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Abstract: In order to collect information on ichthyofauna of a deep-sea vulnerable marine ecosystem
(VME) network along the Apulian margin (central Mediterranean Sea), two low-impact sampling
tools were used in three VMEs characterized by cold-water corals (CWC), namely Bari Canyon
(BC), off Monopoli (Mn), and off Santa Maria di Leuca (SML). Using an experimental longline, 53
deployments were carried out between a 314 and 650 m depth for a total of 217 fishing hours, whereas
when using the baited lander MEMO (Marine Environment MOnitoring system), 31 deployments
were carried out between 427 and 792 m, for a total of 223 h of video recordings. A total of 37
taxa were recorded, comprising 13 Chondrichthyes and 24 Osteichthyes. The similarities in species
observed among the VMEs confirm the presence of a network of CWC-VMEs along the Apulian
margin, whereas some differences detected are due to the different abundance of some species, such
as Galeus melastomus, Helicolenus dactylopterus, and Phycis blennoides. The presence of commercial
species, vulnerable/endangered cartilaginous fishes, and large and sexually mature individuals of
G. melastomus, H. dactylopterus, and Pagellus bogaraveo in all the VMEs confirms that the network of
CWC-VMEs along the Apulian margin can act as a network of refuge areas and an essential fish
habitat (EFH) for species threatened by fishing activities.

Keywords: benthopelagic fauna; VMEs; cold-water coral; conservation; Mediterranean

Key Contribution: This paper characterizes fishes distributed in the CWC-VMEs along the Apulian
coast, highlighting differences among the different CWC-VMEs and also between the two different
sampling tools. Information on sizes, maturity, and behaviour is also provided. The presence of
vulnerable/endangered species according to the IUCN Red List category and commercial species
confirms the importance of effective conservation measures.

1. Introduction

The deep sea, the part the ocean deeper than 200 m, represents the vastest ecosystem on
Earth and provides ecosystem goods and services that are crucial to human wellbeing [1–4].
Among the biodiversity hotspots hosted by the deep sea ecosystem, cold-water coral (CWC)
communities represent complex three-dimensional habitats that can provide reproductive
areas and refuge to a large variety of valuable fish and invertebrates of commercial interest,
both in the adult and juvenile stages [5–8]. CWC communities may act as a feeding area, a
refuge from predators and fishing activities, and a spawning and nursery area for many fish
species, and these areas generally show higher diversity and abundance than in adjacent
soft bottom areas [6,8,9]. Although several studies have reported higher diversity and
densities of ichthyofauna associated with CWC, it is still difficult to demonstrate whether
the CWC habitat or its complexity are the attractive factor for fish species [9–11], Most
studies, in fact, reported species that are distributed at comparable depth and common also
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in different types of habitats such as soft and rocky bottom areas. Although the fish fauna
associated with CWC habitats may be not exclusive of this habitat, this species seems to
benefit from the shelter provided by the structures built by the CWC and from the enhanced
trophic conditions. A higher density of zooplankton, in fact, represents a potential trophic
resource for planktivorous fish and can lead to a higher density of small invertebrates
which are prey for benthic feeders and scavengers [6,8,12]. These ecosystems support a
high biodiversity and high biomass, and they are impacted by commercial fishing activities
causing extensive damage to CWC, resulting in productive ecosystems being transformed
into coral rubble [13–15].

The Apulian margin (central Mediterranean) is characterized by the presence of an
almost continuous belt of vulnerable marine ecosystems (VMEs) characterized by the pres-
ence of CWC communities whose real extension is still poorly understood. The Food and
Agriculture Organization (FAO) indicates the following criteria for defining what consti-
tutes a VME: (1) uniqueness or rarity; (2) functional significance of the habitat; (3) fragility;
(4) life history traits of component species that make recovery difficult; and (5) structural
complexity [16]. The exploration of the Apulian margin from the southern Adriatic to
the northern Ionian Sea (central Mediterranean) has led to the discovery of several CWC
communities distributed between 300 and 1100 m depths that can represent a network
of VMEs mostly built by the colonial scleractinians Madrepora oculata and Desmophyllum
pertusum [17–19]. CWC habitats have been described on the Gondola slide off Manfredonia,
inside Bari Canyon (BC), off Monopoli, Otranto, Tricase, and up to the Santa Maria di Leuca
(SML) CWC province, which is the largest living occurrence described in the Mediterranean
Sea; lastly, off the Porto Cesareo marine protected area, living colonies of Dendrophyllia
cornigera have also been observed down to a 217 m depth [17,18].

The exploration of fragile, heterogenous, and complex habitats like those built by
CWC species requires the use of low-impact sampling techniques, such as experimen-
tal longlines or video systems, such as baited remote underwater video surveys (BRU-
VSs). A baited lander represents an effective method to explore sensitive habitats with
complex geomorphology, such as seamount, canyon, and CWC communities, as well as
their associated benthopelagic biodiversity [20–26]. In particular, the baited lander is a
low-impact non-extractive tool for collecting data on megafauna diversity, abundance,
and behaviour without damage to habitat former organisms and associated vulnerable
species [10,21–24,27,28]. An experimental longline with a small number of hooks is a tool
that can allow the capture of fish fauna with low impact in a heterogeneous and complex
habitat, providing complementary information to that provided by BRUVSs [21,29]. There-
fore, the aim of this study is to provide a further contribution to the knowledge of fishes
and benthopelagic fauna distributed in the CWC-VMEs along the Apulian margin using
low-impact sampling tools.

