
M
c
t
M

R
P
a

b

c

d

a

A
R
R
A

K
B
C
A
C
H
R

h
1

Ecological Indicators 69 (2016) 707–721

Contents lists available at ScienceDirect

Ecological  Indicators

journa l homepage: www.e lsev ier .com/ locate /eco l ind

odeling  the  spatial  distribution  of  the  striped  dolphin  (Stenella
oeruleoalba)  and  common  bottlenose  dolphin  (Tursiops  truncatus)  in
he  Gulf  of  Taranto  (Northern  Ionian  Sea,  Central-eastern

editerranean  Sea)

oberto  Carlucci a,∗, Carmelo  Fanizza b,  Giulia  Cipriano a, Chiara  Paoli c, Tommaso  Russo d,
aolo  Vassallo c

Department of Biology, University of Bari Aldo Moro, via Orabona 4, 70125 Bari Italy
Jonian Dolphin Conservation, viale Virgilio 102, 74121 Taranto Italy
DISTAV, University of Genova, corso Europa 26, 16132 Genova Italy
Department of Biology, University of Rome Tor Vergata, via della Ricerca Scientifica snc, 00133 Rome Italy

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 30 November 2015
eceived in revised form 16 May  2016
ccepted 19 May  2016

eywords:
iodiversity
onservation
nthropogenic pressures
etaceans
abitat modeling
andom Forest

a  b  s  t  r  a  c  t

Although  the EU Marine  Strategy  Framework  Directive  (MSFD)  is  largely  based  on  the establishment  of
environmental  targets  and  associated  proxies  to achieve  Good  Environmental  Status  (GES),  a  full  suite
of ecological  indicators  for  all  the  ecosystem  components  is not  currently  available  for  ongoing  assess-
ment  and  regular  update  of  GES  targets.  This  is  because  effective  indicators  and  management  actions
aimed  at  preserving/rebuilding  marine  biodiversity  should  be found  from  the  knowledge  of  the spatial
distribution  of target  species  and extension  of  critical  habitats  as well  as their  overlapping  with  human
activities,  pressure  and  impacts.  In this  regard,  the  spatial  distributions  of  the  striped  dolphin  Stenella
coeruleoalba  and the  common  bottlenose  dolphin  Tursiops  truncatus  in the Gulf  of  Taranto  (Northern
Ionian  Sea,  Central-eastern  Mediterranean  Sea)  were  investigated  by  means  of  a  generalized  additive
model  (GAM)  and  a Random  Forest  (RF)  based  on sighting  data  collected  during  standardized  vessel-
based  surveys  carried  out  from  2009  to 2015.  Eight predictive  variables  were considered,  taking  into
account  both  the  local  physiographic  features  and  human  activities  existing  in  the  investigated  area,
suggesting  an  innovative  approach  to habitat  modeling.  In  particular,  the  explanatory  variables  depth,
distance  from  industrial  areas  and  distance  from  the coast  proved  to significantly  influence  the  distri-
bution  of  both  dolphin  species.  In addition,  the  distribution  of  S. coeruleoalba  and  T. truncatus  were  also
significantly  shaped  by  the  distance  from  the  navy  exercise  areas  and  the fishing  areas,  respectively.  On
the  contrary,  the  slope  and  the  distance  from  the  main  commercial  routes  never  provided  any  significant
influence.  The  reliability  of  GAM  and  RF  models  in  predicting  the  spatial  distribution  of  both  dolphins
was  tested  by  applying  the Youden  Index  method  to the  ROC  curves.  The  RF model  allowed  the  projection
of  the  expected  presence/absence  pattern  of S. coeruleoalba  and  T. truncatus  to  produce  the  preference
habitat  versus  non  habitat  map.  In particular,  the  RF  model  predicted  that  the  striped  dolphin  is widely
present  in  the  central  and  deeper  part of  the  Gulf  of Taranto.  In  contrast,  the  common  bottlenose  dolphin
seems  to be mainly  distributed  along  the coasts  in  both  the  eastern  and  western  sector  of  the  basin.  A
clear  overlapping  of  the  preference  habitats  estimated  for  S.  coeruleoalba  and  T.  truncatus  is  shown  north
of Punta  Alice  and in front  of  Policoro  as  well  as  offshore  from  Ugento  in  the  eastern  and  western  parts
of  the  investigated  area,  respectively.  Finally,  the  critical  habitats  of  S. coeruleoalba  and  T. truncatus  are

the  outcome  of  both  the influence  of  environmental  conditions  and  anthropogenic  pressures  presently
occurring  in  the Gulf  of  Taranto,  basically  indicating  the need  for conservation  measures,  especially  con-
sidering  that  the  area  is expected  to  be  considered  for hydrocarbon  prospecting.  These  results  contribute

to  setting  up  a baseline  refere
cetaceans,  which  are  considere
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nce  for future  assessment  of  environmental  marine  disturbances  using
d  a key group  in the MSFD,  as  an  ecological  indicator.
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. Introduction

The Marine Strategy Framework Directive (MSFD), the Mar-
time Spatial Planning Directive (MSPD) and the Common Fisheries
olicy (CFP) (EU, 2013) are the main EU policies incorporating
he ecosystem-based management (EBM) framework to human
ctivities as a significant contribution to achieving the goals of
he Biodiversity Strategy for the EU marine environments (EEA

 European Environment Agency, 2015). The main issue for EU
olicy is to deal with the loss of biodiversity in a holistic path-
ay, maintaining marine habitats as a whole in a healthy, clean,

roductive and resilient condition. Although the MSFD is largely
ased on the establishment of environmental descriptors and cri-
eria set to achieve Good Environmental Status (GES) by 2020, a
ull suite of ecological indicators for all the ecosystem components
s not currently available for assessing their status under anthro-
ogenic pressures. Indeed, effective indicators and management
ctions aimed at preserving/rebuilding marine biodiversity should
e found from the knowledge of the spatial distribution of target
pecies and extension of critical habitats as well as their overlap-
ing with human activities, pressure and impacts. Moreover, a key

nsight of ecosystem-based management is that human activities
ften affect the marine environment in complex ways. This is highly
elevant in the Mediterranean Sea, the largest and deepest enclosed
ea on Earth, defined as a sort of ocean in miniature acting as a
arine biodiversity hot spot hosting 7% of the world’s marine bio-

iversity (Coll et al., 2012). Mediterranean Sea diversity has been
everely altered by different anthropic pressures over time thus
aking it particularly vulnerable. Anthropogenic pressures include

he increasing use of coastal areas, eutrophication, marine traffic,
lien species, pollution and dumping, as well as global warming,
nd they are expected to increase in the future (Bianchi and Morri,
000; CIESM, 1997; Coll et al., 2010, 2012; Myers et al., 2000). The
resence of different environmental and human drivers of change
enerates cumulative impacts at different spatial and temporal
cales (Coll et al., 2012). This condition represents the main obsta-
le when striving to protect, among others, marine mammals. In
editerranean coastal areas, dolphins and whales, suffering habi-

ats fragmentation and loss (Simmonds and Nunny, 2002) or the
lterations in distribution and availability of resources (Gambaiani
t al., 2009; Learmonth et al., 2006; MacLeod, 2009), could also
e exposed to high levels of local anthropogenic impact, such as
shing, shipping collision, noise from military sonar or seismic sur-
eys (Bearzi, 2002; Dolman et al., 2010; Fossi and Lauriano, 2008;
ildebrand, 2005) and chemical pollution including marine litter

Aguilar and Borrell, 2005; Fossi et al., 2003; Patterson et al., 2004;
riantafillou, 2008).

