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Abstract

The bamboo coral Isidella elongata is often associated with a diverse community, including commercial fish species, playing an
important role in the deep-sea Mediterranean as a biodiversity hotspot. There has been a drastic decrease of the populations
of this species since the twentieth century, mainly related to impacts of fishing, leading to its inclusion in the Barcelona
Convention and the list of Mediterranean vulnerable marine ecosystems. However, the knowledge on its local scale distribu-
tion is still very limited. In this study, habitat suitability models were performed based on a dense population of I. elongata,
located in the Mallorca Channel (western Mediterranean), to contribute to fill this knowledge gap. Generalized additive
models, Maximum entropy models and Random Forest were combined into an ensemble model. Models showed that habitat
is most suitable on smooth plains surrounding the seamounts of Ses Olives and Ausias March present in the study area.
Furthermore, two models out of three showed a preference of the coral for flat areas. The predictions of the habitat suit-
ability models presented in this study can be useful to design protection measures for this critically endangered species
to contribute to the species’ and deep-sea fisheries management.

Keywords Isidella elongata - Habitat suitability models - Cold-water corals - Endangered species - Vulnerable marine
ecosystems - Soft bottoms - Western Mediterranean

Introduction

Isidella elongata is a cold-water coral (CWC) living on soft bot-
toms (Carpine and Grasshoff 1975). The species belongs to the
family Keratoisididae, also known as “bamboo corals”. The fam-
ily inherited its name due to its physical structure, with a candela-
brum shape with ramifications consisting of brown organic nodes
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alternated by white carbonate internodes (Carpine and Grasshoff
1975). Isidella elongata is near-endemic to the Mediterranean
Sea, but can also be found in the adjacent Atlantic waters of the
Gulf of Cadiz and North Morocco (Bellan-Santini 1985; Bo
et al. 2015b). Chimienti et al. (2019a) and Gonzalez-Irusta et al.
(2022) mapped the currently known distribution of I. elongata in
the Mediterranean Sea, showing only a limited number of sites
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where living colonies of this species are still present. Healthy
populations have been found mainly in areas where trawlers can-
not operate due to (1) trawling limitations in depth (Fabri et al.
2014; GFCM 2005), (2) presence of steep slopes (Fabri et al.
2014), (3) rocky elevations (Bo et al. 2015a) or (4) protection
due to the presence of submarine electricity cables nearby
(Mastrototaro et al. 2017). However, a recent literature review
that included unpublished sightings, suggested that the distribu-
tion of I. elongata in the eastern Mediterranean can be wider
spread than previously thought (Gerovasileiou et al. 2019). Thus,
recent research has contributed to enlarge our knowledge on the
distribution of the species in the Mediterranean, as well as on the
effects of bottom trawling for the species populations (Carbonara
et al. 2022a).

Isidella elongata can be found on compact mud substrate
(Péres 1967) within a large bathymetric range between 170 and
1800 m (Bellan-Santini 1985; Fabri et al. 2014). The species
is usually associated with flat areas (e.g., Bellan-Santini 1985;
Péres 1967), but it has also been found on sloping flanks up to
20° of submarine canyons in the Gulf of Lions (Fabri et al. 2014)
and tributary canyons in the Catalan slope (Gonzalez-Irusta et al.
2022). The species has, most probably, a low recovery capac-
ity, as observed in other Keratoisididae species, which present
slow growth rates (Andrews et al. 2009; Bo et al. 2017; Cartes
et al. 2013; Maynou and Cartes 2011; Thresher et al. 2004).
This, along with its unbending structure, makes the species very
vulnerable to bottom trawlers (Cartes et al. 2013; Maynou and
Cartes 2011; Carbonara et al. 2022).