2. Materials and Methods
2.1. Area of Study

The study area is located in the central Mediterranean Sea along the Apulian margin
between the southern Adriatic Sea and northern Ionian Sea (Figure 1). This area is charac-
terized by the presence of several morphological and geological structures which incise the
continental shelf and slope [30,31].

The Bari Canyon is a complex morphological structure that breaches the southern
Adriatic shelf with a west–east trend [30,31]. It is 10 km wide, 30 km long, and ranges
between 200 and about 1000 m in depth. The Bari Canyon hosts a diversified community of
deep-water cnidarians characterized by the presence of Madrepora oculata and Desmophyllum
pertusum, together with Desmophyllum dianthus and Dendrophyllia cornigera, as well as
Leiopathes glaberrima associated with sponges, serpulids, and bryozoans [19,22,23,32].
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Figure 1. Map of the study area with an indication of the areas in which the baited lander and longline
were deployed (BC: Bari Canyon; Mn: Monopoli; SML: Santa Maria di Leuca).

Recent explorations have revealed the existence of new CWC habitats southward of
the Bari Canyon system in the area off Monopoli (Mn), where living colonies of M. oculata
have been collected [18]. This area is characterized by the presence of erosive features and
numerous shallowly incised and relatively straight canyons [33].

The northern Ionian Sea is characterized by the presence of the Santa Maria di Leuca
CWC province, the largest occurrence of a living CWC community known in the Mediter-
ranean [17,19]. Dead and living colonies of D. pertusum and M. oculata are distributed in an
area of about 1000 km2 at a depth between 300 and 1110 m [17,34,35].

2.2. Survey Methodology and Data Analysis

Data were collected using two different tools, namely an experimental bottom longline
and a baited lander in 3 VMEs characterized by the presence of CWC habitats along the
Apulian coast, which were the Bari Canyon (BC) CWC province, off Monopoli (Mn), and
the Santa Maria di Leuca (SML) CWC province (Figure 1). These sampling tools were used
as a part of different national and international projects carried out between 2010 and 2019.

Using a longline, a total of 53 deployments were carried out between 314 and 650 m
depths for a total time of about 217 fishing hours (Table 1). A commercial fishing vessel
was hired and equipped with a monofilament longline with 500 hooks and baited with
Sardina pilchardus as bait (see details in [18]). The soak time lasted about 4 h on average. The
abundance of the species collected in each deployment was standardized as the number of
individuals per hour of fishing on the seabed (N/h). Total length (TL) (mm) and sex were
recorded for each specimen collected with the longline.
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Table 1. Sampling data for each area and tool, with an indication of time of the day explored and
number of deployments realized in the depth strata (BC: Bari Canyon; Mn: Monopoli; SML: Santa
Maria di Leuca).

Depth Stratum (m)

300–499 500–699 700–899

Area Day Time Number of
Stations

Sampling
Hours (h)

Number of
Stations

Sampling
Hours (h)

Number of
Stations

Sampling
Hours (h)

Longline
BC Day 8 38 8 41 - -
Mn Day 7 24 9 32 - -

SML Day 8 32 13 51 - -

MEMO
Lander

BC
Day 5 27 1 16 2 17

Night 1 7 1 1 1 12

Mn
Day - - 3 16 1 5

Night 3 11 - - 1 6

SML
Day - - 4 31 4 24

Night - - 4 48 - -

Using the baited lander MEMO (Marine Environment MOnitoring system), 31 deploy-
ments were carried out between 427 and 792 m, for a total of 223 h of video recordings
(Table 1). The MEMO lander consisted of a stainless-steel frame (ø 2.15 m; h 1.65 m)
equipped with 2 video cameras (HD Multi Sea Cam) with two white LED lights, an elec-
tronic compass, inclinometer, and altimeter. There was a multiparametric probe for the
measurement of pressure, temperature, conductivity, oxygen, pH, and turbidity, as well
as a Doppler current meter, 4 Deep-Sea batteries (12 V-80 Ah), an acoustic modem, and
an electronic control unit (Communication Technology, Srl, Cesena, Italy) Ltd.) capable
of managing the entire system. On the seabed, the lander was linked by a zinc-coated
steel cable to buoys, which kept the cable under tension (back-up buoys), and then to a
surface floating buoy. The system was deployed to the seabed by winch and the surface
buoy remained connected for recovery [24]. During each deployment, the MEMO lander
was baited with fresh specimens of Scomber scombrus. The bait produces an odour plume
that attracts the benthopelagic fauna in the field of video cameras. The videos recorded
during each deployment were analyzed using Adobe Premier Pro software (version 8.1)
and the different species recorded by the baited lander MEMO were identified to the lower
taxonomical level using morphological characteristics. The taxonomic determination was
based on the comparison with the World Register of Marine Species (WoRMS) [36]. For
each species, MaxN was recorded as the maximum number of individuals of the same
species recorded at the same time in the field of the camera. MaxN per hour was used to
standardize the abundance as N/h in each deployment [29].

