

Methods: Using a multi-source data integration approach, we collected and inte-
grated data from scientific publications, the World Wide Web including social media
platforms, citizen science projects and SCUBA diver questionnaires into a unified
spatial framework. This method provided up-to-date information on the geographi-
cal distribution, abundance, and health of major habitat-forming gorgonian species in
Italian coastal waters.

Results: Higher abundance and complexity of gorgonian species occurred outside
MPAs. Areas of Special Interest (n = 167) were identified (80 inside and 87 outside
MPASs). Three locations supported all seven focal species: Capo Caccia MPA, Portofino
MPA and Catania (unprotected). The purple gorgonian (Paramuricea clavata), the most
abundant and geographically widespread species with highest forest complexity,
was affected by multiple stressors including thermal stress, disease and fishing.
Main conclusions: The multi-source approach was a rapid and cost-effective tool to
gather, analyse and map disparate data on gorgonian forests spanning 27 years of
underwater observations both inside and outside of MPAs. The unique perspective
given by this approach demonstrates the suboptimal protection of several habitat-

forming gorgonian species. The approach has great potential for wider application
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and offers a more inclusive participatory model for crowdsourcing and repurposing

under-utilized observations while also increasing ocean literacy.
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1 | INTRODUCTION

Densely branching assemblages of gorgonians, referred to here as
gorgonian forests, are among the most ecologically and economi-
cally important biotopes of Mediterranean subtidal seascapes
(Kipson et al., 2011; Ponti et al., 2016). By increasing the com-
plexity of the environment, gorgonian forests support high biodi-
versity, deviate currents, modify sedimentation rates, sequester
carbon, delay the spread of invasive algae (Casas-Guell et al., 2015;
Cerrano et al., 2010) and provide a wide range of ecosystem ser-
vices (Ballesteros, 2003; de Ville d'Avray et al., 2019). For instance,
through complex biophysical structures, gorgonian forests provide
a valuable shelter, feeding and nursery habitat for many commer-
cially important benthic invertebrates and fish (Ballesteros, 2003;
Cerrano et al., 2010; Ponti et al., 2016, 2018; Valisano et al., 2016).
These architecturally complex marine animal forests are popular
with recreational SCUBA divers generating socio-economic benefits
and increasing the digital observational data on seascape conditions
(Cerrano et al., 2017; Ponti et al., 2011; Rodrigues et al., 2016).

The ecological integrity of gorgonian forests and thus the flow
of interlinked ecosystem services is increasingly threatened by ex-
posure to multiple stressors including thermal stress linked to ac-
celerated global warming (Cerrano et al., 2000; Coma et al., 2009;
Huete-Stauffer et al., 2011; Verdura et al., 2019), the spread of
non-indigenous species (NIS) (Cebrian et al., 2018; Galil, 2019), and
local anthropogenic activities such as anchoring, fishing, land-based
sources of pollution and recreational SCUBA diving (Bavestrello
et al.,, 1997; Milazzo et al., 2002; Mistri & Ceccherelli, 1995). Mass
mortality events among gorgonian forests have been increas-
ing in frequency and intensity over the past two decades in the
Mediterranean Sea (Linares & Doak, 2010; Santangelo et al., 2015),
with thermal stress and subsequent water stratification and disease
associated with climate change being the most likely cause (Coma
et al., 2009; Vezzulli et al., 2013). The loss of gorgonians and as-
sociated crustose coralline algae results in a transition towards a
lower complexity autotrophic regime dominated by filamentous
algae (Ponti et al., 2014). In 2017, the International Union for the
Conservation of Nature (IUCN) estimated that at least 25% of antho-
zoans were threatened in the Mediterranean Sea, when accounting
for similar conservation status in the 50% of species that are still data
deficient (Otero et al., 2017). Although regarded as a ‘Priority Habitat
Type' in the EU Habitats Directive (Council Directive 92/43, 1992),
and with some species listed in the IUCN Red List of Threatened
Species (appendix 1), habitat-forming gorgonian species, except for
Corallium rubrum and Savalia savaglia in the Mediterranean Sea, still

lack any significant protection under national laws and legal tools
(Otero et al., 2017). Marine protected areas (MPAs) have been con-
sidered a potentially powerful tool for the protection of gorgonian
forests in the Mediterranean Sea, contingent on relevant geograph-
ical placement, sufficient resourcing, effective regulations, and high
compliance (Coma et al., 2004).

With increasing impact from marine heatwaves (Darmaraki
etal.,2019; Smale et al., 2019), the spread of NIS (Cebrian et al., 2018)
and other cumulative human impacts including fishing both inside
and outside of MPAs (Betti et al., 2020), there is an urgent need
for reliable baseline information on the geographical distribution,
health and impacts to major habitat-forming gorgonian species in the
Mediterranean region (Otero et al., 2017). Current gorgonian spe-
cies distributions are poorly known in the coastal waters of Italy and
long-term and spatially extended monitoring datasets are rare, with
most studies focussing on specific sites usually within MPAs (Cupido
et al., 2009; Coma et al., 2009; Gambi et al., 2010; Crisci et al., 2011).