Isidella elongata often presents a diverse associated
fauna, such as anemones, shrimps, cephalopods and fish
among others, generating environmental heterogeneity on
the seafloor (Carbonara et al. 2020, 2022; Cartes et al. 2021,
2022; Mastrototaro et al. 2017; Pérés 1967). The threatened
status of 1. elongata as the only anthozoan in the Mediter-
ranean Sea recognized as critically endangered species by
the IUCN Red List (Bo et al. 2015b), contributed to its inclu-
sion in the list of endangered or threatened species under the
Specially Protected Areas and Biological Diversity (SPA/
BD) Protocol to the Barcelona Convention (UNEP/MAP-
SPA/RAC 2018). According to article 11 of the Protocol,
protection measures are mandatory for Contracting Parties.
This also led to recent resolutions that recognized I. elon-
gata as a vulnerable marine ecosystem (VME) representa-
tive taxon by the International Council for Exploration of
the Sea (ICES 2020) and recommended the establishment
of a set of measures to protect VMEs formed by cnidarians
by the General Fisheries Commission of the Mediterranean
(GFCM 2019a). This resolution encourages contracting par-
ties to a progressive implementation of measures to prevent
significant adverse impacts of deep-sea fisheries activities.

One of the densest (2300 — 2683 colonies ha™"), healthi-
est, and mature populations of I. elongata documented up
to date, was found in the Mallorca Channel, in the Balearic
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Islands (Mastrototaro et al. 2017). A diverse associated
community was observed, with up to 50 different identified
taxa (Mastrototaro et al. 2016, 2017). The population was
found between 38.59°-39.03°N and 1.75°-2.16°E (approx.
770 km?, Fig. 1), east of Ibiza, between two seamounts,
Ses Olives and Ausias March, which form a positive relief
aligned according to a NE-SW trend (Fig. 1B). Ses Olives
seamount covers 59 km? and has its summit at 250 m depth,
flat on top, with flanks sloping up to 40° (Vazquez et al.
2015). Ausias March is larger (73 km?), with its summit at
a shallower depth (86 m), moderate slopes on top (2—4°)
and flanks sloping up to 32°. Both seamounts are charac-
terized by slumps and slides that can cause debris flows
and turbidity currents from the surrounding seafloor up to
depths of 1000 m (see Acosta et al. 2003 for a complete
description). The summit of the seamount Ausias March
was protected from trawl fisheries under the Spanish fish-
eries legislation (Orden AAA/1504/2014). Furthermore,
bottom trawling is forbidden near submarine electric-
ity cables present in the area (Fig. 1; Acosta et al. 2004;
Mastrototaro et al. 2017). These two measures are thought
to have contributed to the preservation of this population
(Acosta et al. 2004; Mastrototaro et al. 2017).

To date, the known spatial distribution of 1. elongata is lim-
ited to single observations by trawl hauls, longline fishery, or
remotely operated vehicle (ROV) transects (e.g., Carbonara
et al. 2020, 2022; Gonzalez-Irusta et al. 2022; Gerovasileiou
et al. 2019; Ingrassia et al. 2019; Mastrototaro et al. 2017,
Pierdomenico et al. 2018). Some studies have addressed dis-
tributional patterns on different Mediterranean regions (the
Strait of Sicily, central Mediterranean Sea, Lauria et al. 2017,
Southern Adriatic Sea, Carbonara et al. 2022), including large-
scale patterns in the Balearic Sub Basin (Gonzélez-Irusta et al.
2022). However, information on the distributional patterns at a
local scale is lacking. Habitat suitability models (HSMs) have
been widely used to map the spatial extent of organisms in the
deep-sea, where data acquisition is costly (e.g., Burgos et al.
2020; Morato et al. 2020; Wang et al. 2022). The aim of our
study is to develop HSMs and predictive maps for the occur-
rence of I. elongata in the Mallorca Channel, using the data
available from the healthy and dense populations found in 2014
(Mastrototaro et al. 2017). The results will improve the current
knowledge on the preferred habitat for this species and will
contribute to the assessment and management of this critically
endangered species.