Beyond the fact that cetaceans represent totemic species, they
espond to most of the criteria defined, within the MSFD, for select-
ng key species/groups to develop indicators (Azzellino et al., 2014).
n fact, the range of cetacean species and their habitat distribution,
xtent and condition represent fundamental indicator classes pro-
iding a common currency for evaluating the impacts of different
uman activities on ecosystem functioning. However, to date, the
nowledge about the presence and the distribution of cetaceans in
he Mediterranean Sea, as well as their conservation status, is still
ather heterogeneous and defective. In particular, large areas of the
entral-eastern regions are still scarcely or completely unsurveyed
Notarbartolo di Sciara and Birkun, 2010). Concerning the Ionian
ea (Central-eastern Mediterranean Sea), the available informa-
ion reports the presence of eight different species of cetaceans
Notarbartolo di Sciara et al., 1993; Notarbartolo di Sciara and

irkun, 2010; Reeves and Notarbartolo di Sciara, 2006). Specifically,
ore recent observations collected in the framework of a mon-

toring vessel survey confirmed that the striped dolphin Stenella
oeruleoalba and the common bottlenose dolphin Tursiops trunca-
cators 69 (2016) 707–721

tus regularly inhabit the Northern Ionian Sea (Dimatteo et al., 2011;
Fanizza et al., 2014; Carlucci et al., 2015). Despite the presence
of adults, juveniles and calves of S. coeruleoalba, no conservation
measures to ensure a favorable status and the long-term sur-
vival of the species are currently enforced in the area, mostly
due to shortcomings in the basic scientific information (Fanizza
et al., 2014). Conversely, both species could be exposed to high
levels of anthropogenic threats such as strikes from merchant
traffic, disturbance from high intensity military sonar and expo-
sure to chemical pollution from the nearby the harbor of Taranto
(Cardellicchio et al., 2000; Marsili and Focardi, 1997). In addition,
several exploration programs for hydrocarbons have recently been
permitted or are under evaluation by the Italian Ministry for the
Environment, the Land and the Sea (http://www.va.minambiente.
it), in order to detect possible offshore gas/oil deposits within the
national Exclusive Economic Zone (EEZ). In particular, these activ-
ities have also been allowed in the Northern Ionian Sea, as well
as in other Mediterranean areas, representing a potential threat
for these species that have both been assessed as vulnerable with
evidence of a suspected decline in the subpopulation within the
ACCOBAMS regions (Agreement on the Conservation of Cetaceans
of the Black Sea, Mediterranean Sea and Contiguous Atlantic Area)
(Reeves and Notarbartolo di Sciara, 2006). Hence the need for
identifying the critical habitats for S. coeruleoalba and T. trunca-
tus in the Northern Ionian Sea becomes even more urgent. In fact,
the habitats characterization should be matched with the identi-
fication of the distribution of the main anthropogenic threats in
order to better support potential alternative management strate-
gies (Ahmadi-Nedushan et al., 2006; Halpern et al., 2008).

In the last thirty years, the advances in regression analysis pro-
vided by generalized linear models (GLMs) and generalized additive
models (GAMs) has allowed the development of ecological models,
increasing our understanding of ecological systems (Guisan et al.,
2002). Lastly, the Random Forest technique (Breiman et al., 1984),
based on an automatic combination of decision trees has also been
applied in comparison with other regression techniques, and has
proved to be more reliable and accurate in predicting habitat uses
(Cutler et al., 2007; Virkkala et al., 2010). In particular, recent devel-
opments in spatial modeling have made it possible to predict the
presence/absence or the abundance of a species by means of a set
of predictor variables, highlighting the relative importance of habi-
tats (Baumgartner, 1997; Phillips et al., 2006; Pitchford et al., 2015;
Redfern et al., 2006; Thorne et al., 2012). These approaches are
increasingly becoming essential to identify critical habitats in order
to enhance the protection of threatened species, mostly in coastal
areas where the potential for conflicts is high (Best et al., 2012;
Edren et al., 2010).

The spatial pattern of S. coeruleoalba and T. truncatus in the Gulf
of Taranto (Northern Ionian Sea, Central-eastern Mediterranean
Sea) was modeled, in this study, with the aims of assessing the
driving forces influencing the distribution of these top predators
and, in turn, suggesting indications and practices for their conserva-
tion and management. With these purposes in mind, sighting data
collected for both dolphin species from 2009 to 2015 during a stan-
dardized vessel-based survey were used and different predictive
variables were considered. In particular, physiographic features,
reckoned to be important for the distribution of cetaceans both
in the Atlantic Ocean (Bailey and Thompson, 2006; Baumgartner,
1997) and more recently in the Mediterranean Sea (Azzellino et al.,
2008; Blasi and Boitani, 2012; Marini et al., 2015) were taken into
account together with the human activities existing in the basin,
suggesting an innovative approach to habitat modeling. Thus, eight

predictive variables were tested: depth, slope, distance from coast,
canyon, areas of navy exercises, routes of merchant traffic, fishing
areas, industrial activities. In particular, these predictive variables
were employed to determine the presence/absence probability by

http://www.va.minambiente.it
http://www.va.minambiente.it
http://www.va.minambiente.it
http://www.va.minambiente.it
http://www.va.minambiente.it
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eans of a generalized additive model (GAM) and a Random Forest
RF).

. Materials and methods

.1. Study area

The Gulf of Taranto in the Northern Ionian Sea (Central Mediter-
anean Sea) extends about 22000 km2 from Santa Maria di Leuca
o Punta Alice (Fig. 1). In particular, the basin is the extension
f the Southern-Apenninic orogenic system characterized by very
omplex bottom topography. In fact, the western sector is char-
cterized by a narrow continental shelf with a steep slope and
everal channels, while the eastern sector has terraces descend-
ng toward the “Taranto Valley”, a NW-SE submarine canyon with
o clear bathymetric connection to a major river system (Harris
nd Whiteway, 2011; Pescatore and Senatore, 1986; Rossi and
abbianelli, 1978). This singular morphology involves a complex
istribution of water masses with a mixing of surface and dense
ottom waters (Sellschopp and Álvarez, 2003) and the occurrence
f upwelling currents with high seasonal variability (Bakun and
gostini, 2001; Milligan and Cattaneo, 2007).

The coastal area in the Gulf of Taranto is characterized by a high
evel of urbanization (Ladisa et al., 2010). In addition, the coastal
one near the harbor of Taranto is devoted to many different activi-
ies among which the intense commercial shipping along the main
efined commercial routes (Marine Traffic, 2015) (https://www.
arinetraffic.com) stands out together with the presence of heavy

ndustries (Ben Meftah et al., 2008) (Fig. 2). In particular, a mass pro-
uction steel-works, an oil refinery and a cement plant are sited in
he industrial area of Taranto and there is a thermoelectric power
tation near Corigliano Calabro. Different areas for the execution
f navy exercises such as surface and submarine naval maneuvers,
nd a shooting range are also found in the Gulf of Taranto. Their
eographical coordinates and characteristics were gathered by con-
ulting the decrees provided by National Coast Guard and “Notice
o Skippers” from 2009 to 2015 (Guardia Costiera, 2015) (http://
ww.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx).

Intense fishing activity is also recorded in the basin with
rawlers, long-liners, gill-netters, trammel netters and purse sein-
rs distributed in different fishing harbors along the coasts (Carlucci
t al., 2016).

.2. Investigated species

The striped dolphin is a cosmopolitan species, preferentially
nhabiting highly productive waters off the continental shelf
Forcada et al., 1994; Gannier, 2005; Notarbartolo di Sciara et al.,
993; Perrin et al., 1994). In the Mediterranean Sea, S. coeruleoalba is
he most abundant cetacean distributed both inshore and offshore
Aguilar, 2000; Gaspari et al., 2007) with a decreasing W-E  gradient
n abundance, probably reflecting the reduction in the productiv-
ty of the easternmost basins (Notarbartolo di Sciara and Birkun,
010).