Over the past few years, marine citizen science has emerged
as an effective and low-cost tool to enhance information gathering
across broader spatial and temporal scales than most conventional
scientific projects, and at the same time foster increased ocean liter-
acy and shared responsibility for ocean health (Di Minin et al., 2015;
Earp & Liconti, 2020; Thiel et al., 2014; Vieira et al., 2020). In addi-
tion, an increasing number of recreational SCUBA divers are post-
ing digital underwater videos and photographs on social media and
uploading to crowdsourced web-based applications, of which some
also have reliable metadata revealing the observer location, depth
and the time of observation. Enabled by the growth of both un-
derwater imaging and image sharing digital platforms, the SCUBA
diving collective has created a vast ecological data repository of un-
derwater videos and photographs that are publicly available on the
World Wide Web (WWW) (Di Camillo et al., 2018). Collection and
synthesis of crowdsourced information in ecological informatics is a
rapidly emerging approach sometimes referred to as Web Ecological
Knowledge (WEK) (sensu Di Camillo et al., 2018) or iEcology (sensu
Jari¢ et al., 2020), defined as the study of ecological patterns and
processes using online data usually generated for other purposes
and stored digitally (e.g. Internet search activity, social media inter-
actions and uploaded data and media) (Jari¢ et al., 2020). This ac-
cessible online information enables the investigation of historical
trends and filling data gaps across broad geographical regions, com-
plementing existing scientific studies to support decision making in
marine conservation (Toivonen et al., 2019).

In Italy, growing concern over the mortality of gorgonians at
local dive sites is being expressed by the SCUBA diving community
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through frequent posts on social media that often remain unno-
ticed by the scientific community. To support effective conserva-
tion strategies through prioritization of sites for action, we created
a new database of the geographical distribution, abundance, health
and impacts to the main habitat-forming gorgonian species in Italian
coastal waters. We applied a multi-source data mining approach
that included WEK, in combination with data from citizen science,
scientific publications, and questionnaires. Our objectives were
to compile, map and analyse observations in Italian coastal waters
to: (1) assess the complexity of gorgonian forests based on species
composition and abundance; (2) assess the type and magnitude of
impacts to gorgonian forests and species to identify vulnerability;
(3) compare the complexity and magnitude of impact of gorgonian
forests inside and outside of MPA boundaries and (4) identify areas
of special interest both inside and outside of existing MPAs to help

prioritize conservation strategies and actions.

2 | METHODS

2.1 | Multi-source data synthesis

Data on the distribution, abundance and condition of seven major
habitat-forming species of gorgonians in Italian coastal waters were
acquired, collated and evaluated using a multi-source data synthesis
workflow (adapted from Di Camillo et al., 2018) including: (1) peer-
reviewed and grey literature; (2) citizen science projects; (3) archived
survey datasets available on the WWW including social media diver
observations (photos and videos); and 4.) questionnaires completed
after diving by SCUBA divers (Appendix S1). The primary habitat-
forming gorgonian species (Alcyonacea) of interest here were as fol-
lows: Eunicella cavolini (Koch 1887), Eunicella singularis (Esper 1791),

Eunicella verrucosa (Pallas 1766), Paramuricea clavata (Risso 1826), C.

TABLE 1 Searchterms used in the

systematic literature review methods Theme

implemented for the collection of science- Distribution

derived data on distribution, abundance

and state of gorgonian forests in Italian

coastal waters. Both English and Italian

language was used Abundance
Damage

Abandoned fishing
lines
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rubrum (Linnaeus 1758) and to a lesser extent Leptogorgia sarmentosa
(Esper 1789). One hexacoral (Zoantharia) Savalia savaglia (Bertoloni
1819) was also included in data collection. Data on MPA locations
and type were obtained from the World Database on Protected
Areas (UNEP-WCMC & IUCN 2019).

2.1.1 | Literature review

Scientific data were gathered using a systematic literature review
based on a specific list of search terms (English and Italian language)
(Table 1) and entered into the Internet search engine Google Scholar.
Data were extracted from a total of 50 scientific publications. For C.
rubrum, a large amount of data was extracted from the comprehen-

sive CorMedNet dataset (http://cormednet.medrecover.org/).

2.1.2 | Citizen science

Data from citizen science activities were provided by Reef Check
Italia (RCI) (https://www.reefcheckmed.org/) and extracted from iN-
aturalist (https://www.inaturalist.org/). These data originated from
SCUBA diver surveys (Appendix S2) and underwater photographs
conducted by trained observers. All records were quality checked

with expert knowledge for RCI (Cerrano et al., 2017), and validated

by researchers in iNaturalist.

