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The Santa Maria di Leuca (SML) cold-water coral (CWC) province is a proposed priority conservation area
according to several conservation initiatives in the Mediterranean Sea. Part of it is a Fisheries Restricted
Area (FRA). Anthropogenic impacts due to fishing on this FRA were investigated using a towed camera
system during 2005. The geographic distribution of fishing effort in the SML CWC province was exam-
ined through an observers’ program of longline and trawl fishing activities during 2009 and 2010 and
Vessel Monitoring by satellite System (VMS) data from 2008 to 2013. Using the video system, it was
possible to observe evidence of impacts in the FRA due to longlines, proved by remains of lines on the
bottoms and/or entangled in corals, and those due to trawl nets, proved by trawl door scars on the
bottom. The application of Generalized Liner Models indicates that the impacts due to longline were
significantly related to a geographic site characterized by carbonate mounds while those from trawl net
were significantly related to the soft bottoms, consisting of bioturbated fine-grained sediments. The
presence of waste of various types was also observed in the FRA; plastic was the most widespread waste
and was significantly related to a macrohabitat characterized by the presence of corals.

The geographic distribution of fishing effort for each type of fishing were rather superimposed in the
two years of the observers' program and six years of VMS data with a significantly greater fishing effort
outside the FRA than inside this area. The trawlers generally fished on the muddy bottoms of the upper
and middle slope within the SML CWC province and near and inside the northward limit of the FRA. The
longliners fished mainly on the shelf in north and off the FRA. The coral by-catch was only recorded
during 2009 in 26% of the trawl hauls. No coral by-catch was recorded from longlining in either year. The
catches from longlining mainly consisted of Chelidonichthys lucerna, Merluccius merluccius and Conger
conger while those from trawling mostly consisted of Aristeus antennatus, Aristaeomorpha foliacea and M.
merluccius. The information collected during the observers' program and VMS data indicated greater
impact due to trawling than longlining. The conservation and effective management of this vulnerable
marine ecosystem remain difficult.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Cold-water coral (CWC) communities represent extensive three-
dimensional habitats that host a variety of faunal associations and
are used for shelter, feeding, spawning and as nursery areas by
valuable fish and invertebrates of commercial interest (e.g. Freiwald
’Onghia).

., et al., Anthropogenic im
onservation straits. Deep-Se
et al., 2004; Tursi et al., 2004; Roberts et al., 2009; Buhl-Mortensen
et al., 2010; D’Onghia et al., 2010; Baillon et al., 2012; Henry et al.,
2013). For these reasons these habitats are impacted by commercial
fishing (e.g. Rogers, 1999; Roberts et al., 2000; Fosså et al., 2002;
Hall-Spencer et al., 2002; Reed, 2002; Grehan et al., 2005; Wheeler
et al., 2005; Buhl-Mortensen et al., 2010; Söffker et al., 2011; Fabri
et al., 2014), generating a widespread alarming scientific consensus
on the need for their protection and conservation. In fact, due to the
slow recovery rates of corals, the habitats that they build are highly
vulnerable (e.g. Roberts, 2002; Morgan et al., 2005; DeVogelaere
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et al., 2005; Brock et al., 2009; Hourigan, 2009; Buhl-Mortensen
et al., 2010; Orejas et al., 2011a, 2011b; Lartaud et al., 2014). In this
respect, CWC have been included on the lists of Vulnerable Marine
Ecosystems (VME) (FAO, 2009) for which conservation constitutes a
global priority. Furthermore, since corals may provide Essential Fish
Habitat (EFH) for commercial fish and invertebrates (Mortensen
et al., 2005; Roberts et al., 2009; Mastrototaro et al., 2010; Baillon
et al., 2012; Henry et al., 2013), their protection could combine
biodiversity conservation and fisheries management objectives
according to the Ecosystem Approach to Fisheries (EAF) (Garcia
et al., 2003).

The impact of fishing on deep-sea coral communities has
mainly been documented in the Atlantic (e.g. Rogers, 1999;
Roberts et al., 2000; Duncan, 2001; Fosså et al., 2002; Hall-Spencer
et al., 2002; Reed, 2002; Grehan et al., 2005; Mortensen et al.,
2005; Wheeler et al., 2005; Durán Muñoz et al., 2011; Söffker et al.,
2011; Sampaio et al., 2012). However, some studies on this issue
have also been carried out in the Mediterranean (Orejas et al.,
2009; Madurell et al., 2012; Bo et al., 2014a, 2014b; Fabri et al.,
2014; Savini et al., 2014). The obvious impact of trawling on coral
communities is the mechanical damage caused by otter boards
and nets that destroy the three-dimensional structure of coral
colonies (Hall-Spencer, 2001; Buhl-Mortensen et al., 2010). Video
surveys carried out off West Norway show that deep-water coral
Fig. 1. Study area with indication of geographic sites (MS01–MS08) where video record
province inside and outside the FRA (Fisheries Restricted Area). Universal Transverse M
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reefs are reduced to rubble by towed fishing gear (Hall-Spencer,
2001). Other fishing gears, such as longlines and gillnets, can also
cause damage to coral reefs since they cause breakage of the
colonies (Lumsden et al., 2007; Orejas et al., 2009; Durán Muñoz
et al., 2011; D’Onghia et al., 2012; Sampaio et al., 2012; Bo et al.,
2014a). Furthermore, bottom trawl activity alters the hydro-
dynamic and sedimentary conditions, indirectly affecting corals
and the associated benthic fauna (Puig et al., 2012); in fact, coral
species, like all suspension feeders, are particularly vulnerable to
the effects of increased sedimentation (Rogers, 1999; Purser, 2015
and references therein).