Non-metric multidimensional scaling (nMDS) ordination, based on a Bray–Curtis
dissimilarity matrix derived from the fourth root transformation of the data, was applied
to reveal multivariate patterns in the species assemblages [37]. In order to detect differ-
ences in the mean abundances of species amongst the three VMEs explored with the two
sampling tools, a permutational multivariate analysis of variance (PERMANOVA) based
on the Bray–Curtis dissimilarity matrix was conducted. PERMANOVA is a geometric
partitioning of variation across a multivariate data cloud, defined explicitly in the space
of a chosen dissimilarity measure in response to one or more factors in an analysis of
variance design [38]. PERMANOVA is used to test the simultaneous response of one or
more variables to one or more factors in an analysis of variance experimental design on the
basis of any resemblance measure using permutation methods. PERMANOVA provides
a useful statistical tool for the analysis of multivariate data on the basis of dissimilarity
measures, allowing for a rigorous meaningful analysis of high-dimensional systems [38,39].
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Similarity percentage analysis (SIMPER) was used to determine which species are
responsible for the dissimilarity among the CWC-VMEs [37,40]. SIMPER analysis is a
method used for comparisons among levels of a categorical variable, where the response
matrix is expressed as a distance matrix, particularly the Bray–Curtis dissimilarity mea-
sure [36,40]. It is an effective method for assessing which taxa are primarily responsible for
an observed difference between groups of samples. Statistical analyses were performed
using the software PRIMER 7 [41].

Length–frequency distributions were computed for the fish species Galeus melastomus,
Helicolenus dactylopterus, and Pagellus bogaraveo collected inside the CWC-VMEs using the
longline.

Using the lander MEMO, for the shark species, the presence of scars or distinctive
signs on the skin allowed us to discern different specimens. Therefore, for some identified
specimens, the number of returns of each of them and the time interval between each return
were counted and evaluated in some stations of the three VMEs. For all the specimens
returning in the field of the video cameras, the behaviour toward the bait was recorded as
no interaction (NI) toward the bait, exploring the bait (E), and feeding on the bait (F).

3. Results
3.1. Species Distribution and Abundance

A total of 37 taxa were recorded as follows (Table 2): 13 Chondrichthyes (seven species
observed with the MEMO lander and 11 collected with the longline) and 24 Osteichthyes
(16 recorded by the baited lander and 15 sampled with the longline); this last category was
observed with a higher frequency in all three VMEs using both the longline and baited
lander. The taxa observed in each VME with two sampling tools with an indication of
depth range are reported in Table 2. Using the lander MEMO, among sharks, Etmopterus
spinax showed a wide bathymetric range in all the VMEs, whereas Hexanchus griseus was
observed across a wide depth range in BC and SML. Concerning bony fishes, Conger conger
and Helicolenus dactylopterus showed a wide bathymetric distribution both in BC and SML,
whereas Pagellus bogaraveo was observed in a wide bathymetric range both in BC and Mn.
Of the 34 taxa recorded at the species level, only the species Hoplostetus mediterraneus is
not assessed in the IUCN Mediterranean Red List (Table 2). The species assessed as Least
Concern represented 60% of the species recorded by the two sampling tools, whereas
12% of the species are classified as Critically Endangered (Table 2). Elasmobranch were
the taxonomic group with the highest number of species classified in the most critical
level of IUCN Red Lists. Chimaera monstrosa and Dipturus oxyrinchus are classified as Near
Threatened, Dalatias licha as Vulnerable, and four species of cartilaginous fishes are classified
as Critically Endangered, namely Centrophorus granulosus, Leucoraja circularis, Leucoraja
fullonica, and Prionace glauca. Somniosus rostratus is classified as Data Deficient (Table 2).
Concerning the teleost fishes, Xiphias gladius and Merluccius merluccius are classified as Near
Threatened and Vulnerable, respectively, and three species are classified as Data Deficient,
namely Brama brama, Molva macrophthalma, and Polyprion americanus.

With regard to the abundance (N/h) of the taxa, using the MEMO lander, a total of four
chondrichthyes were observed in all the VMEs, namely C. granulosus, D. licha, E. spinax, and
H. griseus (Figure 2); D. licha was the most abundant species in both BC and Mn, whereas
the most abundant species in SML was H. griseus (Figure 2). Using the longline, E. spinax,
G. melastomus, and Pteroplatytrigon violacea were the only species collected in all VMEs, with
G. melastomus being the most abundant species recorded in all the VMEs (Figure 2).