2.1.3 | SCUBA diver questionnaires

A questionnaire was created to further investigate the distribution,
abundance and health of the focal species in Italian coastal waters

(Appendix S2). Following ethical approval, the questionnaire was

Search term

Gorgonian forest + distribution + Mediterranean AND/OR Italy

Habitat-forming gorgonians + distribution + Mediterranean AND/
OR ltaly

Species name + distribution + Mediterranean AND/OR lItaly

Gorgonian forest + abundance + Mediterranean AND/OR ltaly

Habitat-forming gorgonians + abundance + Mediterranean AND/OR
Italy

Species name + abundance + Mediterranean AND/OR Italy

Gorgonian forest + damage OR mortality+ Mediterranean AND/OR
Italy

Habitat-forming gorgonians + damage OR mortality + Mediterranean
AND/OR ltaly

Species name + damage OR mortality + Mediterranean AND/OR
Italy

Gorgonian forest + fishing OR marine debris + Mediterranean AND/
OR ltaly

Habitat-forming gorgonians +fishing OR marine debris +
Mediterranean AND/OR lItaly

Species name + fishing OR marine debris+ Mediterranean AND/OR
Italy


http://cormednet.medrecover.org/
https://www.reefcheckmed.org/
https://www.inaturalist.org/
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distributed to the diving community using leaflets with a Quick
Response (QR) code linking directly to the questionnaire at the
European Dive Show in Bologna (1-3 March 2019). The online ques-
tionnaire was also shared on social media and sent via email to 629
Italian diving centres and the staff of Italian MPAs.

214 | Web ecological knowledge

Information acquired from the WWW included amateur underwater
videos and pictures obtained mainly from Facebook and YouTube
(the latest information obtained was dated 17/05/2019). A standard-
ized sequence of steps was applied to retrieve ecological information
on the focal species (Figure 1). Terms were searched in both English
and Italian language to include social media posts from non-English
speakers. The Purple Octopus crowdsourcing tool (http://www.
purpleoctopus.org/groupsourcing/index.php) was used to explore
the messages and images posted on Facebook by combining the data
with the selected species names. Names and locations of Italian dive
sites (www.logbookimmersioni.it) were used as key terms to further
retrieve ecological information on the focal species. Photographs
and video taken in Italian coastal waters were observed by experts
to identify species to select information only where one of the seven
focal species were observed. Authors of material published on the
WWW were contacted, where possible, by social media message
or email for more details about the record, such as dive date, exact
location, depth and temperature. Records lacking information on
date and dive location were discarded. The abundance and extent of
damage of the gorgonian forest was estimated visually and assigned
to impact classes following a standardized method, and additional
visual information was also recorded.

2.2 | Data processing and evaluation

The focal gorgonian species were chosen because they are found in
Italian coastal waters, have known sensitivity to stressors, includ-
ing thermal stress and harvesting in the case of C. rubrum, and are
easily distinguished from one another by colour and shape which
minimizes misidentification. For all data sources, the abundance of
the gorgonian forest was recorded into abundance classes following
RCI standardized methods. Abundances of E. cavolini, E. singularis,
E. verrucosa, S. savaglia, L. sarmentosa and P. calavata were recorded
according to the following classes: 1 = 1 individual, 2 = 2 individuals,
5 = 3-5 individuals, 10 = 5-10 individuals, 50 = 11-50 individuals
and 100 = >51. For C. rubrum, the recorded classes were: 1 = an iso-
lated specimen, 2 = some scattered specimens, 5 = several scattered
specimens, 10 = one crowded area, 50 = some crowded areas and
100 = several crowded areas. The extent of damage of the colonies
was logged in percentage classes: 0% damage for a healthy colony,
10%, 25%, 50%, 75%, 99% damage in order of gravity, and 100%
for a dead colony (Appendix S2). Where available the water depth

and the presence or absence of epibionts, mucilage assemblages,
abandoned, lost or discarded fishing lines, and eggs/juveniles were
recorded (Table 2). The presence or absence of fishing lines was used
to calculate the average occurrence of fishing lines inside and out-
side of MPAs.

All records were quality checked through a data validation pro-
cess based on literature cross-checking (e.g. consistency among
reported species) and manual procedures (e.g. matching dive site
names to geographic coordinates). The origin of all inconsistent data
was further investigated to attempt its correction. All data failing
the quality control after further inspection were permanently de-
leted from the database. The resulting data set comprises separate
records for each single species found by each observer/scientific
publication in a diving site. Diving sites (n = 61) were georeferenced
using geographical coordinates (Datum WGS84) with a minimum ac-
curacy of +15” (=+0.00417°) and both diving sites and MPAs were
mapped (Appendix S3).

2.3 | Data analysis

2.3.1 | Creation of indices

Two multi-metric indices based on the quick Mesophotic
Assemblages Ecological Status (gq-MAES) index (Canovas-Molina
et al., 2016) were created to assess: (1) the complexity of gorgon-
ian forests; and (2) observed damage/impact to gorgonian forests.
Two indices were applied as follows: (1) Gorgonian forest com-

plexity index (I ) using data on the number of focal gorgon-

complexity:
ian species present in each grid cell and the mode of abundance
classes of the dominant species in the grid; and (2) Gorgonian

forest impact index (I using data on the mode of damage of

impact)
dominant species in each grid cell and the average occurrence of
abandoned fishing lines.