Materials and Methods
Data Collection and Processing

Occurrences of I. elongata were recorded by means of
non-invasive visual ROV surveys carried out by OCEANA
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Fig. 1 Study area in the Balearic Islands. a Location of the study area in the western Mediterranean Sea, b detail of the study area in the Mal-
lorca channel, including the seamounts Ses Olives and Ausias March and the location of the submarine cables

on board the Ketch Catamaran Ranger in waters off the
Balearic Archipelago (Fig. 1) from 2006 to 2014 (for techni-
cal details, see Mastrototaro et al. 2017). Mastrototaro et al.
(2017) documented the occurrence of 1. elongata colonies
in five out of 58 ROV video transects with a total of 1043
presence records. In the study of Mastrototaro et al. (2017),
presences and absences were recorded at a high spatial reso-
lution, often less than 1 m in between colonies, covering a
depth range between 480 and 615 m.

Bathymetric data were acquired using a EM 12 Multibeam
Echosounder (Kongsberg) on the R/V Hespérides in the
framework of the "Exclusive Economic Zone (EEZ) Spanish
Program"” from 1995 to 1997. This program was led by Insti-
tuto Espafiol de Oceanografia and Instituto Hidrografico de la
Marina (IEO-IHM). The echosounder was designed to oper-
ate in open waters, from 50 m to 11,000 m depth and uses a
13 kHz frequency with 81 beams. The beam width ranges from
1.8° to 3.5° with a swath width of up to 3.5 times the water
depth. Backscatter data were not available due to acquisition
configuration and therefore, backscatter facies could not be

differentiated. The bathymetry was processed using CARIS
SIPS and HIPS v10.4 and the gridded data (50X 50 m) was
projected to WGS 1984 UTM Zone 31N. Terrain variables
were derived from bathymetric data. Slope, aspect and rough-
ness were derived using the ‘raster’ package in R (Hijmans
2020). While slope defines the steepness of the seafloor,
roughness describes the topographic rugosity in a given area
(i.e., difference between a location and the eight correspond-
ing surrounding cells), useful to identify areas with potential
high diversity as presence of habitat-forming species (Lundblad
et al. 2006). Aspect, which measures seafloor surface direc-
tion, was further processed into northness and eastness
as measurements for the orientation of any particular location.
The Bathymetric Position Index (BPI) classifies landscape
structure (e.g., valleys, plains, hill tops) based on the change
in slope position over two scales, therefore, describing the rela-
tive elevation of a seabed location compared to neighbouring
areas (Lundblad et al. 2006, Walbridge et al. 2018). It was
calculated as the difference between the cell value and aver-
age of the corresponding surrounding cells in a given radius
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(Lundblad et al. 2006) on a fine (at 1545 cell radius) and a
broad (at 300—600 cell radius) scale, using the Benthic Terrain
Model tool in ArcGIS (Wright et al. 2005).

Oceanographic variables were also tested (supplement
1) as potential predictor variables, although they could not
be used in the models due to their coarse spatial resolution.
Vessel Monitoring System (VMS) data was analysed and
processed into fishing days per year per grid cell (supple-
ment 2). However, most of the 1. elongata observations were
located in areas with zero fishing days per year. Therefore,
the fishing dataset was not informative for the modelling
process, but it is further discussed.

A Priori Selection of Non-collinear Relevant
Predictor Variables

Collinearity was evaluated between all terrain variables
using Spearman's rank correlation coefficient and the Vari-
ation Inflation Factor (VIF, Zuur et al. 2009). A correla-
tion coefficient <0.7 and VIF<3 (Zuur et al. 2009) was

1.8°E 2.0°E

Ses Olives

Ausias March

used to retain only uncorrelated predictor variables. Depth
and slope were highly correlated with broad-scale BPI and
roughness. Since preliminary models performed better
using broad-scale BPI and roughness, depth and slope were
excluded from the analysis. Finally, five terrain variables
were selected, a priori, as predictor variables for 1. elongata
occurrence.