Deep-sea coral communities characterized by the species
Madrepora oculata and Lophelia pertusa are also located in the deep
waters of the Mediterranean Sea but their distribution is still
incompletely known (Freiwald et al., 2009; Orejas et al., 2009; Lo
Iacono et al., 2012; Gori et al., 2013; Mytilineou et al., 2014;
Angeletti et al., 2014). These coral communities live at tempera-
tures ranging from 12.9 °C to 13.9 °C close to the upper limit for
many CWCs living at bathyal depths (Freiwald et al., 2009). Thus,
CWCs in the Mediterranean do not flourish as they do in the
Atlantic and their occurrence in the Mediterranean appears to be a
relic of a much more extensive distribution during the Pleistocene
(Pérès, 1985; Taviani et al., 2005; Wienberg et al., 2009). In addi-
tion to limiting hydrological conditions, the Mediterranean CWC
s were taken by MODUS/GAS-SCIPACK during the APLABES project in the SML CWC
ercator (UTM) projection (Zone 32 North with WGS84 datum).
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communities are also subject to various anthropogenic activities,
such as fishing and dumping of litter (Orejas et al., 2009; Coll et al.,
2010; D’Onghia et al., 2010; Indennidate et al., 2010; Ramirez-
Llodra et al., 2011; Madurell et al., 2012; Bo et al., 2014a; Fabri
et al., 2014; Savini et al., 2014).

The Santa Maria di Leuca (SML) CWC province represents an
example of living Madrepora-Lophelia-bearing coral mounds in
the Mediterranean Sea (Tursi et al., 2004; Freiwald et al., 2009;
Mastrototaro et al., 2010). Considering the impact of trawling and,
to a lesser extent, of other fishing gears on deep-sea coral com-
munities, in January 2006 the General Fisheries Commission for
the Mediterranean (GFCM) created the new legal category of
“Fisheries Restricted Area” (FRA) (Fig. 1). The FRA covers a part of
the SML CWC province. Towed dredges and bottom trawl nets
have been prohibited in the FRA. Members are required to call the
attention of the appropriate authorities in order to protect this FRA
from the impact of any other activity jeopardizing the conserva-
tion of the features that characterize the particular habitat (GFCM-
RAC/SPA, 2007). Although trawling is formally illegal, unauthor-
ized operations may still take place. In fact, after the establishment
of the FRA, Indennidate et al. (2010) recorded trawling activity
inside the northward limit of the FRA and Savini et al. (2014)
recorded trawling traces in the coral community.

The “deep-sea corals” habitat is reported on the list of priority
habitats present in Italy (Relini and Tursi, 2009) according to the
SPA/BIO protocol (Barcelona Convention) and the SML CWC pro-
vince is also included among the selected areas of conservation
interest in the open sea, including deep sea (Specially Protected
Areas of Mediterranean Importance) (SPAMIs) (UNEP-MAP RAC/
SPA, 2009, 2010; de Juan et al., 2012). The criteria of rarity,
importance for life history stages of species, importance for
threatened and endangered species/habitats, vulnerability, biolo-
gical diversity and naturalness, make this ecosystem a Sensitive
Habitat (SH) (de Juan and Lleonart, 2010). In this respect, the SML
CWC province is included in the proposed conservation plan of
“Vulnerable habitats” (de Juan and Lleonart, 2010). In addition, this
Mediterranean CWC area is also among the proposed priority
conservation areas according to several conservation initiatives
(e.g. UNEP MAP EBSA; CIESM/Mediterranean Marine Peace Parks;
Oceana/MedNet) (Oceana, 2011; Micheli et al., 2013).

The objective of this study is to provide a contribution to the
knowledge of the fishing activity in this CWC province and
anthropogenic impact in the FRA where mounds covered with
corals are mainly distributed in international waters. Three types
of data have been used in this work: video records, direct fishery
observations and Vessel Monitoring by satellite System (VMS). The
first type of data was taken during the APLABES project (Corselli,
2010); the second was collected during the observers' program
carried out in the context of the CoralFISH EU 7FP project
(Indennidate et al., 2010); the third type of data has been provided
by the Ministero delle Politiche Agricole Alimentari e Forestali
(MIPAAF) – Direzione Generale Pesca, which is the owner and user
in the Data Collection Framework for Fisheries Sector (http://ec.
europa.eu/fisheries/cfp/fishing_rules/data_collection/index_en.
htm). The second and third type of data were used in order to
provide exact locations of the commercial fishing operations and
allow the assessment of whether fishing gears are deployed on
coral mounds and sensitive beds or on neighboring sedimentary
bottoms outside the FRA. All the relevant results are presented in
relation to the present knowledge of the SML CWC province and
the relevant conservation perspectives for this rare and fragile
ecosystem.
Please cite this article as: D’Onghia, G., et al., Anthropogenic im
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2. Materials and methods

2.1. Study area, biodiversity and fishery resources

The SML CWC province, located along the Apulian margin, a
few miles off Cape Santa Maria di Leuca in the Northern Ionian Sea
(Central Mediterranean) (Fig. 1), is the widest and deepest known
deep-sea coral community in the Mediterranean (Freiwald et al.,
2009; Corselli, 2010). Living colonies of M. oculata and L. pertusa
have been collected between 425 and 1100 m in depth in the SML
CWC province (Tursi et al., 2004; Mastrototaro et al., 2010). The
westernmost presence of both M. oculata and L. pertusa in the SML
CWC province was recorded by Freiwald et al. (2009) using
QUEST4000 Remotely Operated Vehicle (ROV) during the HERMES
R/V Meteor M70-1 cruise. This presence refers to a vertical
escarpment which forms the eastern wall of a major canyon sys-
tem. Live Madrepora and Lophelia have been recorded at depths
between 670 and 744 m and 603–744 m, respectively (Freiwald
et al., 2009). Savini et al. (2014) have carried out habitat mapping
as part of the CoralFISH (www.eu-fp7-coralfish.net) and MAGIC
(www.magicproject.it) projects, providing indications of complex
topographic features over an area of about 2000 km2 between
about 120 and 1400 m in depth, including the Gallipoli escarp-
ment surveyed by Freiwald et al. (2009). The presence of CWCs
recorded by Freiwald et al. (2009) is far out to the west of the FRA,
confirming that this FRA covers only the eastern part of the SML
CWC province.