Among the teleost, a total of six species (C. conger, Lepidopus caudatus, M. merluccius,
P. bogaraveo, P. blennoides, and Stomias boa) and the family Myctophidae were observed in
all the VMEs. P. bogaraveo was the most abundant species in all the VMEs, followed by C.
conger in BC and SML and M. merluccius in Mn (Figure 3). Using the longline, a total of nine
species (Brama brama, C. conger, H. dactylopterus, M. merluccius, Micromesistious poutassou,
Molva macrophthalma, P. bogaraveo, P. blennoides, and Polyprion americanus) were collected in
all the VMEs, and H. dactylopterus was the most abundant in each area.
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Table 2. Taxa recorded in each CWC-VME (BC: Bari Canyon; Mn: Monopoli; SML: Santa Maria di Leuca) with lander MEMO and longline, with indication of depth
range and conservation status according to IUCN Mediterranean Red List (CR: Critically Endangered; VU: Vulnerable; NT: Near Threatened; LC: Least Concern; DD:
Data Deficient).

Depth Range

Lander MEMO Longline

Area BC Mn SML BC Mn SML Red List
Category

Class Order Family Species
Chondroycthyes

Hexanchiformes Hexanchidae Hexanchus griseus (Bonnaterre, 1788) 443–787 576 547–792 - - - LC
Carcharhiniformes Pentanchidae Galeus melastomus Rafinesque, 1810 443–482 471–778 - 314–612 350–603 418–635 LC

Scyliorhinidae Scyliorhinus canicula (Linnaeus, 1758) - - - 376–402 - - LC
Carcharhinidae Prionace glauca (Linnaeus, 1758) - - - - - 455 CR

Squaliformes Dalatiidae Dalatias licha (Bonnaterre, 1788) 442–482 471–729 790 561 - - VU
Etmopteridae Etmopterus spinax (Linnaeus, 1758) 476–787 427–778 547–771 492–608 482–558 468–635 LC
Somniosidae Somniosus rostratus (Risso, 1827) 775 - - - - - DD

Centrophoridae Centrophorus granulosus
(Bloch & Schneider, 1801) 476–787 633–778 624 612 - 463–538 CR

Rajiformes Rajidae Dipturus oxyrinchus (Linnaeus, 1758) - 729 790–792 - - 538–600 NT
Leucoraja circularis (Couch, 1838) - - - - - 599 CR

Leucoraja fullonica (Linnaeus, 1758) - - - - - 529–599 CR
Myliobatiformes Dasyatidae Pteroplatytrigon violacea (Bonaparte, 1832) - - - 338–608 381 418–529 LC
Chimaeriformes Chimaeridae Chimaera monstrosa Linnaeus, 1758 - - - 608 504–519 - NT

Osteichthyes
Anguilliformes Congridae 446 427 - - - - -

Conger conger (Linnaeus, 1758) 443–788 576–778 547–792 314–612 350–603 418–635 LC
Beryciformes Trachichthyidae Hoplostetus mediterraneus Cuvier, 1829 577 - - - - - -

Carangiformes Carangidae Trachurus picturatus (Bowdich, 1825) - - - - 440 - LC
Xiphiidae Xiphias gladius Linnaeus, 1758 - - - - 519–538 418 NT

Gadiformes Gadidae Gadiculus argenteus Guichenot, 1850 446 - - - - - LC
Micromesistious poutassou (Risso, 1827) - - - 376–561 350–519 449–599 LC

Lotidae Molva macrophthalma (Rafinesque, 1810) - - - 612 504–538 463–570 DD
Macrouridae Hymenocephalus italicus Giglioli, 1884 - 440–633 - - - - LC

Myctophiformes Myctophidae 442–775 427–729 559–792 - - - -
Lampanyctus crocodilus (Risso, 1810) - - 547–620 - - - LC

Merlucciidae Merluccius merluccius (Linnaeus, 1758) 443–600 427–729 559–624 314–612 350–603 418–635 VU
Moridae Mora moro (Risso, 1810) - - - - - 635–635 LC
Phycidae Phycis blennoides (Brünnich, 1768) 476 471–778 547–790 338–612 350–603 449–635 LC

Notacanthiformes Notacanthidae Notacanthus bonaparte Risso, 1840 600 729 - - - - LC
Perciformes Trichiuridae Lepidopus caudatus (Euphrasen, 1788) 443–600 427–729 547–624 - - 449–463 LC

Polyprionidae Polyprion americanus
(Bloch & Schneider, 1801) 577–775 - 615–648 378–543 558 449–635 DD

Sparidae Pagellus bogaraveo (Brünnich, 1768) 442–787 427–778 547–559 402–612 350–505 455–598 LC
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Table 2. Cont.

Depth Range

Lander MEMO Longline

Area BC Mn SML BC Mn SML Red List
Category

Triglidae Trigla lyra Linnaeus, 1758 - - - 314–583 381–519 - LC
Scorpaeniformes Scorpaenidae Scorpaena elongata Cadenat, 1943 - - - 338–338 - - LC

Sebastidae Helicolenus dactylopterus
(Delaroche, 1809) 443–787 - 547–648 314–612 350–603 418–635 LC

Scombriformes Bramidae Brama brama (Bonnaterre, 1788) - - - 402–561 350–519 598 DD
Stomiiformes Stomiidae 482 576–610 - - - - -

Stomias boa (Risso, 1810) 476 576–610 559 - - - LC
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Figure 2. Mean abundance (N/h) of cartilaginous fishes recorded in three VMEs using MEMO baited
lander (a) and longline (b).