The Red List of the IUCN classifies the Mediterranean striped dol-
hin as vulnerable since it is suspected that a 30% of reduction in
ubpopulation size has occurred over the last three generations (ca.
0 years) due to the decline in quality of habitat affecting food avail-
bility, incidental mortality in fisheries and the effects of pathogens
nd pollutants (Aguilar and Gaspari, 2012).

The common bottlenose dolphin has coastal and pelagic eco-

ypes with different morphological and ecological characteristics
Mead and Potter, 1995; Notarbartolo di Sciara and Demma, 2004;
eeves and Notarbartolo di Sciara, 2006). In the Mediterranean
ea, T. truncatus forms small groups showing a residential attitude.
cators 69 (2016) 707–721 709

The species is preferentially distributed within the limits of the
continental shelf (Bearzi et al., 2008; Reynolds et al., 2000; Wells
and Scott, 2009). However, it can also be found above the shelf-
break in the western Mediterranean (Bearzi et al., 1997; Cañadas
and Hammond, 2006; Forcada et al., 2004). T. truncatus has been
included on the Red List of the IUCN, as a vulnerable species being
subject to various anthropogenic threats.

2.3. Sightings data

Sightings data of both S. coeruleoalba and T. truncatus were
collected from 2009 to 2015 during standardized vessel-based sur-
veys. In particular, until 2012 surveys were carried out using a rib
boat, replaced by a 12 m catamaran in the following years. The sam-
pling effort was set to about 5 h/day along 35 nautical miles. Speed
was maintained between 7 and 8 knots and trips occurred only in
favorable weather conditions (Douglas scale ≤3 and Beaufort scale
≤4). A line transect sampling was  adopted according to Buckland
et al. (2001), investigating a survey area of about 640 km2 with an
equal coverage probability (Fig. 1). In particular, starting from the
harbors of Taranto or Policoro, a random transect was generated
each day using the Distance 6.0 software (Thomas et al., 2010).

The observer team on board consisted of at least three peo-
ple. One was  an observer searching for targets around 180◦ and
counting the dolphin specimens during sighting, while the others
searched in a sector from the track-line to 90◦ supporting the activ-
ities of the former observer. The observer team rotated roles every
90 min. Once a target had been sighted, 7 × 50 binoculars were used
to identify the species and video-photo records were made focus-
ing on body markers. Observers had to maintain a minimum safe
distance of 5–10 m from dolphins, lowering speed or interrupting
navigation in order to prevent collisions and possible injuries. Date,
daytime, sea weather conditions, geographic coordinates, depth
(m), group size, perpendicular distance (in nautical miles) of the
target from the track-line and the behavior of the dolphins were
recorded.

For both species the presence data used to fit the models
included all the sightings which occurred along the line transects
carried out within the survey area from 2009 to 2015. When no
sighting of S. coeruleoalba or T. truncatus occurred along a transect,
the absence data was  attributed for both dolphin species.

A validation dataset was  employed in order to validate the pres-
ence/absence predictions of S. coeruleoalba and T. truncatus when
projected on the whole study area. With that aim, further 60 sight-
ings of both dolphin species were used, being recorded with the
catamaran from 2012 to 2015 in the Gulf of Taranto but outside the
survey area during different research surveys.

2.4. Data processing

The Gulf of Taranto was divided into a regular grid consisting
of 109720 square cells (422 horizontal and 260 vertical cells) of
about 450 × 450 m. This value of cell size was defined as the best
compromise between the will to describe the system in the highest
spatial detail and the computational issues associated. A dependent
binary (0–1) variable (response) was generated to identify the cells
with/without at least one sighting occurrence (respectively reck-
oned as a presence/absence cell). In addition, a set of 8 explanatory
variables (depth, slope, distance from coast, distance from canyons,
distance from navy exercise areas, distance from merchant ship-
ping routes, distance from fishing areas, distance from industrial
areas) was  considered for the analysis (Table 1). Some of these have

been applied in other studies on the distribution of dolphins and
whales (e.g. Azzellino et al., 2008; Bailey and Thompson, 2006; Fiori
et al., 2014; Goetz et al., 2015; Marini et al., 2015; Panigada et al.,
2008; Torres et al., 2008). In addition, 4 explanatory variables were

http://https://www.marinetraffic.com
http://https://www.marinetraffic.com
http://https://www.marinetraffic.com
http://https://www.marinetraffic.com
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
http://www.guardiacostiera.gov.it/taranto/Pages/ordinanze.aspx
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Fig. 1. Map  of the Gulf of Taranto (Northern Ionian Sea, Central-eastern Mediterranean Sea) with indication of sampling effort occurred in the survey area from 2009 to 2015.
The  amount of sampling effort for each cell is represented by a grey scale.

Fig. 2. Map  of the “Taranto Valley” canyons system with indication of its main axes as identified by Senatore (1987) and anthropic variables identified in the study area.
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Table  1
List of the explanatory variables selected for modeling the spatial distributions of the striped and common bottlenose dolphins in the Gulf of Taranto (Northern Ionian Sea,
Central-eastern Mediterranean Sea).

Variable Calculation method Acronym

Depth Depth values are derived from EMODnet Bathymetry
dataset provided by the European Marine Observation and
Data Network (http://www.emodnet.eu/bathymetry)

Depth

Slope Maximum rate of depth variation between adjacent cells Slope
Distance from coast Minimum distance of the cell center from the coastline Coast
Distance from canyon Minimum distance of the cell center from the main axes of

the “Taranto Valley” canyons system (Fig. 2)
Canyon

Distance from the navy exercise areas Minimum distance of the cell center from the areas of navy
exercises (Fig. 2)

Navy

Distance from the merchant shipping
routes

Minimum distance of the cell center from the main
merchant routes recorded in/out the Taranto harbor (Fig. 2)

Commercial

Distance from the industrial areas Minimum distance of the cell center from the areas
ddres

Industry
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identified as a
Distance from the areas exploited by
fishery

Minimum dis
recorded fishi

pecifically introduced in this study due to the peculiarity of the
tudy area and the strong anthropic features of the Gulf of Taranto
i.e. navy, commercial, industry and fishery). In fact, these latter
xplanatory variables were considered as proxies for disturbance
nd impacts that may  have an influence on shaping the distribution
f both dolphin species. In particular, the distance from the areas of
avy exercises, from the main commercial routes and the industrial
reas, are employed as measures of the noise disturbance. Lastly,
he distance from the areas exploited by fishing is considered as a
roxy of the attractive or repulsive influence on dolphins due to the
resence of discard thrown into the sea from commercial vessels
r to the reduction in prey availability, respectively.

A reconstruction of depth in each cell was  modeled for the
tudy area deriving input data at a 1/8 min  × 1/8 min  resolution
rom the EMODnet Bathymetry dataset provided by the European

arine Observation and Data Network (EMODnet, 2015) (http://
ww.emodnet.eu/bathymetry). Finally, the slope was also calcu-

ated, considering the maximum rate of depth variation measured
etween 8 adjacent cells surrounding the target one. In particular,

t was calculated as max|D–Dnear|/DI where D is the depth of the
arget cell, Dnear is the depth of the adjacent cells, and DI is the
istance in m between the cells compared.