Habitat Suitability Modelling

Habitat suitability for the occurrence of I. elongata in the Mal-
lorca Channel was assessed using three commonly used algo-
rithms: (1) Generalized Additive Models (GAM, Hastie and
Tibshirani 1986), (2) Maximum entropy modelling (Maxent,
Phillips et al. 2006) and (3) Random Forest (Breiman 2001).
The GAM was fitted using the ‘mgcv’ package in R (Wood
2011). A logit link function was used to fit the binomial error
distribution of the response variable. Smooth terms were con-
strained to 4 knots to avoid overfitting (e.g., Morato et al. 2020;
Rowden et al. 2017). Maxent was fitted using the ‘maxnet’
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Fig.2 Occurrence of Isidella elongata in the study area after the environmental sub-sampling, with a a planar and b a three-dimensional view

for better visualization of the bathymetry
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package in R, allowing all model features and including both
presence and absence data (Phillips 2017). Random Forest was
fitted using the ‘randomForest’ package in R with default set-
tings (Breiman 2001; Liaw and Wiener 2002).

From the five a priori retained predictor variables, the
most important ones were selected for each model. In
GAM, forward and backward model selection were per-
formed removing or adding one variable at a time, using the
significant p-values (p <0.05), the percentage of variance
explained, and the Akaike Information Criterion (AIC) to
compare the performance of the models. Maxent was trained
with all variables and assigned a measure of importance to
each one within the algorithm. For Random Forest, selec-
tion was done using the R package ‘VSURF’ (Genuer et al.
2019). This package uses a thresholding step, an interpreta-
tion step, and a prediction step to select variables (Genuer
et al. 2019).

The importance of each predictor variable for each of
the modelling approaches was assessed using a procedure
adapted from Thuiller et al. (2009). Variable importance
(unitless) was evaluated by calculating the correlation
between the original prediction and a prediction based on a

TSS

GAM

Random Ensemble

Forest

Maxent

Fig.3 Model performance comparison using a True skill statistic
(TSS) and b Area under the curve (AUC). Characters on top of the
bars (a, b) denote the results of post-hoc Tukey’s Honest Significant
Difference comparisons (p<0.05). Models that do not include the
same letter are significantly different for a given performance metric

model whereby one variable is randomly permuted. This was
done 50 times for each variable. In addition, this bootstrap-
ping method for variable importance ensures that selected
variables were significant and not selected not due to type I
errors, emerged from spatial autocorrelation.

The relation between the predictor variables and the prob-
ability of I. elongata occurrence was assessed using response
curves. For this purpose, the evaluation strip methodology of
Elith et al. (2005) was followed, calculating the probability
of presence across 500 values in the range of each variable.
After models were fitted, a spatial prediction was made for
habitat suitability in the study area. We restricted predictions
to the depth range where observations were found.

To check the presence of spatial autocorrelation (SAC)
in the residuals of the models, the Moran’s I index (I) was
calculated (‘ape’ package in R, Paradis and Schliep 2018)
as described in Dormann et al. (2007). Preliminary out-
comes showed SAC in the residuals of all models except
for Random Forest, which violate model assumptions
preventing its correct application (Dormann et al. 2007).
Therefore, an environmentally equidistant sub-sampling
strategy adapted from de Oliveira et al. (2014) was used

AUC

GAM

Random Ensemble
Forest

Maxent

(e.g., Generalized Additive Models, GAM, and Random Forest do not
include the same character on top of the TSS bar, so they are signifi-
cantly different; while GAM and Maximum entropy models, Maxent
are not significantly different for TSS)
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Fig.4 Spatial patterns of the predictor variables used in the habitat suitability models for Isidella elongata in the study area including a rough-
ness, b eastness, ¢ northness, d fine-scale Bathymetric Position Index (BPI) and e broad-scale BPI. All variables are unitless

as an attempt to remove SAC in model residuals. The sub-
sampling of the original dataset was done using the envi-
ronmental Mahalanobis distance, calculated between all
observations using the five terrain covariates. The two most
distant observations were selected and added to a new data-
set. Consecutively, the observation that is the most distant
from the new dataset was added one by one. A balanced
dataset of 150 records showed the best results to minimize
SAC in the residuals.