The benthic and benthopelagic fauna distributed in the SML
CWC province has been investigated using different sampling
techniques, from dredge to various fishing gears, from ROV to a
lander equipped with video cameras (Tursi et al., 2004; Longo
et al., 2005; Carlier et al., 2009; D’Onghia et al., 2010; Mastrototaro
et al., 2010; D’Onghia et al., 2011; Capezzuto et al., 2012; D’Onghia
et al., 2012; Mastrototaro et al., 2013, 2014). Indeed, the SML deep-
sea coral ecosystem represents a Mediterranean deep-water bio-
diversity “hotspot” which also plays an important role as a nursery
and spawning area for several benthopelagic commercial species
(Tursi et al., 2004; Mastrototaro et al., 2010, D’Onghia et al., 2010,
2011, 2012). To date a total of 257 species have been recorded in
the SML CWC province (D’Onghia et al., 2015 and references
therein). The complex seabed topography of the whole SML coral
province (especially where CWC occur), with the presence of fault
escarpments, arcuate head-scarps indenting the shelf break,
compression and extension ridges, mass-wasting deposits, coral-
mounds, hardgrounds and canyons (Savini et al., 2014), makes this
area unsuitable for safe commercial fishing. In fact, there is evi-
dence of attraction-refuge effects inside the coral area and fishing
effects outside (D’Onghia et al., 2010).

The most important ground-fish resources are represented by
the deep-water shrimps (Aristeus antennatus and Aristaeomorpha
foliacea) which can constitute up to about 60% in weight and 66%
in economic value of the total catch (Carlucci et al., 2003; D’Onghia
et al., 2005, 2009). Other important ground-fish resources are
hake (Merluccius merluccius), greater forkbeard (Phycis blennoides),
rockfish (Helicolenus dactylopterus), deep water rose shrimp
(Parapenaeus longirostris) and the Norway lobster (Nephrops nor-
vegicus) which can often provide an important contribution to the
whole catch (Tursi et al., 1994, 1998; D’Onghia et al., 1998, 2003;
Capezzuto et al., 2010; Maiorano et al., 2010). Some other com-
mercial deep-water species found in the area are anglerfish
(Lophius piscatorius and Lophius budegassa) and golden shrimps
Plesionika heterocarpus, Plesionika edwardsii and Plesionika martia
(Maiorano et al., 2002; Carlucci et al., 2009). The horned octopus
(Eledone cirrhosa) and squids, such as Illex coindetii and Todaropsis
eblanae, are the main cephalopod species caught by the trawl
nets (Tursi and D’Onghia, 1992). Longliners target hake, greater
pact in the Santa Maria di Leuca cold-water coral province
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forkbeard, blackspot seabream (Pagellus bogaraveo), bluntnose
sixgill shark (Hexanchus griseus), piper (Trigla lyra), tub gurnard
(Chelidonichthys lucerna), European conger (Conger conger), silver
scabbardfish (Lepidopus caudatus) and wreckfish (Polyprion amer-
icanus) (D’Onghia et al., 2000; Carbonara et al., 2003; Indennidate
et al., 2010; Capezzuto et al., 2010; Maiorano et al., 2010; D’Onghia
et al., 2012).

The presence of corals is known to the local fishermen who
experienced gear damage and losses, but they often fish close to
this area with the aim of catching large specimens. The habitat
related specific behavior of some fishes is used by fishermen to
target particular species. In fact, those working off Cape SML state
that the coral area is an attractive fishing ground for large indi-
viduals of blackspot seabream (D’Onghia et al., 2010, 2012).

2.2. Analysis of video records from APLABES project

Video observations were carried out using the GAS-SCIPACK
module connected to the MODUS vehicle (hereafter reported as
MGS) (Fig. S1), towed by the R/V UNIVERSITATIS during May 2005,
at 10 geographic sites of the SML coral province (Etiope et al.,
2010; Vertino et al., 2010) (Fig. 1). The MODUS vehicle was
equipped with horizontal and vertical thrusters and an umbilical
cable providing power supply and data transmission. The videos
examined herein were recorded by a video-camera (Deep Sea
Power and Light MULTI-SEACAM 2050 and DL 1040) mounted at
the base (“bottom camera”) of the GAS-SCIPACK module. This
camera was oriented vertically. Video recordings were made dur-
ing daylight hours. Only actual survey time (32 h 45 min from a
total of 44 h) was included in the present analysis, which excludes
the time spent when the MGS was in the water column very dis-
tant from the bottom or was out of focus and clouded by sediment.
Since the MGS systemwas not equipped with a proper underwater
positioning system, the survey track of this system was extra-
polated from the offset position of its cable at sea in relation to the
vessel DGPS antenna (Vertino et al., 2010; D’Onghia et al., 2011).
Since the system did not have a continuous size calibration tool, a
10 cm long ‘yellow tube’ was attached by a 2 m long rope to the
MGS frame. This helped in evaluating the width of the field of
view. This width was multiplied by the length of the MGS track in
order to obtain the surface area explored.

The mean, minimum and maximum depths as well as the
geographic coordinates and surface area explored for each site are
reported in Table 1. Two of these sites (MS04-Atlantis Mound and
MS06-Yellow Chain) were accurately mapped and described in
Vertino et al. (2010). In each of them, a total of 7 main benthic
macrohabitats were identified according to these authors (op. cit.):
1-CF: Coral Framework; 2-LCF: Loose Coral Framework; 3-CF/H:
Coral Framework and Hardground; 4-H: Hardground crusts and
Table 1
Mean, minimum and maximum depth, geographic coordinates (start and end), and area
GAS-SCIPACK system inside and outside the FRA during the APLABES project.

Depth (m) Start

Site Mean Min Max Latitude

MS01 759 729 819 39°27.2960N
MS02 1143 1102 1179 39°24.4610N
MS03 790 775 810 39°33.1060N
MS03 bis 771 717 804 39°32.8270N
MS04 648 631 663 39°36.7610N
MS04 bis 629 613 634 39°36.4630N
MS05 453 386 498 39°35.8580N
MS06 519 495 556 39°35.2070N
MS07 906 895 919 39°30.7480N
MS08 542 547 539 39°33.2690N
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boulders; 5-CR: Coral Rubble; 6-BR: Buried Rubble; 7-BS: Biotur-
bated fine-grained Sediment. The video recordings were used to
identify and quantify fishing impact on each benthic macrohabitat
identified at each geographic site. In addition to the impact of
fishing, the presence of waste was also recorded and quantified.
The various typologies identified were classified as: can (C), cloth
(Cl), glass (Gl), plastic (P) and mixed (M). The examined areas
(expressed in m2) by geographic site and macrohabitat are
reported in Table 2.