.5. Distribution of fishing activities

The data provided by the Vessel Monitoring System (VMS)
European Commission, 2015a) (http://ec.europa.eu/fisheries/cfp/
ontrol/technologies/vms) were used to assess the amount and
he distribution of fishing effort concerning fishing vessels
arger than 12 m in overall length. Original VMS  data were
athered within the EU Data Collection Framework Program.
amely, VMS  data for each fishing vessel operating in the area
ere cleaned, interpolated (Russo et al., 2011a) and linked to

xternal databases (i.e. http://ec.europa.eu/fisheries/fleet/index.
fm (European Commission, 2015b) to assess the fishing gear
Russo et al., 2011b). After the complete reconstruction and classifi-
ation of the fishing activity for each vessel, the fishing set positions
or each vessel/day were finally inferred using speed and depth fil-
ers (Russo et al., 2014). The analysis of VMS  data revealed that the
umulative contribution of purse seiners, gill-netters, trammel net-
ers and long-liners was negligible in the study area (less than 9% of
he total fishing effort per year) and thus only the fishing effort from
ottom trawl was considered for training the GAM and RF models.

ishing set positions for trawlers were finally used to compute the
patial distribution of the daily fishing effort on a regular grid cover-
ng the entire study area, for each year throughout the time period
006–2015. Since fishing activity was the only variable considered
sed to heavy industrial activities (Fig. 2)
of the cell center from the areas with
ort in the 30 days before each sighting

Fishery

with temporal variation, it was  linked to sightings considering the
cumulative fishing effort in the 30 days before each sighting. This is
to take into account both the differences in the distribution of fish-
ing effort throughout the year (seasonality) and a reasonable delay
between fishing activity and its potential effect on dolphins. Data
from 2006 to 2014 were employed for development and training
of the models, while 2015 was considered for the prediction.

2.6. Spatial analyses

Techniques applied for modeling the spatial distribution of
dolphins and whales are usually based on the collection of
presence-absence data. As the presence/absence data set was zero-
inflated, the number of absence cells was balanced to the number
of presence cells. This was  done by maintaining all the presences
and extracting at random the corresponding number of absences
(Azzellino et al., 2012; Fiori et al., 2014; Marini et al., 2015).
This approach was proposed to avoid the application of more
sophisticated methods such as the hurdle-Negative Binomial and
zero-inflated mixture-Negative Binomial models (Hall, 2000). In
fact, the adopted procedure has the advantage of bringing a unique
zero inflated correction into the analysis that could be applied to
both GAM and RF modeling, so limiting the introduction of fur-
ther differentiations between methodologies. Finally, explanatory
variables were tested to check normality and avoid collinearity.

2.6.1. Generalized additive model
The greatest benefit of using additive modeling (GAM) resides in

its flexibility in capturing non-linear species-habitat relationships.
In fact, when data are related to certain variables but the relation-
ships fail to be simply linear, GAM uses a link function to establish
a relationship between the mean of response variable and the
smooth function of the explanatory variables. As a consequence, the
association between response and explanatory variables derives
from the data itself and not from the model, because no kind of
parametric assumption is made (Hastie and Tibshirani, 1990; Yee
and Mitchell, 1991).

In this study, the GAM approach was  applied to deter-
mine whether the selected variables affect the distribution of S.
coeruleoalba and T. truncatus in the study area, as recently employed
for cetaceans in the Pacific and Atlantic oceans (Forney et al.,
2012; Tardin et al., 2013) and Mediterranean Sea (Marini et al.,
2015; Tepsich et al., 2014). In particular, the GAM  regression and

smoother terms were derived using penalized regression splines
using the MGCV library for freeware R (Wood, 2006) with a bino-
mial distribution (family = binomial, link function = logit) of the
dependent variable (presence/absence of dolphins in each spa-
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ial cell). Smoothness selection was based on an Un-Biased Risk
stimator (UBRE).Thus, for each species, the spatial distribution
f dolphins in each cell Yi = B (1, Pi) was investigated as a bino-
ial variable with Pi (probability of presence/absence) equal to
g(xi)/ (1  − eg(xi)), with Pi being between 0 and 1 according to a
ernoulli distribution. In particular, g(xi) = �+fj(xj) + . . . + fn(xn) is a
ombination of smoothing functions (splines) fj(xj) of explanatory
ariables (smoothers), xj are the explanatory variables (depth, slope
nd distances from the coast, canyon, industry, fishery, commer-
ial routes and navy exercise areas) and fj are the best smoothing
unctions estimated by maximum likelihood and fitting data bet-
er than a straight line. The numerical output of the model showed
ignificant variables, selected by means of a chi-squared test with a
ignificance level for the selection of the explanatory variable fixed
t 5%. Significant explanatory variables were selected by means of

 Backward Elimination method (Zuur et al., 2007). In particular, a
odel of size p (with p being the total number of variables) was

eveloped and non-significant variables were eliminated one at
ime in a step by step procedure. Thus, when a variable is selected a
ignificant non-linear relationship exists between this variable and
he presence/absence of dolphins.

A graphic representation of the influence predicted by GAM
n presence/absence of dolphins in function of each smoother is
hown. The higher is the value in the smoothing curve, the more
robable is the presence of dolphins in the corresponding value of
he selected explanatory variable.

.6.2. Random forest
Random Forest (RF) is a classification technique of neural net-

orks (Breiman, 2001). It is based on regression tree methodology
nd is able to model a response variable from a number of explana-
ory variables by subdividing a dataset into subgroups. This can
e represented as a binary tree, a hierarchical structure formed by
odes and edges, the latter representing some sort of information
ow between adjacent nodes. In particular, subgroups originate

rom recursive partitions based on decision rules that allow each
art to be divided successively into smaller data portions.

This is achieved by two means: (1) a random selection of
xplanatory variables is chosen to grow each tree (3 predictors at
ach node) and (2) each tree is based on a different random data
ubset, created by bootstrapping (Efron, 1979). Finally, the optimal
splitting” in comparison with real data is identified and selected
s a predictor. The data portion used as a training subset is known
s the “in-bag” data, whereas the rest is called the “out-of-bag”
ata. The latter are not used to build the tree, but provide esti-
ates of generalization error, which always converges as the forest

ize increases (Breiman, 2001). The number of trees needs to be
ufficiently high (800 in this case) since the mean square error is
alculated from prediction with the test dataset averaged over all
rees (out-of-bag error).

The rank importance of each explanatory variable is accounted
or as the changes in mean square error estimated by leaving a
ariable out of the model. After the most relevant variables were
dentified, the following step consisted of studying the nature of the
ependence between the response variable and each explanatory
ariable. Partial dependence plots were used to characterize rela-
ionships graphically between individual explanatory variables and
redicted probabilities of presence obtained from RF (Hastie et al.,
001).
All the 8 explanatory variables have been employed for the RF
egression but, for the sake of brevity, only the four most relevant
xplanatory variables for each prediction are discussed while the
emaining partial plots are reported as supplementary material.
cators 69 (2016) 707–721

2.6.3. Verification of model performance
Model performance was  evaluated for the verification of reli-

ability of predictions. In particular, predictions within the survey
area were compared to observed values allowing the compilation
of an error matrix reporting the true (a) and false presences (b) as
well as the true (c) and false absences (d) (Allouche et al., 2006).

In addition, a set of metrics of model accuracy was  calculated,
including sensitivity and specificity. Sensitivity is calculated as the
ratio between true presences and total presences a/(a + c), counting
for the probability that the model will correctly classify a pres-
ence. Specificity is computed as the ratio between true absences
and total absences b/(b + d), measuring the probability that the
model will correctly classify an absence. Finally, the true skill statis-
tics (TSS = sensitivity + specificity-1) have been proposed as a new
measure for the performance of the presence–absence distribu-
tion model in order to correct the dependency of sensitivity and
specificity upon prevalence (the overall proportion of presences).

The optimal cut-off probability value was selected by apply-
ing the Youden Index method (Fluss et al., 2005) to the receiver
operating characteristic (ROC) curve (Fielding and Bell, 1997). The
ROC curve is obtained by plotting the true-positive rate (sensitiv-
ity) against the false-positive rate (1-specificity) for various cut-off
values. In particular, the Youden Index method allows the deter-
mination of the optimal cut-off point using the maximum vertical
distance of the ROC curve from the chance line (where false posi-
tive rate = true positive rate) (Hajian-Tilaki, 2013). Once the optimal
cut-off was  identified, the model was  projected to the entire study
area and the suitable habitat areas (cells with probability pre-
diction higher than cut-off) were plotted and validated with an
independent set of data collected outside the survey area borders
(validation dataset).