Three scores were assigned to each metric depending on extent:
Low (1), Medium (2), High (3) (Table 3). The final values of the indi-
ces were obtained by summing the metric scores according to the

following formulas:

Icomplexity = Ssp + Sab; ’impact = sd + Si (1)

where 5Sp is the number of species; S, the score of abundance mode
of dominant species; S, the score of damage mode of dominant spe-
cies; S; the score of abandoned fishing lines occurrence, given by
the average occurrence of abandoned fishing lines recorded (0-1).
Resulting scores were then divided into the three classes to define the
complexity (,complexity) and impact (Iimpact) extents of gorgonian forests
(Low = 2 <Index <3; Mid = 4; and High = 5 <Index<6). Grid cells with
both high complexity and high impact scores (as defined in Table 3)
were defined as Areas of Special Interest (ASI) and mapped to inform

biodiversity conservation.


http://www.purpleoctopus.org/groupsourcing/index.php
http://www.purpleoctopus.org/groupsourcing/index.php
http://www.logbookimmersioni.it
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Facebook

WWW
YouTube
v
v Search for:
Dive site name * Marine species pages/ groups
Kevwords: Keywords: [Mediterranean] and (marine species OR \
[Dive site marine life OR marine wildlife OR underwater life)
name] and * Underwater photography pages/groups
(location) and Keywords: [Mediterranean] and (underwater
(diving) photography OR diving photography)

Purple octopus
searches

(www.purpleoctopus.org)

A 4

Internal searches for photos/videos
Keywords: [scientific name] OR [common name]

A\ 4

v

For each photo/video found do:

Collect all required information:
* Species Presence/Absence

* Geographic coordinates

* Date of finding

l

All data collected?

Reject this
photo/video and
pass onto the next
one

If possible, contact who
provided the photo/video
and complete the required
data

All data collected?

Collect additional information:

* Abundance (0-100)

* Percentage of damage (0-100%)
* Presence of fishing lines etc.

Pass onto the next

photo/video

Validate data

Data quality assured?

Add to database

<

Check records to fix
any inconsistency

Yes

Delete record

Data quality assured?

.
)

FIGURE 1 Summary of the steps followed to retrieve multi-source information from the world wide web on species distribution,

abundance, health and impacts
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TABLE 2 Dataon 12 variables collected from four different data sources: World wide web (WWW) (823 records), diving questionnaires
(DQ) (145 records), citizen science (CS) (3370 records), scientific publications (SCI) (348 records)

Source of data

Variables Www DQ CS SCI
Presence/absence of focal species X X X
Location of sighting X2 X X X
Date of sighting X2 X X X
Abundance of focal gorgonian species X X X X2
Presence of abandoned fishing lines X X X x?
Depth of sighting x? X X
Damage to focal species X x?
Mucilage presence X X X2
Water temperature x? x? X2
Evidence of nursery area X X2
Presence of epibionts X2
Poor diving behaviour X
?Case dependant.
el S oS TABLE 3 Metrics used in the creation
Indices (low) (medium) (high) of the indices and threshf)ld used tc? assign
the scores 1-3 (low, medium, and high)
Gorgonian forest complexity index (Icommexity)
Species number (S ) 1 2<5.,<3 4<S5,<7
Abundance class (S,,) 1,2 5,10 50, 100
Gorgonian forest impact index (limpact)
Damage class (S,) 0,10 25,50 75, 99, 100
Average occurrence of abandoned fishing lines 0 0x5,20.5 20.6

(s)

2.3.2 | Geographical analysis

All mapping and geographical analyses were carried out using QGIS
(QGIS Development Team, 2019). The European coastline layer
for spatial analyses was obtained from the European Environment
Agency (www.eea.europa.eu). Records were aggregated in cells of
a 15-arc minute grid (=0.25° 27.78km) to analyse the data set at
a coarse scale, by a 54-arc second grid (=0.9°; 10 km) for indices
analyses, and a 15-arc second grid (=0.004°; 463 m) for finer scale
analyses at the scale of a single dive site. Metrics and indices were
quantified and compared inside and outside MPAs.

2.3.3 | Statistical analysis

All statistical analyses were carried out in R v3.2.1 (R Core
Team, 2019). All data were tested for homogeneity using Levene's
test and for normality of residuals with a Shapiro-Wilk test and found
to be heterogeneous and non-normal. Differences between abun-
dance and damage classes (dependent variables) inside and outside
MPAs boundaries and between the seven focal species (fixed vari-
ables) were tested using a Generalized Least Squares fitting model

(GLS; nmle package; Pinhero et al., 2019), with a maximum-likelihood
ratio test. The p-values of the models for abundance were calculated
using a type Il sums of squares model because of significant interac-
tions between variables, while the p-values of the model for dam-
age/impact were calculated using a type Il sums of squares model
because of no inherent hierarchy. A Kolmogorov-Smirnov test was
used to test for significant interactions between the variables and
differences in abundance for each species inside and outside MPAs.
Multiple pairwise comparisons between species for abundance and
damage were investigated using a Tukey post-hoc test (glht with
Tukey method; multcomp package Hothorn et al., 2008).