In order to evaluate the differences in the observed fishing
impacts between geographic sites and macrohabitats in the FRA,
including the MS08 geographic site, logistic regression was used to
model data related to each gear. The same method was applied to
data concerning the number of wastes as total and as plastic
material. The logistic regression models (or logit models) are
Generalized Linear Models, GLMs (Agresti, 2002) with binomial
errors and logit link and are used to describe the relationship
between a dichotomous response and a set of predictors. For the
case study, the number of impacts of both longline and trawl data,
as well as the number of wastes, were converted into presence/
absence variables, thus identifying observations in which fishing
impacts or wastes were recorded. Given the probability of the
presence of fishing impact or waste p¼ PrðY ¼ 1jX ¼ xÞ for the i-th
observation, the logistic regression model is formally given by:

log itðpiÞ ¼ log
pi

1� pi

� �
¼ þβ0þβ1xi;hþβ2xi;s i¼ 1; :::n

where β0 is an intercept term, β1, β2 are regression coefficients to
be estimated associated to xh and xs factors which indicate the
macrohabitat and the geographic site of the i-th observation,
respectively. Logistic models were performed by means of the glm

() function of the R software (R Core Team, 2014).

2.3. Observers' program from the CoralFISH project

The fisheries belonging to the marine administrative district of
Gallipoli (Compartimento Marittimo di Gallipoli) operate to the
North–West of the SML coral province (D’Onghia et al., 2010). The
SML fishery is a small one consisting of about seven or eight
trawlers and one or two longliners, all smaller than 10 gross
tonnage, as well as about 10 small-scale fishing boats operating
mostly with trammel nets in coastal waters. Fishing occurs from
Monday to Friday during day-light hours only. Both trawlers and
longliners generally work on daily trips; they set off at 03.00–
04.00 h in the morning and return to harbor at 15.00–16.00 h or at
18.00–19.00 h in winter and summer, respectively. Commercial
hauls are carried out at different depths, generally from 100 to
800 m. Fishing is not allowed at night or weekends.
(m2) of video recording of the non-linear transects carried out using the MODUS/

End Area (m2)

Longitude Latitude Longitude

18°25.2980E 39°27.6430N 18°23.7890E 5265.09
18°21.4840E 39°24.7670N 18°20.8560E 1384.94
18°32.1380E 39°32.9140N 18°31.5010E 2263.11
18°30.9940E 39°32.8580N 18°29.5100E 1760.86
18°30.5710E 39°36.6960N 18°30.3780E 1131.32
18°28.1500E 39°36.5130N 18°27.5110E 1592.00
18°24.0270E 39°37.3470N 18°22.6360E 4363.19
18°23.3500E 39°35.0150N 18°23.3790E 4975.88
18°35.7360E 39°30.8070N 18°35.6710E 1180.87
18°13.2790E 39°33.3160N 18°13.2920E 636.69
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Table 2
Area (m2) covered by video recording, absolute number of fishing impacts (Fi) and wastes (W) identified at each geographic site and benthic macrohabitat inside and outside
the FRA. Fishing impacts typology: Longline (L), Trawl net (Tn). Waste typology: Can (C), Cloth (Cl), Glass (Gl), Mixed (M), Plastic (P). Benthic macrohabitat: Coral Framework
(CF), Loose Coral Framework (LCF), Coral Framework and Hardground (CF/H), Coral Rubble (CR), Buried Rubble (BR), Bioturbated fine-grained Sediment (BS), Hardground
crusts and boulders (H).

Geographic site Benthic macrohabitat Total

CF LCF CF/H CR BR BS H

MS01 m2 – 20.38 2.13 – 480.33 4728.79 33.46 5265.09
Fi – 0 0 – 1L 1Tn 0 1L/1Tn
W – 1P 0 1P 1Gl 1C/1Gl/2P 0 1C/2Gl/4P

MS02 m2 – – – – 683.82 664.13 37.00 1384.94
Fi – – – – 0 0 0 0
W – – – – 1Gl 0 0 1Gl

MS03 m2 145.31 358.44 24.85 184.91 90.98 1433.76 24.85 2263.11
Fi 0 2L 0 0 0 1Tn 0 2L/1Tn
W 0 1P 1P 0 0 0 0 2P

MS03 bis m2 22.08 75.18 5.37 90.70 34.01 1521.59 11.93 1760.86
Fi 0 0 0 0 0 1L/1Tn 0 1L/1Tn
W 0 0 0 0 0 2P 0 2P

MS04 m2 93.39 330.67 16.73 45.02 52.63 440.79 152.10 1131.32
Fi 0 0 0 0 1L 0 0 1L
W 0 4P 0 0 0 0 0 4P

MS04 bis m2 – 34.01 – 21.48 71.60 1454.75 10.14 1592.00
Fi – 0 – 0 1Tn 1Tn 0 2Tn
W – 0 – 1C 0 0 0 1C

MS05 m2 – – – – 3.77 4359.42 4363.19
Fi – – – – 0 15Tn – 15Tn
W – – – – 0 1Gl – 1Gl

MS06 m2 140.22 778.69 281.05 143.80 701.72 2737.66 192.73 4975.88
Fi 0 2L 2L 1L 3L 6L/2Tn 2L 16L/2Tn
W 0 3Cl/1M/10P 0 1P 1Cl 0 0 4Cl/1M/11P

MS07 m2 – – – – 660.55 520.32 – 1180.87
Fi – – – – 0 0 – 0
W – – – – 0 0 – 0

MS08 m2 – 49.28 – 87.31 49.28 437.74 13.08 636.69
Fi – 0 – 0 0 1L 0 1L
W – 2P 0 0 0 1Gl 0 1Gl/2P

Total m2 401.01 1646.66 330.13 573.22 2828.69 18298.95 475.30 24553.95
Fi 0 4L 2L 1L 5L/1Tn 8L/21Tn 2L 22L/22Tn
W 0 3Cl/1M/18P 1P 1C/2P 1Cl/2Gl 1C/3Gl/4P 0 2C/4Cl/5Gl/1M/25P