Although there was overlap between the areas observed using nMDS (Figure 4), PER-
MANOVA detected significant differences among the different CWC-VMEs and between
the two different sampling tools (Table 3). This latter difference can be obvious due to
the differences between the tools, but it is not the objective of the study. Regarding the
CWC-VMEs, highly significant differences were found between BC and SML and between
Mn and SML using both the MEMO lander and the longline (Table 4).
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Figure 3. Mean abundance (N/h) of Osteichthyes recorded in three VMEs using MEMO baited lander
(a) and longline (b).
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Figure 4. Non-metric multidimensional scaling (nMDS) plot of abundance, distinguishing among the
VMEs.

Table 3. Results of the permutational analysis of variance (PERMANOVA) investigating differences
between geographic areas and between sampling tools, based on Bray–Curtis dissimilarity matrix of
distances of abundance (N/h) of species (9999 permutations).

Source df SS MS Pseudo-F P (perm) Perms

tool 1 40,536 40,536 31.876 0.0001 9941

area 2 8201.8 4100.9 3.2248 0.0004 9919

toolxarea 2 11,452 5725.8 4.5025 0.0001 9924

res 78 99,192 1271.7

total 83 1.59 × 105

Table 4. Pairwise comparison of geographic area effect on the abundance indices of species (N/h)
collected with MEMO lander and longline based on non-parametric permutation test (9999 permuta-
tions) (* = p < 0.05).

Groups t P (perm) Unique Perms

Lander
BC, Mn 1.3757 0.0889 9324

BC, SML 1.7428 0.0147 * 9917
Mn, SML 2.5118 0.0007 * 9564

Longline
BC, Mn 1.3979 0.0556 9949

BC, SML 1.4325 0.0407 * 9947
Mn, SML 1.5139 0.0201 * 9942
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The SIMPER analysis highlighted that G. melastomus, H. dactylopterus, and P. blennoides
mostly contributed to the dissimilarity between the two sampling tools (Table 5). The
species that contribute to the dissimilarity between BC and Mn were G. melastomus, P.
bogaraveo, and C. conger, whereas the dissimilarity between BC an SML is due to P. bogaraveo,
M. merluccius, and G. melastomus (Table 6); lastly, the species P. bogaraveo, P. blenoides, and G.
melastomus mostly contribute to the difference between Mn and SML (Table 6).

Table 5. Results of similarity percentage (SIMPER) analysis of differences in species composition
between MEMO lander (MEMO) and longline (LL).

Species Group LAN
Av.Abund

Group
PALAv.Abund Av.Diss Diss/SD Contrib% Cum.%

Galeus melastomus 0.2 1.16 9.65 1.99 13.47 13.47
Helicolenus dactylopterus 0.24 1.19 9.07 2.03 12.66 26.12

Phycis blennoides 0.17 0.87 6.96 1.67 9.72 35.84
Merluccius merluccius 0.35 0.81 5.85 1.19 8.17 44.01

Pagellus bogaraveo 0.55 0.41 5.81 1.1 8,11 52.12

Groups MEMO and LL
Average dissimilarity = 71.66

Table 6. Results of similarity percentage (SIMPER) analysis of differences in species composition
between VMEs.

Groups Average
Dissimilarity

BC and Mn 44.24
BC and SML 46.85
Mn and SML 50.26

Species Group BC
Av.Abund

Group Mn
Av.Abund Av.Diss Diss/SD Contrib% Cum.%

Galeus melastomus 0.7 1.03 4.52 1.08 10.21 10.21
Pagellus bogaraveo 0.59 0.36 4.22 1.02 9.54 19.75

Conger conger 0.84 0.51 3.55 1.12 8.02 27.77
Phycis blennoides 0.62 0.72 3.52 1 7.95 35.72

Merluccius merluccius 0.66 0.78 3.38 0.94 7.64 43.36
Helicolenus dactylopterus 0.87 0.75 2.99 0.88 6.77 50.13

Species Group BC Av.
Abund

Group SML
Av.Abund

Pagellus bogaraveo 0.59 0.42 6.14 0.93 13.12 13.12
Merluccius merluccius 0.66 0.53 3.87 1.01 8.27 21.38

Galeus melastomus 0.7 0.73 3.5 0.94 7.48 28.86
Helicolenus dactylopterus 0.87 0.88 3.44 0.76 7.34 36.2

Phycis blennoides 0.62 0.52 3.18 0.88 6.78 42.98
Etmopterus spinax 0.19 0.27 2.73 0.83 5.83 48.82

Conger conger 0.84 0.88 2.58 0.67 5.52 54.33

Species Group Mn
Av.Abund

Group SML
Av.Abund

Pagellus bogaraveo 0.36 0.42 4.96 1.06 9.86 9.86
Phycis blennoides 0.72 0.52 4.06 1.06 8.08 17.94

Galeus melastomus 1.03 0.73 3.93 1.05 7.81 25.75
Conger conger 0.51 0.88 3.9 1.12 7.77 33.52