Changes in the indices (dependent variable) inside and out-
side MPAs and between the seven gorgonian forest-associated
species (fixed variables) were analysed using a Generalized Linear
Model (GLM; MASS package Venables & Ripley, 2002) with gamma
error distribution fit for the complexity index (I and with a
). In both

models, factor p-value was calculated using a chi-squared maximum-

complexity)
Poisson error distribution fit for the impact index (/.

impact
likelihood ratio test. A GLM with binomial error structure was used
to investigate the differences in occurrence of abandoned fishing
lines inside and outside MPA boundaries, and p-value was calculated
using a chi-squared maximum-likelihood ratio test.


http://www.eea.europa.eu
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3 | RESULTS
3.1 | Geographical distribution of records

Thirty-two per cent (229 of 714) of grid cells with gorgonians present
were inside MPA boundaries (Figure 2). Citizen science data provided
the highest number of records and covered the widest geographical
distribution covering 71.9% of grid cells with data. WWW data cov-
ered 17.6% of the grid cells, scientific literature covered 7.4% and
SCUBA diver questionnaires produced 3.1% of grid cells with data.
Of 629 emails sent to promote the questionnaire, 169 (26.9%) were
returned undelivered, four (0.6%) received automatic replies and
eight (1.3%) received an answer. A total of 52 questionnaires were
returned completed, with information regarding the focal gorgonian
species. Integrating data entries from multiple sources allowed us to
reduce geographical gaps and provide a greater geographical cover-
age for the study region (Appendix S1). Particularly, when combining
WWW and SCUBA diver questionnaires data, 141 and 14 new 15"-
grid cells resulted, respectively, when compared to citizen science
and scientific literature data.

3.2 | Species distribution, abundance and
gorgonian forest complexity

The database compiled for this study contained information on
geographical distribution, abundance and ecological condition
of E. cavolini, E. singularis, E. verrucosa, L. sarmentosa, P. clavata, C.
rubrum and Savaglia savaglia in Italian coastal waters. The result-
ing database included 4686 records (Data available https://doi.
org/10.5061/dryad.kh189326t, located, and mapped across 714 x
15"-grid cells (Figure 3a and Appendix S4) observed between 1993
and 2019. The largest proportion of cells received only one species
(35.7%), whereas 27.8% had two species and 17.9% had three spe-
cies recorded (Figure 3b). Cells with more than three species were
less abundant (4 = 10.4%; 5 = 5.7%; 6 = 1.8%). Only three grid cells
(0.5%) included all seven species at Capo Caccia MPA, Catania and
Portofino MPA.

Most surveys were conducted within the conventional depth

limits for recreational SCUBA diving and do not accurately represent

Savalia savaglia
Paramuricea clavata
Leptogorgia sarmentosa

Eunicella verrucosa

Species

Eunicella singularis
Eunicella cavolini
Corallium rubrum
FIGURE 2 The number of 15" grid cells
inside and outside of marine protected
areas with focal gorgonian species
presence recorded
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the biological depth limits for the focal species. The average depth
was 27.2 (+16.9 SD) metres (Appendix S5). Eunicella cavolini was the
dominant species in 32.3% of the grid cells, followed by P. clavata
(31.8%); and E. singularis (16.5%). Corallium rubrum, S. savaglia and
E. verrucosa were only dominant in 7.4%, 7.1% and 4.3% of the grid
cells, respectively, and L. sarmentosa was the least abundant species,
only being the dominant species in 1.2% of grid cells (Appendix S4).

The seven gorgonian species showed different specific patterns
of distribution in Italian coastal waters. Paramuricea clavata was
the most locally abundant and geographically widespread species
in Italian coastal waters with an abundance mode of 100 (>51 indi-
viduals) being found in 48.9% of the 714 grid cells (Appendix S4a).
Corallium rubrum also had an abundance mode of 100 and was ob-
served in 29.6% of the grid cells (Appendix S4b). Despite being the
most widely distributed species (51.3% grid cells), E. cavolini had an
overall mode abundance of 50 (11-51 individuals) (Appendix S4c),
similarly for E. singularis, which was found in 36.3% of grid cells
(Appendix S4d). Savalia savaglia (Appendix S4e) and E. verrucosa
(Appendix S4f) were among the least abundant species with a mode
abundance of 2 (two individuals) and were also found in only 18.1%
and 14.7%, respectively, of grid cells. Leptogorgia sarmentosa was the
rarest species having an abundance mode of 1 (1 individual) and only
being found in 5.7% of grid cells (Appendix S4f). The post-hoc test
confirmed P. clavata having a significantly (p<.001) higher abun-
dance than all other focal gorgonian species.

Considering the three main basins of the Mediterranean Sea, gor-
gonian forests displayed a higher complexity in the Tyrrhenian Sea,
with only Tremiti Islands displaying a high complexity in the Adriatic
Sea, and Santa Caterina and Catania in the lonian Sea (Figure 3c). A
total of 61.4% of the 54'-grid cells displayed high gorgonian forest
>5). Only 19.6% of the 54'-grid cells displayed
<3), with the Adriatic Sea exhibiting the

lowest gorgonian forest complexity (Figure 4b).

complexity (Icomplexity

low complexity (Icomplexity

3.3 | Are habitat-forming gorgonians more
abundant and more complex inside or outside MPAs?