– macrohabitat not observed.
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Data for commercial fishing were collected from June to Octo-
ber during 2009 and 2010. These months were selected since the
good sea-weather conditions allow vessels to fish on deep-sea
bottoms more distant from the coast. Fishing effort and catch
composition data were collected for longlines and trawl nets. The
trawlers are equipped with the commercial bottom trawl net. The
longliners are generally equipped with about 4 km of monofila-
ment longline with about 700 hooks and snoods of 2.5 m in
length. The type of hook employed is the J-hook 7 and they are
usually baited with Sardina pilchardus. Fishermen deploy 3–4
longlines during each fishing day. Set time is generally between
3 and 5 h for each of them. The trawlers are equipped with a nylon
otter-trawl net with 50 mm stretched mesh in the cod-end. The
vessel speed during the tow is maintained at 2.5–2.8 knots. Tow
duration is around 4 h.

Fishermen compiled effort and catch sheets prepared by the
authors. Moreover, fishermen allowed additional on-board obser-
vations by authors every 15 days during fishing operations in order
to monitor effort and catch data and to check compilation of the
sheets. Fishing effort was measured as fishing days per month
both for longliners and trawlers. In particular, fishing days per
month was obtained by summing the number of working days of
each vessel recorded each month in the SML fishery. The following
effort-catch data were collected:

– fishing zone with indication of depth, latitude and longitude;
– date and time of fishing, set time in hours and number of hooks

(if longliner), haul time (if trawler), sea-weather conditions;
Please cite this article as: D’Onghia, G., et al., Anthropogenic im
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– species captured, both commercial and discard, expressed as
Catch Per Unit Effort (CPUE) in kg/1000 hooks for longlines and
kg/hour for trawl nets;

– any by-catch of corals or other invertebrates.

Taking into account the depth range of fishing activity in the
study area, three depth strata (10–200 m; 201–500 m; 501–
800 m) were considered in order to evaluate the distribution of
fishing effort (hour) by depth for both longliners and trawlers.

In order to evaluate the differences in terms of fishing effort
between areas inside and outside the FRA, a single-sample pro-
portion test using the prop.test function of the R software was
applied separately for each gear. The test calculates a chi-squared
statistic that is equivalent to the traditional z-test of proportion.
Given the total number of fishing hours inside and outside the FRA
for each gear and for each year, we tested the null hypothesis that
the proportion of minutes, inside the FRA over the total fishing
time for each year was the same of that outside.

2.4. Analysis of Vessel Monitoring by satellite System (VMS)

In order to evaluate the amount of fishing activity in the SML
fishery as well as in the FRA, an explorative analysis of vessels
trajectories operating in the study area between 2008 and 2013
was conducted. Data were taken from the VMS, which was
introduced in 2002 by the European Union (EC, 2002) and was
mandatory for vessels with length over all (LOA) Z24 m; suc-
cessively, the VMS was mandatory for LOAZ18 m in 2004, for
pact in the Santa Maria di Leuca cold-water coral province
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Fig. 2. Fishing impacts and wastes identified at some geographic sites and benthic macrohabitats in the FRA. Fishing impacts typology: Longline (L), Trawl net (Tn). Waste
typology: Can (C), Glass (Gl), Mixed (M), Plastic (P). Benthic macrohabitat: Loose Coral Framework (LCF), Coral Framework and Hardground (CF/H), Buried Rubble (BR),
Bioturbated fine-grained Sediment (BS).
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Fig. 3. Area covered by video records (m2) and standardized number (N/10 m2) of
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LOAZ15 m in 2005 and for LOAZ12 m in 2012 (Russo et al.,
2013). This kind of data concerned information about positions,
speeds and courses of each vessel allowing a complete recon-
struction of fishing activities in the area at both spatial and tem-
poral scales. Standard procedures were applied for data cleaning,
identification of fishing trips, and interpolation (Russo et al.,
2011a). Furthermore, data were classified according to their fishing
techniques (Level 4 Metier, corresponding to gear used, following
the EU aggregation of Fishing Activity, available at http://eur-lex.
europa.eu/LexUriServ/LexUriServ.do?uri¼OJ:L:2008:346:0037:00
88:EN:PDF#page¼23), using logbook and vessel register data
(Russo et al., 2011b). At the end of these procedures, data con-
cerning the Northern Ionian Sea and vessels that performed trawls
(OTB) and longlines (LLS) were selected and hauls positions were
identified using a speed filter. To ensure the representativeness of
fishing activities in the area, fishing points were associated to a
speed range of 2–3 knots for both OTB and LLS.

The purpose of the analysis was to produce a preliminary
description of the fishing activities by calculating the number of
vessels for each fishing technique and year operating in the area,
as well as obtaining the spatial representations of the fishing
effort.

The analysis was implemented using the R software (R Core
Team, 2014), especially by means of basic functions of the
VMSbase R package (Russo et al., 2014), which represents a pow-
erful tool for the high resolution analyses of fishing activity and
quantitative evaluations of fishing effort.
fishing impacts for each gear (longline and trawl net) (A) and standardized number
of wastes (B) identified at different geographic sites inside and outside the FRA. Can
(C), Cloth (Cl), Glass (Gl), Mixed (M), Plastic (P).

Table 3
ANOVA results of logistic regression models for fishing impacts (longline and trawl)
and wastes data. df¼degrees of freedom; SS¼Sum of Squares; MS¼Mean Square;
F¼F-statistic values.

df SS MS F p-Value

Longline
Habitat 6 0.443 0.074 0.636 0.700
Site 9 4.191 0.466 4.013 0.001
Residual 34 3.946 0.116
Trawl
Habitat 6 2.720 0.453 6.826 o0.001
Site 9 1.042 0.116 1.743 0.117
Residual 34 2.256 0.066
Waste
Habitat 6 2.438 0.406 2.033 0.088
Site 9 1.265 0.140 0.703 0.702
Residual 34 6.797 0.199
Plastic
Habitat 6 2.718 0.453 3.842 0.005
Site 9 0.653 0.073 0.616 0.775
Residual 34 4.009 0.118
3. Results

3.1. Analysis of video records from APLABES project

The fishing impact due to both longlines and trawl nets are
widespread in the FRA (Table 2 and Fig. 2). The number of impacts
due to longline was the same of those due to trawl net. The
greatest number of longline remains standardised to unit area
(N/10 m2) was observed at the MS06-Yellow Chain geographic site
(Fig. 3A) which comprises several elongated reliefs up to 25 m
high characterized by the presence of living coral colonies (Vertino
et al., 2010). Other geographic sites where longline remains were
observed are located in the northern-central areas (MS03, MS04)
and outside the FRA (MS08). The application of the logistic
regression models indicates that the impacts due to longline were
significantly related to geographic sites (Table 3).