Model performance was evaluated using k-fold cross-
validation: all observations were randomly split into a
training and a test dataset using 75% and 25% of the data,
respectively. The model was fitted using the training set and
its performance was tested based on its ability to predict
the test dataset. This process was repeated 10 times (e.g.,
Rowden et al. 2017). For each training and test dataset,
maximum true skill statistic (T'SS; Allouche et al. 2006) and
area under the curve (AUC; Swets 1988) were calculated.
Model performances were considered good if TSS > 0.6

@ Springer

and AUC > 0.8 and poor when TSS <0.2 and AUC <0.7.
Differences in evaluation metrics between models were
tested using the Tukey’s Honest Significant Difference test
(p<0.03).

Model uncertainties are not homogeneously distributed in
space. To highlight areas with higher uncertainty of predic-
tion, a measure was calculated for grid cells in the study area,

Table 1 Correlation coefficients showing the importance of the pre-
dictor variables in the habitat suitability models. GAM: Generalized
Additive Models, Maxent: Maximum entropy model, BPI: Benthic
Position Index

Predictor variable GAM Maxent Random Forest
Roughness 0.32 0.25 0.23

Eastness - 0.02 -

Northness - 0.14 -

Fine-scale BPI - 0.16 0.12
Broad-scale BPI 0.77 0.62 0.53
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following the bootstrapping method used in Anderson et al.
(2016). Presence-absence values were randomly redistributed
among original observations with replacement, 100 times for
each model. Predictions were used to calculate the percentage
coefficient of variation (% CV, i.e., the ratio of the standard
deviation and the mean) across every cell in the study area.
An ensemble model was used for the final habitat suita-
bility projection (Rowden et al. 2017), combining the predic-
tions of the GAM, Maxent and Random Forest algorithms,
weighted by the model performance (AUC). Similarly, a
weighted % CV was calculated as an uncertainty measure.

Results

The occurrences of I. elongata were present at a depth range
of 463—-612 m, on slopes of 0—10°. After equidistant sub-
sampling in environmental space to remove SAC, the num-
ber of occurrences was reduced from 1043 presences and
1619 absences to 75 presences and 75 absences (Fig. 2).
All models showed good performance in predicting habitat
suitability for 1. elongata, scoring above 0.7 for both perfor-
mance metrics used (Fig. 3). In general, Random Forest and
the ensemble model performed better than the other models.
From the five a priori selected predictors (Fig. 4), only
roughness and broad-scale BPI were retained in GAM; while
and roughness, fine-scale BPI and broad-scale BPI were
selected in Random Forest (Table 1). The Maxent model
retained all predictor variables, but northness, fine-scale

BPI, and eastness had low importance. In all modelling algo-
rithms, broad-scale BPI was the most important predictor,
followed by roughness and fine-scale BPIL.

Spatial autocorrelation was successfully removed from
the residuals of Maxent (from I=0.34 to I=0.04) and the
ensemble model (from I=0.05 to I=-0.03), but it was still
present in the residuals of GAM (I=0.20).

Response curves from all models suggested that the prob-
ability of presence of 1. elongata was high when broad-scale
BPI values were low (Fig. 5A). More specifically, the optimal
range of broad-scale BPI according to the three models was
around zero or lower for GAM; from -60 to 130 for Maxent and
lower than 120 for Random Forest, with a peak at broad-scale
BPI values between 30 and 60 (Fig. 5SA, B). The models GAM
and Random Forest suggested higher probability of presence at
low roughness values, from 3 to 20 (Fig. 5A, B). These results
were confirmed by the ROV video footage, where I. elongata
was observed in flat, muddy areas (Fig. 5C). In contrast, in the
outcome of Maxent all roughness values were suitable except
extreme values lower than 12 or higher than 65. Maxent and
Random Forest included fine-scale BPI, which had a differ-
ent effect in each model (Fig. 5A). Northness was included in
Maxent and only the highest values were suboptimal for the
presence of 1. elongata (Fig. 5A).