Abundance was significantly higher outside of MPAs compared with

inside (L-ratio = 4.75; df = 1; p<.05) and was significantly different

N | I O Outside MPAs
O Inside MPAs

. I
. I |
- |
. | |

T T T 1
0 100 200 300 400

Occupied 15"-grid cells (n)


https://doi.org/10.5061/dryad.kh189326t
https://doi.org/10.5061/dryad.kh189326t
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between species (L-ratio = 90.90; df = 6; p<.01) (Figure 4a and
Appendix Sé). A significant interaction between protection and spe-
cies was also discovered (L-ratio = 20.92; df = 6; p<.01). The com-
plexity index was also significantly higher outside MPA boundaries
(Icomplexity F, =35.421, p <.001); however, no significant difference in
the index was found when compared across the seven focal species
F, = 8.609, p>.1). Despite
not being statistically significant, C. rubrum, P. clavata, E. cavolini and

of habitat-forming gorgonians (Icomplexity

E. singularis supported a higher complexity score than other species
(Figure 4b).

Complexity); and (d) gorgonian forest

3.4 | Do gorgonian forests inside MPAs have
significantly less damage than outside areas?

Protection did not have a significant effect on damage (F; = 0.02;
p>.5), although the proportion of damage differed significantly
between species (L-ratio = 33.99; df = 6; p<.001) with P. clav-
ata showing significantly higher damage than E. cavolini, E. singu-
laris and S. savaglia (Figure 4c). No significant interactions were
found between protection and species for damage (L-ratio = 3.35;
df = 6; p>.5). Unexpectedly, gorgonian forest impact scores along
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the Italian coastline were low overall, with 76.3% of the 54'-grid
cells exhibiting low impact scores (Iimpact<3) and only 4.4% dis-
playing high impact (Iimpact>5) (Figure 3d and Appendix S7). The
three locations with high gorgonian forest impact were as follows:
Catania, Ventimiglia and Aeolian Islands. Of these, only one 54'-
grid cell (1.1%) in proximity to the location of Catania, showed very
high gorgonian forest impact (Figure 3d). Analysis revealed that
impact index was significantly higher outside MPA boundaries
(limpact F1 = 51.499; p<.001); however, no significant difference
in the index was found when compared across the seven focal

1
Foversty o pisriutions BAUTHEG

F, = 2.799; p>.5)
(Figure 4d). Despite not being statistically significant, C. rubrum, P.

species of habitat-forming gorgonians (Iimpact
clavata, E. cavolini and E. singularis received a higher impact score
than other species.

A total of 128 videos of the 476 videos analysed from the
WWW showed the presence of abandoned fishing lines amounting
to 30.1% of the 269 grid cells examined. The occurrence of aban-
doned fishing lines was significantly higher outside MPAs than in-
side MPAs (F! =22.558, p<.001) (Appendix S8). Locations with
very high occurrence of abandoned fishing lines included as follows:
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(low, medium, high) inside and outside of MPAs in Italian coastal waters. *Abundance classes for all species except Corallium rubrum [1 = 1
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isolated specimen, 2 = some scattered specimens, 5 = several scattered specimens, 10 = one crowded area, 50 = some crowded areas and

100 = several crowded areas]
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Capo Carbonara MPA, Giannutri Island, Tor Paterno MPA, Marzara
del Vallo, Latina, Ortona, Catania and Taormina (Figure 5). Among
these locations, the dive site Secca di Mezzo Canale (Lat 42.226,
Long 10.9238) in Giannutri Island stood out for the large amount and
variety of marine litter including abandoned fishing lines.

3.5 | Identifying areas of special interest for
gorgonian forest conservation

Grid cells with both high complexity and high impact scores were
defined as Areas of Special Interest (ASI) for further investigation
and potential for conservation action. About 167 ASls were identi-
fied in the study area (Figure 6a). Of these areas, 80 (47.9%) were
found within MPA boundaries, and 87 (52.1%) were found outside
MPAs (Figure 6b). Only two 54'-grid cells of ASI showed both high
complexity and impact and they were found to be Ventimiglia and
Catania, which were found respectively inside and outside MPA

boundaries.
4 | DISCUSSION
4.1 | Gorgonian forests patterns in Italian coastal

waters

Results from this study represent the most complete and up-to-
date baseline data of the distribution, abundance and ecological
state of major habitat-forming gorgonian species in Italian coastal

waters. The mapped geographical distributions of the seven focal
habitat-building species provide: (1) evidence to support decision
making in marine spatial planning and for designing place-based
actions for addressing marine biodiversity conservation targets;
and (2) additional data to enhance the reliability of species and
habitat distribution modelling including development of forecasts
(Bensoussan et al., 2010; Boavida et al., 2016), and (3) critical data
for the evaluation of damaged gorgonian forests and the magnitude
of threat from fishing gear (Sini et al., 2015). Differences in the
mapped species distribution patterns are linked to environmental
conditions (e.g. substrate type, depth and current regimes) and con-
sistent with species habitat preferences (Gori et al., 2011; Linares
et al., 2008; Rossi & Gili, 2009). Our geographical analysis of spe-
cies distributions identified three locations in which all seven focal
species were found as follows: Capo Caccia MPA, Portofino MPA
and Catania. Special attention should be given to these three sites
for their national and international ecological relevance (Follesa
et al., 2013) as areas of importance for biodiversity conservation.
Catania, being the only one of these locations existing outside of
place-based protection.