The impacts due to trawl nets are proved by trawl door scars on
the bottom (Table 2 and Fig. 3A). The scars were mostly observed
at MS05 (Fig. 3A) which is the northernmost geographic site
mainly characterized by fine-grained sediment covering sediment
blocks and more regular bottoms suitable for trawling. Other trawl
net signs, standardised to unit area (N/10 m2), were shown in
MS04bis and, to lesser extent, in MS03bis, MS03, MS06 and MS01
(Fig. 3A). The results of fitted logit models indicate that the
impacts due to trawl net were significantly related to the habitat
(Table 3), consisting in bioturbated fine-grained sediments (BS)
(Table 2).

The presence of waste of various types was observed at almost
all geographic sites; however, plastic was the most widespread
waste (Table 2 and Fig. 3B). A glass bottle was also observed at a
depth greater than 1100 m at MS02. However, the number of
wastes in total was not significantly related to either geographic
site or typology of macrohabitat (Table 3) while the number of
plastic materials was significantly related to the habitat (Table 3),
consisting in Loose Coral Framework (LCF) (Table 2).
Please cite this article as: D’Onghia, G., et al., Anthropogenic im
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3.2. Observers' program from CoralFISH project

A maximum of seven trawlers and one longliner were con-
sistently recorded fishing in the SML fishery during 2009 and a
maximum of four trawlers and one longliner during 2010. The
number of fishing days per month varied largely throughout the
investigated period according to the sea-weather conditions and
to the fact that some vessels shifted their fishing activity towards
the Gallipoli fishery (Table 4). The geographic distributions of
fishing hauls were rather superimposed in the two years for each
type of fishing (Figs. 4 and 5). The longliners fished mainly on the
shelf (o200 m) and, to a lesser extent, between 200 and 500 m,
on a broad longitudinal gradient north of the FRA; it only carried
out two hauls during 2010 in the FRA at depths greater than 500 m
pact in the Santa Maria di Leuca cold-water coral province
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Table 4
Fishing effort in total number (N) of days and vessels per month and gear recorded in SML fishery during the “Observers’ Program”.

June July August September October

2009 N days N vessels N days N vessels N days N vessels N days N vessels N days N vessels
Trawl net 32 4 46 7 29 6 Closed season 18 3
Longline 16 1 12 1 8 1 15 1 5 1
2010
Trawl net 30 4 74 4 43 4 Closed season 24 4
Longline 4 1 12 1 13 1 11 1 2 1

Fig. 4. Distribution of the fishing hauls recorded in the Santa Maria di Leuca fishery during the “Observers’ Program” (2009).
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(Figs. 5 and 6). The trawlers generally fished on the muddy bot-
toms near and inside the northward limit of the FRA (Figs. 4 and
5). Most of the trawl hauls were carried out between the upper
and middle slope with a change of fishing time in the depth strata
of 200–500 m and 500–800 m between 2009 and 2010 (Fig. 6).
The proportion test indicates that the fishing effort was sig-
nificantly greater outside the FRA for both gears and years
(Table 5).

Average CPUE (kg/h and kg/1000 hooks) of the most abundant
species obtained during 2009 and 2010 are presented in Fig. 7.
The catches from trawling mostly consisted of M. merluccius,
A. antennatus, I. coindetii, L. budegassa and A. foliacea in 2009 and A.
antennatus, Hoplostethus mediterraneus (discard species) and M.
Please cite this article as: D’Onghia, G., et al., Anthropogenic im
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merluccius in 2010 while those from longlining were mainly made
up of C. lucerna, M. merluccius and C. conger in 2009 and M. mer-
luccius, C. lucerna, C. conger and L. caudatus in 2010. The coral by-
catch, mostly as fragments, was only recorded in 26% of the hauls
from trawling during 2009. No coral by-catch was recorded from
longlining in either year.

3.3. Analysis of Vessel Monitoring by satellite System (VMS)

The number of vessels for each fishing technique and year
operating in the area is reported in Table 6. The spatial repre-
sentations of the fishing effort (log transformed number of fishing
hours) obtained from VMS data for both OTB and LLS is presented
pact in the Santa Maria di Leuca cold-water coral province
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Fig. 5. Distribution of the fishing hauls recorded in the Santa Maria di Leuca fishery during the “Observers’ Program” (2010).

Fig. 6. Fishing time by depth stratum and year of longliners and trawlers recorded inside (IN) and outside (OUT) the FRA.

Table 5
Results of proportion test for fishing time inside and outside the FRA (H0: π ¼ 0:5).

estimated π 95% CI χ2 p-Value

2009 Longline 0.000 0.000 0.001 27960.00 o0.001
Trawl net 0.381 0.000 0.384 3295.74 o0.001
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in Fig. 8. The geographic distribution of fishing effort for each type
of fishing were rather superimposed during the examined period
(2008–2013). The trawlers generally fished at north and within the
SML CWC province as well as near and inside the northward limit
of the FRA. The longliners mainly fished on the shelf at north the
SML CWC province and off the FRA.
2010 Longline 0.048 0.000 0.049 22067.12 o0.001
Trawl net 0.461 0.000 0.046 486.99 o0.001
4. Discussion

The results of this work regard data collected both before
(video survey) and after (observers' program and VMS data) the
institution of the FRA in the SML CWC province. During the video
Please cite this article as: D’Onghia, G., et al., Anthropogenic im
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survey, the same number of impacts due to longline and trawl net
was recorded; however, the impacts due to longlines were sig-
nificantly related to a geographic site characterized by coral
pact in the Santa Maria di Leuca cold-water coral province
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Fig. 7. Average CPUE (kg/h and kg/1000 hooks) of the most abundant species collected in the Santa Maria di Leuca fishery during the “Observers’ Program” in 2009 and 2010.