Spatial predictions of habitat suitability for I. elongata in
the study area were mostly in agreement among the different
models (Fig. 6). In general, Maxent showed clearer values
for the spatial prediction, closer to either O or 1 (Fig. 6B).
The spatial predictions of Maxent were different from those

AN
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«Fig. 6 Prediction (left) and uncertainty (right) maps from a General-
ized Additive Models, b Maxent, ¢ Random Forest and d the ensem-
ble model for the probability of presence of Isidella elongata in
the Mallorca channel. Areas of extrapolation of Random Forest are
shown by a hatched polygon

of GAM and Random Forest in an area located on the west-
ern to the northern side of Ausias March seamount (Fig. 6A-
C). According to Maxent, this area was highly suitable,
while the other models predicted lower suitability (< 0.5).
In addition, in the area between the two seamounts, Random
Forest predicted suitable habitat in smaller (0.05-2.5 km?)
and more distinct patches than the other models (Fig. 6A-
C). General spatial patterns of high suitability (>0.9) in

Fig.7 Fishing effort in the
study area based on Ves-

sel Monitoring System data
(2009—2014) overlapped with
the probability of presence of
Isidella elongata based on the
results of the ensemble model

the individual models were similar and well captured in the
ensemble model (Fig. 6D): patches of variable size (up to
10 kmz) were predicted west of Ses Olives seamount, which
corresponds to the corridor between the two seamounts
where submarine cables are present (Fig. 1); a small patch
(~4 km?) was predicted on the south eastern flank of Ses
Olives seamount; and a large zone of about 24 km? was
predicted south of Ausias March, which is mostly flat or up
to 5° of gently slopes.

Model uncertainty, given as coefficient of variation (% CV),
was generally low for GAM, Maxent and the ensemble model,
while uncertainty reached up to 75% CV in Random Forest
(Fig. 6). Areas with higher uncertainty were present around Ses
Olives seamount for all models (Fig. 6). This area corresponds

Probability

of prlesence

0

Fishing effort
(fishing days/year)

l -1
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to the steeper slopes of the seamount, with elevated rough-
ness (Fig. 4A). The GAM predicted low uncertainty over the
entire study area, while Maxent included four patches of higher
uncertainty up to 60% CV. Random Forest had a higher and
more homogenous uncertainty over the study area, with some
areas with uncertainties up to 75% CV in small patches. This
is likely due to the model extrapolating in areas where at least
one environmental variable displays values above or below the
sampled range. (Fig. 6C). Thus, the model predicts the same
value as the last prediction made within the sampled range of
this environmental variable.

Finally, the ensemble model showed highest uncertainty
around Ses Olives and an area on top of Ausias March, simi-
larly to the predictions of the three models. In general, areas
with high uncertainty correspond to values of the predictor
variables where no biological observations were available
(Fig. 2 and 6).

Discussion and Conclusions

The HSMs constructed for I. elongata indicated that the
preferred habitat for this species in the Mallorca Channel is
characterized by areas not elevated compared with the wider
surroundings, with a predicted preference for low bottom
roughness as suggested by two out of three models (GAM
and Random Forest). The area with most suitable habitat was
located between Ses Olives and Ausias March seamounts, as
well as on isolated patches surrounding them, but never on
the summits. The unsuitability of elevated areas at Ausias
March and Ses Olives seamounts for I. elongata agrees with
existing sightings of this species on deep, flat and smooth
mud bottoms across the Mediterranean (e.g., Bellan-Santini
1985; Gerovasileiou et al. 2019; Ingrassia et al. 2019). The
rocky nature of Ses Olives and maé&rl beds on Ausias March
(Vazquez et al. 2015) seems to be an unsuitable substrate
for I. elongata to settle. However, most of the summit of
Ses Olives is covered by a layer of soft sediment (OCEANA
2010), which could be suitable if this layer consisted of mud
and was sufficiently thick for the CWC to grow on. None-
theless, the summits of the two seamounts correspond to
the upper limit of the depth range currently known for 1.
elongata in the Mediterranean Sea (Carbonara et al. 2020;
Chimienti et al. 2019a).