Merluccius merluccius 0.78 0.53 3.57 0.91 7.1 40.61
Helicolenus dactylopterus 0.75 0.88 3.42 0.83 6.81 47.43

Etmopterus spinax 0.26 0.27 3.07 0.92 6.11 53.53
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3.2. Size and Maturity

The size distributions of G. melastomus, H. dactyloptierus, and P. bogaraveo collected
inside BC, Mn, and SML VMEs with the longline are presented in Figures 5 and 6. G.
melastomus showed a wide size range in all VMEs, with a greater fraction of individuals
smaller than 400 mm in Mn and SML (Figure 5).
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H. dactylopterus was sampled with the widest size range in the SML VME. However,
the most abundant fraction of individuals was between 200 and 260 mm in all three areas
(Figure 6). P. bogaraveo was collected in a greater number of individuals, mostly smaller
than 320 mm, in SML (Figure 6).

The maturity stage of the gonads of Galeus melastomus, Helicolenus dactylopterus, and
Pagellus bogaraveo are presented in Figures 7 and 8.

A higher abundance of mature males of G. melastomus were collected in BC (Figure 7).
Mature males of H. dactylopterus were collected inside BC and SML, whereas in both areas,
immature and maturing females were collected in all three VMEs; moreover, spent individ-
uals of both sexes were collected in BC and SML VMEs (Figure 8). Mature individuals of
both females and males of P. bogaraveo were collected inside BC and SML VMEs (Figure 8).
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3.3. Behaviour

Observing the presence of scars or distinctive signs on the skin, it was possible to discern
different specimens of cartilaginous fish returning to the field of the video camera during the
same deployment (Table 7, Figure 9). Of the total 10 specimens of C. granulosus observed in
all the VMEs, only one, a male characterized by the presence of a white dot on the head, was
observed returning to explore the bait after 78 min in the deployment realized in Mn at a
729 m depth; moreover, the same specimen was already recorded in the deployment realized
one year before in the same VME at a 633 m depth, suggesting fidelity to the area. A total
of nine specimens of D. licha were recorded in all the deployments and six were observed
returning during the deployments. In the deployment realized in BC at a 442 m depth, a
female was observed returning after 45 min of video recording without interaction with the
bait, whereas in the deployment at a 446 m depth, a male was observed returning two times
after 60 min to feed on the bait and after 173 min of video recording without interaction
with the bait. In Mn, in the deployment realized at a 471 m depth, all the specimens of
D. licha returned in the field of view of the video camera. In particular, two females with
different patterns of marks on their skin returned two times without interaction with the
bait, whereas the male returned only one time 29 min after feeding on the bait; lastly, in
the station realized at a 633 m depth, a male of D. licha was observed returning after 7 min
without interaction with the bait. A total of four specimens of D. oxyinchus were recorded
in all the VMEs, and two of them were observed returning without interaction with the
bait during the deployments realized in Mn and SML at 729 and 792 m depths, respectively.
In particular, in Mn, a female was observed returning two times after 6 min in both cases,
whereas in SML, a male was observed returning three times after 24, 108, and 5 min of video
recording. A total of 11 specimens of H. griseus were recorded in all the VMEs, and three
were observed returning during the deployments. In BC at a 775 m depth, a specimen was
observed returning one time after 6 min of video recording and a feeding event on the bait,
whereas in the deployment realized in Mn at a 576 m depth, a big female was observed
returning eight times during the same deployment; in these returns, the specimen was
observed exploring the bait during the first arrival and then in the six subsequent returns, no
interaction with the bait was recorded until the penultimate return, in which the female fed
on the bait. Lastly, in SML at a 792 m depth, a specimen was observed to return twice after
8 min in both cases, and in the last return, it was observed to be feeding on bait. Somniosus
rostratus was recorded only in BC at a 775 m depth, and it was observed returning only one
time after 53 min of video recording to explore the bait.

Table 7. Shark specimen identification with indication of deployment characteristics, number of
returns of each specimen during deployment, and time interval between each return.

Species Specimen VME Depth
(m)

Number
of

Returns
Time Interval Between Each Return (m)

C. granulosus 1 male
Mn 729 1 78white dot

D. licha

no name 1 female BC 442 1 45
no name male BC 446 2 60 173

1 female black spot Mn 471 2 9 86
2 female

Mn 471 2 6 73no spot
1 male Mn 471 1 8

no name 1 Mn 633 1 7

D. xyrinchus no name 1 female Mn 729 2 6 6
no name 1 male SML 792 3 24 108 5

H. griseus
1 white little dot BC 775 1 6
no name female Mn 576 8 12 9 10 29 36 9 19 35

1 white spot on the head SML 792 2 8 8

S. rostratus no name BC 775 1 53
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4. Discussion

The utilization of two low-impact sampling techniques allowed for the collection of
new information on the distribution and abundance, size, and maturity of fishes associated
with deep CWC-VMEs along the Apulian margin. The use of a baited lander allowed for
the detection of species which can be barely sampled with traditional sampling tools and
provided observations on the behaviour of some cartilaginous fishes.