Table 6
Number of vessels per year and fishing technique (trawlers¼OTB; longliners¼LLS)
recorded in the Gallipoli and SML fisheries by VMS.

Year Metiér

OTB LLS

2008 44 1
2009 44 1
2010 61 1
2011 51 7
2012 48 2
2013 43 1
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mounds (MS06) while those from trawl nets were significantly
related to fine-grained sediments (Table 2). The presence of waste
was observed to be rather widespread in the examined area as the
number of disposals was not significantly related to either the
geographic site or the typology of macrohabitat. Plastic was the
most widespread waste and the number of plastic materials was
significantly related to the LCF macrohabitat (Table 2).

Observations on the anthropogenic impact in the SML CWC
province have been recently reported by Savini et al. (2014). These
authors refer to data collected during 2004 using three MGS video
cameras for MS04, MS06 and MS08 geographic sites and during
Please cite this article as: D’Onghia, G., et al., Anthropogenic im
(Mediterranean Sea): Observations and conservation straits. Deep-Se
2006 using the MARUM ROV “QUEST 4000” (Freiwald et al., 2009)
for another geographic site (“Reef ABC”). Although these authors
reported a different classification for both macrohabitats and
impacts, they revealed the greatest number of impacts, mostly due
to fishing line and waste, in the MS06 geographic site, as in the
present study. Moreover, they identified trawling traces exclu-
sively within mud-dominated sediments and the greatest abun-
dance of waste, mostly represented by plastic, in coral-dominated
habitats, as in the present study.

In our opinion, the distribution of trawl net impact is due to the
typology of this fishing gear which requires a regular soft bottom
to fish properly while the distribution of longline impact should be
mostly related to coral mounds which seem to influence the dis-
tribution of benthopelagic fish fauna and valuable commercial
species, such as the blackspot seabream, in the examined area
(D’Onghia et al., 2010, 2011, 2012). Thus, fishing lines can be found
entangled on coral branches, coral fragments and boulders, as well
as dispersed by strong bottom currents on different types of bot-
tom in mound and intermound areas. However, the longline
impacts reported in the present study and regarding different
macrohabitats (Table 2) refer to observations carried out in May
2005, before the FRA establishment. Although the VMS data
related to longliners indicate no fishing activity in the FRA from
2008 to 2013, it would be necessary a video check of the present
pact in the Santa Maria di Leuca cold-water coral province
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Fig. 8. Spatial representations of the fishing effort (log transformed number of fishing hours) obtained from VMS data of trawlers (OTB) and longliners (LLS) in the Gallipoli
and SML fisheries.
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situation, even because VMS data for trawling indicate fishing
exploitation inside the FRA for the same period.

The distribution of plastic, glass bottles, metal cans and nylon
rope in the examined area, can be due both to fishing vessels and
ships that sail across the Mediterranean, although the disposal of
all litter (except food waste) is prohibited in this basin (Galil et al.,
1995). In agreement with Galgani et al. (1996) and Savini et al.
(2014), the high abundance of plastic bags in LCF habitat could be
probably related to the “trapping effect” of coral branches on light
material moved by bottom currents.

The fishing effort of longliners was significantly greater outside
the FRA, because longlines can catch on the shelf valuable com-
mercial species, such asM. merluccius and C. lucerna, and this latter
has never been collected inside the coral area (D’Onghia et al.,
2010, 2012). Even though some valuable commercial species, such
as P. bogaraveo and H. dactylopterus, could be caught with greater
abundance and sizes in the FRA (D’Onghia et al., 2010, 2012), this is
distant from the coast and a thicker longline would need to be
used since coral areas are very rough grounds and can basically
tear the thinner longlines.

Also trawling effort was significantly greater outside the FRA;
however, trawling took also place inside the fisheries restricted
area as indicated by both the observers' program and VMS data.
This is due to the fact that the most important fishery resources
captured by trawling, the deep-water shrimps A. antennatus and A.
foliacea, are distributed on the slope, between 300 and 800 m, a
depth range inside the FRA. Indeed, fishing operations by trawlers
occur in the depth range of the highest biomass and sizes of deep-
water shrimps (D’Onghia et al., 2005, 2009). Moreover, fishing
operations by trawling very close to or even inside the northward
limit of the FRA seem to be adopted with the aim of obtaining
greater catches and a greater number of large specimens of fish
species which find refuge in the coral area. In fact, several com-
mercial species can be collected with greater abundance inside the
coral area than outside (D’Onghia et al., 2010, 2012). Thus, both the
observers' program and VMS data proved that trawlers still often
fish inside the FRA.

The coral by-catch was only due to trawling during 2009 most
probably because trawling was also carried out only during this
year in the upper part of a canyon located in the SML CWC pro-
vince at west of the FRA and characterized by the presence of
corals (see the easternmost red dots in Fig. 4). However, we cannot
exclude that coral by-catch also occurred during 2010 but it was
not reported by fishermen in relation to the increased conversa-
tion with researchers on the importance of CWC for the deep-sea
ecosystem and the relevant fishery resources. In addition, this
could explain the change of the fishing time of trawlers reported
by fishermen from the deeper depth stratum of 500–800 m
towards the shallower of 200–500 m between 2009 and 2010.

Considering the coral by-catch recorded during the observers'
program and the fishing effort distribution recorded using VMS,
trawling seems to be the main cause of both indirect and direct
fishing impact in the FRA. Since trawling can be carried out on
muddy bottoms within intermound areas, the indirect impact
could be due to the alterations of the hydrodynamic and sedi-
mentary conditions as well as to the increase in sediment sus-
pension which could affect corals and associated benthic species in
neighboring coral mounds (Rogers, 1999; Buhl-Mortensen et al.,
2010; Puig et al., 2012; Purser, 2015 and references therein). The
direct impact is due to the mechanical breakage proved through
coral by-catch during 2009.