3. Results

Within the survey area, a total of 438 daily surveys were carried
out from 2009 to 2015. An effort of about 2190 h of observations
and 15330 nautical miles was applied searching for S. coeruleoalba
and T. truncatus, obtaining 405 and 46 sightings of striped dolphin
and bottlenose dolphin, respectively (Table 2). With the exclusion
of 15 sightings during which both dolphin species were observed
along the same transect, the rest of the sightings occurred with a
single dolphin species observation of S. coeruleoalba or T. truncatus.

S. coeruleoalba was observed in 89.8% of the total sightings
recorded from 2009 to 2015. The frequency of occurrence calcu-
lated as the number of sightings per daily survey ranged from 0.78
(2014) to 1.13 (2010) (Table 3). Sightings occurred in a depth range
between 15 and 1000 m with a mean depth of 421 ± 160 m.  The
encounter rate, calculated as the number of sightings per effort in
nautical miles, varied between 0.022 (2014) and 0.032 (2010). A
mean aggregation number of 43 ± 36 dolphins was estimated for
the species in the basin. T. truncatus was observed in 10.2% of total
sightings recorded during the investigated period showing a fre-
quency of occurrence ranging between 0.07 (2013) to 0.15 (2011)
(Table 3). Sightings occurred in a depth range between 2 m and
586 m with a mean depth recorded of 143 ± 151 m.  A mean aggre-
gation number of 11 ± 9 specimens was  estimated for the area and
the encounter rate varied from 0.002 (2013) to 0.004 (2011).

The resulting presence cells totaled 323 and 43 for S. coeruleoalba
and T. truncatus respectively; as a consequence the model training
procedures were based on 646 cells for S. coeruleoalba and 86 cells
for T. truncatus.
3.1. GAM results

GAMs developed for S. coeruleoalba and T. truncatus reached
34.70 and 23.04% of explained deviance, respectively. The spatial
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Table  2
Sampling period, number of daily surveys, effort (hours and nautical miles), range of investigated depth (m) and number of sightings of S. coeruleoalba and T. truncatus
occurred in the Gulf of Taranto from 2009 to 2015.

Sampling period Daily surveys (n.) Effort Depth range (m) Number of sightings

hours nautical miles Stenella coeruleoalba Tursiops truncatus

April-August 2009 13 65 455 93–500 11 1
April-August 2010 24 120 840 180–636 27 3
January-November 2011 61 305 2135 15–665 54 9
January-August 2012 50 250 1750 20–694 42 6
June-December 2013 73 365 2555 20–882 64 5
May-December 2014 105 525 3675 2–1000 82 11
April-October 2015 112 560 3920 30–950 125 11
Total  438 2190 15330 2–1000 405 46

Table 3
Sampling period, encounter rate (sightings per survey effort in nm), frequency of occurrence (number of sightings per daily survey), mean aggregation number with standard
deviation and depth range for the sightings of S. coeruleoalba and T. truncatus.

Sampling period Encounter rate Frequency of occurrence Mean aggregation number Depth range (m)

Stenella
coeruleoalba

Tursiops
truncatus

Stenella
coeruleoalba

Tursiops
truncatus

Stenella
coeruleoalba

Tursiops
truncatus

Stenella
coeruleoalba

Tursiops
truncatus

April–August 2009 0.024 0.002 0.85 0.08 46 ± 29 10 200–500 93
April–August 2010 0.032 0.004 1.13 0.13 49 ± 35 11 ± 7 200–636 180–419
January–November 2011 0.025 0.004 0.89 0.15 43 ± 29 16 ± 11 15–665 36–586
January–August 2012 0.024 0.003 0.84 0.12 46 ± 34 21 ± 11 22–694 20–500
June–December 2013 0.025 0.002 0.88 0.07 62 ± 40 6 ± 5 117–882 20–421
May–December 2014 0.022 0.003 0.78 0.10 39 ± 48 9 ± 7 144–1000 2–401
April–October 2015 0.032 0.003 1.12 0.10 33 ± 22 7 ± 5 150–950 30–500

Table 4
GAM statistics applied to the explanatory variables with indication of the estimated degrees of freedom (edf), chi squared and p values obtained from the test based on model
deviance for S. coeruleoalba and T. truncatus in the Gulf of Taranto.

Stenella coeruleoalba Tursiops truncatus

Estimate Std. err. p-val Estimate Std. err. p-val

(Intercept) −2.130 0.129 <0.001 (Intercept) −2.213 0.399 <0.001
Approximate significance of smooth terms
Variable edf Chi.sq p-val Variable edf Chi.sq p-val
f(fishery) 0.621 2.735 0.033 f(fishery) 0.887 7.501 0.036
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f(depth) 2.716 70.252 <0.001 

f(navy) 1.169 68.747 <0.001 

f(industry) 2.329 15.178 <0.001

istribution of S. coeruleoalba was mainly affected by depth, navy
nd industry (Table 4). A lower influence but still significant was
hown by fishery. Slope, coast, canyon and commercial were not
ignificant explanatory variables and so not considered in GAM
egression for S. coeruleoalba. The habitat identified by the GAM for
. coeruleoalba was characterized by a depth greater than 250 m,
istance from the areas of navy exercises greater than 6 km,  dis-
ance from industrial areas ranging from 5 to 25 km and distance
rom fishing areas exceeding 32 km (Fig. 3). Depth is commonly
pplied in distribution analyses and the range identified by GAM
s in good agreement with previous studies (e.g. Panigada et al.,
008). On the contrary, the other explanatory variables significantly
ffecting the S. coeruleoalba distribution are not commonly applied
ut identify the preferred habitat as affected by human activity and
he presence of S. coeruleoalba moved away from these disturbance
ources.

The spatial distribution of T. truncatus was mainly affected by
ndustry, depth and fishery (Table 4). Slope, coast, canyon, commer-
ial and navy were not significant variables and so not considered in
AM regression for T. truncatus. The GAM identified the T. trunca-

us habitat as characterized by waters less than 300 m in depth,

istances from fishery areas less than 10 km and distance from

ndustrial areas greater than 40 km (even if a lower peak was
etected from 15 to 25 km)  (Fig. 4).
f(depth) 0.705 2.926 0.004
f(industry) 2.658 10.839 0.001

Depth is the morphological factor able to shape the spatial dis-
tribution of both dolphin species. In particular, it is well known
that the main habitat of T. truncatus is limited to shallower water
(Connor et al., 2000). Great influence is due to anthropic factors
with the repulsive effect of industrial areas on S. coeruleoalba and
the interaction between fisheries and T. truncatus.

3.2. RF results

Random forest identified that the spatial distribution of S.
coeruleoalba was mostly driven by depth, distance from industrial
areas, distance from the coast and distance from navy exercise areas
(Fig. 5). On the contrary, slope and distance from the fishery were
less important. For each adopted variable the univariate partial
dependence plots identified the range of optimal values expected
to increase the probability of presence (signature) in the RF model.
A threshold level is clearly detectable with a very low probabil-
ity of presence of striped dolphins in waters less than 200 m deep
(Fig. 6). The influence of depth values on the spatial distribution
of S. coeruleoalba showed an increasing with depth trend, reaching
higher values starting from 300 m.  The second explicative variable

influencing the striped dolphin spatial distribution in the basin was
the distance from the industrial areas. In fact, a single peak between
10 and 25 km was  observed with a reduction of presence probability
at distances from the industrial areas greater than 28 km.  Distance
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ig. 3. Predicted smooth splines of the response variable presence/absence of S. coe
on-linear fits are in parentheses on the y-axis. Tick marks above the x-axis indicat
mooth  spline functions.

rom the coastline had little influence on the striped dolphin distri-
ution with a steep increase in probability starting from 10 km and
ery low probabilities at distances less than 5 km.  This result should
e correlated with increasing depth observed going away from
oasts. Finally, distance from the areas of navy exercise showed

 relevant effect on the spatial distribution of S. coeruleoalba. A
ontinuous increasing trend was detected with higher values at
istances exceeding 18 km.