The faunal assemblages of the VMEs are representative of the deep Mediterranean
Sea and are also related to the presence of scavenger species attracted by the odour plume
produced by the baits. Although the presence of several species in common in all the VMEs,
differences among the VMEs could be explained by the different densities of some species.
The highly significant difference between BC and SML and between Mn and SML detected
by the MEMO lander can be explained with a higher abundance of sharks recorded both
in BC and Mn and by the absence of G. melastomus in the video recorded with the MEMO
lander in SML.
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Although a wide period of sampling (2010–2019) could be subjected to environmental
changes, the samplings for this study were conducted in deep sea habitats characterized by
stable environmental conditions and small fluctuations in the sea bottom temperature [42].
The VMEs explored are also characterized by occasional fishing pressure due to the presence
of conservation measures such as the FRAs instituted in BC and SML and the presence of
an irregular morphology of the seabed. Moreover, information on the species assemblages
of the trawlable muddy bottom of the northwestern Ionian Sea was collected by Maiorano
et al. [43], who found no significant variations in the distribution and abundance of the fish
species collected inside VMEs during the present study. Lastly, the species observed with
the MEMO lander and collected using the experimental longline are characterized by high
longevity that could minimizes the effects of a long period of sampling.

The most abundant teleost fish in all the VMEs explored with the MEMO lander
was P. bogaraveo, whereas in the same VMEs, using the experimental longline, the most
abundant species was H. dactylopterus. This could be due to the different depths and
period of the day explored with the two different sampling tools and the vertical migratory
behaviour of P. bogaraveo, which shows a shallower distribution during the daytime and a
deeper distribution due to migration during dusk and early nighttime [44,45]. Capezzuto
et al. [46] detected a relevant device effect for H. dactylopterus, showing higher abundances
for a longline than for a baited lander. This species is a typical sit-and-wait ambush
predator, feeding mainly on benthic crustaceans and fishes, as well as on planktonic
organisms [47]. H. dactylopterus is frequently associated with submarine canyons and CWC
habitats [6,26,48,49]. This species, in fact, is the most abundant species collected close to
corals in the eastern Ionian Sea [50], in the northwestern Ionian Sea CWC province [8], in the
Quirra Canyon (Tyrrhenian Sea) [51], and in French Mediterranean submarine canyons [52].
This habitat preference can be explained by the enhanced availability of zooplankton and
small crustaceans, which are suitable prey for H. dactylopterus [47,49].

Although M. merluccius is one of the most abundant species collected using the longline
in all the VMEs, its recorded abundances with the MEMO lander in the same VMEs were
low. This could be explained with the daily vertical migration carried out by this species
and the different period of the day explored with the two different sampling tools. M.
merluccius, in fact, feeds in mid-water or near the surface during the night and spends
extended periods of time near the seabed in the daytime [53,54]. Using both sampling
techniques, C. conger was recorded in all the VMEs explored in this study. This species is a
large opportunistic feeder, feeding mainly on bethopelagic and benthic prey, with fishes as
main prey group [55]. This species shows a preferential distribution in complex habitats
such as rocky bottom areas and those built by CWC [7,8,55].

Phycis blennoides was also observed with lower densities than those detected using
the longline in the same VMEs. This highlights the importance of using different low-
impact tools to have more complete information on the biodiversity of the megafauna in
heterogenous and complex deep sea sensitive habitats. The two sampling tools, in fact,
have a different efficacy and selectivity. The dimension of the hook used in the longline can
be selective in terms of species composition and dimension of the individuals, whereas the
presence of the lights on the baited lander could attract or lead to light avoidance in some
species. Given these differences, these sampling tools should be used simultaneously to
obtain reliable information on ichthyofauna biodiversity. However, the comparison of the
two tools is not an objective of this study.

P. bogaraveo showed a higher abundance of mature females in BC, whereas a higher
abundance of immature and maturing specimens was collected in Mn and SML. This
species seems to prefer complex habitats such as CWC, canyons, and seamounts, where
usually larger individuals are more abundant [8,44,56]. P. bogaraveo shows an ontogenetic
habitat shift with juveniles up to 180 mm in TL mainly distributed in shallower waters
and muddy bottoms, and larger individuals distributed in deeper water preferably charac-
terized by a three-dimensional habitat [56,57]. The residency of sub-adults and adults of P.
bogaraveo at the Condor seamount (Azores, mid-north Atlantic) was confirmed through
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acoustic telemetry [44]. The strict association of this species with CWC habitats was also
confirmed by D’Onghia et al. [8], comparing megafauna distribution in coral versus non
coral habitats; this species, in fact, was collected exclusively in coral habitats. P. bogaraveo,
moreover, was exclusively collected inside BC using the longline [58]. These findings
suggest that this species is more abundant in habitats less accessible to trawling such as
CWC habitats and canyons.