The direct effect of fishing on the demersal resources has been
assessed for several stocks in the Northern Ionian Sea (e.g. D’Onghia
et al., 1995, 1998, 2005; Maiorano et al., 2010) but the indirect effect
of habitat degradation upon stocks is still unknown. Considering the
role of the SML coral province and the FRA as a partial refuge from
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fishing, the fishing activity in this sensitive area can cause both
direct effects of fishing on the stocks and indirect effects of fishing
on the habitat (and probably direct as in 2009), which then impact
upon stocks (Armstrong and Falk-Petersen, 2008; Armstrong et al.,
2009). Indeed, overexploitation and marine habitat loss are the
main human impacts presently occurring throughout the Medi-
terranean Sea (Coll et al., 2010). The morphology of the upper
continental slope could be altered and the habitat complexity could
be markedly reduced by intensive bottom trawling, producing
comparable effects on the deep sea floor to those generated by
agricultural ploughing on land (Puig et al., 2012).

As reported in the introduction, an FRA has been established in
the SML CWC province in order to forbid fishing with towed
dredges and bottom trawl nets specifically to protect the coral
mounds. The GFCM recommends members to notify the appro-
priate authorities in order to protect this ecosystem from the
impact of any other activities jeopardizing conservation of the
features that characterize this particular habitat. Furthermore, the
SML CWC province is also among the areas that have been selected
by a majority of the conservation initiatives and is, consequently,
an area with a strong international consensus for conservation
objectives (Micheli et al., 2013). de Juan and Lleonart (2010) report
that the establishment of a network of Marine Protected Areas
(MPAs) for 12 Mediterranean sites in international waters,
including the SML coral province, strictly controlled by the existing
management bodies (i.e. GFCM and International Commission for
Conservation of Atlantic Tunas, ICCAT) and with the support of
Non Governative Organizations (NGOs) seems the most feasible
measure for adopting an EAF in the Mediterranean. Identification
of threats to biodiversity, habitats and ecosystem functions is
crucial in MPAs planning (Giakoumi et al., 2012). Since fishing
affects the whole ecosystem and not only the target species, the
idea of MPAs as fishery management tools has gained worldwide
attention with developing interest in EAF. One of the 12 principles
of the ecosystem approach listed by the Convention on Biological
Diversity is that the EAF should seek the appropriate balance
between conservation and use of biological diversity (Cochrane
and de Young, 2008). de Juan and Lleonart (2010) add that MPAs
must apply real and effective limitations to fishing activities and
must be linked to a monitoring program to control their long-term
operation. Cochrane and de Young (2008) report that measures of
monitoring, control and surveillance vary greatly throughout the
Mediterranean and are not applied on the high seas. As reported in
UNEP-MAP-RAC/SPA (2011), several constraints exist to effective
implementation of the Specially Protected Area protocol of the
Barcelona Convention beyond national jurisdiction. Indeed, the
present work seems to indicate that the different international
measures directed to the Mediterranean and regarding the SML
coral province, specifically the FRA, are not effective in conserving
the coral habitat and managing the whole ecosystem, including
fishery resources. A similar problem has already been reported for
the Pelagos Sanctuary for the conservation of Mediterranean
marine mammals in the North-western Mediterranean Sea (Nor-
tarbartolo di Sciara, 2009). Most of the SML coral province, and
consequently the FRA, is beyond the 12 nautical mile territorial
waters. However, this high seas FRA is relatively near to the coast,
rendering access easy and essentially open. Indeed, habitat and
biodiversity conservation problems also occur in coastal waters
throughout the Mediterranean Sea (e.g. Fraschetti et al., 2011).

In the Mediterranean, in addition to the GFCM, the Regional
Activity Centre for Specially Protected Areas (RAC/SPA) of the Barce-
lona Convention and the Secretariat of the Agreement on the Con-
servation of Cetaceans in the Black Sea, Mediterranean Sea and
Contiguous Atlantic Area (ACCOBAMS) have among their mandates
the development of MPAs and other spatial based management
measures to achieve several objectives of their programs and
pact in the Santa Maria di Leuca cold-water coral province
a Res. II (2016), http://dx.doi.org/10.1016/j.dsr2.2016.02.012i

http://dx.doi.org/10.1016/j.dsr2.2016.02.012
http://dx.doi.org/10.1016/j.dsr2.2016.02.012
http://dx.doi.org/10.1016/j.dsr2.2016.02.012


G. D’Onghia et al. / Deep-Sea Research II ∎ (∎∎∎∎) ∎∎∎–∎∎∎ 13
strategies. Considering their respective roles and prerogatives
regarding MPAs these Regional Organizations engaged in a colla-
boration process aimed at promoting the exchange of information
and experiences and ensuring a high level of harmonization of their
relevant programs. Furthermore, the EU Marine Strategy Framework
Directive (MSFD) should represent a new tool to support EAF within
the Mediterranean. The MSFD is the environmental pillar of the
Union's future Maritime Policy which aims to achieve good environ-
mental status in all of the EU's marine waters by 2020 and to protect
the resource base upon which marine-related economic and social
activities depend (Grehan et al., 2009). This directive specifically calls
for the establishment of a network of MPAs in Europeanwaters (Long,
2011).

Therefore, if a better conservation and more effective man-
agement of the SML CWC province (including the FRA) does not
occur in the near future, it will not be due to the lack of knowledge
on the habitat and related resources as well as human uses and
impacts, but exclusively to weak and inadequate policy mechan-
isms and enforcement within a fragmented geopolitical scenario
characterizing the Mediterranean basin.

A clear management mandate should start by considering both
human and financial resources. Indeed, conservation planning
should also take into account socio-economic aspects related to
the uses of a certain area and the associated cost of excluding such
uses (Micheli et al., 2013 and references therein). In the present
case, according to Roberts and Hawkins (2000), either effort
should be made to educate and persuade local people of the need
to protect CWC ecosystem, or failing this, some form of compen-
sation might be offered to those fishermen most directly impacted
by the restriction due to the FRA over the short-term. Public
awareness, stakeholder involvement and a credible system of
monitoring, control and surveillance will be fundamental to meet
the conservation objectives of the SML CWC province biodiversity
jointly with an ecosystem-based fishery management approach.
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