The spatial distribution of T. truncatus was mainly shaped by
epth, distance from the industrial areas, coast and fishery (Fig. 5).
he slope was also a not very important explanatory variable for
his species in the RF model. The depth variable showed the highest
nfluence around 100 m with a steep reduction in probability down
o 300 m (Fig. 7). An abrupt increase in probability was  observed
ith increasing distance from the industrial areas with a clear

hreshold detected at 40 km.  Distance from the coast showed a rel-
vant effect on the spatial distribution of the common bottlenose
olphin. A clear influence was detected within 5 km where the
hallower grounds were observed. Finally, the common bottlenose
olphin was shown to stay within 5 km of the fishing areas.

.3. Models comparison and performances verification

Both GAM and RF identified depth, industry and navy as impor-
ant variables for S. coeruleoalba. On the contrary RF resulted

ffected by distance from coast while GAM is significantly affected
y fishery (lastly important for RF). For T. truncatus, both regression
echniques identified the same explanatory variables (except coast
hich again is revealed as important only by RF).
lba as a function of the validated explanatory variables. The degrees of freedom for
distribution of sightings. Dotted lines represent the 95% confidence intervals of the

Regarding the common identified explanatory variables, the
dependencies of response variable revealed for RF more abrupt
trends with clear thresholds for most of the variables while for GAM
identified linear or smoother trends (Figs. 3, 4, 6 and 7). This may
be due to the greater ability of RF to cope with the intrinsic variabil-
ity of natural data and to relate in highly non-linear ways with the
response (Parravicini et al., 2012; Siroky, 2009) and it is expected
to influence the reliability of the predicted distributions.

The reliability of the GAM and RF models in predicting the spatial
distribution of both S. coeruleoalba and T. truncatus was tested by
applying the Youden Index method to the ROC curves. The optimal
cut-off values and the set of predictive accuracy metrics were esti-
mated for each model and species within the survey area (Table 5).
The most reliable model is expected to show the highest values of
sensitivity, specificity and TSS, being able to correctly identify both
presences and absences of the target species. In particular, the RF
model was  the most reliable for modeling the spatial distribution
of both the striped and bottlenose dolphins. Thus, the information
provided by RF prediction together with the selection of the cut-
off values allowed the projection of the expected presence/absence
pattern of S. coeruleoalba and T. truncatus over the entire study area
providing the preference habitat versus non habitat map (Fig. 8).
The reliability of the projection on the Gulf of Taranto was tested,
considering the spatial distribution of sightings of both dolphins
in the validation dataset. The true presence rates of 0.73 and 0.77
for the striped dolphin and bottlenose dolphin were estimated,
respectively.
The RF model predicted that the striped dolphin is widely
present in the central and deeper part of the Gulf of Taranto. In con-
trast, the bottlenose dolphin seems to be mainly distributed along
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Fig. 4. Predicted smooth splines of the response variable presence/absence of T. truncatus as a function of the validated explanatory variables. The degrees of freedom for
non-linear fits are in parentheses on the y-axis. Tick marks above the x-axis indicate the distribution of sightings. Dotted lines represent the 95% confidence intervals of the
smooth spline functions.

Fig. 5. Ranking importance scores of the explanatory variables used in the RF models for S. coeruleoalba (A) and T. truncatus (B). Importance is quantified as the percentage
of  increase in mean square error when that explanatory variable is removed from the RF model.

Table 5
Measures of predictive accuracy of GAM and RF models outputs.

Model Cut-off Sensitivity Specificity TSS

S. coeruleoalba GAM 0.30 0.74 0.78 0.52

t
T
o

RF  0.51 

T.  truncatus GAM 0.26 

RF  0.52 
he coasts in both the eastern and western sector of the Gulf of
aranto. Clear hot spots were also observed for T. truncatus slightly
ffshore in the eastern sector due to favorable hydrographic and
0.97 0.95 0.92
0.72 0.77 0.49
0.95 0.94 0.89
trophic conditions (i.e. presence of the Amendolara Bank) and in
the western sector due to the wider platform.
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avy  exercise (D), estimated by the RF model for S. coeruleoalba.

A clear overlapping of the preference habitats estimated for S.
oeruleoalba and T. truncatus is shown north of Punta Alice and in
ront of Policoro as well as offshore from Ugento in the eastern and

estern parts of the Gulf of Taranto, respectively.

. Discussion and conclusions

The maintenance of healthy and functional marine ecosystems
ostly depends on the implementation of comprehensive gover-

ance, striking a balance between conservation and socioeconomic
iability and minimizing the risk of habitat fragmentation and bio-
iversity loss (Klein et al., 2008). In fact, species diversity affects
ultiple ecosystem functions, from local to global scales, including

he maintenance of productivity, resistance to and recovery from
erturbation as well as the stability of food webs. On the contrary,
he loss of biodiversity, due to the increasing human use of ocean
nd coastal waters, has the potential to reduce multi-trophic inter-
ctions and cause trophic cascade repercussions, in turn limiting
he delivery of ecosystem goods and services (Costanza et al., 1997;
sterblom et al., 2007).

In that regard, the main EU environmental policies dealing with
he loss of biodiversity indicate the need for a more robust and
omprehensive knowledge base to support policies and actions,
hich could result in more effective management. In particular,

he Marine Strategy Directive Framework requires a biodiversity

ssessment of species and habitats at ecologically relevant scales
n order to assess whether pressure/state changes are within safe
iological limits (Berg et al., 2015) and the definitions of indicators
nd reference points designed to show whether the “Good Envi-
ce from the industrial areas (B), distance from coast (C) and distance from areas of

ronmental Status” (GES) can be achieved in the EU waters by 2020
(Laurila-Pant et al., 2015).

Human activities and their impacts are able to influence the dis-
tribution of cetaceans both directly and indirectly. In this regard,
among the considered variables some are able to directly influence
the distribution of both dolphins (e.g. commercial shipping routes
with potential collision risks). Others may  indirectly act upon other
biotic (e.g. fishing exploitation with competition for food resources)
or abiotic factors (e.g. naval exercises, commercial merchant routes
and industry generating noise and pollution). Nonetheless, in this
study the explanatory variables depth, distance from industrial
areas and distance from the coast, turned out to significantly affect
the distribution of both striped dolphin and common bottlenose
dolphin in the Northern Ionian Sea. On the contrary, slope, which
is widely applied in other studies on modeling the spatial distribu-
tion of cetaceans (Azzellino et al., 2012; Cañadas et al., 2002, 2005;
Pirotta et al., 2011), never brought significant improvement to the
predicted distribution of either dolphin species. The same occurred
with the distance from the main commercial routes into and out of
the Taranto shipping harbor, which does not provide any significant
influence.

Two out of four among the most significant explanatory vari-
ables for modeling the spatial distribution of both species proved to
be dependent on human presence and activities. This finding high-
lights how heavy anthropic pressure negatively acts as a driving
force in shaping the habitat use of marine species outstripping nat-

ural and geomorphological parameters that would normally shape
the critical habitat of an undisturbed species. In fact, in this study
both S. coeruleoalba and T. truncatus never showed a peak in prob-
ability values close to the industrial areas, confirming the effect
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D),  estimated by the RF model for T. truncatus.

f this explanatory variable in reducing habitat suitability for both
olphins.