The fact that a male specimen of C. granulosus was recorded after one year in the same
VME off Monopoli is of crucial importance, since this can give an indication of some form
of site fidelity that this shark shows to the VME, in which it can find trophic resources or
protection from fishing activities carried out on surrounding muddy bottoms. C. granulosus
is a large deep-water shark that lives in the outer continental shelf and upper slope of the
Mediterranean Sea from 100 to 1200 m in depth and is classified as Critically Endangered
in this basin. It is a very active feeder and usually preys on teleost and squids [59,60].
D. licha, a shark classified as Vulnerable in the Mediterranean, was the species that was
observed returning most often in the same deployment, especially in Mn. This could be
due to the very slow swimming speed measured for this species [61], leading to very short
and limited movement from the MEMO lander and indicating probable fidelity to the area.
This may also be true for other species, such as H. griseus and D. oxyrinchus, but only a
greater number of observations could confirm the fidelity to the area.

The presence of commercial species and cartilaginous fishes and the presence of large
and sexually mature individuals of G. melastomus, H. dactylopterus, and P. bogaraveo in
all the VMEs confirm that the network of CWC-VMEs along the Apulian margin can
act as a network of refuge areas for some species exploited during fishing activities in
the surrounding muddy bottoms [5,7,8,18,58,62,63]. CWC communities and submarine
canyons indeed represent suitable areas in which these species can spend crucial phases of
the life cycle such as reproduction and spawning, thus providing an essential fish habitat
(EFH) for species threatened by anthropogenic impacts such as fishing activities carried
out on the seabeds surrounding the VMEs. Bottom trawling is one of the most important
anthropogenic threats to CWC ecosystems [6,13,64–66] but the indirect impact of habitat
destruction on the demersal resources is still poorly explored.

The main impact of trawling on CWC communities is mechanical damage and the de-
struction of the three-dimensional structures of the colonies. The impact of bottom trawling
on CWC habitats has been widely documented in the Atlantic and in the Mediterranean
Sea [13–15,35,67–71]. In SML, Savini et al. [35] recorded trawling traces using an ROV and
D’Onghia et al. [13] observed the presence of longlines entangled in corals and trawl scars
using towed cameras. In northwestern Sicily (southern Tyrrhenian Sea), the most important
anthropogenic impact on CWC habitats, observed using an ROV, was represented mainly
by longlines and ropes entangled with or hanging between rocks and organisms, causing
heavy impacts on the community [65]. In addition to the direct destruction caused by fish-
ing activities, bottom trawling alters the sedimentary condition through the resuspension
of large amount of sediment due to the mechanical effects of the fishing gear [69,70].

The governance of VMEs requires information regarding biodiversity and the presence
of endangered species and the identification and protection of habitats that can act as
spawning and nursery areas for these species [6,72]; this necessitates the utilization of
low-impact sampling methods in order to propose new and more effective conservation
measures. A baited lander is a low impact non-extractive sampling method, and its non-
destructive nature allows for its deployment in structurally complex habitats, such as CWC
communities and submarine canyons. A BRUVS is a passive sampling tool that enables
the investigation of the abundance and behaviour of rare and threatened species and
the exploration of sensitive and vulnerable habitats that could be damaged by traditional
sampling tools [21,24,73]. BRUVSs allow for the direct observation of species behaviour and
enable the analysis of macro- and megafauna interaction and feeding behaviour [23,27,74].
Lastly, the videos recorded by the benthic lander can be examined by different observers,
allowing for impartial and repeatable data collection [24,27,73]. However, some difficulties
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should be considered when using a baited lander. The precise positioning of a benthic
lander can be difficult, especially in complex habitats in which a free-falling lander could
miss the target. Moreover, a baited lander attracts principally scavenging species due to the
presence of the bait, which make a BRUVS a selective sampling tool [24]. Lastly, although
the videos are permanent and can be analyzed several times, the correct identification of
ichthyofauna to the species level can be difficult.

Currently, the conservation measures adopted for the CWC ecosystems along Apulian
coasts are the fishery-restricted areas (FRAs) established by the General Fishery Com-
mission for the Mediterranean (GFCM). In particular, the SML CWC province FRA was
established in 2007, whereas the BC CWC province FRA was established more recently in
2021. Although CWC ecosystems are included in the list of VMEs and in Annex I of the
Habitat Directive, none of the CWC areas along the Apulian margin have been designated
as a Natura 2000 site, which is an important European conservation tool based on the Habi-
tat (92/43/EEC) and Birds (2009/147/EEC) Directives [75,76]. The institution of a network
of high-sea marine protected areas and offshore Natura 2000 sites could represent a more
effective conservation measure that can ensure the protection of vulnerable ecosystems and
species in combination with the management of deep-water fishery resources.

5. Conclusions

In this study, two low-impact sampling tools were used to gain new insights into
ichthyofauna diversity and abundance in a network of CWC communities along the Apu-
lian margin. Using an experimental longline, H. dactylopterus was the most abundant species
in all the VMEs explored, whereas using a baited lander MEMO, P. bogaraveo was the most
abundant species. The presence of vulnerable/endangered and commercial species and the
large and sexually mature individuals of G. melastomus, H. dactylopterus, and P. bogaraveo
in all the VMEs confirm that the network of CWC-VMEs along the Apulian margin can
act as a network of refuge areas for some species exploited during fishing activities in
the surrounding muddy bottoms. These findings highlight the importance of effective
surveillance and the enhancement of conservation measures for deep sea ecosystems in
order to better protect CWC-VMEs.
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