Leptogorgia sarmentosa was the least abundant and most narrowly
distributed species associated with low complexity marine forests
creating valuable structural habitat on otherwise barren soft bottom
substrates along the Adriatic coastline (Gori et al., 2011). The rarity
and local structural importance of L. sarmentosa may result in under-
evaluation of the conservation importance of this species where it
is currently listed as ‘least concern’ under the IUCN Mediterranean
Red List (IUCN, 2016). The iconic red coral, C. rubrum, also exhibited
a narrow range which may in part be a consequence of historically
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FIGURE 5 (a)frequency of occurrence classes for abandoned fishing gears observed on gorgonians in Italian coastal waters, and (b) rope
draped over gorgonian in area Marina Protetta capo Milazzo (photo by Santi Cassisi)
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high rates of harvest especially of shallow water colonies (Santangelo
& Abbiati, 2001). The range of depths at which observation of red
coral were collected in this study, suggested that abundant colonies
of C. rubrum may be present below the conventional depth limits for
most recreational SCUBA diving (Torrents et al., 2008), highlighting
a need for survey techniques (towed video, ROV) that will increase
the spatial knowledge of this keystone species at increased depth.
The purple gorgonian, P. clavata, exhibited the highest abun-
dance class, the broadest geographical distribution and highest
forest complexity in Italian coastal waters. Paramuricea clavata
is a major characterizing and structurally important species of
Mediterranean coralligenous habitats; its canopies reduce the range
of environmental variability, supporting a wide range of key associ-
ated biota and therefore increasing biodiversity (Ponti et al., 2016;
Rossi, 2013; Valisano et al., 2016). However, P. clavata was also the
only species to experience significantly higher damage than most
of the other focal species. This observation is further highlighting
an already documented trend of increased damage from human
activity for this structurally important species (Ponti et al., 2016).
Paramuricea clavata is a slow-growing, long-lived, low fecundity,
low dispersal and low recruitment species (Gori et al., 2017; Palma
et al., 2018), which has been severely affected by mass mortal-
ity events (Bally & Garrabou, 2007; Cerrano et al., 2000; Gambi
et al., 2010). Mortality has been mainly attributed to thermal stress
events (Cerrano & Bavestrello, 2008; Coma et al., 2009; Crisci
et al., 2011; Linares et al., 2008) and infection by Vibrio spp. bacteria
(Vezzulli et al., 2013), coupled with reduced food availability due to
water stratification (Huete-Stauffer et al., 2011; Martin et al., 2002).
Mortalities are usually size dependant, with larger colonies being
more affected leading to a decrease in the structural complexity

of habitat (Linares et al., 2013; Linares & Doak, 2010). Results from
this study support the role of P. clavata as a major habitat-forming
species and reinforce the case for implementation of targeted con-
servation strategies to protect this ecologically important species.
Paramuricea clavata is currently listed as ‘vulnerable’ under the IUCN
Mediterranean Red List yet is not listed under any other legal instru-
ment (IUCN, 2016; Otero et al., 2017). Italian legislation has no spe-
cific national laws for the protection of habitat-forming gorgonian
species (Otero et al., 2017).

Alongside international and national legal tools, marine policies
of reducing local stressors (e.g. fishing and agricultural run-offs)
have been shown to lessen the effects of global stressors (e.g. ma-
rine heatwaves) (Micheli et al., 2013), and could play a vital role in
limiting further damage to gorgonian forests. Actions to reduce the
incidence of entanglement of gorgonians with fishing gear which
cause tissue necrosis and subsequent aggregation of fouling or-
ganisms thus inhibiting the recovery of the colonies (Bavestrello
et al., 1997; Ruitton et al., 2019) is a feasible management action.
The index of impact highlighted a spatial trend of geographically
patchy patterns of damage, likely reflecting local cumulative
human impacts; however, further research is needed to examine
the exposure to threats and stressors. The historical patterns of
recorded damage to gorgonian forests as revealed by records of
mucilage events and mortality uncovered in our study could be
modelled to examine co-occurrence with past marine heatwaves
using satellite timeseries data (Bianchi et al., 2019). Similarly, pat-
terns of impacts to gorgonian forests from fishing gear could be
investigated with information of patterns of fishing activity using
fishing vessel tracks or proximity to highly populated urban areas.
Alongside prioritizing high-low complexity and impact sites for
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conservation action, the index of impacts and complexity allows us
to also consider gorgonian forests characterized by high resistance
or high resilience to stressors. These areas could be used as study
sites for understanding genetic traits expressed by different gor-
gonian populations, which could be useful evidence for restoration
programs (Fava et al., 2010; Mokhtar-Jamai et al., 2013). The map-
ping of indices of complexity and impact provide a tool to inform
the design of adaptive monitoring strategies and create a set of
sentinel sites to track condition and threats to give early warning

of ecological changes.