The distribution of common bottlenose dolphin is significantly
ffected by the distance from fishing areas, while the striped dol-
hin was unaffected by this variable. In particular, the presence
f T. truncatus was particularly probable closer to fishing areas
ith a sudden increase within 5 km.  This result was in some way

xpected since common bottlenose dolphins have been reported
o be attracted by fishing vessels being able to deliberately and
pportunistically use fishing nets as an integral part of its feed-

ng strategies (Brotons et al., 2008; Chilvers and Corkeron, 2001;
orkeron et al., 1990; Diaz Lopez, 2006; Fertl and Leatherwood
997; Lauriano et al., 2004; Pace et al., 2003; Pulcini et al., 2002;
ells and Scott, 2009). However, this interaction could also be

ue to the sharing of productive areas, sustained by a significant
pwelling phenomenon (Manca et al., 2006; Matarrese et al., 2011;
arlucci et al., 2014), exploited by fishing and also used for feeding
y T. truncatus.

The striped dolphin shows a significant dependency on the dis-
ance from navy exercise areas displaying the tendency to be more
resent at increasing distance from such areas, thus avoiding this
isturbance (Dolman et al., 2010, 2011).

Depth and distance from the coast proved to be the verified
eomorphologic variables most significantly affecting the distri-
ution pattern of both dolphin species. In fact, the striped dolphin

s mainly predicted in waters deeper than 350 m and at distances

rom coast greater than 10 km.  On the contrary, the bottlenose dol-
hin is mainly distributed within 5 km of the coast and in waters
round 100 m in depth, rarely being found in waters deeper than
ce from the industrial areas (B), distance from coast (C) and distance from fishery

200 m.  In both cases, the results are in agreement with other esti-
mations carried out on habitat preference for S. coeruleoalba and T.
truncatus in the Mediterranean Sea (Marini et al., 2015; Panigada
et al., 2008; Tepsich et al., 2014). In fact, it has been reported that T.
truncatus prefers coastal areas within 400 m,  while S. coeruleoalba is
expected to increase around 1600–2000 m beyond the continental
shelf (Azzellino et al., 2012; Cañadas et al., 2002).

Regarding the application of modeling techniques, the reliability
of the different regression techniques was  tested, providing indica-
tion for further studies at a different spatial scale. However, in this
study RF displayed better ability to cope with the observed distri-
bution of both S. coeruleoalba and T. truncatus in the Northern Ionian
Sea, confirming findings reported in other areas (Cutler et al., 2007;
Virkkala et al., 2010). In particular, RF has been successfully used for
environmental mapping and management (Parravicini et al., 2012;
Pesch et al., 2011) and for the characterization of the spatial dis-
tribution of bottlenose dolphin (Marini et al., 2015), also because
it is particularly appropriate for identifying and modeling complex
interactions between multiple variables (Loh, 2008).

Finally, the critical habitats of S. coeruleoalba and T. truncatus as
estimated in this study are the outcome of both the influence of
environmental conditions and anthropogenic pressures presently
occurring in the Gulf of Taranto, basically indicating the need
for conservation measures (Ingram and Rogan, 2002; Pérez-Jorge
et al., 2015). Unfortunately, these habitats widely overlap the areas
requested for hydrocarbon exploration by means of seismic air-

gun surveys recently permitted or under evaluation by the Italian
Ministry for the Environment, the Land and the Sea (2015) (Fig. 9).
These latter and new threats could increase the level of anthro-
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Fig. 8. Identification of habitat areas for the striped dolphin (blue) and common bottlenose dolphin (red) in the Gulf of Taranto (Northern Ionian Sea, Central-eastern
Mediterranean Sea).

Fig. 9. Overlapping between critical habitats of S. coeruleoalba and T. truncatus and areas requested for hydrocarbons explorations (in red hydrocarbons explorations, in green
hydrocarbons prospections).
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ogenic influence in the Northern Ionian Sea, potentially affecting
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Cañadas, A., Hammond, P.S., 2006. Model-based abundance estimates for
bottlenose dolphins off southern Spain: implications for conservation and
management. J. Cetacean Res. Manage. 8 (1), 13–27.
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Cañadas, A., Sagarminaga, R., De Stephanis, R., Urquiola, E., Hammond, P.S., 2005.
Habitat selection modelling as a conservation tool: proposals for marine
protected areas for cetaceans in southern Spanish waters. Aquat. Conserv. Mar.
Freshwater Ecosyst. 15, 495–521.

Cardellicchio, N., Giandomenico, S., Ragone, P., Di Leo, A., 2000. Tissue distribution
of  metals in striped dolphins (Stenella coeruleoalba) from the Apulian coasts.
Southern Italy. Mar. Environ. Res. 49, 55–66.

Carlucci, R., Battista, D., Capezzuto, F., Serena, F., Sion, L., 2014. Occurrence of the
basking shark Cetorhinus maximus (Gunnerus, 1765) in the Central-eastern
Mediterranean Sea Ital. J. Zool. 81 (2), 280–286.

Carlucci, R., Ricci, P., Miccoli Sartori, S., Cipriano, G., Cosentino, A., Lionetti, A.,
Fanizza, C., 2015. Changes in behaviour and group size of Stenella coeruleoalba
in  the Gulf of Taranto (Northern Ionian Sea, Central Mediterranean Sea). Biol.
Mar. Mediterr. 22 (1), 266–270.

Carlucci, R., Maiorano, P., Sion, L., D’Onghia, G., Tursi, A., 2016. The sustainability of
fishing in the Southern Adriatic and Northern Ionian Seas. In: Caligiuri, A. (Ed.),
Governance of the Adriatic and Ionian Marine Space. Editoriale Scientifica
Naples http://www.unimc.it/maremap/it/pubblicazioni/papers.

Chilvers, B.L., Corkeron, P.J., 2001. Trawling and bottlenose dolphins’ social
structure. Proc. R. Soc. Lond. Biol 268, 1901–1905.

Coll, M., Piroddi, C., Steenbeek, J., Kaschner, K., Lasram, F.B.R., Aguzzi, J., Ballesteros,
E., Bianchi, C.N., Corbera, J., Dailianis, T., Danovaro, R., Estrada, M.,  Froglia, C.,
Galil, B.S., Gasol, J.M., Gertwagen, R., Gil, J., Guilhaumon, F., Kesner-Reyes, K.,
Kitsos, M.,  Koukouras, A., Lampadariou, N., Laxamana, E., López-Fé de la
Cuadra, C.M., Lotze, H.K., Martin, D., Mouillot, D., Oro, D., Raicevich, S.,
Rius-Barile, J., Saiz-Salinas, J.I., San Vicente, C., Somot, S., Templado, J., Turon,
X.,  Vafidis, D., Villanueva, R., Voultsiadou, E., 2010. The biodiversity of the
Mediterranean Sea: estimates, patterns, and threats. PLoS One 5 (8), e11842.

Coll, M.,  Piroddi, C., Albouy, C., Lasram, F.B.R., Cheung, W.W.L., Christensen, V.,
Karpouzi, V.S., Guilhaumon, F., Mouillot, D., Paleczny, M.,  Palomares, M.L.,
Steenbeek, J., Trujillo, P., Watson, R., Pauly, D., 2012. The Mediterranean Sea
under siege: spatial overlap between marine biodiversity: cumulative threats
and  marine reserves. Glob. Ecol. Biogeogr. 21, 465–480.

Connor, R.C., Wells, R.S., Mann, J., Read, A.J., 2000. The bottlenose dolphin. In:
Mann, J., Connor, R.C., Tyack, P.L., Whitehead, H. (Eds.), Cetacean Societies:
Field Studies of Whales and Dolphins. The University of Chicago Press, Chicago,
pp. 91–126.