The present spatial distribution and depth range of 1.
elongata is very likely to have been altered by historical
fishing (Carbonara et al. 2022; Cartes et al. 2013; Fabri
et al. 2014; Gonzalez-Irusta et al. 2022; Pierdomenico et al.
2018). Although, the number of bottom trawlers around the
Balearic Islands has been historically low compared to Ibe-
rian Peninsula (Quetglas et al. 2012), trawling activity below
the insular continental shelf in the Mallorca Channel still tar-
gets important commercial species such as Norway lobster
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(Nephrops norvegicus), blue and red shrimp (e.g., Aristeus
antennatus) and European hake (Merluccius merluccius,
Quetglas et al. 2016). Hence, the complete potential range of
distribution for this species could be masked by this anthro-
pogenic effect as shown by Gonzalez-Irusta et al. (2022).
In their study, Gonzalez-Irusta et al. (2022) found that deep
and steep slope areas were the preferred habitat when model-
ling the distribution of 1. elongata at regional scale for the
Balearic Sub-Basin. However, the authors argue that this
could be a consequence of the strong trawling impacts on
the flat, soft bottom grounds (Cartes et al. 2013), which has
restricted living populations to inaccessible areas for trawl-
ers that in turn may not present the optimal habitat for the
species. The differences in the spatial scales approached in
Gonzalez-Irusta et al. (2022) and the present study, as well
as different trawling impacts on the species distribution (Bo
et al. 2015a; Cartes et al. 2013; Fabri et al. 2014; Lauria
et al. 2017; Pierdomenico et al. 2018) explain the contrasting
results observed. Therefore, the characteristics (e.g. depth
range, slope, BPI) of suitable habitat for 1. elongata might
be currently considered as a local adaptation of the species.

Trawl marks were observed in the study area during the
ROV surveys (Mastrototaro et al. 2017) and the inspection
of VMS (vessel monitoring system) data from bottom trawl-
ers during the five years prior to sampling (2009-2014) con-
firmed that fishing was still occurring in the area (Supplement
2, Fig. 7). The overlap between fishing activity and the occur-
rence of I. elongata based on the ensemble model, is the high-
est at the south of Ausias March seamount (Fig. 7). A regular
trawling haul with an average duration of 2 h (FAO 1996)
using a common otter trawl of 3 m wide (Notti et al. 2013)
and at a fishing speed of 2.5 knots (Hintzen et al. 2010), results
in a swept area of 2.8 ha on average. Therefore, and consider-
ing the high densities of I. elongata colonies in the study area
(2300 — 2683 colonies-ha™!, Mastrototaro et al. 2017), a single
trawling haul could impact up to 6389-7453 colonies by dam-
aging or removing them entirely (Cartes et al. 2013; Maynou
and Cartes 2011). The impact of fishing activities on 1. elon-
gata forests (sensu Rossi et al. 2017) was already observed at
18 km west of the study area (Mastrototaro et al. 2017), with
fishing rates as low as 0.5 fishing days-yr~! according to VMS
data (Supplement 2). The density of colonies found in this
impacted area was 38 times lower (53-62 colonies-ha™!) than
in the Mallorca Channel. Given the slow growth rate known
for other bamboo coral species (~1.4 cm-yr~! axial growth rate,
Andrews et al. 2009), the average time needed for colonies of
20-30 cm high to recover from the direct impact of this single
trawling haul would be between 15-21 years, without consid-
ering other disturbances.