4.2 | Comparing inside and outside of MPAs

Overall, only 32% of records were found within MPA bounda-
ries, with higher abundances and complexity of the focal gorgon-
ian species occurring outside MPAs. At the time of writing, only
8.79% of the Italian Exclusive Economic Zone (EEZ) was protected,
and only 0.6% of Italian MPAs had been evaluated for manage-
ment effectiveness as required by the European Marine Strategy
Framework Directive (2008/56/EC) (UNEP-WCMC, 2019). Results
from this study highlight the need for the designation of further
areas of protection in locations with abundant and well-developed
gorgonian forests in Italian coastal waters (Halpern et al., 2010),
and to conduct regular monitoring programs inside existing MPAs
to evaluate their effectiveness (Fraschetti et al., 2002). The ASI
proposed in this study could be used to inform the implementa-
tion of new MPAs and Other Effective Area-based Conservation
Measures (OECM) to promote greater regional resilience of gorgo-
nian populations. Despite the suboptimal effectiveness of MPAs
in protecting gorgonian forests, significantly less abandoned fish-
ing lines were found inside MPA boundaries. This suggests some
effectiveness of MPAs in reducing local anthropogenic impact
(Roberts et al., 2005), although the effect of MPAs in reducing
other local pressures to gorgonian forests (i.e. eutrophication, an-
choring, sedimentation, damage caused by recreational SCUBA
diving) still needs to be assessed. Additionally, it is important to
consider that the occurrence of abandoned fishing lines was used
as a proxy for fishing effort because of the absence of reliable
data on coastal fisheries. Further investigations at a local site level
are recommended where local knowledge on fishing effort, prac-
tices and regulations can be considered. The ASls identified in this
project present a list of sites with both high complexity and po-
tentially high exposure to human impacts that warrants further

investigation.

4.3 | Evaluation of multi-source methodology

The multi-source approach proved to be an effective method to in-
vestigate patterns of species distribution, abundance and state over
broad temporal and spatial scales, highlighting the power of pub-
lic involvement in marine research (Cerrano et al., 2017; Schlappy

et al., 2017; Turicchia et al., 2021). All four data sources when in-
tegrated displayed a high complementarity, providing compelling
evidence on the value of multi-source-approaches in marine subtidal
monitoring. The proposed multi-source approach has potential to
provide a structured, repeatable and inclusive monitoring tool for
gorgonian forests, and other marine organisms within and outside
MPAs.

This study highlighted the great potential of WEK in gath-
ering large data sets of species distribution, without the costs
and issues of fieldwork (Di Camillo et al., 2018). WEK also pro-
vided a wealth of additional information valuable to conserva-
tion decision-making such as the locations of Scyliorhinus stellaris
(Linnaeus, 1758) nursery habitat (mermaid purses attached to
gorgonians), observations of mucilage on stressed gorgonians
and the dominant colour of P. clavata colonies (Appendix S9).
Data collection and processing, however, is very time-consuming
and results are still limited by search terms. The use of Artificial
Intelligence (Al) in identifying focal species and extracting rele-
vant information promises to increase the cost-effectiveness and
human labour involved and would be extremely valuable to fully
exploit the biological monitoring potential of the WWW (August
et al., 2020). The data set produced as part of this study could be
used to train a neural network for initial recognition of gorgonians
in videos/photographs, laying the first stepping-stones for Al to
be implemented in subtidal ecosystems in Italian coastal waters.
In addition, videos collected in this study could be used to trial
Structure from Motion photogrammetry methods, such as the
one developed by Palma et al. (2018), with the potential to derive
morphometrics and biomass of gorgonian forests from amateur
recorded media.

5 | CONCLUSIONS

In times of rapid global change and financial constraints, the multi-
source data integration framework proved to be an effective tool
for the collection and repurposing of under-utilized observations
across a broad geographical and temporal scale to support deci-
sion making in marine conservation. The approach offers a more
inclusive participatory model for crowdsourcing marine data while
also increasing ocean literacy. The findings suggest that several
habitat-forming gorgonian species receive insufficient protec-
tion under both international and local conservation measures,
with special concern for the structurally important P. clavata,
with widespread damage occurring across ltalian coastal waters.
Understanding the efficacy of the existing MPAs for gorgonians
and the potential for greater conservation measures to ensure
future resilience of gorgonian forests presents a high applied re-
search priority for the region. Our nation-wide data set, maps and
indices hold great potential for informing targeted conservation
actions, marine spatial planning, habitat-modelling, and to provide
a baseline dataset for applied research projects, monitoring, and
future comparative studies.
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