Corkeron, P.J., Bryden, M.M.,  Hedstrom, K.E., 1990. Feeding by bottlenose dolphins
in  association with trawling operations in Moreton Bay, Australia. In:
Leatherwood, S., Reeves, R.R. (Eds.), The Bottlenose Dolphin. Academic Press,
San  Diego, pp. 329–336.

Costanza, R., d’Arge, R., de Groot, R., Farberk, S., Grasso, M.,  Hannon, B., Limburg, K.,
Naeem, S., O’Neill, R.V., Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M.,
1997. The value of the world’s ecosystem services and natural capital. Nature
387, 253–260.

Cutler, D.R., Edwards, T.C., Beard, K.H., Cutler, A., Hess, K.T., Gibson, J., Lawler, J.J.,
2007. Random forests for classification in ecology. Ecology 88, 2783–2792.

Diaz Lopez, B., 2006. Interactions between Mediterranean bottlenose dolphins
(Tursiops truncatus) and gillnets off Sardinia, Italy. J. Mar. Sci. 63, 944–951.

Dimatteo, S., Siniscalchi, M.,  Esposito, L., Prunella, V., Bondanese, P., Bearzi, G.,
Quaranta, A., 2011. Encounters with pelagic and continental slope cetacean
species near the northern shore of the Gulf of Taranto, Italy. Ital. J. Zool. 78 (1),
130–132.

Dolman, S.J., Evans, P.G.H., Notarbartolo di Sciara, G., Frisch, H., 2010. Active sonar:
beaked whales and European regional policy. Mar. Pollut. Bull. 63, 27–34.

Dolman, S.J., Parsons, E.C.M., Wright, A.J., 2011. Cetaceans and military sonar: a
need for better management. Mar. Pollut. Bull. 63, 1–4.

EEA, 2015. The European Environment – State and Outlook 2015: Synthesis Report.
European Environment Agency, Copenhagen.

EU, 2013. Regulation No 1380/2013 of the European Parliament and of the Council
of  11 December 2013 on the Common Fisheries Policy, amending Council
Regulations (EC) No 1954/2003 and (EC) No. 1224/2009 and repealing Council

Regulations (EC) No 2371/2002 and (EC) No, Off. J. Eur. Union L, 354/22, 22–61.

Edren, S.M.C., Andersen, S.M., Teilmann, J., Carstensen, J., Harders, P.B., Dietz, R.,
Miller, L.A., 2010. The effect of a large Danish offshore wind farm on harbor
and  gray seal haul-out behavior. Mar. Mam.  Sci. 26, 614–634.

Efron, B., 1979. Bootstrap methods: another look at the Jackknife. Ann. Stat. 7, 1–26.

http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://dx.doi.org/10.1016/j.ecolind.2016.05.035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0005
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0010
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T16674437A16674052.en
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0020
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0025
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0030
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0035
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0040
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0045
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0050
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0060
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0065
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0070
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0075
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0080
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0085
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0090
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0095
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0100
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0105
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0110
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0110
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0110
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0110
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0110
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0110
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0110
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0115
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0120
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0125
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0135
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0140
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0145
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0150
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0155
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0160
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://www.unimc.it/maremap/it/pubblicazioni/papers
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0170
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0175
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0180
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0185
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0190
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0195
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0200
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0205
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0210
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0215
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0220
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0225
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0235
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240
http://refhub.elsevier.com/S1470-160X(16)30270-9/sbref0240


7 al Indi

E

E
E

F

F

F

F

F

F

F

F

F

F

F

F

G

G

G

G

G

G

G

H

H

H

H

H

H

H

I

20 R. Carlucci et al. / Ecologic

uropean Commission, 2015a. http://ec.europa.eu/fisheries/cfp/control/
technologies/vms.

uropean Commission, 2015b. http://ec.europa.eu/fisheries/fleet/index.cfm.
uropean Marine Observation and Data Network (EMODnet), 2015. http://www.

emodnet.eu/bathymetry.
anizza, C., Dimatteo, S., Pollazzon, V., Prunella, V., Carlucci, R., 2014. An update of

cetaceans occurrence in the Gulf of Taranto (Western-Central Mediterranean
Sea). Biol. Mar. Mediterr. 21 (1), 373–374.

ertl, D., Leatherwood, S., 1997. Cetacean interactions with trawls: a preliminary
review. J. Northwest Atl. Fish Soc. 22, 219–248.

ewtrell, J.L., McCauley, R.D., 2012. Impact of air gun noise on the behaviour of
marine fish and squid. Mar. Pollut. Bull. 64, 984–993.

ielding, A.H., Bell, J.F., 1997. A review of methods for the assessment of prediction
errors in conservation presence/absence models. Environ. Conserv. 24, 38–49.

inneran, J.J., Schlundt, C.E., Branstetter, B.K., Trichey, J.S., Bowman, V., Jenkins, K.,
2015. Effects of multiple impulses from a seismic air gun on bottlenose dolphin
hearing and behaviour. J. Acoust. Soc. Am. 137 (4), 1634–1646.

iori, C., Giancardo, L., Mehdi, A., Alessi, J., Vassallo, P., 2014. Geostatistical
modeling of sperm whales spatial distribution in the Pelagos Sanctuary based
on sparse count data and heterogeneous observations. Aquat. Conserv. Mar.
Freshwater Ecosys. 24, 41–49.

luss, R., Faraggi, D., Reiser, B., 2005. Estimation of the Youden index and its
associated cut-off point. Biometrical J. 47, 458–472.

orcada, J., Aguilar, A., Hammond, P.S., Pastor, X., Aguilar, R., 1994. Distribution and
numbers of striped dolphins in the western Mediterranean Sea after the 1990
epizootic outbreak. Mar. Mam.  Sci. 10 (2), 137–150.

orcada, J., Gazo, M.,  Aguilar, A., Gonzalvo, J., Fernandez-Contreras, M., 2004.
Bottlenose dolphin abundance in the NW Mediterranean: addressing
heterogeneity in distribution. Mar. Ecol. Prog. Ser. 275, 275–287.

orney, K.A., Ferguson, M.C., Becker, E.A., Fiedler, P.C., Redfern, J.V., Barlow, J.,
Vilchis, I.L., Balance, L.T., 2012. Habitat-based spatial models of cetacean
density in the eastern Pacific ocean. Endanger. Species Res. 16, 113–133.

ossi, C., Lauriano, G., 2008. Impacts of shipping on the biodiversity of large marine
vertebrates: persistent organic pollutants, sewage and debris. In: Abdulla, A.,
Linden, O. (Eds.), Maritime Traffic Effects on Biodiversity in the Mediterranean
Sea: Review of Impacts, Priority Areas and Mitigation Measures. IUCN Centre
for  Mediterranean Cooperation, Malaga Spain, p. 184.

ossi, M.C., Marsili, L., Neri, G., Natoli, A., Politi, E., Panigada, S., 2003. The use of
non-lethal tool for evaluating toxicological hazard of organochlorine
contaminants in Mediterranean cetaceans: new data ten years after the first
paper published in MPB. Mar. Pollut. Bull. 46, 964–971.

ambaiani, D.D., Mayol, P., Isaac, S.J., Simmond, M.P., 2009. Potential impacts of
climate change and greenhouse gas emissions on Mediterranean marine
ecosystems and cetaceans. J. Mar. Biol. Assoc U. K. 89 (1), 179–201.

annier, A., 2005. Summer distribution and relative abundance of delphinids in the
Mediterranean Sea. Rev. Ecol. Terre Vie 60, 223–238.

aspari, S., Azzellino, A., Airoldi, S., Hoelzel, A.R., 2007. Social kin associations and
genetic structuring of striped dolphin populations (Stenella coeruleoalba) in the
Mediterranean Sea. Mol. Ecol. 16, 2922–2933.

oetz, S., Read, F.L., Ferreira, M.,  Portela, J.M., Santos, B.M., Vingada, J., Siebert, U.,
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