Few studies have addressed HSM on I. elongata (e.g. Lauria
et al. 2017; Carbonara et al. 2022; Gonzalez-Irusta et al. 2022),
and there is only one published for 1. lofotensis (Burgos et al.
2020), a species from the same genus inhabiting the Nordic
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Seas. Isidella lofotensis is found in Norway and Greenland at
depths between 200 and 700 m (Buhl-Mortensen et al. 2015)
and, like 1. elongata, inhabits soft sandy muds (Buhl-Mortensen
and Buhl-Mortensen 2014) and its main habitat preferences are
described by terrain variables (Burgos et al. 2020). However,
Lauria et al. (2017), Burgos et al. (2020) and Gonzalez-Irusta
et al. 2022 found some oceanographic variables to be also rel-
evant for predicting suitable habitat for Isidella species. For
example, temperature and silicate concentration, which relate to
the presence of different water masses and the type of sediment,
seemed to be important factors for the distribution of . lofoten-
sis (Burgos et al. 2020). Furthermore, Lauria et al. (2017) found
that sea bottom temperature, salinity and currents were impor-
tant variables for the distribution of I. elongata in the Strait of
Sicily. Indeed, this population seemed to develop better in areas
that are exposed to strong currents (up to 0.15 m s~!) due to
increased food availability and low sedimentation rates (Lauria
et al. 2017).

In our study area, seawater temperature ranged from
13-14 °C and salinity was~38.5 between 400 and 600 m,
similar to the temperature and only marginally lower than the
salinity range (38.7 — 38.9) found optimal for /. elongata by
Lauria et al. (2017). The general circulation patterns around the
Mallorca Channel (Barceld-Llull et al. 2019) and throughout
the study area also could enhance the availability of food to the
I. elongata population. In the Mallorca Channel, . elongata at
463-612 m is mainly influenced by the Levantine Intermedi-
ate Water (LIW) (Lopez-Jurado et al. 2008). The LIW passing
through the Mallorca Channel is fed by dense waters originat-
ing in cascading events in the Gulf of Lions (Canals et al. 2006;
Lépez-Jurado et al. 2008; Puig et al. 2013). Here, during cold
winter winds, water masses start to sink downslope, transport-
ing turbid shelf water and re-suspended sediment (Puig et al.
2013). This dense water mixes partially with LIW and can
reach as far as the Balearic Islands and the Mallorca chan-
nel (Puig et al. 2013). In addition, close to the study area, a
south-eastward flow with a maximal velocity of 0.015 m s~!
is constantly present throughout the year, centred at 100 m,
but reaching up to 600 m depth (Barcel6-Llull et al. 2019).
Although in our study water velocity is one order of magnitude
lower than the observed velocity in the Strait of Sicily (Lauria
et al. 2017), the constant slow flow could provide continuous
food supply to the I. elongata population, as Gonzalez-Irusta
et al. (2022) also suggested. Indeed, prey capture rates of some
CWCs are higher at low water velocities (Orejas et al. 2016;
Purser et al. 2010). Including oceanographic variables would
largely benefit HSM, obtaining more accurate and applicable
results on the constraints of habitat preferences of I.elongata at
all spatial scales, as they have been proved to exert large con-
trol in the distribution and other characteristics of cold-water
corals (Puerta et al. 2020).

Protection measures for 1. elongata are urgent for the whole
Mediterranean Sea, as already claimed by different authors

(Bo et al. 2015b; Carbonara et al. 2022; Gonzalez-Irusta et al.
2022; Ingrassia et al. 2019; Mytilineou et al. 2014) and VME
GFCM experts (FAO 2018; GFCM 2019b; 2022). Despite
the urgency due to its current status (Bo et al. 2015b) and
other threats derived from climate change and anthropogenic
activities (Otero and Marin 2019), no management meas-
ures at regional or national level are currently in place in the
study area. Considering the strong effects of fisheries and the
overlap between fishing grounds and /. elongata distribution,
closure areas could contribute to the conservation of the spe-
cies and reduce significant adverse impacts to this VME taxa
(Chimienti et al. 2019b; Wright et al. 2015; ICES 2020).
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